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ABSTRACT

Introduction: Coronary Artery Disease (CAD) is a leading cause
of death in most countries as well as developing countries
like India and incidence of susceptibility to CAD is associated
with increased frequencies of particular Single Nucleotide
Polymorphisms (SNPs) located in Lipoprotein Lipase (LPL) gene.

Aim: To evaluate the association of LPL gene polymorphisms
variation namely LPL-Hindlll, LPL-Pvull and LPL-Ser447Ter with
CAD in Bengali population by Polymerase Chain Reaction (PCR)
based Restriction Fragment Length Polymorphism (RFLP).

Materials and Methods: A retrospective case-control study was
conducted at RG Kar Medical College and Hospital, Kolkata,
West Bengal, India from April 2016 to October 2016. The study
included 100 patients suffering from CAD and 100 controls
from healthy populations were taken and Deoxyribonucleic
Acid (DNA) extraction followed by genotyping was done by PCR
based RFLP study. Hardy-Weinberg equilibrium for genotypic
frequencies were analysed followed by goodness-of-fit Chi-
square (y?) test to check the equilibrium of the SNP alleles.

Results: Total 100 patients, 57 males and 43 females with mean
age 61.42+9.34 years suffering from CAD were cases and 100
patients were controls, 61 males and 39 females with mean age
49.37+10.21 years. It was found that genotypic frequencies
for Hindlll, Pvull and Mnll polymorphism of LPL gene were not
deviated from the Hardy-Weinberg expectations in both control
and cases groups. We could not find any significant association
of the Hindlll, Pvull and Ser447Ter polymorphisms of the
LPL gene with occurrence of CAD in target population after
appropriate data analysis using SPSS and MedCalc software.

Conclusion: Association and prediction of susceptibility patterns
in ethnic population may require a prospective study involving
higher number of cases which subsequently leads to possible
pharmacogenomic utility on a broader perspective. Although
authors did not get any statistically significant association
between CAD and the genes of interest but these findings would
lead to a better understanding of the condition and open up more
avenues for study, treatment and prevention of CAD.

Keywords: Polymerase chain reaction, Restriction endonuclease, Restriction fragment

length polymorphism, Single nucleotide polymorphisms

INTRODUCTION

The Coronary Artery Disease (CAD) is a major health problem
and a major cause of death in most countries [1,2]. This disorder
happens to be a prominent health problem in India and its
incidence is growing in developing countries as well [3]. Although
controversies are there, numbers of studies have established that
there are increased frequencies of particular Single Nucleotide
Polymorphisms (SNPs) which increase the susceptibility of CAD in
the general population [4-15].

Lipoprotein Lipase (LPL) gene, chromosomally located at 8p22,
spans over 30kb and is divided into 10 exons showing Hindlll
polymorphism of intron 8 and Pvull polymorphism of intron 6 has an
association with elevated triglyceride level [16,17]. The Ser447 Stop
mutation has been identified at 635 base pair downstream from the
Hindlll polymorphism. This mutation is a consequence of a C to G
transversion at nucleotide 1595 in exon 9, which converts the serine
447 codon (TCA) to a premature termination codon (TGA). Recent
studies have suggested that risk of CAD is decreased by Ser447
Stop polymorphism, which underlies a metabolic state of increased
HDL cholesterol levels and decreased triglyceride levels. Thus,
development of atherosclerosis and subsequently CAD should have
protected by Ser447 Stop polymorphism [18,19]. A study on an
Indian population carried out by Ashok Kumar M, et al., did not find
any significant association of LPL Hindlll polymorphism with CAD
[20], this lack of correlation has also been observed in Tunisian and
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Saudi population [1,21]. Therefore, we were intended to execute a
study focusing the Bengali population in a tertiary care hospital to
evaluate if LPL gene polymorphisms correlate with CAD.

Authors had evaluated a group of independent and well defined
subjects in the present study giving importance to the LPL genes,
LPL-Hindlll, LPL-Pvull and LPL-Ser447Ter polymorphisms in
CAD subjects.

