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Atherosclerosis is known as an inflammatory disease that can affect any
vessel in the body. The occurrence of atherosclerosis in heart vessels is
called coronary artery disease (CAD). CAD is one of the most significant
causes of morbidity and mortality in developed countries. Different
genetic and environmental factors can cause cardiovascular diseases, such
as age, weight, sex, and low high-density lipoproteins (HDL) levels.
Antioxidant and anti-atherogenic effects of HDL are related to proteins
attached, such as Paraoxonase (PON). The Paraoxonase gene family has
three members, PON-I, PON-II, and PON-III, located next to each other,
on the long arm of chromosome 7, in humans. It seems polymorphisms
and genetic variation resulting in several different phenotypes can affect
the PON function. Due to its role in the human antioxidant system,
changes in paraoxonase activity can increase or even reduce the risk of
CAD. In this investigation, we reviewed different studies that showed, in
some populations, specific polymorphisms with an effect on enzymatic
activity ultimately increase or decrease the risk of disease in individuals.
In contrast, no association has been found between disease and
polymorphism in some populations. Therefore, further studies and metaanalyses in this field seem to be useful.
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Introduction
Cardiovascular diseases

gender (male), hypertension, diabetes mellitus,

Coronary artery disease (CAD) is one of the most

hyperlipidemia, smoking, positive family history

important causes of morbidity and mortality in

of CAD, and obesity are the most significant risk

developed countries [1]. CAD is the main reason

factors for cardiovascular disease [3]. It seems that

for mortality in American men and women [2].

these risk factors have a fundamental role in the

Although the number of deaths due to CAD has

occurrence of cardiovascular disease (CVD) by

reduced in recent years, it still accounts for one-

creating oxidative stress [3]. In addition to these

third of deaths in people over 35 [1]. Statistics in

primary risk factors, genetic factors play an

the United States also show that in the United

essential role in CAD. However, the intertwining

States, almost half of middle-aged men and one-

of genetic and environmental factors, besides the

third of middle-aged women have had CAD [2].

relationship between genetic factors and the

The world health organization (WHO) reported in

occurrence of CAD, is still not discovered [6].

2004 that cardiovascular disease and ischemic

High-density

heart disease (IHD) were the leading causes of

cardiovascular disease

mortality worldwide. The mortality rate due to

As mentioned, CAD is related to different risk

cardiovascular diseases will increase to 23.4

factors, and low HDL levels are among the most

million cases by 2030 [3].

important [7]. For every 1% decrease in HDL, the

Atherosclerotic obstruction of coronary arteries is

risk of developing cardiovascular disease increases

the preeminent cause of CAD. Atherosclerosis is a

by 2-3%. Therefore, several research studies have

fibroproliferative and inflammatory process that

studied the mechanisms by which HDL exerts its

responds to chronic vascular damage due to

protective effects [8]. HDL is a complex and

endothelial dysfunction [4].

heterogeneous molecule, along with several

Atherosclerosis

circulating proteins. The well-known anti-

Atherosclerosis is associated with an inflammatory

androgenic features of HDL are related to its role

disease that can affect any vessel in the body. The

as a lipid transporter in the reverse cholesterol

occurrence of atherosclerosis in heart vessels is

transport pathway, a pathway in which HDL

called CAD. In the vessel wall, endothelial cells are

shuttles transfer excess cholesterol from peripheral

constantly in touch with blood flow. An essential

tissues to the liver. In addition, HDL appears to

step to starting atherosclerosis is the concentration

play a role in protecting against atherosclerosis by

of low-density lipoprotein (LDL) in the tunica

inhibiting LDL oxidation because mane evidence

intima [5].

