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ABSTRACT Brugada Syndrome (BrS) is a rare inherited cardiac arrhythmia. In this paper, the researchers aim to
identify the molecular defect in three unrelated patients with different clinical BrS profiles. Therefore, the
researchers analysed, by real time PCR, the expression amount of SCN5A gene, which is the most described in BrS,
in the three selected patients. Thereafter, the researchers sequenced the total exome and the untranslated regions
of SCN5A. The results showed a variable decrease in SCN5A expression and no deleterious mutation, but 11 exonic
and 3’ UTR variants. The number of these variants is correlated to the gene expression and the phenotype severity
in each patient. These results confirm the implication of SCN5A, and the researchers hypothesise that in the
absence of causal mutation, the presence of one or numerous variants in the SCN5A gene could be involved in the
disease. This finding may provide new insights in genotype-phenotype correlation and personalised diagnosis.
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INTRODUCTION

The Brugada Syndrome (BrS) is a rare inher-
ited channelopathy described for the first time
by the Brugada brothers (Brugada and Brugada
1992). Its prevalence ranges from 1 to 5 out of
10,000 in Europe (Hermida et al. 2000; Sinner et
al. 2009). In Tunisia, the disease is still poorly
known, but it could be responsible for four to
twelve percent of all sudden deaths (Tlili et al.
2012). The typical electrocardiogram (ECG) pat-
tern consists of an ST segment elevation in the
right pericardial leads and a high risk of episodes

of ventricular fibrillation, causing syncope or
sudden cardiac death (SCD) (Wilde et al. 2002).

Positive diagnosis is based on an algorithm
developed by Berne and Brugada (2012) in rela-
tion to ECG type occurring spontaneously or
after a provocative test with the administration
of Class 1 antiarrhythmic drugs, such as flecain-
ide or ajmaline, family history of SCD, and docu-
mented ventricular arrhythmias.

Familial inheritance has traditionally been
described as Mendelian, with autosomal domi-
nant, incomplete penetrance and predominantly
affected males (Antzelevitch et al. 2005). More
than 22 genes have been linked to BrS, most of
them code for membrane channels in cardiomy-
ocytes and are involved in cardiac contraction.
Among these, SCN5A, SCN10A and GPD1L are
responsible for sodium current (Gourraud et al.
2016).

The SCN5A gene, containing 28 exons (80
Kb), encodes the α-subunit of the cardiac Na+
channel Nav1.5 (Wang et al. 1996). Mutations in
this gene (more than 300) cause Nav1.5 loss of
function, leading to an aberrant action potential
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(Kapplinger et al. 2010; Berne and Brugada 2012;
Gourraud et al. 2016; Juang and Horie 2016; Wu
et al. 2017). Only thirty-seven to forty-seven
percent of identified variants are classified as
pathogenic or likely pathogenic for BrS (Den-
ham et al. 2019; Kroncke et al. 2018).

The diagnosis of BrS may be difficult due to
ECG dynamism, the incomplete penetrance of
the disease, the age-dependent symptoms and
the asymptomatic state of mutation carriers (Wil-
de et al. 2010).

Objectives

In this paper, the researchers aim to test the
implication of the SCN5A gene and identify the
molecular defects that may be involved in three
different BrS profiles in order to reinforce the
clinical diagnosis and establish a genotype-phe-
notype correlation for risk stratification.

MATERIAL  AND  METHODS

Patients

This study includes three unrelated Tuni-
sian patients (P1, P2 and P3) enrolled in the car-
diology service at Monastir Fattouma Bourgui-
ba Hospital and clinically diagnosed with differ-
ent BrS profiles (tolerated, medium and severe).
The diagnosis was essentially based on the ECG
pattern. The patients were asked about person-
al and family history of disease signs. All com-
mon causes of acquired BrS or phenocopy were
eliminated, according to (Juang and Lin 2017)
protocol. A written informed consent for partic-
ipation in the study was signed by all patients.
The work was approved by the Medical Ethical
Committee of Farhat Hached Hospital, Sousse,
Tunisia.

