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Abstract

The aim of our case-control study was to investigate the possible genetic association of the rs2200733 SNP on
chromosome 4q25 with atrial fibrillation (AF) in the Russian population as this association has not been examined before in this
ethnicity.

Methods and Results: A total of 76 unrelated individuals diagnosed with AF and 73 control subjects without any cardiovascular
pathology were included in this study. The diagnosis of AF was based on ECG and/or Holter ECG data following standard diagnostic
criteria. We found that the TT genotype of the rs2200733 SNP was associated with a higher risk of AF (OR=1.4, 95% CI: 1.1-12.4).
The homozygote minor rare allele genotype TT of the rs2200733 SNP tended to elevate the risk of lone AF development (OR=2.5,
95% CI: 1.2-19.5). A risk of secondary AF development did not depend on the rs2200733 SNP on chromosome 4q25 (OR=0.5,
95% CI: 0.2-1.3).

Conclusion: Our results provide additional evidence for the association between the rs2200733 (4q25) SNP on chromosome
4925 and AF, emphasizing the need for further studies examining the role of this polymorphism in AF. (International Journal
of Biomedicine. 2018;8(4):280-283.)
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AF, atrial fibrillation; GWASSs, genome-wide association studies; SNP, single nucleotide polymorphism; Afl, auricular flutter;
OR, odds ratio; CI, confidence interval.

Introduction

Recently, a lot of emphasis has been given to
personalized medicine. In this connection, there are being
conducted various types of research aimed at studying the
genetic predictors of different disorders in the heart rhythm
and cardiac conduction system.!? The advent of GWASs
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has provided great insight into the molecular mechanisms
implicated in AF.¢-” Detecting new genetic predictors of AF
is of great importance as this heart rhythm disorder is one of
the most widespread (1-2% of the population) and dangerous
due to its complications.®? Thus, every fifth stroke is an AF-
related stroke, and the mortality among AF patients is twice as
high independent on other risk factors.®”

In the majority of cases, AF occurs on the background of
various cardio-vascular diseases and syndromes, more often
on the background of hypertension, ischemic heart disease,
mitral heart disease and others. However, in one-third of cases,
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people without any pathology develop AF. In such cases, this
is known as lone AF.

GWASs for AF have led to the identification of novel
variants that appear to confer increased susceptibility to sporadic
AF. Among these, the common variant rs2200733 on chromosome
4925 has been strongly and independently associated with an
increased risk of AF in various ethnicities.”'*!'9

The identified gene nearest rs2200733 SNP is PITX2,
which encodes the transcription factor Pitx2c (paired-like
homeodomain transcription factor 2, isoform c). While
the functional implications of 4q25 variants are poorly
understood, the proximity of the locus to PITX2 presents an
intriguing potential pathophysiological link to AF.("” Reduced
expression of Pitx2c, a key regulator of left-right asymmetry,
has recently been linked to atrial fibrillation.”

Heterozygous deletion of Pitx2c, the cardiac isoform of
Pitx2, in mice is sufficient to provoke increased inducibility
of atrial fibrillation without obvious structural cardiac
alterations,*'#? associated with a shortening of the left atrial
action potential duration.?" There is a marked chamber
specificity of Pitx2c expression in the adult heart: mRNA
transcripts are expressed almost 100-fold higher in the left as
compared to the right adult human and murine atrium.

P. Kahr et al. revealed systematic differences between
left and right atrial gene expression and supports the
hypothesis that Pitx2c has a functional role in maintaining
“leftness” in the atrium in adult murine and human hearts. @
M.J. Kolek et al. found that a common 4925 AF susceptibility
allele (rs2200733) is associated with PR interval prolongation
in patients with lone and typical AF and controls with no
AF. Given that prolonged PR interval is an established risk
factor for AF, this observation, in the context of previously
described functional effects of PITX2 deficiency, provides
further knowledge about the pathophysiological link of 4q25
variants with AF.?%

L. Shi et al."® carried out case-control association studies
with 383 AF patients versus 851 non-AF controls and 811
ischemic stroke patients versus 688 non-stroke controls to
assess the association between rs2200733 and AF as well as that
between rs2200733 and ischemic stroke in a mainland Chinese
Han population. Highly significant association was detected
between rs2200733 and AF in a Chinese Han population (allelic
P=3.7x10(") with OR=1.81; genotypic P=4.1x10("?) with a
dominant model). Moreover, significantly stronger association
was found with lone AF (OR=2.40, P=1.3x10(*’) compared to
OR=1.59, P=6.2x10(7) for other types of AF; P=0.02 for two
ORs).

