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Abstract:

Cardiovascular diseases (CVD) are a major cause of morbidity and fatality across the world.
Coronary plaque progression and fragile plaque characteristics have been associated with
CVD. Several risk factors linked to CVD are smoking, diabetes, age, rheumatoid arthritis,
obesity, HDL, LDL, cholesterol and hypertension etc. Along with environmental factors, many
genetic factors contribute towards the onset and progression of this disease. For genetic
information moving from DNA to protein, RNA serves as an unavoidable connecting connection.
Epitranscriptomics has been proposed to play an important role in controlling different
functions of RNA to various physiological processes of a cell. The most predominant modification
in eukaryotic cells is m®A which is regulated by a number of regulated proteins named generally
as readers, writers and erasers. Single nucleotide polymorphism (SNP) in the promoter region
is known to be involved in altering affinity for transcription factors resulting in variable
gene expression. Keeping in view the importance of genetic variation in the form of SNPs, the
present study was conducted to dissect the role A>C polymorphism in the promoter region of
m6A writer gene KIAA1429 (rs3133659) and its correlation with CVD. In this study, blood
samples were taken from hospitals of Rawalpindi and Islamabad, DNA was extracted.
Polymorphism was studied through tetra-primer ARMS-PCR. Biochemical analysis from cases and
controls shows a significant association of cholesterol, HDL, LDL and SBP in CVD (p<O0.05).
Comparison of genotypic and allelic frequencies using chi-square test z-test and odds ratio
was done by Pearson and fischer model respectively. Results of the statistical analysis
demonstrated that there were significant differences (p<0.05) in frequency distribution among
cases and control. These results reflect that the rs3133659 A>, polymorphism in KIAA1429
correlates with CVD. Findings of this study are needed to be verified further with a large sample
size to explore the role of this polymorphism in the aetiology of CVD in the population of Pakistan.

Keywords: Cardiovascular disease (CVD), Single nucleotide polymorphism (SNP), N6-
methyladenosine (m6A).

Introduction

The human heartis the most sophisticated designed structure of the body. There is no other
structure in the human body like the heart. The heart is the most important functional
system which is also self- regulated. The important mission of science is to do research
on a particular disease and invent its medication. From some past years, research and
advancementin the structure and function of the heart at cellular, genetic and molecular
levels have opened a ground for new knowledge about diseases and clinical medicines
related to heart.Heart failure is one of the commonest causes of death globally [1]. Heart
failure is the biggest killer of the human population [2]. With coronary artery (CAD) and
hypertension as the main causes of CVDs like angina, arrhythmias, atherosclerosis, and
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myocardialinfarction [3]. Genetic factors, consumption of high amounts of salt and alcohol,
obesity, aging, and lack of insulin resistance are linked to hypertension. The first-line
treatment is lifestyle changes, which are augmented with pharmacological intervention in
case of required necessity as in many CVD, including CAD, hypertension is considered as a
predisposing factor [4].

Cholesterol, calcium, fat, and inflammatory substances are accumulated in the walls of the
vessels, a condition called atherosclerosis, which is frequently generated by oxidized
phospholipids and platelet adhesion and lipoproteins [5]. Heart attack or myocardial
infarction arises due to the disruption of the atherosclerotic plaques that contribute to the
formation of blood clots that obstruct the coronary arteries resulting in ischemia [6].The
presence of advanced plaques in the coronary arteries is a symptom of the CAD that causes
significant predisposition to heart-related diseases and may be detected through coronary
angiography [7]. Systolic heart failure, which comprises the left ventricular remodeling and
dilatation, is a primary cause of hospitalizations and deaths of industrialized countries
[8].Atherosclerosis is signified by endothelial dysfunction, which leads to plaque
progression and predisposition [9,10,11]. The susceptibility of significant cardiovascular
complications, cerebrovascular negative events, thrombotic events and congestive heart
failure has increased [12]. Endothelial dysfunction is present in more than 50% of the angina
and non-obstructive CAD patients [4] and this phenomenon can also be relevant to other
organs as there is a systemic involvement of vascular endothelial dysfunction [13].