Methods

Clinical Features

All relevant data (age, symptoms, family histo-
ry of SCD, and ventricular fibrillation induction)
were collected. An ECG was performed on each
patient. Intravenous administration of Flecainide,
which is a Na+ channel blocking drug (Meregalli
et al. 2006), was performed to confirm diagnosis.

Genetic Analysis

SCN5A Gene Expression Quantification

Reverse Transcription (RT) was performed
on the RNA of all patients and healthy controls
by Qiagen QuantiTect® kit. Real time quantita-
tive PCR was performed five times for each RT
product using a BIORAD C1000 Thermal Cycler
using SCN5A primers (forward: 5’GGAGTACGC-
CGACAA GATGT3’; reverse: 5’CCTGGACGCCT-
GTACAGTTT3’). Beta Actin was used as refer-
ence gene. Analysis of relative gene expression
data was performed by 2-ΔΔCT method, as previ-
ously described (Livak and Schmittgen 2001).

SCN5A Gene Sequencing

All 28 SCN5A exons and 5’ and 3’ untranslat-
ed regions were directly sequenced using PCR-
based Sanger sequencing (Sistemas Genómi-
cos). Sequences were aligned against consen-
sus sequences using NCBI Blastn program.

RESULTS

Phenotypic Analysis

The clinical characteristics of the three pa-
tients are summarised in Table 1. Patient 1 (P1)
was a 23-year old man with no significant patho-
logical history. He consulted the cardiology de-
partment suffering from atypical chest pain
evolving since one year without associated
signs (in particular no syncope) and without his-
tory of sudden death in the family. His ECG,
presented in Figure 1A, was of type 1 (J point
elevation, coved type ST and inverted T wave)
Table 1: Clinical characteristics of BrS patients

Patient 1 Patient 2 Patient 3

Age (Years) 23 33 39
Symptoms Asymp- Syncope Collapse

tomatic
Family history No No Yes
  of sudden death
Family history No No No
  of BrS
ECG Type 1 drug Type 2 Type 1

challenge   sponta- spont-
neous    aneous

Defibrillator No Yes Yes

BrS: Brugada syndrome, ECG: electrocardiogram.
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after Flecainide test. However, the physical and
biological examinations were normal. He, there-
fore, did not need an implantable defibrillator.
Patient 2 (P2) was a 33-year old man with no
notable pathological history. He arrived at the
emergency department suffering from a frontal
traumatism following a syncope that occurred
during medium physical effort. He did not report
any previous similar symptoms or family history
of sudden death. Physical and biological exami-
nations were within normal range. His ECG, pre-
sented in Figure 1B, showed an incomplete right
bundle branch aspect consistent with a type 2
BrS (>2mm of saddleback shaped ST elevation).
He was treated with a single-chamber defibrilla-
tor. Patient 3 (P3) was a 39-year old man who

consulted the emergency department due to a
brief collapse associated with chest pain. He re-
ported several episodes of collapse in the previ-
ous months. Family history showed the sudden
death of a brother at the age of 36. The ECG was
of typical type 1 BrS pattern, as shown in Figure
1C. A defibrillator was implanted in him due to
ventricular fibrillation.

Molecular Analysis

SCN5A Quantification

The results showed a significant decrease in
SCN5A expression compared with healthy con-
trol for all three patients. The decrease is posi-

Fig. 1. ECG patterns of the three patients. A: Patient 1 after flecainid test; B: Patient 2; C: patient 3.
Arrows indicate the inverted T wave that follows ST elevation. Cardiac revolution intervals (PQRST)
are indicated in A

Fig. 2. Sequence of the eleven SCN5A variants identified in patient P1, P2 and P3. The arrows indicate
the mismatch position
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tively correlated to the severity of the clinical
profile. This result confirms the implication of
the SCN5A gene in each BrS patient profile. The
mean values normalized to Beta Actin and stan-
dard deviations for five tests are presented in
Table 2.

