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ABSTRACT

AIM: To evaluate the clinical characteristics of patients with diverse genetic variants of Brugada syndrome.

MATERIALS AND METHODS: 24 patients (17 male and 7 female) aged 18 to 55 years (median age 32.5 [20; 42] years) with
a pattern of Brugada syndrome on electrocardiogram were observed for 3 years. From their ECGs, a type 1 pattern was found in
9 (37.5%) of these patients, type 2 pattern in 14 (58.3%) and type 3 pattern only in 1 patient. The clinical and instrumental study
included 12-lead electrocardiogram, 24-hour Holter electrocardiogram monitoring, provocative drug testing with intravenous
administration of sodium channel blockers (novocainamide), electrophysiologic study according to indications, genealogical
history collection and family history of sudden cardiac death, transthoracic echocardiography and cardiac magnetic resonance
imaging to detect structural myocardial changes. High-throughput sequencing was utilized to search for mutations in genes
linked to the onset of channelopathies and other inherited rhythm disorders.

RESULTS: In 15 (62.5%) of the 24 probands included in the study, variants of the nucleotide sequence of pathogenicity classes
[1I-V according to The American College of Medical Genetics and Genomics criteria (2015) were found in genes encoding so-
dium (SCN5A, SCN10A) and potassium (KCNE3, KCNJ2, KCNJ8, KCNAS5) channels, as well as in HCN4 and SNTAT genes linked
with these channels. Moreover, 3 variants were identified in ANKZ gene associated with ankyrinopathies, and 3 variants in
DSP and DES genes connected with arrhythmogenic right ventricular cardiomyopathy. Four genetic variants in SCN5A gene
were of pathogenicity classes IV and V, the rest were variants of uncertain clinical significance (class Il). Six (40.0%) of the
15 genotype-positive patients had several genetic variants. The most severe form of the disease, manifested by the develop-
ment of ventricular fibrillation with successful resuscitation and subsequent cardioverter-defibrillator implantation, was ob-
served in patients with mutations in SCN5A, SCN10A genes. Recurrent syncope, polymorphic ventricular tachycardia induced by
programmed ventricular stimulation during electrophysiologic study, followed by cardioverter-defibrillator implantation were
observed in patients with variants KCNJ8 and HCN4, DES and MYHT 1. In 2 patients with clinical manifestations, no mutations
were identified. 13 (54.2%) patients were asymptomatic, while 3 of them had pathogenic and likely pathogenic mutations in
SCN5A gene, as well as variants of uncertain clinical significance.

CONCLUSION: Thus, this study examined various genetic variants in patients with Brugada syndrome based on their clinical
manifestation. The impact of the genotype on the Brugada syndrome phenotype is not unambiguous. The most severe form
of the disease with the development of ventricular fibrillation and successful resuscitation with subsequent cardioverter-
defibrillator implantation was observed mainly in patients with variants in several genes (SCN5A and JUP, KCNJ8 and HCN4,
DES and MYH11). This substantiate the idea that Brugada syndrome, along with monogenic, may also have a polygenic nature of
the disease, in which the clinical phenotype is determined by variants in respective genes linked to the onset of cardiovascular
disorders.

Keywords: Brugada pattern; genotypic and phenotypic diversity; provocative drug tests.

To cite this article
Komissarova SM, Chakova NN, Rineiska NM, Niyazova SS, Dolmatovich TV, Barsukevich VCh, Plashchinskaya LI. Brugada syndrome: variability of clinical
and genetic characteristics. Cardiac Arrhythmias. 2023;3(4):5-19. DOI: https://doi.org/10.17816/cardar626595

Received: 06.11.2023 Accepted: 26.12.2023 Published: 10.02.2024
5
ECOSVECTOR All rights reserved

© Eco-Vector, 2023


https://eco-vector.com/en/for_authors.php#06;
https://eco-vector.com/en/for_authors.php#06;
https://doi.org/10.17816/cardar626595
https://doi.org/10.17816/cardar626595
https://crossmark.crossref.org/dialog/?doi=10.17816/cardar626595&domain=PDF&date_stamp=2023-12-08

OPUTVHATIBHBIE MCCNELOBAHNA Tom 3, N° 4, 2023 Cardiac Arrhythmias

DOI: https://doi.org/10.17816/cardar626595

CuHapoM bpyrapa: BapuabenbHOCTb KJIIMHUYECKUX
U FeHeTUYECKUX XapaKTepUCTUK
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AHHOTALUNA

Lenb uccnepnoBaHMs — OLEHUTb KITMHUYECKYI0 XapaKTEPUCTUKY Y MaUMEHTOB C Pa3fMyHbIMU FEeHETUHECKUMM BapuaHTaMu
cuHpoma bpyraga.