Cardiovascular disease is the number one killer worldwide because it is the one responsible
for taking away a life after every 39 seconds compared to cancer [14]. CVD affects 82 million
inthe US, and 811,940 were killed inthe year 2010-2011, respectively [7]. It will be estimated
that up to 43.9% of Americans will have CVD in 2030. The problem is widespread in Pakistan
because one of every four middle-aged adults is affected, and prevalence is increasing due
to lack of physical activity, family history and sedentary lifestyles [15]. Diabetes is found to
increase the risk of the disease by a factor of two up to three in atherosclerosis, mainly
among females [16]. The previous studies demonstrated that the sources of CVD are
hypertension, hypercholesterolemia, dysglycemia, LV hypertrophy, inflammation, obesity,
smoking, and aging [17,18]. Breathlessness, fluid retention, and fatigue are symptoms of
heart failure that are caused by cellular and molecular dysfunction and inflammatory
cytokines such as TNF-alpha [19,20].

The mortality rate of CVDs has been minimized as a result of the development of diagnostic
and surgical procedures, yet it is still significant [21]. One of the strategies is affordable
medication and community-based measures which are effective at targeting the endothelial
cells, myofibroblasts and cardiac myocytes. These active and home-based fitness programs
can mitigate the risk of CVD and reverse damage caused by inactivity, which becomes more
evident during the COVID-19 pandemics [22,23].

Genetic factors such as family history are contributors to the risk of CAD. Genome-wide
association studies (GWAS) have exposed genetic variants that alter lipid metabolism and
blood pressure and may be a therapeutic option [24]. N6-methyladenosine (m6A) RNA
methylation, a form of epitranscriptomic regulation, influences gene expression, cell cycle
and the progression of cardiovascular diseases. m6A modification is mediated by the writer
protein KIAA1429, which is a major m6A-methyltransferase that controls mRNA splicing,
mMRNA stability, and the processing of mRNA [25,26]. The m6A changes happen to be
associated with cardiac hypertrophy, heart failure, and vascular diseases [27,28] .The aim
of this research was to analyze genetic variations in the promoter region of KIAA71429 in
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selected samples of the human population and to establish correlation, if any, between
selected SNPs in promoter region of writer (KIAA 71429) with CVD.

Materials and methods

A case-control study was conducted at COMSATS University Islamabad and affiliated
hospitals in Rawalpindi and Islamabad over a period of six months. The sample size was 100
consisting of 50 cases (patients diagnosed with CVD) and 50 controls (age and gender
matched controls). Inclusion criteria were adults above the age of 30 years of either gender,
of any ethnic background in Pakistan, with or without family history of CVD. Chronic
diseases other than CVD were excluded, pregnant women, and those who do not consent
were excluded. Potential confounding was reduced by matching case and control groups by
age and gender.

Data collection

Structured questionnaires were acquired to get demographic and clinical variables.
Recorded variables were age, gender, weight, height, body mass index (BMI), family, history
of CVD, age at the onset of the disease, and the treatment regime. A detailed performa with
personal and medical history was filled in by all the participants.

Sample collection

The collection of blood samples was performed with the help of a medical expert that
confirms participants as diseased or normal on the basis of specific parameters. Sterile
venous blood (5 mL) was drawn on each participant, under aseptic conditions. 2.5 mL of
blood was collected into serum separator tubes with clot activators, and after centrifugation
at 4000 rpm and 5 minutes, serum was aliquoted at -20 °C to cater for the evaluation of uric
acid, triglycerides, cholesterol, HDL, and LDL. To extract DNA, 2.5 mL of blood was
withdrawn into EDTA tubes and inverted to allow mixing with the anticoagulant before it was
stored at 4 °C until use.

DNA extraction

Blood in EDTA was purified to obtain genomic DNA following the non-enzymatic salting-out
procedure. The initial incubation of blood samples was done at 25 °C room temperature for
10 to 15 minutes. Solutions used for DNA extraction are as follows:

e 10mMTris-HClwith pH 7.6, 10mM KCL, 10mM MgCl2, 2Mm EDTA

e TKM2:10m Tris-HCL pH7.6, 10mM MgCl2 , 2mM EDTA, 10mM KCL 0.4 M NAC|,

e TKM1 Triton:98 ml TKM1,2ml Triton

e 10%SDS 10 gm of SDS in 100 ml of distilled water.