SCN5A Sequencing

The screening of the entire coding sequence
of SCN5A revealed no causative mutation. How-
ever, a total of 11 single nucleotide polymorphisms
were detected, that is, 3 exonic in patient 1 (A29A,
E161K, E1061E), 3 exonic in patient 2 (A29A, H558R,
E1061E) and 9 in patient 3 distributed as follows: 5
exonic (A29A, I239I, I529I, E1061E, D1819D) and 4
in the 3’ UTR (rs7429945, rs4073797, rs4073796 and
rs41315485), as shown in Table 3 and Figure 2.

All of these variants, with different minor al-
lele frequencies (MAF) as shown in Table 4, have
already been described as SCN5A variants as-
sociated with BrS.

SIFT and Polyphene prediction software
packages showed one pathogenic variant
(E161K), while the others were benign or likely
benign, as presented in Table 4.

DISCUSSION

The diagnosis of BrS is based on an ECG
pattern typically distinguished by a coved type
ST segment. However, the ST segment eleva-
tion in BrS is very dynamic and can be modified
by several factors, such as fever, diet, autonom-
ic activity, alcohol and cocaine toxicity (Benito
et al. 2009). These dynamic ECG manifestations
added to the incomplete penetrance of BrS mu-
tations cause difficulties in establishing clinical
diagnosis (Wilde et al. 2010). Molecular analy-
ses have led to new findings in establishing a
genotype-phenotype correlation. In fact, muta-
tions in SCN5A exhibit more pronounced elec-
trophysiological defects in BrS and more severe
prognosis in Asian and Caucasian populations
(Chen et al. 2020). In a recent study, an evalua-
tion of 21 genes that were previously indicated
to have a correlation with BrS demonstrated only
SCN5A as a definitive causative gene. All other
genes were classified as contributors of limited
evidence (Hosseini et al. 2018).

In this context, the researchers chose SCN5A
as a candidate gene for molecular exploration in
order to identify potential defects that may be
implicated in the three patients BrS onset. These
patients were selected on the basis of clinical

Table 2: Real time PCR results showing the de-
crease in SCN5A gene expression (normalized to
Beta Actin gene). C: healthy control; P1, P2 and
P3: patients. The mean value and standard devia-
tion are calculated from five quantification tests

Sample Normalized Standard
units (Mean value)  deviation

C 1
P 1 0.21730 0.001301
P 2 0.09250 0.005359
P 3 0.00031 0.000028

Table 3: Genetic SCN5A variants identified in the three patients (P1, P2, and P3)

Region in SCN5A gene Variant    Genotype

P1 P2 P3

Exon 2 c.87 A>G (A29A) G/G G/G G/G
Exon 4 c.481 G>A (E161K) A/G G/G G/G
Exon 7 c.717 C>T (I239I) C/C C/C C/T
Exon 12 c.1587 T>C (I529I) T / T T / T T/C

c.1673 A>G (H558R) A/A A/G A/A
Exon 17 c.3183 A>G (E1061E) G/G G/G G/G
Exon 28 c.5454 T>C (D1819D) T / T T / T C/C
3’UTR c.6365 A>G A/A A/A G/G

c.7205 C>T C/C C/C T/T
c.7204 T>A T / T T / T A/A
c.7779 T>C T / T T / T C/C
Total changes 3 3 9

Mutated alleles are shown in bold and italics
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exploration. The phenotypes are shown in Ta-
ble 1. They were moderate in P1 (no physical
perturbations, only chest pain without synco-
pe, no history of SCD and no defibrillator), less
moderate in P2 (no physical perturbations, syn-
cope and implantable defibrillator, but no histo-
ry of SCD) and severe in P3 (no physical pertur-
bations but chest pain, several episodes of col-
lapse, defibrillator and SCD in one brother). This
increasing severity may be due to age (23, 33
and 39 years in P1, P2 and P3, respectively) or
genotype defects.

