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ABSTRACT

Article info: T . . .
Received: 14May2019 Objective: Many studies report that mutation in genes which encode the

Accepted: 22Jun2019 cardiac delayed rectifier potassium channel, such as KCNQI, contributes
to the long QT interval syndrome followed by cardiac arrhythmia.Goal
of this case-control study is to explore the potential association between
KCNQI1 gene promoter polymorphism and clinical Characteristics with
cardiac arrhythmia in Bushehr population.

Methods: Clinical data, previous medical history, and blood samples
were collected from 30 admitted patients in Bushehr hospitals with car-
diac arrhythmia and matched healthy individuals as controls. The genetic
variation of the promoter region of KCNQ1 was carried out by using sin-
gle-strand conformational polymorphism (SSCP) analysis.

Results: NO mutation or polymorphism was identified in the promoter
region of the KCNQI1 gene, but, the incidence rate of some cardiac disease
risk factors, including diabetes mellitus, cigarette smoking, gender and
age were significantly higher in the patients with cardiac arrhythmia.

Conclusions: The lack of mutation even in patients with a positive family

history of cardiac arrhythmia revealed that mutation in the KCNQI1 gene
Keywords: might be not responsible for cardiac arrhythmia in the patients. But some
KCNQI, polymorphism, clinical data, including diabetic mellitus, smoking habits, age and gender
cardiac arrhythmia, risk factors ©  were the significant risk factors in patients with cardiac arrhythmia.
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1. Background

ardiac arrhythmiaisthe common rea-

sonof morbidity [1].Myocardial in-

farction (MI), ischemia and -cardi-

omyopathy are the most structural
abnormalities leading tolife-threated cardiac ar-
rhythmias, however, not all ofthese structural ab-
normalities lead to arrhythmias [2]. Familial his-
tory of cardiac disease like MI, hypertension [3,
4] and also life-threatening or asymptomatic ge-
netic background are some of the well-known risk
factors involved in an individual’s predisposition
to cardiac arrhythmia [5]. Anothercommoncause
of the cardiac event [6] and subsequent cardiac
sudden deathislong QT syndrome(LQTS), which
is illustratedby aprolonged QT interval on elec-
trocardiogram and is able to predispose the per-
son to cardiac arrhythmia like torsade-de-points
and following sudden death by ventricular fi-
brillation.A number of mutations and polymor-
phism in genes which is encodingsome cardiac
ion channels such as KCNQ1, KCNEI, and SC-
N5Ahave been involved in LQTS [7, 8]. KCNQ1
encodes a delayed rectifier potassium channel
which outward potassium current of this channel
is responsible for ventricular action potential pla-
teau termination (myocardial repolarization) and
reduction in its potassium current leads to pro-
longingthe action potential and so, long QT syn-
drome [9-11]. Around Seventy-five LQTS mu-
tations were discovered in the KCNQIlgene [8].
Published data from the International LQTS Reg-
istry revealed that the frequency of cardiac events
among subjects with LQT1 is about 63% [6].
Also many of non-genetic factors may influence
on the cardiac disease and QT interval as well,
including age, sex, hyperkalemia [12], weight,
Body Mass Index, heart rate, blood pressure, to-
tal cholesterol [13-16], bloodglucose [17], coro-
nary diseases [ 18] and some drugs [19], which all
of these factors revealed a no significant [14-20]
or significant association with the QT interval
[21].1t has been showed that Iran has a high risk
of coronary heart disease [22].The highest rate
of hypertension in Iran was detected in Bushehr
province [23] and also the rate of cardiovascular
risk factors such as obesity, smoking habits, and
metabolic diseases was markedly higher in older
women compared to older men in Bushehr prov-
ince [24]. And also, the incidence rate of ciga-
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rette smoking among Bushehr’s women above 25
years is high [25]. Since the rateof cardiovascu-
lar disease and KCNQI1 polymorphism in LQTS
is moderatelyhigh, our objectives of this study
were to (a) determine the incidence of KCNQI
mutation or polymorphism among hospitalized
patients with cardiac arrhythmiaassociated with
a previous positive history of LQTS in Bushehr
hospitals, and (b) Determine the possible correla-
tion between KCNQ1 mutation or polymorphism
and sex, age, diabetes, hypertension, andciga-
rettesmoking.Cytogenetic Location of KCNQ1 is
11p15.5-p15.4, which is located in chromosome
11 between positions 15.5 and 15.4 and molecu-
lar Location of KCNQ1 is base pairs 2,444,991 to
2,849,110 on chromosome 11 [26].

