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ABSTRACT

BACKGROUND: Wolff-Parkinson—White syndrome is one of the most well-known heart rhythm disorders characterized
by pre-excitation of the ventricles. This phenomenon occurs because the electrical impulse passes through an additional
conduction pathway between the atria and the ventricles. The syndrome is most commonly associated with the likelihood
of supraventricular tachycardia. Numerous studies indicate the presence of a genetic component in the pathogenesis
of the Wolff-Parkinson—-White syndrome, which confirms its complex nature.

AIM: The study aimed to investigate the association of the rs1061657 single nucleotide polymorphism of the TBX3 gene
with the Wolff-Parkinson—-White syndrome.

METHODS: Patients diagnosed with the Wolff—Parkinson-White syndrome, manifesting in various clinical forms, including
the Wolff—Parkinson—White phenomenon, were recruited over five years for a study based at the Professor V.F. Voino-Yasenetsky
Krasnoyarsk State Medical University. A total of 200 patients with the Wolff-Parkinson—White syndrome, encompassing those
with the Wolff-Parkinson—White phenomenon, were examined for this paper. This group included 97 males (48.5%) and
103 females (51.5%) with a mean age of 31.9 + 15.8 years and 38.8 + 20.0 years, respectively. All patients underwent standard
clinical, laboratory, and instrumental examinations (electrocardiography, Holter monitoring, echocardiography), as well as
molecular genetic testing.

All patients were divided into the following groups by the clinical variants of the disease: 90 patients (45%) with the manifest
Wolff-Parkinson—White syndrome; 60 patients (30%) with the intermittent Wolff-Parkinson—White syndrome; 46 patients (23%)
with the latent Wolff-Parkinson—White syndrome; and & patients (2%) with the Wolff-Parkinson—White phenomenon. Excel,
Statistica for Windows 10.0 (StatSoft, USA), and SPSS 20 (IBM, USA) were used for the statistical data processing.

RESULTS: A statistically significant predominance of the homozygous GG genotype was observed in the distribution of
genotypes of the rs1061657 polymorphism of the TBX3 gene in patients with the Wolff—Parkinson—White syndrome compared
with the control group (12.5% vs 5.5%, respectively). Furthermore, a statistically significant predominance of the G allele
carriers was observed in patients with the Wolff—Parkinson-White syndrome (31.75%) compared with the control group (24.5%).
The estimated risk based on odds ratio for the Wolff-Parkinson—White syndrome in the GG genotype of the TBX3 gene was
1.323-fold higher (95% confidence interval: 0.866—2.023; p = 0.04) compared with the GA and AA genotypes. In the G allele
carriers, the odds ratio for the Wolff—Parkinson-White syndrome was 1.434-fold higher (95% confidence interval: 1.051-4.127;
p =0.028) compared with the A allele.

CONCLUSION: The study results confirmed that the rs1061657 polymorphism of the TBX3 gene contributes to the development
of the Wolff-Parkinson—-White syndrome.
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AHHOTALUA

06ocHoBaHue. CuHapoM Bonbda-INapkuncoHa—Yaiita (Wolf—Parkinson—White, WPW) sBnsieTcs ogHuM 13 Hanbonee 3BecT-
HbIX HapyLueHwid cepfieuHoro putMa. OH NposBNISeTCA B NPEeXAeBPEMEHHOM BO3bYaeHUM XenynoukoB cepaua. MpuunHa
3TOr0 ABNIEHUA 3aK/OYAETCA B TOM, YTO 3EKTPUYECKUA UMNYIIBC NPOXOAUT Yepe3 AOMOHUTENbHBIA NYTh NPOBELEHUS MEX-
LY NPeACepansMU U XKenynouKamu. Yalle Bcero faHHbIA CUHAPOM MOXKET ObITb CBA3aH C BEPOATHOCTbI) Pa3BUTUS HafKeny-
[04KOBbIX TaXMKapAuiA. MHOrouncieHHble MCCNEeA0BaHMA YKa3bIBAIOT HA HalMuMe reHETUYECKOro KOMMOHEHTA B MaToreHese
cuHapomMa WPW, uto nofTBepIKAAeT ero CIOXKHYK NPUpOY.

