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Introduction
Juvenile idiopathic arthritis (JIA) is a childhood onset autoimmune disorder characterized by
inflammation of joints and other tissues. The histopathology of JIA shares features with
other autoimmune diseases including infiltration of the synovium by lymphocytes, plasma
cells, macrophages, dendritic cells, and related mediators of inflammation (1). It is the most
common chronic childhood rheumatic disease in the Western world (2). Like other
autoimmune diseases, there is convincing evidence that JIA is one or more complex genetic
traits (3). Unlike most autoimmune diseases, children of European ancestry may be at
greatest risk (4). Autoimmune diseases have been shown to aggregate within JIA families
(5). The clustering of multiple autoimmune disorders in families and the evidence for
overlapping disease susceptibility loci between different autoimmune diseases (6–8) suggest
that clinically different phenotypes may share common susceptibility loci which may
function at different points in the mechanistic process. Examples encompass HLA loci and
non-HLA loci which include CTLA4, STAT4, and PTPN22 (9).

The basis for susceptibility to common autoimmune/inflammatory diseases (AD), including
JIA, is a complex interplay between multiple genetic and environmental risk factors. Both
disease-specific mechanisms and common pathways across diseases have been identified by
genome-wide association studies (GWAS). Here we test for association with JIA loci
previously implicated in GWAS from the following AD: (10): Rheumatoid Arthritis (RA),
Type 1 Diabetes (T1D), Ankylosing Spondylitis, Systemic Lupus Erythematosus (SLE),
Inflammatory Bowel Disease (IBD), including Crohn’s Disease and Ulcerative Colitis,
Celiac Disease, Multiple Sclerosis (MS), Psoriasis and Psoriatic Arthritis, Autoimmune
Thyroid Disease, Kawasaki Disease and JIA. For this study, loci implicated as risk factors in
other AD were comprehensively tested in JIA. The MHC was considered separately (11).).
The identification of shared risk variants may aid the understanding of disease pathways,
improve diagnosis and ultimately improve prognosis through targeted therapies.
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Materials and Methods
Initial cohort

DNA samples for 823 JIA patients and 535 local controls of self-reported non-Hispanic
European American (EA) ancestry were available for this study. Approximately 95% of the
patients were recruited at the Cincinnati Children’s Hospital Medical Center (CCHMC) or
as part of a NIAMS supported JIA affected sibpair registry. The remaining patients were
contributed by collaborating centers which included Children’s Hospital of Wisconsin,
Schneider Children’s Hospital and Children’s Hospital of Philadelphia. The medical and
clinical data relating to samples were collected in standardized case report forms, or in the
Pediatric Rheumatology Research Registry maintained within the Division of
Rheumatology. This study was approved by the Institutional Review Board of CCHMC and
collaborating centers.

The ILAR revised criteria for juvenile idiopathic arthritis (12) were the criteria of choice.
The cohort was limited to the two most common subtypes, IgM rheumatoid factor (RF)
negative polyarticular (polyRFneg) and oligoarticular JIA (both persistent and extended).
Patients recruited before ILAR criteria were published were originally classified using the
American College of Rheumatology criteria for Juvenile Rheumatoid Arthritis or the
EULAR criteria for Juvenile Chronic arthritis and subsequently reclassified by ILAR criteria
when possible. For this study, a patient was considered RF negative on the basis of a single
test. In multiplex pedigrees, a single individual from each pedigree was randomly selected
from among those diagnosed as either polyRFneg or oligoarticular.

The control cohort included healthy children evenly dispersed through 3–18 years of age and
gender and without known major health conditions. This cohort was recruited from the
general population to represent the geographical region served by CCHMC to reduce bias
associated with recruitment from tertiary medical centers or physician practices. In addition,
the publicly available “out-of-study” control dataset (Affymetrix GeneChip 500K Mapping
Array Set) for the Wellcome Trust Case Control Consortium, which included genotypes for
3004 individuals from the United Kingdom (WTCCC-1), was used (13).

Fourteen cases and 4 controls as well as 14 WTCCC-1 individuals were found to be
ethnically different than the rest of sample based on the principal component analysis (see
Statistical Methods) and were removed yielding 809 JIA cases, 531 local controls and 2990
WTCCC-1 controls for statistical inference (Table 1).