MATERIALS AND METHODS

A retrospective case-control study was conducted in a tertiary
care hospital (RG Kar Medical College and Hospital, Kolkata,
West Bengal, India) over a period of six months, from April 2016
to October 2016, for its performance and final report submission.
Patients with present/past history of CAD who attended the
Department of Cardiology formed the study population. The study
followed the guidelines of Helsinki declaration 2004 [22] and prior
approval from the ICMR-STS project and the Institutional Ethics
committee (Indian Council of Medical Research- Short Term
Studentship (ICMR-STS) Id: 2016-0173, IEC: 21.04.15) were taken
before commencing the present study.

Inclusion criteria: Patient who has attained 18 years and can
give a valid written consent with confirmed diagnosis of CAD by
angiography were included in the present study as cases. Controls
were selected from a healthy population. Lipid profile of these subjects
was performed to screen for any deviation from reference range.
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Exclusion criteria: Subjects with negative angiographic findings,
type-A personality, suffering from any metabolic disorder like Type
2 Diabetes Mellitus (T2DM), dyslipidemia, addiction of alcohol
or smoking are established as risk factors of CAD were strictly
excluded from the study. First degree relatives of the cases were
excluded from the control population.

Study Procedure

Hundred patients suffering from CAD and 100 control populations
from the same geographical area of more or less similar socio-
economic status irrespective of their age and sex were taken after
strictly following the inclusion and exclusion criteria. About 2 mL
of blood using Ethylene Diamine Tetraacetic Acid (EDTA) as an
anticoagulant was collected from all the subjects and were stored
at -20°C till further procedure of genetic study. Lipid profile was
performed from serum samples collected at least after 12 hours
of fasting.

Polymerase Chain Reaction

DNA extraction: The genomic DNA was extracted from the whole
blood using EDTA as anticoagulant according to the method of Blin
and Stafford (1976) with few modifications [23].

Buffers used: Lysis buffer (pH 8.0), TE buffer (pH 7.4), 50X TAE,
6X gel loading buffer. The quality of DNA was verified by ratio
of the absorbance at 260 nm and 280 nm. Integrity of genomic
DNA was assayed by electrophoresing the extracted DNA in 1%
agarose gel.

PCR reaction: The PCR reaction was carried out using the reagents
of HiMedia DNA amplification kit. The primers were purchased
from Integrated DNA Technology. The master mix was prepared by
mixing the 10X DNA amplification buffer (500 mM KCI, 100 mM
Tris HCI, 15 mM MgCl,),) 2.5 uM dNTP mix, 20 uM forward primer,
20 pM reverse primer, Molecular grade water, Tag DNA polymerase
as follows: Total reaction volume of 25 pL.

PCR-RFLP: Genotyping was performed via amplification of the
polymorphic regions by polymerase chain reaction found in introns
8, 6 and 9 followed by digestion of these amplified fragments with
Hindlll (Cleavage of the sequence between 5'-A|[A G C T T-3'), Pvull
(Cleavage of the sequence between 5'-CAG|CTG-3') and Mnll
(Cleavage of the sequence between 5'-CCTCN7|-3') Restriction
Endonucleases (RE) respectively. Image after restriction enzyme
digestion [Table/Fig-1,2].

Lane: 1 2 3 4 5 6 7 8

[Table/Fig-1]: Genomic DNA (Lane: 3, 4 and 5) Lane:1-DNA ladder, Lane: 2, 6
and 8- No findings, Lane: 7 Odd/Undesirable finding.
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Lane: 1 2 3 4 5 6 7 8

DNA ladder
Heterozygous

1000 bp Homozygous

800 bp Without polymorphic site

Odd/Undesirable finding

[Table/Fig-2]: After Restriction Endonucleases (RE) digestion.

Amplification protocol
1. Hindlll

The region in intron 8 containing the Hindlll polymorphism was
amplified using the following primer pair [24]: LPL-H1 5’-TGA AGC
TCA AAT GGA AGA GT-3’; LPL-H2 5'-TCA AAG CAA ATG ACT
AAA-3’. Amplification protocol included 35 cycles, the amplified
product was 770 bp in size (Denaturation- 94°C, 1 min; Annealing-
53°C, 45 sec; Extension- 72°C, 1 min; Final extension- 7 min).

