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ABSTRACT

The coronary artery disease (CAD) is a leading cause of the morbidity and mortality worldwide and
has also become a major public health burden in India in recent decades. The LDLR gene mutations
have been reported associated with familial CVD and are one of the main risk factors for developing
coronary artery disease (CAD).

In the present study using the contingency chi-square test, statistically significant differences were
observed between the CAD cases and matched healthy controls in the distribution of the genotypes of
four out six SNPs investigated viz., rs688C>T (p=0.0031), rs1529729C>T (p=0.0001), rs5925G>A
(p=0.006) and rs72658855C>T (p=0.0349). This suggested that these four SNPs are associated with
CAD in the present material studied from Bangalore.

SNP-SNP interaction analysis revealed statistically significant hypostatic effect of rs688-rs2228671
combination, while rs688-rs72658855 combination showed statistically significant epistatic effect and
the haplotype analysis demonstrated decreased (protective) risk of statistically significant association
of TATCC, CGTCC and TACCT with CAD.

Further studies from different regions of the country are required to validate the present findings
relating the association of genomic variants of LDLR gene with the susceptibility to CAD in people of
India.

Keywords: CAD-coronary artery disease; LDLR-low-density lipoprotein receptor; SNP-SNP
interaction; Haplotype analysis; OR-odds ratio; Cl-confidence interval

INTRODUCTION Although many studies have reported the

The coronary artery disease (CAD) is a
leading cause of the morbidity and mortality
worldwide and has also become a major
public health burden in India in recent
decades (Mukherjee, 1995, Prabhakaran et
al., 2016). The Registrar General of India
reported that CHD led to 17% of the total
deaths and 26% of adult deaths in 2001-
2003, which increased to 23% of the total
and 32% of the adult deaths in 2010-2013
(Gupta et al., 2016).

prevalence of CAD in India but there is little
work available in literature on the role of the
genetic factors in CAD. LDLR (low-density
lipoprotein receptor) gene is one of the most
accountable such factor in the development
of the disease. LDLR is responsible for the
binding and uptake of the plasma LDL
particles and plays a critical role in
maintaining cellular cholesterol homeostasis
(Goldstein et al, 1982). One thousand and
seven hundred mutations in the gene have
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been reported associated with familial CVD,
which is one of the traditional risk factors
for the disease. Recent GWAS (genome
wide association studies) have highlighted
that common variants at the LDLR locus are
strongly associated with proatherogenic
lipid profile and CAD status (Teslovich et
al., 2010 and Knowles et al, 2018).

The LDLR gene mutations have been
reported associated with familial CVD
Brown et al, 1986) and are one of the main
risk factors for developing coronary artery
disease (CAD) (Chandan et al, 2019).
Limited studies are available from India in
this field and it is therefore that the present
investigation was undertaken to evaluate the
association, if any, of the 6 SNPs of the
LDLR gene with the coronary artery disease
susceptibility in the population of
Bangalore, Karnataka, South India by the
help of SNPstats software
(http://bioinfo.iconcologia.net/snpstats/start.
htm) to identify the significant hypostatic or
epistatic effect at the pair-wise SNP-SNP
interactions between the various SNPs of
LDLR gene and Haplotype analysis.

MATERIALS AND METHODS

This study was a hospital-based case control
study. Subjects were collected from
different hospitals. Informed written consent
was obtained for all study subjects. The
research study was approved by the Ethical
Committee of Punjabi University.

Inclusion Criteria

The case control study included clinically-
confirmed coronary artery disease cases.
The diagnosis was confirmed using
electrocardiogram (ECG), echocardiogram
stress test, cardiac catheterization and
angiogram heart scan. Out of 200 CAD
patients, 180 were males and 20 were
females.

Exclusion Criteria

The exclusion criteria involved patients with
who had previously had coronary bypass
surgery or percutaneous trans-luminal
coronary angioplasty (PTCA) because of
their treated coronary status.

Collection of Clinical History

Informed written consent was obtained from
all CAD patients, as well as healthy
controls. Both CAD patients as well as
healthy controls were interviewed using a
structured questionnaire regarding
epidemiological/demographic  data, past
history, history of addiction, particularly
smoking, family history of Ml or CAD. The
detailed laboratory and clinical data were
collected to determine relevant clinical
history.