Replication cohort
To attempt to replicate associations in the initial cohort, three independent JIA case and
control sample collections of self-reported European ancestry were studied (Table 1) and
included patients diagnosed with oligoarticular or polyRFneg JIA by ILAR criteria. The
respective Institutional Review Boards approved collection of these samples and
participation in this study.

The “Texas samples” collected at Texas Scottish Rite Hospital for Children (TSRHC)
included 147 JIA patients and 283 local controls without history of inflammatory disease.

The “Utah samples” included 296 patients with JIA from the Intermountain States Database
of Childhood Rheumatic Diseases meeting criteria for oligoarticular or polyRFneg JIA and
reported previously (14). Controls included 785 healthy adults ascertained from the same
geographic region. Controls that reported an autoimmune disorder, or had a first-degree
relative with an autoimmune disorder were excluded.
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The “German samples” consisted of 572 patients and 501 controls. A subset of these
samples have been included in reports of the HLA associations in JIA (15). These patients
were recruited from: German Center for Rheumatology in Children and Adolescents,
Garmisch-Partenkirchen, Department of Pediatrics, University of Tübingen, Children’s
Rheumatology Unit Sendenhorst, Germany and the Department of Pediatrics, University of
Prague, Czech Republic. JIA was determined retrospectively by chart review. German
population-based controls were available from the SNiP consortium and prepared from cord-
blood samples of healthy newborns (16).

Genotyping
For the initial phase, genotyping was done at the Affymetrix Service Center using the
Genome-Wide Human SNP Array 6.0 (SNP Array 6.0). The Birdseed (version 2) calling
algorithm (Affymetrix, Inc.) yielded an overall call rate of 98.97%. The out-of-study control
dataset employed the 500K Mapping Array (BRLMM calling algorithm). The SNP Array
6.0 and 500K Array share 469,874 SNPs. The genotypic data were used to test for cryptic
relatedness (duplicates and first degree relatives), autosomal heterozygosity outliers (Fst-
statistic > | 0.07|), and plate effects. Specifically, for systematic plate-to-plate variation in
genotype calls for a particular SNP, the minor allele frequency (MAF) for each plate was
computed and tested whether this was within three standard deviations from the median
MAF across all plates. In addition, we completed plate-specific visual examination of the
genotype calling cluster plots for all SNPs reported.

Despite robust wet-lab and informatics genotyping quality control procedures, some SNPs
may remain problematic for statistical inference. Thus, we report the results for SNPs with
less than 5% missing genotype calls, no evidence of differential missingness between cases
and controls (p-value<0.05), no evidence of departure from expectation in Hardy-Weinberg
equilibrium proportions (control p-value < 0.01), and MAF>0.05 in cases and controls.

Statistical Methods
Admixture and SNP statistical quality control—To account for the potential
confounding influences of population substructure, a principal component analysis (PCA)
was computed using all SNPs on both the 500K array and SNP Array 6.0 after removing
genomic regions with long range linkage disequilibrium since these regions can potentially
influence the choice and the number of principal components (PC) retained (17). Numerical
algebraic techniques were employed to reduce computation time (18). Velicer’s algorithm
(19) and the Tracy-Widom test were used to identify PCs (20). The association analyses
(outlined below) were computed adjusting for 10 PC that minimize the inflation factor in the
ongoing JIA case-control GWAS. A genome-wide association analysis was computed for
each of these 10 PCs to assure that the PCs were not capturing a single or a few potentially
important regions. Replication samples were not genotyped sufficiently to be included in
admixture analysis.

Association Analysis—Five tests of genotypic association were computed: two degrees
of freedom overall test for 2×3 tables, dominant model, additive model (Cochran-Armitage
trend test), recessive model, and lack-of-fit to an additive model using the program
SNPGWA (www.phs.wfubmc.edu). The recessive model required at least 10 homozygotes
for the minor allele. The genetic model and odds ratios were defined relative to the minor
allele. The primary inference for this study was based on the additive genetic model unless
the lack-of-fit to an additive model was statistically significant (p-value<0.05). If the lack-
of-fit test was significant, then the minimum p-value from the dominant, additive or
recessive models was used. Odds ratios (ORs), 95% confidence intervals (CIs), and p-values
were calculated. SNPs not represented on the respective arrays were imputed using the
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program IMPUTE (21) based on the HapMap Phase II and our JIA GWAS data, using only
those SNPs that met quality control criteria (mentioned above). To account for genotypic
uncertainty, tests of association using imputed data were limited to SNPs with an imputation
confidence score > 0.90 and information score ≥ 0.5 (21). To account for the number of
tests, a Bonferroni corrected p-value of 1.2×10−4 provides a conservative threshold of
significance.

