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APOLIPOPROTEIN E POLYMORPHISM,
PARAOXONASE-1 ACTIVITY AND CORONARY

ARTERY DISEASE: IS THERE A LINK
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ABSTRACT
Objective: The association of ApoE allele frequencies with coronary artery disease (CAD)
remains unknown in developing countries. Paraoxonase 1 (PON1) is an enzyme that is associated
with high density lipoprotein (HDL) and hydrolyzes oxidized lipids in oxidized low density
lipoprotein (LDL) and thus protects against the development of atherosclerosis. In this study the
association of apoE polymorphism and PON1 with premature CAD was determined.
Methodology: The frequency of apo E alleles and the activity of the PON1 among 162 patients
with early and late onset CAD was examined.
Results: The mean age in the early and late-onset groups were 44.9 ± 4.9 and 71.7±2.5 years
respectively. Patients with early-onset CAD had significantly lower serum levels of HDL-C and
higher LDL-C/HDL-C ratio than the late-onset group. There was no difference in serum levels of
triglyceride, total cholesterol and LDL-C between the two groups. The e2 allele was significantly
higher in the late-onset group. 35.0% of early-onset and 17.5% of late-onset group had low level
of PON1. 86% of the early-onset CAD and all of the late-onset CAD patients with e3/ e4 genotype,
had low or moderate level of PON1 activity.
Conclusion: We found a positive association between PON1 activity, HDL level and the onset of
CAD. Our study suggests that there are modest associations between CAD and apo E alleles and
that the lower activity of PON1 in the presence of lower apo E level may increase the susceptibil-
ity to early-onset CAD.
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INTRODUCTION

Coronary artery disease (CAD) is a multifac-
torial disorder that has both genetic and
nongenetic influences. The genetic influence is
particularly strong in early onset CAD as

shown in family and twin studies. The famil-
ial component appears to decline with advanc-
ing age and becomes negligible in patients pre-
senting with CHD later in life.1 In many stud-
ies, the genetic etiology of early-onset CAD has
been attributed to genetic factors such as
apolipoprotein E (apoE) genotypes.2

Apo E gene is polymorphic with three com-
mon alleles, e2, e3, and e4, producing three
isoforms of the protein, E2, E3, and E4.3,4 e2 is
associated with higher and e4 with lower con-
centrations of apo E.5 This polymorphism is con-
sistently associated with plasma concentrations
of total and LDL cholesterol.6 It has been
shown that apo E knockout mice acquire
increased susceptibility of lipid peroxidation
under oxidative stress.7,8 The apo E genotype
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yields poor predictive values when screening
for clinically defined atherosclerosis.2

The other protein that has been associated
with CAD is Paraoxonase (PON1).  PON1 is
exclusively associated with HDL and protects
LDL from oxidation and prevents atheroscle-
rosis development9-11 via reduction of LDL in
expense of PON1 oxidation (inactivation).12,13

The idea that PON1 should have antioxidant
potential arose from its structure; rich in re-
ducing amino acid cysteine.14,15 Increased sus-
ceptibility to atherosclerosis observed in PON1
knockout mice.16 Clinically, PON1 activity is
low when pathological vascular ageing occurs
early and when cardiovascular risk is high,
however, its activity is highly variable and its
regulation is complex, involving both genetic
and environmental factors.17

The interactive effect of PON1 and apo E was
found in the development of the two most com-
mon forms of dementias; Alzheimer’s and vas-
cular dementias.18,19 Also it has been shown
that the modification of the apo E binding site
to the LDL receptor and proteoglycan might
have caused an accumulation of oxidized
VLDL in the circulation system.8

