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The genetics of BrS is not well understood, with about half of cases lacking molecular
confirmation, and possible new genes are an active area of research.(Brugada,
Campuzano, Arbelo, Sarquella-Brugada, & Brugada, 2018; Monasky et al., 2019) About
15-30% of cases are thought to be caused by variants in the gene SCN5A4, which is the
most commonly associated gene with BrS. Currently, the literature strongly suggests
that the concept of a single causative gene with autosomal dominant inheritance may
not be the case of BrS. BrS probably is a multifactorial disease, which is affected by
several loci, each of which are influenced by the environment. Variants occurring in at
least 21 different genes have been previously considered causative, although the
causative effect of all but the SCN5A4 gene has been recently challenged, due to the lack
of systematic, evidence-based evaluations, such as a variant’s frequency among the
general population, family segregation analyses, and functional studies. Also, variants
within a particular gene can be associated with an array of different phenotypes, even
within the same family, preventing a clear genotype—phenotype correlation. Moreover,
an emerging concept is that a single mutation may not be enough to cause the BrS
phenotype, due to the increasing number of common variants now thought to be
clinically relevant. Thus, not only the complete list of genes causative of the BrS
phenotype remains to be determined, but also the interplay between rare and common
multiple variants. This is particularly true for some common polymorphisms whose
roles have been recently re-evaluated by outstanding works, including considering for
the first time ever a polygenic risk score derived from the heterozygous state for both
common and rare variants. The more common a certain variant is, the less impact this
variant might have on the heart function. We are aware that further studies are warranted
to validate a polygenic risk score, because there is no mutated gene that connects all, or
even a majority of BrS cases. For the same reason, it is currently impossible to create
animal and cell line genetic models that represent all BrS cases, which would enable the
expansion of studies of this syndrome. Thus, the best model at this point is the human
patient population. Further studies should first aim to uncover genetic variants within
individuals, as well as to collect family segregation data to identify potential genetic
causes of BrS.

The main gene is SCN5A. Additional variants in 42 other genes have been reported as
deleterious, although these variants have not received comprehensive pathogenic
analysis. Accurate interpretation of rare genetic variants is a challenge for clinical
translation. Updates in recommendations for rare variant classification require the



reanalysis and reclassification. Campuzano et al. aim to perform an exhaustive re-
analysis of rare variants associated with inherited arrhythmogenic syndromes, which
were classified in 2010, to determine whether their classification aligns with current
standards and research findings. The rare variants identified through genetic analysis
were classified following recommendations available at that time. Nowadays, the same
variants have been reclassified following current American College of Medical Genetics
and Genomics recommendations. The authors’ cohort included 104 cases diagnosed
with inherited arrhythmogenic syndromes and 17 post-mortem cases in which inherited
arrhythmogenic syndromes was cause of death. 71.87% of variants change their
classification. While 65.62% of variants were classified as likely pathogenic in 2010,
after reanalysis, only 17.96% remain as likely pathogenic. In 2010, 18.75% of variants
were classified as uncertain role but nowadays 60.15% of variants are classified of
unknown significance. Reclassification occurred in more than 70% of rare variants
associated with inherited arrhythmogenic syndromes. These results support the
periodical reclassification and personalized clinical translation of rare variants to
improve diagnosis and adjust treatment.(Campuzano et al., 2020) This research group
clarified the role of all currently reported variants in minor genes associated with BrS.
The authors performed a comprehensive analysis according to the American College of
Medical Genetics and Genomics guidelines of published clinical and basic data on all
genes (other than SCN5A) related to BrS. Their results identified 133 rare variants
potentially associated with BrS. After applying current recommendations, only six
variants (4.51%) show a conclusive pathogenic role. In total, 33.83% of variants in 19
additional genes were potentially pathogenic. Beyond SCN5A, the authors concluded
definitive pathogenic variants associated with BrS in four minor genes: SCN5A,
SLMAP, SEMA3A, SCNNIA, and SCN2B.(Campuzano et al., 2020)