shows that LDL plays an essential role in the

Risk factors of cardiovascular disease

development of atherosclerosis. The phospholipids

CAD is the prominent cause of mortality

and cholesterol in the LDL structure, located in the

worldwide,

and

vessel wall's subendothelial space, undergo

environmental factors can cause them [1]. Age,

oxidative changes due to lipoxygenases and

and

different

genetic
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myeloperoxidase by-products [9]. HDL not only

enzyme is found in vessel wall cells, including

protects LDL against oxidation but also reduces the

endothelial cells, smooth muscle cells, and

biological function of ox-LDL. Significantly, the

macrophages [18]. Studies have shown that when

oxidation of phospholipids containing arachidonic

PON-I and PON-III enzymes are attached to HDL

acid can produce pro-inflammatory products that

in the bloodstream, the PON-II enzyme is not

trigger an immune response, including the

recognizable

induction of sticky molecules and the absorption of

supernatant. Nevertheless, it seems positioned in

monocytes, facilitating the formation of foam-

intracellular space accompanying cell membrane

shaped cells [10]. Antioxidant and anti-atherogenic

segments [19].

effects of HDL are related to different proteins

PON-I enzyme

attached [11]. Paraoxonase (PON), platelet-

Recently, the PON1 enzyme has two common

activating factor, acetylhydrolase, and lecithin are

polymorphisms, a genetic variation resulting in

some associated with proteins. Acyl Transferase

several different forms or types of enzymes and

Cholesterol, one of the enzymes attached to

proteins, both of which are single-nucleotide

cholesterol, plays an essential role in inhibiting

polymorphism (SNPs) Types. In SNP, the

LDL oxidation by preventing the production of

encoding codon of one amino acid is converted to

lipid peroxidases [12]. PON-I is one of the proteins

another codon due to the replacement of one

accompanying HDL and plays a role in HDL

nucleotide. In L55M polymorphism, cytosine

protective effects [13, 14].

nucleotide in the CTG codon is replaced by

Paraoxonase family

adenine nucleotide, so a methionine amino acid is

The PON gene family has three members, PON-I,

replaced by leucine at location 55 (L/M55). In

PON-II, and PON-III. These genes are located

Q192R polymorphism, adenine nucleotide in the

beside each other on the long arm of chromosome-

CAA codon is replaced by guanine nucleotide

VII in humans [15]. Members of the PON family

(CGA), so arginine amino acid is replaced by

have nine exogenous with equal length, and they

glutamine at location 192 (Q/R192). The above

have about 65% similarity at the amino acid level

explanations are shown in Figure 1. Both of

and about 70% similarity at the nucleotide level.

mentioned polymorphisms are followed by some

From an evolutionary point of view, PON-II seems

pathologic conditions. Different studies on

to be the oldest member of the PON family,

different populations have shown that such

followed by PON-III and PON-I [16].

polymorphisms can affect the levels of expression

The PON-I enzyme mRNA expression is limited

of the PON-I enzyme [20]. Besides these two

to the human liver, although an expression of the

polymorphisms, at least five more polymorphisms

PON-III enzyme may happen in both liver and

have been discovered in the PON-I enzyme

kidneys [17]. The PON-II enzyme gene is widely

promotor region [21].

expressed in various tissues, including the heart,

Q192R polymorphism alters the ability of the

kidneys, liver, lungs, placenta, small intestine,

PON-I enzyme to protect LDL against oxidation,

spleen, and testicles. In addition, the PON-II

while L55M polymorphism affects serum enzyme

102

on

HDL,

LDL,

or

cellular

International Journal of Medical Laboratory 2022;9(2): 100-109.

[ DOI: 10.18502/ijml.v9i2.10018 ]

[ Downloaded from ijml.ssu.ac.ir on 2022-08-19 ]

S. J. Mousavi Saber et al.

concentrations . L55M polymorphism is related to

enzyme concentration. Studies have shown that

stroke, CAD, Parkinson's, and plasma levels of

individuals with MM genotype have the lowest

total cholesterol and LDL cholesterol. Besides, this

levels of PON-I mRNA expression. As a result,

polymorphism is associated with the level of

the enzyme serum level in these individuals is

mRNA expression and function of the PON-I

lower than in others [25].

enzyme. Q192R polymorphism can affect the

One of the first studies on the polymorphism of

hydrolysis of various substrates, including PON,

the PON enzyme was the 1997 study by

diazo on, suman, and sarin.