e Saturated NaCl6M

e 70% of Ethanol 70 ml of the absolute ethanol in 30 ml of distilled water. TE (DNA
dissolving 10mM Tris-HCL, 1mM EDTA, pH 8 Buffer)

e TKM1-triton buffer was used to lyse the cells, and their nuclear pellets were washed
using TKM1. Pellets were dissolved in the TKM2 buffer with SDS to lyse nuclear
membranes. The precipitation of proteins was performed in saturated NaCland DNA
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in absolute ethanol. DNA pellets were washed, dissolved in TE buffer, and kept at 4
°C until further analysis.

e In the process of DNA extraction, nucleic acid stability and purity were achieved
using specific reagents. Ethylene DiaamineTetra Acetic Acid (EDTA): It is a
chelating agent chelate with cations like Mg+2 and Ca+2 and used to hinder the
DNase activity, enzyme which lyses the DNA. The chelator EDTA blocks the
cofactor Mg+2 and Ca+2 by binding their sites.

e TrisHCL: Genomic DNAis pH sensitive; the Tris HClis usefulin maintaining pH by
interacting with lipopolysaccharides which are present in cell membranes to allow
permeabilization.

e Sodium dodecyl sulphate (SDS): SDS is the anionic cleansing agent that aids in
breakup of nuclear envelope and cell membrane.

e Saturated NaCl: As Na+ ion makes an ionic bond with the negative charge of DNA
neutralizes DNA to protect from denaturation. For isolation of the protein from DNA
alarge amount of NaClis added. DNA or RNA can be precipitated from the solution
containing high percentage of ethanol.so DNA precipitated out of solution the
process is commonly referred as “Salting Out”.

e KCL: Use of KCL salt in solution helps to neutralizes the positive charge on the
proteins and DNA. As a result of neutralization, it will not be able to form strong
ionic bonds thus can easily be separated.

e MGCL,: it keeps the DNA save and defends DNA by mixing with other organelles
of the cell as after lysis of the cell, there is no compartment left in a cell. The MgCl2
interferes with the negative charge of lipoproteins of cell membrane.

e 70%ethanol: 70% of ethanol added and was mixed gently to remove any excess
salts.

e Absolute ethanol: Ethanol has much lower dielectric constant, compared to water
as it promotes the aggregation of DNA. DNA is not soluble in the alcohol layer so
it will be precipitated out.

e TE Buffer: TE butteris used to prevent the DNA for degreation DNases were inhibited
by EDTA chelating divalent cations and pH was stabilized using Tris-HCLl. SDS
permeabilized cell membranes, released DNA and NaCUKCl helped to
remove/stabilize proteins. During lysis, MgCl2 spared DNA. Precipitation and
recovery of the nucleic acids were possible using Ethanol and TE buffer was utilised
in the dissolution and storing over a long time.

Quality assessment and genotyping

The quality of DNA was assessed under 1% agarose gel stained with ethidium bromide. The
genotyping of SNPs in the KIAA1429 promoter was done by ARMS-PCR, employing two outer
and two inner primers (allele specific). ARMS PCR mainly depends on mismatch strategy.
This technique relies on 3'terminal nucleotides of PCR that should be allele specific.
Subsequently DNA polymerase is only capable for primer extension when its 3’ end is totally
complementary to the template giving rise to PCR amplicon. DNA genotyping is done
basically to confirm whether the amplicon is produced or not. The PCR conditions were:
initial denaturation of 95 °C, 5 min.; 35 cycles of 95 °C, 1 min.; 55 °C, 1 min., extended to 72
°C, 1 min.; and extension of 72 °C, 10 min. PCR products were electrophoresed on 3%
agarose gels containing 100 bp ladders. An internal control was applied in tetra-primer
ARMS-PCR to simultaneously differentiate between mutant and normal alleles.
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Amplification-refractory mutation system (ARMS) PCR is a simple, financially sustainable
and convenient method for identifying SNP. In this technique we used 4 primers in one PCR
followed by gel electrophoresis. In the current investigation, SNPs in the core promoter
region of klIAA1429 gene were genotyped by ARMS PCR method.