Llenb. M3y4eHmne accoumaTMBHOM PosiM 0AHOHYKNIEOTUAHOTO nonmmopduama rs1061657 reHa TBX3 B passutum cuHgpoma WPW.
MeTogapl. Ha npoTsixenuu naTv net Ha KmMHuYeckux 6asax KpacHospcKoro rocyaapcTBeHHON0 MeMLMHCKOrO YHUBEpCUTETa
uMenmn npodeccopa B.D. BoitHo-fAceHeuxoro npooaunu Habop naumeHToB ¢ cuHapoMoM WPW pasfinuHbiX KIIMHUYECKUX
¢dopM, B ToM uucne ¢ peHomeHoM WPW. B HacTosiweit pabote obcnegoaHo 200 naumeHtoB ¢ cuHapomoM WPW, B ToM
uncne u ¢ deHomeHoM WPW. Cpeay Hux 97 MyxumH (48,5%), 103 eHwmHbl (51,5%). CpeHWIn BO3pacT MyXUMH COCTaBUA
31,9+15,8 ropa, cpentni Bo3pacT xeHwmH — 38,8+20,0 ropa. BceM naumeHTaM BbiNOJHEHbI CTaHAAPTHbIE KIMHUYECKUE,
nabopaTopHble, MHCTPYMEHTaNbHbIE UCCNE0BaHUs (3IEKTPOKapAMOrpaMMa, XOSITEPOBCKOE MOHUTOPMPOBAHME 3MIEKTPOKap-
AVOrpaMMbl, 3X0Kapamorpadus), a TakKe MOJIEKYNAPHO-TEHETUYECKOE UCCNeA0BaHME.

Bce maumeHTbl BbM pa3feneHbl Mo KIMHUMYECKUM BapuaHTaM cuHapoMa WPW: n=90 (45%) — ManudecTupytowero tmna;
n=60 (30%) — nHTepMUTTUpPYIOLLErO TUNA; N=46 (23%) — CKpbITOro TMNA W Bcero 4 nauuenTa (2%) c peHomeHoM WPW. Cratu-
CTUYeCKyH 06paboTKy AaHHbIX MPOBOAUNM C UCMOMb30BaHUEM MaKeTa NpUKNagHbIx nporpamm Excel; Statistica ans Windows
10.0 (StatSoft, CLLIA); SPSS 20 (IBM, CLLA).

Pesynbrarbl. [py pacnpeaeneHum reHotuno nonmmopduama rs1061657 rena TBX3 Habnioganock CTaTUCTUHECKM 3HAUMMOE
npeobnaaaHne roMo3urotHoro reHotuna GG y 6onbHbIX ¢ cuHapoMoM WPW B cpaBHEHWM C SMLLAMM KOHTPOSTbHOM rPpynMbl
(12,5 1 5,5% cooTBETCTBEHHO). YCTaHOBJIEHO TaKXKe CTaTUCTMYECKW 3HauMMoe npeobnafaHue Hocutenel annens G B rpynne
BonbHbIX ¢ cunapomoM WPW (31,75%) no cpaBHEHWIO € MLAMM KOHTPOSbHOM rpynnbl (24,5%). OUEHEHHBIN NO OTHOLLEHUIO
LwaHcoB puck pa3sutua cuiapoma WPW y Hocuteneit reHotmna GG reHa TBX3 okasancsa B 1,323 pasa Boiwe (95% nosepu-
TenbHbIn uHTepBan 0,866-2,023; p=0,04) no cpaBHenuto ¢ reHotunamm GA n AA, a y Hocuteneit annens G — B 1,434 pasa
Bbie (95% noseputencHbin uTepsan 1,051-4,127; p=0,028) no cpaBHeHuio ¢ annenem A.

3akutoueHue. Pesynbrathl uccnefoBaHus NOATBEPANM BKIad nommopdmama rs1061657 reHa TBX3 B passutue cuHopoma WPW.

KnioueBble cnoBa: 04HOHYKNEOTUAHBIA NOAMMOP(U3M; reHeTUYeCKUe NpeAnKTopbl; reH TBX3; cuiapom WPW.
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BACKGROUND

Wolff-Parkinson-White (WPW) syndrome is one
of the best-known heart rhythm disorders. It is characterized
by pre-excitation of the ventricles. This phenomenon occurs
because the electrical impulse passes through an additional
conduction pathway between the atria and the ventricles.
The syndrome is most commonly associated with an increased
likelihood of supraventricular tachycardia [1-3].

According to the published evidence, the cardiac
conduction system disorder described above may be
hereditary, and its prevalence ranges from 1 to 3 cases per
1000 population [4]. One of the most likely and dangerous
consequences of this disease is an increased risk of sudden
cardiac death [5]. This may result from the transition of atrial
fibrillation to ventricular fibrillation [6].

