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atherosclerosis. As on date, coronary artery disease (CAD) 
is considered to be the largest single contributor to global 
mortality and it has been denoted as “true pandemic 
that respects no borders” and is expected to dominate 
more morbidity and mortality trends in the days ahead. 
Asian Indians living both in India and abroad are found 
to have highest rates of CAD in the world. The CAD 
among Indians is usually more aggressive at the time of 
presentation compared with any other population. The 
overall impact is considered to be much higher because 
the CAD in Asian Indians affects the “younger” working-
class population which will affect the dizzying economic 
boom, for a developing country like India and to sustain 
this growth, it should have a healthy populace.

Lipoproteins are involved in the pathogenesis of 
atherosclerosis. Epidemiologic studies have established 
that there exist an transposed relationship between 
serum levels of HDL, APO-A1 the main component of 
HDL, and the occurrence of CAD (antiatherogenesis), 
whereas low-density lipoprotein has been established as 
an proatherogenic factor.1-6

The current study in genetic cause for MI is being 
unraveled at an accelerated pace. The future assessment 
of a person’s lifetime risk for developing atherosclerotic 
vascular disease by genetic analysis, formerly an idea 
is now evolving into reality. These findings could help 
in lifestyle modification and the choice and dosage of 
specific drugs. The best way to fight the burden of CAD 
is the preventive approach.

There are several investigations that are useful after 
the disease has set in. Genetic analytic study will be the 
screening tool before the development of CAD. In future, 
the genetic analysis may lead to the development of 
gene therapy mechanism, which could be useful in the 
treatment of CAD and for the prevention of MI and will 
provide more insight on the genetic basis of CAD, to 
the circumstances leading to the infarct. Various studies 
established relationship between genetic polymorphism 
in APO-AI-CIII-AIV gene cluster and its association  
with variation in the levels of triglycerides, HDL, APO-A1 
levels, premature atherosclerosis, MI, and CHD in differ-
ent populations.7-12 The APO-AI-CIII-AIV gene cluster 
is approximately 15 kb size is found on chromosome 
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ABSTRACT
This study aimed to find an association between G-75A 
sequence variations in the promoter region of apolipoprotein A1 
(APO-A1) gene with respect to myocardial infarction (MI) and 
serum lipid profile. Fifty-two MI cases and 52 age-, gender-, and 
risk factor-matched controls were included in this study. Fasting 
venous blood was collected from each patient and baseline 
investigations, lipid profile, and polymorphic studies were done. 
Genotype frequency distribution between cases and controls 
was compared by chi-square test. Analysis of variance (ANOVA) 
was done to know the relationship between fasting serum lipid 
variables with the genotype distribution. Genotypes across the 
cases and control reveal that “GG” homozygous genotype was 
higher among cases and “GA” genotype seen more in controls, 
AA approximately equal among cases and controls. But the 
difference was statistically insignificant. “G” allele was higher 
among cases (0.75) than among controls (0.69) and frequency 
of “A” allele was higher among controls (0.30) than among cases 
(0.25). In GA genotype, mean high-density lipoprotein (HDL), 
APO-A1 were high and low APO-B/APO-A1 ratio as compared 
with GG genotype. But there were no statistically significant 
differences between G allele and A allele carriers for any lipid 
variables. There were no statistically significant differences 
across genotype as well as lipid variables in G-75A (promoter) 
region of APO-A1 gene for the development of MI.
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INTRODUCTION

Myocardial infarction, the most imperative form of isch-
emic heart disease, is one of the major consequence of 
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11q23.31.13 This closely placed gene complex which 
evolved from the same evolutionary sequence is thought 
to have significant role in lipid and lipoprotein metabo-
lism.7 Genetic variation in this gene cluster will affect 
the gene expression in the hepatocyte as well as in the 
intestinal epithelial cells.

