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1 | INTRODUCTION

Type 2 diabetes mellitus (T2DM), a major worldwide health concern,
is a multifactorial metabolic condition defined by a high level of blood
glucose. It arises as a result of decreased insulin production, insulin
resistance, or both, leading to poor carbohydrate, fat, and protein
metabolism. In 2017, over 450 million individuals worldwide were
diagnosed with diabetes, a figure that is anticipated to rise to nearly
700 million by 2045.% Recent research has shown that Iranians have a
genetic vulnerability to T2DM, which might be attributable to an
increase in obesity incidence, urbanization, and lifestyle changes.?
T2DM is also a substantial risk factor for coronary artery disease
(CAD) in the general population.® Microvascular complications of
T2DM are a major cause of mortality in T2DM, which is mostly
caused by CAD and stroke. According to studies, diabetes has been
associated with a higher risk of developing CAD and myocardial
infarction (MI).* T2DM development and progression, as well as its
associated complications such as nephropathy, neuropathy, and
retinopathy, are hypothesized to be impacted by genetic susceptibil-
ity as well as environmental variables.> Single nucleotide polymor-
phisms (SNPs) have emerged as prospective genetic indicators of
choice in this field due to their large effect and approximately
equivalent distribution in human genomes, and have been used by
scientists to map loci and locate disease-causing genes.® The genetic
foundation of T2DM is undeniable. According to the GWAS Catalog
(https://www.ebi.ac.uk), over 130 genome-wide association studies
(GWAS) have been done, with over 1600 SNPs correlations with
various diabetes symptoms described. As a result, several studies are
being conducted throughout the world to uncover candidate and
susceptibility genes for T2DM. However, only a few studies for
T2DM susceptibility genes in Middle Eastern populations, including
Iranians, have been described.

Recently, several GWAS revealed that CDKN2B-AS (rs2891168),
SOD2 (rs4880), and PON1 (rs662) genetic variants were linked to the
risk of T2DM and/or CAD. The locus 9p21.3 is one of the earliest
identified and robust loci in the human genome and has an important
role in the pathophysiology of T2DM and CAD. The genes located in
this region have a role in the proliferation of inflammatory and vessel
smooth muscle cells (VSMCs) that are important in atherosclerosis.®
Several large-scale studies showed that some variants in this locus
predispose to both T2DM and CAD by transcription level alteration.
Previously, the rs2891168 genetic polymorphism has been identified
as one of the strongest associations with CAD.” In an ltalian
population-based study, it was found that rs2891168 was associated
with CAD, but it was not shown to be related to T2DM.® In another

respectively. To obtain more definitive and accurate results in this area, further

CDKN2B-AS, coronary artery disease (CAD), polymorphism, PON1, SOD2, T2DM

study on Saudi Arabian patients with CAD, it was found that
individuals with the G-risk allele of rs2891168 were significantly
more likely to develop MI than those with A-allele.”

According to our literature review, there is evidence that
oxidative stress (OS) plays a part in the development of T2DM and
CAD in Iranians.'®"2 Therefore, functional polymorphisms in OS-
related genes may have an association with a predisposition to T2DM
and/or CAD. The superoxide dismutase (SOD) is an antioxidant
enzyme that contributes to the elimination of reactive oxygen species
such as superoxides and hydroxyl radicals.® These antioxidants'
genetic polymorphisms may contribute to the development of T2DM
and CAD diseases.’* The SOD-2 enzyme is encoded by the MnSOD
(or SOD2) gene. This enzyme in the mitochondrial matrix captures
oxygen radicals generated by redox reactions and electron transport
in the mitochondria. The rs4880 is a synonymous (C/T) variation
located on chromosome 6g25 and position 47 (exon2) of the
MnSOD gene.

PON1, a high-density lipoprotein-bound antioxidant enzyme,
protects LDL from oxidative damage.®> PON1's antioxidant qualities
prompted a substantial investigation into its function in the onset and
development of T2DM and atherosclerosis. The oxidative alteration
of LDL is thought to be a crucial initiating and progressing event in
the onset and advancement of T2DM and CAD events.2® The rs662
mutation causes glutamine (Q) to arginine (R) (A/G) substitution at
amino acid position 192, which was reported to reduce PON1
enzymatic activity toward paraoxon.