K.T. Lee et al. found that the Taiwanese with the
CC genotype of the rs2200733 SNP remained recessively
associated with a lower risk of developing AF than those with
the TT genotype (OR=0.27, 95% CI: 0.11-0.65; P<0.01).19

To test the polymorphisms on chromosome 4q25,
16922 and 1921 in a group of patients (pts) that underwent
catheter ablation of AF, 410 patients with AF that underwent
pulmonary vein isolation were included in the study performed
by M. Kiliszek et al.”” Control group (n=550) was taken from
healthy population, matched for age, sex and presence of
hypertension. The study showed that the T allele of rs2200733

favored the increased number of episodes of AF per month
(P=0.045) and larger pulmonary vein diameter (recessive
model, P=0.032) in Polish population.

Opposite results were obtained in Danish research
performed by K.M. Henningsen et al.®® In this study, authors
investigated the association of rs2200733 and lone AF in 196
young patients. Results suggested that rs220733 was not a risk
factor for AF in patients with no other cardiovascular disease
and with early onset of the arrhythmia.

M.S. Olesen et al.® investigated 8 SNPs in 209 patients
with early-onset lone AF and 534 individuals free of AF. They
found that three SNPs, 152200733 (4q25), rs3807989 (7p31),
andrs11047543 (12p12), were associated with early-onset lone
AF (OR=1.62, 95% CI: 1.16-2.27; P=0.004 for rs2200733).

A. Ferran et al.!) analyzed the association between
two genetic variants (rs2200733 and rs7193343) in a Spanish
population and the risk of developing atrial fibrillation. A
case-control study included 257 case patients with AF and 379
controls. 152200733 SNP was associated with a higher risk of
AF (OR=1.87, 95% CI: 1.30-2.70).

J.D. Roberts etal.??sought to characterize the association
between rs2200733 and prevalent Afl (atrial flutter) and to
determine if the variant could predict AF after cavotricuspid
isthmus ablation. Authors performed a genetic association
study of 295 patients with Afl and/or AF and 469 controls
using multivariable logistic regression. The rs2200733 rare
allele was associated with an adjusted 2.06-fold increased
odds of isolated Afl (95% CI: 1.13-3.76; P=0.019) and an
adjusted 2.79-fold increased odds of a combined phenotype of
AF and Afl (95% CI: 1.81-4.28; P<0.001).

In the study performed by K. Kalinderi et al."”, the T/T
genotype and the T allele of the rs2200733 SNP were detected
more frequently in patients with AF compared to controls
(13.2% vs. 2.3%, P=0.001, and 29.6% vs. 17.9%, P=0.001),
suggesting that the rs2200733 SNP increases susceptibility to
AF in the Greek population.

In the study performed by A. Bhanushali et al.,®®
the rs2200733 T allele was associated with the risk of lone
AF (OR=2.80, 95% CI: 1.08-7.24; P=0.042). F. Chen et al.?®
demonstrated that rs2200733 was strongly associated with
AF recurrence after ablation (P=0.011) and the minor allele
T increased the risk for recurrence (OR=1.715). The patients
with genotype TT had larger size of right atrium and superior
pulmonary veins than those of CC genotype.

Data regarding a connection between the rs2200733
SNP and AF in different populations are contradictory: Some
researchers show a statistically significant association with
AF, in particular lone AF, whereas other studies have not
found this association.

The aim of our case-control study was to investigate
the possible genetic association of the rs2200733 SNP on
chromosome 4q25 with AF in the Russian population as this
association has not been examined before in this ethnicity.

