Single nucleotide polymorphisms of SCN5A and SCN10A genes increase
the risk of ventricular arrhythmias during myocardial infarction
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Abstract

Background. Coronary artery disease (CAD) and its ultimate consequence — myocardial infarction (MI)
— are major causes of sudden cardiac death (SCD). Previous studies have demonstrated the role of genetic
polymorphisms in the risk of SCD and ventricular arrhythmia (VA) during MI.

Objectives. To investigate the association between single nucleotide polymorphisms (SNPs) of genes
implicated in congenital cardiac arrhythmias and the risk of developing VA in the context of MI.

Material and methods. We performed a case—control study in which we genotyped 4 SNPs (rs11708996,
rs10428132, 159388451, and rs2200733) in 469 subjects using amplification refractory mutation system
(ARMS) and a polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP). These
SNPs are located in the SCNSA, SCNT0A, HEY2, and PITX2 genes, respectively. We first compared 70 patients
who had developed VA in the context of Ml with 141 healthy controls; next, we compared VA patients with
258 MI patients who did not develop VA during a 1-year follow up. The statistical analyses were adjusted
for sex and age.

Results. Compared to the controls, 2 polymorphisms were significantly associated with the development
of VA during MI, located in SCN3A 511708996 (p = 0.001) and SCN70A 1510428132 (p = 0.001). Similar
results were found when comparing VA cases with patients without VA. No associations of HEY2 and PITX2
polymorphisms were observed.

Conclusions. Our results suggest that the rs11708996 and rs10428132 polymorphisms of the SCN5A and
SCNT0A genes may contribute to an elevated risk of developing VA in the context of MI. The associated alleles
or genotypes may be used to predict the risk, and thus prevent eventual SCD.

Key words: single nucleotide polymorphism, myocardial infarction, ventricular arrhythmia, sudden cardiac
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Introduction

In the last decade, there have been notable advances
in the study of the mechanisms responsible for increased
risk of arrhythmia and sudden cardiac death (SCD).
In 5-10% of all cases, SCD occurs in patients with con-
genital rhythm disorders with normal heart structure.!
However, SCD is mainly described in the setting of struc-
tural heart disease resulting from ventricular arrhythmias
(VA), particularly ventricular fibrillation (VF).

Ventricular arrhythmia most commonly occurs early
in ischemia, and patients presenting acute myocardial
infarction (MI) and VA show a high risk of mortality.>>
In nearly 10% of cases, VA occurs within the first hours
following the MI symptoms.*>

Recognition of the genetic substrate underlying normal
and abnormal electrical behavior in congenital arrhythmias
has provided remarkable insight into the molecular basis
of cardiac electrophysiology. The variants described may
be of use in the general framework of all types of arrhyth-
mias. It has been shown that some variants in the SCN5A
gene can be considered a genetic risk for some acquired
arrhythmias. The original causes can be heart failure, MI
or coronary artery disease (CAD).® The input of SCN5A
mutations under ischemic conditions has been examined.
In fact, the first sodium channel mutation to be associ-
ated with the development of an arrhythmic event during
acute ischemia (G400A) was discovered in a patient who
developed 6 episodes of VA within the first 12 h.”

Brugada syndrome (BrS) is a primary electrical heart
disease with a high risk of VF and SCD.® Some studies sug-
gest that BrS and VA during MI are the result of a similar
electrophysiological substrate, and sometimes the 2 dis-
eases are confused.”!° In this context, the genetic back-
ground of some congenital rhythm disorders could serve
as a marker of arrhythmia in common cardiac diseases.

Table 1. Amplification conditions for SNP genotyping

Primers
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Single nucleotide polymorphisms (SNPs) that may play
a role in high risk of VA and SCD diseases like atrial fi-
brillation (AF)!* and BrS have been identified by genome-
wide association studies (GWAS) on the PITX2,'> SCN5A,
SCN10A, and HEY?2 genes.!3 More recently, some of them
have been involved in Brs,*long QT syndrome and SCD.'®

In this in mind, we designed a case—control study us-
ing 4 SNPs previously associated with BrS (rs11708996,
rs10428132 and rs9388451) and AF (rs2200733) to test their
influence on the physiopathology of cardiac arrhythmias
in patients with structural heart disease, aiming at finding
a genetic marker that could be used as a general predictor
of SCD.