Low activity may raise the risk of T2DM and/or CAD by
reducing HDL's capacity to block LDL oxidation, and genetic
variants have been discovered to reduce HDL's ability to force
cholesterol efflux from macrophages and reverse cholesterol
transport from peripheral tissues. Several recent studies showed
rs662 association with diabetes and CAD.'”''® The rs662 SNP
indicates that HDL has a protective impact against LDL oxidation,
and 192QQ homozygous is particularly useful in reducing the
buildup of lipid peroxides on LDL.*”

The CDKN2B-AS, SOD2, and PON1 polymorphisms are thought
to be potential variants for CAD and T2DM due to their functions in
lipid metabolism, endothelial function, and angiogenesis. Moreover,
there are few data on the association of these SNPs with the risks of
CAD and/or T2DM in the Iranian population sample. This study is the
first in the Southeast of Iran to look at the selected polymorphisms
associated with T2DDM and CAD. Therefore, this study aims to
evaluate three SNPs within the 9p21.3 genetic locus (rs2891168),
SOD2 (rs4880), and PON1 (rs662) in patients with diabetes and CAD
in an Iranian population.
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2 | MATERIALS AND METHODS

2.1 | Subjects

Between January 2019 and August 2020, individuals from two
separate centers in Kerman province, Iran (Shafa and Mehregan,
Kerman) were admitted to the research. The protocol of the study
was carried out in accordance with the Helsinki Declaration and
was approved by Kerman Medical University's Ethical Committee
(Approval No. IR.KMU.REC.1396.1977). Every person provided
All
participants' demographic information, lifestyle habits, and medi-

written consent for participation and data publication.

cal history were collected using a standardized questionnaire.
Clinical and laboratory tests such as systolic and diastolic blood
pressure (SBP), diastolic blood pressure (DBP), body mass index
(BMI), fasting blood glucose (FBS), cell blood count (CBC), and
blood lipids profile provided further clinical and biochemical data.
Obesity was defined as having a BMI = 30 kg/m?. Hyperlipidemia
was identified as the presence of one of the following conditions:
(i) lipoprotein-cholesterol (LDL-c) >130mg/dL;
(ii) triglyceride (TG)>150mg/dL; (iii) total (TC)
>200 mg/dL; (iv) high-density lipoprotein-cholesterol (HDL-c)

low-density

cholesterol

<40 mg/dL; and (v) a history of hyperlipidemia medical therapy.
SBP/DBP over 140/90 mmHg was considered hypertension, as
was the current usage of antihypertensive medication. Further-
more, FBS levels 2126 mg/dL following an 8-h fast and/or the use
of antidiabetic medication were accepted as diagnostic criteria for
diabetes. Based on angiography findings, CAD was classified as a
considerable luminal narrowing (50% or more) in at least one
primary coronary artery, whereas individuals with no plaque were
thought to be free of CAD.

The control group comprises of 90 patients with FBS levels
<126 mg/dL and no history of diabetes therapy. Obesity, smoking,
hyperlipidemia, hypertension, cardiovascular illnesses, nervous sys-
tem diseases, liver and renal diseases, malignancy or neoplastic
disorders, metabolic disorders, autoimmune diseases, and chronic

infection were all exclusion criteria.

TABLE 1
SNP Primer sequence (5" — 3°)
rs662 F: 5'-GGGACCTGAGCACTTTTATGGC-3'
R: 5'-CATCGGGTGAAATGTTGATTCC-3'
rs4880 Inner F: 5'-CACCAGCACTAGCAGCATGT-3'

Outer F: 5'-CACCAGCACTAGCAGCATGT-3'
Inner R: 5'-CCTGGAGCCCAGATACCCTAAAG-3’
Outer R: 5'-ACGCCTCCTGGTACTTCTCC-3'

Open Access

T2DM patients without CAD include 90 people whose FBS is
2126 mg/dL or who are taking diabetic medication but have no
history or indications of CAD. Any sort of cardiovascular illness,
obesity, smoking, hyperlipidemia, hypertension, nervous system
disorders, cancer, renal and liver diseases, autoimmune diseases,
and chronic infection were all exclusion criteria.

CAD patients without T2DM included 90 patients whose FBS
is <126 mg/dL and 250% narrowing in a major coronary artery.
Obesity, smoking, hyperlipidemia, hypertension, lung illnesses,
renal disease, liver disease, malignancy, endocrine disease,
metabolic disorders, and autoimmune diseases were all exclusion
criteria.