Given the association between apo E gene
polymorphism and apo E protein level, accel-
erated atherosclerosis in the absence of apo E,
increased PON1 activity and protection of LDL
from oxidation and atherosclerosis develop-
ment,15 we hypothesized that not only apo E
polymorphism may be a risk factor for CAD
but also its interaction of it with PON1 activity
may be important in oxidative damages of en-
dothelium and hence in atherogenesis. Accord-
ingly, we hypothesized that because the ge-
netic influence is stronger in early onset dis-
ease, patients presenting with early onset CAD
would have an increased oxidative stress, com-
pared to those manifesting CAD later in life.
The delayed-onset was considered a sign of lon-
gevity and would serve as a comparative group
to assess prevalence of the biochemical and
genetic risk factors. In this study we measured
total cholesterol (TC), HDL (HDL-C), LDL cho-
lesterol (LDL-C), triglyceride (TG) and PON1
activity in early and late-onset CAD patients.

We also studied and compared the frequency
of the apo E alleles and explored synergies
between different apo E alleles and PON1
activity in the two groups.

METHODOLOGY

2.1 Study subjects: The patients were recruited
from the cardiac wards of Tehran University
hospitals. All had CAD confirmed by angiog-
raphy demonstrating one or more epicardial
coronary vessels with greater than 50% diam-
eter stenosis and were on optimal medical
therapy. Patients with diabetes mellitus, kid-
ney, thyroid or liver disease were excluded.
Eligible patients were sequentially recruited
into two groups: early-onset CAD (n = 80) were
those presenting with CAD under the age of
55 years (mean Age = 44.9± 4.9 years); late-
onset CAD (n = 80) were patients presenting
with CAD for the first time over the age of 65
years (mean Age = 71.7 ± 2.5 years). The study
was conducted following the approval of our
institutional review board, and informed con-
sent was obtained from all patients before in-
clusion in the study.
2.2. Laboratory methods
2.2.1. Lipid profile and PON1 analysis: A blood
specimen was collected after overnight fasting
for 12 hour. Serum TC and TG levels were
measured by commercially available enzymatic
kits. HDL-C was measured after precipitation
with phosphotungstic acid and LDL-C was
calculated using Friedwald’s20 formula for se-
rum samples with TG values less than 400mg/
dl. In patients with a TG value greater than
400mg/dl, LDL-C levels were not calculated.
PON1 activity was measured using paraoxon
as the substrate.21 Paraoxanase activity is de-
fined as the amount of enzyme which converts
1m mol paraoxone (Aryldialkyl phosphate) to
nitrophenol in one minute.
2.2.2. Genotyping: Genomic DNA was
extracted from whole blood leukocytes by a
standard method.22 Apo E genotyping was per-
formed using 5'-TAAGCTTGGCACGGCTGT
CCAAGGA-3' (forward) and 5'-ACAGAAT
TCGCCCCGGCCTGGTACAC-3' (reverse)
primers.23 In this methd PCR product was
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incubated overnight at 37°C with cfoI restric-
tion endonuclease. The digestion products
were then separated using PAGE (15%) for 1.5
hours at 180 volts. The gel was then silver
stained.
3. Statistical analysis: Statistically significant
differences between parameters with a
gaussian distribution (age, serum-TC, LDL-C
and HDL-C) were sought by Student’s un-
paired t-test. Variables with a non-gaussian
distribution (serum TG and PON1 activity)
were compared using the Mann-Whitney U
test. The ÷2 test was used to determine the sig-
nificance of differences in allele frequency.
P<0.05 were considered significant.

RESULTS

Patients with early-onset CAD had signifi-
cantly lower serum levels of HDL-C (P<0.05)
and higher LDL-C/HDL-C ratio (P<0.01) than
the late-onset group. There was no difference
in serum levels of TG, TC, and LDL-C between
the two groups. The lipid profile of the two
groups is shown in Table-I. The frequency of
the e3 allele was 88.1 and 81.9 percent in early
and late onset CAD group respectively with
no significant difference (Table-II). The fre-
quency of e2 allele was 7.5 and 15 percent in
early and late onset CAD group respectively
with significant difference. The prevalence of
e2/ e3 genotype was 7.5 and 22.4% in early and
late –onset CAD respectively, with a signifi-
cant difference (Table-III). The prevalence of
e3/ e4 genotype was significantly different in
the two groups. Although PON1 activity was
not significantly different, when we divided the
patients of each group into three groups of low,

moderate and high level of PON1 activity, we
found that 35.0% of early-onset group had the
low level of PON 1 whereas this percentage
was 17.5% in late-onset group. 86% of the
early-onset CAD and all of the patients of late-
onset CAD with apoe3/ e4 genotype, had low
or moderate level of PON1 activity.

