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1 | INTRODUCTION

Abstract

Inflammatory cytokines have been established to be involved in the pathogenesis of
rheumatoid arthritis (RA). The genetic polymorphisms in the interleukin (IL) 23
receptor (IL23R), IL21, and IL17 have been associated with RA risk. However, there is
no conclusive understanding of the genes encoding the immunoinflammatory IL-21-
IL-23R-IL-17A pathway in RA aetiopathogenesis. This meta-analysis was conducted
to attain this goal. A comprehensive literature search was conducted in Scopus and
PubMed to look for the relevant case-control studies up until 2018. A Bayesian
hierarchical meta-analysis was carried out to assess the association between the
polymorphisms and the risk of RA. The association was estimated by calculating the
logarithm of odds ratio (Log OR) and 95% credible interval (95% CIl). In this meta-
analysis, 37 case-control studies comprising 23,506 RA patients and 25,984 healthy
individuals were found for analyzing the IL23R, IL21, and IL1A gene polymorphism and
risk of RA. In the IL23R gene rs1343151 SNP, the minor A allele significantly
increased the risk of RA (Log OR =0.085, 95% Cl=0.008, 0.156). Moreover, the
minor AA genotype was significantly associated with increased RA risk (Log
OR=0.176, 95% Cl=0.028, 0.321). In addition, the C allele of the IL23R gene
rs2201841 SNP significantly decreased the disease risk (Log OR=-0.544, 95%
Cl=-1.0, -0.065). Since Bayesian meta-analysis is a powerful strategy to pool the
data, it can be mentioned that genetic polymorphisms of IL23R, but not IL21 and
IL17A, are involved in susceptibility to RA.

KEYWORDS

Bayesian hierarchical meta-analysis, inflammatory cytokine, polymorphism, rheumatoid arthritis

viewpoint, CD4+ T cells and related cytokines have been postulated
to take a major part in the initiation and perpetuation of the

Rheumatoid arthritis (RA) is a chronic autoimmune rheumatic disease
that is characterized by inflammation in the joints. The exact etiology
of the disease has poorly been disclosed, but genetics, environment,
and immune system collaborate in a network in this regard (Aslani
et al, 2016; Buch & Emery, 2018; Mahmoudi, Aslani, Fadaei, &
Jamshidi, 2017; Mousavi et al, 2018). With the immune system

pathogenic inflammatory settings (Brennan & Mclnnes, 2008). It has
been indicated that two of the T cell-associated cytokines, namely
interleukin-21 (IL-21) and IL-23, are major modulators of inflamma-
tion in RA patients. In fact, IL-21 and IL-23 produced by CD4+ T cells
and dendritic cells, respectively, induce the development of the
IL-17A-producing proinflammatory T helper 17 (Th17) cells
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(Korn et al., 2007; Nurieva et al., 2007; Zhou et al., 2007). In addition,
IL-21 receptor (IL-21R) is upregulated in the synovia of RA patients,
and blocking of IL-21 culminates in a diminished inflammatory state,
as presented by decreased production of inflammatory cytokines like
IL-1B, IL-6, and tumor necrosis factor-a (Andersson, Feldmann, &
Brennan, 2008; Jingel et al, 2004). To further support the
inflammatory role of IL-21, interfering with the function of this
cytokine in animal models of arthritis results in disease amelioration
(Jang et al., 2009; Young et al., 2007). On the contrary, increased
plasma levels of IL-23 in chronic RA patients was associated with
disease activity (Melis et al., 2010). In mice, blocking of the IL-23
pathway leads to deceleration of the inflammatory condition
development (Langrish et al., 2005; Nakae, Nambu, Sudo, & Iwakura,
2003). It seems that IL-23 and IL-21 are involved in the development
of Th17 cells, which in turn produce IL-17 that are involved in
inflammatory conditions in RA patients (Dinesh & Rasool, 2018;
Lubberts, 2015).

