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Abstract Elevated LDL/HDL ratio is an important risk

factor for predicting atherosclerosis. Paraoxonase-1 pro-

tects LDLs from oxidative modifications and has a pro-

tective effect against atherosclerosis. Two common

polymorphisms, Q192R and L55M, in PON1 gene can

affect PON1 levels and function. The aim of this study was

to evaluate the frequency PON1 polymorphisms in indi-

viduals with high and normal LDL/HDL ratios. To evaluate

Q192R and L55M polymorphisms in Iranian case group

(n = 70) with high LDL/HDL ratio, and control group

(n = 80) with normal LDL/HDL ratio, we used PCR–

RFLP method. Genotype frequencies for Q192R were

52.2 % for QQ, 46.3 % for QR, and 1.5 % for RR in case

group (P = 0.003). However, Genotype frequencies in

case group for L55M were 17.5 % LL, 75.3 % LM, and

7.2 % MM (P = 0.001). PON1 L55M polymorphism was

associated with high LDL/HDL ratios in case group. So,

the L55M polymorphisms can contribute in reducing the

antioxidant function and decreasing level of HDL particles.

In conclusion, PON1 L55M polymorphism can affect lipid

metabolism and may be related to atherosclerosis in Iranian

individuals.

Keywords Low density lipoprotein (LDL) � High density

lipoprotein (HDL) � Paraoxonase-1 (PON1) �
Polymorphism � Polymerase chain reaction–restriction

fragment length polymorphism (PCR–RFLP)

Introduction

Many risk factors are involved in atherosclerosis. Among

these, dyslipidemias play an essential role in pathogenesis

of atherosclerotic cardiovascular diseases (CVDs), and

become a target for preventive and therapeutic approaches

[1]. Elevated low density lipoproteins (LDL) and/or

decreased high density lipoproteins (HDL) are two

responsible factors in atherosclerosis due to different dy-

slipidemias [1–3]. LDL particles, which are heterogeneous

in their composition, shape, size, and density, are the major

carriers of cholesterol in human plasma. These particles are

known as atherogenic lipoprotein particles and represent a

strong cardiovascular risk factor [2–4]. HDL mediates

reverse cholesterol transport and has several other anti-

atherogenic effects [1, 2]. Oxidative modifications of LDL
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in arterial walls is the main pathogenic mechanism in ini-

tiation and acceleration of coronary artery disease (CAD)

followed by atherosclerosis [5]. Human serum paraoxonase

1 (PON1), encoded by the polymorphic gene PON1 on

chromosome 7q21.3, is produced mainly in the liver and is

associated with HDL particles [6]. Indeed, one of the main

protective effects of HDL is due to the enzyme activity of

PON1, and probably prevents atherosclerosis by preventing

LDL from oxidative modifications [7]. PON1 can hydro-

lyze some organophosphates such as paraoxon and sarin

[8]. The PON1 gene has nearly 200 single nucleotide

polymorphisms (SNPs). Of this Q192R and L55M poly-

morphisms located in the coding region are the most

commonly studied SNPs [8]. The Q192R and L55M

polymorphisms are the commonest polymorphic regions in

this gene that are related to enzyme activity and serum

levels of PON1 [8, 9]. There are several studies demon-

strating an association between Q192R and L55M poly-

morphisms and susceptibility to CAD in cardiovascular

patients and/or people who have been prone to athero-

sclerosis because having high LDL/HDL and or ApoB/

ApoA-I ratios [10–13]. However some studies have failed

to find such an association [10, 14] LDL levels and or

calculated ratios such as LDL/HDL are useful predictors of

risk of CVD in the primary and secondary prevention

setting of these diseases [15]. However, some evidences

suggest that the ratio of the corresponding apolipoproteins

(ApoB/ApoA-I) might be superior or better predictors in

some populations [4, 15, 16].

This highlights the need to evaluate the association

between PON1 polymorphisms and LDL/HDL ratio, which

is one of the important risk factors to develop coronary

heart diseases, in general populations. Thus, we evaluated

the association between LDL/HDL ratio by determination

of lipid profile and two PON1 polymorphisms include

L55M and Q192R, which may modulate serum lipids in

Iranian population with no diagnosis of cardiovascular

illness.