2. Pvull

The amplification of the Pvull-containing site (intron 6) will use the
following primer pair [24]: LPL-P1 5’-ATG GCA CCC ATG TGT
AAG GTG-3’; LPL-P2 5’-GTG AAC TTC TGA TAA CAA TCT C-3".
Amplification protocol included 30 cycles, the amplified product
was 440 bp in size (Denaturation-94°C, 20 sec; Annealing-50°C,
30 sec; Extension-72°C, 20 sec; Final extension-7 min).

3. Serd47

The amplification of the Ser447Stop mutation containing site was
amplified by using the following primer pair [19]: M1:5’- CAT CCA
TTTTCT TCC ACA GGG -39; M2: 59-AGT CTG GTG AGC ATT CTG
GGC TA -3’. The amplified product was 488 bp in size. Amplification
protocol included Initial denaturation- 94°C, 5 minutes; Followed
by- 30 cycles of: Denaturation- 94°C, 1 minute; Annealing- 57°C,
60 seconds; Extension- 72°C, 60 seconds; Final extension- 72°C,
10 minutes.

RFLP Analysis
Restriction digestion of PCR product for RFLP analysis:

Restriction reaction was done with the help of Hindlll, Pvull and Mnll
restriction enzymes (RE) purchased from FERMENTA GROUP SRL
Company. These enzymes recognise G/T, C/T and C/G respectively.
The reaction condition was as follows:

Total Reaction volume- 10 pL: Molecular grade water-1.5 pL, Assay
buffer- 1 L, RE Enzyme- 0.5 pL, PCR DNA- 7 L were mixed and
incubated for 2 hours 30 minutes at 37°C.

Agarose gel electrophoresis of the restriction fragments: The
presence of the restriction site produces fragments of 600 and 170
bp in case of Hindlll digestion, while the presence of the sites for
Pvull yields fragments of 330 and 110 bp. A 488 bp PCR product
of LPL gene contains two restriction sites for Mnll, of which one is
attributable to Ser447 stop mutation due to polymorphism. Digestion
of the PCR product results in 3 identifiable fragments of 285, 246,
and 203 bp. In all the cases digested products were captured on
2% agarose gel for improved resolution.

STATISTICAL ANALYSIS

Data analysis was done after completion of data collection for all
patients using windows based Statistical Package for the Social
Sciences (SPSS) version 17.0 and MedCalc version 11.3 software.
The Hardy-Weinberg equilibrium for genotypic frequencies was
analysed followed by goodness-of-fit Chi-square (y?) test to check
the equilibrium of the SNP alleles [25-27].
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RESULTS

Hundred patients, 57 males and 43 females with mean age
61.42+9.34 years suffering from CAD as cases and 100 controls,
61 males and 39 females with mean age 49.37+10.21 years
populations from the same geographical area of more or less
similar socio-economic status irrespective of their age and sex
were recruited for this study. Finally, 87 cases and 82 controls gave
expected electrophoretic patterns for the three restriction enzymes
unanimously.

The RFLP profile of the study population: Restriction enzyme is
capable to distinguish two individual alleles. These allelic forms with
their zygosity and different genotypic distribution among the cases
and controls after digestion with respective enzymes are described
in [Table/Fig-3].
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C/C=0.196) of cases in comparison to the allelic frequencies
(T=0.549 and C=0.451) and genotypic frequencies (T/T=0.301,
T/C=0.495 and C/C=0.204) of controls as shown in [Table/Fig-4,6]
by Pvull digestion of LPL gene showed no statistical significance
owing to much more p-value than 0.05 between each frequencies.
Hence, it was concluded that there was no significant association of
Pvull LPL gene polymorphism with CAD in the present study group.