Matepuansbl u MeTogbl. 06cnenoBaHo 24 naumneHTa (17 MyKcKoro 1 7 XeHcKoro nona) B Bospacte ot 18 no 55 net (MeaunaHa
Bo3pacta 32,5 [20; 42] ropa) ¢ naTTepHoM cMHApOMa bpyraga Ha anekTpokapauorpamme, HabnlogaeMblx B TeyeHue 3 net.
Y 9 (37,5 %) naumeHTOB 3aperucTpupoBaH CMOHTaHHBIA NaTTepH 3neKTpoKapavorpammel 1 Tuna, y 14 (58,3 %) — natTepH
3/7IeKTPOKapAuorpaMMel 2 TMna, y 1 — naTTepH aneKkTpokapamorpaMMbl 3 Tuna. KnuHUKo-MHCTpYMeHTanbHOe UCCNeaoBa-
HWe BKJII0Yano PermcTpaumio aNeKTpoKapamorpaMMel B 12 oTBefieHUsIX, CYTOYHOE MOHUTOPMPOBAHME 3IEKTPOKAPAUOrPaMMbl,
NpoBeieHWe NPOBOLMPYIOLLEro TecTa ¢ 6110KaTOpOM HaTpUEBLIX KaHaNoB HOBOKaMHAMMAOM, BbIMOJIHEHWE SHA0KApANANBHOTO
3M1EKTPOGM3MONIOrMYECKOr0 UCCNeA0BaHNS MO MOKa3aHWaM, cbop reHeanorMyeckoro aHaMHe3a C OLEHKOW 3NIEKTPOKapamo-
rpamMM BCEX YIEHOB CEMbM C BbISIBSIEHWEM CIly4aeB BHE3aNHOW CEPAEYHON CMEPTU B CEMbE WM HaNUuMsA CEMENHOW QOopMbl
3aboneBaHus, 3X0KapaMOrpaMMbl U MarHUTHO-PE30HAHCHOW ToMorpaduu cepaua AN UCKIKYEHUS CTPYKTYPHBLIX M3MeHe-
HWI MUOKapAa. Monck MyTauui B KOAMPYHOLLMX NOCeA0BaTeNIbHOCTSX FEHOB, aCCOLMMPOBaHHbIX C pa3BUTUEM KaHanonaTui
W OpYrUX HacnefCTBEHHbIX HApYLLEHWUA pUTMa, MPOBOAWIM METOL0M BbICOKOMPOU3BOAUTENBHOTO CEKBEHUPOBAHHS.
Pesynbtathl. Y 15 (62,5 %) U3 24 BKIIOYEHHBIX B UcCnefoBaHMe NpobaHLoB BbISBNEHbI BapUaHTbl HYKNeOTUAHOW nocneso-
BaTenbHOCTM |lI-V KnaccoB NaToreHHOCTM COrNacHo KpuTepusaM AMepUKaHCKoro obLiecTBa MeaMUMHCKON reHeTuku (2015)
B reHax, Kogupytowumx Hatpuesble (SCNSA, SCNT0A) v kanuesble (KCNE3, KCNJ2, KCNJ8, KCNA5) KaHanbl, a TakKe B reHax
HCN4 v SNTAT, accoummpoBaHHbIX € 3TUMM KaHanamu. Kpome Toro, BbisiBneHo 3 BapuaHTa B reHe ANK2, accoummpoBaHHOM
C aHKupuHonatuamu, 1 3 BapuaHTa B reHax DSP w DES, accoummpoBaHHbIX C apUTMOTEHHOM KapAMOMWOMaTUeEN NpaBoro
XKeny[ouKa. YeTbipe reHeTUUeCKMX BapuaHTa B reHe SCN5A 6binu IV 1 V KnaccoB naToreHHOCTH, OCTasbHbIe SBNANMCL Bapy-
aHTaMu ¢ HeonpegeneHHon 3HaunmMocTbro (VUS, Il knacc). Wects (40,0 %) u3 15 reHOTUN-NONOMUTENBHBIX MALMEHTOB UMENU
HECKOJIbKO reHeTMYecKux BapuaHToB. Hanbonee Taxenas dopMa 3aboneBanus, MaHudecTupytoLlas passutueM dubpunns-
LI JKeNyL,04KOB C YCMeLUHbIM MPOBEEHNEM PEAHUMALIMOHHBIX MEPONPUATUIA 1 NOCIeAYHOLLEH UMNIaHTaUUeN KapauoBepTe-
pa-nedubpunnatopa, Habnoganuck y nauveHToB ¢ MyTaumamu B reHax SCN5A, SCNT0A. PeuyamsupytoLme CMHKONaNbHbIE
COCTOSHUA, MOMMMOPdHAN XenyaouKoBas TaxvapuTMUS/GUOPUINALMS KenyA04KOB, MHAYLMPOBaHHas MpOrpaMMUpyeMoil
CTUMYNAUMEN KENYL0YKOB NMPU HLO0KAPAMANBHOM 3NIEKTPOPU3MONOTMYECKOM MCCNEe0BaHUM, C MOCNeLYIOWeN UMNaHTa-
uuen KapauoBepTepa-aedubpunnatopa Habnoganuce y nauueHToB ¢ BapuaHtamn KCNJ8 w HCN4, DES w MYHT1. Y 2 na-
LIMEHTOB C KJTMHUYECKUMM MPOSIBNIEHUAMU MyTaLuii He BbisBneHo. 13 (54,2 %) naumeHToB bblM 6ECCUMNTOMHBIMY, MPU 3TOM
y 3 13 HUX 0BHapyKeHbl NaToreHHbIe 1 BEPOSITHO NaToreHHble MyTauum B reHe SCN5A, a Takxe BapuaHT YUS B 3TOM 3Ke reHe.
3arutioyeHme. M3yyeHbl KNMHUYECKWE NPOSBIEHNS Y NALMEHTOB C PasfIMyHbIMKU FEHETUYECKMMU BapUaHTamMu cuHapoMa bpy-
raga. Bnusanue reHotuna Ha deHotun cuHgpoMa bpyraga He ogHo3HauHo. Hanbonee Tsxenas gopMa 3aboneBanus ¢ pas-
BUTUEM UOPUNNALMM KEeNYLOYKOB U YCNELHbIM NPOBEAEHUEM PEaHUMALMOHHBIX MEPONPUATUIA C NOCNeAyHoLLei UMNNaH-
Taumeil KapavosepTepa-aedubpunnatopa HabnAanack NPEMMYLLECTBEHHO Y NALMEHTOB C BapUaHTaMu B HECKOMBKUX reHax
(SCN5A v JUP, KCNJ8 v HCN4, DES v MYHT11). TonyyeHHble AaHHblE NOATBEPKAANT MAEI0 0 TOM, YTO CMHAPOM bpyrapa Ha-
PAAY C MOHOTEHHBIM MOXET UMETb U NONIMrEHHBIA XapaKTep 3abofeBaHus, NPy KOTOPOM KIMHUYeCKUiA GeHoTun obycnosneH
BapuaHTaMW B HECKOJTbKUX FEHaX, acCoLMMPOBaHHbIX C CePAEYHO-COCYAUCTON NaToNorvei.