Material and methods
Features of the populations studied

We enrolled a sample of patients with MI who devel-
oped VA (VA*) and compared them to a group of controls.
The definition of MI is based on the European Society
of Cardiology (ESC) 2018 diagnostic criterial® and was di-
agnosed using coronary angiogram. Ventricular arrhyth-
mia is defined as the presence of documented ventricular
tachycardia (VT) or VF after AMI. The VA can be sustained
VT/VFE when its lasts more than 30 s of consecutive beats,
or non-sustained VT/VF, defined as more than 5 consecu-
tive beats lasting below 30 s, or VT/VF that must be termi-
nated by immediate defibrillation due to hemodynamic in-
stability. Over a follow-up period of 1 year, we also included
patients who died from SCD of presumed arrhythmic origin.

A total of 481 unrelated Tunisian patients were admitted
to the Department of Cardiology at the University Hos-
pital of Monastir (Tunisia) for a suspected MI between
October 2014 and June 2015. For this study, we considered

Fragment length

PCR conditi
conditions 53

F: 5GCCTGCTTGGGTGGATGAAT3!

RS R: 5CCCAGAGGCTCTATGGGATGS'

F: 5TGTTGACAGGGTTGTGGAACS'
F: 5TGTTGACAGGGTTGTGGAAG3'
R: 5’CCAGTTTCCCCTATGACTAA3'

F: 5TTAGCTCACTTATTCTCAAAS'
F: 5TTAGCTCACTTATTCTCAACS'
R: 5GAGGAGAAGCAATGCTATTT3'

F: 5TAGTGTGAAGACAAAATCCT3’
F: 5TAGTGTGAAGACAAAATCCCS'
R: 5TGTGGTGGTGAAGATAGACA3S'

1511708996

rs10428132

1s9388451

‘ Type of PCR ‘

94°C for 10 min,
—3954% ?ﬁsg%ﬂs CC: 415 + 246
RFLP- PCR R ' C/T: 661 + 415 + 246
—-60°Cfor 30, /T 661
—72°Cfor 1 min '
72°C for 10 min
235
94°C for 10 min,
35 cycles of:
—94°Cfor 30s,
ARMS-PCR _55°C for 30's, 328
—72°C for 1 min
72°C for 10 min
400

SNP - single nucleotide polymorphism; PCR — polymerase chain reaction; ARMS-PCR — amplification refractory mutation system PCR; RFLP-PCR - restriction

fragment length polymorphism PCR.
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those with confirmed diagnoses of MI (n = 328) and, in this
group, those who developed VA during a follow-up period
of 1 year (n = 70). In order to reinforce our study, we com-
pared the VA* group to a sample of MI patients with no his-
tory of arrhythmic events (VA~; n = 258). Informed consent
was obtained from all the patients included in the study.
In the control cohort, 141 volunteer blood donors were
recruited from the Blood Bank at the University Hospital
of Mahdia (Tunisia). Inclusion criteria restricted the con-
trol group to those with no history of congenital or ac-
quired cardiac arrhythmia and no family history of SCD.

SNP genotyping

Genomic DNA was extracted in all subjects from periph-
eral blood leukocytes using standard protocols. The SNPs
associated with BrS (rs11708996, rs10428132 and rs9388451)
were genotyped using a polymerase chain reaction-
restriction fragment length polymorphism (PCR-RFLP).
The one associated with AF (rs2200733) was genotyped
using Mbol restriction fragment length polymorphism
(RFLP) PCR. All the details of the amplification conditions
are summarized in Table 1.

Statistical analysis

Data distribution was checked with the Kolmogorov
—Smirnov normality test. Parameters with normal distribu-
tion were presented as means + standard deviation (SD), and
compared using Student’s t-test. If there were more than
2 groups, the analysis of variance (ANOVA) procedure was
followed by post-hoc tests. Parameters that showed non-
normal distribution were presented as median (min—-max);
comparisons of more than 2 groups were done using one-way
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ANOVA (Kruskal-Wallis test) followed by the Mann—Whit-
ney U test. Categorical data was summarized as frequencies
or percentages and compared in cross tables using Pearson’s
X test. The IBM SPSS Statistics for Windows v. 22 software
(IBM Corp., Armonk, USA) was used for all these tests.