Evidence has indicated that common genetic variants can
modulate the immune system and confer susceptibility to auto-
immune or inflammatory disease. According to the genome-wide
association studies (GWASs), IL-23R, IL-21, IL-17A single-nucleotide
polymorphisms (SNPs) has been shown to be a potential candidate
contributing to autoimmune disease, including RA (Hollis-Moffatt
et al., 2010; Kurké et al., 2013). To date, several association studies
have attempted to find the role of single nucleotide polymorphisms
(SNPs) in genes encoding IL-23R, IL-21, and IL-17A in altered risk of
RA development. However, the findings were sometimes conflicting,
which could be due to a relatively small sample size of each study.
Hence, an accumulative analysis is required to combine data from all
the individual studies to attain a more comprehensive and valid
estimation via meta-analysis. Meta-analysis permits pooling of the
existing data from different studies to generate a single approximate
of the main effect with higher precision. Bayesian hierarchical meta-
analysis, however, provides a more accurate pooled effect size in
comparison to classical analysis approaches (Lunn, Barrett, Sweeting,
& Thompson, 2013). Therefore, in this study, a Bayesian hierarchical
meta-analysis was carried out to gain a vivid and precise estimation
of the association between IL23R gene rs1343151, rs1004819,
rs10489629, rs11209026, rs2201841, rs7517847, rs10889677
polymorphisms, IL21 gene rs6822844 polymorphism, and IL17A gene
rs2275913 polymorphism and risk of RA.

2 | METHODS

The preparation process of the manuscript met the PRISMA
guidelines (Moher et al., 2015).

2.1 | Search strategies

Here we conducted a comprehensive literature search with respect
to the association between IL23R, IL21, and IL17A gene polymorph-
ism and risk of RA through PubMed and Scopus databases to find

relevant publications up until November 2018. For identification of
gray publications, relevant experts and research centers were
interviewed. The systematic search was conducted using the
combination of following keywords “interleukin 23 receptor”/“inter-
leukin 21 or rs6822844”/“interleukin 17 A or rs2275913” AND
“polymorphism or variant” AND “rheumatoid arthritis.” The titles,
abstracts, and keywords of all the papers were scanned and
irrelevant studies were excluded. Moreover, the eligible publications
in the reference list of the relevant papers were also assessed. During
the literature search, we did not set a limitation with respect to
language, ethnicity, race, or geographic area.

2.2 | Inclusion and exclusion criteria

The eligibility of the studies was evaluated according to the following
inclusion criteria: (a) only case-control studies, which (b) evaluated
the IL23R, or IL21, or IL17A gene polymorphisms and RA risk, and (c)
provided sufficient data about allele or genotype frequencies which
could be expressed as odds ratio (OR) and corresponding 95%
confidence interval. Articles were excluded if they met the following
reasons: (a) duplication of previous publication; (b) studies that were
letter, review, comment, or abstract supplying insufficient or

irrelevant data.

2.3 | Data extraction and quality assessment

Data were collected independently and checked for discrepancies by
at least two experts. In case of disagreement, a third reviewer was
consulted to resolve it. Information on the first author’s name, year
of publication, ethnicity of participants, numbers of cases and
controls and frequency of alleles and genotypes was collected from
each study. The methodology of studies was evaluated for quality
using the Newcastle-Ottawa Scale (NOS). According to this scale,
studies were classified as low (scores 0-3), moderate (scores 4-6),
and high (scores 7-9) qualities (Zeng et al., 2015). According to NOS
criteria of included studies, the mean (range) of the scores was 7.7
(7-9), and all of the included studies were classified as high quality.

2.4 | Statistical methods

In this meta-analysis, the following comparisons for IL23R, IL21, and
IL17A polymorphism were evaluated: allele model (minor allele vs.
reference allele), homozygous model (minor genotype vs. reference
genotype), heterozygous model (heterozygote genotype vs. reference
genotype), dominant inheritance model (minor genotype + hetero-
zygote genotype vs. reference genotype), and recessive inheritance
model (minor genotype vs. heterozygote genotype + reference

genotype).

