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Paraoxonase-1 is an antioxidant enzyme within the high
density lipoprotein (HDL) that is important in avoiding
low-density lipoprotein (LDL) oxidation and lowering the
risk of atherosclerosis. The PON1 gene is highly
polymorphic, which has a profound effect on the activity
of the enzyme as well as the levels of its presence in the
bloodstream and its predisposition toward cardiovascular
diseases. The purpose of the case-control study was to
determine the relationship between the PON1 Q192R
(rs662) single nucleotide polymorphism (SNP) and
coronary artery disease (CAD) among Iraqi Basra
population. The number of patients with CAD was 129 and
controls were 66. The technique of polymerase chain
reaction-restriction fragment length polymorphism (PCR-
RFLP) was used to perform genotyping. The findings
showed a strong difference between the allele distribution
in patients and controls (P <0.05). The associations did not
exceed the level of statistical significance, whereas odds
ratios were higher among patients. Nonetheless, binary
logistic regression analysis found out that the carriers of the
R allele (QR and RR genotypes) were more likely to
develop CAD. These results indicate the significance of
PONI1 in cardiovascular protection and indicate that the
QI92R polymorphism may have an impact on genetic
susceptibility to CAD in the Iraqi population.
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1. Introduction

Cardiovascular diseases (CV) are also a primary cause of mortality in the world as well as a
massive threat to human health [1]. The lack of initial symptoms makes CV risk factors
possibly aspirational bodies, and thus, the necessity to detect such CV risk factors at an early
stage.s. Even though these early symptoms can be detected and followed with conventional
laboratory tests (such as cholesterol screenings), their long-term prognosis and CV depend on
lifestyle.. Genetic factors and events are distinct and hence they are good candidates to future
CV risk markers [2]. Genetic indicators will be a better option in risk assessment because they
remain constant and not affected by environmental factors. The diagnosis and prevention of
CV can be assisted with genetic testing [3,4]. Atherosclerosis is a chronic inflammatory
disease that is progressive and is characterized by the deposition of lipids in the arterial wall.
Excessive oxidative stress is the major driver of this process which causes structural and
functional changes in lipids and proteins, eventually leading to endothelial dysfunction and
plaque formation [5]. Good cholesterol (high-density lipoprotein; HDL) levels in the blood are
associated with an increased risk of atherosclerosis [6-8]. In turn, reactive species sequestered
in the arterial wall may cause changes in LDL cholesterol, leading to the development of
plaque [9]. Increased oxidative stress exacerbates the buildup of oxidized LDL. This concept
(the lipid hypothesis) arose from previous research that claimed LDL is the primary cause of
atherosclerosis [10].
Paraoxonase-1 (PON1) is an important antioxidant enzyme for HDL by removing cholesterol
from phagocytic cells and inhibiting LDL particle oxidation [11]. This enzyme (PON1) is an
HDL-dependent enzyme that protects cells and biomolecules from the damaging effects of
LDL by reducing its synthesis in the liver and secreting it into the bloodstream. PONI1 is
supplied in serum and binds to a blood phosphate-binding protein before being released into
the bloodstream. The enzyme primarily binds to HDL, but rarely to very low-density
lipoprotein (VLDL) and chylomicrons [12, 13].
The present study aimed to evaluate the association between serum Paraoxonase-1 (PON1)
levels and the Q192R (rs662) gene polymorphism with the risk of coronary artery disease
(CAD) among patients from Basra, Iraq, while also investigating the role of PON1 as an
oxidative stress-related biomarker and determining whether genetic variation in the PON1 gene

contributes to increased susceptibility and progression of CAD in the studied population.
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2. Materials and methods

2.1 Study Design

The study included 129 patients (47 females and 82 males), aged 45-75 years, diagnosed with
acute coronary syndrome (ACS)/myocardial infarction (MI) based on coronary angiography,
medical and clinical examinations, and laboratory findings at the Al-Sadder Teaching Hospital,
Basra Specialized Centre for Cardiac Diseases and Surgery, and Al-Fayhaa Teaching Hospital.
Data were compared with those apparently healthy individuals matched for age and sex. The
control group did not have any known disorder. It is a condition characterized by severe chest
pain and changes in electrocardiogram that is suggestive of myocardial ischemia and elevated

cardiac biomarkers [14].