KnioyeBble cnoBa: natTepH cuHapoMa bpyraaa; reHotunnyeckoe u heHoTMNUYeCKoe pasHoobpasue; NpoBOKaLMOHHbIe Npabbl.
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BACKGROUND

Brugada syndrome (BrS), an inherited cardiac
channelopathy first diagnosed in 1992, is still considered
a complex disorder in terms of diagnostics, arrhythmia
risk prediction, pathophysiology, and treatment.
It is electrophysiologically characterized by the typical
electrocardiogram (ECG) pattern of BrS type 1, demonstrating
ST-segment elevation by 2 mm, followed by a negative
T-wave in at least one or two right precordial leads, and
a high incidence of life-threatening arrhythmic events in
the absence of structural heart diseases [1]. BrS may be
the cause of 4%—-12% of all sudden cardiac death (SCD) cases
and up to 20% of SCD cases due to polymorphic ventricular
tachyarrhythmias (VTs) or ventricular fibrillation (VF) [2].
The prevalence of BrS ranges from 1:5000 to 1:2000, with
the highest incidence in Asians [3].

The onset of symptoms often occurs at a young age, and
SCD or SCD with successful resuscitation may be the first
clinical manifestation of BrS. Although BrS appears to occur
equally in men and women, most patients with clinically
significant BrS are men [4]. Patients more often experience
fever or conditions that increase vagal tone, including sleep.
The diagnosis is made by identifying the BrS type 1 ECG pattern,
which can be noted either spontaneously or over the course
of provocative testing with a sodium channel blocker such as
ajmaline, flecainide, pilsicainide, or novocainamide [5]. These
antiarrhythmic drugs, by inhibiting the fast sodium current
(INa), increase the imbalance between inward and outward
currents during the early phases of the action potential (AP),
thereby eliciting the phenotypic expression of BrS. However,
the disease is asymptomatic in most patients. Owing to
the fact that the inducibility of VT/VF during the endocardial
electrophysiological study (EEPS) is associated with the high
risk of future ventricular arrhythmias, patients with BrS and
induced VT/VF in the course of EEPS, consequently, have an
implantable cardioverter defibrillator (ICD) inserted [6].

Clinical variability in BrS may be primarily due to genetic
heterogeneity. BrS is most commonly caused by changes
in SCN5A gene, which is responsible for the synthesis of
the alpha subunit of the myocardial sodium channel Nav1.5.
It accounts for 15%-30% of confirmed BrS cases. Genes
encoding subunits of other sodium channels, as well as
potassium and calcium channels, including SCN70A, SCN1B-
3B, GPD1L, RANGRF, SLMAP, ABCC9, KCNH2, KCNE3, KCNJ8,
KCNE5, KCND3, HCN4, CACNAIC, CACNBZB, CACNA2D1,
TRPM4, and PKP2, are also associated with this syndrome.
A plethora of identified variants in these genes are registered
in individual families and cause < 5% of BrS cases.

Polymorphic variants of other genes, as well as
nongenetic factors such as fever and intake of certain
drugs, contribute to the phenotypic implementation of
the main mutations. Therefore, the same genetic variant
can lead to different phenotypes even among members
of the same family [7]. BrS may represent a group of
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diseases with common ECG changes that are characterized
by different clinical manifestations and inheritance
patterns [8]. The reason is that the BrS phenotype may be
due to variants in genes associated with other diseases.
Thus, the so-called overlap syndrome of BrS with other
heart diseases, such as arrhythmogenic cardiomyopathy,
hypertrophic cardiomyopathy, and long @7 syndrome (LQTS),
was noted. Desmosomal proteins, including plakophilin-2,
encoded by PKP2, and desmoglein-2, encoded by DGC2,
have been implicated in arrhythmogenic right ventricular
cardiomyopathy (ARVC) and BrS by interacting with
the NaV1.5 sodium channel [9]. However, the role of
desmosomal proteins in the etiology of BrS is still debated.

These issues emphasize the need for a better
understanding of the molecular genetic causes of BrS and
more accurate genotype—phenotype correlations.

This study evaluated the clinical characteristics of patients
with different BrS genetic variants.

MATERIALS AND METHODS

The study included 24 patients (17 men and 7 women)
aged 18-55 years (median age, 32.5 [20; 42] years) with
an ECG pattern of BrS. The median follow-up period was
3 years.

The clinical and instrumental study included recording
a standard 12-lead electrocardiogram (ECG-12), 24-h ECG
monitoring (24H ECG), provocative testing with the sodium
channel blocker novocainamide, EEPS according to
indications, and gathering a complete and accurate medical
history with ECG assessment of all family members with
identified SCD, or the family history of the disease.

According to ECG-12, the following parameters were
assessed: heart rate (HR), corrected QT interval (Q7c), T-wave
morphology and alternans (negative, positive, or biphasic),
J-point elevation, configuration (coved or saddle-shaped),
and terminal part (smooth descending or elevation) of the
ST-segment in the right precordial leads, presence of right
bundle branch block, and intermittent prolongation of the PR
interval.

In intensive care unit at the Republican Scientific
and Practical Center “Cardiology”, patients underwent
a diagnostic testing with novocainamide (10 mg/kg for
10 min) under constant monitoring of ECG and blood pressure
(BP). BrS was diagnosed if the patient had ECG changes in
the right precordial leads (V1 and/or V2), characterized by
ST-segment elevation from the J-point of >2 mm in a “coved”
configuration along with a negative T-wave. For patients with
BrS type 1 pattern, provocative testing was not performed
due to no additional diagnostic value.

