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Association of promoter region A-1012G polymorphism (rs4516035) of vitamin-D
receptor gene with coronary artery disease

Shazia Nazar," Taseer Ahmed Khan,? Sitwat Zehra3

Abstract

Objective: To investigate the correlation of Adenine-1012-Guanine (rs4516035) promoter region polymorphism of
vitamin-D receptor gene with serum levels of omentin-1, vitamin-D and vitamin-D receptor protein in patients with

coronary artery disease.

Method: The case-control study was conducted from January to June 2020 at the cardiac unit of Civil hospital
Karachi (CHK), and comprised coronary artery disease patients and controls. The tetra-primer amplification
refractory mutation system polymerase chain reaction method was used to genotype Adenine-1210Guanine
polymorphism in the vitamin D receptor gene. Serum levels of omentin-1, vitamin-D, and vitamin-D receptor
protein were measured in both the groups using an enzyme-linked immunosorbent assay. Data was analysed using

SPSS 17.

Results: Of the 1,000 subjects, there were 500(50%) cases; males 306(61.2%) and 194(38.8%) females with overall
mean age of 51.08+9.55 years. The remaining 500(50%) were controls; 290(58%) males and 210(42%) females with
overall mean age of 50.9+£10.78 years. The mutant Guanine allele was more prevalent in controls 261(52.2%), and
had a non-significant correlation with coronary artery disease (p=0.45). Among the cases, the wild Adenine-Adenine
genotype had a higher prevalence 402(80.4%) and had a significant correlation with coronary artery disease
(p<0.001). The heterozygous genotype Adenine-Guanine was significantly more predominant among the controls

346(69.2%) compared to the cases 66(13.2) (p=0.002).

Conclusion: Adenine-1012-Guanine polymorphism in the vitamin-D receptor gene was found to be a protective
polymorphism for coronary artery disease in the recessive model.
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Introduction

Coronary artery disease (CAD) is the most prevalent
cardiovascular disorder, characterised by thrombotic occlusion,
or atherosclerotic plaque, of at least one of the major coronary
artery. Various hereditary and biological elements are
associated with the development of this complex disorder.!
Vitamin-D (1, 25-fihydroxycholecalciferol) is a fat-soluble
vitamin obtained from sun exposure, food and
supplements.2 Literature has shown that deficient vitamin D
levels affect the musculoskeletal, immune and
cardiovascular systems.34 While sustained efforts have been
made to determine the protective role of vitamin D in
cardiovascular disorders, the molecular dimensions of this
relationship remain unrevealed. Vitamin D executes its
biological activities by binding to the vitamin D receptor
(VDR), a transcription factor found in nearly all body cells.
VDR is coded by extremely polymorphic vitamin D receptor
gene (VDRG) of 100kb, situated on the 12q13 chromosome,
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and is found to control the functions of more than 200 genes.
The VDRG is formed by 6 alternatively spliced, non-coding
exons 13, 1b, 1¢, 1d, 1e and 1f, while there are eight coding
exons, from 2 to 9.5 Several single nucleotide polymorphisms
(SNPs), such as Apal, Fokl, Tagl, and Bsml in VDRG have been
studied to determine their association with cardiovascular
illnesses,®7 but reported findings are contradictory.

The Adenine-1012-Guanine (A-1012-G) polymorphism
(rs4516035) is a functional variant located within a GATA
core sequence of the 1a promoter region characterised by
an adenine (A) to guanine (G) substitution.8 VDRG 1a
promoter is highly conserved among mammals. Allele "A"
has GATA-3 binding site, whereas "G" allele lacks this
segment. The GATA-3 sequence suppresses the
transcription activity of VDRG, which, in turn, decreases
transcription/translation of VDR protein.? Intrinsically,
VDR suppresses the signalling of nuclear factor kappa B
(NF-xB), a transcription factor involved in controlling a
wide range of genes, including those that regulate
immunity and cytokine secretions.’0

Omentin-1 is an anti-inflammatory cytokine that is highly
expressed in epicardial adipose tissues. Its plasma level is
100ng/ml. Serum omentin-1 concentrations in CAD patients
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have been found to be inadequate in several trials.!1.12

Reduced transcriptional activity of the VDR alters the
various protective mechanisms regulated by vitamin D, as
human VDR (hVDR) lacks the TATA and CAAT boxes.!3
Therefore, it may be associated with the modulation of
omentin-1 by VDR/ NF-xB signalling and may be
correlated with the progression of CAD. The current study
was planned to establish the relationship between the A-
1012-G polymorphism of VDRG and CAD.