Allelic frequency Genotypic frequency
Variables T C T/T T/C C/C
Case (87) 0.557 0.443 0.310 0.494 0.196
Control (82) 0.549 0.451 0.301 0.495 0.204
Chi-square %?=0.00252 x?=0.00161 | %?=0.198 | %?=0.00390
test df=1 df=1 df=1 df=1
p-value 0.9599 0.9680 0.6566 0.9502

Restriction Homozygous Heterozygous Homozygous
Group enzyme (+/+) (+/-) (-7-)
Hindlll (T/G) 46 37 04
Case
(N=87) Pvull (T/C) 28 41 18
Mnll (G/C) 04 27 56
Hindlll (T/G) 49 31 02
Control
(N=82) Pvull (T/C) 26 38 18
Mnil (G/C) 03 24 55

[Table/Fig-3]: Different genotype distribution among study population after digestion

with respective enzymes.
+: polymorphic site, -: without polymorphic site

The allelic frequencies (T=0.741 and G=0.259) and genotypic
frequencies (T/T=0.549, T/G=0.384 and G/G=0.067) of cases in
comparison to the allelic frequencies (T=0.7866 and G=0.2134) and
genotypic frequencies (T/T=0.6187, T/G=0.3357 and G/G=0.0456)
of controls as shown in [Table/Fig-4,5] by Hindlll digestion of LPL
gene shows no statistical significance owing to much more p-value
than 0.05 between each frequencies.

[Table/Fig-6]: Showing Pvull digestion-difference of allelic and genotypic

frequency between cases and control with goodness-of-fit Chi-square (x?) test.

Once again allelic frequencies (G=0.201 and C=0.799) and genotypic
frequencies (G/G=0.04, G/C=0.321 and C/C=0.639) of cases in
comparison to the allelic frequencies (G=0.183 and C=0.817) and
genotypic frequencies (G/G=0.034, G/C=0.299 and C/C=0.667) of
controls as shown in [Table/Fig-4,7] by Mnll digestion of LPL gene
shows no statistical significance owing to much more p-value than
0.05 between each frequencies. Hence, it was concluded that there
was no significant association of Mnil LPL gene polymorphism with
CAD in this study group.

Allelic frequency Genotypic frequency
Variables G C G/G G/C C/C
Case (87) 0.201 0.799 0.04 0.321 0.639
Control (82) 0.183 0.817 0.034 0.299 0.667
Chi-square %?=0.0103 72=0.0404 | %?=0.0203 | %°=0.0486
test df=1 df=1 df=1 df=1
p-value 0.9192 0.8407 0.8866 0.8255

Genotype distribution Allele frequency
T allele G allele
frequency | frequency

Gene T/T T/G G/G ((sw] @
Hindlll
Cases (87) | 46 (52.87%) | 37 (42.53%) | 04 (4.6%) 0.741 0.259
Controls (82) | 49 (59.76%) | 31 (37.8%) | 02 (2.44%) 0.7866 0.2134
Pvull
Cases (87) | 28(32.18%) | 41 (47.13%) | 18(20.69%) 0. 557 0.443
Controls (82) | 26 (31.71%) | 38 (46.34%) | 18(24.39%) 0.549 0.451
Mnll
Cases (87) 04 (4.6%) | 27 (31.03%) | 56 (64.37%) 0.201 0.799
Controls (82) | 03 (3.66%) | 24 (29.27%) | 55 (67.07%) 0.183 0.817

[Table/Fig-4]: Genotype distribution and allele frequency of the Hindlll, Pvull and

Ser447Ter in cases and controls.
“p and q are frequencies of the two alleles in a single locus

Allelic frequency Genotypic frequency
Variables T G T/T T/G G/G
Case (87) 0.741 0.259 0.549 0.384 0.067
Control (82) 0.7866 0.2134 0.6187 0.3357 0.0456
Oisquatest | K020 | <0581 | 7=0243 | 1/=00722
p-value 0.6060 0.4459 0.6218 0.7882

[Table/Fig-5]: Showing Hindlll digestion-difference of allelic and genotypic

frequency between cases and control with goodness-of-fit Chi-square (x?) test.

Hence, it was concluded that there was no significant association
of Hindlll LPL gene polymorphism with CAD in this study group.
Authors also found that the allelic frequencies (T=0.557 and
(C=0.443) and genotypic frequencies (T/T=0.310, T/C=0.494 and
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[Table/Fig-7]: Mnll digestion-difference of allelic and genotypic frequency between

cases and control with goodness-of-fit Chi-square (y?) test.

