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Abstract

Background: Limited studies have focused on the association between the protein tyrosine phosphates non-receptor
type 22 (PTPN22) genetic polymorphisms and Juvenile idiopathic arthritis (JIA) susceptibility in different populations,
but the results were inconclusive. Therefore, this meta-analysis of PTPN22 polymorphism (1858 C>T) was pet-
formed to get a precise systematic estimation. The "rs" number of the PTPN22 polymorphism (1858 C>T) is 4.
Methods: A systematic literature search strategy was carried out using English databases (PubMed, Embase.) for the
eligible studies. We ultimately identified 11 records from 10 articles involving the relationship between PTPNZ2 genet-
ic polymorphisms and JIA risk from PubMed and Embase databases. Overall, 4552 cases and 10161 controls were
investigated in this study to evaluate the association between PTPN22 (C allele »s. T allele) genotype and JIA suscepti-
bility.

Results: Analysis using random effects model showed an increased risk of JIA with T allele of 152476601 vs. A allele
(P<0.001). Subgroup analysis suggested that the PTPN22 polymorphism (1858C>T) was significantly associated with
JIA risk in America population (OR=1.52, 95%CI:1.30-1.78). Additionally, the subgroup analysis also showed that the
associations were still significant in case number more than 500 (OR=1.38, 95% CI: 1.04-1.83), while in the case num-
ber less than 500 was OR=1.55, 95% CI: 1.39-1.72.

Conclusions: SNPs of PTPN22 (1858C>T) showed an increased tisk of developing JIA.
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Introduction

Juvenile idiopathic arthritis (JIA) is one of the
most common autoimmune diseases under the

Among them, the boy can exist a more unfavora-
ble prognosis of uveitis than in girls under the

age of 16, which had been influenced by both ge-
netic and environmental factors (1). The preva-
lence of JIA was 15 per 100,000 children/year
(95% CI: 13-17) in the Nordic countries (2). Nev-
ertheless, fewer studies have shown in Asian pop-
ulation. JIA has many complications such as mac-
rophage activation syndrome, nodular regenera-
tive hyperplasia of the liver and Uveitis (3).
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clinical course, although it was more susceptible to
gitls.

Several viruses such as Epstein-Barr virus could
induce the appearance of JIA (4, 5). Meanwhile,
familial aggregation studies, case-control studies
yet had provided clues of the relationship between
genetic variants such as PTPN22 (1858C>T), V-
set Domain-containing T cell Activation Inhibitor
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1 (VICNI1), methyl-CpG-binding
2 (MeCp2) and autoimmune diseases risk. How-
ever, eligible studies of the association between
PTPN22 genetic polymorphism and JIA risk were
controversial.

Protein tyrosine phosphates non-receptor type 22
(PTPN22 gene), located on chromosome 1p13,
encodes specific lymphoid protein tyrosine phos-
phatase (LYP), is vital in negative regulation of T
lymphocyte activation (6). The R620W polymor-
phism in PTPN22 gene at the nucleotide 1858
(1858C>T) in codon 620 (620Arg>Trp) has been
associated with various autoimmune diseases. The
disease-associated LYP variant Trp 620 could in-
hibt the interaction function of LYP with CSK.
Consequently, an imbalanced regulation of T cell
induction might generate by activiting the T cell
receptor-associated kinases, and this process
might be contributed to overactiving immune re-
sponses (7). For instance, PTPN22 (1858C>T)
gene as a susceptible locus exists the potential re-
lationship with Graves’ disease (GD) risk in Euro-
pean population (8) and Systemic Lupus Erythe-
matosus (SLE) susceptiblity in Chinese population
).

