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Abstract: Aim: Coronary artery disease (CAD) is a major health problem in developed and developing nations. De-
velopment of CAD involves a complex interaction between genetics and lifestyle factors. Individuals with high-risk
genetic predisposition along with poor lifestyle are more inclined to the development of CAD. Advancement in
genotyping technologies and increase in genome wide studies has provided a platform to identify new risk factors
associated with CAD and associated complexities. Methodology: In this study we performed genome wide screening
in 76 well-defined CAD cases and 77 control samples in Indian population. Interestingly, new variants are identified
in three genes viz, VLDLR, IFITM2 and C2CD4C. Results: The odds ratios observed for variant rs1869592 (VLDLR),
rs1059091 (IFITMI) and rs7247159 (C2CD4C) were 2.6 (1.4-4.8 95% Cl), 1.9 (95% Cl 1.2-3.1) and 2.1 (1.2-3.7
95% Cl), respectively with significant P value <0.01. These variants that are associated with pathogenesis of CAD
were not previously reported in literature. Moreover, we anticipate that these variants will be further validated using

a larger sample size.
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Introduction

CAD (Coronary Artery Disease) is associated
with atherosclerosis in coronary arteries and
is usually asymptomatic [1]. Atherosclerosis is
the constriction of blood vessels, leading to
poor supply of oxygen to heart and an imbal-
ance is created between supply and demand of
oxygen [2]. CAD is a broad term that encloses
the diagnosis of myocardial infarction, silent
myocardial ischemia, and angina pectoris. The
mortality rate due to CAD has decreased but it
still causes one third of all the deaths in indi-
viduals above 35 years of age [3]. The risk fac-
tors include smoking, psychological factors,
diabetes, obesity, alcohol, physical inactivity,
hypertension, diet, and many others [4]. Ge-
netic factors play an important role along with
the other factors. Several genetic studies have
characterized 9p21 as the most established
locus associated with CAD [5-7]. Various vari-
ants in this locus have been observed to be

causing risk of CAD in different ethnicities; in
Irish population rs10757274, rs2383206 and
rs1333049 were observed to be strongly asso-
ciated with CAD (level of significance ranges
from 10 to 107) [8]. In Indians the rs107572-
78 and rs2383207 at 9p21 have been repli-
cated and these two variants were found be
strongly associated with CAD (P values 10°) [9].
However, the same locus has shown debatable
results where the variants have shown no asso-
ciation with severe CAD in individuals [10, 11],
indicating either that there are multiple genes
playing role in pathogenicity of CAD or genetic
heterogeneity due to pooling of different indi-
viduals of different ancestry [12]. Additionally,
PCSK9 gene variant E670G (rs505151) has
also been evaluated in various ethnicities and
is considered among the most explored variant
associated with CAD with significant P value
<0.05 [13-15]. These two genes along with
other variants CAD can only explain ~50% of
genetic heritability using genome wide variants
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[16] whereas heritability of CAD is between
40-60% based on family and twin studies [17].
Still, this variant effect is limited when evaluat-
ed in a sporadic population and almost 8% of
the population inherits genetic predisposition
towards the risk of CAD [18], indicating that
polygenic inheritance plays pivotal role in com-
plex disorders like CAD [18, 19]. With advent of
genome wide association studies, novel vari-
ants associated with CAD were identified and
such studies also show that the small effects
of common variants play crucial role in patho-
genesis [5, 18, 20, 21]. Perturbingly, most of
the studies took place in a European popula-
tion and limited studies were carried out in
South Asians [18, 22]; such studies are scanty
especially in Indian ethnicity. However, the bur-
den of CAD is speculated to be higher in In-
dians than other global populations [23, 24]. In
addition to CAD burden, prevalence of coronary
heart diseases in India increased from 1.6 to
7.4% and 1to 13.2% in rural and urban popula-
tions respectively [25]. Increasing CAD burden
and high involvement of genetic factors high-
lights a dire need to conduct genome wide
screening in Indian population groups. Such
studies may identify the population specific
risk variants. Since there is a scarcity of infor-
mation related to the genetic risk factors in-
volved in CAD in an Indian population, we per-
formed preliminary genome wide screening to
identify novel putative genetic variations asso-
ciated with CAD.