Subjects and Methods

The case-control study was conducted from January to
June 2020 at cardiac unit of Civil Hospital Karachi. After
approval from the institutional ethics review committee,
the sample size was calculated using Open-Epi software'4.
Non- probability purposive sampling was used for the
required samples. Those included were adult CAD patients
of either gender who met the study criterion of 50% or
more reduction in luminal diameter in at least one of the
major coronary arteries coronary angiography. Those with
acute infections, malignancy, valvular heart disease, liver
and renal disorders, or taking vitamin supplementation
were excluded, and so were those not willing to
participate in the study. The control group was raised from
among individuals matched for age and gender who
visited the cardiac outpatient department (OPD) with a
history of chest pain, breathlessness and hypertension
(HTN), but were free of angiographic evidence for CAD.
Also included were apparently healthy subjects with no
previous history of chest pain, and CAD medication.

After taking informed consent from all the subjects,
demographic and clinical data was collected. Apart from
age, gender body mass index (BMI) and waist-hip ratio
(WHR), the parameters noted were systolic blood pressure
(SBP), diastolic blood pressure (DBP) family history of
heart disease, smoking, fasting blood sugar (FBG), total
cholesterol (TC), high-density lipoprotein (HDL), low-
density lipoprotein (LDL), triglyceride (TG), serum
omentin-1, serum vitamin-D and serum VDR. BMI was
estimated using the standard kg/m2 formula. To calculate
the WHR, waist circumference (WC) and hip
circumference (HC) were measured. Morning blood
sample (5cc) from each participant was collected in plain
tubes. Serum was isolated by centrifuging the tubes for
20min at 3500rmp. Enzyme-linked immune-sorbent assay
(ELISA) was used, according to the manufacturer's
recommendations, to evaluate serum omentin-1, vitamin
D, and VDR protein. The blood samples were placed in
tubes containing ethylenediaminetetraacetic acid (EDTA),
and salting out approach was used to isolate the
deoxyribonucleic acid (DNA). Nano-drop was used to
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AA: Adenine-Adenine homozygous (wild), GG: Guanine-Guanine homozygous
(mutant), AG: Adenine-Guanine heterozygous (mutant). A=25bp, G=150bp.

Figure-1: Amplified products of vitamin D receptor (VDR) gene.

measure the amount of DNA in a sample. The targeted
DNA fragment was amplified by tetra-primer
amplification refractory mutation system polymerase
chain reaction (T-ARMS-PCR) method. G-Forward (5'-
AGCAGATTTGCTGGGCTCTA-3") and Reverse (5'-
TCACACAGTCAAGGGAAGCA-3') primers amplified the G
allele, with a product size of 175 base pairs (bp). A-
Forward (5'-CTGTAAGAGGCGAATAGCAATA-3') and
Reverse (5'-CCTCCTTTAGCCAGGGAAGAC-3') primer
amplified the A allele, with a product size of 25bp (Figure-
1). The PCR reaction included 35 cycles, which included
preliminary denaturation for 2min at 94°C, denaturation
for 45sec at 94°C, annealing for 30sec at 58°C and
extension at 70°C, followed by final denaturation for
10min at 72°C.

Data was analysed using SPSS 17. The Hardy-Weinberg
equilibrium was calculated. Chi-square test was used for
the assessment of allelic and genotypic frequencies. To
explain the relationship between various genotypes and
risk factors for CAD, Mann-Whitney-U test was used and
regression analysis was performed. P<0.05 was supposed
to be statistically significant.

Results

Of the 1,000 subjects, there were 500(50%) cases; males
306(61.2%) and 194(38.8%) females with overall mean
age of 51.08+9.55 years. The remaining 500(50%) were
controls; 290(58%) males and 210(42%) females with
overall mean age of 50.9+10.78 years. Baseline data was
compared between the cases and the controls (Table-1).

The mutant G allele was more prevalent in controls
261(52.2%), and had a non-significant correlation with
CAD (p=0.45). Among the cases, the wild AA genotype
had a higher prevalence 402(80.4%) and had a significant
correlation with CAD (p<0.001). The heterozygous
genotype Adenine-Guanine was significantly more
predominant among the controls 346(69.2%) compared
to the cases 66(13.2%) (p=0.002). The dominant and
recessive models were also analysed in Table-2.

The association of polymorphisms with risk factors for
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Table-1: Baseline characteristics of the cases and the controls.

