
Journal of Clinical and Diagnostic Research. 2013 Oct, Vol-7(10): 2149-2152 21492149

DOI: 10.7860/JCDR/2013/6195.3455 Original Article

Apolipoprotein E Gene Polymorphism 
And Its Effect On Plasma Lipids In 

Arteriosclerosis

Key words: Apolipoprotein E, Arteriosclerosis, Cerebrovascular Stroke, Coronary artery disease, Hyperlipidemia, Myocardial infarction

 
P. D. ZenDe1, M. P. BanKar2, P. S. KaMBle3, a. a. MoMin4

B
io

ch
em

is
tr

y 
S

ec
tio

n

INTRODUCTION:
Myocardial infarction and stroke are leading causes of death 
worldwide[1] . Lifestyle and environmental factors play an important 
role in their development [2]. Myocardial Infarction or stroke is a 
medical emergency and can cause damage to myocardial muscle 
or permanent neurological damage and death. Risk factors for 
stroke include old age, high blood pressure, previous stroke or 
transient ischaemic attack, diabetes, high cholesterol, tobacco 
smoking & chewing and arterial fibrillation. High blood pressure is 
the most important modifiable risk factor of arteriosclerosis [3]. 

Apolipoprotein E (apo E) is a serum glycoprotein consisted of 
299 amino acids found in circulating chylomicrons, chylomicron 
remnants, Very Low Density Lipoproteins (VLDL), Intermediate 
Density Lipoproteins (IDL) and high-density lipoproteins (HDL)4. 
Apo E gene consists of four exons and three introns spanning 
3,597 nucleotides and produces a 299 amino acid polypeptide 
[4,5]. It is synthesized primarily in the liver, but other organs and 
tissues also synthesize apo E, including brain, spleen, kidneys, 
gonads, adrenals, and macrophages [6]. 

The structural gene locus for plasma apo E is polymorphic having 
three common alleles, designated as E2, E3 and E4. Consequently, 
three homozygous (E2/E2, E3/E3, E4/E4) and three heterozygous 
(E3/E2, E4/E2 and E4/E3) phenotypes are found in the general 
populationn [7]. The product of the three alleles differ in properties 
such as its affinity for binding to apo E and low-density lipoprotein 
receptors (LDL-R), and its affinity for lipoprotein particles [8].

For decades, Apo E has been regarded as one of the 
important factor of lipoprotein genetics [9,10]. Several studies 
have demonstrated the impact of Apo E polymorphisms in 
cerebrovascular and cardiovascular diseases in a reproducible 
fashion. The Apo-E isoforms have consistently been shown to be 

associated with variation in plasma LDL cholesterol level, with the 
E4 allele exerting a greater positive influence than E3. Apo-E has 
consistently shown significant gene - environment interactions, 
modulating its association with plasma lipid parameters as well as 
cardiovascular and cerebrovascular risk [11,12].  

The aim of this study was to demonstrate the influence of the Apo-E 
gene polymorphism on plasma lipid levels which is an important 
determinant of myocardial infarction and cerebrovascular stroke in 
the study population group of Western Maharashtra,India. It was 
also aimed to elucidate role of Apo-E gene polymorphism in the 
study population as a risk factor alongwith traditional risk factors.

MATERIAL AND METHODS
Subject
The present study was carried out in the Department of 
Biochemistry, Government Medical College, Miraj and Department 
of Biochemistry, BJ Government Medical College, Pune. Approval was 
obtained from the institutional ethical committee of Government 
Medical College, Miraj, India.

A total of 300 subjects which consist of 150 Arteriosclerosis 
patients and 150 age & sex matched controls were recruited for the 
study from Medicine Department. Out of the 150 arteriosclerosis 
patients, 100 were myocardial infarction patients and 50 were 
cerebrovascular stroke patients. Clinical diagnosis of myocardial 
infarction and cerebrovascular stroke was confirmed by relevant 
diagnostic modalities such as electrocardiogram, or CT Scan 
studies of brain, along with routine biochemical investigations. The 
informed consent was obtained from all subjects for participation 
in the study.

Venous Blood samples were collected from patients after an 
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suggesting a genetic cause. Apolipoprotein E (apo E) plays an 
important role in lipid metabolism. Apo E is polymorphic with 
three isoforms, ApoE2, ApoE3 and ApoE4; which translate 
into three alleles of the gene. Its polymorphism may be a risk 
determinant of atherosclerosis. 