Materials and methods
Sample selection and collection

A total of 153 individuals (77 controls and 76
cases) were included in the study. The patients
undergoing Percutaneous Coronary Interven-
tion (PCl) at Army Research and Referral
Hospital, New Delhi India were included in the
study and all cases were not consecutive
coronary artery disease (CAD) patients; they
were selected based on Coronary Angiography
(CAG). They underwent CAG to address a culprit
lesion, followed by planned PCI for a complex
lesion later. Patients were referred by an inter-
ventional cardiologist and informed consent
was obtained.

Age and gender matched healthy controls were
selected for the study with no family history of
CVD or any other disorder. Those who self-
reported a history of CVD were excluded from
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the study. Alood sample was collected pro-
perly by a phlebotomist. The vials were stored
at 4°C. The study was approved by Institute
Ethics Committee Army Hospital (R&R),
Hospital, Delhi (approval number-lEC Regn
N0.01/2022). The detailed characteristics of
CAD cases and healthy controls are summa-

rized in Supplementary Tables 1 and 2.

DNA isolation and genotyping

Upon receiving the samples, the DNA was iso-
lated using QIAGEN DNA Investigator Kit and
the quality and concentration was checked by
1% Agarose gel electrophoresis. After the isola-
tion of DNA, the samples underwent the proto-
col of lllumina Infinium High-Throughput Scr-
eening (HTS) Assay for genotyping. DNA was
amplified in a 96 well plate by adding the
reagents along with the DNA and then the plate
was incubated overnight at 37°C in the hybrid-
ization oven for 20-24 hours. After incubation,
the DNA was fragmented and precipitated in
the plate. After precipitation of DNA, a blue
color pellet was seen which contains the DNA.
The pellet was re-suspended and 14 pl of DNA
was loaded onto the BeadChip and were kept
in the hybridization chamber. The hybridization
chamber was kept in the hybridization oven at
48°C for 16-24 hours. Bead chips were taken
out and loaded onto the chamber rack for
washing and staining. The chamber racks were
setup in a water circulator to regulate the tem-
perature and were washed and stained using
different reagents. The BeadChips were dried
in a vacuum desiccator before imaging. After
these were dried, the BeadChips were scann-
ed using the iScan control software. After the
scanning, the idat files so obtained were up-
loaded in the Genome Studio 2.0 to observe
the call rate. The call rates obtained was great-
er than 99%. The genome studio plink plug-in
was used to convert the genotyping data into
plink format for further analyses.

Statistical and in silico analyses

The statistical analysis was mainly performed
using Plink v.1.9 with maximum 10,000 permu-
tations. Each SNP was tested for Hardy Wein-
berg Equilibrium (HWE) [26]. The data filtering
technique was adopted from previous studies
[27, 28]. The result obtained was in the form of
odds Ratio (OR) adjusted for age, gender, and
BMI with 95% Confidence Interval. Additionally,
Calculated OR and allele count was used to cal-
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Table 1. Allele frequency distribution and variants associated with risk of CAD

Chromosome SNPs Gene (Functional Annotation) Risk Allele RAF in cases P value* OR (95% Cl)
9 rs1869592 VLDLR (Intronic Variants) A 0.2905 0.0014 2.6 (1.4-4.8)
11 rs1059091 IFITM2 (Missense Variant) A 0.5066 0.0051 1.9 (1.2-3.1)
19 rs7247159 C2CDA4C (3 prime UTR) A 0.3071 0.0051 2.1 (1.2-3.7)

RAF-Risk Allele Frequency, OR-Odds Ratio, P is significant <0.01, *Adjusted for age, gender, and BMI, HWE in controls >0.05.

