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ABSTRACT. Decreased paraoxonase-1 (PON1) activity has been
associated with rheumatoid arthritis. There are two polymorphisms in
serum PON1; one differs in the amino acid at position 192 (Q192R) and
the other one differs at position 55 (L55M). We looked for a possible
association between Q192R polymorphism and rheumatoid arthritis.
The Q192R polymorphism in 88 rheumatoid arthritis patients and 78
healthy subjects was determined using tetra amplification refractory
mutation system-polymerase chain reaction (ARMS-PCR) and PCRrestriction fragment length polymorphism (RFLP) methods. We found
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no significant differences between rheumatoid arthritis patients and
control subjects regarding PON1 Q192R polymorphism. PON1 Q192R
polymorphism was not found to be correlated with increased risk for
rheumatoid arthritis in this Iranian population.
Key words: Paraoxonase; PON1; Q192R polymorphism;
Rheumatoid arthritis

INTRODUCTION
Rheumatoid arthritis (RA) is a chronic arthritic condition that can lead to deformities and
disabilities. Although the exact pathogenesis of the disease is unknown, both genetic and environmental factors play key roles in this disease process (Deighton and Walker, 1991). It has been reported that reactive oxygen species (ROS) may play an important role in the pathogenesis of RA
(Gambhir et al., 1997; Bauerova and Bezek, 1999). Under normal circumstances, relatively low
concentrations of ROS are formed in all cells and tissues in oxidative processes, and a variety of antioxidative mechanisms serve to control their production. Under pathological conditions, the levels
of ROS are altered by increased production and/or inadequate removal, which results in oxidative
stress, inducing cell damage and lipid peroxidation (Halliwell, 1994; Gambhir et al., 1997).
Paraoxonase-1 (PON1) is coded by a gene located on chromosome 7q21.3-22.1 in a cluster with two similar genes, PON2 and PON3, whose physiological substrates are not yet identified
(Primo-Parmo et al., 1996). PON1 consists of 354 amino acids with a molecular mass of 43 kDa
and is exclusively bound to high-density lipoprotein. PON1 is recognized as an antioxidant enzyme
as it hydrolyzes lipid peroxides in oxidized lipoproteins (Blatter et al., 1993; Mackness et al., 1996;
Aviram et al., 1998). PON1 also exerts paraoxonase and arylesterase activities, where it hydrolyzes
organophosphates (paraoxon) and aromatic esters such as phenyl acetate (Gan et al., 1991).
PON1 activity has been reported to decrease in RA due to oxidative stress (Baskol et al.,
2005; Isik et al., 2007). Paraoxonase activity is found to vary extensively among individuals, in
part, due to the presence of polymorphisms. The PON1 gene has two common coding region polymorphisms causing a change from glutamine to arginine at the 192 position (Q/R 192) and leucine
to methionine at the 55 position (L/M 55), resulting in a change of both the level and activity of
the enzyme (Humbert et al., 1993; Garin et al., 1997; Mackness et al., 1998; Aviram et al., 2000).
There are little data regarding the association between PON1 polymorphisms and RA. A
significant difference in the distribution of PON1 Q192R polymorphisms was observed between
RA patients and healthy subjects (Tanimoto et al., 2003). The aim of the present study was to determine the possible association between Q192R polymorphism and RA in an Iranian population.

MATERIAL AND METHODS
Patients
We studied a total of 88 patients (80 women and 8 men) with an average age of 45.5
years (minimum 17, maximum 75) fulfilling the American College of Rheumatology (ACR)
criteria for RA (Arnett et al., 1988). All subjects were patients of the Rheumatology Clinic at
Zahedan University of Medical Sciences. The control group consisted of 78 healthy individuals
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(57 women and 21 men) with a mean age of 45.4 years (minimum 23, maximum 77), who were
unrelated to RA patients. The project was approved by the local Ethics Committee of Zahedan
University of Medical Sciences, and informed consent was obtained from all patients and healthy
individuals. Blood samples were collected in Na-EDTA tubes from patients and healthy controls.