Study variables Cases Controls P value
n=500 (%) n=500 (%)
Mean Age (years) 51.08 +9.55 50.95+10.18 0.014
Gender
Males 306(61.2) 290(58) 0.006
Females 194(38.8) 210(42) 0.007
Blood pressure
SBP (mmHg) 143.67 £11.25 12113 £9.92 0.001
DBP (mmHg) 90.81+13.45 80.35+7.07 0.004
BMI
Normal < 30 204(40.8) 230(46) 0.019
Obese > 30 296(59.2) 270(54) 0.021
Waist to hip ratio 0.97 +£0.16 0.91+0.08 0.001
Smoking status
Non-smoker 150 (30) 327(65.4) 0.001
Smoker 350(70) 173(34.6) 0.001
Family history of CAD
Positive 304(60.8) 53(10.6) 0.001
negative 196(39.2) 447(89.4) 0.001
History of HTN
Negative 40 (8.0) 378 (75.6) 0.001
Positive 460 (92) 122 (24.4) 0.001
TCmg/dl 275.76 + 53.49 144.95 +37.22 0.005
HDL-c mg/dI 3506+ 9.1 5235+3.12 0.003
LDL-c mg/dl 176.54 +32.50 135.65+£22.33 0.005
FBG mg/dl 101.56 £ 12.5 98.73 £19.30 0.007
TG mg/dl 168.23 +12.45 159.37 £ 15.62 0.468
Vitamin-D (ng/ml) 24.36 + 8.81 31+14.81 0.001
VDR (ng/ml) 249+0.13 5.08 £0.43 0.001
Omentin-1 (ng/ml) 398 £23.77 678 £ 36.54 0.001

BMI: Body mass index, SBP: Systolic blood pressure, DBP: Diastolic blood pressure, TC: Total
cholesterol, TG: Triglycerides, HDL-C: High-density lipoprotein-cholesterol, LDL-C: Low-density
lipoprotein-cholesterol; FBG: Fasting blood glucose, HTN: Hypertension, VDR: Vitamin D receptor.
P 20.005 statistically significant.

Table-2: Comparison of genotypes, allelic frequency and genomic models in coronary
artery disease (CAD) patients and controls.

Genotypes Cases Controls Multiple logistic
A-10126G regression analysis
(rs4516035) n(%) n(%) P OR (95% Cl)
AA 402(80.4)  110(22.0)  0.001  6.717(3.444-13.102)
AG 66(13.2)  346(69.2)  0.002  2.883(1.475-5.638)
GG 32(6.4) 44(8.8) Ns Ns

Allele A 837 393 (ref.)

Allele G 102 261 0.451 0.930(0.77-1.13)
Dominant Model

AA 402(80.6)  110(22.0)  (ref)

AG+GG 98(19.3)  390(78) 0.004  0.582(0.402-0.842)
Recessive Model

AG+AA 468(93.6)  456(91.2)  (ref)

GG 32(6.44) 44(8.8)  <0.011  4.609(2.431-8.741)

OR: 0dds ratio, Cl: Confidence interval. Ns: Non-significant. A: Adenine, G: Guanine. P 20.005
statistically significant.
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Table-3: Correlation of study variables with the genotypes in coronary artery disease
(CAD) patients.

Studied AA AG GG P value
variables n =402 n=:66 n=32

Mean Age 50.2 £7.7 5143+ 4.8 50.98+ 8.7 0.321
BMI 42 +80 4+ 41 43+03 0.76
SBP (mmHg) 145+8 140 =16 147 £14 0.377
DBP (mmHg) 90 +12 89+10 90 £12 0.726
FBS (mg/dI) 98 +10 105 +13 100+14 0.707
HDL-c (mg/dl) 33+£29 40 £91 3545 0.001
LDL-¢ (mg/dl) 176 +6.8 172.8 £16.8 164+8 0.032
TG (mg/dl) 155+59 174 +£81 163 +103 0.204
Vitamin-D (ng/ml) 21+0.8 25.8 £6.8 26+1.2 0.828
VDR (ng/ml) 2.49+0.1 3.99+0.1 3.0+0.2 0.001

Omentin-1(ng/ml) 218+13.1 390+10.8 311£13. 0.001
Family history of CAD 345 76 69 0.001

A: Adenine, G: Guanine, BMI: Body mass index, SBP: Systolic blood pressure, DBP: Diastolic blood
pressure, TC: Total cholesterol, TG: Triglycerides, HDL-C: High-density lipoprotein-cholesterol,
LDL-C: Low-density lipoprotein-cholesterol, FBG: Fasting blood glucose, VDR: Vitamin D receptor.
P 20.005 statistically significant.

CAD are shown in Table-3.

Discussion

Vitamin D is a pleiotropic, anti-inflammatory molecule. It
is not simply related to calcium and bone metabolism, but
also has immuno-regulatory, anti-angiogeneic and anti-
oxidant properties.'3> Biochemical activities of vitamin D
are mediated by VDR, which is a nuclear, ligand-
dependent transcription factor that particularly binds
vitamin D to form heterodimer with retinoid X receptor
and conjuncts with the nucleotide sequence of target
genes for various biological reactions.'516 The different
functional polymorphisms of VDR have been revealed by
literature, including Cdx2, Apal, Bsm1, Fok1, and Taq1.
These variants have been intensively studied with
different tumours and diseases.'7-12 However, much less
data is available in relation to CAD.