T2DM patients with CAD comprised 90 individuals with FBS
2126 mg/dL or diabetic medication and 50% narrowing of a
primary coronary artery. Obesity, smoking, hyperlipidemia, hyper-
tension, lung illnesses, liver and renal diseases, cancer, metabolic
abnormalities, and autoimmune diseases were all exclusion
criteria. Our sample size (90 in each group) is sufficient and
surpasses the projected number of samples (70 per group)

necessary to achieve 90% statistical power.

2.2 | DNA extraction and genotyping

Blood samples were collected in vacuum tubes containing
ethylene diamine tetraacetic acid (EDTA). Genomic DNA extrac-
tion was performed from leucocytes using the Lahiri and
Nurnberger protocol'’ and quantified by NanoDrop ND-2000c
spectrophotometer (Thermo Fisher Scientific). The genotyping for
rs4880, rs2891168, and rs662 were determined using Allele
Specific-Polymerase Chain Reaction (AS-PCR), TagMan® assay
(Applied Biosystems), and polymerase chain reaction-restriction
fragment length polymorphism (PCR-RFLP), respectively. For
rs4880 and rs662, the primer sequences were adopted from

20.21 and presented in Table 1. The Biometra T

previous studies
advanced PCR thermal cycler (Analytik Jena) was used for the

amplification. PCR program was as follows: initial denaturation at

The primer sequences, melting temperature (T,,), and product sizes for PCR-RFLP and tetra ARMS-PCR analysis.

Primer length (bp) Tm (°C) RE Product size (bp)
22 67.7 Alwl AA 99
AG 99, 66, 33
22 67.2 GG 66,33
19 64 = TT 514, 189
20 60 TC 514
23 66 CC 514, 366
20 63

Abbreviations: Bp, base pair; F, forward; PCR-RFLP, polymerase chain reaction-restriction fragment length polymorphism; R, reverse; RE, restriction

enzyme; SNP, single-nucleotide polymorphism.
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FIGURE 1 The 2% agarose gel showing (A) paraoxonase 1 (PON1) rs662 A/G genotypes (Lane 1: 50 bp ladder, Lane 2: GG genotype, Lane 3:
AG genotype, and Lane 4: AA genotype), and (B) SOD2 rs4880 G/T genotypes (Lane 1: GG genotype, Lane 2: TT genotype, Lane 3: TG genotype,

and Lane 4: 100 bp ladder).

95°C for 6 min (hold cycle), 35 cycles of denaturation at 95°C for
30s, annealing of 60°C (rs4880), and 65°C (rs662) for 45s, and
extension at 72°C for 30 s. The last extension phase lasted 10 min
at 72°C. For rs662, the products were digested by Alwl restriction
enzyme (Thermo Fisher Scientific) at 37°C for 24 h. The PCR
product (for rs4880) and digested fragments (for rs662) were
electrophoretically separated on 2.5% (w/v) agarose gel and then
visualized by Safe Stain (Yekta Tajhiz Azma) under UV light using a
gel documentation system (Bio-Rad). A representative image of
PCR products is shown in Figure 1A,B.

The ABI Step One Plus (Applied Biosystems) real-time PCR
equipment was used to genotype rs2891168 SNP. Amplification was
performed according to the manufacturer's instructions, with the
steps outlined: 95°C for 10 min (hold cycle); 40 cycles of denaturation
at 95°C for 15s followed by annealing/extension at 60°C for 60s.
The TagMan Genotyper Software v1.6 (Thermo Fisher Scientific) was
used for genotype analysis. showing an allelic discrimination plot for
rs2891168 polymorphism.

2.3 | Statistical analysis

The data were analyzed with IBM SPSS 20.0 software (SPSS Inc.).
Data were assessed for normality using Kolmogorov-Smirnov test.
Quantitative data were expressed as mean + standard deviation
(mean * SD) and categorical variables were expressed as frequency.