Allelic distributions were compared using two-sided
independent-sample Student’s t-tests using Epi Infov. 1.4.3
software (Centers for Disease Control and Prevention,
Atlanta, USA). Genotype frequencies between the case group
and the control group were compared using the x? test.
The x? goodness-of-fit test was employed to identify
whether the genotype distributions fulfilled the Hardy
—Weinberg equilibrium. Crude and adjusted genotyp-
ing associations in codominant, dominant and recessive
models were analyzed with logistic regression analysis.
These tests were assessed using SNPStats online software
(https://bioinfo.iconcologia.net/SNPstats).1”

Results with a p-value <0.05 were considered statistically
significant. The relative risk was presented as odds ratios
(OR) with 95% confidence intervals (95% CI).

Results
Clinical features of the study populations

The clinical history and demographic characteristics
of the patients and controls are summarized in Table 2.
The age and sex ratios were significantly different between
the VA* patients and the controls (p < 0.001). Myocardial
infarction seems to occur more often in smoking men
atadvanced age. No significant differences were found be-
tween the patient groups in terms of age or gender. The MI
patients with ST elevation (STEMI) were more likely

Table 2. Clinical history and demographic characteristics of the patients and controls

Characteristics Controls (114)

44
Age [years] (21-76)
Gender (male %) 425
Smokers (%) 8.9

Personal history of VA (%) 0
Victims of SCD (%) 0
Family history of SCD (%) 0
ST-elevation myocardial infarction (%) 0
Peak troponin | levels [ng/mL] 0.00
Time of occurrence of VA event (%):

— 6 months
— 1 year

MI patients (328)

p-value
> 54 <0001+
(31-88) (27-83) 0075
<0.001%*
e % 0.066°
<0.001%*
o 0 0.0470*
0 151 -
0 342 ns
46 i 0.0365*
408 714 <0.001%*
0.86 1435 .
(0.00-483.9) (001-468.8) <ol
71.4% ns
28.6%

Age and peak troponin I levels are shown as median (min—-max); a — comparison of control vs VAT patients; b — comparison of VA" vs VA~ patients;
* statistically significant differences; ns — not significant; MI — myocardial infarction; VA — ventricular arrhythmia; SCD - sudden cardiac death.
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Table 3. Case—control study comparing minor allele frequencies between healthy controls and VA* Ml patients

SNP (minor allele) Healthy controls (141) MI patients VA* (70) OR (95% Cl)
218
*
SCN5A 1511708996 (C) 0.15 0.27 0.001 (1.33-3.60)
SCN10A rs10428132 (T) 0.10 0.21 0.001* 246
’ ’ ' (1.39-4.36)
HEY2rs9388451 (C) 0.32 0.39 0.07 e
’ ’ ’ (0.89-2.07)
PITX2 rs2200733 (T) 0.26 0.25 047 095
‘ ‘ ‘ (0.59-1.52)

Allelic data is presented as proportions; * statistically significant differences; Ml — myocardial infarction; SNP — single nucleotide polymorphism;
VA = ventricular arrhythmia; OR — odds ratio; 95% Cl — 95% confidence interval.

Table 4. Genotypic distributions of rs11708996 and rs10428132 in controls and in VA* M patients in crude and adjusted analyses under different inheritance
models