The etiology of the cardiac conduction anomaly, which
contributes to the formation of additional pathways between
the atria and ventricles, is multifactorial [7 8]. Numerous studies
indicate the presence of a genetic component in the pathogenesis
of WPW syndrome, which confirms its complex nature [9].

The scientific literature provides information about several
genetic predictors of WPW syndrome. These encompass groups
of genes that regulate the energy balance in cells, such as
the gene encoding protein kinase adenosine monophosphate-
activated non-catalytic subunit gamma 2 (PRAKG2) [10]
and genes involved in the activation of ion channels and
intercellular contacts, including the gene for voltage-gated
sodium channels (SCNA5A) [11]. In addition to the previously
studied gene polymorphisms, the association of the TBX3
gene rs1061657 polymorphism with the development of WPW
syndrome is of particular interest.

The TBX3 gene rs1061657 polymorphism belongs
to the T-box family of transcription factor genes, which are
characterized by a highly conserved DNA-binding domain,
known as the T-box, located at locus (12g24.21) on chromosome
12. The TBX3 gene consists of seven exons, which upon splicing
result in a protein comprised of 723 amino acids [4].

A large-scale study was conducted by a team
of Chinese researchers at the Cardiology Center
of the First Hospital of Lanzhou University (Lanzhou, China)
from January 2013 to March 2020. The hypothesis proposed
by the researchers was that, given the involvement of this
gene in the formation of the fibrous ring and myocardial
development of the atrioventricular canal in transgenic
mice, its single nucleotide polymorphisms (SNPs) are likely
to be associated with sporadic WPW syndrome in humans.
The aim of this study was to investigate whether SNPs
in the TBX3 and TBX2 genes affect the susceptibility to WPW
syndrome in the Han Chinese population. A total of 230
patients with WPW syndrome (148 men and 82 women;
mean age: 46.0 + 15.2 years) were included in the study.
A control group of 231 patients (143 men and 88 women,
mean age 47.6 + 14.4 years) without cardiovascular
diseases was recruited for comparison. All patients
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underwent molecular genetic testing. The frequencies
of the C allele and the CC rs1061657 genotype were higher
in patients in the study group compared with the control
group (odds ratio [OR] = 1.41, 95% confidence interval [CI]
1.09-1.83, p = 0.010 vs. OR = 2.24, 95% ClI 1.25-3.99,
p = 0.006, respectively). Conversely, the C allele and the CC
rs8853 genotype exhibited higher frequency among individuals
in the control group (OR = 0.70, 95% Cl 0.54-0.92, p = 0.010
vs. OR = 0.44, 95% Cl 0.23-0.83, p = 0.011, respectively) [12].

Remarkably, the TBX3 gene is pleiotropic and may be
associated with dilated cardiomyopathy and congenital heart
defects (tetralogy of Fallot) in addition to WPW syndrome.
The published sources describe studies in a British
population sample of 40,000 individuals who underwent
genetic testing and right ventricular structure and function.
The whole-genome association studies revealed 130 different
loci located in proximity to genes previously associated
with congenital heart disease: WNT9B, GATA4, NKX2-5, and
TBX5/TBX3 [13, 14].

The present study used a candidate gene approach
to select the gene polymorphism based on its function
in the pathogenesis of the disease. This approach was
based on data suggesting that the TBX3 gene is involved
in the regulation of fibrous ring formation and the development
of the atrioventricular canal. Abnormal development
of the atrioventricular annulus may lead to a bypass pathway
between the atria and ventricles, resulting in WPW syndrome.

AIM

The aim of this study was to investigate the association
between the rs1061657 SNP of the TBX3 gene and
the development of WPW syndrome.

METHODS
Study Design

A case—control study was conducted.

Eligibility Criteria

Inclusion criteria: subjects of both sexes, aged 18 years or
older; residents of Krasnoyarsk or Krasnoyarsk Krai; patients
with a confirmed diagnosis of WPW syndrome; and the ability
to undergo the necessary procedures.

Exclusion criteria: unspecified diagnosis; patients unwilling
to comply with the study protocol or procedures; inability
of the subject to perform the necessary procedures; residence
of the subject outside Krasnoyarsk Krai; age under 18 years.

Study Setting

The study was conducted at the Federal Center
for Cardiovascular Surgery (Krasnoyarsk), Berzon
Krasnoyarsk Interdistrict Clinical Hospital No. 20, and
Professorial Clinic (Krasnoyarsk).
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Study Duration

The study was conducted in 2012-2017 at the Prof.
Voyno-Yasenetsky Krasnoyarsk State Medical University.