Currently, BrS is not considered a pure Mendelian disorder, but rather a common ECG
pattern that results from a vast number of diverse molecular pathologies. Thus, genetic
testing alone, are not sufficient to understand this complex syndrome. Perhaps
additional omics approaches, such as epigenomics, transcriptomics, proteomics,
metabolomics, lipidomics, and glycomics, could shed light on this complex pathology.
(Monasky, Micaglio, Ciconte, & Pappone, 2020). Additionally, abnormalities in the
function of the sodium channels may induce structural abnormalities and cell death. The
type 1 Brugada ECG pattern is not exclusively a marker of a specific syndrome; rather,
it is a common ECG manifestation of structural abnormalities in the right ventricle that
may have genetic (ARVD/C), infective, and inflammatory origins(Frustaci et al., 2005),
or the so called Brugada phenocopies (BrP), which are elicited by various underlying
clinical conditions such as myocardial ischemia,(Perez-Riera, Barbosa-Barros,
Daminello-Raimundo, de Abreu, & Baranchuk, 2017; Xu et al., 2019) left ventricular
aneurism,(Gul, Haseeb, Al Amoudi, & Baranchuk, 2018) takattsubo cardiomyopathy,
(Kirbas et al., 2016) coronary anomalies,(Dendramis, 2015) pulmonary embolism,
(Zhan, Wang, Nikus, Perez-Riera, & Baranchuk, 2014) myocardial a pericardial disease
such s pericardial effusion,(Lazaros, Lazarou, & Tousoulis, 2019) acute pericarditis,(Yu,
Zhang, Huang, & Zhao, 2018) compressive mediastinal tumor,(Perez-Riera, Barbosa
Barros, Daminello-Raimundo, Resende Barbosa, & de Abreu, 2018) pectus excavatum,
(Siniorakis et al., 2017) tension pneumothorax,(Lancini & Shetty, 2019) ECG



modulation, metabolic imbalance, electrolyte disturbances (hyper and hypokalemia,
hyponatremia), diabetic ketoacidosis,(Alanzalon, Burris, & Vinocur, 2018) phosphine
poisoning,(Gottschalk, Anselm, & Baranchuk, 2016) yellow phosphorus intoxication,
(Dharanipradab, Viswanathan, Kumar, Krishnamurthy, & Stanley, 2018) methanol
intoxication,(Monterrubio-Villar & Llinares-Moya, 2020) cocaine, heroin, and cannabis
abuse,(Akinlonu et al., 2018) or poor ECG filters and other miscellaneous.

BrS Genetic types from the Mendelian point of view (The classification of both
BrS-associated mutations and common variants requires a complete functional study
with patch clamp and/or the voltage clamp technique).
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o HCN4(BrS8)(Ueda K1, Hirano Y, Higashiuesato Y, Aizawa Y, Hayashi T,
Inagaki N, Tana T, Ohya Y, Takishita S, Muratani H, Hiraoka M, Kimura A.Role
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o CACNA2DI.Caa2d (BsS-9), (Giudicessi JR, Ye D, Tester DJ, Crotti L, Mugione
A, Nesterenko VYV, et al. Transient outward current (I(to)) gain-of-function
mutations in the KCND3-encoded Kv4.3 potassium channel and Brugada
syndrome. Heart rhythm. 2011;8(7):1024-32).
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Crotti L, et al. A novel disease gene for Brugada syndrome: sarcolemmal
membrane-associated protein gene mutations impair intracellular trafficking of
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Heart rhythm. 2012;9(4):548-55)
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Molecular Autopsy of Desmosomal Protein Plakophilin-2 in Sudden Unexplained
Nocturnal Death Syndrome. Journal of forensic sciences. 2016;61(3):687-91).



o FGFI12, (Br§-16) (Wang C, Wang C, Hoch EG, Pitt GS. Identification of novel
interaction sites that determine specificity between fibroblast growth factor
homologous factors and voltage-gated sodium channels. The Journal of biological
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