Visualization of amplified product

The amplicon was analyzed on 3% agarose gel electrophoresis; 5ul of PCR product mixed
with 2ul loading dye was loaded into the wells of the gel. One of the wells contained 2pl of
100 bp DNA ladder (mostly the central well). Gel electrophoresis was performed for 50
min at 90 volt and 500 mA followed by visualized under Ultraviolet light using the trans-
illuminator, sizes of the bands that appeared on the gel were studied in comparison with
the sizes present in the ladder and the images of the gels were saved in the gel
documentation system (Alpha-Imager Mini Bucher Biotech, Basel, Switzerland).

Tetra primer ARMS-PCR analysis

Amplification refractory mutation system (ARMS)-PCR, as allele-specific oligonucleotide
PCR is a procedure basically formulated to discover the known sequence
polymorphisms. In ARMS- PCR, 2 primer pairs in a single PCR tube can concurrently
amplify both normal alleles and mutant allele and it also permits amplification of an
internal DNA control. Each outer primer combines with the that of opposite inner primer to
produce smaller allele-specific amplicons, which are of various sizes and can easily be
separated on gel electrophoresis either as homozygous or heterozygous conditions of
PCR. KIAA1429 PCR thermal cycles included an initial denaturation of 95 degree Celsius, 5
min and 35 cycles of denaturation, annealing, and extension. The cycles were 1 minute
denaturation at 95 °C, 1 minute annealing at 55 °C, and one minute extension at 55 °C.
Cycling was followed by a final extension at 72 °C in 10 min to complete the amplification of
the target product. So, the PCR products were isolated on 3% agarose gel and the gel was
viewed using the Gel documentation system. Amplified PCR products showed three
fragment sizes of 500 bp, 321bp and 220 bp sizes respectively.

Ethical approval

Ethical approval of this research project was obtained from the Ethical committee of
COMSATS University Islamabad and hospitals of Rawalpindi and Islamabad from where the
samples of CVD were collected (IRB Approval no. 210/COMSATS Islamabad). Aims and
objectives for this study were properly explained to participants through Informed consents.

Statistical analysis

Data representation was done in the form of means, standard deviation, frequencies and
percentages. Allele and genotype frequencies were calculated by direct counting method.
Chi- square (x2) and Fischer’s exact test was performed to compare distribution of allele
and genotype frequencies between case and control groups, where needed. Odds ratios
(ORs) with 95% confidence intervals (95% CI) were calculated to estimate the risk presented
by a particular allele.
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Results

The current study was conducted to analyse the association of KIAA7429 A>C SNP
(rs3133659) in CVD patients of Pakistani population. A total of 128 subjects were
investigated which includes 76 CVD patients and 50 control subjects.

Demographic and biochemical characteristics of CVD patients

The present study comprises 78 CVD patients (40 males and 38 females ) having mean age
of 51.35 years and 50 controls (50 males and 50 females) with mean age of 50.38 years as
shown in table 1. Significant results for cholesterol, HDL (high density lipoproteins),
LDL (low density lipoproteins), TG (triglycerides) and SBP (systolic blood pressure) are
observed in CVD patients while age, BMI (body mass index), D.B.P (diastolic blood pressure)
shows non- significant results as mentioned in the table 1 and figures shows relative
frequencies.

Table 1: Demographic and Biochemical characteristics of study population

Parameters Patients (n=78) Controls (n=50) p Value
Age (Years) 51.35+14.02 50.38 + 8.56 0.66
BMI (kg/m2) 27.30+4.46 27.11+2.54 0.7
Cholesterol 182.11 £ 55.31 119.4 + 35.64 <0.0001
(mg/dL)

HDL (mg/dL) 33.86+10.83 38.36+10.06 0.01
LDL (mg/dL) 149.25 + 23.32 87.78 £19.17 <0.001
TG (mg/dL) 121.93 + 64.84 88.28 £ 24.99 0.0006
S.B.P (mm Hg) 139.55+19.44 125.08 + 8.54 <0.0001
D.B.P (mm Hg) 86.53+10.13 85+6.70 0.34

BMI: Body mass index, SBP: Systolic blood pressure, DBP: Diastolic blood pressure TG:Triglycerides, LDL: Low
density lipoproteins HDL: High density lipoproteins, P values were calculated by Pearson chi-square test
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Frequency percentage analysis