Considering available studies of PTPNZ22 poly-
morphism and JIA risk is not conclusive, we car-
ried out an updated meta-analysis to discern the
truly relationship.

protein

Methods

Literature search

Records were screened from different databases
including both PubMed and Embase database (all
the studies were retrospected from February 2000
to July 2015). The keywords in Pubmed terms in-
cluding “PTPN22 1858C/T” or “rs2476601” ot
“PTPN22 R620W” together with “Juvenile idio-
pathic arthritis” or “JIA” or “Juvenile rheumatoid
arthritis” or “JRA” or “Juvenile chronic arthritis”
or “JCA” or “Juvenile arthritis” or “JA”. The
same retrieve strategy was also performed in Em-
base database. Meanwhile, scholar website such as
http://scholar.google.com/ used to find full eligi-
ble records. The selective studies in our meta-
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analysis were abided by the criteria as follows: 1)
case-control studies or cohort studies in popula-
tion; 2) selected studies provided sufficient data to
calculate pooled ORs (odds ratios) with the corre-
sponding 95%ClIs (Confidence Interval), which
were used to evaluate the association of PTPN22
polymorphisms and JIA risk; 3) control popula-
tion did not contain malignant tumor patients; 4)
supplements, letters, case reports, review articles,
conference papers and other meta-analysis were
all excluded.

Data extraction and synthesis

All retrieved records from the databases inclusive
ot not were examined by two independent review-
ers (ShiLing Zhong and Nan Sun), and disagree-
ments were solved by a third researcher (YunYan
Li). For each eligible study, the following charac-
teristics were collected: first author, year of publi-
cation, ethnicity and region of the population be-
ing studied, polymorphisms examined, study time,
pathologic, source of control, characteristics of
cases and controls.

Statistical Analysis

All analysis were performed in stata version 12.0
(StataCorp Lp, College station, Texas, USA). The
combined ORs and the corresponding 95% Cls
were calculated and demonstrated in the forest
plots by using the fixed or the random effects
model. We used random effects model when P
value of heterogenous test was no more than 0.1
(P< 0.1). When P value of heterogenous test was
more than 0.1 (P>0.1), fixed effects model were
used. Besides, heterogeneity was also measured in
our meta-analysis through using Cochran’s Q and
the inconsistency index (I?) statistic. Cumulative
meta-analysis, sensitivity analysis and Galbraith
plot were also used to find the potential infor-
mation of meta-analysis. Subgroup analysis was
used to investigate better possible reasons of be-
tween-study heterogeneity. The subgroups are as
follows: geographical locations (European and
Amecria, and other regions), number of case
(<500 »s. 2500), source of control (population-
based »s. hospital-based). Meanwhile, publication
bias was investigated by Begg’s funnel plot, in
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which the standard error of log OR of each study
was plotted against its OR; Funnel-plot asym-
metry was further assessed by the method of Eg-
ger’s linear regression test, which could assess the
relationship between effect size, and variance dif-
fers between large and small studies.

Results

Study Selection and Study Characteristics
Based on search strategy above, 96 individual rec-
ords were identified. However, only 62 full-texts
were available for the further estimation. Accord-
ing to the inclusive and exclusive criteria, 51 arti-
cles were excluded including 14 overlapping arti-
cles, 25 uncorrelated articles and 12-review paper
about JIA. We ultimately identified 11 records
from 10 articles involving the relationship be-
tween PTPN22 genetic polymorphisms and JIA
risk from Pubmed and Embase databases (10) in
Fig. 1.

According to the criteria, all articles were screened
carefully to assess the eligibility and reliability. The
characteristics of the studies were showed (4552
cases and 10161 controls) in Table 1.

96 potentially relevant reports identified
screened through database :

32 from Pubmed

64 from Embase

87 records left after 9 duplicates removed

25 excluded after reading title and
abstractremoved

62 records retrieved for detailed assessment

51 articles excluded:
14 overlapping data
25 not about JIA
12 records about review

11 records included in Meta-analysis

Fig. 1: Flow chart of study selection

Table 1: Characteristics of the studies related with the effects of PTPN22 genetic polymorphisms and JIA risk

Ref Ethnicity Pathologic source of case group control group OR
study time diagnosis controls

1 Eurpean NA ILAR Population 230 cases 1400 controls 1.17 (0.9-1.5)
(Norway)

2 European NA ILAR Population 661 cases from the British 595 controls from 153 (1.2-

(British) general practitioners 20)

3 Buropean NA ILAR Hospital 320 cases 555 controls 1.41(1.01-1.96)
(Norway)

4 European 2006 ILAR Population 130 cases 400 controls 2.7(1.8-4.2)

(Czech)
5 European NA ILAR Population 150 cases 200 controls 1.13(0.66-1.95)
(Hungarian)
6 Ametica NA ILAR* Population 809 cases from US and German 2990 controls from 1.65(1.38-1.98)
same place
7 America NA ILAR Population 809 cases from US and German 2990 controls from 1.64
same place (1.37-1.97)

