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Abstract

Objectives We reviewed the associations between paraoxonase 1 (PON1) polymorphisms and susceptibility and PON1 activity
in theumatoid arthritis (RA) patients and compared PON1 activity between RA patients and controls.

Methods We conducted a meta-analysis of PON1 Q192R and L55M polymorphism and RA risk data and determined the
associations between PON1 Q192R polymorphism and PONI1 activity in RA patients. We also compared serum/plasma
PONT activity levels in RA patients and controls.

Results Twelve studies were included in this meta-analysis. No association was observed between RA and the PON1 192R allele
in any study subject (OR=0.967, 95% CI=0.829-1.129, p=0.674). Analysis using recessive, dominant, or homozygous
contrast models revealed no association between the PON1 192R allele and RA. Meta-analysis showed no association between
RA and the PON1 55M allele (OR = 1.400, 95% CI=0.738-2.658, p =0.308). In the meta-analysis, PON1 activity was signif-
icantly higher in the RR genotype than in the QQ (SMD =2.975, 95% CI =2.157-3.792, p < 0.001) and QR (SMD = 1.265, 95%
CI=0.898-1.633, p<0.001) genotypes. PON1 activity was significantly lower in the RA group than in the control group
(SMD =-3.176, 95% CI=-15.070 to — 1.283, p < 0.001).

Conclusions We found no association between the PON1 Q192R and L55M polymorphisms and susceptibility to RA, while
PONI1 Q192R polymorphism was associated with PON1 activity in RA patients; we found significantly lower PON1 activity in
RA patients.

Key points
* PONI Q192R polymorphism is associated with PON1 activity in RA patients..
* PONI activity is significantly lower in RA patients..

Keywords Activity - Polymorphism - PON1 - Rheumatoid arthritis

Introduction disability and a decreased quality of life [1, 2]. Although the
etiology of RA is not fully understood, genetic and environ-
Rheumatoid arthritis (RA), a chronic autoimmune disease, is ~ mental factors are known to contribute to the pathogenesis of
characterized by synovial joint inflammation which leads to  the disease. Genetic and environmental factors mediating ox-
idative stress are thought to play an important role in the
pathogenesis of RA [2, 3]. The levels of reactive oxygen spe-
>4 Young Ho Lee cies (ROS) are altered by their increased production and/or
lyhcgh@korea.ac kr inadequate removal by antioxidants such as paraoxonase
(PON) enzyme under pathological conditions [4]. Oxidative
modifications of proteins and other biologic molecules may
lead to the expressions of neoantigens and increase the risk of
Department of Rheumatology, Korea University Anam Hospital, autoimmune diseases, including RA [5]. ROS are involved in
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macrophages in the synovial fluid of inflamed joints and be-
cause they cause DNA and lipid oxidation, leading to cartilage
and bone destruction. Paraoxonase 1 (PON1) is an esterase
that metabolizes oxidized lipids and organophosphates [6]
and is involved in eliminating free radicals and in scavenging
mechanisms to maintain the oxidative balance. PONI activity
is genetically controlled by numerous polymorphisms in the
PONI1 locus. The PONI1 gene, located on chromosome 7
(7921.3), spans 33.2 kb, contains 9 exons, and consists of
355 amino acids [7]. Of the PON1 polymorphisms, PON1
Q192R (1s662) and L55M (rs854560) are most widely studied
for their association with RA. The R allele at position 192 of
the PONI1 gene is associated with rapid hydrolysis of paraox-
on, and QQ homozygous individuals exhibit lower activity of
PONI [8]. PON1 L55M causes a leucine-to-methionine sub-
stitution at position 55, which may reduce the enzyme con-
centration [9].

Some studies investigating the PON1 Q192R and L55M
polymorphisms and RA risk and comparing PON1 activity in
RA patients with that in healthy controls have detected asso-
ciations with RA susceptibility [10-21]. In this study, we per-
formed a meta-analysis to overcome the limitations of indi-
vidual studies and resolve inconsistencies in their findings
[22]. The aim of this meta-analysis was to systematically re-
view available evidence regarding the association between the
PONI Q192R and L55M polymorphisms and susceptibility
and PONT activity in RA patients, as well as to compare the
serum/plasma PON1 activity in RA patients relative to that in
controls.