To rule out structural myocardial disorders, an
echocardiographic study (EchoCG) was performed using an
IE-33 device Philips (USA), as well as magnetic resonance
imaging (MRI) using a Magnetom Aera 1.5 T tomograph
(Siemens, Germany) according to relevant recommendations.




OPUMVHANBHBIE VICCITEAOBAHAA

ECG was performed on the Intecard-3 hardware and
software complex (Republic of Belarus). 24H ECG was
performed using an Oxford Medilog AR12 recorder (UK).
EEPS was performed on Siemens (Germany) and Bard (USA)
systems.

During the 24H ECG, the average HR per day, QRS
fragmentation, early repolarization pattern, prominent
S-wave in lead /, diverse ventricular arrhythmias and
sustained VT and VF), BrS ECG pattern (intermittent or
permanent), and ST-segment and T-wave alterations
were assessed. The ventricular genesis of the arrhythmia
was confirmed by 24H ECG data, ECG registration during
the arrhythmia episode and EEPS in some cases. Eleven
patients underwent EEPS to screen for arrhythmic risk by
examining the area and size of the arrhythmogenic substrate
causing the arrhythmia burden. This method corresponded
to an internationally recognized protocol using stimulation
of two segments, namely, the region of the right ventricular
apex and the right ventricular outflow tract, with a cycle
length of 600, 430, and 330 ms, application of 1, 2, or
3 extrastimuli, and a progressive decrease in the coupling
interval to minimum values (200 ms) [10]. Programed
electrical stimulation was performed in accordance with
a standard protocol. If sustained VT or VF lasting > 30 s was
induced or cardioversion was required, patients were
classified as having an inducible arrhythmia.

Mutations in the coding sequences of genes associated
with the development of channelopathies and other inherited
heart rhythm disorders were identified using high-throughput
sequencing on a MiSeq genetic analyzer (Illumina, USA).
Sample preparation was performed using the TruSight Cardio
Sequencing Kit (Illumina, USA). Annotation of the sequencing
results was performed using ANNOVAR software [11].
The pathogenicity of the new and previously described genetic
variants was interpreted according to the recommendations
of the American College of Medical Genetics and Genomics
(ACMG, 2015) [12]. Pathogenic (class V) and likely pathogenic
(class IV) genetic variants were considered diagnostically
significant. The analysis also included variants of uncertain
clinical significance (VUS, class Ill), pathogenic according to
in silico predictors, whose incidence in population databases
(GnomaD) did not exceed 0.01%.

This study was approved by the ethics committee of
the Institute of Genetics and Cytology of the National Academy
of Sciences of Belarus (Minutes No. 2 of the meeting of
the Bioethics Committee dated 06/08/2021). All patients
provided informed voluntary consent to participate in
the study.

RESULTS

Twenty-four probands from unrelated families in whom
the BrS pattern was recorded on ECG were examined
(Table 1). The majority of patients were men (n = 17; 70.8%),
with a median age of 32.5 (20; 42) years. Nine (37.5%) patients
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had a spontaneous type 1 ECG pattern, 14 (58.3%) represented
with type 2, and 1 patient with type 3. Four (16.7%) patients
had a family history of SCD among their close relatives. Seven
(29.2%) patients had clinical manifestations of BrS (syncope,
spontaneous or induced polymorphic VT/VF, with resuscitation
after SCD). Of these patients, 4 probands (16.7%) had VF with
successful resuscitation and subsequent ICD implantation,
and 3 (12.5%) had recurrent syncope, polymorphic VT/VF
induced by programed ventricular stimulation during EEPS,
followed by ICD implantation. EEPS revealed sick sinus
syndrome (SSS) that required pacemaker implantation in
one patient, sinus node dysfunction in two patients, and
loop recorder implantation in one patient. Supraventricular
paroxysmal tachycardia was recorded in two patients. In
one patient, premature ventricular contractions (PVCs) and
episodes of second-degree atrioventricular (AV) block, type |,
were registered. A loop recorder was implanted in a patient
with a single syncope episode and a BrS type 3 ECG pattern.
The remaining 13 (54.2%) patients were asymptomatic.

To determine the risks of arrhythmic events, 11 (45.8%)
patients underwent EEPS with programed ventricular
stimulation. In 3 (12.5%) patients, VT was induced, and an
ICD was implanted. However, in 8 (33.3%) patients, VTs were
not triggered. The clinical characteristics of the patients are
presented in Table 1.

While genotyping, in 15 (62.5%) out of 24 probands
included in the study, nucleotide sequence variants of
pathogenicity classes IlI-V were identified according to
the criteria of the ACMG (2015) in the genes encoding sodium
(SCN5A and SCN10A) and potassium (KCNE3, KCNJ2, KCNJ8,
and KCNA5) channels, as well as in HCN4 and SNTAT genes
associated with these channels (Table 1). In addition, three
variants in ANK2, which are associated with ankyrinopathies,
and variants in DSP and DES, which are mutations that lead
to ARVC, were determined. Only four variants belonged to
pathogenicity classes IV and V, two of which were new,
and the rest were VUS, class Ill). All pathogenic and likely
pathogenic variants were defined in SCN5A. Six (40.0%)
out of 15 genotype-positive patients had several genetic
variants, and predominantly they affected genes linked to
cardiomyopathies.

In seven patients, variants were identified in the genes
encoding sodium channels and associated proteins (Table 2).
Five patients carried SCN5A variants.