2.2 Laboratory Tests

The routine biochemical assays and immunoassay analysis were measured on automated
biochemical analyzers Cobas Integra 400 Plus (Roche Diagnostics, Germany), with the Cobas
e411 used to measure the biochemical parameters and the fasting blood glucose, blood urea,
serum creatinine, total cholesterol, triglycerides, HDL, LDL These measures were calculated
using standardized enzymatic and immunoassay methods with the result of enzymatic reactions
being the quantification of glucose, lipids, and renal functional markers, which is achieved by
using specific substrate-enzyme interactions to produce a measurable colorimetric product, and
hs-Tnl was measured using electrochemiluminescence immunoassay (ECLIA), which involved
the interaction of DNA was extracted using the mini-DNA extraction kit from Geneaid
Company (Ver. 06.22.16). Polymerase chain reaction (PCR) was performed using the following

primers [15]:

Primer Sequence Product Size(bp)
Forward 5'-TAT TGT TGC TG GGG ACC TGA G-3' 238bp
Reverse 5'-CCT GAG AAT CTG AGT AAA TCC ACT-3" 238bp

On 2% agarose [15]. PONT1 genotypes were identified using the PCR and restriction fragment
length polymorphism (PCR—-RFLP) method, with the restriction enzyme Alwl (Bio Lab/USA).
On a 2% (w/v) agarose gel, three banding pattern genotypes were characterized: QQ (238 bp),
QR (238 bp, 175 bp, and 63 bp), and RR (175 bp and 63 bp).
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2.3 Statistical analysis

Statistical analyses were performed using SPSS V26. Continuous variables were analyzed and
expressed with means and standard deviations. An odds ratio (OR) with a 95% confidence
interval (CI) was used to evaluate the relationship between the two groups, alleles, and
genotypes. Classical analysis of PON1 gene data included the t-test. The genotype frequencies
followed the Hardy-Weinberg equilibrium. Moreover, the DeLong method of area under the
receiver operating characteristic (ROC) curves derived the best cut-off values of risk markers
of acute coronary syndrome (ACS)/myocardial infarction (MI) in relation to the severity of
ACS. Multivariable logistic regression was conducted to adjust for potential confounders of

ACS.

3. Results & Discussion

Table 1 summarizes the baseline patient demographics and laboratory data. The results
showed no difference between patients and controls for age, Body Mass Index, Fasting blood
glucose, urea, creatinine, and HDL. There were significant differences for cholesterol,

triglyceride, LDL, VLDL, troponin, and PON1 levels.

Table 1: Basic and biochemical characteristics of the study population

CAD Patients Controls P.
Variables (N=129) (N=66) Value
Mean=SD Mean=SD
Age (Years) 56.42+8.11 54.62+7.73 0.638
BMI (Kg/m?) 27.98+4.22 26.98+3.28 0.096
Sex Females 46 (35.7%) 36 (54.5%) 0.011
Males 83 (64.3%) 30 (45.5%)
FBS (mg/dl) 94.866+3.336 94.013+£3.975 0.143
Urea (mg/dl) 33.927+6.880 33.72245.279 0.481
Creatinine (mg/dl) 0.825+0.213 0.776+0.230 0.159
Cholesterol (mg/dl) 199.457+36.263 184.472+40.283 0.003
Triglyceride (mg/dl) 190.613+67.399 122.365+42.778 <0.001
HDL (mg/dl) 40.09+7.165 43.652+6.394 0.001
LDL (mg/dl) 122.545+35.997 71.875+£27.818 <0.001
VLDL (mg/dl) 38.580+14.867 33.069+13.174 0.035
Troponin hs (pg/ml) 535.108+486.247 2.799+3.495 0.001
PONI1 (nmol/L) 30.59+25.44 81.51£39.55 0.001

Biomarker performance was assessed using the (ROC) and Area Under the Curve (AUC). After
troponin I hs (100%), PON1 (72.8) was the second-best predictor of coronary, as shown in
Table 2 and Figure 1.
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Table 2: Receiver-operating characteristic (ROC) and area under the curve (AUC) analyses of
serum biomarkers for the diagnosis of CAD.

Area under the ROC Cut Sensitivity Specificity

Variables curve (AUC) p-value off (%) (%) Efficacy
Troponin hs 1.0 0.0001 36.8 100 100 100
PON1 0.685 0.0001 34.9 69.8 78.8 72.8

ROC Curve

Sensitivity

L L]
0.0 0.2 0.4 0.6 0.8 1.0
1 - Specificity

Diagonal segments are produced by ties.