Population Attribution Risk of CAD

Other Genetic Variants
(36%)

rs7247159

/— rs1869592 (28

1.2-3.1. The third variant that
increased risk of CAD was
rs7247159 of C2 calcium-
dependent domain containing
4C (C2CD4C) gene and OR
observed was 2.1 with 95% CI
1.2-3.7. The level of signifi-
cance observed for all the
three variants was <0.01. Sta-
tistical analyses showed that
all the three variants observed
are associated with the risk of
CAD in an Indian population
(Table 1). Other variants that
have shown association are
summarized in Supplementary
Table 3.

rs1059091 (24%)

Figure 1. Population attribution risk recognized by three associated variants

in study population group.

culate population attribution risk (PAR) using
PAR calculator of Center for Clinical Research
and Biostatistics (CCRB) (www2.ccrb.cuhk.edu.
hk). Network analysis was performed using
GeneMania prediction server [29]. The gene
specificity towards expression quantitative trait
loci (eQTL) was predicted using FUMA GWAS
[30].

Results
Genetic association analyses

We conducted genome wide screening in 153
individuals which includes 76 cases and 77
controls. Anthropometric characteristics of the
participants are summarized in Supplementary
Table 1. We observed three novel variants in
chromosome 9, 11, and 19 that were found to
be associated with CAD in studied population
groups. The OR observed for the variant rs-
1869592 of very low density lipoprotein recep-
tor (VLDLR) gene was 2.6 with 95% CI 1.4-4.8.
The OR observed for the variant rs1059091 of
interferon induced transmembrane protein 1
(IFITM1) gene showed OR 1.9 with 95% CI of
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Population attribution risk
calculation

The observed allele count was used to calcu-
late PAR and PAR observed for the variant rs-
1869592 was 28.5%, rs1059091 was 24.3%
and rs7247159 was 12.8%. The summarized
PAR values are presented in Figure 1.

Functional mapping and annotation of associ-
ated SNPs

Furthermore, to observe the specificity of the-
se variants in specific tissues (coronary artery)
out of three, two genes (i.e. IFTM1 and VLDLR)
that were observed show expression in the cor-
onary artery tissue (Figure 2). Our statistical
analyses and gene expression data support
our observation that the variants discovered
increase risk of CAD.

Discussion

South Asians represent more than 23% of glob-
al population and are significantly exposed to a
risk of CAD [31]. Genome wide polygenic risk
score study of CAD in South Asians observed
that the Indian cohort samples have a times
higher risk of developing CAD on the basis of
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Figure 2. Heat map of gene expression of the genes that were observed associated with CAD in studied population

group.

polygenic risk models [32]. It has been specu-
lated that genome wide screening in Indian-
specific endogamous groups may provide an
insight of novel risk variants and would con-
tribute in understanding the missing heritabi-
lity of CAD. It is also important to replicate
established CAD markers in Indian population
groups. Population-based case control studies
have observed that various established loci
were significantly associated with risk of CAD in
Indians [9, 33, 34]. Genome wide screening
studies are almost absent in Indian ethnic
groups. The present study was population
based genome wide case-control association
in Indian population where we evaluated 153
individuals (77 cases of CAD and 76 controls).
As per our knowledge, this is the first study of
CAD specifically focused on an Indian popu-
lation.

Three variants, rs1869592, rs1059091, rs72-
47159 of genes VLDLR, IFITM1 and C2CDA4C,
respectively were found to be associated with
risk of CAD in the studied population group. In
this genome wide screening, ~0.7 million mark-
ers were evaluated. It observed only three
markers in chromosome nine, eleven and nine-
teen that have show a significant association
with the studied trait. Among these three sig-
nificant variants, rs1869592 of VLDLR showed
higher odds of 2.6 whereas the odds observed
in other two variants were 1.9 and 2.1 for vari-
ants rs1059091 (IFITM2) and rs7247159 (C2-
CD4C), respectively for CAD risk. Additionally,
variants rs1869592 of VLDLR genes showed a
higher significance level than other two vari-
ants supported by high PAR i.e., 28%. We fur-
ther searched the scientific literature to ex-
plore the connection of gene observed with
their speculated functional applications.

The low density lipoprotein receptor (LDLR)
gene is comprised of cell surface proteins that
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have role in receptor based lipid endocytosis
[35]. It also plays important roles in VLDL-
triglyceride metabolism and the reelin signal-
ing pathway [36]. Significant relation between
VLDL cholesterol levels and atrial cholesterol
concentration was observed in atrial biopsies
obtained during coronary artery surgery [37].
Additionally, VLDLR was observed to be an
independent risk factor in atherosclerosis as
VLDLR mRNA was found to be highly induced
in atherosclerotic lesions [38]. The variant
rs1869592 of VLDLR showed a lower risk of
CAD in our studied population, indicating the
variant may influence the metabolism of lipo-
protein and may have a role in CAD.