Procedure of DNA Extraction and
Genotyping

DNA was extracted from the blood samples
by using the glass bead method (Chandan et
al, 2016). Genotyping of the studied SNPs
was done using the standard laboratory
protocols which involved the amplification
of the DNA by either the Allele Specific
PCR (AS-PCR) for SNPs rs688C>T,
rs1529729C>T, rs5925G>A,
rs72658855C>T and rs565675103C>A or
the Amplification Refractory Mutation
System PCR (ARMS-PCR) for SNP
rs2228671C>T, followed by electrophoresis
of the amplicons in each case. The results
were read under UV light in UVP GelDoc-It
Imaging system and recorded.

The AS-PCR is based on the use of
sequence-specific PCR primers that allow
amplification of the template DNA when the
target allele is contained within the
extracted DNA sample.

Analysis of snp - snp interaction between
the SNPs of LDLR gene

The SNPstats software
(http://bioinfo.iconcologia.net/snpstats/start.
htm) was used to identify the significant
hypostatic or epistatic effect at the pair-wise
SNP-SNP interactions between the various
SNPs of LDLR gene. To illustrate this
analysis, a logistic regression model like
odds ratio (OR) and 95% confidence
intervals (Cl) was fitted to the present
genotype data to test for each model of
hypostatic or epistasis effect. The p-value
was calculated by the Bonferroni-correction

International Journal of Health Sciences and Research (www.ijhsr.org) 256
Vol.12; Issue: 8; August 2022



Kulwinder Kaur et.al. Identify the significant hypostatic or epistatic effect between the various SNPs of LDLR
gene through SNP-SNP interaction and Haplotype analysis-A case control study.

with a statistically significant threshold of
p=<0.05.

Haplotype analysis

The haplotype analysis was carried out
using the online programme SNPSTATS
web tool for SNP analysis provided by
Institut Catala d'Oncologias and accessed
through
http://bioinfo.iconcologia.net/snpstats/start.h
tm. When analyzing multiple SNPs of the
same gene, as is the case in the present
study, the programme will perform linkage
disequilibrium statistics, haplotype
frequency estimations and analysis of
haplotype association with disease outcome.

Linkage disequilibrium (LD) analysis

The linkage disequilibrium (LD) is a
situation when two alleles at two different
loci are inherited together more frequently
than that expected under the independent
assortment. In other words, linkage
disequilibrium describes the correlation
between two alleles located on the same
chromosome. During recombination
sections of different copies of chromosome
pairs are interchanged. The LD results
indicate the alleles closely located to those
causal of disease to be identified as
associated with the disease. Linkage
disequilibrium has been calculated using the
online web-based SNP analysis SNPstats
accessed through the link:
http://bioinfo.iconcologia.net/en/SNPStats_
web.

RESULT AND DISCUSSION

CAD is a multifactorial disease affected by
both genes and the environment (Shirodkar
and Marsden, 2011). Traditional risk
factors, such as lipid-rich diet, advanced
age, smoking, hypertension, diabetes
mellitus and dyslipidemia have been
reported to be associated with an increased
risk of CAD (Musunuru and Kathiresan
2010).

In the present study using the contingency
chi-square test, statistically significant
differences were observed between the

CAD cases and matched healthy controls in
the distribution of the genotypes of four out
six SNPs investigated viz., rs688C>T
(p=0.0031), rs1529729C>T (p=0.0001),
rs5925G>A (p=0.006) and rs72658855C>T
(p=0.0349). This suggested that these four
SNPs are associated with CAD in the
present material studied from Bangalore.
Using the odds ratio (OR) test, the increased
risk of developing CAD in Bangalore city
(Karnataka state) population was found to
be associated with LDLR SNPs viz.,
rs688C>T (OR = 3.0, 95% CI = 1.43-6.2,
p=0.0037), rs1529729C>T (OR = 2.36, 95%
Cl=1.3-4.29, p=0.0047), rs2228671C>T
(OR=2.8, 95% CI=1.07-7.34, p=0.034) and
rs72658855C>T (OR=1.66, 95% CI=1.07-
2.58, p=0.0215). On the other hand,
rs5925G>A (OR = 0.477, 95% CI=0.28-
0.78, p=0.003) was found associated with a
decreased susceptibility to the CAD in this
study.

In the present study, the covariates
correlation of genotype frequency of SNP
with CAD showed non-significant value,
except in the SNP rs688C>T, the family
history of CAD showed significant value
(p=0.04) and in rs2228671C>T, the LDL-
cholesterol concentration showed significant
value (p=0.0047).