DISCUSSION

Variation is the key factor in the evolution of population. Charles
Darwin’s (1859) “The Origin of Species by Means of Natural Selection”,
scientifically documented this variation in population. Variation is
generally reflected in phenotypic polymorphism contributed by genetic
differences. However, every genetic variation may not be reflected in
phenotypic forms [28].

The Human Genome Project (HGP) has revealed that huge
differences of nucleotide sequence exist in the different individuals
and population in the same chromosomal location. If a difference
is common and significant (>1%) in a population, it is defined as
polymorphism [25]. Thus during the sequencing of human genome
several polymorphisms in the level of single nucleotide, were
indentified and designated as SNP. The inherited difference in DNA
sequences, may contribute to phenotypic variation, anthropometric
variation, and risk of diseases. Genome-wide linkage analysis and
positional cloning have identified hundreds of genes for human
diseases (Online Mendelian Inheritance in Man database- OMIM
database) [29], but nearly all are rare conditions in which mutation
of a single gene is necessary and sufficient to cause disease. For
common diseases genome-wide linkage studies have had limited
success. One promising approach is to systematically explore the
limited set of common gene variants for association with disease
[30,31]. In the human population most variant sites are rare, but
the small number of common polymorphisms explains the bulk of
heterozygosity [32]. As these common variants are responsible for
most heterozygosity in a population, it will be important to assess
their potential impact on variation of phenotypic trait.
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Both Celera and International Human Genome Sequence Consortium
(IHGSC) estimated that the frequency of SNPs in each individual
is 8x10* per nucleotide or about one SNP every 1.25 kb [33].
There are 3.1 million SNPs recognised in the human genome [34].
As tools for understanding human variation, SNP can be used for
gene mapping, definition of population, structure and performance
of functional studies as well as disease association. SNPs are the
most common (every 100-300 bases, 97% in non coding and 3%
in coding region) genetic difference among people [35,36]. A SNP
occurs when a point mutation happens in the genome, converting
one nucleotide into another. If the mutation is in the reproductive
cells of an individual then one or more of the offsprings might inherit
the mutation, the SNP may eventually become established in the
population after many generations [37].

The CAD is a major health problem and a major cause of death in
most countries [1,2]. This disorder happens to be a prominent health
problem in India, and its incidence is growing in developing countries as
well [3]. There are several methods available for study of SNP and
DNA sequence polymorphism like Denaturing High Pressure Liquid
Chromatography (DHPLC), DNA hybridisation, Single-Stranded
Conformational Polymorphism (SSCP), Restriction Fragment Length
Polymorphism (RFLP) and direct DNA sequencing [38]. Restriction
fragment length polymorphism is the one of the most popular
methods for the study of the SNPs. Donnis-Keller H et al., first
described the RFLP map of the entire human genome [39]. There
are vast numbers of SNPs giving rise to RFLP in human genome.
According to SNP Group (2001), there is 1,00,000 or more RFLP
site available in the human genome [40].

Association of allelic and genotypic frequencies of LPL gene with
CAD is not a unanimous finding by all the researchers throughout
the globe as it depends on different populations. Peacock RE et
al., performed a study involving 87 CAD patients and 93 healthy
controls of Sweden and they did not find any impact of Hindlll, Pvull
and Serine447-Stop polymorphisms of the LPL gene locus with
the progression of atherosclerosis [24]. In accordance with these
authors, Al-Jafari AA et al., also came to a conclusion that there
are no significant associations of the said three polymorphism of
LPL gene with CAD recruiting 120 CAD subjects and 65 controls
from Saudi populations [1]. Involving 475 CAD subjects among fair
skinned population Wang XL et al., did not find any association of
Hindlll polymorphism with the severity of CAD but got a significant
association of Pvull polymorphism [41].

In the present study, the genotypic frequencies for Hindlll, Pvull and
Mnll polymorphism of LPL gene are not deviated from the Hardy-
Weinberg expectations in both control and CAD groups.