Materials and Methods

Study Population

A case–control study was performed in Tehran (at North)

and Zanjan (at North-west), Iran during 1 year. Informed

consent was obtained from each individuals included in the

study. The study protocol conforms to the ethical guide-

lines of the 1975 Declaration of Helsinki as reflected in a

priori approval by the institution’s human research com-

mittee. Eligible participants were 150 unrelated individuals

who were matched according to age and sex, aged

30–80 years, without coronary heart disease were admitted

to enroll with present study. According to LDL/HDL nor-

mal and risk ranges, 70 patients with LDL/HDL ratio

higher than 3.4, and 80 individuals with the ratios lower

than 3.4 were purposed as case and control groups,

respectively [17, 18]. Some information asked from par-

ticipants by trained personnel. Structured questionnaire

included age, sexuality, smoking habits, familial history of

CVD, history of refer to cardiology clinic, history of hos-

pitalization due to heart problems, history of bypass, his-

tory of angioplasty, hypertension and drug usage especially

anti lipid and anti oxidant drugs. Individuals with liver,

renal/and thyroid problems, diabetes mellitus and partici-

pants who had taken anti hypertensive, lipid lowering/and

anti oxidant drugs during 1 month before sampling,

excluded from study.

Sampling

Blood samples were collected after overnight fasting in

EDTA coated tubes to analyze PON1 genotypes and

without anticoagulant for serum lipid profile determina-

tions. Collected samples were stored at -20 �C until

analysis.

Determination of PON1 Q192R and L55M

Polymorphisms

Genomic DNA was extracted using Genomic DNA

Extraction Kit (Qiagen, Germany) according to the proto-

col of the manufacturers. After extraction, all DNA sam-

ples were measured by NanoDrop (ND-1000,

Thermoscientific) and their purity was checked by A260/

A28 ratio. PON1Q192R and L55M polymorphisms were

determined by PCR, lyophilized premix PCR tubes (Bio-

neer, South Korea) and followed by restriction fragment

length polymorphism analysis (RFLP). Primers [19, 20],

annealing temperature and length of PCR products for each

polymorphism explored in this study are given in Table 1.

For quality control of PCR method, it was used an extra

microtube containing all master mix components without

DNA. This negative control was loaded on agarose elec-

trophoresis post PCR.

According to our experiences previously [10], each

restriction endonuclease mixture (total volume 24 ll)
contained 15 ll amplified fragment, 5 ll distilled water,

2 ll appropriate buffer for each restriction endonuclease

(Fermentas Life Science) and 4 unit of AlwI for Q192R and

4 unit Hin1II for L55M polymorphism (1 unit of restriction

enzyme is the amount of enzyme required to digest 1 lg of

lambda DNA in 1 h at 37 �C for Hin1II or at 55 �C for

AlwI). Restriction products were separated by electropho-

resis on a 4.5 % agarose gel in TBE buffer and stained with

ethidium bromide.
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Lipid Profile, LDL and HDL Determination

Serum total cholesterol (TC) and triglycerides (TG) were

determined by enzymatic methods (Pars Azmoon, Iran/

Hitachi 902). HDL-C and LDL-C were measured using

turbidimetric method (Randox�, England/Hitachi 902).

Statistical Analyses

SPSS software (version 17) was used for statistical ana-

lysis. Comparisons of allele and genotype frequencies

between case and control groups were analyzed using the

Chi squared test. P values lower than 0.05 were considered

statistically significant.

Results

General characteristic and lipid profile of participants are

shown in Table 2. The mean of LDL/HDL ratio in case and

control groups were 4.7 ± 1.0 and 2.5 ± 0.5, respectively.

Participants mean ages in case and control groups were

57.5 ± 9.5 and 51.6 ± 10.2, respectively. The power of

study was estimated around 80 %.

PON1 Q192R and L55M Genotypes Determination

According to Hardy–Weinberg Equilibrium (HWE) law,

there are two allele for PON1 gene at 192 region include Q

and R. In addition, there are two allele at 55 region include

L and M.

Q192R Polymorphisms

Undigested fragment (99 bp) was detected in homozygotes

for Q192 allele (genotype QQ), digested fragments (66 and

33 bp) were detected in homozygotes for R192 allele

(genotype RR) and both digested and undigested fragments

(99, 66 and 33 bp) were detected in heterozygotes (geno-

type QR) (Fig. 1).