2. Methods
Study Subjects

This case-control study was carried out on 40
healthy individuals as control and 40Patients with
cardiac arrhythmia and past positive history of
prolonged QT interval referred to the cardiology
department of Tamin Ejtemaee and Bentolhoda
Hospitals in Bushehr (southern Iran) in the age
range of 50-70 years old were randomly select-
ed. Normal control individuals were randomly
selected from the public population in Bushehr.
Each person underwent a standardized interview
to recognize past medical history, family histo-
ry, and possible triggers for cardiac arrhythmia
such as cigarette smoking, diabetic mellitus, age,
gender, and hypertension.Matched age and eth-
nical subjects were chosen as controls. Control
individuals have no positive history of cardiac
arrhythmia or a prolonged QT interval. Genomic
DNA extraction from peripheral blood lympho-
cyte was carried out by using the recommended
protocols with the Blood Genomic DNA extrac-
tion mini kit (Favorgen Biotech). The study was
approved by the guideline of the local ethics
committee of the research council of the Bushehr
University of Medical Sciences, and all individu-
als gave written informed agreement.

Next-generation sequencing for mutation de-
tection in the promoter region of KCNQI1 gene

The promoter region of the KCNQ1 gene was
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amplified by PCR method. We utilized standard
protocol with the designed primers (using Ol-
igo software 7.60) from the published KCNQI
sequences in the NCBI database, Forward prim-
er: 5’CCTTCCCCAGACGAGAGCA3Z3’ Reverse
primer:5’TCCACCCATCCCAGCACAT3’. PCR
was performed using recommended protocol
with Favorgen Biotech.PCR mixture was pre-
pared in a 20pL volume containing 200 pmol of
each primer, 10 ng of genomic DNA, 2pLof10 x
PCR buffer with 1.5mmolMgCI2,100 pmol de-
oxynucleotide triphosphates, and 1 unit of Taq
DNA polymerase (Favorgen Biotech). The PCR
was performed with the following program. De-
naturation at 94°C for 30 seconds, annealing at
57 °C for 30 seconds and extension at 72°C for 3
seconds was done and repeated for 30 cycles.The
final extension was done at 72°C for 5 minutes.
Then the DNA mixture cooled quickly on ice and
kept for Sminutes. 6uL of each sample was load-
ed onto 6% nondenaturing polyacrylamide gels
(acrylamide to bisacrylamide ratio = 40: 10) and
electrophoresed at 90V for two hours at room
temperature.The gel was stained with 0.5 pg/ml
Ethidium bromide and visualized using a UV Gel
documentation. In order to next-generation se-
quencing, we used Ion Torrent instruments (Life
Technologies), and then the sequences were ana-

JAMSAT

Journal of Advanced Medical Sci

and Applied Technologi

lyzed with Bio Edit Sequence Scanner Software.
Statistical Analysis

The %2 test was used to determine whether the
genotypic frequencies were in accordance with
the accepted values based on the Hardy-Wein-
berg equilibrium (HWE) and then genotype fre-
quencies between the cases and controls were
compared to get odds ratios (ORs) with 95% con-
fidence intervals (Cls). The SPSS statistical soft-
ware (Chicago, IL, USA; version 18.0) was used
for data analysis (Chi-square and OR were used
to compare covariates between case and control
samples). The multivariate logistic analysis in-
cluded age, gender, blood pressure,diabetes sta-
tus, previous family history, and smoking habits
as covariates. P value<0.05 was significant, table

[1].
3. Results

Clinical characteristics of the Study Popula-
tion

A total of 40 patients with cardiac arrhythmia
associated with a previous history of prolonged
QT interval and 40 controls were subjected to

Table 1: The relationship between clinical findings and cardiac arrhythmia in the population of the studied.