The Student's t-test or the Mann-Whitney test was used to compare

quantitative variables. The x? test or Fisher's exact test was used to
compare categorical variables. Hardy-Weinberg equilibrium was
tested for rs4880, rs662, and rs2891168 genetic variants using the
X2 test. Based on the number of copies required to modify the risk,
four genetic models such as codominant, dominant, recessive, and
log-additive were used to calculate the allele/genotype frequencies
and odds ratio (OR) at a 95% confidence interval (95% Cl) by using
SNPstats online tool (http://bioinfo.iconcologia.net/SNPstats). Uni-
variate logistic regression analysis was used to get the adjusted odds
ratio (aOR) for the connection between illness and risk factors. For
statistical significance, the threshold of significance two-sided
p-value < 0.05 was used. p-Values for multiple testing were adjusted

using the Bonferroni adjustment for the number of tests.

3 | RESULTS

3.1 | Clinical profiles of study participants

Demographic and clinical features of the participants of each group
are presented in Table 2. There was no notable difference between
the four groups
(p-value < 0.05).
observed

in terms of age, sex, and smoking status
A significant difference between groups was
in terms of BMI, FBS, and serum creatinine level
(p-value < 0.05), but no significant difference was observed in terms
LDL-

of urea, sodium, potassium, TC, TG, HDL-cholesterol,

cholesterol, and VLDL-cholesterol (p-value > 0.05).
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TABLE 2 Baseline demographic and clinical characteristics of four groups (no-T2DM/no-CAD, T2DM/no-CAD, no-T2DM/CAD, and

T2DM/CAD).
no-T2DM/no- T2DM/no- no-T2DM/
Characteristics CAD (n=90) CAD (n=90) CAD (n=90) T2DM/CAD (n=90) p-Value
Age (years) (Mean + SD) 56.64 +10.92 56.87 £9.54 58.35+10.08 57.53+9.66 0.573
Sex n (%) Male 46 (51.1) 48 (53.3) 50 (55.5) 52 (57.8) 0.826
Female 44 (48.9) 42 (46.7) 40 (44.5) 38 (42.2)
BMI (kg/m?) (Mean % SD) 24.15+4.22 24.35+4.49 25.13+4.62 26.89 £5.37 0.008
Smoking status Yes 19 21 28 25 0.419
No 71 69 62 65
HbAlc 13.23+£2.53 13.29 + 3.04 13.63+2.94 13.97 £3.22 0.214
S. creatinine (mg/dL) 0.99+0.23 0.98+0.19 1.11+£0.21 1.08+0.18 0.018
Urea (mg/dL) 34.12+6.92 35.02 +£10.04 35.98 +10.29 36.77 £10.74 0.512
Sodium (mg/dL) 139.0+3.22 139.5+3.14 140.12+£2.91 139.40+2.93 0.121
Potassium (mg/dL) 4.31+£0.42 4.34+0.41 4.51+0.45 4.27 £0.37 0.134
FBS (mg/dL) 89.65+12.58 102.22 + 10.02 94.65 £ 12.66 99.93+10.30 <0.001
TC (mg/dL) 141.18 £41.63 141.95+31.9 144.98 +43.13 137.90+ 38.84 0.712
TG (mg/dL) 104.51+£35.7 119.11+58.8 109.23 +46.74 114.84 £ 67.46 0.456
HDL-C (mg/dL) 40.62+9.5 38.26£9.29 39.05+12.24 37.50+12.42 0.304
LDL-C (mg/dL) 79.01+31.0 86.44+37.5 83.75+35.37 77.48 +32.84 0.634
VLDL-C (mg/dL) 20.92+6.43 23.82+7.22 21.84+6.12 23.02+8.25 0.407

Note: Categorical variables are expressed as number (percentage) of subjects and continuous variables are presented as mean = SD. Bold p-values are

statistically significant (p-value < 0.05).

Abbreviations: BMI, body mass index; CAD, coronary artery disease; FBS, fasting blood sugar; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-
density lipoprotein cholesterol; N, number; SD, standard deviation; T2DM, type 2 diabetes mellitus; TC, total cholesterol; TG, triglycerides; VLDL-C, very

low-density lipoprotein cholesterol.

3.2 | Allele and genotype frequencies distribution
between four groups

Table 3 presented the details of allele and genotype frequencies of
the three polymorphisms (CDKN2B-AS rs2891168 A>G, SOD2
rs4880 T>C, and PON1 rs662 A>G) in the four studied groups.
Regarding genotypic distribution, all of the study groups (no-T2DM/
no-CAD, T2DM/no-CAD, no-T2DM/CAD, and T2DM/CAD), were
consistent with expectations under HWE for the three polymor-
phisms (Table 4).

