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Abstract

Objectives—Subtypes of juvenile idiopathic arthritis (JIA) share phenotypic features with other
autoimmune disorders. We investigated several genetic variants associated with rheumatoid
arthritis (RA) and other autoimmune disorders for association with JIA, to test the hypothesis that
clinically distinct phenotypes share common genetic susceptibility factors.

Methods—Cases were 445 children with JIA, and controls were 643 healthy adults. Eight single
nucleotide polymorphisms (SNPs) in 7 loci [TNFAIP3 (rs10499194 and rs6920220), RSBN1
(rs6679677), C120RF30 (rs17696736), TRAF1 (rs3761847), IL2RA (rs2104286), PTPN2
(rs2542151), and STAT4 (rs7574865)] were genotyped by the TagMan assay. Alleles and
genotypes were analyzed for association with JIA and JIA subtypes. Odds ratios (OR) and 95%
confidence intervals (95% CI) were calculated.

Results—The strongest associations were observed for TNFAIP3 variants rs10499194 (OR: 0.74
(0.61-0.91); p <0.004), and TNFAIP3 rs6920220 (OR: 1.3 (1.05-1.61); p <0.02). We also observed
associations between JIA and STAT4 (OR: 1.24 (1.02-1.51); p <0.03) and C120RF30 (OR: 1.2
(1.01-1.43); p <0.04) variants. The PTPN2 variant rs2542151 deviated from Hardy-Weinberg
equilibrium and was excluded from analyses. Variants in IL2RA, TRAF1, and RSBN1 were not
associated with JIA. After stratification by JIA subtype, TNFAIP3 and C120RF30 variants were
associated with oligoarticular JIA, while the STAT4 variant was associated primarily with
polyarticular JIA.

Conclusions—We have demonstrated associations between JIA and variants in TNFAIP3,
STAT4 and C120RF30 regions that have previously shown associations with other autoimmune
diseases, including RA and systemic lupus erythematosus. Our results suggest that clinically
distinct autoimmune phenotypes share common genetic susceptibility factors.
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Juvenile idiopathic arthritis (JIA) comprises a collection of chronic childhood arthritides (1).
Although associations between JIA and variants encoding human leukocyte antigens (HLA)
have been consistently described, the HLA-DR locus has been estimated to account for only
~17% of JIA susceptibility (2). This suggests that non-HLA loci likely play significant roles
in predisposition to JIA. To date, most investigators have utilized candidate-gene association
studies to find genes predisposing to JIA susceptibility. More than 100 genetic loci have
been tested for associations with JIA, most of which have not demonstrated meaningful
associations (3). Candidates have often been chosen ad hoc, and many studies have suffered
from lack of statistical power. However, convincing associations have been demonstrated
with several non-HLA variants such as PTPN22, MIF, WISP3 using relatively large cohorts
of children with JIA (3).

Children with JIA have an increased prevalence of other autoimmune disorders(4).
Furthermore, relatives of children with JIA have an increased prevalence of autoimmune
disorders (5). These observations suggest that clinically distinct autoimmune phenotypes
may have common genetic susceptibility factors. Recently variants in genes encoding
PTPN22 and CTLA4 have been shown to predispose to clinically distinct autoimmune
phenotypes. Our objective was to test the hypothesis that genetic variants predisposing to
multiple autoimmune phenotypes could also underlie susceptibility to JIA. We investigated
8 single nucleotide polymorphisms (SNPs) in seven loci associated with rheumatoid arthritis
(RA), systemic lupus erythematosus (SLE), type 1 diabetes (T1D) and inflammatory bowel
disease (IBD) in our cohort of children with JIA and healthy controls.

Patients and methods

Cases were 445 children with JIA from the Intermountain States Database of Childhood
Rheumatic Diseases. Patients were diagnosed according to the ILAR criteria (1). The
median onset age was 5.6 years, and 67% of the subjects were female. There were 201
children with oligoarticular JIA, 100 with rheumatoid factor (RF)-negative polyarticular
JIA, 40 with enthesitis related arthritis, 35 with RF-positive polyarticular JIA, 36 with
systemic JIA, and 33 with other subtypes. Controls were 643 healthy adults (60 % female)
screened for several common autoimmune diseases ascertained from the same geographic
region. A questionnaire was used to screen controls for autoimmune disorders. Controls who
reported an autoimmune disorder, or had a first-degree relative with an autoimmune disorder
were excluded. Cases and controls were very similar in ethnicity, and predominantly (>90%)
were of Northern European ancestry._Subjects were enrolled under protocols approved by
the Institutional Review Board at the University of Utah.