2.5 | Bayesian meta-analysis method

The different patient characteristics and practice patterns may

explain that the true effect is likely to vary between the studies
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included in meta-analysis. Therefore, a fixed-effect meta-analysis
and sometimes a random effect meta-analysis also would not
account for these between-study variations. The Bayesian
hierarchical random-effect model is an alternative to the classical
analysis for measuring accurate pooled effect size especially in
situations with a small number of studies (Babapulle, Joseph,
Bélisle, Brophy, & Eisenberg, 2004; Huynh et al., 2009; Rhodes,
Turner, & Higgins, 2016). This model also accounts heterogeneity
within and between the included studies. In Bayesian meta-
analysis, any information about the unknown parameters has
been specified in the analysis as prior information. To model the
between-study variability, the logarithm of the OR as the effect
size of the association with 95% credible interval (Cl) is assumed
to follow a normal distribution. The model supposes that the
mean of the normal distribution of Log (ORs) has a low-
informative normal distribution (mean =0, variance = 100) and
the variance of the normal distribution of log (ORs) has low-
informative inverse-y distribution (0.01, 0.01). Furthermore, the
robustness of Bayesian analysis was confirmed by several
sensitivity analyses. Sensitivity analyses with different choices
of low-information prior distributions showed robustness to this
choice. I? and 72 were used for calculating the total variation and
between studies variation (Huedo-Medina, Sdnchez-Meca, Marin-
Martinez, & Botella, 2006). Forest plot displayed Log (OR) and
95% CI for both the individual trials and for the pooled results
from this meta-analysis. In addition, heterogeneity plot displayed
joint posterior density of the two parameters of the random-
effects meta-analysis model, Log (OR), and 7 parameters. All
statistical analyses were conducted using “bayesmeta” R package
(https://cran.r-project.org/web/packages/bayesmeta/index.html).

3 | RESULTS

3.1 | Characteristics of the eligible studies

On the basis of the inclusion and exclusion criteria, 37 case-
control studies comprising 23,506 RA patients and 25,984
healthy individuals were analyzed in the meta-analysis (Figure
1). In details, 10,012 cases and 11,806 healthy subjects for IL23R
rs1343151, rs1004819, rs10489629, rs11209026, rs2201841,
rs7517847, rs10889677 SNPs (from 17 studies), 10,079 cases
and 10,742 healthy subjects for IL21 rs6822844 SNP (from 10
studies), and 3,415 cases and 3,436 healthy subjects for IL17A
rs2275913 SNP (from 10 studies) were included in the final meta-
analysis. Among these investigated case-control studies, nine-
teen case-control studies were performed in European popula-
tions, one in Asians, five in African, two in North America, four in
South America, and six case-control studies were conducted in
Australia and New Zealand. The NOS score of the included
studies ranged between 7 and 9. Publication year of these studies
was ranged from 2007 to 2018. The key characteristics of the
in this meta-analysis are presented in

included studies

Table 1.

3.2 | Main results, subgroup, and sensitivity
analysis

The main results of Bayesian hierarchical meta-analysis were
calculated as the median of the marginal posterior distribution of
the Log (ORs) and 7 parameters. The Hardy-Weinberg equilibrium
(HWE) for distribution of genotypes in controls indicated that only
IL23R gene rs10889677 SNP deviated from HWE. On the basis of the
Bayesian hierarchical meta-analysis, two SNPs in the IL23R gene
were significantly associated with the risk of RA (Table 2). In the
IL23R gene rs1343151 SNP (Figure 2a), the minor A allele
significantly increased the risk of RA (Log OR=0.085, 95% Cl=
0.008, 0.156). Moreover, the minor AA genotype was significantly
associated with increased RA risk (Log OR=0.176, 95% Cl =0.028,
0.321). In addition, the minor C allele of the IL23R gene rs2201841
SNP (Figure 2b) significantly decreased the disease risk (Log
OR =-0.544, 95% Cl = -1.0, -0.065). However, alleles and genotypes
in other polymorphisms were not significantly associated with the
risk of RA. Furthermore, the IL21 gene rs6822844 SNP and IL17A
gene rs2275913 SNP did not disclose significant associations with
RA susceptibility (Tables 3 and 4).

3.3 | Heterogeneity and publication bias

Evaluation of the heterogeneity of the studies was analyzed with the
2 test. I? > 0.50 was considered as high value for heterogeneity. On
the basis of forest and heterogeneity plots and I? value, in most of the
meta-analyses, the total heterogeneity and between studies hetero-
geneity were not high, for example, rs1343151 (Figure 3a). But, these
results for rs2201841 was significantly high (Figure 3b).

Publication bias was evaluated by Egger’s and Begg's tests.
Publication bias was found in GA versus GG comparison of the IL23R
gene rs1343151 SNP (Begg's test p=0.04; Egger’s test p=0.02;
Table 2) and in AA versus CC comparison of the IL23R gene
rs10889677 SNP (Begg's test p = 0.22; Egger’s test p = 0.01; Table 2).