Another variant that was found to be associat-
ed with risk of CAD is rs1059091 of IFITM1
gene. Interferon Induced Trans membrane Pro-
tein 1 plays key role in body defense against
viruses and parasites, exhibits anti-prolifera-
tive and differentiating activities, and immune-
modulating responses [39]. Interferons play a
protective role in cardiomyocytes by fighting
against viral infection. There is growing in vitro
evidence that interferons play a critical role in
cardiomyocyte apoptosis [40]. The interferon
upregulation increased susceptibility towards
vascular diseases in systemic lupus erythro-
matosus patients [41]. An In vivo study reveals
that interferons (IFITM1 and IFITM3) are possi-
bly involved in differentiation and cell prolifera-
tion during heart development [39]. The study
highlights that IFITM1 may have a role in im-
pairment associated with CAD and the mis-
sense variant that is found is associated with
development of CAD.

A third variant that was observed to be associ-
ated with the risk of CAD in the studied popula-
tion group was rs7247159 of C2CD4C gene. It
is C2 Calcium Dependent Domain Containing
4C Protein Coding gene [42]. Some SNPs in

Am J Transl Res 2022;14(7):5124-5131
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Figure 3. Network analyses represent genetic interaction among identified genes associated with CAD.

C2CD4C region were previously associated
with clinical cardiovascular events [43]. There
were previously reported SNPs in the C2CD4C
gene, and our results agree, highlighting a role
of the identified variant in CAD. We performed
network analysis among the identified genes
using GeneMania. All three genes are 70%
functionally interconnected and 30% in co-
expression as well as in pathways (Figure 3).

In conclusion, our study suggests SNPs in
VLDLR, IFITM1 and C2CD4C are commonly
associated with CAD in Indian population
groups. To the best of our knowledge the vari-
ants so observed in present study have never
been reported in other populations. Additional-
ly, PAR calculation shows that all three asso-
ciated variants contribute >10% of attributed
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risk towards CAD, highlighting more genetic
variants is needed to be explored to have pre-
cise evidence about the genetic susceptibility
towards CAD in Indians. Moreover, network
analyses have shown an increased effect in
associations suggesting the importance of
gene-gene and pathway based interaction be-
tween multiple functionally important genes
(Figure 2). Our study was not able to attain the
GWAS threshold (i.e. p>5*10°8), is the only limi-
tation and the plausible reason could be small
sample size (N = 153). Moreover, the putative
functional annotations of these variants indi-
cate that these might have strong regulatory
role in CAD which further warrants functional
validation studies of these variants. These vari-
ants should be added in polygenic risk model-
ing, as there is scarcity of GWAS of such disor-

Am J Transl Res 2022;14(7):5124-5131
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ders specifically for Indian population groups,
where the incidence rate of CAD is soaring. We
anticipate further such genome wide screening
of Indian populations with larger sample size
would contribute in understanding the missing
heritability of CAD.

Acknowledgements

The authors thank the research participants
from all sites who made this study possible.
All authors acknowledge NMC Genetics India
Pvt. Ltd. for providing genotyping services. All
authors acknowledge Mr. Adiredi Govind Rao.

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Anuka Sharma,
Senior Scientist, NMC Genetics India Pvt. Ltd.,
Gurugram 122001, Haryana, India. E-mail: anuka.
sharma2@gmail.com; Dr. Varun Sharma, Scientist,
NMC Genetics India Pvt. Ltd., Gurugram 122001,
Haryana, India. E-mail: sharmavarun840@gmail.
com

References

[1] Lusis AJ. Atherosclerosis. Nature 2000; 407:
233-241.

[2] Rehman S, Khan A and Rehman A. Physiology,
coronary circulation. StatPearls. Treasure Is-
land (FL): 2021.

[3] Ferreira-Gonzalez |. The epidemiology of coro-
nary heart disease. Rev Esp Cardiol (Engl Ed)
2014; 67: 139-144.