Variable Control, n=40 Case, n=40 Significancy
Age 60.7+5.6 61.7+4.5
Gender (%Female) 35% 70% *
Cigarette smoking (%) 40.00% 68% *
Diabetes (%) 15% 35% *
Family history 10% 18% NS
Hypertension 37.50% 55.50% NS
Age range of 60-70 years old (%) 50% 28% *

*: significant with P<0.05.
NS: not significant.

The Age was defined as the age when the samples collected.
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the study. The clinical and personal findings of
these 40 patients and healthy subjects are in Ta-
ble 1. The mean + S.D. of age of the patients and
controls were 61.7+4.5 and 60.7£5.6 years, re-
spectively. Diabetic mellitus (RR, 3.05; 95% CI,
1.03 to 9.02; P=0.04), age range of 60-70 years
old (RR, 0.38; 95% CI, 0.15 to 0.96; P=0.04),
smoking habit (RR, 2.78; 95% CI, 1.13 to 6.89;
P=0.03), and gender (RR, 0.35; 95% CI, 0.14 to
0.88; P=0.02) were strong risk factor for the car-
diac arrhythmia occurrence, but previous family
history (RR, 1.85; 95% CI, 0.49 to 6.93) and hy-
pertension (RR, 2.41; 95% CI, 0.98 to 5.98) were
not a significant risk factor for cardiac arrhythmia

occurrence. Moreover, as it has been shown in
figure 1, the incidence rate of cardiac arrhythmia
is significantly higher in old age individuals, cig-
arette smoker, and women (P<0.05). There were
no significant differences between the patients
and control samples with regard to heredity and
blood pressure status.

Identification of mutation or polymorphism in
the KCNQI1 genome

To identify possible mutations or polymor-
phisms associated with cardiac arrhythmia and
prolonged QT interval, the promoter region of

A o Female » male B

®60-70 year/old = 50-60 year/old C

H Cigarette smoker m Non smoker

Figure 1: Effect of cardiac disease risk factors on the incidence rate of cardiac arrhythmia. The incidence rate of
cardiac arrhythmia in women (A), old age patients (B), cigarette smoker (C) and diabetes was significantly higher.

P<0.05
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Figure 2: Representative figure of the KCNQI promoter sequencing. The sequence analysis of the PCR products
did not show any nucleotide difference in both patients (A) and control individuals (B).
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KCNQI1 was screened by using Bio Edit and
Magna software. PCR products were sequenced
to identify any mutation or polymorphisms. No
mutation or polymorphism was detected in the
KCNQI1 promoter region after sequence analysis.
A representative portion of the sequencing has
been shown in Figure 2.

4. Discussion

Despite an acceptable rationale for KCNQI1 as
a responsible gene for LQTS followed by cardi-
ac arrhythmia [7, 8], we could not identify any
KCNQ1 mutations or polymorphisms in our study
of 40 patients with cardiac arrhythmia associat-
ed with a positive history of the prolonged QT
interval. It is well documented that other genes,
like KCNE1 and SCNS5A, are also involved in the
development of prolonged QT syndrome [27],
thus the lack of KCNQ1 mutation even in indi-
viduals with a positive family history of cardiac
arrhythmia in this study, could indicate that mu-
tation of other genes or non-genetic factors might
be involved in the QT prolongation followed by
cardiac arrythmia. On the other hand, since most
of the patients (about 75%) did not have a pos-
itive family history of cardiac arrhythmia, and
also no mutation was detected in these subjects,
it can be concluded that non-genetic factors such
as cardiac disease risk factors may have a role
in cardiac arrhythmia. It was showed, that hy-
pertension, tobacco consumption, diabetes status
and family history were some of the associated
factors for cardiac arrhythmia [4, 12]. Our results
showed that diabetes was one of the considerable
cardiac disease risk factor in patients with cardiac
arrhythmia. Several studies in both types of dia-
betic patients (type I and II) have confirmed that
there is a relation between prolonged QT interval
duration and ischemic heart disease. They sup-
posed that diabetic neuropathy may be involved
in QT interval prolongation followed by cardiac
arrythmai [17].Moreover, the prevalence rate of
cardiac arrhythmia among old age, women and
smoker patients was significantly higher in our
study. This finding is in line with a cohort study
in Bushehr which showed that the prevalence of
the cardiac disease in the elder women was signif-
icantly higher than elder men [24]. Thus, a higher
rate of cardiac arrhythmia in the elder women in
this study is acceptable. Taken together, the risk