The relative frequencies of age, BMI, SBP and DBP, cholesterol, TG, LDL and HDL of CVD
and controls are shown in figures. The lower and upper limit of age was 16 - 80 years
respectively in CVD (Figure 3.1) while in controls it is 40 — 77 (figure 2) respectively. 16.5 to
42 .9 kg/m?are the lower to upper limit of BMIin CVD (Figure 3). While it is 23-34 kg/m?for the
controls group (Figure 4). In CVD the lower to upper limit of cholesterol was 75-361 mg/dL
(Figure 5) and in controls it is 59-196 (Figure 6). The lower to upper value for HDL in CVD
patients was 3.2-106 mg/dL (Figure 7) while in controls it is 25 to 76 (Figure 8). The
lowest to highest value of low-density lipoproteins (LDL) was 80 mg/dL to 213mg/dL in
patients (Figure 9) and in controls it is 43 to 121 (Figure 10). In CVD 27-228 mg/dL was
lower to higher value of triglycerides (TG) (Figure 11) and in controls it is 43 and 144
respectively (Figure 12). Bell shaped distribution was seen Systolic blood pressure was
varying among CVD patients having lowest to highest value 100-190 mmHg (Figure 13 ) and
in controls it is 110-150 mmHg (Figure 14). The lower to upper value of diastolic blood
pressure was 70-110 mmHgin CVD (Figure 15) and 80-100mmHg in controls (Figure 16).

Figure 1: Age of CVD Patients.
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Figure 3: BMI of CVD patients.
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Figure 4: Age of controls group
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Figure 5: Cholesterol level of CVD patients
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Figure 15: DBP of CVD patients.
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Figure 16: DBP of controls.

Genotyping and allele frequency analysis

Atotal of 128 subjects, including 78 CVD patients and 50 control subjects were assessed for
the association of Kiaa1429 polymorphism with CVD. Three different bands of 500bp, 320
bp and 221 bp were determined by using 3% agarose gel with 50 and 100bp ladders shown
in figure 17. The AC genotypes were 73% in CVD and 44% in controls. The important
findings CC were 23% in CVD and 12% in controls. AA genotypes were observed as 3.8% in
patients and 44% in controls. (Table 2). Significant association was noted for the genotypes
among the patients and controls. (chi=31.32,P <0.05). The dominant modal for KIAA1429
polymorphism also elaborates the significance association of CC+AC in CVD and controls
(chi= 31.25, P <0.05: Table 2). Moreover, the frequency of A allele was 40% in CVD and 66%
in controls. While the frequency of C allele in CVD and controls were 60% and 34 %
respectively. The frequencies of A and C alleles among the CVD and controls indicated
significant association with p<0.05.
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Figure 17(a), (b), (c): KIAA1429 PCR products

Table 2: The genotype and allele frequency of KIAA 1429 A>C in study population

SNP CVD patients controls X2
(n=78) (n=50) (P value)

A>C

Polymorphism

AC 57 (73%) 22 (44%)

cC 18 (23%) 6 (12%)
31.32 ( p<0.00001)a

AA 3(3.8%) 22 (44%)

AA 3(3.8%) 22(44%) 31.25( p<0.0001 )a

CC+AC 75 (96.2%) 28 (56%)

Aallele 63(40%) 66 (66%) (p=0.00004) b
OR=10.349

C allele 93(60%) 34 (34%) 95%C.l= 0.2069- 0.5887

Values are given as number and percentage, P?values calculate by pearson’s chi-square
test, P°values calculate by Fisher exact test.