[4] Oliveira GB, Avezum A and Roever L. Cardiovas-
cular disease burden: evolving knowledge of
risk factors in myocardial infarction and stroke
through population-based research and per-
spectives in global prevention. Front Cardio-
vasc Med 2015; 2: 32.

[5] Helgadottir A, Thorleifsson G, Manolescu A,
Gretarsdottir S, Blondal T, Jonasdottir A, Jonas-
dottir A, Sigurdsson A, Baker A, Palsson A,
Masson G, Gudbjartsson DF, Magnusson KP,
Andersen K, Levey Al, Backman VM, Matthias-
dottir S, Jonsdottir T, Palsson S, Einarsdottir H,
Gunnarsdottir S, Gylfason A, Vaccarino V,
Hooper WC, Reilly MP, Granger CB, Austin H,
Rader DJ, Shah SH, Quyyumi AA, Gulcher JR,
Thorgeirsson G, Thorsteinsdottir U, Kong A and
Stefansson K. A common variant on chromo-
some 9p21 affects the risk of myocardial in-
farction. Science 2007; 316: 1491-1493.

[6] McPherson R, Pertsemlidis A, Kavaslar N,
Stewart A, Roberts R, Cox DR, Hinds DA, Pen-

5129

(8]

(10]

(11]

[12]

(14]

nacchio LA, Tybjaerg-Hansen A, Folsom AR,
Boerwinkle E, Hobbs HH and Cohen JC. A com-
mon allele on chromosome 9 associated with
coronary heart disease. Science 2007; 316:
1488-1491.

Samani NJ, Erdmann J, Hall AS, Hengstenberg
C, Mangino M, Mayer B, Dixon RJ, Meitinger T,
Braund P, Wichmann HE, Barrett JH, Konig IR,
Stevens SE, Szymczak S, Tregouet DA, lles
MM, Pahlke F, Pollard H, Lieb W, Cambien F,
Fischer M, Ouwehand W, Blankenberg S, Balm-
forth AJ, Baessler A, Ball SG, Strom TM,
Braenne |, Gieger C, Deloukas P, Tobin MD,
Ziegler A, Thompson JR and Schunkert H;
WTCCC and the Cardiogenics Consortium. Ge-
nomewide association analysis of coronary ar-
tery disease. N Engl J Med 2007; 357: 443-
453.

Meng W, Hughes AE, Patterson CC, Belton C,
Kee F and McKeown PP. Chromosome 9p21.3
is associated with early-onset coronary heart
disease in the Irish population. Dis Markers
2008; 25: 81-85.

AshokKumar M, Emmanuel C, Dhandapany
PS, Rani DS, SaiBabu R, Cherian KM and Than-
garaj K. Haplotypes on 9p21 modify the risk for
coronary artery disease among Indians. DNA
Cell Biol 2011; 30: 105-110.

Ye S, Willeit J, Kronenberg F, Xu Q and Kiechl
S. Association of genetic variation on chromo-
some 9p21 with susceptibility and progression
of atherosclerosis: a population-based, pro-
spective study. J Am Coll Cardiol 2008; 52:
378-384.

Dandona S, Stewart AF, Chen L, Williams K, So
D, O’Brien E, Glover C, Lemay M, Assogba O, Vo
L, Wang YQ, Labinaz M, Wells GA, McPherson
R and Roberts R. Gene dosage of the common
variant 9p21 predicts severity of coronary ar-
tery disease. J Am Coll Cardiol 2010; 56: 479-
486.

Sharma V, Sharma I, Sethi |, Mahajan A, Singh
G, Angural A, Bhanwer AJS, Dhar MK, Singh V,
Rai E and Sharma S. Replication of newly iden-
tified type 2 diabetes susceptible loci in North-
west Indian population. Diabetes Res Clin
Pract 2017; 126: 160-163.

He XM, Chen L, Wang TS, Zhang YB, Luo JB and
Feng XX. E670G polymorphism of PCSK9 gene
of patients with coronary heart disease among
Han population in Hainan and three provinces
in the northeast of China. Asian Pac J Trop Med
2016; 9: 172-176.