SNP-SNP Interaction

Interaction between two or more SNPs (or
genetic loci in general) is commonly
referred to as epistasis (Cordell, 2002).
Different epistatic effects have been
observed in a variety of species, which are
useful to define different genetic inheritance
models of interaction between two SNPs.
Analysis of all possible 10 pair-wise SNP-
SNP interactions, only rs688-rs2228671 and
rs688-rs72658855  showed  statistically
significant association with CAD in
population of Bangalore city (Karnataka
state). In the homozygous rs2228671 CC
genetic background, homozygous rs688 TT
genotype conferred a reduced risk of CAD
(OR=0.24) compared to the wild-type rs688
CC genotype. And the heterozygous rs688
CT genotype combined with heterozygous
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rs2228671 CT led to a potentially protective
effect (OR = 0.23) on CAD compared to the
wild-type rs688 CC genotype. And in the
homozygous rs72658855 CC  genetic
background, the heterozygous rs688 CT
genotypes conferred a higher risk of CAD
(OR= 3.67) compared to the wild-type rs688
CC genotype.

The results presented in Table 3 show that
SNP pair rs688-rs2228671 demonstrated
statistically significant hypostatic effect

with  OR=0.24 (95% Cl= 0.11-0.52,
p=0.03). On the other hand, SNP pair rs688-
rs72658855 showed statistically significant
epistatic effect with OR=3.67 (95% ClI=
1.22-11.02, p = 0.0037) (Table 4). The
remaining eight SNP-SNP interactions
showed no hypostatic or epistatic effect as
test of interaction was found to be
statistically non-significant in each case
(Tables 1-10).

Table 1. SNP-SNP interaction between LDLR gene SNPs rs688 and rs5925 in the present study.

rs688 rs5925
GG GA AA
Cases | Controls OR Cases | Controls OR Cases | Controls OR
(95% CI) (95% CI) (95% CI)
cc 10 5 1.00 15 25 3.33 3 6 4.0
(0.96-11.63) (0.69-23.09)
CT 34 22 1.29 83 113 2.72 13 11 1.69
(0.39-4.30) (0.90-8.26) (0.44-6.47)
T 10 3 0.60 26 14 1.08 6 1 0.33
(0.11-3.21) (0.31-3.78) (0.03-3.58)
Interaction p value: 0.73

OR = Odds Ratio, CI = Confidence interval.

Table 2. SNP-SNP interaction between LDLR gene SNPs rs688 and rs1529729 in the present study.

rs688 rs1529729
CcC CT 1T

Cases | Controls OR Cases | Controls OR Cases | Controls OR
(95% CI) (95% CI) (95% CI)

ccC 1 6 1.00 21 29 0.23 6 1 0.03
(0.03-2.06) (0.00-0.55)

CT 12 31 0.43 102 110 0.18 16 5 0.05
(0.05-3.96) (0.02-1.52) (0.01-0.54)

TT 5 5 0.17 31 13 0.07 6 0 0.00

(0.01-1.94) (0.01-0.64)
Interaction p value : 0.74

OR = Odds Ratio, CI = Confidence interval.

Table 3. SNP-SNP interaction between LDLR gene SNPs rs688 and rs2228671 in the present study.

rs688 rs2228671
CcC CT TT
Cases | Controls OR Cases | Controls OR Cases | Controls OR

(95% CI) (95% CI) (95% CI)

CC 22 36 1.00 4 0 0.00 2 0 0.00

CT 121 142 0.72 8 3 0.23 1 1 0.61
(0.40-1.29) (0.05-0.96) (0.04-10.27)

TT 41 16 0.24 1 1 0.61 0 1
(0.11-0.52) (0.04-10.27)

Interaction p value : 0.03*

OR = Odds Ratio, Cl = Confidence interval, *statistically significant

Table 4. SNP-SNP interaction between LDLR gene SNPs rs688 and rs72658855 in the present study.

rs688 rs72658855
cC CT 1T
Cases | Controls OR Cases | Controls OR Cases | Controls OR
(95% CI) (95% CI) (95% CI)
cc 11 6 1.00 15 28 3.42 2 2 1.83
(1.06-11.09) (0.20-16.51)
CT 26 52 3.67 102 89 1.60 2 5 4.58
(1.22-11.02) (0.57-4.50) (0.67-31.20)
TT 11 11 1.83 31 7 0.41 0 0
(0.50-6.72) (0.11-1.50)
Interaction p value : 0.0037*