The most severe clinical manifestations of the disease
were registered in proband 799 (41 years old), in whom
the disease manifested with VF with resuscitation measures,
which required ICD implantation. His father died suddenly at
the age of 28 years. The proband experienced syncope during
the day, which clearly has not been related to exercise, and
eventually cardiac arrest occurred at night. ECG showed
a spontaneous BrS type 1 pattern. Upon further monitoring,
the BrS pattern was not registered on the ECG; sinus rhythm
was recorded with an HR of 68 beats/min, the PQ interval
duration was 110 ms, the QTc interval was 380 ms, and
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Table 2. Genetic characteristics of patients with variants in genes encoding sodium channels and associated proteins
Tabnuua 2. MeHeTuuyeckas XapaKTepUCTMKa MaLMEHTOB C BapuaHTaMM B reHaX, KOAMPYIOWMX HaTpueBble KaHasbl M accouMmpoBaHHble

C HUMM BenKu

Patient code Gene Nucleotide substitution/Rs Amino acid substitution Variant class MAF (GnomaD)
799 SCN5A c.142G > A, rs199473048 p.Glu4BLys P 0.000039
JUP c.427G > A, rs375788626 p.Ala143Thr VUS 0.000098
c.3840+1G> A
611 SCN5A rs1366120635 - P 0.0000048
716 SCN5A €.4055G > A p.Gly1352Asp LP* -
TPM] c.766>C p.Glu26GIn VUS -
117 SCN5A €.2572dupA p.Met858Asnfs*73 LP* -
668 SCN5A €.5360G > A, rs199473316 p.Ser1787Asn VUS 0.000495
132 SCN10A ¢.5216 A>T, rs760863009 p-Asp1739Val VUS 0.000014
641 SNTAT ¢.7876G > T, rs150576530 p.Ala263Ser VUS 0.00026
Note: * — new variant; P — pathogenic variant; LP — likely pathogenic variant; VUS — variant with uncertain significance; MAF — minor allele
frequency.

[pumedaHue: * — HOBLI BapuaHT; P — natoreHHbI BapuaHT; LP — BeposATHO natoreHHbIi BapuaHT; VUS — BapuaHT ¢ HeonpeaeneHHoM 3HauuMOoCTbIo;

MAF — yacTota MUHOpHOro annens.

the GRS was 120 ms. Genotyping revealed a p. Glu48Lys
pathogenic variant in SCN5A and an additional substitution in
JUP associated with ARVC. Cardiac MRI revealed no changes
in myocardial structure and no evidence of ARVC.

In patient 611 (26 years old) with a family history of SCD
in a relative (elder brother aged 30 years) and a spontaneous
BrS type 1 pattern on ECG, no clinical manifestations of BrS
were observed, and, ultimately, she refused further EEPS and
ICD implantation. Genotyping revealed a pathogenic mutation,
€.3840 + 16 > A, affecting a splice site in SCN5A.

Patients 668, 716, and 717 also had an asymptomatic
disease course. ECG of proband 717 (20 years old) showed
a BrS type 1 pattern. Genotyping revealed a new probably
pathogenic duplication of one nucleotide c.2572dupA,
leading to a reading frame shift and the appearance of
a premature stop codon (p. Met858Asnfs*73) in SCN5A.
The patient refused EEPS. Patient 716 (18 years old) had
a BrS type 2 pattern on ECG, and the novocainamide test
was positive. In this patient, a new variant was detected,
which was pathogenic according to the in silico predictors,
€.4055G > A (p. Gly1352Asp) in exon 23 of SCN5A. Patient
668 (31 years old) had a BrS type 1 pattern on ECG.
Genotyping revealed a p. Ser1787Asn substitution of
unknown clinical significance in SCN5A.

Proband 732 (female, 55 years old), who had no known
risk factors for the development of coronary heart disease
and no family history of SCD, was admitted to the intensive
care unit by reason of cardiac arrest with documented VF
and underwent ICD implantation; a BrS type 1 pattern was
detected on serial ECG. Genotyping revealed p. Asp1739Val
substitution in SCNT0A, which encodes the neuronal
sodium channel (Nav1.8) and is associated with BrS,
which was proven in recent genome-wide association
studies (GWAS) [13]. A study demonstrated similarities
in phenotypes between patients with a SCNT0A variant
and those with SCN5A variants, including family history,
presence of syncope, and spontaneous ECG patterns [14]. In
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our cohort, a SCN10A substitution was also associated with
disease manifestation, VF development, and cardiac arrest,
followed by ICD implantation. D. Hu et al. [15] identified
SCNT0A mutations in 25 of 150 probands (17%) with BrS,
emphasizing the crucial role of this gene in this disease. Its
significance was confirmed by studies on the influence of
SCN10A on both cardiac conduction [16] and the autonomic
nervous system [17]. In proband 641 (male, 38 years old),
a BrS type 2 pattern was recorded for the time of a routine
ECG (Fig. 1).

The novocainamide test was positive. In the course of
EEPS, ventricular arrhythmias were not induced. Holter ECG
monitoring recorded frequent PVCs and episodes of second-
degree AV block, type 1. Antiarrhythmic drug treatment was
prescribed. Genotyping revealed p. Ala263Ser substitution
in SNTAT, which encodes syntrophin, a scaffold protein of
the cytoplasmic peripheral membrane and a component
of the dystrophin-associated protein complex. This gene
is @ member of the syntrophin gene family and encodes
the most abundant syntrophin isoform detected in cardiac
tissue. The N-terminal PDZ domain of this syntrophin protein
interacts with the C-terminus of the pore-forming alpha
subunit (SCN54) of the cardiac sodium channel Nav1.5.
This gene is associated with LQTS and sudden infant death
syndrome (SIDS). This protein also binds to dystrophin and
dystrophin-related proteins at neuromuscular junctions and
alters intracellular calcium ion levels in muscles [18].

In two patients with BrS, variants were identified in
the genes encoding potassium channels (Table 3), and their
clinical manifestations were analyzed.