Slimani A, Harira Y, Trabelsi |, Jomaa W, Maa-
touk F, Hamda KB and Slimane MN. Effect of
E670G polymorphism in PCSK9 gene on the
risk and severity of coronary heart disease and
ischemic stroke in a Tunisian cohort. J Mol
Neurosci 2014; 53: 150-157.

Am J Transl Res 2022;14(7):5124-5131


mailto:anuka.sharma2@gmail.com
mailto:anuka.sharma2@gmail.com
mailto:sharmavarun840@gmail.com
mailto:sharmavarun840@gmail.com

[15]

(16]

(17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

5130

Genome wide screening for CAD in Indian population

Reddy S, Kaur N and Singh J. A novel study to
examine the association of PCSK9 rs505151
polymorphism and coronary artery disease in
north Indian population. J Genet 2018; 97:
1371-1378.

Won HH, Natarajan P, Dobbyn A, Jordan DM,
Roussos P, Lage K, Raychaudhuri S, Stahl E
and Do R. Disproportionate contributions of
select genomic compartments and cell types
to genetic risk for coronary artery disease.
PLOS Genet 2015; 11: e1005622.

Vinkhuyzen AA, Wray NR, Yang J, Goddard ME
and Visscher PM. Estimation and partition of
heritability in human populations using whole-
genome analysis methods. Annu Rev Genet
2013; 47: 75-95.

Khera AV, Chaffin M, Aragam KG, Haas ME,
Roselli C, Choi SH, Natarajan P, Lander ES, Lu-
bitz SA, Ellinor PT and Kathiresan S. Genome-
wide polygenic scores for common diseases
identify individuals with risk equivalent to
monogenic mutations. Nat Genet 2018; 50:
1219-1224.

Swarup G and Subrahmanyam G. Purification
and characterization of a protein-phosphotyro-
sine phosphatase from rat spleen which de-
phosphorylates and inactivates a tyrosine-spe-
cific protein kinase. J Biol Chem 1989; 264:
7801-7808.

Coronary Artery Disease Consortium, Samani
NJ, Deloukas P, Erdmann J, Hengstenberg C,
Kuulasmaa K, McGinnis R, Schunkert H,
Soranzo N, Thompson J, Tiret L and Ziegler A.
Large scale association analysis of novel ge-
netic loci for coronary artery disease. Arterio-
scler Thromb Vasc Biol 2009; 29: 774-780.
Clarke R, Peden JF, Hopewell JC, Kyriakou T,
Goel A, Heath SC, Parish S, Barlera S, Franzosi
MG, Rust S, Bennett D, Silveira A, Malarstig A,
Green FR, Lathrop M, Gigante B, Leander K, de
Faire U, Seedorf U, Hamsten A, Collins R, Wat-
kins H and Farrall M; PROCARDIS Consortium.
Genetic variants associated with Lp(a) lipopro-
tein level and coronary disease. N Engl J Med
2009; 361: 2518-2528.

Coronary Artery Disease (C4D) Genetics Con-
sortium. A genome-wide association study in
Europeans and South Asians identifies five
new loci for coronary artery disease. Nat Genet
2011; 43: 339-344.

Mangalmurti SS, Paley A, Gany F, Fisher EA
and Hochman JS. South Asians and risk of car-
diovascular disease: current insights and
trends. Ethn Dis 2010; 20: 474-478.
Prabhakaran D, Jeemon P and Roy A. Cardio-
vascular diseases in India: current epidemiol-
ogy and future directions. Circulation 2016;
133: 1605-1620.

Gupta R, Joshi P, Mohan V, Reddy KS and Yu-
suf S. Epidemiology and causation of coronary

[26]

[27]

(28]

[29]

(30]

(31]

(32]

(33]

heart disease and stroke in India. Heart 2008;
94: 16-26.

Purcell S, Neale B, Todd-Brown K, Thomas L,
Ferreira MA, Bender D, Maller J, Sklar P, de
Bakker PI, Daly MJ and Sham PC. PLINK: a tool
set for whole-genome association and popula-
tion-based linkage analyses. Am J Hum Genet
2007; 81: 559-575.