Genotyping

DNA was isolated from blood using the Puregene DNA purification kit from Qiagen
(Valencia, CA). Subjects were genotyped for the eight SNPs in seven loci including
rs10499194 and rs6920220 in theTNFAIP3 locus, rs6679677 in the RSBN1 locus,
rs17696736 in the C120rf30 locus, rs3761847 in the TRAF1/C5 locus, rs2104286 in the
IL2RA locus, rs7574865 in the STAT4 locus, and rs2542151 in the PTPN2 locus. These
variants were chosen based on their reported associations with other autoimmune
phenotypes including RA, SLE, T1D and IBD (6-9). Each of these variants has been shown
to have an association with at least two autoimmune phenotypes. Genotyping was performed
using Tagman Pre-designed SNP genotyping assays (Applied Biosystems, Foster City, CA)
according to the manufacturer’s protocols. For quality control twelve samples were typed in
duplicate on different plates; the concordance was 100% for all samples.
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All variants were evaluated for deviation from Hardy-Weinberg equilibrium (HWE) by
comparing observed and expected frequencies of genotypes. Alleles and genotypes were
investigated for association with JIA. Since rs10499194 and rs6920220 were both in the
TNFAIP3 locus, haplotypes were also analyzed for an association with JIA. Odds ratios
(OR) and 95% confidence intervals (95% CI) were calculated for alleles, as well as
genotypes using dominant and recessive models. Since JIA is a collection of several
heterogeneous subtypes, analyses were repeated after stratifying subjects into onset types
and gender. The polyarticular subtypes were analyzed both individually and together to
improve statistical power.

The STAT4 variant rs7574865 has been reported to be associated with several autoimmune
phenotypes including RA(9-16), SLE (9-11, 15, 17), T1D (18, 19), Sjogren’s syndrome (20),
and IBD(18). Published case-control association studies of STAT4 rs7574865 were identified
using a PUBMED search. Allele frequency data were obtained from these studies. We
performed meta-analyses of STAT4 associations with RA and SLE using a fixed-effects
model, weighting studies by number of subjects. Mantel-Haenszel Chi-square tests were
performed for the individual studies and for the studies combined. The Breslow-Day test
was performed for heterogeneity among studies with significance set at p <0.05. All
analyses were carried out using SAS 9.1.3. We did not perform meta-analyses of the other
variants since their associations were mainly reported in genome-wide association studies,
and there were only one or two published studies of these other variants.

The genotyping call rates ranged from 96.8 to 99.8% for the eight SNPs. SNP rs2542151 at
the PTPN2 locus deviated significantly from HWE in the controls (p <0.01) and hence was
not analyzed further. The allele and genotype frequencies of the seven remaining SNPs in
cases and controls are shown in Table 1. The minor allele frequencies (MAF) among our
controls did not differ by more than ~10% from MAF reported for individuals of European
descent. The ancestral alleles were the major allele at SNP rs10499194, rs6920220,
rs6679677, rs17696736, rs3761847, and rs2104286. However at rs7574865 in the STAT4
locus, the ancestral allele, T, was the minor allele (MAF = 0.24 among controls).

At the TNFAIP3 locus, the T allele at TNFAIP3 SNP rs10499194 demonstrated a significant
protective effect against JIA in the entire cohort (OR 0.74 (0.61-0.91), p <0.004). A
recessive model significantly improved the OR (0.49 (0.30-0.83), p <0.006). The effect was
also pronounced in female subjects (0.71 (0.55-0.91), p <0.007). When analyses were
repeated after stratification by subtypes, the association was significant in the oligoarticular
JIA cohort (Table 2). In contrast, the minor allele (A) at TNFAIP3 SNP rs6920220 conferred
risk to the JIA cohort as a whole (OR 1.30 (1.05-0.61), p < 0.02). At this locus, a dominant
model improved the OR (1.44 (1.12-1.86, p <0.004). The association was also pronounced
in female subjects (1.42 (1.09-2.66), p <0.009). Similar to the other variant, when analyses
were repeated after stratification by subtypes, the association was significant in the
oligoarticular JIA cohort (Table 2).