As the Human Genome Project study was completed, 
this in turn helps us to identify the genetic, physical, 
and single-nucleotide polymorphism (SNP) maps of the 
human genome, and this provides the opportunity to 
map and identify the susceptibility genes for not only 
single-gene (Mendelian) disorders, but also complex 
polygenic (non-Mendelian) traits. The evidence is well 
distinguished for heritability of MI (the consequence of 
CAD), so it is well established that the inheritance is one 
of the most important risk factors for this polygenic trait. 
The saying “complex trait” as such indicates interaction 
between genes and with environment, along with the 
complex inheritance which is common and highly proba-
bilistic in phenotypic manifestation as compared with 
“simple” Mendelian traits. The impact of genetic factors 
is more important and recent research in this field has led 
to identifying candidate genes associated with elevated 
risk of susceptibility for MI and the response to treatment.

The purpose of my study is to explicate the relation-
ship between SNP in the APO-A1, 11q 23.3, namely the 
G-75A (promoter region) with MI which is the sequel of 
CAD.

MATERIALS AND METHODS

This study was conducted in the Department of Bio-
chemistry in association with the Department of Car-
diology, Kilpauk Medical College Hospital, Chennai.  
All procedures concerning human subjects or patients were 
permitted by the institutional ethical committee. Explicit 
written consent was obtained from the study population.

The study group consisted of 52 documented ST 
elevation myocardial infarction (STEMI) patients who 
got admitted in cardiology intensive care unit older than 
40 years of either gender. Random selection of patients 
was done who fulfilled the inclusion criteria of ischemia 
symptoms, pathological Q waves traced in electrocardi-
ography, new or recognized significant ST-segment–T 
wave changes, occurrence of new left bundle branch 
block, and new loss/regional wall motion abnormality 
of viable myocardium.

The control group consisted of 52 age-, gender-, and 
risk factor-matched patients with no history or clinical 
evidence indicative of CAD with exclusion criteria being 
patients with liver, renal, and thyroid disorders.

For the study, 5 mL of 12 hours fasting venous blood 
was collected under sterile conditions from the antecubital 

vein. From the cases, the sample was collected within 
24 hours of the episode of STEMI; 3 mL of blood was 
collected in plain vials and serum was separated after 
centrifugation at 3000 rpm for 10 minutes and aliquoted, 
into three Eppendorf and stored at −20°C and were not 
thawed until the batch was analyzed for extended lipid 
profile and routine chemistry examinations.

All the biochemical analyses were performed using 
automated (Robonik) clinical chemistry analyzer. All 
biochemical analyses were done using Randox calibrator 
(lot no 2351-562UE) and controls (lot no 768UN level 2) 
for checking internal quality. The coefficient of variations 
of all the analytes performed were within the prescribed 
limits in accordance with Clinical Laboratory Improve-
ment Amendments.

For gene polymorphic studies, fasting blood was col-
lected in 2 mL ethylenediaminetetraacetic acid-coated 
tubes and deoxyribonucleic acid (DNA) extraction was 
done using minipreparation kit from Helini biomolecules, 
Chennai. The DNA quantity was in the range of 5 to 10 
ng/µL of fresh blood and purity was assessed by cal-
culating A260/A280 ratio of 1.6 to 1.8 using Eppendorf 
spectrophotometer ruling out ribonucleic acid contami-
nation. Extracted DNA was identified by 1% agarose gel 
electrophoresis and comparison with a known molecular 
weight 1 kb DNA (Lambda DNA) ladder.

The 203 bp fragment of APO-A1 gene was amplified  
using forward primer 5 ′-GCAGCTTGCTGTTTG
CCCACTC-3′ and reverse primer 5′-ACGCACCTC-
CTTCTCGCAGTCT-3′.