L55M Polymorphisms

Undigested fragment (172 bp) was detected in homozy-

gotes for L55 allele (LL genotype), digested fragments

(103 and 69 bp) were detected in homozygotes for M55

Table 1 PCR and RFLP conditions

Polymorphisms Primers T annealing

(�C)
Restriction

enzyme

PCR

fragment

RFLP fragments

Q192R F: 50TATTGTTGCTGTGGGACCTGAG30

R: 50CACGCTAAACCCAAATACATCTC30
56 AlwI 99 bp Q Allele: 99 bp

R Allele: 66 ? 33 bp

L55M F: 50 CCTGCAATAATATGAAACAACCTG30

R: 50 TGAAAGACTTAAACTGCCAGTC 30
53 Hin1II 172 bp L Allele: 172 bp

M Allele: 103 ? 69 bp

Table 2 General characteristics and lipid profile from participating

individuals

Parameter Case

(n = 70)

Control

(n = 80)

P value

Age (years)a 57.5 ± 9.5 51.6 ± 10.2 0.001

Gender (men) (%) 49.7 51.3 0.001

Total cholesterol

(mg/dL)a,b
250 ± 35.4 172 ± 27.5 0.0001

Triglycerides (mg/dL)a,b 250 ± 95.4 166.2 ± 76.2 0.0001

HDL-C (mg/dL)a,b 35.3 ± 4.0 43.3 ± 4.5 0.0001

LDL-C (mg/dL)a,b 183.2 ± 31.1 109.5 ± 22 0.0001

Total Cholesterol/

HDL-Ca,b
6.2 ± 1.3 4 ± 0.75 0.0001

LDL/HDLa,b 4.6 ± 1.0 2.5 ± 0.5 0.0001

a Data are expressed as arithmetic mean ±SD
b Lipid profile normal values: total cholesterol B 200; triglycer-

ides B 160; HDL C 40; LDL B 129; total cholesterol/HDL B 4.7;

LDL/HDL B 3.4
Fig. 1 Electrophoretic bands of polynucleotide products after diges-

tion with AlwI restriction enzyme for determination of Q192R

polymorphism. Q192R genotypes include QQ (normal), QR (poly-

morphism in one allele), RR (polymorphism in two allele). There was

no band in negative control line
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allele (genotype MM) and digested and undigested frag-

ments (172, 103 and 69 bp) were detected in heterozygotes

(genotype LM) (Fig. 2).

Association between PON1 Q192R and L55M

Polymorphisms and LDL/HDL Ratios

Table 3 shows the PON1 genotype frequencies in case and

control groups. Frequencies for Q192R one allele poly-

morphism (QR) in case and control groups were 46.3 and

32.2 %, respectively; but the frequencies of two allele

polymorphism (RR) in case and control groups were 1.5

and 17.2 %, respectively (P = 0.003) (Fig. 3).

Frequencies for L55M one allele polymorphism (LM) in

case and control groups were 75.3 and 46.8 %, respec-

tively. Frequencies for L55M two allele polymorphism

(MM) in case and control groups were also 7.2 and 8.6 %,

respectively (P = 0.001) (Fig. 4).

In ANOVA analysis, the Q192R and L55M polymor-

phism signification between case and control groups were

0.112 and 0.007, separately. In investigation of polymor-

phism odd ratios in case group, the odd ratios (CI 95 %) of

Q192R and L55M polymorphisms in one or two allele

were 0.98 and 2.85, respectively.

Discussion

CVD is the most important cause of death in the world.

Several studies have been reported about the sharply

increasing of this disease over the next 10 years [21].

Fig. 2 Electrophoretic bands of polynucleotide products after diges-

tion with Hin1II restriction enzyme for determination of L55M

polymorphism. L55M genotypes include LL (normal), LM (poly-

morphism in one allele), MM (polymorphism in two allele). There

was no band in negative control line

Table 3 PON1 genotype frequencies in case (n = 70) and control (n = 80) groups

Studied groups PON1 Q192R and L55M polymorphism genotypes (No. genotypes in each group)

QQ QR RR LL LM MM

Control (LDL/HDL ratio\ 3.4) 40 25 15 35 37 8

Case (LDL/HDL ratio[ 3.4) 36 32 2 12 53 5

Q192R genotypes include: QQ (normal), QR (polymorphism in one allele), RR (polymorphism in two allele); L55M genotypes include: LL

(normal), LM (polymorphism in one allele), MM (polymorphism in two allele)

Fig. 3 Frequencies of Q192R

polymorphism in case and

control groups. Q192R

genotypes include QQ (normal),

QR (polymorphism in one

allele), RR (polymorphism in

two allele)
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Atherosclerosis, as the one of the major causes of the

CVD occurrence, is developed as the consequence different

environmental and genetic factors; however lipoproteins

have a especial role of its pathogenesis [21]. Changes in

serum lipid profile include decrease of HDL-C and

increased LDL-C, TG and TC can contribute to the path-

ogenesis of atherosclerosis [22]. Some studies suggest that

the role of genetic factors on lipid profile is better than

environmental factors for considering of atherosclerosis

[23, 24].