Discussion

CVD is the third major leading cause of morbidity and fatality across the world. Many
predisposing factors are related with the development of disease such as age, obesity,
LDL, HDL and TG etc[29]. In a current literature, it was observed that excessive gain in the
BMI from childhood onwards is associated with CVD while in our sample population
analysis of 78 cases and 50 controls shows no significant association of BMl as arisk factor
to CVD (p=0.7). However, another study held in 2020 in the Mediterranean population
suggested that clinical and genetic analysis showed that TG, HDL and cholesterol was
associated with CVD events however LDL in these studies showed that it was not
associated with disease events [29]. While in the current study on the Pakistani population
our sample population shows significant association of cholesterol, TG, HDL and LDL
(p<0.05) as risk factors towards the pathogenesis of CVD. Genetics analysis in recent
years suggest several genetic mutations that play a key role in developing CVD such as
MED13, MED23 and MED25 have been associated with heart malformations in humans.
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RNA modifications play a major role in gene regulation and expression.Inrecentdecades
>100 types of RNA mutations have been discovered. These modifications are controlling
the physiological state of a cell for a biological process to proceed accurately. m6A (N6
-methyladenosine) is the most abundant and reversible methylation induced. m6A is
presentin tRNA, rRNA and viral RNA in avariety of organisms including viruses, yeast and
mammals [30,31]. 25% of the transcriptome carries m6A marks for expression regulation. It
is significantly involved in mRNA stability, splicing, nuclear translocation and translation
processes [31]. Methyltransferases (writers-METTL3, METTL14, WTAP, KIAA1429 etc.),
demethylases (erasers-FTO, ALKBHS5 etc.) and readers (YTHDF1, YTHDF2, YTHDC1 etc.) has
a crucial partin dynamic regulation of m6A modification [32].

CVD is linked with dysregulation of RNA modification being induced by any kind of epigenetic
modification or genetic variants. SNP is the most common type of genetic variant,
responsible for genetic variation and diversity. SNPs can alter promoters thus regulating
gene expression. Recent work on m6A SNPs have revealed their association with many
diseases e.g. cardiovascular disease [33]. Understanding the role of RNA modifications in
CVD may lead towards a better understanding of disease mechanisms and the development
of novel biomarkers or therapeutic strategies [33].

Recent research showed that m6A modification is closely related to the pathogenesis of
CVDs, such as heart failure, cardiac hypertrophy, ischemic heart disease, vascular
calcification, pulmonary hypertension, aortic aneurysm, etc. Here in, the recent progress
in mM6A modification in CVD is briefly reviewed [34].

The aim of this study was to analyse association of m6A writer KIAA1429 Gene SNP
(rs3133659) A>C for CVD in Pakistani population. Tillnow, KIAA1429 polymorphism has not
been extensively studied for their disease association especially in Pakistan. Therefore, it
was of prime importance to check whether the genetic variant in KIAA7429 confers the
risk of CVD or not.

KIAA1429 SNP primers were optimized at 550C and samples which included both control
and disease were screened. Appearance of bands at 320 or 221 bp regions shows the
homozygosity while appearance of 3 bands shows heterozygosity. Statistical Analysis was
done in three steps. Three models were designed such as Genotype frequency model,
Allelic frequency model, and variant frequency model. Results are significant when p-
value is less than 0.05. There were significant differences found between CVD and
controls in all three models of KIAA71429 Gene SNP (rs3133659). Chi-square values were
calculated by Pearson and odd ratios by fisher model.

The genotype data of KIAA71429 have revealed that the genotype frequencies of AC,CC and
AA were 73%, 23% and 3.8% respectively in the disease group and genotype frequencies
of AC,CC and AAwas 44 % , 12% and 44 % respectively in the control group. Significant
differences were observed among patients and control groups with p value less than 0.05.
There was also a significant difference in the allelic frequencies in both groups.
Apparently these results indicate thatthere is a strong association of KIAA1429 with CVD.
Higher incidence of C allele in AC + CC genotype was found in CVD patients (3.8%, 96%)
compared to healthy controls (44%, 56% respectively) indicating the risk in CVD patients
(OR=0.349, 95%CI= 0.2069- 0, p=0.0004), but still more research is required by increasing
sample size, clinically evaluated controls as well as better genotyping methods may help in
generating improved results.
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A limitation of the current study is the relatively small and unequal sample size between the
patient group (n=78) and the control group (h=50), which may limit the statistical power to
detect rare allelic variants."

Conclusion

On the whole, this is the first study of screening of KIAA7429 gene SNP (rs3133659)
polymorphism in a Pakistani population of 78 cases and 50 controls, and a significant
association with susceptibility to CVD has been evaluated. The findings of the present
investigations support that KIAA7429 Gene SNP (rs3133659) might has a role in
pathogenesis of CVD. To verify and validate the role of the said and other genetic variants
of KIAA1429 gene, further studies involving larger sample sizes from Pakistani and other
populations is needed.
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