In the molecular analyses, real time quantifi-
cation showed a variable decrease in SCN5A
expression in the three patients (4.6 fold in P1,
10 fold in P2 and more than 3000 times in P3).
First, these results confirm the implication of
SCN5A in the disease with potential loss-of-func-
tion mutations, and second, they indicate a pos-
itive correlation between SCN5A expression and
phenotype severity. In fact, it was stated that
loss-of-function mutations in SCN5A lead to
lower gene expression levels or production of
defective Nav1.5 proteins and cause BrS, an
electrical disease with no or minor structural
changes in the heart (Wilde and Amin 2018), which
is the case with the patients explored in this work
(BrS related ECG, no heart structural perturbation
and lower SCN5A expression levels).

Sequencing analysis of the SCN5A gene in
the three patients revealed no mutations but the
presence of 11 polymorphisms, including 2 non-
synonymous variants: E161K (MAF <0.001),
predicted to be deleterious or possibly damag-
ing (Smits et al. 2005), and H558R (MAF = 0.230),
predicted to be likely benign or probably dam-
aging (Magnani et al. 2014). The five other exon-
ic variants are synonymous, and therefore, tak-
en individually, are benign or likely benign. The
four variants found in the 3’ UTR are also pre-
dicted to be likely benign. However, according
to NCBI ClinVar database, all of the variants de-
tected were reported in BrS, conduction disease
or cardiovascular phenotype with variable clin-
ical significance, as shown in Table 4. In addi-
tion, synonymous and non-synonymous nucle-
otide changes in SCN5A were reported to be
associated with SCD in a previous case control
study (Stecker et al. 2006).

Interestingly, in this work, the researchers
observed different distribution of variants in the
three patients.

In P1, E161K, A29A and E1061E are simulta-
neously present. These variants could explain
the moderate phenotype observed in P1. In fact,
previous functional tests revealed that the
E161K missense mutation in segment 2 of do-
main I in Nav 1.5 protein produces notably de-
creased sodium current (Smits et al. 2005). In
addition, in-silico predictions of A29A variant
in secondary mRNA structure showed that in
the presence of this variant, there was loss of
four stems and loops in the mRNA secondary
structure compared with the wild type. This vari-
ation may alter the binding of splicing proteins,
thus affecting the splice mechanism. Equally, in
silico analyses for E1061E revealed that this
variant leads to complete transformation of the
mRNA, thus affecting the binding sites of five
enhancer and/or silencer spliceosome proteins
(Qureshi et al. 2015). These genomic data are in
concordance with the SCN5A quantification re-
sults, which revealed a 4.6 fold decrease in
SCN5A transcripts in this patient.

In P2, three variants were detected: A29A,
E1061E and H558R. The A29A and E1061E vari-
ations revealed in this patient might alter the
splice mechanism in addition to what has been
described for patient 1. Also, H558R variation
was revealed in the heterozygous state in P2.
Even though this common variation does not
alter the wild-type channel functions by itself
(Paulussen et al. 2004), it could have detrimental
effects if associated with the other two variants.
These genomic findings could be correlated to
P2 phenotype, which is less moderate than P1,
and to the tenfold decrease transcript expres-
sion in SCN5A.