In the different types of lipoproteins, LDL particles can

damage coronary arteries, and HDL particles can prevent

the damage. Hence, plasma levels of LDL and HDL are,

positive and negative risk factors for CAD, respectively. In

addition, the evaluation of plasma levels of apolipoprotein

B and apolipoprotein A-I, which are the main surface

proteins on LDL and HDL particles, is important [25].

The recent National Cholesterol Education Program

Adult Treatment Panel III (ATP-III) guidelines recommend

specific target levels of LDL cholesterol and HDL cho-

lesterol for determining the risk of CVD and evaluating the

effectiveness of lipid-lowering therapies. Some evidences

show that the LDL-C/HDL-C ratio continues to be a

valuable and standard tool to evaluate CVD risk in all

populations [17].

Different studies have been shown that the oxidative

change in LDL particles in the arterial walls is the main

pathogenic mechanism in developing of atherosclerosis,

and thus the CAD. In contrast, HDL particles have a pro-

tective effect by reverse cholesterol transport from tissues

to liver [1]. Some studies reported that one of the important

protective roles of HDL is due to the paraoxonase 1

(PON1) enzyme activity that bound to HDL surface. PON1

can prevent the LDL peroxidation and hydrolyze oxidized

LDL particles and may have a role in preventing of ath-

erosclerosis [23, 26, 27]. Studies have shown that PON1

knockout mice cannot hydrolyze the oxidized LDL and

have increased risk of developing CAD [8, 28].

There are a wide variation in PON1 activity and geno-

types in different ethnic groups and even within individuals

in the same ethnic group. The PON1 activity is decreased

in patients with familial hypercholesterolemia and diabetes

mellitus, who are more prone to atherosclerosis. Hence, the

lower PON1 activity may increase the oxidative modifi-

cation in LDLs and the risk of CAD [8, 29, 30]. In addition

to PON1 activity, some genetic polymorphisms can affect

on the PON1 concentration and its activity. Two common

polymorphisms in the coding region of PON1 gene have

been reported: (1) replacement of leucine (allele L) by

methionine (allele M) (Leu [L]/Met [M]) at 55 position,

which is related with differences in PON1 activity, and (2)

polymorphism at position 192 that recognized by replace-

ment of glutamine (allele Q) by arginine (allele R) (Gln

[Q]/Arg [R]), has been described as substrate-dependent

and affects the catalytic efficiency of PON1 [8, 31].

There are several studies which have investigated the

relationship between PON1 gene polymorphisms and the

risk of atherosclerosis. Frequencies of PON1 alleles widely

vary across human populations. Different studies have been

shown that there is an association between Q192R and

L55M polymorphisms and susceptibility to CAD and ath-

erothrombosis due to oxidant stress [12, 13, 43]. However,

other reports have failed to find such an association [14, 15,

32]. The concentrations of serum total cholesterol, HDL-C,

and LDL-C and enzyme activity of PON1 may depend on

the PON1-L55M and PON1-Q192R polymorphisms [31].

The association of PON1 Q192R polymorphism with the

development of CVD is yet unresolved. Durringtone et al.

in their epidemiological study suggested that PON1Q192R

polymorphism, in particular the 192RR genotype, may

represent a risk factor to develop CHD [33]. In addition,

some other evidences suggest that the PON1 RR allele is

Fig. 4 Frequencies of L55M

polymorphism in case and

control groups. L55M

genotypes include LL (normal),

LM (polymorphism in one

allele), MM (polymorphism in

two allele)
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associated with increased risk of CAD [12, 22]. Mackness

et al. are observed an increased frequency of the PON1 QR

and RR alleles in CAD patients [34]. Schmidt et al.

reported that atherosclerotic lesions were more common in

RR genotype [12]. Gupta et al. found that one or two

polymorphism(s) in Q192R position were associated with

increased risk of CAD after adjusting all conventional risk

factors [9]. However, these observations have been chal-

lenged by Antikainen et al. who didn’t find any association

in a Finnish population [32]. In addition, some other

studies have failed to find this relationship [14, 19]. Om-

bres et al. also evaluated the Q192R genotype frequencies

in angiographically defined CAD individuals; but there

were no indication that this polymorphism is significantly

associated with the risk of coronary atherosclerosis [14]. In

addition to these reports, Schmidt et al. failed to detect a

significant association between the Q192R polymorphism

and atherosclerotic lesions in patients with carotid disease.

In this study [13], we also didn’t observe the association

between PON1 Q192R polymorphism and the risk of CVD,

by defined with higher LDL/HDL ratios in case group.