A 2 × polymerase chain reaction (PCR) Master Mix 
was used in the following composition of Tris HCl: pH 8.5, 
(NH4)2 SO4, MgCl2 3 mM acts as catalyst and 0.2% Tween 
20. Deoxyribonucleotide triphosphates were used in a 
concentration of 0.4 mM each. Taq polymerase was in a 
concentration of 0.2 U/µL. Primers were used in a concen-
tration of 10 pmol. The PCR was carried out in a reaction 
in volume of 20 µL with the following components in the 
following manner: 10 µL reconstituted PCR Master Mix 
(contains gel loading dye), 5 µL of reconstituted primers, 
and 5.0 µL of DNA. Amplification of the extracted DNA 
was carried out in Cyberlab Smart PCR-PRO thermal 
cycler with the following cycling conditions: Initial dena-
turation for 95°C/5 minutes, 34 cycles of denaturation at 
94°C for 30 seconds, annealing at 55.9°C for 30 seconds, 
extension at 72°C for 30 seconds, and final extension at 
72° C for 10 minutes. Amplicons of 203 bp were identified 
by 2.5% agarose gel electrophoresis by comparison with 
a known 100 bp DNA ladder (Fig. 1).

The APO-A1 gene polymorphism at the site G-75A 
(promoter region) was spotted by digestion of the ampli-
fied PCR product with the MspI restriction enzyme using 
3 µL of Tango buffer (1×) for 100% MspI digestion 2.0 µL 
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Fig. 1: The PCR product of G-75A (promoter region) Fig. 2: Restriction digestion fragments of G-75A (promoter region)

Fig. 3: Gene confirmation by sequencing using forward primer

MspI (10 U/µL), 10.0 µL of PCR product, and 15.0 µL of 
distilled water. The entire procedure was carried out in ice. 
The contents were mixed thoroughly. The Eppendorf was 
then placed in a 37°C water bath for 1 hour. Restriction- 
digested product was subjected to 2.5% agarose gel  
electrophoresis for genotyping.

There was one restriction site for MspI within 203 bp.  
G allele had restriction site between 103 and 104 bp 
(polymorphic site), yielding 103 and 100 bp A allele 
destroying its site for restriction at position 103 to 104 bp, 
so A (individuals) would yield only 203 bp (Fig. 2 ). Gene 
confirmation was done using with forward and reverse 
primer (Figs 3 and 4).

Statistical Analysis

Statistical Package for the Social Sciences, version 
19, was used for statistical analysis. The groups were  

compared using unpaired Student’s t-test and p-value 
of <0.05 was considered significant. Genotype frequency 
with Hardy–Weinberg equilibrium distribution between 
cases and controls was compared with the χ2 test for 2 ×  
2 contingency table. Analysis of variance was used to 
know the relationship between fasting serum HDL, 
APO-B, APO-A1, and ratio of APO-B/APO-A1 with the 
genotype distribution.

RESULTS

The controls and the acute MI study population were 
matched for their age, gender and evaluated statistically. 
There was no statistical difference in history of smoking, 
alcohol, diabetes mellitus (DM), and hypertension (HT) 
except in the occurrence of CAD, which was higher in 
study groups when matched with controls (Tables 1 to 4).
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Table 1: Baseline characteristics of the two groups

Variables Distribution Study group (n = 52) Control group (n = 52) p-value Significance
Age 53.77 ± 8.34 53.6 ± 10.04 0.92 NS
Gender distribution Male 45 44 1 NS

Female 7 8
Personal history Smoking 16 10 0.257 NS

Alcohol 17 14 0.669 NS
DM 24 21 0.692 NS
HT 13 11 0.816 NS
CAD 8 0 0.003 S

NS: Nonsignificant; S: Significant

Table 2: Comparison of serum HDL, APO-A1, APO-B, APO-B/APO-A ratio between cases and controls

Lipid variables Group Mean ± SD p-value Significance
HDL (mg/dL) Cases (n = 52) 48.54 ± 12.74 0.000 S

Controls (n = 52) 63.08 ± 13.80
APO-A1 (mg/dL) Cases (n = 52) 81.46 ± 22.30 0.000 S

Controls (n = 52) 114.02 ± 18.14
APO-B (mg/dL) Cases (n = 52) 98.79 ± 25.04 0.004 S

Controls (n = 52) 84.48 ± 23.84
APO-B/APO-A1 (mg/dL) Cases (n = 52) 1.29 ± 0.52 0.000 S