Disease loci
This study included largely SNPs identified as risk factors for autoimmune and
autoinflammatory diseases (supplemental table 1). The primary source for this list was the
National Human Genome Research Institute’s Catalog of Published Genome-Wide
Association Studies (http://www.genome.gov/gwastudies). Studies that focused on candidate
genes or haplotype-based association analyses were not considered. SNP selection was
generally limited to SNPs achieving p-value < 1.0 × 10−5 levels of significance for
association in another disease. If the individual study had alternate criteria that did not meet
this threshold, the top three SNPs were considered. Exceptions to these criteria were made
for SNPs that represented proteins of considerable functional or mechanistic interest. Most
SNPs studied have reported association findings in more than one disease.

Two approaches were used to identify common loci between JIA and other autoimmune
diseases. First, SNPs were identified from the listings that were identical to those available
in the SNP Array 6.0 JIA dataset. Second, genotypes were imputed for the remaining SNPs
that were present in the Human HapMap Phase II data.

Results
There were 809 cases and 531 controls genotyped on the SNP Array 6.0 that passed all
individual level quality control criteria (Table 1). Of these, 352 were polyRFneg and 457
were oligoarticular JIA patients. There were 165 males (76 polyRFneg and 89 oligoarticular)
and 644 females (276 polyRFneg and 368 oligoarticular). The mean (± standard deviation)
age of onset for JIA was 6.95 ± 4.75 for female polyRFneg, 4.49 ± 3.69 for female
oligoarticular, 7.36 ± 3.97 for male polyRFneg, and 6.24 ± 3.74 male oligoarticular. The
potential for HLA-B27 enthesitis-related JIA in the initial cohort is low, since only 6 JIA
males in this study had both disease onset >8 years of age and an HLA-B27 allele (11). In
addition, 2990 WTCCC out-of-study controls (13) were genetically well-matched to this
study’s cases and controls and were integrated into the initial cohort, yielding a total sample
of 809 cases and 3521 controls for analysis.

A review of the literature identified ~233 autoimmune loci represented by 519 SNPs, (non-
MHC). Of these 519 SNPs, 257 passed genotyping quality control and were included in the
500K array, while another 168 were imputed with high quality. JIA association results for
these 425 SNPs that met quality control criteria are provided (Supplemental Table 1). This
suggests a conservative Bonferroni corrected p-value of 1.2×10−4 would be declared
statistically significant.

Twenty-one SNPs were selected for further testing based on statistical significance levels of
1.0 × 10−3 in the initial cohort, on scope of reported findings or interest in loci (Table 2).
The selected SNPs included markers defining the PTPN22 locus at chromosome 1p13
(rs6679677, p=8.66 × 10−8, OR=1.58; rs2476601, p=6.99 × 10−8, OR=1.65 and rs2488457,
p=5.05 × 10−5, OR=1.32). PTPN22 has been previously associated with JIA in candidate
gene/SNP studies (22–24) in addition to RA, T1D, SLE and Crohn’s disease (10). For JIA,
the minor allele (A) of rs6679677 and rs2476601 conferred increased risk, consistent with
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findings in T1D, SLE and RA, while for Crohn’s disease the major allele (G) of rs2476601,
a missense variant, is the reported susceptibility allele.

There were also strong associations between JIA and multiple SNPs within the PTPN2
region located at chromosome 18p11. The strongest associations in the PTPN2 region were
rs7234029 (p= 7.19×10−11, OR=1.59), rs1893217 (p=3.48 × 10−8, OR=1.52) and rs2542151
(p=3.05 × 10−7, OR=1.45). The risk allele, which was reported for rs2542151 in Crohn’s
disease and T1D, was the same as JIA.

The third most strongly associated finding was within the 10p15 region including IL2RA.
Here the minor alleles for rs2104286 (p=3.83 × 10−5, OR=0.76) and rs12251307 (p=9.18 ×
10−5, OR=0.68) were associated with reduced risk to JIA. These variants have been
previously implicated in RA, T1D, and MS as well as reported in JIA including preliminary
findings of the Cincinnati JIA dataset (25). The risk allele identified in JIA was consistent
with that of rs2104286 when were reported for RA, T1D and MS.