Intervention

All patients underwent clinical, laboratory, and instrumental
examinations, including electrocardiography (ECG), Holter
monitoring, and echocardiography. In addition, all patients
in the study group underwent radiofrequency ablation.

Molecular genetic testing was conducted at the Laboratory
of Molecular Genetic Studies for Internal Diseases of the Federal
Research Center “Institute of Cytology and Genetics” at the Siberian
Branch of the Russian Academy of Sciences (Novosibirsk).
Venous blood samples, with a volume ranging from 5-10 mL,
were obtained from all subjects. Standard phenol-chloroform
extraction was used to isolate deoxyribonucleic acid. Subsequently,
genotyping was performed using the polymerase chain reaction,
where restriction fragment length polymorphism was assessed.
For this purpose, primers specific to the corresponding regions
of the genome were used [15].

For the evaluation of polymorphic allelic variants
of the studied genes in patients with WPW syndrome,
a population sample of healthy individuals (n = 200, including
97 men and 103 women) was used as a control group.

Main Study Outcome

A comprehensive analysis of the patients was performed,
including clinical, laboratory, instrumental and molecular
genetic testing.

Subgroup Analysis

A'total of 200 patients with WPW syndrome of the following
clinical forms were selected at the Krasnoyarsk State Medical
University:

1) Manifest WPW, in which a constant delta wave
is recorded on ECG, with antegrade and retrograde excitation
through additional atrioventricular connections;

2) Intermittent WPW, which is characterized by transient
symptoms of pre-excitation on ECG;

3) Latent WPW, characterized only by retrograde
conduction through additional pathways;

4) WPW phenomenon, in which ECG shows evidence
of conduction along the additional atrioventricular
connections, but without clinical manifestations.

Outcomes Registration

A comprehensive analysis of the source documentation
of the patients was conducted. This analysis included clinical,
instrumental, and molecular genetic testing, and the results
were subsequently entered into the database.

Statistical Analysis

Sample size calculation principles: The sample size was
not pre-calculated.
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Methods of statistical data analysis: The statistical
data processing was performed using Excel, Statistica
for Windows 10.0 (StatSoft, USA), and SPSS 20 (IBM, USA)
software packages. The distribution of allele and genotype
frequencies of the TBX3 gene was evaluated between groups
using the ¥’ test. In the case of the 2x2 contingency tables,
the two-sided Fisher's exact test was used to compare
samples by genotype and allele frequencies. The relative risk
of disease for a specific allele or genotype was calculated
as OR (given with 95% Cl). Differences were considered
statistically significant at p < 0.05.

RESULTS

Participants

The study group consisted of patients with WPW syndrome
and WPW phenomenon (n = 200), including 97 men (48.5%)
and 103 women (51.5%) with a mean age of 31.9 + 15.8
and 38.8 + 20.0 years, respectively. The control group
was represented by a population-based sample of healthy
individuals without cardiovascular disease (n = 200), including
97 men (48.5%) and 103 women (51.5%) with a mean age
of 44.57 + 16.65 and 45.47 + 15.35 years, respectively.

Primary Results

The patients included in the study were divided into
groups by clinical forms of WPW syndrome: manifest WPW
(n = 90, 45%; 40 men and 50 women), intermittent WPW
(n = 60, 30%; 27 men and 33 women), latent WPW (n = 46,
23%; 27 men and 19 women), and WPW phenomenon (n = 4,
2%; 3 men and 1 woman) (Table 1).

When analyzing the results of ECG and Holter monitoring
in patients with WPW syndrome, the following cardiac rhythm
and conduction disorders were registered:

« Paroxysmal supraventricular tachycardias (n = 39; 19.5%),
including atrioventricular reciprocal tachycardia (n = 3;
1.3%)

« Paroxysms of ventricular tachycardia (n = 6; 2.8%)

« Paroxysms of atrial fibrillation (n = 8; 4.1%)

« Conduction disturbances due to incomplete right bundle
branch block (n = 9; 4.3%)

+ Conduction disturbances due to complete right bundle
branch block (n = 25; 12.5%)

« Sinus arrhythmia (n = 33; 16.6%)

« Pacemaker migration (n = 11; 5.7%).