Since both rs10499194 and rs6920220 are in the TNFAIP3 region, we investigated
haplotype combinations of these two SNPs for association with JIA. The haplotype carrying
the major alleles at both SNPs (CG) was neutral, while haplotype TG was protective (case
frequency 0.23, control frequency 0.28, p <0.006) and haplotype CA conferred a risk (case
frequency 0.22, control frequency 0.18, p <0.01).
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An association was also observed between JIA and the G allele of rs17696736 (allelic OR
1.2, p <0.04) at the C120RF30 locus. A recessive model improved the OR slightly in the
entire JIA cohort (1.3 (1.00-1.68), p <0.05). This association was also pronounced in the
oligoarticular JIA subset (Table 2). The minor allele (A) at SNP rs6679677 in the RSBN1
locus demonstrated a marginal association with JIA in the entire JIA cohort (OR 1.28
(0.98-1.68), p <0.07). When analyses were repeated after stratification, there was significant
risk conferred to male subjects (146 cases, 257 controls; OR = 1.9 (1.20-2.97), p <0.006).
The variants at TRAF1 and IL2RA did not show an association either with JIA or any of the
JIA subtypes in our cohorts.

Finally, the T allele at the STAT4 SNP rs7574865 demonstrated a significant association
with JIA (OR 1.24 (1.02-1.51), p <0.03). The association was pronounced in the
polyarticular JIA subtypes (Table 2). When the RF-negative and RF-positive polyarticular
JIA subsets were combined to improve power, the magnitude of the association with the
STAT4 variant improved (OR 1.5 (1.13-2.0), p <0.005).

Meta-analyses of STAT variant rs7574865

The rs7574865 variant has been investigated for an association with an autoimmune
phenotype in 18 case-control comparisons (Figure 1). Statistically significant associations
had been reported between rs7574865 and RA (OR 1.17-1.9), SLE (OR 1.55-1.71), T1D
(OR 1.36-1.94) and Sjogren’s syndrome (OR 1.47), as well as IBD (OR 1.29) (9-17, 19, 20).
The subjects in these studies were predominantly of European ancestry, and most of the
remainder were of Asian ancestry. There were 8 case-control associations of RA and STATA4.
The pooled analysis confirmed an association between RA and STAT4 with an OR of 1.26
(1.22-1.31), p <10~7. When all 8 studies were included, the Breslow-Day statistic was
significant (p <0.01), suggesting heterogeneity between studies. This was mainly due to the
study by Zervou et al., which included a genetically homogeneous population from the
Greek island of Crete(16). When we repeated the analysis excluding this study, there was no
heterogeneity (Breslow-Day p < 0.17), and the OR estimate changed minimally, with an OR
of 1.25 (1.21-1.30) p <10~7. The pooled OR for the 5 investigations of SLE was 1.59
(1.49-1.70), p <1077 The Breslow-Day statistic for heterogeneity was not significant (p
<0.97).

DISCUSSION

JIA is a collection of chronic arthropathies in children that shares phenotypic features with
several autoimmune disorders(1). Relatives of children with JIA have an increased
prevalence of autoimmune disorders, and individuals with JIA also appear to have an
increased prevalence of other autoimmune disorders(4, 5). These observations suggest that
clinically distinct autoimmune phenotypes could share common genetic susceptibility
factors. This hypothesis is supported by genetic studies. Meta-analyses of genome-wide
scans of immune mediated disorders demonstrated nonrandom clustering of susceptibility
loci between different human diseases(21). The identification of CTLA4 (22) and PTPN22
(23) variants underlying susceptibility to clinically distinct autoimmune disorders also
supports this hypothesis.

We tested the hypothesis that variants associated with autoimmune disorders will also be
associated with JIA. Our results confirmed that variants in the TNFAIP3 and STAT4 loci
associated with RA and SLE also demonstrate associations with JIA. In addition, we found
evidence for an association between JIA and a variant on chromosome 12 previously shown
to be associated with T1D (24). To our knowledge these variants have not previously been
tested for association with JIA. While the size of our JIA cohort is modest, it is still larger
than ~90% of published case-control comparisons of non-HLA variants in JIA(3). Our
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combined case and control cohort of almost 1100 subjects has sufficient power to detect
modest associations. We observed that the associations between TNFAIP3 and STAT4
variants and JIA were similar in magnitude and direction to the association between these
variants and RA. While some of the subtypes did not show statistically significant
associations with TNFAIP3 and STAT4 variants, it should be noted that in general the
associations were in the same direction, suggesting that these cohorts might be
underpowered to detect significant associations. These results suggest that TNFAIP3 and
STAT4 variants might also be involved in susceptibility to multiple autoimmune phenotypes,
similar to PTPN22 and CTLA4.