Methods: Lipoprotein concentrations were studied, in 100 
myocardial infarction and 50 cerebrovascular stroke subjects 
and compared with age and sex matched controls. Genotypes 
for apo E isoforms (E2, E3, and E4) for all above subjects and 
age and sex matched controls were determined by Multiplex 
Amplification Refractory Mutation System PCR. 

Results: There were statistically significant higher values of 
serum total cholesterol and LDL cholesterol in study group, as 
compared to control group. Study of Apo E isoforms revealed 
higher proportion of E4 allele in the study group as compared 
to control group. The occurrence of each allele frequency in 
study and control group was E4E4: 28.66% and 16.0%, E3E3: 
39.33% and 56.66%, E4E3: 14.66% and 9.33%, E3E2: 8.66% 
and 10.66%, E4E2: 4.66% and 2.66% & for E2E2: 4.0% and 
4.66% respectively. 

Interpretation & Conclusion: There were significantly higher 
levels of serum total cholesterol, LDL cholesterol and triglyceride 
with E4 allele; when compared with in the study group and 
between study group and control group. Apo E polymorphism 
influences serum lipid levels and is an independent risk 
determinant of arteriosclerosis.
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overnight fast in tube containing EDTA, placed on crush ice, spun 
immediately, and plasma was separated.  Plasma samples were 
analyzed for total Cholesterol, HDL Cholesterol & triglyceride. Plasma 
total Cholesterol, triglyceride, HDL Cholesterol concentrations 
were quantified using an automated clinical chemistry analyzer. 

Serum Total Cholesterol levels was estimated by enzymatic 
method [13]. For HDL cholesterol estimation, Chylomicrons, VLDL 
cholesterol and LDL cholesterol fractions in plasma were separated 
from HDL cholesterol by precipitating with phosphotungstic acid 
and magnesium chloride. After centrifugation the cholesterol in 
the HDL fraction, which remains in the supernatant, was assayed 
with enzymatic cholesterol method [13]. LDL cholesterol level was 
calculated by using Friedewald formula [14]. 

Serum triglyceride was determined by Glycerol phosphate oxidase-
peroxidase method [15].  The results were expressed as mean ± 
SD and was analyzed statistically.

GeneTiC analYSiS
Either fresh or frozen venous blood samples in EDTA were 
subsequently used for DNA extractions by salting out method [16]. 
Genotypes for Apo-E isoforms (E2, E3, and E4) for all the above 
subjects and controls were determined by Multiplex Amplification 
Refractory Mutation System PCR [17]. 

The mutant & wild specific ARMS primers, control primers, and 
common primer used to diagnose Apo E polymorphisms in this 
study which are listed in [Table/Fig-1]. For each reaction there 
were total five primers used, two of these five primers serve as 
internal control. A common primer was designed that paired with 
Arg/Cys 158 or Arg/Cys 112 and produced an amplicon of 588 
and 451 base pairs (bp), respectively. A 360-bp fragment of the 
a1-antitrypsin gene was coamplified to function as an internal 
control [18,19]. 

The PCR was carried out in a total volume of 25 μl of reaction 
mixture, containing 50 ng of genomic DNA; 12.5 μl 2X master 
mix containing 200 mmol/L of deoxynucleotides triphosphates; 10 
mmol/L Tris-HCL, pH 8.8; 1.5 mmol/L MgCl2; 50 mmol/L KCl, 
and 1 mL/L Triton X-100; 2.5 U of Taq DNA Polymerase; and then 
add 80 g/L dimethyl sulfoxide (DMSO; Sigma); 8 nmol/L of control 
primers, and 0.8 mmol/L ARMS common primer. Reaction mixture 
A contained, in addition to the above,0.8 mmol/L Arg158 and 0.4 
mmol/L Arg112 primers. Similarly, reaction mixture B contained, in 
addition to the above, 0.8 mmol/L Cys158 and 0.4 mmol/L Cys112 
primers. Amplification was performed with a Quanta Biotech DNA 
thermocycler. Each PCR run had blank controls with no DNA to 
exclude contamination. Cycling was carried out on the thermal 
cycler with initial denaturation at 95°C for 4 minutes, 35 cycles 
with denaturation at 94 °C for 45 second, annealing at 66 °C for 
45 s, and extension at 72 °C for 45 second, followed by a final 
cycle of extension at 72 °C for 5 minutes.