8 Northern NA ILAR Population 636 cases from Pediatric Rheu- 733 healthy adults 1.29(1.02-1.62)
Buropean matology clinics at the University (59% female)

9 European NA ILAR Hospital 128 cases(70.31% femal,29.69% 221 controls were 0.44
(Greece) male) from Thessaloniki (0.21-0.97)

10 Australia NA ILAR Hospital 318 cases 556 controls 1.62(1.15-2.3)

11 Ameri- NA ILAR population 155 cases (85% femal,15% male) 411 controls (66% 1.61 (1.11-2.31)

ca(Utah) female)

NA: not available; ILAR: International League of Associations for Rheumatology
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Results

PTPNZ22 genotype with JIA susceptibility.

Overall, 4552 cases and 10161 controls were in-
vestigated in this study to evaluate the association
between PTPN22 (C allele »5. T allele) genotype
and JIA susceptibility. Four articles were carried
out in America population and 6 in European
population. The random effects model showed
that an increased susceptibility was associated be-
tween the PTPN22 genotype and JIA risk

Study
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(OR=1.47, 95% CI: 1.27-1.70, P<0.001). The for-
est plot is showed in Fig. 2.

Subgroup analysis

Considering the comparable heterogeneity in light
of the 1> and P value (12:61.6%, P=0.004), sub-
group analysis was performed to recognize sub-
stantial between-study heterogeneity. We classified
Greece, British and Norway as European regions
while identified Utah as America region. Addi-
tionally, remaining places were defined as other
regions. Meanwhile, according to the difference of
case number and population resource, stratifica-
tion analysis was carried out, respectively.
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Fig. 2: Association between PTPN22 polymorphism and JIA risk analyzed by forest plot of
meta-analysis. The forest plots of pooled OR with 95% CI (C allele »s. T allele; OR=1.47, 95% CI: 1.27 -1.70; ran-

dom effects model, P<0.001)

The subgroup analysis results are shown in Table
2.

Sensitivity analysis and Galbraith plot

Sensitivity analysis could help to examine the pos-
sible source of heterogeneous articles by sequen-
tially excluding one article at a time. The sensitivi-
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ty analysis showed that article of Number 4 might
be the main source of heterogenity (Fig. 3). Addi-
tionally, we used the Galbraith plot to recognize
the sensitive records from eligible studies. The
results are shown that records from Number 9
and Number 4 might be the main heterogeneous
studies.
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Table 2: Subgroup analysis of the association between PTPN22 polymorphisms and JIA

Polymorphism Allele Cvs.Allete T No. of studies (cas- Odds ratio M Heterogeneity Pg
es/controls) OR(95%CI) POR 12(%) PH
PTPNZ22(rs2476601) All studies 11 (4552 /10161) 1.42(1.20, 1.68) <0.001 R 61.6 0.004 0.303
subgroup analysis by number of case
<500 7 (1431 / 3743) 1.38(1.04, 1.83) 0.025 R 72.4% 0.001 0.619
2500 4 (3121 / 6418) 1.55(1.39, 1.72) <0.001 R 8.0% 0.353 0.309
subgroup analysis by number of control
population-based 8 (3786 / 8829) 1.52(1.32,1.76) <0.001 R 55.5% 0.028 0.979
hospital-based 3 (766 / 1332) 1.36(1.15, 1.60) <0.001 R 8.8% 0.334 0.882
subgroup analysis by region
America 4 (2209 / 6901) 1.52(1.30, 1.78) <0.001 IF 45.7% 0.137 0.585
Augean 6 (2025 / 2704) 1.36(1.01, 1.83) 0.041 R 74.4% 0.002 0.555
Adjusted result Adjusted studies 9 (4294 / 9540) 1.48(1.36, 1.62) <0.001 I 8.8% 0.362 0.268
Meta-analysis random-effects estimates (linear form)
Study ommited
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Fig. 3: Sensitivity analysis of association between PTPN22 genetic variances and JIA
Discussion 1.6, P<0.001) (12). However, two vital paper

published in 2013 were not included in this
pooled analysis (12). Additionally, this meta-analy-
sis had not been performed a further stratified
analysis in different population and sample size,
which could influence the precision and accuracy
of the conclusion.