4 | DISCUSSION

In this study, we conducted a Bayesian hierarchical meta-analysis to
attain a vivid and precise approximation of the associations between
IL23R gene rs1343151, rs1004819, rs10489629, rs11209026,
rs2201841, rs7517847, rs10889677 SNP, IL21 gene rs6822844
SNP, and IL17A gene rs2275913 SNP and risk of RA susceptibility. In
fact, we biologically hypothesized that the immune interactions of
IL-21-1L-23R-IL17A simultaneously in the development of RA and
considered the contribution of their haplotype tagging SNPs
simultaneously in susceptibility to this disease. In contrast to the
classical meta-analysis performed already with lower studies and
patients and controls included, the Bayesian hierarchical meta-
analysis exerted here indicated that only two SNPs in the IL23R gene
are associated with RA risk. Nonetheless, we also performed a

classical meta-analysis of the current data (results were not
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PubMed/ MEDLINE Scopus

Records identified through searching PubMed, Scopus
(IL-23R: PubMed: 26 + Scopus: 106)
(IL-17: PubMed: 12 + Scopus: 14)
(IL-21: PubMed: 13 + Scopus: 15)

v

Records screened Records excluded due to duplication
N (IL-23R)= 132 > N (IL-23R)=22
N (IL-17)= 126 N(IL-17)=12
N (IL-21)=28 N (IL-21)=13
r
Title and abstract screened
N (IL-23R)= 110
N (IL-17)=14
N (IL-21)= 15
r
Full-text articles assessed for eligibility > Full-text articles excluded
N (IL-23R)= 17 (n=%)
s (IL-17)= % » Data extraction not possible (N = 4)
N{IL-21)= 12 e Review/irrelevant articles (N=4)
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TL-23R: 12 papers (17 population studies) included in the meta-analysis
IL-17: 9 papers (10 population studies) included in the meta-analysis

IL-21: 10 papers (10 population studies) included in the meta-analysis

FIGURE 1 Flowchart of the procedure for the literature search and study selection. IL: interleukin; IL-23R: IL-23 receptor [Color figure can

be viewed at wileyonlinelibrary.com]

mentioned) that demonstrated the association of most of the SNPs.
However, since the Bayesian hierarchical meta-analysis is much more
sensitive and confers much precise estimation, it seems that only
rs1343151 and rs2201841 SNPs in the IL23R gene are bona fide
genetic variations that provide a risk association with RA predis-
position.

When conducting a classical meta-analysis of studies with a
binary outcome, a normal approximation for the summary risk
effect size in each trial is inappropriate in the common situation
where some of the trials in the meta-analysis are small, or the

observed risks are close to O or 1 (Warn, Thompson, &
Spiegelhalter, 2002). On the contrary, if the risk effect size is
determined to be a fixed effect, both two types of meta-analysis
(Bayesian hierarchical and classical) can be used. But when the
random effect is adopted, if the number of included studies is <20,
Bayesian hierarchical meta-analysis should be the choice. However,
if the number of included studies is >20, both two types of meta-
analysis can be used (Wei, Shouying, Ying, Jie, & Zhang, 2015). The
number of included studies is <11 in each studied SNP in our meta-
analysis, hence Bayesian hierarchical meta-analysis was used. The
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SNPs

rs1343151
(G>A), 8
studies

rs1004819
(G>A), 4
studies

rs10489629
(A>G), 7
studies

rs11209026
(G>A), 10
studies

rs2201841
(T>C), 6
studies

rs7517847
(T>G), 9
studies

Frequency
Variations Case
G 8,416
A 4,749
GG 2,682
GA 3,052
AA 847
Avs. G
AA vs. GG
GA vs. GG
AA +GA vs. GG
AA vs. GA + GG
HWE for controls = 0.79
G 4,682
A 2,142
GG 1,635
GA 1,448
AA 347
Avs. G
AA vs. GG
GA vs. GG
AA + GA vs. GG
AA vs. GA + GG
HWE for controls = 0.34
A 6,403
G 5,813
AA 1,670
AG 3,063
GG 1,375
Gvs. A
GG vs. AA
AG vs. AA
GG +AG vs. AA
GG vs. AG + GG
HWE for controls = 0.49
G 11,043
A 803
GG 5,154
GA 735
AA 34
Avs. G
AA vs. GG
GA vs. GG
AA +GA vs. GG
AA vs. GA + GG
HWE for controls = 0.07
T 5,356
C 2,350
T 1,873
CcT 1,610
cC 370
Cvs. T
CCvs. TT
CTvs. TT
CC+CTvs. TT
CCvs. CT+TT
HWE for controls = 0.39
T 7,885
G 6,341
TT 2,202
TG 3,481