Therefore, there were no conclusions about a possible role

of codon 192 PON1 polymorphism as a marker of CAD

risk in the general population of coronary patients.

Nus et al. reported that individuals with Q192 had lower

HDL levels than R192 carriers [31]. We are observed that

individuals with RR genotype have higher LDL/HDL ratio

(P = 0.003). Nus et al., in addition, found a positive cor-

relation between arylesterase activity of PON1 and HDL-C

levels, and negative correlation between arylesterase

activity, oxidized LDL (ox-LDL) concentration and the ox-

LDL/LDL ratio. This evidence supports the protective

effect of PON1 on LDL oxidation [31]. Aviram et al.

shown that the protective activity of PON1 against oxida-

tion is impaired in 192R alloenzyme [35]. Therefore, low

PON1 activity in patients with cardiovascular illness or

other adverse oxidative stress condition may be related to

their genotype [26].

Pérez-Herrera et al. reported that PON1 Q192R allelic

frequencies were different from those reported in several

Caucasian populations and our results [14, 23, 36]; but

were similar to those in Chinese, Afro-American and other

Mexican populations [37–39]. In addition, individuals with

192RR genotype had lower levels of HDL-C than 192QQ.

Hence, this may suggest that PON1 polymorphisms could

affect the serum lipid levels, particularly HDL. This report

is in agreement with the study of Hegele et al. who found

that 192QQ individuals in an isolated population from

Canada had higher levels of HDL and lower levels of TC,

LDL and TG than heterozygotes or homozygotes for the

192R allele [24]. However, we did not a significant change

in 192QQ genotype between case and control groups.

Pérez-Herrera et al. reported that 42 % of individuals had

HDL values lower than 40 mg/dL, from which 36 % of

individuals were 192RR homozygotes and 13 % were

homozygote for the 192Q allele [23]. Considering that high

values of HDL may act as a protective mechanism against

CVDs. Our data suggest that there may be more 192RR

individuals at risk for developing these pathologies. How-

ever, we didn’t find these similarity and 17 % of individ-

uals in our control group with normal levels of LDL/HDL

ratios, had 192RR genotype. Our study, likes Pérez-Herrera

et al., was conducted in healthy individuals with no clinical

diagnosis of CVDs.

The association between PON1 L55M polymorphism

and lipid profile has been less studied. Deakin et al. shown

that L55M polymorphism may be related to vascular dis-

ease and impaired glucose metabolism [40]. Some studies

with inconsistent results have been shown the relationship

between the L55M polymorphism and CAD [30]. Gupta

et al. could not observe any significant effect of L55M

polymorphisms with CAD and PON1 activity [9]. How-

ever, Schmidt et al. have been observed an independent

association of CAD with L55M polymorphism in Austrian

CAD patients [13]. In addition, they suggest that the 55LL

genotype is a significant and independent predictor of

carotid atherosclerosis in a middle-aged and elderly pop-

ulation [13]; but in this study, the L55M polymorphism,

especially in one allele, was correlated with case group

who had higher LDL/HDL ratios.

Pérez-Herrera et al. did not observe an association

between PON1 L55M polymorphism and HDL, but sig-

nificant higher levels of LDL in 55LM heterozygote sub-

jects [23]. They reported that PON1 L55M allelic

frequencies were similar to those reported in Afro-Ameri-

cans and other Mexican populations [37, 39], but different

from those in Caucasians [36]. Like this result, in presence

study, the 55LM heterozygote individuals had higher LDL/

HDL ratios.

Deakin et al. and Fanella et al. reported a trend of higher

LDL and lower HDL levels according to PON1 L55M

polymorphism, 55MM subjects had the less favorable

profile [40, 41]. However, we didn’t observe this signifi-

cant relationship between individuals with higher LDL/

HDL ratios and 55MM genotype.

Grubisa et al. have shown that there is no significant

difference in allele and genotype frequencies of PON1

polymorphisms between the atherosclerotic patients who

had angiography and healthy controls [42].

Authors are aware that lipid profile is a multifactorial

characteristic that cannot be explained by only one factor.

Therefore, caution must be taken when comparing data

from different populations.

In summary, as respects the increased LDL/HDL ratios,

especially higher than 3.4, are important for developing of

atherosclerosis, L55M polymorphism may be helpful for
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prediction of atherosclerosis. L55M polymorphisms in

PON1 gene may decrease the antioxidant capability of

HDL. This can increase the LDL/HDL ratio, even in

individuals without higher amounts of LDL. In conclusion,

it is important to explore the effect of PON1 L55M genetic

polymorphisms on lipid metabolism and atherosclerosis in

diverse populations with different ethnicities.
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