Mackness et al. They purified the serum HDL of

Moreover, this polymorphism is related to CAD,

individuals with different genotypes of L55M

stroke, hypercholesterolemia, type 2 diabetes, and

and Q192R polymorphisms and compared their

Parkinson's disease [22]. An isoleucine-Valin

protective effects. The study showed that

replacement was found in location 102, with an

purified

increased risk of prostate cancer [20]. Without

LL genotype (PON-55 polymorphism) and RR

considering genotype, low serum function of the

genotype

PON-I enzyme is accompanied by hyperlipidemia,

the lowest protective impact compared to

type1 diabetes, CAD, Corticotropin-Releasing

other genotypes. They also concluded that

Factor (CRF), metabolic syndrome, arthrosis,

homozygote individuals with genotypes QQ and

thyroid gland dysfunction, and uremia [22, 23].

MM have the most effective protective activity

Q192R polymorphism has been studied in many

against lipid oxidation [26]. PON-I gene and its

types of research because the amino acid in

function are shown in Figure 1.

location 192 can have an essential role in enzyme

Regulation of expression and activity of PON-

activity. This polymorphism can change the

I enzyme

potential of the enzyme for protecting LDL

In addition to genetic factors, it seems that

against oxidation. Q192R polymorphism appears

environmental factors also play a role in

to alter PON enzyme activity depending on the

regulating of expression and activity of the

Substrate. Some substrates, such as paraoxon,

enzyme PON-I. HepG2 hepatic cell therapy by

are hydrolyzed more rapidly by isoform R. In

oxidized LDL, oxidized lipids, and some

contrast, others, such as diazo, are hydrolyzed

cytokines reduces the expression of the PON-I

faster by isoform Q. Lately, different studies

enzyme [27]. Smoking, frying oils used several

have shown that R alleles compared to Q alleles

times, and fatty acids can reduce the enzyme's

have a lesser potential for protecting LDL

activity

against oxidation due to their lower ability to

polyphenols, vitamins C and E, and controlled

hydrolyze

alcohol consumption can increase the activity of

lipid

peroxides

[24].

L55M

polymorphism does not affect enzyme-substrate

HDL

from

(PON-192

in

humans

individuals

polymorphism)

[28,

29].

with

had

However,

the PON-I enzyme [30, 31].

attachment but can affect serum levels and
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Fig. 1. PON-I gene and its function

Some studies have shown that the attachment of

and lipid peroxidation products can reduce the

sterol

expression of hepatic PON-I and PPARs [33].

regulatory-element

binding

proteins

(SREBP-2) regulatory protein to the proximal

In addition, linkages between lipid peroxidation

region of the PON-I enzyme gene promoter can

marker levels, liver PON-I enzyme mRNA, and

increase PON-I gene expression. So one of the

the expression of inflammatory genes have been

anti-atherogenic effects of statins can be an

reported in high-fat diets. It shows that enzyme

increase in PON-I enzyme production due to an

changes are probably a part of the inflammatory

increase in SREBP-2 gene expression [16].

response caused by lipid peroxidation [34].

Effects of fatty acids and lipid peroxidation on

A high-fat diet can cause an inflammatory response

PON-I enzyme synthesis

and increase the production of pro-inflammatory

The relationship between the decrease in PON-I

cytokines and reactive oxygen species by blood

activity and mRNA levels in the liver with

and hepatic cells (stage 1). As a result, lipid

atherogenic diet therapy for 8 to 14 weeks has

oxidation markers in the liver and hepatic tissue

been reported [32]. These findings suggest that

increase (stage 2). Filtration of macrophages and

changes in the enzyme PON-I serum activity

expansion of oxidative and inflammatory injuries

indicate changes in the hepatic synthesis of this

are also observed (stage 3), and peroxidation

enzyme. The enzyme gene expression and other

products can affect the expression of the PPAR

factors involved in HDL synthesis, such as

gene in hepatic cells (stage 4).