Control

10,475
5,335
3,465
3,545
895

5,487
2,541
1,888
1,711
415

8,354
6,982
2,290
3,774
1,604

1,3719
945
6,408
901

21

5,969
5,585
2,070
1,829
380

9,454
7,252
2,696
4,062

Percentage
heterogeneity

’2

0.239
0.171
0.409
0.343
0.159

0.684
0.529
0.553
0.603
0.441

0.169
0.211
0.195
0.205
0.148

0.876
0.099
0.909
0.925
0.088

0.965
0.813
0.137
0.208
0.828

Association test

Jowrnai of

Cellular Physiology

Absolute

Pooled
Log (OR)

0.085
0.176
0.078
0.096
0.101

-0.006
-0.054
-0.021
-0.054
-0.046

-0.066
0.112
0.067
0.082
0.089

-0.018
0.602
-0.085
-0.048
0.630

-0.544
0.367
-0.035
-0.003
0.389

95% Credible
interval)

0.008, 0.156
0.028, 0.321
-0.25, 0.353
-0.025, 0.199
-0.035, 0.235

-0.231, 0.249
-0.414, 0.352
-0.252, 0.274
-0.294, 0.25

-0.374, 0.302

-0.161, 0.042
-0.108, 0.31

-0.111, 0.212
-0.098, 0.232
-0.039, 0.217

-0.439, 0.304
-0.068, 1.271
-0.554, 0.319
-0.531, 0.39

-0.031, 1.292

-1.0, -0.065
-0.232, 0.994
-0.173, 0.102
-0.142, 0.154
-0.217, 1.02

heterogeneity
test 72 (95% Cl)

0.04 (0.0, 0.14)
0.08 (0.0, 0.25)
0.09 (0.0, 0.25)
0.07 (0.0, 0.22)
0.07 (0.0, 0.22)

0.13 (0.0, 0.42)
0.21 (0.0, 0.62)
0.13 (0.0, 0.46)
0.14 (0.0, 0.48)
0.17 (0.0, 0.56)

0.08 (0.0, 0.20)
0.18 (0.0, 0.41)
0.12 (0.0, 0.32)
0.14 (0.0, 0.33)
0.07 (0.0, 0.24)

0.43 (0.0, 0.82)
0.31 (0.0, 0.82)
0.5 (0.14, 1.0)
0.60 (0.24, 1.02)
0.29 (0.0, 0.79)

0.49 (0.24, 0.86)
0.57 (0.24, 1.01)
0.06 (0.0, 0.21)
0.07 (0.0, 0.25)
0.58 (0.26, 1.02)

WiLEY-L?

TABLE 2 Bayesian hierarchical meta-analysis of the pooled associations between IL23R gene rs1343151 (G>A), rs1004819 (G>A),
rs10489629 (A>G), rs11209026 (G>A), rs2201841 (T>C), rs7517847 (T>G), rs10889677 (C>A) polymorphisms and risk of RA disease

Publication bias
(Begg’s test, p value;
Egger’s test, p value)

0.17,0.16
0.71, 0.63
0.04, 0.02
0.41,0.32
0.82, 0.95

0.31,0.18
0.31, 0.49
0.31, 0.15
0.31, 0.23
0.31, 0.43

0.55,0.23
0.55, 0.33
0.13, 0.33
0.41, 0.56
0.50, 0.29

0.75, 0.69
0.71, 0.44
0.92, 0.85
0.66, 0.57
0.69, 0.41

0.06, 0.28
0.81, 0.15
0.71,0.71
0.75, 0.46
0.83, 0.55

(Continues)
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TABLE 2 (Continued)
Percentage
Frequency heterogeneity
SNPs Variations Case Control 12
GG 1,430 1,595
Gvs. T 0.681
GG yvs. TT 0.603
TGvs. TT 0.713
GG+TGvs. TT 0.745
GG vs. TG+TT 0.221
HWE for controls = 0.35
rs10889677 C 2,323 1,732

(C>A), 6 A 1,275 944

studies CcC 771 585
CA 781 562
AA 247 191
Avs. C 0.668
AA vs. CC 0.671
CA vs. CC 0.682
AA+CA vs. CC 0.657
AA vs. CA+CC 0.721