In case of Hindll LPL gene polymorphism authors got allelic
frequencies (T=0.741 and G=0.259) and genotypic frequencies
(T/T=0.549, T/G=0.384 and G/G=0.067) of cases along with allelic
frequencies (T=0.7866 and G=0.2134) and genotypic frequencies
(T/T=0.6187, T/G=0.3357 and G/G=0.0456) of control group.
Through performing Chi-square test authors did not get any
positive statistical significance (p-value >0.05) involving case and
control group owing to %?=0.266, p-value=0.6060 between allelic
and y?=0.581, p-value=0.4459, »?=0.243, p-value=0.6218 and
¥?=0.0722, p-value=0.7882, respectively between genotypic
frequencies of T/T, T/G and G/G. This type of negative association
of Hindlll LPL gene polymorphism with CAD as we found in Bengali
population is in accordance with the findings in Swedish and Saudi
population respectively as described by Al-Jafari AA et al., and
Peacock RE et al., [1,24]. The finding of Wang XL et al., regarding
the Hindlll polymorphism of LPL gene in case of CAD also supports
these type of findings [41].

Authors obtained allelic frequencies (T=0.557 and C=0.443) and

genotypic frequencies (T/T=0.310, T/C=0.494 and C/C=0.196)
of cases in comparison to the allelic frequencies (T=0.549 and
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C=0.451) and genotypic frequencies (T/T=0.301, T/C=0.495 and
C/C=0.204) of controls by digesting PCR product of LPL gene with
Pvull. Authors did not receive any statistical significance even in this
polymorphism by doing Chi-square test and getting the results as
follows %?=0.00252, p-value=0.9599 between allelic frequencies
(T/C) and %°=0.00161, p-value=0.9680, %?=0.198, p-value=0.6566
and %?=0.00390, p-value=0.9502 respectively for T/T, T/C and C/C
genotypic frequencies. This finding ropes the result of Al-Jafari AA
et al., Peacock RE et al., but not in favour of the results specified by
Wang XL et al., [1,24,41].

Mattu RK et al., described these three polymorphisms previously and
he found that Hindlll polymorphism is most significantly associated
with CAD than Pvull polymorphism but polymorphism of Ser447Ter
is not associated involving a population of 235 CAD, 124 minimal
CAD and 111 severe CAD subjects [42]. Jemaa R et al., in an Etude
Cas Temoinsurl’ Infarctus du Myocarde (ECTIM) study linking 614
patients and 733 controls stated that the Odds of Hindlll and Pvull
positive polymorphic sites are significantly associated with CAD or
its severity but the no relation of Ser447Ter [43].

For Ser447Ter polymorphism (G/C) involving 87 cases of CAD
and 82 controls authors got the allelic frequencies (G=0.201 and
C=0.799) and genotypic frequencies (G/G=0.04, G/C=0.321
and C/C=0.639) of cases in comparison to the allelic frequencies
(G=0.183 and C=0.817) and genotypic frequencies (G/G=0.034,
G/C=0.299 and C/C=0.667) of controls by Mnil digestion of LPL
gene. Statistically authors found y2=0.0103, p-value=0.9192
between allelic frequencies as well as x*=0.0404, p-value=0.8407,
%?=0.0203, p-value=0.8866 and y2=0.0486, p-value=0.8255 by
doing Chi-square test. All the frequencies in every case shows
no statistical significance as they all have higher p-values (p-value
>0.05). This finding is in accordance to results obtained by Jemaa R
et al., and Mattu RK et al., and also by a meta-analysis done by Xie
L and Li YM involving 14 case control studies [42-44].

Limitation(s)

The major limitation of this study was the sample size. Due to the time
constraint by ICMR-STS project , the sample size was not calculated
by performing the formal statistical tests. Authors depended upon
different studies by researcher at that time and accordingly included
100 subjects for each cases and controls. At this time authors are
unable to confirm the findings by doing Sanger’s sequencing.

CONCLUSION(S)

There was no association of the Hindlll, Pvull and Ser447Ter
polymorphisms of the LPL gene with occurrence of CAD in the
study population. Higher numbers of samples may be required to
establish an association in a prospective study. However, this study
has a huge scope in not only formulating the aetiopathogenesis
of disease but also in prediction of susceptibility patterns in ethnic
population and subsequently a possible pharmacogenomic utility
on a broader perspective.
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