Compared with no-T2DM/no-CAD group, CDKN2B-AS
rs2891168 A>G exhibited significant differences in the
homozygous (GG), heterozygous (AG) and dominant models in
the no-T2DM/CAD patients, with the highest odds ratio in the
dominant model (AOR =2.38, 95% Cl: 1.22-4.68, p-value =0.014;
Table 5). We also found significant differences in the homozygous
(GG) and dominant models in the T2DM/CAD group compared
with no-T2DM/no-CAD group (AOR=2.43, 95% Cl: 1.03-5.79,
p-value =0.047 and AOR=2.07 95% Cl: 1.09-3.89 p-value =0.032,

respectively); however, these values were not significant after
Bonferroni correction (p-value <0.016). The frequency of the
G-allele was markedly higher than the A-allele in the no-T2DM/
CAD and T2DM/CAD groups compared to the no-T2DM/no-CAD
group (p-value <0.05). Although, no statistical association was
observed between the no-T2DM/no-CAD and T2DM/no-CAD
groups. Even after Bonferroni correction (p-value <0.016), the
associations in the G-allele and dominant model were significant.
For the SOD2 rs4880 T > C, the frequency of the C-allele was not
noticeably different in comparison with the T-allele between
groups (p-value > 0.05). Similarly, there was no notable difference
in the genotypes or genetic models between the four groups (p-
value > 0.05). Therefore, the rs4880 polymorphism was not
associated with the risk of CAD and/or T2DM. In the case of
PON1 rs662 A >G, the G-allele was considered a risk allele in
T2DM/no-CAD and T2DM/CAD groups compared with no-T2DM/
no-CAD group (p-value =0.008 and < 0.001, respectively). More-
over, an increased risk of rs662 polymorphism was found in both
T2DM/no-CAD and T2DM/CAD groups before and after



6 of 10 _Health Science Reports
WILEY P

YARI ET AL.

OpenAccess

adjustment in homozygous, heterozygous, recessive, and dominant
models (p-value < 0.05). After Bonferroni adjustment, the correla-
tions for G-allele, homozygous, and dominant models remained
significant in the T2DM/no-CAD group (p-value <0.016); and in
the T2DM/CAD group, the associations remained significant
for G-allele, homozygous, recessive and dominant models
(p-value < 0.016).

TABLE 3 The association of CDKN2B-AS1 (rs2891168), SOD2
(rs4880), and PON1 (rs662) selected genetic variants with risk
of CAD.

no-T2DM/ T2DM/ no-T2DM/ T2DM/
Genotypes/ no-CAD no-CAD CAD CAD
alleles (n=90) (n=90) (n=90) (n=90)
CDKN2B-AS1 (rs2891168)
AA 34 31 18 20
AG 41 40 48 48
GG 15 19 24 22
A 109 102 84 88
G 71 78 96 92
SOD2 (rs4880)
TT 28 25 22 24
TC 44 45 50 49
cc 18 20 18 17
T 100 95 94 97
C 80 85 86 83
PON1 (rs662)
AA (QQ) 46 28 36 25
AG (QR) 36 42 40 43
GG (RR) 8 20 14 22
AQ 128 98 112 93
G (R) 52 82 68 87

Abbreviations: CAD, coronary artery disease; N, number of subjects; Rs,
reference SNP; T2DM, type 2 diabetes mellitus.

4 | DISCUSSION

Today, heart disease is currently the main cause of mortality in the
world and approximately takes 17.9 million lives each year.?? There
are several types of heart disease such as Arrhythmia, Athero-
sclerosis, Cardiomyopathy, Congenital heart defects, heart infections,
and CAD, and different terms are used for them.>®> CAD is the
situation in which plaque buildup in the coronary arteries and it's
sometimes known as ischemic heart disease.* In the past few years,
many studies have been done to understand the physiological
mechanism of CAD development. Environment and genetics play
an important role in the contraction of cardiovascular disease. The
understanding of disease-causing factors allows us to better
prognosis and determine the treatment strategies of patients in the
future. The conventional risk factors for CAD are high LDL
cholesterol, low HDL cholesterol, high blood pressure, first-degree
family history, smoking, diabetes mellitus (DM), and so on. CAD is one
of the long-term complications of DM and it seems for many reasons,
including metabolic factors such as hyperglycemia, dyslipidemia, and
insulin resistance, which leads to abnormal function of endothelial
cells, vascular smooth muscle, impaired platelet function, and