Adjusted analysis

Crude analysis
Inheritance VAT il y (by age and gender)
Genotypes Controls n (%) patients
model n (%) OR OR
(95% Cl) (95% Cl)
G/G 103 (73) 42 (60) 1.00 1.00
1.26 1.23
codominant G/C 35(24.8) 18(257) (0.64-2.47) 0.003* (0.55-2.75) <0.001*
8.17 19.23
rs11708996 Cc/C 30 10 (14.3)
(SCN5A) (214-3119) (3.31-111.85)
dominant G/Gvs G/GC/C 103 vs 38 42 vs 28 (et 0.057 el 0.058
(0.99-3.31) ’ (0.97-4.17) '
. i 767 R 18.16 .
recessive G/G-G/Cvs C/C 138 vs 3 60vs 10 (2.04-28.85) <0.001 (317-103.97) <0.001
G/G 117 (83) 46 (65.7) 1.00 1.00
2.30 2.84
codominant G/T 21(14.9) 19271 (113-4.67) 0.016* (1.20-6.71) 0.038*
4.24 2.51
rs10428132 /T 30 5(7)
(SCN10A) (0.97-18.46) (0.47-13.52)
) 254 . 278 .
dominant G/Gvs G/T-T/T 117 vs 24 46 vs 24 (1.31-492) 0.005 (1.26-6.16) 0.011
) 3.54 278
recessive G/G-G/TvsT/T 183 vs 3 65Vs 5 (0.82-15.26) 0.084 (1.26-6.16) 0.39

* statistically significant differences; Ml — myocardial infarction; SNP - single nucleotide polymorphism; VA — ventricular arrhythmia; OR — odds ratio;
95% Cl - 95% confidence interval.

to present VA than those without ST elevation (NSTEMI),
especially in the first 6 months after the event. The mean
peak of troponin I levels was significantly more elevated
in VA" patients. Coronary angiograms showed one-vessel
disease in the vast majority of patients (73.47%), and no
significant differences between the 2 groups were found
in this respect.

Genetic analysis

The genotype distribution in the groups examined
was concordant with the Hardy—Weinberg equilibrium
(all p > 0.05). Table 3 shows the results of HEY2, SCN5A,
SCNI0A and PITX?2 allele frequencies. The minor alleles
of SCN5A (rs11708996, G > C) and SCN10A (rs10428132,
G > T) significantly increased the risk of arrhythmia

in patients with MI (SCN5A: p = 0.001; OR = 2.18 and
SCNI0A: p = 0.001; OR = 2.46). There was no significant
relationship between HEY?2 (rs9388451, T > C) and PITX2
(rs2200733, C > T) SNPs and the risk of developing VA.

Genotype distributions

Genotype distributions for the 2 SNPs that showed signifi-
cant association are described in Table 4. Genotype frequen-
cies were compared using crude analyses and analyses ad-
justed by age and gender, under different inheritance models.

The results of the crude analyses revealed that the CC
genotype of SCN5A rs11708996 is significantly associ-
ated with the occurrence of arrhythmia under the reces-
sive (p < 0.001; OR = 7.67) and codominant (p = 0.003;
OR =8.17) models. The TT genotype of SCNI0A rs10428132
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Table 5. Association analyses using allelic frequencies of VAT and VA~ Ml patients

SNP (minor allele)

VA* Ml patients (70)
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SCN5A 1511708996 (C) 0.27
SCNT0A rs10428132 (T) 0.21
HEY2 rs9388451 (C) 0.39
PITX2 rs2200733 (T) 0.25

VA~ Ml patients (258) OR (95% Cl)
0.19 0.019% a ,O;f§.44)
0.12 0.006* a 119?; 7)
0.31 0.056 (0,915305)
0.23 0.29 (072373)

* statistically significant differences; MI — myocardial infarction; SNP - single nucleotide polymorphism; VA — ventricular arrhythmia; OR — odds ratio;

95% Cl — 95% confidence interval.

showed an association with the arrhythmic group under
the codominant (p = 0.016; OR = 2.30) and the dominant
(p = 0.005; OR = 2.54) models. The adjusted analyses re-
inforce these associations (Table 4).

Allelic associations of the 4 SNPs between the 2 cohorts
of MI patients (VA" and VA") revealed significant differ-
ences between the proportions of the C allele of SCN5A
rs11708996 (p = 0.019; OR = 1.58) and the T allele of SCN10A
rs10428132 (p = 0.006; OR = 1.94). In fact, the frequencies
of these 2 alleles are increased in the group of VA* patients
(Table 5). Subsequent analyses of the genotypic associations
showed no significant differences between the 2 groups.