10 μl amplified product was mixed with 2 μl of gel loading dye and 
separated in a 2% agarose gel that contained 0.1 mg/L ethidium 

bromide. The samples were electrophoresed for about 1 hour 
at 100 volts, using 0.5 X Tris-Acetate-EDTA running buffer. The 
amplicons were sized by using a 100-bp DNA marker. Amplification 
products of the six common Apo E genotypes with modified ARMS 
on agarose gel electrophoresis are shown in [Table/Fig-2]. 

DISCUSSION
All enrolled subjects were recruited from South Western Maharashtra 

Sr.
no.

Mutation/
wild specific/

common/
control primer

Primer sequence (5’–3’) length of 
PCr

product 
(bp)

1 Cys158 ATGCCGATGACCTGCAGAATT 588

2 Arg158 ATGCCGATGACCTGCAGAATC 588

3 Cys112 CGCGGACATGGAGGACGTTC 451

4 Arg112 CGCGGACATGGAGGACGTTT 451

5 COMMON GTTCAGTGATTGTCGCTGGGCA -

6 CONTROL FOR CCCACCTTCCCCTCTCTCCAGGCAAATGGG 360

7 CONTROL RES GGGCCTCAGTCCCAACATGGCTAAGAGGTG

[Table/Fig-1]: The mutation-specific ARMS primers, control primers, and 
common primers for Apo-E polymorphism

[Table/Fig-3]: Levels of Biochemical Parameters in Arteriosclerosis Patients 
& controls

[Table/Fig-4]: Frequency Distribution of Apo E alleles in Arteriosclerosis 
patient &controls

[Table/Fig-2]: Amplification products of the six common Apo E alleles with 
modified ARMS on agarose gel electrophoresis. Each sample was analyzed 
by loading two different PCR reaction mixtures. Mixture A contains the 
Arg112 (451 bp) and Arg158 (588 bp) specific ARMS primers. Similarly, 
mixture B contains the specific ARMS primers Cys112 (451 bp) and Cys158 
(588 bp). Both mixtures contain the same common ARMS primer as well 
as a set of internal control primers that amplify a 360-bp segment of the 
α1-antitrypsin gene.
Lanes 1 and 2, negative DNA control; 
Lane 3 and 4, E3E2(Arg112 positive, Arg158 negative; Cys112 positive, 
Cys158 positive); 
Lane 5 and 6, E4E2 (Arg112 positive, Arg158 positive; Cys112 positive, 
Cys158 positive); 
Lane 7 and 8, E4E3(Arg112 positive, Arg158 positive; Cys112 negative, 
Cys158 positive); 
Lane 9 and 10, E4E4(Arg112 positive, Arg158 positive; Cys112 negative, 
Cys158 negative); 
Lane 11 and 12, E3E3 (Arg112 positive, Arg158 negative; Cys112 negative, 
Cys158 positive); 
Lane 13 and 14, E2E2 (Arg112 negative, Arg158 negative; Cys112 positive, 
Cys158 positive); 
Lane 15, 100 bp DNA marker

Biochemical 
Parameters

Patients 
(n=150) 

Controls 
(n=150)

p– value

Total Cholesterol (mg/dl) 221.09 ± 53.58 173.77 ± 22.62 <0.0001

HDL Cholesterol (mg/dl)   37.69 ± 11.31   48.59 ± 10.36 <0.0001

LDL Cholesterol (mg/dl) 159.08 ± 56.07 106.70 ± 25.30 <0.0001

VLDL Cholesterol (mg/dl)   24.32 ± 10.88 18.47 ± 5.59 <0.0001

Triglyceride (mg/dl) 121.61 ± 54.41   92.35 ± 27.99 <0.0001

Genotypes Patients
(n=150)

Controls
(n=150)