OR = Odds Ratio, CI = Confidence interval, *statistically significant
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Table 5. SNP-SNP interaction between LDLR gene SNPs rs5925 and rs1529729 in the present study.

rs5925 rs1529729
CcC CT 1T
Cases | Controls OR Cases | Controls OR Cases | Controls OR
(95% CI) (95% CI) (95% CI)
GG 6 7 1.00 37 21 0.49 11 2 0.16
(0.14-1.64) (0.02-1.00)
GA 11 32 2.49 99 119 1.03 14 1 0.06
(0.69-9.04) (0.34-3.17) (0.01-0.61)
AA 1 3 2.57 18 12 0.57 3 3 0.86
(0.21-31.71) (0.15-2.12) (0.12-5.94)
Interaction p value : 0.14

OR = Odds Ratio, CI = Confidence interval.

Table 6. SNP-SNP interaction between LDLR gene SNPs rs5925 and rs2228671 in the present study.

rs5925 | rs2228671
CcC CT 1T
Cases | Controls | OR Cases | Controls | OR Cases | Controls | OR
(95% CI) (95% CI) (95% CI)
GG 52 30 1.00 2 0 0.00 0 0 ---
GA 113 146 2.24 8 4 0.87 3 2 1.16
(1.34-3.74) (0.24-3.12) (0.18-7.31)
AA 19 18 1.64 3 0 0.00 0 0
(0.75-3.60)
Interaction p value : 0.33

OR = Odds Ratio, CI = Confidence interval.

Table 7. SNP-SNP interaction between LDLR gene SNPs rs5925 and rs72658855 in the present study.

rs5925 rs72658855
CcC CT TT
Cases | Controls OR Cases | Controls OR Cases | Controls OR
(95% CI) (95% CI) (95% CI)
GG 11 7 1.00 42 22 0.82 1 1 157
(0.28-2.42) (0.08-29.41)
GA 32 54 2.65 89 92 1.62 3 6 3.14
(0.93-7.53) (0.60-4.38) (0.59-16.85)
AA 5 8 251 17 10 0.92 0 0
(0.58-10.88) (0.27-3.16)
Interaction p value : 0.84

OR = Odds Ratio, CI = Confidence interval.

Table 8. SNP-SNP interaction between LDLR gene SNPs rs1529729 and rs2228671 in the present study.

rs1529729 rs2228671
CcC CT TT
Cases | Controls OR Cases | Controls OR Cases | Controls OR
(95% CI) (95% CI) (95% CI)
CcC 17 40 1.00 1 0 0.00 0 2
CT 143 148 0.44 8 4 0.21 3 0 0.00
(0.24-0.81) (0.06-0.80)
TT 24 6 0.11 4 0 0.00 0 0
(0.04-0.31)
Interaction p value : 0.07
OR = Odds Ratio, ClI = Confidence interval.
Table 9. SNP-SNP interaction between LDLR gene SNPs rs1529729 and rs72658855 in the present study.
rs1529729 | rs72658855
CcC CT TT
Cases | Controls | OR Cases | Controls | OR Cases | Controls | OR
(95% CI) (95% CI) (95% CI)
cC 5 12 1.00 12 27 0.94 1 3 1.25
(0.27-3.26) (0.10-15.11)
CT 34 54 0.66 117 94 0.33 3 4 0.56
(0.21-2.04) (0.11-0.98) (0.09-3.44)
T 9 3 0.14 19 3 0.07 0 0
(0.03-0.74) (0.01-0.33)
Interaction p value : 0.85

OR = Odds Ratio, CI = Confidence interval.

International Journal of Health Sciences and Research (www.ijhsr.org)
Vol.12; Issue: 8; August 2022




Kulwinder Kaur et.al. Identify the significant hypostatic or epistatic effect between the various SNPs of LDLR
gene through SNP-SNP interaction and haplotype analysis-a case control study

Table 10. SNP-SNP interaction between LDLR gene SNPs rs2228671 and rs72658855 in the present study.

rs2228671 rs72658855
CC CT 1T
Cases | Controls OR Cases | Controls OR Cases | Controls OR
(95% CI) (95% CI) (95% CI)
cC 43 67 1.00 137 120 0.56 4 7 1.12
(0.36-0.89) (0.31-4.07)
CT 4 1 0.16 9 3 0.21 0 0
(0.02-1.48) (0.05-0.83)
TT 1 1 0.64 2 1 0.32 0 0
(0.04-10.53) (0.03-3.65)
Interaction p value : 0.79

OR = Odds Ratio, CI = Confidence interval.