JAMSAT

Journal of Ad

d Medical Sci and Applied Technologi

factors such as diabetes, smoking habits, gen-
der and age could be the reasons for prolonged
QT interval and subsequent cardiac arrhythmia
in the patients in our study. Further studies are
necessary to investigate about mutations or pol-
ymorphism in other genes involved in the devel-
opment of the LQT syndrome to obtain the effect
of heredity on cardiac arrhythmia followed by the
prolonged QT interval in the Bushehr population.

5. Conclusion

Although no mutation or polymorphism was de-
tected in the study population, some clinical data,
including diabetic mellitus, smoking habits, age
and gender were the significant risk factors in pa-
tients with cardiac arrhythmia.

Ethical Considerations
Compliance with ethical guidelines

The protocol of this study was approved by
the local ethics committee of the research
council of the Islamic Azad University of
Medical Sciences, Kazeron Branch. All sam-
ples were taken according to the guidelines
provided by the ethics committee of the Uni-
versity, and informed consent was obtained
from the participants.

Authors’ Contribution

M.D. carried out the experiments and collected
the data and revising. S. Kh. and F.S. contribut-
ed to results interpretation and A.B. contributed
to data analysis, interpretation of the results, and
manuscript writing and revising.

Conflict of Interests

The authors declare that they do not have any
conflict of interests.

Acknowledgments

The authors thank the staff of cardiology ward
in Bushehr Hospitals for their kind assistance
in sample collection. We acknowledge the com-
ments from Dr P. Jafari for statistical analysis
of the data. This work was supported by a grant

Bazarafshan A, et al. The relationships between KCNQI promoter mutation and some cardiac
disease risk factors with cardiac arrhythmia in the Bushehr population. JAMSAT. 2020; 5(1):1-7.




August 2020, Volume 5, Number 1

from the Research Council Of Islamic Azad Uni-
versity (Kazeron Branch). This work is originally
described in the MSc thesis of one of the authors
(M.D.).

References

[1] Zheng Z]J, Croft JB, Giles WH, Mensah GA.
Sudden cardiac death in the United States, 1989
to 1998. Circulation. 2001 Oct 30;104(18):2158-
63. PubMed PMID: 11684624. Epub 2001/10/31.
eng.

[2] Gillespie HS, Lin CC, Prutkin JM. Arrhyth-
mias in structural heart disease. Current cardiol-
ogy reports. 2014 Aug;16(8):510. PubMed PMID:
24950672. Epub 2014/06/22. eng.

[3] Friedlander Y, Siscovick DS, Weinmann S,
Austin MA, Psaty BM, Lemaitre RN, et al. Family
history as a risk factor for primary cardiac arrest.
Circulation. 1998 Jan 20;97(2):155-60. PubMed
PMID: 9445167. Epub 1998/01/28. eng.

[4] Jouven X, Desnos M, Guerot C, Ducimetiere
P. Predicting sudden death in the population: the
Paris Prospective Study I. Circulation. 1999 Apr
20;99(15):1978-83. PubMed PMID: 10209001.
Epub 1999/04/20. eng.