HWE for controls = 0.003

Association test

Pooled 95% Credible heterogeneity (Begg’s test, p value;
Log (OR) interval) test 72 (95% Cl) Egger’s test, p value)
0.044 -0.06, 0.143 0.11 (0.02, 0.23) 0.25, 0.36
0.093 -0.096, 0.271 0.18 (0.0, 0.37) 0.47,0.46
0.022 -0.156, 0.186 0.19 (0.05, 0.38) 0.60, 0.23
0.045 -0.13, 0.211 0.19 (0.06, 0.38) 0.51,0.16
0.081 -0.034, 0.194 0.07 (0.0, 0.21) 0.43, 0.32
0.083 -0.164, 0.343 0.20 (0.0, 0.48) 0.45, 0.50
0.290 -0.304, 0.935 0.53 (0.13, 1.03) 0.22, 0.01
0.090 -0.274, 0.489 0.30 (0.0, 0.67) 0.99, 0.17
0.111 -0.226, 0.494 0.27 (0.0, 0.64) 0.38, 0.14
0.159 -0.360, 0.718 0.51 (0.14, 0.97) 0.27, 0.10

Absolute

Publication bias

Note. Marginal posterior summary, bold pooled Log (OR) indicated as statistical significant at 0.05 level, I?: relative heterogeneity.
Cl: credible interval; HWE: Hardy-Weinberg equilibrium; OR: odds ratio; SNP: single nucleotide polymorphism.

results of this meta-analysis are consistent and conservative against
any false significant association.

IL-23 belongs to the
inflammatory function in both the innate and adaptive immunity

IL-12 cytokine family and plays an

and participates in the differentiation of CD4+ T cells into Th17 cells
(Murphy et al., 2003). Th17 cells, by generating inflammatory IL-17
cytokine, have been indicated to impose tissue damage in joints
(Steinman, 2007). Role IL-23 in the autoinflammatory process has
been reported in animal models of collagen-induce arthritis and
inflammatory bowel disease (IBD; Murphy et al., 2003). IL23 gene
knocking down results in a disease-resistant state in collagen-induced
arthritis. In addition, serum and synovial fluid levels of IL-23 in
patients with RA are high (Kim et al., 2006). IL-23 mediates its
biological function through ligation to the IL-23R, which is encoded
by the IL23R gene on chromosome 1p31. A GWAS indicated that
IL23R gene rs112096, rs2201841, and rs10889677 polymorphisms
associated with IBD and psoriasis (Cargill et al., 2007). Haplotype
tagging SNPs of the IL23R gene have also been associated with RA.
The previous meta-analysis of IL23R gene polymorphisms performed
by Song, Bae, Choi, Ji, and Lee (2012) and published in 2012, included
13 case-control studies in comparison to 17 studies in the current
meta-analysis and performed a classical analysis. They indicated the
association of rs1343151 with a strong p value (4.7 x 107%), in which
the minor A allele increased the risk of RA 1.1 times. Our Bayesian
hierarchical meta-analysis also validates the previous significant
association in minor A allele of IL23R gene rs1343151 SNP. However,
the rs2201841 was not significantly associated with RA in the
previous classical meta-analysis; nonetheless, our analysis indicated
that the minor C allele of this polymorphisms is a protective allele
against RA risk. Moreover, our analysis did not support the

association of rs10489629 SNP with RA that was reported in the
previous analysis. In classical meta-analysis, the significance of
pooled OR is tested by Z test, and p<0.05 is considered as
statistically significant. Heterogeneity may be observed between
included studies. Despite significant results in the classical meta-
analysis, the number of included studies was not considerably large
(in a statistical viewpoint), and thus the results should be interpreted
with caution. In the Bayesian hierarchical meta-analysis, the credible
interval is slightly wider than that of classical meta-analysis and the
results tend to be more consistent. Therefore, the significant result of
Bayesian hierarchical meta-analysis is conservative and more reliable
in comparison with the classical meta-analysis (Lunn, Barrett,
Sweeting, & Thompson, 2013; Wei et al., 2015).