Figure 1: Receiver-operating characteristic (ROC) curve for PONI.

In Table 3, the logistic regression model was used to determine the risk of acute coronary
disease (CAD) in patients. The odds ratios were troponin 1.678 and PON1 1.007, although the

P values were not significant.

Table 3: Identification of risk of incident CAD by multivariable logistic regression analysis
for all Patients

1 o
Variables Regres§10n Standard Wald P Odfls 95% cf)n!"ldence
coefficient error Vale. ratio Limits
Troponin I hs 0.518 11.922 0.002 0.965 1.678 0.0-34.0
PONI1 0.007 18.410 0.000 1.000 1.007 0.0-10.0

The relationship between PON1 QI192R genetic polymorphism (SNP rs662) and patients'
biochemical markers. Creatinine, triglycerides, HDL, LDL, Troponin I hs, VLDL, and PON1
revealed significant statistical differences between the three genotype groups; other measures
showed no significant difference, as indicated in Table 4. The arterial wall damage and

subsequent (LDL) oxidation initiate and promote atherosclerosis. In contrast, HDL can prevent
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the progression of atherosclerosis by inhibiting LDL oxidation. Plasma HDL concentrations are
inversely related to the incidence of CAD, indicating HDL's role as an atherosclerosis inhibitor
[23, 24]. Lipid profile testing is important for screening in most standard populations and has
been used in risk assessment systems (such as the Framingham Risk Scores) for over 30 years.
Genetically predisposed dyslipidemia may be linked to CAD. Lower HDL levels are a
significant cause of atherosclerotic plaque development [25, 26].

Paraoxonase enzyme activity is influenced by both genetic and environmental factors. The
paraoxonase is distinguished by activity due to biological and environmental factors; because
the Q192R polymorphism is the most influential in cardiovascular disorders, researchers have
focused on variations that potentially modify the active site and its characteristics [27].
Polymorphism techniques are used to account for mutations and allele differences within
distinct gene loci, as well as the variety among individuals of a species or populations. These

methods can be used to identify SNPs in genes associated with disease and disorder [28, 29].

Table 4: Relationship between the PON1 Q192R SNP (rs662) of the gene and parameters
studied in patient groups

PON1 SNP genotypes

Parameters QQ (n=64) QR (n=54) RR (n=11) P. Value
Mean = SD Mean + SD Mean + SD
FBS (mg/dl) 94.45 3.12 95.38 3.55 94.72 3.36 0.15
Urea (mg/dl) 33.95 7.79 33.73 5.75 34.73 6.81 0.74
Creatinine (mg/dl) 0.84 0.20 0.77 0.22 0.93 0.14 0.05
Cholesterol(mg/dl) 203.49 39.36 195.29 29.96 1926.36 45.88 0.56
Triglyceride (mg/dl) 199.76 72.44 175.21 61.10 212.94 54.14 0.08
HDL (mg/dl) 42.34 9.67 49.75 43.88 37.02 5.18 0.02
LDL (mg/dl) 123.76 36.89 115.81 33.64 148.48 31.87 0.01
VLDL (mg/dl) 39.64 14.21 39.52 15.19 27.74 13.86 0.008
Troponin hs (pg/ml) 513.03  458.07 380.51  342.50 1422 45  290.54 0.001
PON1(nmol/L) 4251 29.64 21.34 11.81 6.59 2.83 0.001

At position 192 of PONI, a single amino acid, glutamine (the Q allele) or arginine (the R
allele), represents a crucial variation. As a result, glutamine provides more oxidative protection
in the form of oxidation [16]. Position 192, which signals the PON1 active site, is known to
stabilize PON1 on HDL particles. The polymorphism at Q192R, known as the allele rs662,
influences substrate specificity. The Q192R rs662 paraoxonase-1 polymorphism is one of the
most advanced markers for inhibiting coronary artery stenosis [17]. PONI participates in both
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oxidative stress defense and atherogenesis inhibition. Oxidized lipoprotein levels have been
known to be increased for decades. PONI is essential for antioxidant function because it
protects LDL from lipid peroxidation, hence slowing atherosclerosis progression [17-19].
PONI1 protein levels are at least largely determined by HDL plasma concentrations. HDL
produces a hydrophobic environment that shields the amino-terminal region of PON1, which is
required for substrate binding. PON1 activity may be influenced by a variety of variables,
including lipoproteins and their metabolism, macromolecules (such as medicines), and lifestyle

factors.