Methods
Identification of eligible studies and data extraction

We performed a literature search for studies that examined the
associations between polymorphisms in PON1 genes and RA,
PONT activity levels in RA patients and controls, or the effect
of the PON1 polymorphism on PONT activity in RA patients.
The MEDLINE, PUBMED, EMBASE, and Cochrane data-
bases were searched to identify all available articles (up to
December 2018). The following key words and terms were
used in the search: “paraoxonase” and “rheumatoid arthritis.”
Additionally, all references cited were reviewed to identify
additional studies that were not included in the above-
mentioned electronic databases. Studies were considered eli-
gible based on the following inclusion criteria: (1) they pro-
vided data regarding PON1 activity in both RA and control
groups, (2) they examined the effects of polymorphisms in
PONI1 on enzyme activity in RA, or (3) they evaluated the
PON1 QI192R and L55M polymorphisms in RA and control
groups. No language or race restrictions were applied. Studies
were excluded if (1) they contained overlapping or insufficient
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data or (2) they were reviews or case reports. Data on the
methods and results were extracted from the original studies
by two independent reviewers. Discrepancies between re-
viewers were resolved by consensus. We performed the
meta-analysis in accordance with PRISMA guidelines [23].
The following information was extracted from each study:
primary author, year of publication, country, ethnicity, mean
and standard deviation (SD) of PONI activity levels, and al-
lele and genotype frequencies of polymorphisms in the PON1
gene.

Evaluation of statistical associations

We performed a meta-analysis to examine the relationship
between the PON1 Q192R and L55M polymorphisms and
RA wusing (1) allelic contrast, (2) recessive, (3) dominant
models, and/or (4) homozygous contrast for PON1 polymor-
phisms. We conducted a meta-analysis to determine the asso-
ciations between PON1 Q192R polymorphism and PON1 ac-
tivity in RA patients and to also compare serum/plasma PON1
activity levels in RA patients and controls. Odd ratios (ORs)
and 95% confidence intervals (Cis) were calculated for dichot-
omous data. For the continuity of data, the results were pre-
sented as standardized mean differences (SMDs) and 95%
CIs. Cochran’s Q statistic was used to assess within- and
between-study variation or heterogeneity. The heterogeneity
test assessed the null hypothesis that all studies were evaluat-
ing the same effect. I* values were used to quantify heteroge-
neity. /* values ranged between 0 and 100% and represented
the proportion of between-study variability attributable to het-
erogeneity rather than to chance [24]. P values of 25%, 50%,
and 75% were nominally assigned as low, moderate, and high
estimates. The fixed effects model assumed that a genetic
factor had the same effect on disease susceptibility across all
studies investigated and that variations between studies were
caused by chance alone. The random effects model assumed
that different studies had substantial diversity and assessed
both within-study sampling error and between-study variance.
For the homogeneous study groups, the two models were
similar, while for the non-homogeneous study groups, the
random effects model generated wider Cls than the fixed ef-
fects model. The random effects model was used in cases of
significant heterogeneity between studies [25]. Statistical ma-
nipulations were conducted with a comprehensive meta-
analysis program (Biosta, Englewood, NJ, USA).

Evaluation of heterogeneity and publication bias

To examine potential sources of heterogeneity in the meta-
analysis, a sensitivity test was performed to assess the influ-
ence of each individual study on the pooled OR by omitting
each study individually. Although funnel plots are typically
used to detect publication bias, they require diverse study
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types of varying sample sizes and their interpretation involves
subjective judgment. Therefore, we assessed publication bias
using Egger’s linear regression test [26], which measures fun-
nel plot asymmetry using a natural logarithmic scale of the
ORs.