E  2  E  2 (06) 04.00% (07) 04.66%

E  3  E  3 (59) 39.33% (85) 56.66%

E 4    E 4 (43) 28.66% (24) 16.00%

E  3  E  2 (13) 08.66% (16) 10.66%

E  4  E  2 (07) 04.66% (04) 02.66%

E  4  E  3 (22) 14.66% (14) 09.33%
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cholesterol (p= 0.1469) and triglyceride (p = 0.1469) levels than 
the normal control group. E4E2 allele individuals had significant 
decreased level of HDL Cholesterol (p = 0.0423), and there was 
no significant difference found for Total Cholesterol (p = 0.1869), 
LDL Cholesterol (p = 0.0995), VLDL cholesterol (p = 0.8306) and 
triglycerides (p = 0.8306) in patients than controls. Arteriosclerotic 
Heterozygous E4E3 allele individuals have significantly higher mean 
value for Total Cholesterol (p = 0.0029) and LDL Cholesterol (p = 
0.0101), no significant difference was found in HDL Cholesterol 
(p = 0.1644), VLDL cholesterol (p = 0.1013) and triglyceride (p 
= 0.1013) than control E4E3 allele individuals. Our result shows 
homozygous E4 alleles with higher plasma lipid levels, in the study 
as well as control group [Table/Fig–4]. Apo E4 allele has been linked 
to higher total cholesterol, LDL cholesterol, VLDL cholesterol and 
triglycerides and lower HDL cholesterol plasma levels in several 
studies [24]. 

Comparison of the lipid values with patients and within the control 
group having E4 homozygous allele (Group M) and alleles other 
than E4 homozygous allele (Group N) was done. We found 
statistically significant higher values of total cholesterol (p < 
0.0001), LDL cholesterol (p = 0.0001) in group M patients than 
Group N patients. The difference in VLDL cholesterol (p= 0.0313) 
& triglyceride level (p = 0.0313) was found to be significantly higher 
in group M than in Group N in patients. There was no significant 
change found in HDL cholesterol (p = 0.5298) in Group M patients 
and Group N.

The similar findings were seen regarding serum cholesterol (p < 
0.0001), LDL cholesterol (p < 0.0001) and HDL cholesterol (p = 
0.2487) in group M and group N within the control group. And 
in contrast to patient group, there was no significant change for 
VLDL cholesterol (p = 0.7964) & triglycerides (p = 0.7964) in group 
M and group N within control group. The study suggested that 
the E4 homozygous allele affects plasma cholesterol and LDL 
cholesterol levels and hence, it is an independent risk factor for 
the development of arteriosclerosis. 

The prevalence of the E4-containing phenotypes was significantly 
higher in cardiovascular and cerebrovascular ailments such as 
myocardial infarction, hypertension, coronary heart disease and 
stroke etc [25].  Mendes-Lana A demonstrated that the presence 
of Apo E2 can confer a protective effect, the presence of Apo 
E4 implies an enhanced risk of dyslipidemia [26], and our results 
are in accordance with above studies for E 4 allele. The study 
confirms the significant association between ApoE4 allele and 
hyperlipidemia.

region,India. The data of biochemical parameters in Arteriosclerosis 
Patients & controls were summarized in [Table/Fig-3].It was 
observed that arteriosclerosis patients had significantly higher 
plasma total cholesterol concentrations as compare to controls 
(p<0.0001). Arteriosclerosis individuals had significantly greater 
mean value for LDL Cholesterol and VLDL cholesterol (p<0.0001) 
than controls. The mean level of HDL Cholesterol level was 
significantly lower (p<0.0001) in patients of arteriosclerosis 
subjects than control. The arteriosclerotic group had significantly 
higher plasma triglyceride (p<0.0001) than the control group.  

The present investigation was aimed to examine whether significant 
association does exist between Apo-E gene polymorphism and 
arteriosclerosis in study population. [Table/Fig-4]shows Frequency 
Distribution of Apo-E alleles in arteriosclerosis patient and controls. 
The occurrence of each allele frequency in study and control group 
was E4E4: 28.66% and 16.0%, E3E3: 39.33% and 56.66%, E4E3: 
14.66% and 9.33%, E3E2: 8.66% and 10.66%, E4E2: 4.66% and 
2.66% & for E2E2: 4.0% and 4.66% respectively. We observed 
that the E3 allele was the most frequent, followed by the E4 allele 
and E2 allele. This finding is universal for human populations [20]. 
It was also conferred by Singh et al., [21,22], that the E3 allele and 
E3/ E3 alleles were most common in normal and angiographically 
diagnosed CHD patients.  Study on patients with clinically proven 
coronary artery disease, show increase in plasma total cholesterol 
and LDL cholesterol according to the Apo E phenotype in the 
order APO E3/2 < E3/3<E3/4 and E4/4 [23].  