Sethi I, Sharma V, Sharma |, Singh G, Bhat GR,
Bhanwer AJS, Sharma S and Rai E. Telomere
maintenance genes are associated with type 2
diabetes susceptibility in northwest Indian
population group. Sci Rep 2020; 10: 6444.
Verma S, Sharma |, Sharma V, Bhat A, Shah R,
Bhat GR, Sharma B, Bakshi D, Nagpal A,
Wakhloo A, Bhat A and Kumar R. MassArray
analysis of genomic susceptibility variants in
ovarian cancer. Sci Rep 2020; 10: 21101.
Warde-Farley D, Donaldson SL, Comes O, Zu-
beri K, Badrawi R, Chao P, Franz M, Grouios C,
Kazi F, Lopes CT, Maitland A, Mostafavi S, Mon-
tojo J, Shao Q, Wright G, Bader GD and Morris
Q. The GeneMANIA prediction server: biologi-
cal network integration for gene prioritization
and predicting gene function. Nucleic Acids
Res 2010; 38: W214-220.

Watanabe K, Taskesen E, van Bochoven A and
Posthuma D. Functional mapping and annota-
tion of genetic associations with FUMA. Nat
Commun 2017; 8: 1826.

Volgman AS, Palaniappan LS, Aggarwal NT,
Gupta M, Khandelwal A, Krishnan AV, Licht-
man JH, Mehta LS, Patel HN, Shah KS, Shah
SH and Watson KE; American Heart Associa-
tion Council on Epidemiology and Prevention;
Cardiovascular Disease and Stroke in Women
and Special Populations Committee of the
Council on Clinical Cardiology; Council on Car-
diovascular and Stroke Nursing; Council on
Quality of Care and Outcomes Research; and
Stroke Council. Atherosclerotic cardiovascular
disease in South Asians in the United States:
epidemiology, risk factors, and treatments: a
scientific statement from the American heart
association. Circulation 2018; 138: e1-e34.
Wang M, Menon R, Mishra S, Patel AP, Chaffin
M, Tanneeru D, Deshmukh M, Mathew O, Apte
S, Devanboo CS, Sundaram S, Lakshmipathy
P, Murugan S, Sharma KK, Rajendran K, San-
thosh S, Thachathodiyl R, Ahamed H, Bale-
gadde AV, Alexander T, Swaminathan K, Gupta
R, Mullasari AS, Sigamani A, Kanchi M, Peter-
son AS, Butterworth AS, Danesh J, Di Angelan-
tonio E, Naheed A, Inouye M, Chowdhury R,
Vedam RL, Kathiresan S, Gupta R and Khera
AV. Validation of a genome-wide polygenic
score for coronary artery disease in South
Asians. J Am Coll Cardiol 2020; 76: 703-714.
Kaur N, Singh Jand Reddy S. ANRIL rs1333049
C/G polymorphism and coronary artery dis-

Am J Transl Res 2022;14(7):5124-5131



[34]

[35]

(36]

[37]

[38]

[39]

5131

Genome wide screening for CAD in Indian population

ease in a North Indian population - gender and
age specific associations. Genet Mol Biol
2020; 43: €20190024.

Bhanushali AA, Contractor A and Das BR. Vari-
antat 9p21 rs1333049 is associated with age
of onset of coronary artery disease in a West-
ern Indian population: a case control associa-
tion study. Genet Res (Camb) 2013; 95: 138-
145.

Defesche JC. Low-density lipoprotein receptor-
-its structure, function, and mutations. Semin
Vasc Med 2004; 4: 5-11.

Akopians AL, Babayan AH, Beffert U, Herz J,
Basbaum Al and Phelps PE. Contribution of the
Reelin signaling pathways to nociceptive pro-
cessing. Eur J Neurosci 2008; 27: 523-537.
Nestel PJ and Poyser A. Cholesterol content of
the human atrium is related to plasma lipopro-
tein levels. Atherosclerosis 1978; 30: 177-
183.

Zhao F, Qi Y, Liu J, Wang W, Xie W, Sun J, Liu J,
Hao Y, Wang M, Li Y and Zhao D. Low very low-
density lipoprotein cholesterol but high very
low-density lipoprotein receptor mrna expres-
sion in peripheral white blood cells: an athero-
genic phenotype for atherosclerosis in a com-
munity-based population. EBioMedicine 2017;
25: 136-142.