Patient 638 (female, 34 years old) had a family history of
SCD via parental lineage in her closest relatives (a second
cousin aged 24 years and three paternal uncles aged 36,
47, and 52 years), and a BrS type 2 pattern was registered
on the ECG (Fig. 2). The proband has experienced rapid
heart palpitation accompanied by shortness of breath and
dizziness since the age of 16 years. Several months before
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Table 3. Genetic characteristics of patients with variants in potassium channels
Ta6nuua 3. [eHeTuYecKas XxapaKTepUCTUKA NALMEHTOB C BapuaHTaMu B KanueBbIX KaHanax

Patient code | Gene | Nucleotide substitution/Rs Amino acid substitution Mutation class MAF (GnomaD)
c.980T>C
- KCNJ8 rs1940609307 p.lle327Thr VUS 0.0000034
HCN4 c415C>T p.Pro139Ser VuSs* -
c.845T > 6
606 KCNJ2 1s758092571 p.Leu282Trp VUS 0.00001735

Note: * — new variant; VUS — variant with uncertain significance; MAF — minor allele frequency.
[pumeyaHue: * — HoBbI BapuaHT; VUS — BapmaHT ¢ HeonpeaeneHHon 3HaunMocTblo; MAF — yactota MuHOpHOro annens.

Fig. 1. 12-lead electrocardiogram of patients (598 and 641) with distinct Brugada patterns: @ — Brugada pattern type 1 (coved), showing
a “vaulted” elevation of the ST segment of more than 2 mm in more than one right precordial lead, followed by a negative T-wave;
b — Brugada pattern type 2 (saddle-back), showing a “saddle-shaped” elevation of the ST segment of more than 2 mm in more than one
right precordial lead, followed by a positive T-wave

Puc. 1. Inektpokapamorpamma B 12 otBefieHmsAx nauneHToB N2 598 n 641 ¢ pasHbiMK naTTepHamu bpyraga: @ — nattepH bpyraga tvn 1
(coved), nokasbiBaloLLmii «cBOAYATLI» NOABLEM cerMeHTa ST bonee 2 MM B Boniee YeM OJHOM NPaBOM MPEKOPLAMANBLHOM OTBEAEHUH,
3a KOTOpbIM CrieflyeT oTpuuaTtenbHbii 3ybew, T; b — natrepH bpyraga Tna 2 (saddle-back), nokasbiBatoLmii «cen0BUAHbIA» NOABEM
cerMeHTa ST bonee 2 MM B bonee 4eM 0AHOM NpaBOM NPEKOpAMUabHOM 0TBEAEHUM, 33 KOTOPLIM CeayeT NONOXKUTENbHbINA 3ybell T
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hospitalization, the patient endured three episodes of
syncope. Changes were recorded in the analysis of a series
of ECGs, namely, abnormalities of intraventricular conduction
(widening of the QRS complex up to 130 ms), or R-wave
progressionin leads V1-V3, slowing of AV conduction with
transient first-degree AV block, transient second-degree SA
block type I, and pauses lasting 1495 ms.

During a novocainamide testing (10 mg/kg body weight
intravenously for 10 min) at the tenth minute, changes were
recorded in leads V1-V2, such as a coved-type ST-segment
elevation (Fig. 3), characteristic of a BrS type 1 pattern
(amplitude > 2 mm, width > 4 mm, Corrado index > 1).

Tom 3, N2 4, 2023

Cardiac Arrhythmias

During EEPS, programed stimulation of the ventricles
with extrastimuli (coupling intervals of 220 and 230 ms)
provoked a sustained paroxysm of polymorphic VT
with a cycle of 224-176 ms, which was terminated
spontaneously, and a characteristic BrS pattern with
2-3 mm ST elevation. Considering the presence of BrS,
recurrent syncope, induced polymorphic ventricular
tachycardia during EEPS, and a high SCD risk, a single-
chamber ICD was implanted for urgent indications. During
treatment (metoprolol 12.5 mg twice a day under HR and
BP control), the patient’s medical state improved, and she
was discharged in a satisfactory condition. Genotyping

Fig. 2. 12-lead electrocardiogram of patient 638 at rest, 10 mm/mV, 50 mm/s
Puc. 2. 3nektpokapamorpamma B 12 otBefieHmMsax naumeHTku N2 638 B nokoe, 10 MM/MB, 50 MM/c

Fig. 3. 12-lead electrocardiogram of patient 638, 10 min of the novocainamide testing, 10 mm/mV, 50 mm/s
Puc. 3. 3nektpokapavorpamma B 12 otBepeHusx naumeHtkn N2 638 Ha 10-ii MuUHyTe npoBefeHWs HOBOKaMHaMMAOBOW Mpobbl,

10 MM/MB, 50 Mm/c
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revealed two new allelic variants: the p. Ile327Thr mutation
in KCNJ8, which encodes a subunit of the ATP-sensitive
potassium channel Kiré.1, and the p. Pro139Ser mutation
in HCN4, which is responsible for the synthesis of one of
the family members controlled by cyclic nucleotides in
hyperpolarization-activated potassium channels.

In patient 606 (44 years old) with a BrS type pattern on
ECG and asymptomatic disease course, the novocainamide
testing was positive. While conducting EEPS, VT was not
induced. Antiarrhythmic drug therapy was prescribed.
Genotyping revealed a variant of unknown clinical significance
of p. Leu282Trp in KCNJ2, encoding the alpha subunit of
the influent potassium current channel Kir2.1.

Genetic variants leading to BrS in one of the potassium
channels usually result in increased channel function.
Rare KCNJ8 variants, by increasing the throughput of
the ATP-sensitive potassium channel (IK-ATP), reduce

Vol. 3 (&) 2023
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the AP as well as plateau depression, causing the ECG
changes registered in BrS [19]. The severe clinical
presentation in proband 638 was conceivably due to
the presence of another, also not previously described,
mutation c.415C > T (p. Pro139Ser) in HCN4, which
encodes the protein of hyperpolarization-activated cyclic
nucleotide-dependent potassium channel 4.

KCNJ2 variants are associated with LQTS type 7 and short
QT syndrome type 3. This gene is related to KCNJ8, which
is associated with BrS type 8, and its variants presumably
cause this syndrome.