Paraoxonase-1 is a liver enzyme that enters the bloodstream and binds to HDL, but also in other
CAD And also diabetes, hypercholesterolemia, and metabolic syndrome, all of which influence

the etiology of chronic diseases, particularly in the elderly [20-22].

Table 5: Risk of CAD associated with PON1 genotype according to different models of
inheritances

Unadjusted Age

Genetic . Patients  Controls o P- . P-
Model Comparison  (N—129)  (N=66) ORC%S % Value A‘(lg‘slso;)e‘égR Value
QQ 64 30 1.00 - 1.00 -
(Reference) (49.6%) (45.5%) (Reference) (Reference)
54 32 1.33 1.15
QRVSQQ 4199  485%) (039452 O (033398 082
Codominant — ppveQQ  11(85%) 4 (6.1%) (0.3;72338) 0773, 412'j‘;"00) 0.562
Dominant  (QR+ RR) 65 36 0.90 0.65 1.23 0.70
Model vs QQ (50.4%)  (54.5%)  (0.49-1.62) ' (0.50-3.50) :
Recessive RR vs (QQ + 1.44 1.34
Model QR) Hvs 118 4vs 62 g44473y 777 (040-440) 062
Q allele 70.50% 69.70% Reference — — —
. 0.96 0.95
Allelic Model R allele 20.50%  3030% o o7y 0907 0T 088

Figure 2, shows the electrophoretic pattern of the PON1 Q192R (rs662) polymorphism gene.
Three genotypes were identified by three unique banding patterns: QQ (238 bp), QR (238 bp,
175 bp, and 63 bp), and RR (175 bp and 63 bp), which were seen on a 2% (w/v) agarose gel

with ethidium bromide staining.
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Figure 2: Electrophoretic pattern of the PON1 Q192R (rs662) polymorphism gene.

Restriction fragment length polymorphism polymerase chain reaction (RFLP-PCR) is a
molecular technique for detecting changes within homologous DNA sequences known as
polymorphisms [30]; RFLP-PCR indicated genetic variability in the PON1 gene, which was
more common in CAD patients compared to healthy people. A study of CAD patients and age-
matched controls in North India found that the Q192R variation in the PON1 gene was
significantly associated with CAD [31]. Furthermore, as reported by S.T. Raza et al., [15], the
RR homozygous genotype of the Q192R polymorphism in the PON1 gene was identified as
having a notable relationship with CAD in Indian people from West India and is believed to be
a risk phenotype when compared to other phenotypes. A separate study found that the RR
genotype was associated with an increased frequency of cardiovascular events such as M1, as
well as higher mortality and stroke rates [31]. A genetic risk factor of CAD in Mexican women
was found by Ochoa-Martinez et al. Q192R polymorphism [32]. Moreover, the QQ192R
polymorphism of the QR gene is heterozygous and strongly associated with the development
of CAD among Mexican patients who have cardiovascular diseases [32, 33]. An investigation
to Chinese population showed that the mutant allele RR of PON1Q192R gene is highly related
with high risk of CAD in comparison with other genotypes [33]. A recent study of CAD patients
in an Iranian society revealed that possession of the allele 192R increased the risk of CAD [34].
In this investigation, genetic and plasma PONI1 levels were considered by the same researchers
in their research analysis of a research cohort of 3,668 persons without acute coronary
syndromes who underwent coronary angiography. Participants were monitored for three years
for serious adverse cardiac events. The 192RR PONI genotype significantly impacted plasma

PONT levels, although there was no correlation with the 3-year incidence of serious adverse
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cardiac events [27]. In the Turkish population, we discovered that the PON1 RR genotype is
associated with a higher frequency of CAD [35]. The current study confirmed the previous
findings, which found that the 192RR PONI1 polymorphism was linked to CAD in Iraq,
implying that the RR homozygous genotype may increase the risk of CAD in the diseased

population compared to healthy controls.

4.Conclusion

Paraoxonase-1 (PON1) 192RR genotype potentially is a more powerful predictor of
atherogenesis and may be a cause of an increased risk of coronary artery disease in the Iraqi
population. In addition, PON1 activity and genetic variability are closely related to the
cardiovascular risk profile in community-based and clinical context, which emphasizes the

possible role of the PONT activity as a disease susceptibility biomarker.
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