We did not perform a correction for multiple testing. Since our hypothesis was that different
autoimmune phenotypes share common susceptibility factors, we treated JIA as a combined
phenotype for the primary analysis. The loci investigated in this study were chosen based on
prior findings of association in other autoimmune phenotypes, and they have an increased
prior probability of association. Given that the genetic basis of JIA is not in doubt, each gene
that is potentially involved in the etiology of the trait represents an individual null
hypothesis to assess.(25, 26) For these reasons, we believe that a standard multiple
comparisons correction would be too conservative. Nevertheless, the association with
TNFAIP3 variant rs10499194 and JIA was significant after correcting for the 7 loci
investigated. Ultimately, the best validation of these results will be replication in an
independent cohort.

TNFAIP3 (also known as A20) is an important regulator of NF-kB signaling through
ubiquitin modifications of adaptor proteins downstream of TNF-a and toll-like receptors(27,
28). Validated associations between RA and variants in the TNFAIP3 region have been
reported (6, 7, 29). The TNFAIP3 SNPs investigated in our study have been shown to tag
haplotypes that confer either susceptibility to or protection from RA(7). Our results
confirmed that the same susceptibility and protective haplotypes are also associated with
JIA. Interestingly, TNFAIP3 SNP rs6920220 is also associated with susceptibility to SLE
(30).

The STAT4 gene encodes a transcription factor expressed on lymphocytes, macrophages,
and dendritic cells. STAT4 is essential for IL-12 signaling and induces Th1 differentiation
and production of interferon-vy, a pro-inflammatory cytokine(31). Since STAT4 variants were
first described to be associated with both RA and SLE by Remmers et al. (9), several authors
have confirmed associations between STAT4 variants and various autoimmune
diseases(10-13, 17, 18, 20). Our demonstration of an association between the same STAT4
variant (rs7574865) and JIA adds to this literature. Both RF-positive and RF-negative
polyarticular JIA subtypes demonstrated an association with this variant. Together these
observations strongly support a role for STAT4 in autoimmunity.

We also found an association between JIA and a variant in the C120RF30 region on
chromosome 12. This variant shows strong association with type 1 diabetes(24). This variant
also showed an association with autoimmune phenotypes analyzed together (RA, T1D, IBD)
in the association study of complex traits performed by the Wellcome Trust Case Control
Consortium(6). This suggests that this region might harbor genes involved in susceptibility
to autoimmunity in general. Finally, there was a marginal association between the SNP
rs6679677 in RSBN1 locus and JIA, and this was pronounced in male subjects. This variant,
located ~73 kb from a functional variant in PTPN22 (rs2476601), is in a haplotype block
suggesting that the association might be due to linkage disequilibrium with other SNPs.

We did not find associations with other autoimmunity-associated variants in the TRAF1 or
IL2RA loci. Two studies have reported associations between JIA and TRAF1 variants. The
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variant that we tested in our cohort, rs3761847, was described by Behrens et al. to be
associated with JIA in their cohort of 67 White subjects (OR 1.45, p <0.03)(32). This is the
SNP that shows the strongest associations with RA(8). Another TRAF1 variant, rs10818488,
which is ~14kb from rs3761847 and in linkage disequilibrium with it, was tested for an
association with JIA in 338 cases and 511 controls(33). While the whole JIA cohort did not
demonstrate an association with JIA, they did find an association with RF-negative
polyarticular JIA subtype (OR 1.54), as well as with extended oligoarthritis and
polyarticular JIA subtypes combined (OR 1.46). Our cohort had sufficient power (>80%) to
detect an OR of 1.45 described in these two studies. It is possible that the actual effect sizes
of the associations are lower than observed initially, and our cohort, although larger than
both, is underpowered. It should also be noted that our JIA cohort was underpowered to
detect associations of these variants with modest effects, given the inclusion of
heterogeneous subgroups.

Our results suggest that STAT4 and TNFAIP3 variants are similar to PTPN22 and CTLA4 in
predisposing to autoimmunity in general. The identification of common genetic factors
underlying clinically distinct autoimmune phenotypes supports efforts to search for other
variants that predispose to autoimmunity in general.
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AR

Figure 1. Case-control association results of STAT4 variant rs7574865

RA: rheumatoid arthritis, SLE: systemic lupus erythematosus, T1D: type 1 diabetes, SS:
Sjogren’s syndrome, IBD: inflammatory bowel disease, MS: Multiple sclerosis. OR: Odds
ratio (Allelic). OR (Vertical line) and 95% confidence intervals (horizontal lines) are shown.
Red color indicates pooled analyses of RA and SLE studies. Blue color indicates JIA
association.
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