Association of Apo E phenotypes with lipid profile in Arteriosclerosis 
patients & controls were summarised in [Table/Fig-5]. It was 
observed that in arteriosclerosis patients having homozygous 
E2 allele have no statistical difference in their means of total 
cholesterol, HDL cholesterol, LDL cholesterol, VLDL cholesterol 
and triglycerides than normal healthy controls with homozygous 
E2 allele. Homozygous E3 allele individuals had significantly higher 
mean value for Total Cholesterol (p<0.0001), LDL Cholesterol 
(p<0.0001), VLDL cholesterol (p = 0.0027) and triglyceride 
(p=0.0027), and significantly lower HDL Cholesterol (p<0.0001) 
was found in patients than control of the same genotype. The 
mean levels of Total Cholesterol (p<0.0001), LDL Cholesterol 
(p<0.0001), VLDL cholesterol (p= 0.0001) and triglycerides (p= 
0.0001) were significantly increased and HDL Cholesterol (p= 
0.0196) level was decreased among patients of arteriosclerosis 
subjects group than control subject in homozygous E4 allele. 
The arteriosclerotic group with E3E2 allele had statistically higher 
plasma Total Cholesterol (p= 0.0003), LDL Cholesterol (p= 0.0013) 
and no variation was found in HDL Cholesterol (p= 0.3481), VLDL 

[Table/Fig-5]: Association of Apo E phenotypes with lipid profile in Arteriosclerosis patients & controls 

apo e alleles Subjects Total  Cholesterol  
(mg/dl)

HDl Cholesterol (mg/
dl)

lDl  Cholesterol 
(mg/dl)

VlDl  Cholesterol
(mg/dl)

Triglycerides
(mg/dl)

E2E2 Patients 132.5 ± 19.02 36 ± 7.48 73.8 ± 20.08 22.7 ± 6.77 113.5 ± 33.85

Controls 153.84 ± 17.33 46.61 ± 11.77 88.05 ± 13.19 19.17 ± 5.87 95.86 ± 29.36

E3E3 Patients 214.29 ± 51.41* 35.59 ± 9.13* 155.80 ± 56.12* 22.90 ± 12.45* 114.48 ± 62.23*

Controls 167.08 ±  18.96 50.02 ± 10.42 98.88 ± 21.54 18.18 ± 5.72 90.92 ± 28.62

E4E4 Patients 252.63±  55.40* 38.61 ± 13.49* 186.69 ± 57.22* 27.33 ± 9.23* 136.66 ± 46.15*

Controls 198.50 ± 21.24 46.35 ± 11.10 133.40 ± 22.86 18.74 ± 4.56 93.71 ± 22.80

E3E2 Patients 199.46 ± 18.41* 44.54 ± 14.56 132.12 ± 19.27* 22.80 ± 11.73 114.00 ± 58.67

Controls 170.50  ±18.66 48.71 ± 8.73 103.82 ± 22.39 17.97 ± 4.97 89.87 ± 24.84

E4E2 Patients 230.71 ± 50.91 32.29 ± 9.64* 180.31 ±56.61 18.11 ± 4.67 90.57 ± 23.34

Controls 193.25 ± 8.30 52.00 ± 18.58 123.85 ± 28.49 17.40 ± 6.06 87.00 ± 30.31

E4E3 Patients 211.62 ± 33.03* 39.67 ± 9.77 146.36 ± 37.45* 25.58 ± 10.26 127.92 ± 51.31

Controls 180.21 ± 19.46 43.70 ± 5.06 116.25 ± 21.63 20.27 ± 7.27 101.34 ± 36.34

* Stastically significant
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Since, the population in the state of Maharashtra, India is divided 
into different caste and tribal groups and there is very less in 
breeding, it is necessary to study the representative sample from 
each caste group so as to assess the extent and impact of Apo 
E polymorphism in South Western Maharashtra population. This 
will enlighten the understanding of the association between Apo-E 
polymorphism and Hyperlipidemia among the study population.

CONCLUSION
Study supports that variability in Apo-E gene locus is associated 
with influencing the plasma lipid levels which are important risk 
factors for arterial disease, and it is necessary to carry out a caste 
group-wise randomised study to assess the impact of Apo-E 
polymorphism in this population.
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