In patients 598, 788, and 580c (male) with the BrS pattern
on ECG were revealed desmosomal gene substitutions
(Table 4).

Proband 580c (36 years old) with recurrent syncope and
BrS type 2 ECG pattern and SCD in two family members
(father and brother aged 32 years) underwent a novocainamide

Fig. 4. Endoelectrogram of proband 580c, representing the paroxysm of ventricular fibrillation
Puc. 4. 3npoanektporpamma npobanga N® 580c, npescTaBnstowan napoKcusM GubpunnsaLmMm XenynoyKos

Table 4. Genotyping results of patients with Brugada syndrome (overlapping phenotypes with right ventricular arrhythmogenic

cardiomyopathy)

Tabnuua 4. PeaynbTaTbl reHOTUNMPOBAHMA MaLMEHTOB C CMHAPOMOM bpyraaa (nepekpbiBatolume GeHOTUMbI C apUTMOTeHHO Kapauo-

MUonNaTUei NPaBoro XenyaoyKa)

Patient code Gene Nucleotide substitution/Rs Amino acid substitution Mutation class MAF (GnomaD)
580 DES c.752A>C p.Gln251Pro Vus* -
¢ MYH11 c.39256>C p.Asp1309His Vus* -
c.6188G > A
DSP rs142927608 p.Arg2063Gln Vus 0.00001115
o8 c.674C>T
MY0Z2 rs200428820 p.Pro225Leu VusS 0.0001289
768 DSP c.6014C > T rs749925817 p.Ala2005Val VUS 0.000007
RBM20 c.1244G > A rs748133931 p.Ser415Asn Vus 0.000035

Note: * — new variant; VUS — variant with uncertain significance; MAF — frequency of the minor allele.
[pumeyaHue: * — HoBbI BapuaHT; VUS — BapumaHT ¢ HeonpeaeneHHo! 3HaunMocTblo; MAF — yactoTa MUHOpHOrO annens.
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testing (positive) and EEPS. During EEPS, VF paroxysm was
induced and was successfully terminated by cardioversion,
and the arrhythmia substrate was ablated (Fig. 4). Considering
the persistently high SCD risk, an ICD was implanted as
a next step. Genotyping revealed two new variants that
were pathogenic according to in silico predictors, precisely,
p. GIn251Pro in DES, which encodes desmin and is associated
with ARVC [20], and p. Asp1309His in MYH1T, which is linked
to SCD and familial aortic aneurysm.

In patient 598 (29 years old), without clinical disease
manifestations and family history, a BrS type 1 pattern was
recorded on ECG (Fig. 1). Throughout the EEPS, VT was not
induced, and the patient was followed up. A VUS p. Arg2063Gln
was identified in DSP, which encodes desmoplakin.

Patient 788 (26 years old) without clinical manifestations
had a BrS type 2 pattern on ECG. Novocainamide testing
and EEPS were not performed. The patient refused further
examination. Cardiac MRI did not reveal any evidence
of cardiac structural alterations. Genotyping revealed
p. Ala2005Val substitution in OSP.

In patients 580c, 598, and 788, genetic testing revealed
rare variants in MY0Z2, RBM20, and MYH1T associated with
changes in myocardial structure.

Genetic variants in desmosomal genes in patients with
BrS ECG patterns specify an overlap between BrS and ARVC
phenotypes. Genes encoding desmosomal proteins, known
as ARVC susceptibility genes [21], have also been described
in several patients with signs of BrS in the absence
of evident structural disease manifestations. In vitro
functional studies in HL-1 cells and human cardiomyocytes
derived from induced pluripotent stem cells showed that
desmosomal gene mutations can reduce sodium ion (INa)
current by disrupting the interaction between desmosomal
proteins and the Nav1.5 channel in the cardiac muscle [22].
These data enabled us to hypothesize that ARVC and BrS
are not completely different conditions and could thereby
be considered final stages of the same disease, i.e., cardiac
connexome disease [9].

In patients 12m, 756c, and 796, genotyping revealed
ANK2 substitutions (Table 5).

Patients 12m and 756c (both male, 19 years old) with
BrS type 2 and 3 ECG patterns that transformed into type 1

Tom 3, N2 4, 2023
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during the novocainamide testing were asymptomatic.
In patient 796 (25 years old), VT was not induced during EEPS;
however, SSS was detected, and an PM was implanted.

Ankyrin is a multifunctional protein involved in
the functioning of ion channels and transporters in various
tissues [23]. Despite their common basis, these proteins have
different functions. The genes encode three different ankyrin
proteins, namely, ankyrin-R (ANK-1), ankyrin-B (ANK-2), and
ankyrin-G (ANK-3). ANK-2, like ANK-3, controls the functioning
of the sodium channel Nav1.5 and is associated with BrS [24].
In case ANK-B is impaired, other arrhythmia phenotypes
are distinguished, including SSS, atrial fibrillation, and life-
threatening ventricular arrhythmias with SCD risk [25]. Hence,
this phenotypic diversity of rhythm disorders was combined
and presented as Ankirin B syndrome. In a Japanese cohort of
535 probands with inherited rhythm disorders, 12 (2.2%) had
ANKZ mutations, with 8 out of 12 probands having bradycardia,
2 having BrS phenotypes, and 7 having malignant VTs [26].
Thus, ANK2 variants are potential candidates for BrS. Further
functional and molecular studies of the detected variants
should clarify the mechanisms associated with the ANK2
variants underlying BrS.