Eleven critical individual case-control studies

The study showed an increased risk of JIA with
PTPN22 polymorphism (1858 C>T) (OR=1.26,
95% CI: 1.27-1.70, P<0.001), especially in Amer-
ica population (OR=1.52, 95% CI: 1.30-1.78)
through Subgroup analysis. Meta-analysis has been
recognized as an important tool to define the ef-

fect of selected genetic polymorphisms and dis-
ease susceptibility, and discern the potential
sources of between-study heterogeneity (11).
There was a statistically significant association be-
tween PTPN22 and JIA (OR=1.44, 95% CI 1.31-
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about the PTPNZ22 polymorphism and JIA risk
were collected in this paper. We ultimately identi-
fied that an increased risk for JIA in crowd with T
allele in locus of PTPN22 1858 (OR=1.26, 95%
CI: 1.27-1.70). Subgroup analyses were mainly car-
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ried out by ethnicity, sample number and the
source of case. Stratified for ethnicity, the

PTPN22 polymorphism (1858 C>T) was signifi-
cantly associated with JIA risk in America popula-
tion (OR=1.52, 95% CI: 1.30-1.78). The subgroup
analysis showed that the associations were still
significant in case number more than 500
(OR=1.38, 95% CI: 1.04-1.83), while in the case
number less than 500 was OR=1.55, 95% CI:
1.39-1.72. These different data among the differ-
ent ethnicity might hint that different ethnic ge-
netic backgrounds could influence the incidence
of JIA. At the same time, due to the limited num-
ber of inclusive studies in this meta-analysis, the
results might have insufficient statistical power to
detect a true effect and generate fluctuated risk
estimation. To ensure the epidemiological credibil-
ity of this meta-analysis, we further performed
sensitivity analysis and Galbraith plot. After omit-
ting some heterogeneous articles according above
results, no heterogeneity had been identified. Ad-
ditionally, no publication bias further proof our
results reliability

PTPNZ22 is an intracellular phosphatase, which
plays a vital function in modulating cytokine signal
transduction through the JAK/STAT signaling
pathways (10). As a transcription factor, STAT4 is
essential for the gulation process of Thl cell dif-
ferentiation from lymphocytes, macrophages and
dendritic cells (10). Th1 cells play a role in the de-
velopment of JIA by producing inflammatory cy-
tokine interferona. Several studies argued an allelic
variant of PTPNZ22 is strongly associated with
multiple autoimmune diseases including type 1
diabetes (T1D), systemic lupus erythematosus
(SLE), rheumatoid arthritis (RA), Graves disease,
and others. The risk allele comprises a single-
nucleotide polymorphism, C1858T, resulting in an
amino acid change from arginine to tryptophan at
position 620 (R620W) of the encoded protein
LYP. Whose functions were as a negative regula-
tor in (T'CR) signaling, our hypothesis is that the
PTPN22 polymorphism might be contributed to
the development of JIA through pathway above.
It was interesting that mice lacking of the PTPN22
gene showed high levels of autoimmune diseases
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characteristic by the presence of high-titer patho-
genic autoantibodies (13), this result further sup-
port our conclusion in some extent.

However, there were some possible limitations
existing in this meta-analysis. First, lack of suffi-
cient study number and limited studies scale could
all influence the stability of the conclusion. At the
same time, the missing of the records in Asian and
African population could disturb the conclusion.
Additionally, our literature searching only included
English databases, which might lead to the lan-
guage selection bias.

Besides, three articles recruit control subjects in
the hospital-based population and that might be
different from the population-based controls. Fur-
thermore, complex environmental factors and in-
teractive function between genes and environment
in our meta-analysis were not considered. These
factors above could affect the conclusion. At last,
genome-wide association study (GWAS) had not
been performed in available studies, which could
increase statistics power. Therefore, GWAS
should be considered to carry out in multi-center.

Conclusion

There was positively association between PTPN22
gene variants and developing JIA, and further
studies including GWAS should be carried out in
multi-center to discern more truly genetic risk fac-
tors and possible environmental factors.
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