Discussion

Many studies have suggested that the risk of fatal ar-
rhythmias may be modulated by genetically determined
variants in several genes, especially those responsible for
the expression of ion channels.!® In this work, we selected
4 SNPs that are reported to be associated with certain
forms of cardiac death. We investigated whether any
of these genetic markers are of predictive value in assessing
the risk of developing arrhythmia and SCD in patients with
MI. Three of them were reported to have a strong associa-
tion with BrS in a GWAS that located them in the SCN5A4,
SCN10A and HEY?2 genes.!® The 4" SNP is located near
the PITX2 gene and was reported to be strongly associated
with lone atrial fibrillation.!?

Our results showed that 2 of the 4 SNPs are significantly
associated with the risk of developing VA in the context
of ML The first association is observed with rs11708996,
located in intron 21 of the SCN5A gene. The C allele fre-
quencies are significantly higher in VA* MI patients com-
pared to healthy controls and VA~ MI cases. A previous
study showed that rs11708996 is associated with significant
electrocardiographic changes in ST elevation, PR interval
and QRS duration, which may explain the effect in ar-
rhythmic patients.!® The SCN5A gene encodes the alpha
subunit of the cardiac sodium channels responsible for
the rapid upstroke of cardiac action potential, and plays
a central role in the excitability of myocardial cells.?

Mutations in SCN5A are associated with a broad spec-
trum of inherited cardiac arrhythmias, such as long QT
syndrome type I11,%! BrS,? idiopathic VF,? sudden infant
death syndrome,?* and cardiac conduction defects.?> Many
studies have found associations between common poly-
morphisms in the SCN5A gene and SCD in acquired heart
diseases?®?’; however, a minority focused on VA and SCD
in the context of MI.

Investigations performed in a very heterogeneous co-
hort of cardiac death victims showed that, compared
to controls, the CC genotype of the SCNS5A rs117205200
polymorphism was significantly associated with ischemic
heart disease (p = 0.012; OR = 1.45).28 Other investigations
screened the SCN5A gene in cases of sudden cardiac ar-
rest associated with CAD, and found that the proportion
of synonymous and non-synonymous nucleotide changes
was higher in the case subjects than in the controls. How-
ever, none of these SNPs had an association with the dis-
ease.”” These 2 studies prove the effect of SCN5A gene
polymorphisms in acquired heart rhythm disorder.

The 2™ association is found with rs10428132, located
inintron 14 of the SCNI0A gene, which is adjacent to SCN5A
on chromosome 3p21-22. Recent studies have shown that
the sodium channel isoform Navl.8 coded by SCNI0A,
besides being expressed in cardiac neurons,* is expressed
in the working myocardium and the specialized conduction
system,3! indicating a possible role for Navl1.8 in cardiac
electrical function. However, any genetic implication of this
protein in SCD remains undetected, probably due to the fact
that the Nav1.8 protein is expressed more in the central and
peripheral nervous systems than in the heart. That is why
the SCNIOA gene is not yet included in the panel of ar-
rhythmia and SCD diagnosis in the vast majority of car-
diogenetic centers.'* Our result concerning the associa-
tion of the SCNI0OA gene polymorphism with arrhythmia
constitutes a novel element that could help in the diagnosis
of SCD based on this gene and Navl.8 protein.

Furthermore, the SNP rs6801957, which is in high link-
age disequilibrium (r2 = 0.97) with rs10428132, has been
reported to alter a highly conserved nucleotide within
a consensus T-box-binding site (IBXS and TBX3), which
functionally affects the SCNSA/SCNI10A enhancer.3?
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TBXS5 drives SCN5A expression to regulate the function-
ing of the cardiac conduction system. Further studies are
required to determine whether the effects of rs10428132
on conduction and arrhythmia are mediated through regu-
lation of SCN5A, SCN10A or both.

In this paper, 21.3% of MI patients developed VA af-
ter a 1 year follow-up. These results are consistent with
those found in a large cohort of MI patients, showing
that early arrhythmic complications occur in nearly 9.3%
of patients with MI, and in 22.3% of patients after a fol-
low-up of 5 years.® The results of the association analyses
of the 2 SNPs in SCN5A and SCN10A with MI VA* patients
showed strong p-values and OR when compared to healthy
controls. This could indicate that the population of MI
VA~ patients is still at risk of developing VA.