Haplotype analysis

In the present study the haplotype analysis
was performed by using SNPstats software
(http://bioinfo.iconcologia.net/snpstats/start.

15 considered, demonstrated statistically
significant association with CAD.

Table 11. Haplotype association of LDLR gene SNPs with

CAD.
htm) FOI’ SNPS r3688C>T, I’S5925G>A, Hap|otype Frequency OR o]
rs1529729C>T, rs2228671C>T and coce o1 - 00(95% ch
rs72658855C>T, 15 major haplotypes viz., TATCC 0.2034 0.39 (0.16 - 0.99) | 0.048*
CGCCT, TATCC, TGTCC, CGCCC, TGTCC [ 00777 | 043(0.14-135) [ 015
CGCCcC 0.0736 1.75(0.63-4.91) | 0.29
TGCCC, CATCC, TACCC, CGICC, TGCCC 0.0593 0.42(0.14-1.26) | 0.12
CACCC, TACCT, TGCCT, TGTCT, CATCT, CATCC 0.0588 1.35(0.30-6.18) | 0.7
CACCT, and CGTCT were observed (Table ot 2053 200 Egg;é%;;‘) 28
11). The pair-wise Linkage Disequilibrium CACCC 0.0349 1.35(0.34-5.44) | 067
(LD) matrix showed low LD with CAD in Taccr oo 044005074 fooarr
. . . aplotype requency o p
haplotype analysis as shown in Figure 1. TGeCT 0.0292 0.28 (005 - 1.65) | 016
The test results showed that 3 haplotypes TGTCT 0.0251 0.00(Inf-Inf) [ 1
: CATCT 0.0222 0.44 (0.08-2.57) | 0.36
viz., TATCC, CGTCC and TACCT, out of CaCeT 00105 053(0.06-502) 058
CGTCT 0.008 0.00 (-Inf - Inf) 1
*Statistically significant.
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Figure 1. Linkage disequilibrium matrix of rs688, rs5925, rs1529729, rs2228671 and rs72658855 SNPs of LDLR gene.
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It is believed that haplotype analysis can
provide more information than single-locus
analysis (Rafii, et al., 2002). The analysis of
possible 15 haplotypes for the LDLR gene
from different combinations of the five
studied variable SNPs, 3 haplotypes viz.,
TATCC, CGTCC and TACCT were found
linked with significant potentially protective
effect on CAD risk (OR=0.39, p=0.048;
OR=0.17, p=0.0042 and OR=0.14, p=0.021
respectively). These haplotypes possess
protective effects which are consistently
over represented in CAD patients relative to
the healthy controls, suggesting a leading
role of selected polymorphisms in CAD risk
determination. The present haplotypes
results were corroborated by the pair-wise
linkage disequilibrium (LD) analysis using
five variable SNPs of LDLR gene which
showed low LD values with CAD (Figure
1).

CONCLUSION

The statistically significant OR values were
found for SNPs rs688C>T (OR=3.0, 95%
Cl = 14362, p = 0.0037) and
rs1529729C>T (OR=2.36, 95% CI = 1.3-
4.29, p= 0.0047) under the Co-dominant
model of inheritance, while  SNPs
rs5925G>A (OR= 0.477, 95% CI = 0.28-
0.78, p=0.003), rs2228671C>T (OR=2.8,
95% CI =1.07-7.34, p = 0.034) and
rs72658855C>T (OR=1.66, 95% CI=1.07-
2.58, p=0.0215) showed statistically
significant AIC values under the Dominant
model of inheritance.

SNP-SNP interaction analysis revealed
statistically significant hypostatic effect of
rs688-rs2228671 combination, while rs688-
rs72658855 combination showed
statistically significant epistatic effect.

The haplotype analysis demonstrated
decreased (protective) risk of statistically
significant association of TATCC, CGTCC
and TACCT with CAD.

The results from this study are specific to

genomic variants of LDLR gene with the
susceptibility to CAD in people of India,
further studies from different regions of the
country are required.
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