IL-21 is mainly produced by human activated CD4+ T and, like as
IL-23, is required for differentiation of human naive CD4+ T cells into
Th17 cells (Khatonier et al., 2018 ). Studies have indicated that the
frequency of the IL-21 receptor (IL-21R) expressing cells in the
inflammatory synovial tissues from RA patients is increased. More-
over, IL-21 upmodulated the local activation, proliferation, and
inflammatory cytokine production in T cells in RA involved tissues
(Li, Shen, Kong, & Liu, 2006). If the genetic polymorphisms in the IL21
gene results in a nonfunctional IL-21 cytokine, the differentiation of
CD4+ T cells toward pathogenic Th17 cells might occur slowly,
culminating in decreased inflammatory settings. Hollis-Moffatt et al.
(2010) studied the association of rs6822844 within the KIAA1109-
TENR-IL2-IL21 gene cluster in Australian RA patients in 2010 and
tried to meta-analyze the data with already published data. Despite
this SNP was not associated with RA in the Australian population,
when the data were combined in a meta-analysis using data from a
total of 9,772 cases and 10,909 controls (including the North
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FIGURE 2 Forest plots displayed Log (OR) and 95% credible intervals for both the individual trials and for the pooled results, (a) rs1343151;

A versus G, (b) rs2201841; C versus T. OR: odds ratio

American Rheumatoid Arthritis Consortium data with p = 2.1 x 1079),
there was a genome-wide level of significance of rs6822844 SNP
association with RA. Our Bayesian hierarchical meta-analysis
included 10,079 cases and 10,742 healthy subjects for IL21 gene
rs6822844 SNP from 10 studies; nonetheless, we could not have
access to the North American Rheumatoid Arthritis Consortium data.

However, Bayesian hierarchical meta-analysis analysis did not

support the significant association of IL21 gene rs6822844 SNP
with RA risk. In contrast, our classical meta-analysis of the current
data (results not provided in the current paper) also demonstrated a
significant association of minor T allele with decreased RA risk.
However, Bayesian hierarchical in contrast to its classical counter-
part has reasonable accuracy even when the study population

underlying meta-sample is small (Moeltner, Boyle, & Paterson, 2007).

TABLE 3 Bayesian hierarchical meta-analysis of the pooled association between IL21, rs6822844 (G>T) polymorphism and risk of RA disease,

10 studies
Percentage
Frequency heterogeneity Association test
Pooled 95% Credible  Apsolute heterogeneity  Publication bias (Begg’s Test,

Variations Case  Control I Log (OR) interval) test 72 (95% Cl) p value; Egger’s test, p value)
G 17,018 17,638
T 3,134 3846
GG 6,278 6,364
GT 2,329 2,840
T 238 304
Tvs. G 0.913 -0.205 -0.48, 0.04 0.26 (0.05, 0.56) 0.35, 0.27
TT vs. GG 0.489 -0.232 -0.57,0.11 0.25 (0.0, 0.59) 0.77,0.78
GT vs. GG 0.904 -0.238 -0.55, 0.03 0.30 (0.03, 0.62) 0.37,0.32
TT+GT 0.910 -0.240 -0.54, 0.03 0.30 (0.05, 0.62) 0.22, 0.40

vs. GG
TT 0.474 -0.178 -0.50, 0.16 0.25 (0.0, 0.57) 0.63, 0.62

vs. GT + GG

HWE for controls = 0.55

Note. Marginal posterior summary, bold pooled Log (OR) indicated as statistically significant at 0.05 level, I%: relative heterogeneity.
Cl: credible interval; HWE: Hardy-Weinberg equilibrium; IL-21: interleukin-21; OR: odds ratio; RA: rheumatoid arthritis.
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TABLE 4 Bayesian hierarchical meta-analysis of the pooled association between IL17A, rs2275913 (G>A) polymorphism and risk of RA

disease, 10 studies

Percentage
Frequency heterogeneity Association test
Pooled 95% Credible

Variations Case Control I-squared Log (OR) Interval)
G 4,119 3,949
A 2,358 2,600
GG 1,214 1,099
GA 1,412 1,493
AA 443 521
Avs. G 0.977 -0.201 -0.77, 0.36
AA vs. GG 0.302 -0.173 -0.47,0.12
GA vs. GG 0.186 -0.130 -0.29, 0.04
AA +GA 0.188 -0.148 -0.30, 0.01

vs. GG
AA 0.293 -0.113 -0.33, 0.10

vs. GA + GG

HWE for controls =0.71

Absolute heterogeneity

test 72 (95% Cl)

0.79 (0.49, 1.17)
0.19 (0.0, 0.50)
0.08 (0.0, 0.28)
0.08 (0.0, 0.27)

0.15 (0.0, 0.39)

Publication bias (Begg's
test, p value; Egger’s test,
p value)

0.86, 0.54
0.75, 0.86
0.35, 0.25
0.38, 0.24

0.66, 0.74

Note. Marginal posterior summary, bold pooled Log (OR) indicated as statistically significant at 0.05 level, I%: relative heterogeneity.
Cl: credible interval; HWE: Hardy-Weinberg equilibrium; IL-17A: interleukin-17A; OR: odds ratio; RA: rheumatoid arthritis.
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heterogeneity ©