[5] Priori SG, Napolitano C, Schwartz PJ. Low
penetrance in the long-QT syndrome: clinical
impact. Circulation. 1999 Feb 2;99(4):529-33.
PubMed PMID: 9927399. Epub 1999/02/02. eng.
[6] Zareba W, Moss AJ, Schwartz PJ, Vincent GM,
Robinson JL, Priori SG, et al. Influence of the gen-
otype on the clinical course of the long-QT syn-
drome. International Long-QT Syndrome Reg-
istry Research Group. The New England journal
of medicine. 1998 Oct 1;339(14):960-5. PubMed
PMID: 9753711. Epub 1998/10/01. eng.

[7] Harmer SC, Tinker A. The role of abnormal
trafficking of KCNEL1 in long QT syndrome 5. Bi-
ochemical Society transactions. 2007 Nov;35(Pt
5):1074-6. PubMed PMID: 17956282. Epub
2007/10/25. eng.

[8] Herbert E, Trusz-Gluza M, Moric E, Smi-
lowska-Dzielicka E, Mazurek U, Wilczok T.
KCNQI gene mutations and the respective geno-
type-phenotype correlations in the long QT syn-
drome. Medical science monitor : international
medical journal of experimental and clinical re-
search. 2002 Oct;8(10):RA240-8. PubMed PMID:
12388934. Epub 2002/10/22. eng.

JAMSAT

Journal of Advanced Medical Sciences and Applied Technologies

[9] Li P, Li CL, Hu DY, Liu WL, Qin XG, Li YT, et
al. [The mutation scanning of KCNQI gene for 31
long QT syndrome families]. Zhonghua yi xue yi
chuan xue za zhi = Zhonghua yixue yichuanxue
zazhi = Chinese journal of medical genetics. 2004
Jun;21(3):236-9. PubMed PMID: 15192825. Epub
2004/06/12. chi.

[10] Piippo K, Swan H, Pasternack M, Chapman
H, Paavonen K, Viitasalo M, et al. A founder
mutation of the potassium channel KCNQ1 in
long QT syndrome: implications for estimation
of disease prevalence and molecular diagnostics.
Journal of the American College of Cardiology.
2001 Feb;37(2):562-8. PubMed PMID: 11216980.
Epub 2001/02/24. eng.

[11] Napolitano C, Schwartz PJ, Brown AM,
Ronchetti E, Bianchi L, Pinnavaia A, et al. Ev-
idence for a cardiac ion channel mutation un-
derlying drug-induced QT prolongation and
life-threatening arrhythmias. Journal of cardio-
vascular electrophysiology. 2000 Jun;11(6):691-
6. PubMed PMID: 10868744. Epub 2000/06/27.
eng.

[12] Amin AS, Pinto YM, Wilde AAM. Long QT
syndrome: beyond the causal mutation. The Jour-
nal of physiology. 2013;591(17):4125-39. PubMed
PMID: 23753525. Epub 06/10. eng.

[13] Shimizu W, Makimoto H, Yamagata K, Kam-
akura T, Wada M, Miyamoto K, et al. Association
of Genetic and Clinical Aspects of Congenital
Long QT Syndrome With Life-Threatening Ar-
rhythmias in Japanese PatientsAssociation of Ge-
netic and Clinical Aspects of Long QT Syndrome
With ArrhythmiasAssociation of Genetic and
Clinical Aspects of Long QT Syndrome With Ar-
rhythmias. JAMA Cardiology. 2019;4(3):246-54.
[14] Vandael E, Vandenberk B, Vandenberghe J,
Willems R, Foulon V. Risk factors for QTc-pro-
longation: systematic review of the evidence.
International journal of clinical pharmacy. 2017
Feb;39(1):16-25. PubMed PMID: 28012118. Epub
2016/12/25. eng.

[15] Moric-Janiszewska E, Hibner G. Non genetic
risk factors of long-QT syndrome. Open Journal
of Genetics. 2012;Vol.02No.01:6.