DNA extraction
The Saremi et al. (2008) protocol was used to extract genomic DNA from whole blood with
some minor modifications. Briefly, 500 µL blood was transferred to 1.5-mL microfuge tubes, and 1 mL
cell lysis buffer (10 mM Tris-HCl, 11% w/v sucrose, 5 mM MgCl2, and 11% v/v Triton X-100) was
added. Microfuge tubes were gently mixed and centrifuged for 2 min at 6000 rpm at room temperature,
after which the supernatant was discarded. The procedure was repeated twice. Next, 300 µL buffer II
(10 mM Tris-HCl, 10 mM EDTA, and 10 mM sodium citrate) and 40 µL 10% SDS were added, and
the mixture incubated for 2 min at room temperature. Then, 100 µL saturated NaCl and 600 µL chloroform were added with gentle mixing, and the mixture centrifuged for 2 min at 6000 rpm. The supernatant was transferred to a new microfuge tube, where 700 µL cold isopropanol was added, followed
by gentle mixing and centrifugation for 1 min at 12,000 rpm for 2 min at 4°C. The supernatant was discarded and 700 µL cold 70% ethanol was added. The suspension was gently mixed and centrifuged for
1 min at 12,000 rpm at 4°C. Pellets were subsequently dried before dissolving in 100 µL distilled water.

Tetra primer amplification refractory mutation system
The amplification refractory mutation system (ARMS) is a simple and rapid detection
method of point mutation and small nucleotide insertion or deletion (Newton et al., 1989). In
the present study, we designed a tetra primer ARMS for the detection of Q192R polymorphism
of PON1 according to the Ye et al. (2001) procedure. The primers were designed according
to the program accessible through the internet website; http://cedar.genetics.soton.ac.uk/
public_html/primer1.html.
We used two external primers (forward outer primer: 5’-TGTTCCATTATAGCTAG
CACGA-3’, reverse outer primer: 5’-TTTCACCCCCTGAAAAATTA-3’) and two inner
primers; (forward inner primer (A allele): 5’-TTTCTTGACCCCTACTTCCA-3’; reverse inner primer (G allele): 5’-CAAATACATCTCCCAGGCTC-3’). Product sizes were 303 bp for
A allele and 233 bp for G allele, while the product size of the two outer primers was 496 bp as
shown schematically in Figure 1.

Figure 1. Schematic diagram of the tetra ARMS assay. Two forward and two reverse primers are used to generate
three potential PCR products. Primers FO and RO give a 496-bp product, which is used for control of DNA quality
and quantity. Primers FO and RI amplify the G (R) allele, generating a 233-bp product, and primers FI and RO
generate a 303-bp product for the A (Q) allele.
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Reactions consisted of a total volume of 25 µL containing 250 µM dNTPs, 0.4 µM of
each primer, 1.5 mM MgCl2, 1 U Taq DNA polymerase (Roche Molecular Biochemicals, IN,
USA), and 50 ng genomic DNA. Polymerase chain reaction (PCR) cycling conditions were
as follows: 5 min at 95°C; 30 cycles of 30 s at 95°C, 30 s at 55°C and 40 s at 72°C; 10 min at
72°C (Corbett Research, Australia). Each reaction was verified on a 3% agarose gel.

PCR-RFLP
Determination of the PON1 Q192R polymorphism was carried out by PCR followed by
restriction digestion (PCR-RFLP, restriction fragment length polymorphism). The primers used
were: (forward: 5’-TGTTCCATTATAGCTAGCACGA-3’ and reverse: 5’-TTTCACCCCCT
GAAAAATTA-3’). The resulting PCR product size was 496 bp. The nucleotide substitution
corresponding to position 192 (Q/R) creates a BSpPI (Biogen-Fermentas) restriction site. Digestion resulted in 287- and 209-bp fragments for the R allele (Figure 2B).

Figure 2. Results of tetra ARMS-PCR (A) and PCR-RFLP (B) of PON1 Q192R polymorphism. M = DNA marker.

Statistical analysis
Statistical analysis was performed using the SPSS 17.0 software. A chi-square test
was used to determine the differences in the genotypes and allele frequencies between case
and control groups.
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RESULTS
Tetra primer ARMS-PCR
The tetra primer ARMS-PCR method was effectively applied to determine the Q192R
single-nucleotide polymorphism of PON1. The genotypes determined by this method were
consistent with those determined by the PCR-RFLP method (Figure 2).