In the distribution of the genotypes of rs1061657
polymorphism of the TBX3 gene, there was a statistically
significant predominance of the homozygous GG genotype
in patients with WPW syndrome compared with the control
group (12.5% vs. 5.5%, respectively; Table 2). In addition,
a statistically significant predominance of G allele carriers was
found in the group of patients with WPW syndrome (31.75%
vs. 24.5% in the control group; Table 3). The OR-estimated
risk of WPW syndrome for the GG genotype of the TBX3
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Table 1. Distribution of patients with Wolff—Parkinson—White syndrome by clinical variants (n = 200), n/%

Clinical variant Men Women Total
Manifest (n = 90) 40/20.0 50/25.0 90/45.0
Intermittent (n = 60) 271135 33/16.5 60/30.0
Latent (n = 46) 27/135 19/32.5 46/46.0
Wolff-Parkinson-White phenomenon (n = 4) 3/15 1/0.5 4/2.0

Table 2. Distribution of the rs1061657 genotype frequencies of the TBX3 gene in patients with Wolff-Parkinson-White syndrome and controls

Gene polymorphism Study group, n/% Control group, n/% p
GG 25/12.5 11/55
GA 77/385 76/38.0
<0.001
AA 98/49.0 113/56.5
Total 200/100 200/100

Table 3. Distribution of rs1061657 allele frequencies of the TBX3 gene in patients with Wolff—Parkinson—-White syndrome and controls

Gene polymorphism Study group, n/% Control group, n/% p
G allele 127/31.75 98/24.50
Aallele 273/68.25 302/75.50 0.028
Total 400/100 400/100

gene was 1.323-fold higher (95% Cl 0.866-2.023; p = 0.04)
compared with the GA and AA genotypes (See Table 3).
In carriers of the G allele, the risk of WPW syndrome was
1.434-fold higher (95% CI 1.051-4.127; p = 0.028) compared
with the A allele (See Table 3).

Adverse Events
No adverse events were recorded during the study.

DISCUSSION

Summary of Primary Results

A comprehensive study of patients with WPW syndrome
was conducted for the first time in Krasnoyarsk. The study
was based on clinical, instrumental, and molecular genetic
testing of genotypic and allelic frequencies of the TBX3 gene
for patient-oriented medical examination.

Interpretation

The hypothesis suggests that the TBX3 gene polymorphism
plays a pivotal role in the formation of the fibrous ring and
the development of the atrioventricular canal. Disturbances
in this gene’s functionality may result in the onset of WPW
syndrome, a serious cardiovascular condition that may
lead to life-threatening arrhythmias and, most critically,
sudden cardiac death. A comprehensive understanding
of the role of this gene in the pathogenesis of WPW syndrome
is therefore paramount for the development of new diagnostic
and therapeutic methods for this condition.

DOl https://doiorg/10.17816/medjrf6 36925

The study of the clinical characteristics of patients
with WPW syndrome revealed that it occurs in all age
groups, has no specific signs, and may be asymptomatic.
WPW syndrome frequently leads to the development
of supraventricular tachycardia. The latter may significantly
increase the risk of sudden cardiac death by transforming
into life-threatening arrhythmias. According to Chinese
and British studies, the TBX3 gene has a pleiotropic effect.
In addition to WPW syndrome, it may be associated with other
cardiovascular diseases such as dilated cardiomyopathy and
congenital heart defects (tetralogy of Fallot).

The results of the molecular genetic testing demonstrate
the crucial role of the TBX3 gene rs1061657 polymorphism
in the pathogenesis of WPW syndrome. The study adds
to our knowledge of the clinical and genetic markers of this
syndrome and associated cardiac rhythm and conduction
disorders. The study of genetic predictors has the potential
to facilitate the timely and early diagnosis of latent and
asymptomatic forms of the disease in individuals at risk.
The investigation into genetic associations with this syndrome
serves as a foundation for a personalized approach to its
diagnosis and treatment.

CONCLUSION

The present study focused on the clinical and genetic
characteristics of WPW syndrome. The study confirmed
the contribution of rs1061657 SNP of the TBX3 gene
to the development of WPW syndrome in the population
of Krasnoyarsk Krai.
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Genotyping of TBX3 may reveal the molecular basis
of WPW syndrome. However, further studies are warranted
to fully understand the functional role of rs1061657 SNP
of the TBX3 gene in the pathogenesis of this syndrome.
The problem of establishing the genetic mechanisms
of manifestation of WPW syndrome, multifactorial by nature,
is currently relevant. Clinical and genetic studies of the whole
complex of nosological units may be effective in diagnosis.
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