Results
Studies included in the meta-analysis

We identified 145 studies using electronic and manual search
methods, and 13 studies were selected for full-text review
based on the title and abstract. One study was excluded be-
cause it did not contain genotype data for the PON1 polymor-
phism [27]. Therefore, 12 studies met the inclusion criteria
[10-21] (Table 1, Fig. 1). Of these 12 studies, five studies
included a total of 884 RA patients and 740 controls and
evaluated the PON1 Q192R polymorphism, and two studies
evaluated the PON1 L55M polymorphism and included 507
patients and 474 controls. Six studies together comprised a
total of 501 RA patients and 378 controls and evaluated
PONI activity. Three studies evaluated the association be-
tween the PON1 Q192R polymorphism and PON1 activity
in 303 RA patients. Characteristic features of the studies in-
cluded in the meta-analysis are summarized in Table 1.

Meta-analysis of the PON1 Q192R and L55M
polymorphisms and RA susceptibility

A summary of the findings regarding the association between
the PON1 Q192R and L55M polymorphisms and RA suscep-
tibility is shown in Table 2. No association was detected be-
tween RA and the PON1 192R allele in all study subjects
(OR=0.967, 95% CI=0.829-1.129, p=0.674) (Table 2,
Fig. 2). Furthermore, analysis using recessive, dominant, or
homozygous contrast models showed the same pattern for the
PON1 192R allele, indicating no association between the
PON1 192R allele and RA (Table 2). The meta-analysis of
all study subjects showed no association between RA and
the PON1 55M allele (OR =1.400, 95% CI=0.738-2.658,
p=0.308) (Table 2, Fig. 2).

Meta-analysis of the PON1 Q192R polymorphism
and PON1 activity in RA

Our findings regarding the association between the PON1
Q192R polymorphism and PONT activity in RA are summa-
rized in Table 3. Meta-analysis revealed that the PON1 activ-
ity level was significantly higher in the RR genotype than in
the QQ genotype (SMD =2.975, 95% CI1=2.157-3.792,
p<0.001) (Table 3, Fig. 3). Similarly, PON1 activity was
significantly higher in the RR genotype than in the QR

genotype (SMD =1.265, 95% CI=0.898-1.633, p <0.001)
(Table 3, Fig. 3). Compared with the QQ genotype, signifi-
cantly higher PON1 activity was found for the QR genotype
(SMD =1.958, 95% CI=1.627-2.288, p <0.001) (Table 3,
Fig. 3).

Meta-analysis of PON1 activity levels in RA patients
compared to those in controls

Our meta-analysis showed that PON1 activity was significant-
ly lower in the RA group than in the control group (SMD =
—3.176, 95% CI=—5.070 to —1.283, p<0.001) (Table 3,
Fig. 4).

Heterogeneity and publication bias

No heterogeneity was found in the meta-analysis of polymor-
phisms in the PON1 Q192R polymorphism (Table 2). Inter-
study heterogeneity was detected in the meta-analyses of the
PONI1 L55M polymorphism and PON1 activity in RA pa-
tients (Tables 2 and 3). However, the studies included in the
meta-analysis showed the same directionality of effect sizes.
Sensitivity analysis showed that no individual study signifi-
cantly affected the pooled OR, indicating that the results of
this meta-analysis are robust. Publication bias results from a
disproportionate number of positive studies and decreases the
reliability of meta-analyses results. However, we found no
evidence of publication bias in any of the study subjects
(i.e., the funnel plot showed no evidence of asymmetry; in
Egger’s regression test, all p > 0.05).

Discussion

In this meta-analysis, the associations between polymorphisms
in PONI1 genes and RA susceptibility and serum/plasma PON1
activity levels in RA were evaluated. Our meta-analysis of 12
studies failed to identify an association between RA and the
PON1 Q192R and L55M polymorphisms. However, we found
PONT activity was significantly higher in the RR genotype
than in the QR or QQ genotype of the PON1 Q192R polymor-
phism. Additionally, we found that PON1 activity was signif-
icantly lower in the RA group than in the control group. The
results of this meta-analysis revealed an association between
the PON1 Q192R polymorphism and PON1 activity in RA and
decreased PONI activity levels in RA patients compared with
controls, suggesting that lower PON1 activity is strongly cor-
related with the pathogenesis of RA.