[16] Zeltser D, Justo D, Halkin A, Prokhorov V,
Heller K, Viskin S. Torsade de pointes due to non-
cardiac drugs: most patients have easily identifia-
ble risk factors. Medicine. 2003 Jul;82(4):282-90.
PubMed PMID: 12861106. Epub 2003/07/16. eng.
[17] Veglio M, Chinaglia A, Cavallo-Perin P. QT

Bazarafshan A, et al. The relationships between KCNQI promoter mutation and some cardiac
disease risk factors with cardiac arrhythmia in the Bushehr population. JAMSAT. 2020; 5(1):1-7.



August 2020, Volume 5, Number 1

interval, cardiovascular risk factors and risk of
death in diabetes. Journal of Endocrinological In-
vestigation. 2004 2004/02/01;27(2):175-81.

[18] Sze E, Moss AJ, Goldenberg I, McNitt S, Jons
C, Zareba W, et al. Long QT syndrome in patients
over 40 years of age: increased risk for LQTS-re-
lated cardiac events in patients with coronary dis-
ease. Annals of noninvasive electrocardiology :
the official journal of the International Society for
Holter and Noninvasive Electrocardiology, Inc.
2008;13(4):327-31. PubMed PMID: 18973489.
eng.

[19] Moreno-Gutierrez PA, Gaviria-Mendoza A,
Canon MM, Machado-Alba JE. High prevalence
of risk factors in elderly patients using drugs as-
sociated with acquired torsades de pointes chron-
ically in Colombia. British journal of clinical
pharmacology. 2016 Aug;82(2):504-11. PubMed
PMID: 27060989. Pubmed Central PMCID:
PMC4972167. Epub 2016/04/12. eng.

[20] Kozik TM, Wung S-F. Acquired Long QT
Syndrome: Frequency, Onset, and Risk Factors
in Intensive Care Patients. Critical Care Nurse.
2012;32(5):32-41.

[21] Im S-W, Lee MK, Lee HJ, Oh S-I, Kim H-L,
Sung J, et al. Analysis of genetic and non-genetic
factors that affect the QTc interval in a Mongolian
population: the GENDISCAN study. Experimen-
tal & molecular medicine. 2009;41(11):841-8. Pu-
bMed PMID: 19641374. Epub 11/30. eng.

[22] Kelishadi R, Hovsepian S, Qorbani M, Jam-
shidi E, Fallah Z, Djalalinia S, et al. National and
sub-national prevalence, trend, and burden of
cardiometabolic risk factors in Iranian children
and adolescents, 1990 - 2013. Archives of Iranian
medicine. 2014 Jan;17(1):71-80. PubMed PMID:
24444066. Epub 2014/01/22. eng.

[23] Ahmadi A MM, Soori H Prevalence of major
coronary heart disease risk factors in Iran. Int J
Epidemiol Res. 2014;1 (1):3-8.

[24] Ostovar A, Nabipour I, Larijani B, Heshmat
R, Darabi H, Vahdat K, et al. Bushehr Elderly
Health (BEH) Programme, phase I (cardiovascu-
lar system). BMJ Open. 2015;5(12):€009597.

[25] Halimi L, Haghdoost AA, Mohammad Al-
izadeh S. Prevalence of cigarette smoking among
Iranian women: a systematic review and me-
ta-analysis. Medical journal of the Islamic Repub-
lic of Iran. 2013;27(3):132-40. PubMed PMID:
24791123. eng.

[26] NCBL

JAMSAT

Journal of Ad

d Medical Sci

and Applied Technologi

[27] Olszak-Waskiewicz M, Kubik L, Dziuk M,
Sidlo E, Kucharczyk K, Kaczanowski R. The as-
sociation between SCN5A, KCNQI1 and KCNE1
gene polymorphisms and complex ventricular
arrhythmias in survivors of myocardial infarc-
tion. Kardiologia polska. 2008 Aug;66(8):845-53;
discussion 54-5. PubMed PMID: 18803136. Epub
2008/09/23. engpol.

Bazarafshan A, et al. The relationships between KCNQI promoter mutation and some cardiac
disease risk factors with cardiac arrhythmia in the Bushehr population. JAMSAT. 2020; 5(1):1-7.