DISCUSSION

In this paper, we characterized the clinical aspects,
including adverse arrhythmic events, and analyzed
the phenotypic manifestations depending on the genotype
in patients with BrS ECG patterns. In the study cohort,
the clinical diagnosis of BrS was confirmed by genetic testing
in 7 (29.2%) patients; most patients (20.8%) were carriers
of SCN5A variants, which is considered the most clinically
significant in relation to this syndrome [27]. A patient
with severe clinical presentation of BrS had a variant in
SCNT0A, which encodes another sodium channel, Nav1.8.
Recent studies have highlighted that the Nav1.8 channel is
a modulator of cardiac conduction and that SCN70A variants
may be associated with atrial fibrillation and BrS [28].
SCN10A variants affect PR interval duration, GRS, HR, and
arrhythmia risk [14].

In another female patient, two rare variants of KCNJ8
and HCN4, which encode potassium channels and are

Table 5. Genotyping results of patients with Brugada syndrome associated with ankyrin
Tabnuua 5. PesynbTaThl reHOTUNMPOBaHWA NALMEHTOB C CUHAPOMOM bpyrapia, accoLMMpoBaHHbIe C aHKUPUHOM

Patient code Gene Exon Nucleotide substitution/Rs Amino acid substitution M:lt:;i:n MAF (GnomaD)
p.Lys2033Glu
12m ANK2 38 c.6097A> G 15756877862 VUS 0.0000032
p.Gln3281Glu
756¢ ANK2 38 c.9841C> 0 1$372534074 VUS 0.00017
796 ANK2 26 c.2890A> G p.lle964Val rs750129234 VuS 0.00001055

Note: VUS — variant with uncertain significance; MAF — frequency of the minor allele.
[pumeyaHue: VUS — BapuaHT ¢ HeonpeAeneHHo 3HaumMocTbio; MAF — yacToTa MUHOpHOrO annens.
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associated with BrS, were identified. KCNJ8 is responsible for
the synthesis of the membrane protein of the inward rectifying
potassium channel (Kir and IRK), through which positive ions
easily pass into the cell. The flow of ions into the cell may
play an important role in the regulation of neuronal activity,
helping to stabilize the resting membrane potential of the cell.
Defects in this gene may also cause J-wave syndrome and
SIDS. HCN4 encodes the hyperpolarization-activated cyclic
nucleotide-gated potassium channel 4 protein. This gene is
expressed primarily in cardiac cells with high automaticity.
Through the HCN4 channel, potassium and sodium ions enter
the cells of the sinoatrial node, generating electrical impulses
that trigger each heartbeat and maintain a regular heart
rhythm. Moreover, the HCN4 protein is responsible for slow
kinetic activation and inactivation and is essential in cardiac
excitation and for the proper functioning of the cardiac
conduction system [29]. Accordingly, mutations in this gene
are also associated with SSS.

In 8 (33.3%) patients, rare substitutions were identified in
SNTA1, KCNJ2, ANK2, DSP, and DES, which are associated
primarily with LQTS and ARVC. Currently, growing evidence
shows that some allelic variants of these genes may also
cause BrS. Furthermore, this phenomenon is associated with
the overlap syndrome of several diseases, namely, BrS and
LQTS and BrS and ARVC.

Remarkably, 6 out of 15 patients with a positive genetic
analysis had several nucleotide variants, which most often
affected genes associated with changes in myocardial
structure, specifically, MY0Z2, RBM20, JUP, TPM1, and
MYH11. Although BrS was initially described as a monogenic
autosomal dominant disorder with incomplete penetrance,
it is increasingly evident that it may follow a more complex
genetic model. Indeed, it can be considered an oligogenic or
polygenic disease in which more than one causative gene
contributes to the clinical phenotype [30].

On the other hand, no genetic changes were observed
in 7 (29.2%) patients. No significant relationship was noted
between the disease course and the patient's genotype.
The most severe clinical course with cardiac arrest due to
VF development at the age of 36-55 years was registered
in patients 799, 732, and 580, who had SCN5A and SCN10A
variants, and patient 789 who had no genetic changes.
Polymorphic VT/VF induced by EEPS followed by ICD
implantation was identified in patient 638 (female) with rare
KCNJ8 and HCN4 variants, in patient 580s with DES and
MYH11 variants, and in a patient without mutations. Moreover,
13 (54.2%) patients were asymptomatic, whereas three of
them (patients 611, 716, and 717) had pathogenic and likely
pathogenic mutations in SCN54, and a variant of uncertain
clinical significance in the same gene was found in patient 668.
However, BrS symptoms were more common in patients with
mutations because out of 9 patients without genetic changes,
5 (55.6%) were asymptomatic, accounting for 33.3% (5 of 15)
of those with rare genetic variants. SCD among close relatives
with a family history was acclaimed in 50% of probands with
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pathogenic SCN5A mutations, implying a poor prognosis in
carriers of pathogenic variants in this gene and the need for
scrupulous examination of such patients.

The impact of genetic variants on the risk of developing
cardiac arrhythmias and their prognosis is still debated.
The extent to which different gene variants increase the risk
of arrhythmic events and SCD remains unclear and is
therefore not yet considered in risk stratification. However,
genetic data can be another tool for risk stratification in
genotype-positive patients, and if it does not result in an
active treatment strategy, this could at least contribute
to a lifestyle change (avoidance of drugs that may induce
ST-segment elevation in right precordial leads and excessive
alcohol intake).

CONCLUSION

This study substantiates the idea that BrS, along with
monogenic inheritance, may also have a polygenic nature, in
which the clinical phenotype is caused by variants in several
genes associated with cardiovascular diseases. Mutations in
patients with the BrS pattern have been associated with an
increased likelihood of clinical manifestations of the disease.
Nevertheless, the impact of genotype on the BrS phenotype
is not entirely clear. The most severe form of the disease
with VF development and successful resuscitation followed
by ICD implantation was predominantly registered in patients
with variants in several genes (SCN5A and JUP; KCNJ8 and
HCN4; DES and MYHT1).

STUDY LIMITATIONS

The study limitations include the small number of patients
with different genetic variants of BrS on grounds of its low
prevalence. Nevertheless, the data presented are consistent
with those described in the literature.
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