The ADAD1-IL2-IL21 region at 4q27 has been associated with an increasing number of
autoimmune diseases. This region has been strongly associated with Celiac disease and T1D
(10), and was recently reported in JIA (26). Two SNPs previously implicated in other
diseases had data available and met quality criteria.. Findings for both SNPs, rs17388568
(p=1.59 × 10−4, OR=1.27) and rs13143866 (p=8.87 × 10−3, OR=0.84) support an
association with JIA. For rs17388568, the risk allele (A) was the same for T1D and JIA.

The STAT4 gene is located in the region at 2q32.3. SNPs for the STAT4 loci reported in
Table 2 include rs3821236 (p=4.75 × 10−4, OR=1.28) and rs7574865 (p=2.98 × 10−4,
OR=1.36). Associations for these SNPs were reported in GWAS for SLE (10) and in
candidate gene studies in the literature including RA (27) as well as JIA (14,28). In both JIA
and SLE, T was the reported risk allele.

Although the association between rs11465804 within IL23R (1p31) and JIA failed to reach
the preset significance level of 1 × 10−3, it may nonetheless be an interesting association
since this SNP has been widely reported in GWAS including Crohn’s disease and ulcerative
colitis (10,29). Interestingly these diseases have only limited HLA class II associations. Like
these other diseases, the minor allele for rs11465804 (G) was associated with reduced risk
for JIA (p=7.99 × 10−3, OR=0.72).

Reported for multiple T1D GWAS (10) and consistent with a recent report in JIA (14), an
association of the G allele of rs17696736, located at 12q24 in the C12orf30 loci (p=3.26 ×
10−3, OR=1.19) was found. In addition, there were a number of modest associations
between JIA and SNPs implicated in a single autoimmune GWAS. These include rs7746082
(p=3.87 × 10−4, OR=1.25) within the transcriptional regulator BLIMP1 which was
previously implicated for Crohn’s disease (10) rs1132200 (p=1.13 × 10−4, OR=0.72), a
missense variant in the membrane protein TMEM39A implicated in MS (30), and rs7993214
on chromosome 13q13 (p=3.98×10−3, OR= 0.79), near the conserved oligomeric Golgi
complex component 6 (COG6) gene, implicated in psoriasis (10).

Finally, JIA associations were found for 2 SNPs reported in Kawasaki disease (31), an
inflammatory vasculitis predominantly affecting young children. These SNPs include
rs1010824 on chromosome 8 near ANGPT1 (p=4.93 × 10−3, OR=0.77) and rs7151781
(p=1.55 × 10−4, OR=1.25) found in an intergenic region on chromosome 14 (risk alleles not
available).

Replication of these JIA association findings was sought using a second cohort comprised of
nearly 1000 additional JIA patients and about 1250 local controls. This cohort included

Thompson et al. Page 5

Arthritis Rheum. Author manuscript; available in PMC 2011 November 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



samples from 3 separate pediatric centers located in the US or Germany. Like the initial
cohort, the replication cohort was limited to polyRFneg and oligoarticular JIA and included
about 3 times as many females as males (Table 1). Association testing was performed for
each of the 3 centers separately (Supplemental Figure 1) as well as in joint- and meta-
analyses. Of the 21 SNPs tested (Table 2), 12 reached significance levels of <0.05 in the
replication cohort when analyzed jointly (Table 3). SNP rs12251307 failed typing in the
replication cohorts. The twelve SNPs represent PTPN22, PTPN2, IL2-IL21, STAT4,
ANGPT1, C12orf30 and COG6 loci and showed consistency of the associated allele and
effect size (i.e., odds ratio) across the initial and replication cohorts (Figure 1). The odds
ratios observed for the susceptibility alleles ranged from about 1.20 to 1.65 in the meta-
analysis of the initial and replication cohorts and are consistent with the autoimmune disease
literature (Table 4).