Genetic similarities between VA during MI and BrS found
for the first time in this paper may be explained by the fact
that both clinical entities are the result of similar electro-
physiological substrates, and both can result in SCD. In ad-
dition, studies have shown that ST segment elevation during
acute Ml recapitulates features of BrS and may be the result
of closely coupled phase 2 reentrant extrasystoles.!

Regarding HEY?2 polymorphisms, rs9388451 showed no
association with VA patients (p = 0.07). Bezzina et al. were
the first to report association between rs9388451 and BrS.13
The risk allele of this SNP has also been found in associa-
tion with cardiac arrest/VA in the larger UK Biobank popu-
lation, indicating a possible pathological role of this allele
in cardiac arrhythmia.” The effect of this SNP on cardiac
conduction may be explained by its location near the HEY2
gene, encoding a transcriptional repressor that is impor-
tant in the development of the cardiovascular system.3* Ex-
periments in HEY2 knock-out embryos showed abnormal
right ventricle morphology and a spectrum of postnatal
cardiomyopathies.?® Our results concerning the lack of as-
sociation for this SNP are near the threshold of significance
(p = 0.05). This may be due, first, to the small number
of MI VA" patients and, second, to the fact that the MI
VA~ population is still at risk of developing VA.

As for rs2200733, it also showed no association with
the MI VA" patients compared to the healthy controls
(p=0.47). This SNP islocated 150 kb upstream of the PITX2
gene that codes for transcription factors playing an impor-
tant role in the embryonic development of heart left-right
symmetry.>® PITX2 is also implicated in the development
of the pulmonary vein myocardium, which is a major
source of atrial arrhythmogenesis.?” The rs2200733 SNP
is well-established to be at risk of developing AF3¢ and
SCD.* The study by Lahtinen et al. supports a joint genetic
pathway between AF and VF, or at least abnormal cardiac
function.* No association between rs2200733 and the risk
of VA was found in the Tunisian population (this study).
Our results are in agreement with a case—control study
that found no association between 24 common genetic
variants, including rs2200733, related to AF and the risk
of VF in the setting of first STEMIL*

H. Foddha et al. Genetics of ventricular arrhythmia

Our results support the idea that cardiac electrical ab-
normalities may be the result of variations in genes coding
ion channels. On the other hand, our study shows that
SNPs in genes involved in embryonic cardiogenesis, pre-
viously associated with congenital heart rhythm diseases,
are not associated with acquired heart rhythm disorders.

Conclusions

The study was conducted on a small sample size, due
to the very critical nature of the clinical situation. The in-
clusion criteria were highly restricted in an effort to main-
tain the homogeneity of the cohort. On the other hand,
the practical and clinical significance of the associated
polymorphisms in SCN5A and SCN10A remains an open
question. These observations need to be further confirmed
by a larger number of VA* patients and deeper genetic ex-
plorations that can be correlated to clinical characteristics.

The major strength of this study is the originality
of the concept and the results. In fact, we are the first
to carry out an association study of 4 polymorphisms, pre-
viously associated to BrS and AF, with VA in the context
of MI. We found that SCN5A rs11708996 and SCNI10A
rs10428132 are significantly associated with the risk of VA
in MI patients. In addition, we demonstrated novel genetic
similarities between VA in acquired heart disease and BrS.
Based on these novel findings, we hypothesize that varia-
tions in genes coding for cardiac ion channels or modulat-
ing their expression, which are currently used to stratify
arrhythmic risk in patients with inherited syndromes
of SCD, may also be associated with the occurrence of VA
during MI. Our results may enable us to distinguish pa-
tients who are genetically susceptible to developing VA and
SCD. This could make them more aware of their situation
and could orient their clinicians toward better treatments.
In addition, further study of the functional consequences
of these variants on cardiac electrophysiology may lead
to important advances in our understanding of the mecha-
nisms underlying SCD and could ultimately lead to novel
therapeutic approaches.
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