Controls (n = 52) 0.74 ± 0.21
SD: Standard deviation; S: Significant. The mean HDL value of cases was 48.54 ± 12.74 mg/dL and for controls, 63.08 ± 13.80 mg/dL with 
p-value of 0.000 (significant). The mean APO-A1 value of cases was 81.46 ± 22.30 mg/dL, and for controls, 114.02 ± 18.14 mg/dL, p 0.000 
(significant). The APO-B value of cases was 98.79 ± 25.04 mg/dL, and for controls, 84.48 ± 23.84 mg/dL, p-value of 0.004 (significant). 
The mean APO-B /APO-A1 ratio value of cases was 1.29 ± 0.52 mg/dL, and for controls, 0.74 ± 0.21 mg/dL, p 0.000 (significant).

Table 3: Genotype distribution of APO-A1 G-75A (promoter) region in acute MI cases and control

Genotype frequency GG (%) GA (%) AA (%)
Cases (n = 52) 30 (58) 18 (34) 4 (8)
Control (n = 52) 23 (44) 26 (50) 3 (6)
Total (n = 104) 53 (50.59) 44 (42.43) 7 (6.73)
The genotype frequency was found to be: Cases: GG 58%, GA 34%, and AA 8%, and in controls: GG 44%, GA 50%, and AA 6%. This 
was found to be in Hardy–Weinberg equilibrium; G allele frequency in cases and controls was 0.75 and 0.69 respectively; while A allele 
frequency in cases and controls was 0.25 and 0.30 respectively. χ2 value 2.522, p-value was 0.283

Table 3: Genotype distribution of APO-A1 G-75A (promoter) region in acute MI cases and control

Fig. 4: Gene confirmation by sequencing using  reverse primer
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DISCUSSION

The comparison of genotypes across the cases and control 
reveals that “GG” homozygous genotype was higher 
among cases and “GA” genotype was seen more in  
controls, AA more or less equal among cases and controls. 
But the difference was statistically insignificant. As far as 
frequency, “G” allele was higher among cases (0.75) as 
compared with controls (0.69); and the frequency of “A” 
allele was higher among controls (0.30) as compared with 
cases (0.25). Such findings are in concordance with studies 
conducted in Indian populations and from other subjects 
where the “A” allele was found to be higher in frequency 
among control groups.14 The allele frequency, however, 
was also insignificant in those studies.15,16 This study 
is in discordance with some previously reported data, 
particularly studies carried out in Kashmiris, Australian 
populations, and by Reguero et al17 with high frequency 
of the A allele in subjects younger than 50 years with a 
diagnosed MI.

In GA genotype mean HDL, APO-A1 was high 
and low APO-B/APO-A1 ratio, as compared with GG 
genotype. But no statistically significant differences were 
observed between G allele and A allele carriers for any 
lipid variables. The MspI-75(G/A) promoter polymor-
phism was first recorded by Pagani et al.19A potential 
description for the effect of the A allele on APO-A1 levels 
suggests that the presence of the A allele at-75 bp from 
transcription start site of the gene increases the transcrip-
tional efficiency of the promoter.19

The allele A possibly would be in linkage disequi-
librium with a different polymorphic site in the nearby 
gene,20 which in turn might impact the HDL levels. The 
polymorphic site might be in a sequence with the APO-A1 
gene promoter that regulates its expression in response to 
hormonal stimulation and by various metabolic signaling 
pathways.18,20-21 The probable mechanism is that it may be 
due to decreased stability of a DNA–protein complex that 
inhibits transcription. The nucleotide region between 199 
and –40 bp is needed for repression of transcription by 
the binding factor (MWt 90 kDa) and is present in all cells 

that do not express the APO-A1 gene other than liver and 
intestine in which the gene is expressed.22 The nucleotide at 
the −75 position of the APO-A1 promoter lies in a GC-rich 
sequence (5’GCC[A/G]GGG-3’). The transcription of these 
promoters has been shown to be negatively regulated by 
this GC box. A GC binding factor (90-kDa factor) could 
mediate the repression of transcription observed in the G 
allele. The G to A transition decreases its binding affinity 
to −75 bp position and alleviates the repression of APO-A1 
gene transcription. Previous studies have reported the 
effect of genetic and environmental factors on APO-AI and 
HDL-cholesterol levels; however, the gene–environment 
interactions are still incompletely known.