T
0.20 0.25

(b)

rs2201841; Cws. T

effect u

T T

0.2 0.4

; 1
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(joint posterior density)

FIGURE 3 Heterogeneity plots, red lines trace the contours of constant density corresponding to approximate two-dimentional credible
regions (based on a;(z approximation to the logarithmic posterior density) as labeled. The credible regions are only an approximation based on a
“well-behaved,” unimodal posterior; contour lines are omitted if the posterior mode is not finite. Blue lines show the conditional mean effect
(Log OR) as a function of the heterogeneity 7 (solid line) along with conditional 95% confidence bounds (dashed lines). Green lines indicate

marginal medians and shortest 95% credible intervals for Log (OR) and 7. (a) rs1343151; A versus G and (b) rs2201841; C versus T [Color figure
can be viewed at wileyonlinelibrary.com]
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IL17A is a member of IL-17 family and is produced mainly by
Th17 cells (Korn, Bettelli, Oukka, & Kuchroo, 2009). IL17A, in turn,
can trigger the production of inflammatory factors (Brennan &
Mclnnes, 2008). Increased IL-17A level has been reported in the
synovium of RA patients. In addition, interfering with the function of
IL-17 in animal models has been associated with amelioration of
disease course, suggesting a pathologic role of IL-17 in RA disease
(Hueber et al., 2010). The human IL17A gene, located on chromosome
6p12, harbors the rs2275913 G > A polymorphism (G197A), which
has been evaluated in association with the susceptibility to ulcerative
colitis (Arisawa et al., 2008) and Crohn’s disease (McGovern et al,
2009). The first evidence of the association of IL17A gene rs2275913
G > A polymorphism came from a study by Nordang et al. (2009) in
Norwegian population, while the association was not replicated in a
cohort from New Zealand. After that, the other eight studies in
different countries have tried to disclose this association (Table 1).
Zhang et al. (2016) performed a classical meta-analysis of IL17A gene
rs2275913 polymorphism by evaluating 3,130 RA cases and 3,136
controls extracted from seven case-control association studies. They
indicated that IL17A gene rs2275913 polymorphism decreased the
risk of RA in three genetic models of A versus G, AA versus GG and
AA + GA versus GG. In contrast, we performed a Bayesian hierarch-
ical meta-analysis of 3,415 cases and 3,436 healthy individuals
obtained from 10 studies. However, our analysis did not support the
significant association of IL17A gene rs2275913 polymorphism with
RA risk. Again, this could be due to the difference in the method of
analysis, as our classical analysis (the result of this analysis were not
included in this study) also demonstrated a significant decreased
association risk of IL17A gene rs2275913 polymorphism in RA
patients. In all of the Bayesian hierarchical meta-analysis, we
assumed the Log (OR) follows a normal distribution (mean =0,
variance = 100), meaning independence between rs2275913 and the
disease risk. Therefore, the results of Bayesian hierarchical meta-
analysis are conservative against false significant associations.

This meta-analysis is attributed to some limitations. First, because
of the insufficient original data, we could not perform a subgroup
analysis with respect to the ethnicity of populations (e.g., Asians,
Europeans, Americans, etc.). Second, due to lack of sufficient amount
of data, it was not possible to stratify the data according to the
baseline variables, such as sex, autoantibody status (like cyclic
citrullinated peptide antibody or rheumatoid factor), and other
clinicopathological characteristics, as the genetic polymorphisms are
associated with the severity of RA. Third, the heterogeneity observed
in these studies might be due to variations in demographic
specifications among the studies, geographic factors, different
genotyping techniques, and differences in the inclusion criteria for
the study populations.

In consideration of all, this Bayesian hierarchical meta-analysis
intended to disclose the possible association of the polymorphisms in
IL23R, IL21, and IL17A genes by pooling the available data and
considering the immunological pathway of the three molecules (IL21-
IL-23R-IL-17) that has been implicated in the pathogenesis of RA. The

analysis resulted in identification of association of rs1343151 and

Cellular Physiology

rs2201841 polymorphisms in the IL23R gene with the risk of RA.
However, a gene-gene interaction analysis is still required to further
describe the role of genetic variants in immunological pathway of
IL21-IL-23R-IL-17 in the pathogenesis of RA.
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