The present meta-analysis revealed a significant difference
in increased PON1 activity among those with the RR genotype
when compared with the QQ and QR genotypes and decreased
PONI activity in RA patients. The PON1 Q192R polymor-
phism is a major potent factor contributing to PON activity.
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Fig. 1 Flow diagram of the study
selection process

Records identified through
literature searching
{n=145)

| Records excluded for repeated
publication

l {n = 40}

v

Records after the exclusion
(n=105)

Records excluded for irrelevance
| (review, animal or experimental
l " | studies, conference data, not

related to RA) (n =92)

Full-text articles assessed for eligibility
(n=13)

Records excluded for
no data (n=1)

Studies included in meta-analysis
(n=12)

However, our results regarding the association between the
PONI1 Q192R and L55M polymorphisms and RA risk are
not consistent with those of functional analysis of the PON1
Q192R and L55M polymorphisms. This may be because of the
mixed clinical activity or differences in the clinical characteris-
tics of the studied populations. Additionally, genetic associa-
tion results do not always coincide with the results of functional
studies for complex autoimmune diseases such as RA. Multiple
genes, genetic backgrounds, and environmental factors contrib-
ute to RA development. Our negative results for the PON1
Q192R and L55M polymorphisms may also be related to type
11 error, although most studies have not detected an association
between RA and PON1 polymorphisms.

There were some limitations to this meta-analysis. First,
most studies examining the association between PON1 activ-
ity and RA used small sample sizes, and few studies evaluated
the association between the PON1 L55M polymorphism and
RA. Thus, the meta-analysis may be underpowered. Second,
the studies examined were heterogeneous in both demograph-
ic characteristics and clinical features. Heterogeneity, con-
founding factors, and limited clinical information in these
study populations may have confounded the results. These
limited data did not allow for further analysis, although we
performed a sensitivity test. Third, publication bias may have
adversely affected our analysis, as studies with negative find-
ings may not have been published or identified in our search.

Table 2 Analysis of the association between PON1 Q192R and L55M polymorphisms and RA

Polymorphisms No. of studies Numbers Test of association Test of heterogeneity
RA Control OR 95% CI p value Model p value P

PONI1 Q192R 5 884 740 0.967 0.829-1.129 0.674 F 0.294 19.0
Rvs. Q

RR vs. QR + QQ 5 884 740 1.015 1.804-1.281 0.901 F 0.301 17.8
RR + QR vs. QQ 5 884 740 0.901 0.705-1.150 0.401 F 0.373 59.7
RR vs. QQ 5 884 740 0.902 0.663-1.227 0.512 F 0.164 38.6
L55M 2 507 474 1.400 0.738-2.658 0.303 R 0.013 83.6
Mvs. L

OR odds ratio, CI confidence interval, F fixed effects model, R random effects model
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Fig. 2 Odds ratios and 95% a

confidence intervals of studies

and pooled data for allelic Study name Statistics for each study Odds ratio and 95% ClI
association between the PON1 Odds Lower Upper
Q192R (a) and L55M (b) ratio limit  limit p-Value
Sgllgérclgrphlsms and RA in all Rodriguez-Carrio, 2016 1.360 0925 1.999 0.117

Shahmohamadnejad, 2015 0.861 0.703 1.054 0.148

El-Banna, 2014 0.907 0.580 1.420 0.670

Hashemi, 2010 1.163 0.723 1.871 0.533

Tanimoto, 2003 1.000 0.437 2.288 1.000

0.967 0.829 1.129 0.674 ‘

0102 05 1 2 5 10

Control RA

b

Study name

Tanhapour, 2018
Hashemi, 2010

Statistics for each study Odds ratio and 95% ClI

Odds Lower Upper

ratio limit limit p-Value
1.044 0843 1.294 0.691
2016 1.254 3241 0.004
1400 0.738 2658 0.303

0102 051 2 5 10

Control

The possibility of bias cannot be eliminated. Nevertheless, this
meta-analysis also had strengths. This is the first meta-
analysis to provide two parallel lines of evidence by examin-
ing both PON1 activity and PON1 polymorphisms in RA
patients. Although individual studies evaluated a limited

Table 3
compared with that in controls (B)

cohort size ranging from 25 to 419 for PONI1 polymorphisms
and from 25 to 212 participants for PONI activity, our pooled
analysis included 884 RA patients for PON1 polymorphisms
and 501 RA patients for PON1 activity levels. Compared with
the individual studies, our study provided more accurate data