CONCLUSION

This study revealed that GG genotype was more in cases 
and GA genotype more in controls, AA genotype distribu-
tion is more or less equal between cases and control. No 
statistically significant difference across genotypes was 
obtained. In GA genotype, mean value of HDL, APO-A1 
were high and low APO-B/APO-A1 ratio as compared 
with GG genotype. G allele frequency is more in cases and 
A allele more in controls. No statistically significant dif-
ferences were observed between G allele and A allele car-
riers for any lipid variables. In this study, no statistically 
significant differences were obtained across genotypes 
as well as lipid variables in G-75A (promoter) region of 
APO-A1 gene for the development of MI.

Limitations of This Study

•	 Small sample size.
•	 Probable occurrence of linkage disequilibrium of 

APO-AI gene with the near by polymorphic site and 
the gene complex APO-CIII and APO-AIV.

•	 Gender, hormonal, and various metabolic signaling 
pathways as in DM, diet, and environmental factors, 
such as smoking could have modulated the genotype 
effect on circulating APO-A1 and HDL for the inherit-
ance of such a complex trait CAD which progresses 
to dreadful complication in MI.

Table 4: Comparison of HDL, APO-A1, APO-B, and APO-B/APO-A1 levels in different genotypes at G-75 A base pairs individually

Lipid variables across  
different genotypes GG (mean ± SD) GA (mean ± SD) AA (mean ± SD) p-value Significance
HDL (mg/dL) 53.40 ± 11.404 59.95 ± 18.406 48.00 ± 10.583 0.592 NS
APO-A1 (mg/dL) 95.42 ± 23.891 100.91 ± 29.479 95.43 ± 17.803 0.263 NS
APO-B (mg/dL) 97.00 ± 22.374 85.66 ± 28.498 88.57 ± 19.121 0.535 NS
APO-B/APO-A1 (mg/dL) 1.11 ± 0.542 0.93 ± 0.419 0.95 ± 0.247 0.390 NS
SD: Standard deviation; NS: Nonsignificant. The mean HDL value across genotype GG was 53.40 ± 11.404 mg/dL, GA 59.95 ± 18.406, 
and AA 48.00 ± 10.583 with p-value of 0.592 (nonsignificant). The mean APO-A1 value across genotypes, GG was 95.42 ± 23.891 
mg/dL, GA 100.91 ± 29.479, and AA 95.43 ± 17.803 with p-value of 0.263 (nonsignificant). The mean APO-B value across genotypes, 
GG is 97.00 ± 22.374 mg/dL, GA 85.66 ± 28.498, and AA 88.57 ± 19.121 with p-value of 0.535 (nonsignificant). The mean APO-B/
APO-A1 ratio value across genotypes, GG 1.11 ± 0.542, GA 0.93 ± 0.419, and AA 0.95 ± 0.247 with p-value of 0.39 (nonsignificant)
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•	 Low frequency of the presence of rare alleles.
•	 It is critically important to consider the level of con-

fidence to place the accuracy of result.

Future Scope of the Study

•	 Genotypic differences across different ethnic groups 
for this two polymorphic site have to be established.

•	 More studies with larger samples are needed to 
confirm the genotypic risk associated with both the 
polymorphic sites in the development of MI.

•	 Further research may focus upon the gene–gene inter-
actions and gene–environment interactions and its 
relationship with the genotypic variation of APO-A1 
gene in patients with MI, so as to provide efficient 
preventive measures to genetically susceptible popu-
lation in future.

•	 Probable occurrence of linkage disequilibrium of 
APO-AI gene with the near by polymorphic site and 
the gene complex APO-CIII and APO-AIV has to be 
established.

•	 Whole genome sequence analysis is needed to 
reveal extensive level of variation and heterogeneity 
between individuals and populations, and genome-
wide association studies have to be done, as these 
analyses eliminate biases in the selection of the can-
didate genes.
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