cholesterol reverse transporter ATP-binding

A decrease in PPAR gene expression can inhibit

cassette transporter (ABCA1), are mediated by

PON-I enzyme gene expression (stage 5) and can

cell receptors depending on signals and nuclear

cause the attachment of ATP to ABCA1 receptors

receptors like peroxisome proliferator-activated

(stage 6). In the following stages, decreased HDL

receptors (PPARs). It appears that free radicals

synthesis (stage 7) and reduced secretion of the

104
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PON-I enzyme (stage 8) finally happens, so the

atherosclerotic plaques are more significant than

activity of this enzyme will be reduced [35].

wild species [41]. This study and similar studies

PON-I enzyme activity and its antioxidant

suggest that the enzyme PON-I plays a role in

properties

protecting against atherogenic factors and is a

As mentioned, the PON-I enzyme protects against

crucial component of HDL's antioxidant potential

LDL oxidation induced by copper or cells.

[13]. Studies by Oda et al. on mice with higher

Although the exact mechanism of the function of

levels of PON-I enzyme have indicated that HDL

this enzyme is still unknown, studies have shown

taken from these mice is more resistant to

that Cysteine available in position 284 plays an

peroxidation than wild species. Such studies can

essential role in the antioxidant potential of the

reveal the PON-I enzyme's pharmacological

enzyme. Aviram et al. showed that the cellular

potential to prevent atheroma formation [42].

supernatant containing the enzyme PON-I,

Protective effects of PON-I enzyme against

mutated in cysteine 284, could not protect LDL

atherosclerosis

from oxidation [36]. Harel et al. also showed that

After infiltration to tunica media (stimulation by

Cysteine plays a vital role in the stability of the

macrophage

central structure of the protein because the mutated

monocyte chemo attractant protein-1, monocytes

PON-I enzyme in this Cysteine is low expressed and

absorb oxidized LDLs and eventually turn into

unstable [37]. However, other studies have stated

foam cells. PON-I enzyme can inhibit the

that the PON-I enzyme with cysteine mutation in

oxidation process of LDL by reactive oxygen

location 284 has PON activities, so more

species and thus reduces the number of oxidized

research is needed to clarify this [38].

lipoproteins. PON-I enzyme also plays a role in

Discovering this fact by Mackness et al. that the

inhibiting the formation of atherosclerotic plaques

enzyme PON-I in the bloodstream accompanies

with two mechanisms, first by increasing

HDL was the starting point to studying the role of

cholesterol excretion from macrophages and

the enzyme in the metabolism of lipids and

second by reducing monocyte chemo attractant

atherogenesis [39]. During the past decade, it has

protein-1 synthesis. With these two mechanisms,

been discovered that PON-I can protect LDL against

the PON-I enzyme can finally reduce the

oxidation and inhibits the physiologic effects of

formation of foam cells [43].

oxidized LDL (oxLDL). Furthermore, this enzyme

PON-II

can maintain the function of HDL by inhibiting

The PON-II enzyme is a high-expression

HDL oxidation [40].

intracellular protein with a molecular weight of 44

Studies by Doorn et al. show that mice genetically

kDa [18]. Like the PON-I enzyme, the PON-II

devoid of the PON-I enzyme do not exhibit any

enzyme has several known polymorphisms

PON plasma activity, while their heterozygous

involved

parents, compared to wild species, have 50% of

conditions. Demographic surveys indicate

PON plasma activity. In addition, when mice are

replacing a pair of amino acids with alanine

colony-stimulating

in

several

factor

and

pathophysiological

fed a high fat and cholesterol diet, their
International Journal of Medical Laboratory 2022;9(2):100-109.
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or glycine in codon 148 (a / g148) and cysteine or

PON-III

Serine in codon 311 (C / S311).