DISCUSSION

Apo E influences lipoprotein metabolism and
confers a risk for CHD. In accordance with
other studies24,25 we found that e3 is the most
frequent and e4 is the least frequent allele in
Iranian population (Table-II). The significantly
increased prevalence of e2 allele in our older
group with CAD (15 vs.7.5%) is in accordance
with other studies demonstrating that the e2 is
found more frequently in older compared to
younger control groups.26 The reason for the
higher prevalence of e2 allele in the older popu-
lation is not clear, but since apoe2 is associated
with higher concentrations of apo E5,6 and the
apo E knockout mice show accelerated athero-
sclerosis lipid peroxidation7 it could be specu-
lated that higher concentrations of apo E5,6

may delay the onset of CAD until later in life.
The low level of PON1 activity in the early-
onset CAD group was two fold greater than
the late-onset, which is consistent with stud-
ies, including Tward et al27 who demonstrated
that PON1 transgenic mice are at lower risk
for atherosclerosis and Rozenberg16 who
showed PON1 knockout mice are more prone
to the disease. Because HDL3 has the highest
cardio protective effects and PON1 activity28,13

we may speculate that cardio-vasoprotective
effect of the HDL is due to its association with
PON1. The significant lower level of PON1
activity and HDL-C in the early onset CAD
group may somehow related to lower level of

Table-I: The mean ±SD of serum lipid profile and PON1
activity in patients with early – and late – onset CAD

Variable Early-onset Late-onset

Chol (mg/dl) 230 ± 60  219 ± 47
TG (mg/dl) 232 ± 104 218 ± 77
HDL-C (mg/dl) 36 ± 14.8   * 40 ± 10.6
LDL-C (mg/dl)  145 ± 60 144 ± 48.7
LDL-C /HDL-C 5.1 ± 4.1  ** 3.8 ± 1.8
Paraoxonase 402±262 430±205
   activity (IU/ml)

* P<0.05 ** P < 0.01

Table-II: The distribution of apolipoprotein E
allele frequencies in the two  groups

Allele Early-onset Late-onset

2 12 (7.5%)* 24 (15%)

3 141(88.125%) 131 (81.875%)

4 7 (4.375%) 5 (3.125%)

* P<0.05
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HDL. Although the total and LDL cholesterol
did not show any significant difference, The
significantly higher LDL-C /HDL-C  ratio in
the early onset CAD group, implying a higher
risk for this group.

In our study, 86% of the early-onset CAD
and all of the patients of late-onset CAD with
e3/ e4 genotype, had low or moderate level of
PON1 activity, since apoe4 is associated with
lower concentrations of apo E5,6 this may im-
ply that their combined antioxidant effect may
somehow be  cumulative. The interrelationship
between PON1 activity and apo E has been
shown by Shih et al29 who showed, increased
atherosclerosis in mice, when PON1 deficiency
was combined with apolipoprotein E (apoE)
deficiency. Getz and Godfrey30 found that ex-
ogenous PON1 is able to reverse the oxidative
stress in macrophages in aged apolipoprotein
E deficient and PON1 deficient mice.

CONCLUSION

In summary, our study suggests that there
are modest associations between CAD, apoE
polymorphism and PON1 activity and that the
lower activity of PON1 in the presence of lower
level of apo E concentration may increase the
susceptibility to atherosclerosis.
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PON1 group 1 2 3 Total
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Fig-1: Apo E genotyping in CAD patients on polyacrylamide gel 15%, restriction enzyme cf oI and silver staining
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