Materials and Methods

A total of 76 unrelated individuals (41 men and 35
women) diagnosed with AF and 73 control subjects (38 men
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and 35 women) without any cardiovascular pathology were
included in this study. The diagnosis of AF was based on
ECG and/or Holter ECG data following standard diagnostic
criteria. A paroxysmal form of AF was diagnosed in 82.9% of
patients, and a permanent form of AF was diagnosed in 17.1%
of patients.

All patients were divided into two groups: Group 1
comprised 33 (43.4%) patients diagnosed with lone AF, Group 2
— 43 (56.6%) patients whose principal disease was hypertension
(37.2%), coronary heart disease (Class II-III angina pectoris
(44.2%)) or both diseases (18.6%).

The median age in the groups did not differ significantly
(52 years [44.0; 63.0] and 52 years [45.5; 63.5], respectively).

All patients underwent the following examinations:
ECG, echocardiography, Holter ECG, exercise stress test,
transesophageal stimulation of the left atrium, and blood test
for thyroid hormones. All participants were genotyped for the
presence of the rs2200733 SNP using real-time polymerase
chain reaction.

The present study was approved by the local Ethics
Committee of Professor V.F. Voino-Yasenetsky Krasnoyarsk
State Medical University. Written informed consent was
obtained from each patient.

Statistical analysis was performed using SPSS w.
20.0 (SPSS Inc, Chicago, IL). For descriptive analysis,
results are presented as median (Me) and interquartile range
(IQR; 25th to 75th percentiles). Deviation from Hardy-
Weinberg equilibrium and differences in allele distributions
between the two groups were assessed by x2- test with 1 degree
of freedom (df), whereas differences in genotype distributions
between cases and controls were assessed by the y2- test with
2 df. The odds ratio (OR) and their 95 % confidence intervals
(CI) were calculated to estimate the strength of the association.
For all tests, a probability value of P<0.05 was considered
statistically significant.

Results and Discussion

We found that the TT genotype of the rs2200733 SNP
was associated with a higher risk of AF (OR=1.4, 95% CI:
1.1-12.4) (Fig.1).
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Fig. 1. OR for the rs2200733 SNP genotype frequencies in AF
patients (CC+CT relative to TT).

The homozygote minor rare allele genotype TT of
the rs2200733 SNP tended to elevate the risk of lone AF
development (OR=2.5, 95% CI: 1.2-19.5) (Fig. 2). In Figures
1 and 2, we can see that 95%CI does not include value
1 (y-axis), which gives evidence that the revealed link is
statistically significant.
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Fig. 2. OR for the rs2200733 SNP genotype frequencies
(CC+CT relative to TT) in patients with lone AF.

A risk of secondary AF development did not depend on
the rs2200733 SNP on chromosome 4q25 (OR=0.5, 95% CI:
0.2-1.3) ( Fig. 3).
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Fig. 3. OR for the rs2200733 SNP genotype frequencies
(CC+CT relative to TT) in patients with secondary AF.

The present study showed that a TT genotype of the
rs2200733 SNP on chromosome 4q25 was strongly associated
with the risk of lone AF (OR=2.5, 95% CI: 1.2-19.5). The
results of our research, obtained on the Russian population for
the first time, are similar to those obtained earlier by a number
of authors. Thus, L. Shi et al. found a stronger association of
TT genotype of the rs2200733 SNP with lone AF (OR=2.40,
P=1.3x10")."® M. Olesen et al. found that the rs2200733 SNP
was associated with early-onset lone AF (OR=1.62, 95% CI:
1.16-2.27; P=0.004).® J. Roberts et al. revealed that the rare
T allele was associated with an adjusted 2.06-fold increased
odds of isolated Afl (95% CI: 1.13-3.76, P=0.019) and an
adjusted 2.79-fold increased odds of a combined phenotype
of AF and Afl (95% CI: 1.81-4.28, P<0.001).? F. Chen et al.
demonstrated that rs2200733 was strongly associated with
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AF recurrence after ablation (P=0.011) and the minor allele T
increased the risk for recurrence (OR=1.715).¢9

Thus, the results obtained are in line with reports
of previous studies carried out in different European and
Asian populations. Our results provide additional evidence
for the association between the rs2200733 (4q25) SNP on
chromosome 4q25 and AF, emphasizing the need for further
studies examining the role of this polymorphism in AF.
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