PON-III

Studies have shown that A / G148 polymorphism

accompanying HDL in the bloodstream, although

is associated with changes in total cholesterol

it is lower than PON-I [49]. Between three

levels, fasting plasma glucose levels, and birth

members of the PON family, the PON-III enzyme

weight [44]. In addition, C/S311 polymorphism

is recently discovered, and there is not enough

has been associated with CAD, ischemic shock in

data

patients with type 2 diabetes, Alzheimer's, and

polymorphisms have been found for PON-III in

decreased bone density in postmenopausal

an Italian population. SNP (S / T311), in which

women [47, 48]. Although no information is

threonine replaces serine in codon 311, and SNP

available

and

(G / D324), in which aspartic acid replaces

pathophysiology of the PON-II enzyme, it has

glycine in codon 324. The functional outcomes of

been found that this protein has antioxidant

these polymorphisms have not yet been

potential. Studies have demonstrated that cells

determined [50]. PON-III enzyme has antioxidant

with high levels of the PON-II enzyme experience

potentials just like PON-I and PON-II enzymes.

less oxidative stress when exposed to hydrogen

Studies by Dragano et al. have shown that purified

peroxide and oxidized phospholipids [18].

PON-III enzyme can inhibit LDL oxidation

Rasenblat et al. have also shown that purified

Induced by copper [50]. It has also been

PON-II can inhibit LDL oxidation [47]. In

discovered that the potential of the PON-III

addition, the incubation of cells with high

enzyme in inhibiting LDL oxidation can be 100

expression of PON-II enzyme and LDL showed

times more than PON-I. Unlike PON-I and PON-

less lipid peroxidation and lower induction of

II enzymes which expression can change due to

monocyte migration through endothelial cells.

oxidative stress, the expression of the PON-III

Thus, one of the PON-II enzyme's roles is acting

enzyme and its activity do not significantly

as a cellular antioxidant and protecting cells

change due to oxidative stress [16]. Since PON-

against oxidative stress, although the exact

III is the last enzyme discovered in the PON

mechanism is still unclear [18].

family, not much research has been done on the

Regulation of PON-II enzyme expression

effect of its polymorphisms on atherosclerosis.

Unlike the PON-I enzyme, the level of PON-II

However, for various reasons, such as low

expression and activity rises due to oxidative

induction under oxidative stress, PON-III plays a

stress. Research has established that treating mice

lesser role in the risk of CAD than the other family

with oxidative stress can increase the expression

members [51].

about

the

physiology

of the PON-II enzyme and lactonase activity [47].
In humans, people with hypercholesterolemia

enzyme

available

is

about

a

40

it.

kDa

protein

Recently

two

Conclusion

have lower levels of the PON-II enzyme in

As mentioned, polymorphisms are different

monocyte-derived macrophages compared with

genotypes of a particular enzyme or protein that

people with normal cholesterol levels [48].

eventually produce different phenotypes with
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different characteristics. Due to the role of genetic

especially PON-I, will play an important role in

factors in the development of atherosclerosis,

reducing the risk of atherosclerosis by increasing

many researchers decided to investigate the

resistance to oxidative stress [52]. Furthermore,

possible effect of polymorphisms of different

there are different studies about the effect of

genes on the risk of disease. Since oxidative stress

polymorphisms on enzyme activity. Some of

plays a vital role in the development of

them revealed that specific polymorphisms with

atherosclerosis, research on oxidative stress

an effect on enzymatic activity ultimately increase

defense systems became a turning point in these

or decrease the risk of disease in individuals,

studies. Over the years, various polymorphisms of

while in some populations, no association has

the PON enzyme, an essential component of the

been found between disease and polymorphism.

antioxidant defense system, have been identified.

Thus, further studies with a large population and

Studies have shown that some of these

meta-analyses in this field seem useful.

polymorphisms can strengthen or weaken the
antioxidant defense system against oxidative
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