Of special interest were SNPs with previously reported associations for JIA that have been
identified in GWAS (32,33) or in candidate gene studies of JIA based on reports of
association in RA (14,25,26,28,34,35). Reported p-values and odds ratios from the literature
as well as from the initial JIA cohort/local control comparison are provided in table 5. The
meta-analyses include only initial cohort findings, since not all SNPs were genotyped in the
replication cohort and/or in some cases the WTCCC-1 cohort was also used in the
referenced comparison. Notable in this data are the lack of support for all SNPs related to
VCTN1, a region reported in JIA by genome-wide association (32). Conversely, while
rs6897932, a marker for IL7R, did not meet criteria for testing in the replication cohort, the
findings of the initial cohort are consistent with a recent report in the UK JIA cohort (table
5, pmeta=0.0043) and as well as with reported GWAS findings in T1D and MS (10) and
statistically suggestive findings in RA (36). IL7R, the receptor for IL7, plays a role in T cell
development and is also a critical anti-apoptotic survival factor. Finally, the initial cohort
findings also support a role for PRKCQ (rs4750316; pmeta= 0.015) consistent with another
JIA study (28) and supported by GWAS findings in RA (10).

Discussion
This study reports the evidence of association with JIA of 425 non-MHC region SNPs
previously implicated in other autoimmune diseases using a large JIA case-control cohort
and replicates multiple associations in an independent set of JIA cases and controls. These
data provide compelling evidence for 7 JIA susceptibility loci. Four of these loci have been
previously reported in JIA and include SNPs representing the PTPN22 (22–24), STAT4
(14,28), C12orf30 (14) and the ADAD1-IL2-IL21 (26) regions. With the exception of
C12orf30, which may play a role in cell cycle progression, these confirmed JIA risk loci
have clear roles in immune regulation and function. PTPN22 is an intracellular phosphatase,
which modulates cytokine signal transduction through the Jak/Stat signaling pathways.
STAT4 is a transcription factor expressed in lymphocytes, macrophages and dendritic cells
and is essential for mediating responses to IL12 in lymphocytes, and regulating the Th1
differentiation. Th1 cells produce IFN-γ, an inflammatory cytokine reported in JIA. IL2
plays an established role in T cell regulation through binding the to the high affinity IL2
receptor, which includes IL2Rα (also a risk factor in JIA).

Three novel loci for JIA were identified and include PTPN2, COG6 and ANGPT1. PTPN2
is a classical, non-receptor protein tyrosine phosphatase and similar to PTPN22. This
enzyme is a key regulator in immune cell signaling. Furthermore particularly high
expression of PTPN2 is found in hematopoietic tissues and appears to influence most, if not
all, cells involved in the development of the immune system. It is interesting that mice
lacking the PTPN2 gene have high levels of TNF-α, an important target in the treatment of
both adult and juvenile arthritis, although joint pathology has not been studied in these mice.
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The role of PTPN2 as a negative regulator of T cell activation is consistent with a common
role across multiple autoimmune diseases.

COG6 is a component of the conserved oligomeric golgi (COG) complex which is involved
in processes such as protein sorting, glycosylation, and Golgi integrity (37). The large
variety of glycans produced by the golgi apparatus are critical in basic cellular functions and
development and have been associated with a number of inherited diseases including
diabetes and cancer (reviewed in (38)). An association for the COG6 region was recently
reported in psoriasis and the following was proposed as a plausible functional relationship
(39). The glycosylation pathways in the golgi apparatus must be intact for protein secretion
to continue unabated. In C. elegans, a COG complex is required to glycosylate an ADAM
protease (a disintegrin and metalloprotease) (40). In humans, ADAM play roles in
inflammatory diseases, including ADAM33 as a susceptibility gene in both asthma (41) and
psoriasis (42), lending support to a functional role for COG6 in JIA.

Angiopoietin-1 (ANGPT1) is secreted by endothelial and other cell types as oligomers into
the extracellular matrix, where it can bind to and activate the receptor tyrosine kinase
(TIE2). This in turn leads to expression of matrix metalloproteinases and plasmin, alteration
of adhesion molecule function, smooth muscle cell and neutrophil chemotaxis, and smooth
muscle cell differentiation to endothelial cells, generally resulting in angiogenesis. TIE2 and
ANGPT1 are reported to be elevated in human RA synovium (43). Using SCID mouse-
human JIA synovium chimeras, Scola et al. studied the in vivo regulation of angiogenesis in
JIA and found high angiogenic activity that could be correlated with the presence of
ANGPT1 mRNA (44). Furthermore, TNFα up-regulates ANGPT1 in synoviocytes and TIE2
in endothelial cells through nuclear factor κB. Thus ANGPT11 is a biologically plausible
candidate gene in JIA.