The present study found that A-1012G polymorphism
(rs4516035) was frequently present in both the cases and
the controls, but homozygous genotype AA was present
more frequently in CAD cases, whereas the controls were
found to have increased heterozygous mutant genotype
AG.

In the promoter region of the VDRG, the position of the A
allele is -1210 to the transcription start site. Compared to
the G allele, it behaves like a dominant allele in relation to
an increased likelihood of CAD, whereas the
heterozygous AG genotype decreases the possibility of
CAD development. An important correlation between the
studied polymorphism and serum omentin-1 and serum
VDR protein has also been identified. Omentin-1 and VDR
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serum levels have been found to be elevated relative to
the AA genotype in comparison with mutated AG
genotype, indicating that AG is a defensive genotype that
decreases the risk of disease by increasing an anti-
inflammatory adipokine omentin-1.19

Literature has revealed that transcription factor NF-xB
modulates a wide range of genes in different cells and
directly involves in the expression of various pro- and
anti-inflammatory  adipokines, chemokines and
interferons,2021 Therefore, a promising new age has
opened up for the study of signalling pathways involved
in multiple gene transcription, and it seems reasonable to
explore VDRG polymorphisms due to its direct association
with NF-kB signalling.

The intracellular inhibitor of nuclear factor kappa B-alpha
(IkBa) protein acts as a negative NF-«B regulator,
preventing the binding of NF-kB to the DNA fragment
(Cis-DNA). The VDR and vitamin-D complex, on the other
hand, physically binds to IkBa and can modulate
inflammatory cytokine secretion by inhibiting
transcription based on NF-kB22 (Figure-2).

Association of promoter region A-1012G polymorphism (rs4516035) of vitamin-D receptor gene...

Functional genetic polymorphisms in the VDR gene lead
to dysfunctional receptors and consequent downstream
vitamin D-mediated outcomes. NF-kB-lkBa balance may
get destabilised due to this impairment, resulting in
reduced secretion of anti-inflammatory cytokines, and,
hence, is directly linked to CAD progression.

There are a number of studies suggesting the role of VDR
gene variants in CAD development. Ferrarezi et al. studied
the connection between Taql and Apal polymorphisms of
VDR and CAD in French subjects.3 Jun M et al. observed
the association of five SNPs in the VDR gene and
incidence of CAD in Chinese Hans population.24 M. A. Abu
el Maaty et al. described the association of Fok1
polymorphism in the VDR gene with CAD incidence in
Egyptians,2> while Kiani et al. demonstrated the
association of CAD with VDR gene mutation in the Indian
population.26 However, these studies have generated
diverse results.

Kulsoom et al. observed the association between CAD and
VDR gene polymorphism in Pakistani population and found
the Taqgl polymorphism (rs731236) T>C was significantly
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associated with CAD (p<0.0001).27
Abouzid et al. suggested that the
population carrying VDR Bsml AA
genotype has a lower risk of CVD. Apal,
Taqgl, Bsml and Fokl genotypes seemed to
be associated with CAD incidence.28

In the current study vitamin D levels
were found high in controls compared
to the cases. The correlation of vitamin
D deficiency with CAD has been
investigated in many studies and is
found to be associated with elevated
plasma renin-angiotensin activity, HTN
and atherosclerosis.2930 Vitamin D was
also found in the regulation of the
release of chemokine and
adipocytokine by adipocytes.

VDR polymorphisms may influence the
inflammatory pathways by affecting
adipocytokine levels, and, thus, they
might play a role in CAD progression.

"/ | The current study can be used to
identify CAD-protective SNP in VDRG in

humans and to understand the inter-

Figure-2: Signalling pathway indicating the relationship between Adenine-1012-Guanine (A-1012G) polymorphism
vitamin D receptor (VDR) polymorphism and coronary artery disease (CAD).

VDR physically binds to inhibitor of nuclear factor kappa B (I«B) proteins which in turn get fixed to active nuclear factor
kappa B (NF-«B) dimers (p50, p65), removing them from deoxyribonucleic acid (DNA)-binding element and shuttling
them back to the cytoplasm. Inhibition of NF-kB's DNA-binding activity reduces production of anti-inflammatory
cytokines omentin-1. A-1012G polymorphism is protective in CAD because it increases the transcription of VDR protein.

individual variation in drug response.

Conclusion
A-1012G polymorphism (rs4516035) in
the VDR gene was found to be a

Vol. 72, No. 6, June 2022
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protective polymorphism for CAD in the recessive model.
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