Q192R PON1 polymorphism
The distribution of Q192R polymorphism of PON1 in RA patients and normal subjects is shown in Table 1. The results showed that the wild-type genotype QQ was observed
in 59.1% (52/88) of patients and 59.0% (46/78) of healthy subjects. There was no significant
differences in genotypes of QQ between patients and normal subjects (P > 0.05). As shown
in Table 1, the frequencies of QR and RR did not differ between RA and normal individuals.
Table 1. Frequency of PON1 Q192R polymorphism in rheumatoid arthritis and normal subjects.
Genotype

Rheumatoid arthritis

QQ
QR
RR

59.1% (52/88)
20.5% (18/88)
20.5% (18/88)

Healthy subjects

95%CI

OR

P

59.0% (46/78)
26.9% (21/78)
14.1% (11/78)

0.541-1.868
0.395-1.650
0.688-3.562

1.005
0.808
1.566

NS
NS
NS

NS = nonsignificant.

The allele frequency of Q192R was not significantly different between RA and healthy
subjects (Table 2). The results show that there was no association between PON1 Q192R polymorphism and RA in our population.
Table 2. Allele frequency of PON1 Q192R in rheumatoid arthritis and normal subjects.
Allele type

Rheumatoid arthritis

Healthy subjects

95%CI

OR

P

69.3% (122/176)
30.7% (64/176)

72.4% (113/156)
27.6% (43/156)

0.5344-1.383
0.5718-1.512

0.859
0.929

NS
NS

Q allele
R allele

NS = nonsignificant.

DISCUSSION
The association of PON1 gene polymorphism and risk of certain diseases has been
documented (Sidoti et al., 2007; Leduc and Poirier, 2008; Agrawal et al., 2009; Leduc et al.,
2009). In addition, PON1 gene polymorphisms (Q192R, L55M) alter both the level and activity of the enzyme (Humbert et al., 1993; Garin et al., 1997; Mackness et al., 1998; Aviram et
al., 2000). In the present study, we found that there were no significant differences between RA
and healthy subjects regarding Q192R polymorphism.
Rheumatoid arthritis is a progressive, relapsing autoimmune disease. Increased ROS
and lipid peroxidation production, due to synovial inflammation, not only causes cellular damage but also increases oxidative stress. The main sources of ROS are activated phagocytes seGenetics and Molecular Research 9 (1): 333-339 (2010)
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creting O2· -, H2O2 and hypochlorite (Griffiths and Lunec, 1996). In RA cases, increased oxidative stress and decrease in antioxidants may have roles in both the pathogenesis of the disease
(Nurcombe et al., 1991; Griffiths and Lunec, 1996) and the development of atherosclerosis
(Sattar et al., 2003). Studies have shown that antioxidants are reduced in RA cases (McKeown
et al., 1984; Jaswal et al., 2003; Isik et al., 2007).
Serum PON1 is a high-density lipoprotein-associated enzyme recognized as an antioxidant enzyme, since it hydrolyzes lipid peroxides in oxidized lipoproteins (Mackness et al.,
1996; Aviram et al., 1998). It has been shown that PON1 hydrolyzes lipid peroxide products
and H2O2 (Feingold et al., 1998) and contributes to the prevention of low-density lipoprotein
oxidation (Miesel et al., 1996; Mackness et al., 1998; Shih et al., 1998; Popa et al., 2009). PON1
activity has also been suggested to be inversely associated with oxidative stress in serum and
macrophages (Rozenberg et al., 2003). It has been shown that serum PON1 activity is significantly decreased in RA patients compared with healthy subjects (Maury et al., 1984; Tanimoto
et al., 2003; Baskol et al., 2005). The decrease in PON1 activity in RA patients was found in
every genotype (Q/Q, Q/R, R/R) of PON1 at 192 Q/R. Furthermore, a difference in the distribution of PON1 Q/R polymorphisms was observed at position 192 between RA patients and
healthy subjects. RA patients exhibited less (44%) positive PON1-Q than did healthy subjects
(66%) (Tanimoto et al., 2003). This finding is inconsistent with our results. We found that the
frequency of PON1-Q did not differ between RA (69.3%) and normal subjects (72.4%).
In conclusion, we found that there is no association between Q192R polymorphism
of PON1 and rheumatoid arthritis and that PON1 Q192R polymorphism is not correlated with
the risk for rheumatoid arthritis in our population.
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