The IL2RA locus has been implicated in GWAS for many autoimmune diseases and is
functionally important for IL2 signaling in T cell growth and differentiation. While
statistical evidence of an association in JIA with IL2RA polymorphisms (rs12251307 and
rs2104286) was found for the initial cohort, these associations were not corroborated in our
replication cohort. It should be noted that genotyping for rs12251307 failed for the
replication cohort and could not be considered, and two recent reports measuring rs2104286
provide conflicting results (14,28). Hinks et al. reported an association where replication that
included preliminary data from the Cincinnati-based initial case cohort and considered JIA
subtype (Table 5). Prahalad et al. failed to find an association with this same SNP using
samples overlapping in part with the Utah collection presented here. It should be noted that
the Texas and German collections support association for the C allele of rs2104286 when
limited to polyRFneg subtype (German, p=0.014, OR=0.66; Texas, p=0.08, OR=0.69) which
is in contrast to findings in the initial cohort where there was no distinction between
oligoarticular and polyRFneg subtypes. Therefore an association with the IL2RA region in
JIA cannot be excluded.

Finally, strong support for a role for STAT4 as a susceptibility locus in JIA is consistent
across sample collections and with previous reports in JIA (Table 5 and supplemental figure
1). It should be noted that there is overlap of samples in this report and a previous report
including rs7574865 (14).

Well-powered genetic association studies in adult RA have revealed the potential
importance of the CD40 signaling pathway in disease pathogenesis and include associations
with CD40 (45), REL (46), TRAF1 (47), TNFAIP3 (48) and CTLA4. For JIA, there are
reports of associations for SNPs related to TRAF1, TNFAIP3 and CTLA4, which were not
supported in the current study (Table 5). The variability in findings between different JIA
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sample collections highlights the need for further work which will likely benefit from
collaborative efforts to attain clinically homogeneous cohorts with sufficient numbers of
samples, allowing subtypes to be considered independently and include replication. One of
the difficulties presented to the clinical investigator in pediatric diseases, especially in
pediatric rheumatology, is the limited phenotypes available to make the diagnosis, the
overlapping nature of these phenotypes and the absence of agreed upon biomarkers in
separating the disease subtypes. This presents challenges to the development of the uniform
populations necessary for these studies.

This study explored a set of 425 polymorphisms previously implicated in autoimmune
disease GWAS. No effort was made to declare experiment-wise significance in the initial
cohort for these a priori SNPs, and resources were not available to exhaustively rule out
SNPs with smaller effect sizes. Rather, the initial cohort was used to suggest a modest list of
polymorphisms for replication. The initial cohort was well-powered to detect SNPs with
effect sizes similar to those reported in other autoimmune diseases. Specifically, assuming
an additive genetic model, a minor allele frequency of 0.20, and type 1 error rates of 0.001
and 0.0001 (0.05 divided by 425 tests), the initial cohort had ~0.80 power to detect odds
ratios of 1.31 and 1.36, respectively. Under the same assumptions (α=0.0001), the combined
initial and replication cohorts (1824 cases, 5104 controls) has ~0.80 power to detect an
OR=1.24 and ~0.50 power to detect OR=1.20. This study is limited to SNPs on the SNP
Array 6.0 and published p-value < 1.0×10−5(10). Allowing this threshold for SNP candidacy
admits some loci that are not considered “established”. However, this strategy is consistent
with many follow-up genotyping studies and should 1) improve the statistical power, and 2)
potentially adds to the general autoimmune disease literature by “confirming” in another
autoimmune disease variants not yet established. Thus, although not a definitive
examination of previously implicated autoimmune disease polymorphisms or surrounding
regions, this comprehensive study has identified novel JIA loci in common with AD
findings as well as provided confirmation for several reported JIA associations.

There is still much to be discovered in JIA which will require well powered studies and
comprehensive SNP panels. The strong genetic correlation of the SNPs across most regions
adds complexity to analysis; therefore genetic studies alone are unlikely to identify the
causal variant, thus necessitating functional studies. The identification of common
autoimmune loci will further the knowledge about shared and disease-specific pathways that
may ultimately become the target of therapeutic intervention.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Consistent findings for case-control association results of variants from initial and
replication JIA cohorts are illustrated. Odds ratios (OR) correspond to data from the initial
and replication cohorts are indicated by the symbols “-” and “Δ”, respectively; 95%
confidence intervals (95% CIs) for these OR are indicated by vertical lines. Individual SNP
variants are grouped by genetic loci.
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