2% It is well-known stress oxidative and

abnormal coagulation.
enzymes involved in its pathways such as SOD2 and PON1
contribute to endothelial dysfunction and the development of
cardiovascular disease. PON1 acts as an antioxidant factor, it's
associated with HDL that metabolizes organophosphates and
prevents the onset of coronary artery disease. Also, SOD2 protects
cells by catalytically scavenging harmful superoxide radicals.?>2¢
Moreover, clinical and experimental studies indicate that the
oxidative stress pathway is associated with susceptibility to T2DM,
insulin resistance, impaired glucose tolerance, and related complica-
tions through decreased activity of antioxidant enzymes.

Until now, several biological pathways have been identified and
well-understood that are related to the development of DM and
CAD.?”8 GWAS and case-control studies have found more than 200
genetic loci that are associated with DM and/or CAD susceptibility in
humans.”2? However, causal genes, variants, and molecular pathways
have not been wholly identified for most loci. Polymorphisms are the

most common genetic variants that repeat in more than 1% of the

TABLE 4 Characteristics of selected polymorphisms and HWE of each group.
p-Value (HWE)
Major/ 1000 Genome MAF No-T2DM/  T2DM/ no- T2DM/
NCBI rs#  Chr. position® Gene Location minor allele frequency no-CAD no-CAD T2DM/CAD CAD
rs2891168 chr9:22098620 CDKN2B-AS1 Intronic A/G 0.40 0.659 0.367 0.498 0.672
rs4880 chr6:159692840 SOD2 Exon2 T/C 0.41 0.924 0.976 0.282 0.364
rs662 chr7:95308134  PON1 Exon 6  G/A 0.46 0.802 0.574 0.604 0.680

Abbreviations: Chr, chromosome; HWE, Hardy-Weinberg equilibrium; MAF, minor allele frequency; Rs, reference SNP.

#Chromosomal

The p-value for HWE was calculated from the genotype data in our cases and controls. p < 0.05 is not consistent with HWE.

position data was based on NCBI genome build 38.p12.
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(Continued)

TABLE 5

T2DM/CAD

no-T2DM/CAD

T2DM/no-CAD

Genotypes/
genetic

AOR (95% CI)®

COR (95% Cl) p-Value? AOR (95% ClI)? p-Value COR (95% ClI) p-Value® AOR (95% CI)? p-Value COR (95% Cl) p-Value®

p-Value

models/alleles

Reference

Reference

Reference

Reference

Reference

Reference

2.05(1.33-3.18) 0.008 1.96 (1.28-3.08) 0.075 1.49 (0.96-2.32) 0.083 142 (0.97-2.42) <0.001 2.30(1.49-3.55) <0.001 2.22 (1.41-3.47)

0.001

Note: Bold p-values are statistically significant (p < 0.05).

Abbreviations: AOR (95% Cl), adjusted odds ratio (95% confidence interval); CAD, coronary artery disease; COR (95% Cl), crude odds ratio (95% confidence interval); Rs, reference SNP; T2DM, type 2 diabetes

mellitus.

2AOR (95% Cl) and p-values were obtained from multivariate analyses after adjusting for age, sex, BMI, smoking, hyperlipidemia, TC, LDL-C, and HDL-C.
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population and are related to multifactorial diseases like T2DM and
CAD. Here, we investigated the prevalence of three independent
polymorphisms in four separate groups. To our knowledge, there is
no previous study on the relationship between polymorphisms
CDKN2B-AS, SOD2, and PON1 and the risk of T2DM/CAD in the
Iranian population.

In this study, we found that rs2891168 is significantly associated
with CAD. We used TagMan allelic discrimination which is one of the
most developed genotyping techniques to detect genotypes. Several
previous GWASs confirmed that rs2891168 is associated with
CAD.”®° The rs2891168 SNP on chromosome 9p21.3 is found in
the intronic sequence of the CDKN2B-AS gene, which is thought to
be a susceptibility locus for the pathogenesis of CAD. Though the
function of CDKN2BAS is not completely known, its level of
expression has been associated with CAD and it seems allelic
modification, changes CDKN2BAS production in the blood and finally
increases the risk for CAD development.®*=3% As mentioned in the
result, rs2891168 was significantly associated with CAD but we
couldn't find any association between rs2891168 and T2DM. These
findings were consistent with previous reports.® After comparing no-
T2DM/no-CAD and T2DM/no-CAD groups, the distribution of G-
allele was relatively similar in both groups and our result might
happen because of the distinct process of causing T2DM.