In P3, a total of nine variants were described
(five exonic and four in 3’UTR), as shown in
Table 3. A29A and E1061E might alter the splic-
ing function, leading to a decrease in transcript
production. Synonymous I239I, I529I and
D1819D probably do not have, taken alone, any
clinical significance, even though D1819D was
previously reported to be associated with cardi-
ac atrioventricular and ventricular conduction
(Magnani et al. 2014). For the 3’UTR in which
rs7429945, rs4073796, rs4073797, and rs41315485
are revealed, in silico analysis using miRNA
TargetScanHuman software showed a set of miR-
NAs having binding sites on this region of the
SCN5A gene, such as mir-217, mir-200bc and mir-
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219. In autosomal dominant diseases (case of
BrS), single nucleotide polymorphisms (SNPs)
in the 3’ UTR may create a binding site for miR-
NAs that recruits a selective destructive com-
plex, providing the cellular and molecular basis
for mRNA cleavage (Fazi and Nervi 2008), there-
by reducing the clinical expression of the pro-
tein. In addition, a previous work demonstrated
that rs4073796 and rs4073797 create a new bind-
ing site for miR-1270, which can, if overex-
pressed, modulate the SCN5A transcripts, and
thus contributes to the genetic bases of BrS
(Daimi et al. 2015). These genomic findings show-
ing multiple variants on exonic and 3’ UTR might
explain the drastic gene expression decrease
(more than three-thousand-times) and the se-
vere phenotype in P3.

The identification of genetic variants in the
patients explored gives extra evidences about
the complexity of the disease and suggests that
the occurrence and prognosis of BrS is, as pre-
viously described, most likely controlled by a
combination of multiple genetic variants, rather
than a single one (Daimi et al. 2019; Qureshi et
al. 2015). Indeed, the simultaneous presence on
the same haplotype of various alleles associat-
ed with the disease increases the risk of its oc-
currence and the severity of the phenotype. This
relative risk can be calculated assuming a multi-
plicative model, which is relevant in case of mul-
tiple genetic variants (Chatterjee et al. 2016).

In this paper, all variants found were previ-
ously reported to be associated with BrS in dif-
ferent populations, but their effects had not been
tested by functional analyses. Bioinformatics
software gives a slight insight into their single
but not combined effect. Based on the results of
this study, the researchers hypothesise that the
combination of several polymorphisms de-
scribed individually without any effect or with a
minor influence could decrease the expression
of the underlying gene. The number of variants
found could be directly proportional to the de-
crease in gene expression, resulting in a more
severe phenotype. This hypothesis should be
further investigated.

CONCLUSION

In this paper, the researchers selected three
unrelated patients with three different BrS pro-
files. The researchers aimed, first, to confirm the

clinical diagnosis, which could be difficult due
to ECG dynamism and incomplete disease pene-
trance, and, second, to identify their molecular
defects in order to establish a genotype-pheno-
type correlation. The researchers chose the well-
described SCN5A gene as the candidate for ex-
ploration. The gene expression decrease ob-
served and its correlation with the three patients’
phenotype severity confirms the implication of
SCN5A gene with a loss of function effect as
previously described in BrS. Sequencing results
showed no deleterious mutation, but seven syn-
onymous and non-synonymous exonic variants
and four 3’UTR SNPs. The researchers observed
that the decrease in SCN5A expression is direct-
ly proportional to the number of variants in each
patient. Based on these results and the biblio-
graphic data, the researchers hypothesise that
in the absence of causal mutation, multiple but
not a single alteration in SCN5A might be re-
sponsible for BrS onset and that the number of
defects is positively correlated to the pheno-
type severity. A larger dataset and/or functional
explorations may confirm this hypothesis, which
gives new insights for better genetic counsel-
ling in BrS diagnosis and risk stratification.

RECOMMENDATIONS

For genetic counselling of a patient for whom
the influence of SCN5A gene is suspected, the
researchers recommend that cardiologists anal-
yse the expression of this gene before exploring
its sequence in search of mutations because
these may not exist in the region analysed or
may be replaced by one or more benign or likely
benign variants.

ABBREVIATIONS

BrS: Brugada Syndrome
ECG: Electrocardiogram
Kb: Kilobase
P1, 2, 3: Patients 1, 2, 3
RT: Reverse Transcription
SCD: Sudden cardiac death
SCN5A: Sodium voltage-gated channel al-

pha subunit 5
SNP: Single nucleotide polymorphism
UTR: Untranslated region.
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