Meta-analysis of the association between the PON1 Q192R polymorphism and PON activity in RA (A) and PON activity in RA patients

A. Association between the PON1 Q192R polymorphism and PON activity

Polymorphisms No. of studies Numbers Test of association Test of heterogeneity
RA Control SMD 95% CI p values Model p values P
RR vs. QQ 3 63 145 2.975 2.157-3.792 <0.001 R 0.051 66.2
RR vs. QR 3 63 95 1.265 0.898-1.633 <0.001 F 0.176 423
QR vs. QQ 3 95 63 1.958 1.627-2.288 <0.001 F 0.507 0
B. PON activity in RA patients compared with that in the controls
Group No. of studies Numbers Test of association Test of heterogeneity
RA Control SMD 95% C1 p-val Model p-val P
PON activity 6 501 378 —3.176 —5.070 to —1.283 0.001 R <0.001 98.8

SD Standardized mean difference, CI confidence interval, F fixed effects model, R random effects model

@ Springer
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Fig. 3 Meta-analysis of the a

association between RR vs. QQ

(a), RR vs. QR (b), QR vs. QQ (¢) Study name Statistics for each study Std diff in means and 95% CI
genotypes (,)fthe PONI1 L. Std diff Lower Upper
polymorphism and PON activity inmeans limit  limit p-Value
in RA
El-Banna, 2014 2317 1681 2953  0.000 [ |
Charles-Schoeman, 2013 3.201 2692 3.889  0.000 B

Tanimoto, 2003

3.742 2143 5342 0.000
2975 2157 3.792  0.000 ‘

-10.00 -5.00 0.00 5.00 10.00

QQ RR

b

Study name

El-Banna, 2014

Tanimoto, 2003

Statistics for each study Std diff in means and 95% CI

Std diff Lower Upper
in means limit limit  p-Value
0.678 -0.115 1.471 0.094
Charles-Schoeman, 2013 1.349 0.900 1.797 0.000 .
1.882 0.793 2970 0.001 -
1.265 0.898 1.633 0.000 ’

-10.00 -5.00 0.00 5.00 10.00

QR RR

(9

Study name

El-Banna, 2014

Charles-Schoeman, 2013 1.956 1.574 2.338 0.000

Tanimoto, 2003

Statistics for each study $td diff in means and 95% CI

Std diff Lower Upper

in means  limit limit  p-Value

1.784 1.056 2.513 0.000

2.837 1.223 4.451 0.001
1.958 1.627 2.288 0.000

-l'..

-10.00 -5.00 0.00 5.00 10.00

QQ QR

by pooling the results of these independent analyses to in-
crease the statistical power and resolution of our analysis.

In conclusion, this meta-analysis revealed no association
between PON1 Q192R and L55M polymorphisms and the
susceptibility to RA, but an association was found between
the PON1 Q192R polymorphism and PONI1 activity in RA
patients, indicating that PON1 activity was significantly

higher in those with the RR genotype than in those with the
QR and QQ genotypes and that PONI activity was signifi-
cantly lower in RA patients. Based on these findings, we con-
clude that PON1 plays an important role in the pathogenesis of
RA. However, additional studies are needed to determine
whether PON1 activity directly contributes to the pathogene-
sis of RA.
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Fig. 4 Meta-analysis of the

relationship between serum/

Study name

plasma PONT activity and RA

Bindal, 2016

Rodriguez-Carrio, 2016

El-Banna, 2014
Isik, 2007
Baskol, 2005
Tanimoto, 2003

Statistics for each study

Std diff in means and 95% CI

Std diff Lower Upper
inmeans limit limit  p-Value
-9.023 -10.488 -7.558  0.000 3
-0.390 -0.592 -0.188  0.000
-6.082 -6.725 -5.440 0.000 .
-2.703 -3.373 -2.033 0.000 .
-0.790 -1.276 -0.305 0.001
-0.588 -1.155 -0.022 0.042
-3.176 -5.070 -1.283  0.001
-8.00 -4.00 0.00 4.00 8.00
RA Control
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