In the case of PON1 rs662 A>G, the GG, and AG genotypes
were more frequent among the T2DM/no-CAD and T2DM/CAD
groups compared to no-T2DM/no-CAD group, showing the G-allele
may be a risk factor for T2DM susceptibility. As a result, we assume
that rs662 polymorphism is not a risk factor for CAD even though it
may result in a T2DM predisposing factor. The role of paraoxonasel
(PON1) in the inhibition of atherosclerosis is remarkable. Oxidative
stress and inflammation convert LDL to oxidized low-density
lipoprotein (ox-LDL) and it can be internalized by macrophages.
PON1 hydrolyses ox-LDL to LDL and promotes cholesterol efflux
from macrophage, and through this pathway inhibits atherosclerosis.
According to previous studies, it seems the G allele is less effective
than the A allele in oxidation and it can be considered as a risk factor
for CAD.3>*%> Randa et al.%¢ reported that individuals with the GG
genotype show 9-fold risks of developing CAD as compared to an
individual with an AG genotype that demonstrates four-fold risks.
Studies show a contradictory result about the association of rs662
and CAD, but it might be associated due to structural change in
protein and subsequently altered activity of PON1.3” Based on our
study, unlike rs2891168, the allelic distribution of rs662 was notably
different in the T2DM/no-CAD group compared to no-T2DM/no-
CAD group. It supports previous studies that rs662 reduces PON1
activity and concentration which leads to glucose tolerance and

38-40 1t is supposed that OS is

insulin resistance in T2DM patients.
induced by decreased PON1 concentration and/or activity, which in
turn causes muscle cells to take in less blood glucose and become
insulin-resistant.

For the SOD2 rs4880 T > C, the frequency of the C-allele was
not statistically different in comparison with the T-allele between

groups. Similarly, we did not find a remarkable difference between
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the genotypes or genetic models in the four groups. According to our
study, it may be that rs4880 doesn't have any association with CAD
risk, although several previous studies showed that SOD2 polymor-
phism can increase CAD risk by stress-related lipid abnormalities.
SOD2 rs4880 T > C, substitute valine with alanine at position 16 of
signal peptide and subsequently lead to more efficient import of
SOD2 into the mitochondrial matrix.** In 2008, Fujimoto et al.
showed that the alanine variant could increase the SOD2 ability to
neutralize superoxide radicals by its increased activity.*? It seems
SOD2 polymorphism is not directly related to coronary athero-
sclerosis, although more study is needed to confirm this hypothesis.

We faced some limitations in this study. First, different ethnic
groups live in Iran, and each of them has a variety of allele
frequencies, but we just could only reach individuals from southeast
of Iran and it probably affected the results. Second, our study only
shows an association between three effective SNPs of CDKN2B-AS,
SOD2, and PON1 genes inT2DM and CAD development, not a causal
relationship. Additionally, we couldn't investigate the influence of
these SNPs on gene expression or function in this study. Third and
last, our study design does not consider the presence of other
mutations, polymorphisms, and the action of conventional risk factors
that could influence the TD2M and/or CAD development. CAD is a
multifactorial disease that is influenced by both genetic and
environmental factors. Genetic association studies like this create
potential genetic knowledge about the processes and pathways
involved in CAD. Gene expression is affected by one's genetic
background, interaction with other genes, and environmental factors.
It sounds like further studies are recommended in this field to
discover the secret of multifactorial disease pathophysiology
like CAD.

5 | CONCLUSIONS

This study investigates the association between rs2891168, rs4880,
and rs662 gene polymorphisms and the prevalence of T2DM and
CAD in an lIranian population for the first time and suggests that
genetic polymorphisms in the 9p21.3 locus and PON1 gene may have
a relationship with the risk of CAD and T2DM, respectively. Although
the results of the present study suggest that polymorphisms in the
9p21.3 locus and PON1 gene could be prognostic factors useful for
CAD and T2DM prevention, further epidemiologic studies involving a
larger cohort of subjects and functional studies should be performed

to validate and expand these findings.
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