Lau SL, Yuen ML, Kou CY, Au KW, Zhou J and
Tsui SK. Interferons induce the expression of
IFITM1 and IFITM3 and suppress the prolifera-
tion of rat neonatal cardiomyocytes. J Cell Bio-
chem 2012; 113: 841-847.

[40]

[41]

[42]

[43]

Schirmer SH, Bot PT, Fledderus JO, van der
Laan AM, Volger OL, Laufs U, Bohm M, de Vries
CJ, Horrevoets AJ, Piek JJ, Hoefer IE and van
Royen N. Blocking interferon {beta} stimulates
vascular smooth muscle cell proliferation and
arteriogenesis. J Biol Chem 2010; 285: 34677-
34685.

Lood C, Amisten S, Gullstrand B, Jonsen A, All-
horn M, Truedsson L, Sturfelt G, Erlinge D and
Bengtsson AA. Platelet transcriptional profile
and protein expression in patients with system-
ic lupus erythematosus: up-regulation of the
type | interferon system is strongly associated
with vascular disease. Blood 2010; 116: 1951-
1957.

Nagase T, Kikuno R and Ohara O. Prediction of
the coding sequences of unidentified human
genes. XXIl. The complete sequences of 50
new cDNA clones which code for large pro-
teins. DNA Res 2001; 8: 319-327.

Shendre A, Irvin MR, Wiener H, Zhi D, Limdi
NA, Overton ET and Shrestha S. Local ancestry
and clinical cardiovascular events among Afri-
can Americans from the atherosclerosis risk in
communities study. J Am Heart Assoc 2017; 6:
e004739.

Am J Transl Res 2022;14(7):5124-5131



Genome wide screening for CAD in Indian population

Supplementary Table 1. Distribution of risk factors among CAD cases and healthy controls

Data Cases (N = 76)* Controls (N = 77)**
Age (in years) 59.7 (+17.9) 57.47 (+19.03)
Gender (in percentage) Male = 88.16% Males = 71.43
Females = 11.84% Females = 28.57%
BMI (in Kg/m?) 23.9 (x3.7) 24.1 (+4.0)
Smoking (in percentage) Yes = 17.1% -
No = 82.9%
Alcohol Consumption (in percentage) Yes = 21.05% -
No = 78.95%
Hypertension (in percentage) Yes = 21.05 -
No = 78.95
Diabetes (in percentage) Yes = 28.95 -
No = 71.05
Thyroid (in percentage) Yes = 3.95 -
No = 96.05

*All cases are confirmed by Coronary Angiography (CAG), **All controls are healthy with no indications of CAD with any family
history of CAD or disorders associated with CAD.

Supplementary Table 2. Clinical profile of CAD cases

Data Total CAD patients (n = 76)
Stable CAD 41 (53.9%)
Acute Coronary Syndrome 35 (46.1%)
Unstable Agina 7 (9.1%)
NSTEMI (Non-ST-elevation myocardial infarction) 5 (9.2%)
STEMI (ST-elevation myocardial infarction) 23 (30.3%)
LV Dysfunction 17 (22.4%)
Severe 5 (6.6%)
Moderate 2 (2.6%)
Mild 10 (13.15%)

Culprit Lesion (The angiographic distribution of CAD in patients)
Triple Vessel Disease 17 (22.4%)
Double Vessel Disease 14 (18.4%)
LAD (Left anterior descending artery) 50 (64.9%)
RCA (Right coronary artery) 28 (36.8%)
17 ( )

LCX (Left circumflex artery) 22.4%

Supplementary Table 3. Variants shown association with CAD

CHR SNPs BP Al A2 p value OR

2 rs4643574 315215 A G 0.04695 0.5547
2 rs59365208 322579 A G 0.04912 1.9

2 rs1511326 478095 A C 0.01323 1.794
2 rs59053869 730616 A c 0.04491 1.624
2 rs55681810 733101 G A 0.003864 1.973
2 rs13428401 733534 C A 0.02477 2.902
2 rs4854364 741003 G A 0.008459 1.889
6 rs11242709 209159 A G 0.000506 2.813
6 rs908026 455419 G A 0.03233 0.5873
6 rs12202284 471136 A C 0.03555 0.3639
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