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Abstract
Objective—To quantitate risk and study heterogeneity at high resolution for HLA in the most
common JIA subtypes, IgM RF negative polyarticular and oligoarticular. Four digit
comprehensive HLA typing enabled great precision and a large cohort allowed for consideration
of both age of onset and subtype.

Methods—PCR-based high resolution HLA typing for Class I and Class II loci was
accomplished for 802 JIA patients and 273 controls. Specific HLA epitopes, potential interactions
of alleles at specific loci and between loci, (accounting for linkage disequilibrium and haplotypic
associations), and an assessment of the current ILAR classification were considered.

Results—An HLA DRB1-DQB1 effect was shown to be exclusively due to DRB1 and showed
similarity between oligoarticular patients and a younger subgroup of polyarticular patients.
Furthermore, polyarticular patients showed age-specific related effects with susceptibility in the
>6 year group limited to the HLA–DRB1*08 haplotype, a marked distinction from the additional
susceptibility haplotypes, HLA-DRB1*1103/1104, found in the oligoarticular cohort and the
younger polyarticular group. Also in contrast to findings for oligoarticular JIA, polyarticular
patients had no evidence of an HLA class I effect. Markers associated with reduced risk for
disease include DRB1*1501, DRB1*0401 and DRB1*0701. The DRB1*1501 effect was shown to
reduce risk across the whole cohort, whereas DRB1*0401 and DRB1*0701 were protective for
selected subtypes. Surprisingly, the susceptibility mediated by DPB1*0201, even in the absence of
DR susceptibility haplotypes, overcame the protective effect of DRB1*1501.

Conclusions—Inherited HLA factors in JIA show similarities overall as well as differences
between subtypes.

INTRODUCTION
The term Juvenile Idiopathic Arthritis (JIA), refers to multiple clinically defined
arthropathies which are likely attributable to a series of complex genetic traits, some of
which are autoimmune. The genetic risk factors are known to include genes in the Human
Leukocyte Antigen (HLA) complex on chromosome 6, which carry the more substantial
component of risk, as well as non-HLA genes or regions. As with other autoimmune
diseases, the non-HLA genetic component appears to be largely mediated by multiple low
risk polymorphisms. Some of these polymorphisms are likely to be JIA-specific and some
shared with other autoimmune diseases, such as reported recently for celiac disease and type
1 diabetes mellitus (1).

Extensive and well-documented associations with multiple HLA alleles in JIA have been
described (2-4) for at least 25 years. It has been long realized that HLA associations in
children are largely distinct from those in adult rheumatoid arthritis (RA), with HLA-
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DRB1*08, *11 and *13 reported in children with inflammatory arthritis (5-7). Furthermore,
the shared epitope strongly associated with adult RA (8), consisting of selected HLA-
DRB1*01/*04 alleles, is minimally important in JIA; HLA-DRB1*04 (and HLA-DRB1*07)
are in fact protective depending on clinical subtype. Interestingly, when adult RA is
stratified by the presence or absence of anti-CCP antibodies, HLA-DRB1*13 is protective
for anti-citrullinated protein antibody-positive RA and is a risk factor for anti-citrullinated
protein antibody-negative RA (9).

Another early finding included an association with a HLA- DP2 variant which when
combined with HLA-DR3, DR5 (DR11), or DR6 (DR13) gave an enhanced level of risk, but
not when combined with HLA-DR8. This suggested that genes from both loci are involved
in generating predisposition to disease (7,10). Class I involvement has also been
demonstrated, with evidence of association with HLA-A2 (11,12).

An additional level of complexity exists in JIA with associations related to age at disease
onset and gender; not fully explained by age and gender representation in clinical
phenotypes. Several of the class II associations including HLA-DR11 and HLA-DR13 are
more often observed with younger age at onset, with 6 years of age used as the dividing
point; others, including HLA-B27 and HLA-DR4 alleles, are associated with protection
early in life but increase risk for disease later in childhood (13).

The HLA literature for JIA (JRA), summarized above, was limited by multiple variables
which included international differences in nomenclature, the lack of diagnostic biomarkers
(nomenclature still based largely on active joint counts), changes in disease phenotype
during the course of disease, available cohorts (most considerably underpowered), and not
least, the low resolution of the HLA typing. Given this complexity, it has been difficult to
arrive at firm conclusions. In addition, efforts to define critical epitopes or motifs within the
associated HLA alleles have been limited in part for the same reasons. A sequence motif
encoded in exon 2 of certain DQA1 alleles has been associated with susceptibility in young
onset oligoarticular disease (14). Likewise a DRB1 shared epitope encompassing critical
amino-acid residues in the third hypervariable region has been identified for oligoarticular
patients, but the strong association does not extend to proximal markers as it does in
polyarticular patients (15).

A more recent large study (16) did not report interactions or define epitopes, and was
somewhat limited in resolution of HLA typing. In contrast as reported here, high resolution
HLA class-I and class-II typing in a substantial and well- studied population allows a more
detailed evaluation of HLA associations in JIA. The comprehensive nature of this DNA-
based study allows consideration of specific HLA epitopes, potential interactions of alleles
of the same locus as well as between loci, while accounting for linkage disequilibrium and
haplotype effects, and an assessment of the validity of the current classification.

SUBJECTS AND METHODS
Description of Cohorts

A case control study design was employed. Approximately 95% of the samples were
recruited at the Cincinnati Children’s Hospital Medical Center (CCHMC). The remaining
samples were provided by collaborating centers which included Children’s Hospital of
Wisconsin, Schneider Children’s Hospital and Children’s Hospital of Philadelphia, or as part
of a NIAMS supported JIA affected sibpair registry. The medical and clinical data relating
to samples were collected for the affected sibpair NIAMS registry in standardized case
report forms including ILAR criteria, or in the Research Registry maintained within the
CCHMC Division of Rheumatology. This study was approved by the Institutional Review
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Board of CCHMC and collaborating centers. Given that the sample size for Hispanic and
African American individuals was insufficient for independent analysis, the study was
limited to non-Hispanic Caucasians to avoid confounding related to underlying population
substructure. Most cases and all controls correspond to an ongoing genome-wide association
study cohort, allowing review of ancestry informative SNPs to confirm population
homogeneity.

The ILAR revised criteria for juvenile idiopathic arthritis (17) were the criteria of choice.
The cohort was limited to the two most common subtypes, IgM Rheumatoid Factor (RF)
negative polyarticular and oligoarticular JIA. Oligoarthritis was further classified as
persistent (4 or fewer joints) or extended (more than 4 joints) at 1 year after disease onset.

Patients recruited before ILAR criteria were published were originally classified using the
American College of Rheumatology criteria for Juvenile Rheumatoid Arthritis (18) or the
EULAR criteria for Juvenile Chronic Arthritis (19) and subsequently reclassified for this
study by ILAR criteria when possible. For this study, a patient was considered rheumatoid
factor negative on the basis of a single test. When data was available for multiple
polyarticular RF negative or oligoarticular arthritis patients within a pedigree, a single JIA
patient was randomly selected.

Controls—A control cohort of 273 Caucasian individuals evenly dispersed through 3-18
years of age and gender was chosen from a larger cohort selected in a regionally
representative manner to ensure comparability to the population of patients within the
general area of CCHMC. This was done to avoid the typical bias associated with recruitment
from tertiary medical centers or large group physician practices and are healthy individuals
without known major health conditions. Participants answered questions regarding health
and medical histories for themselves and their families including their grandparents, and
have undergone a physical examination.

HLA Typing
PCR-based HLA typing was carried out with a panel of immobilized sequence-specific
oligonucleotide probes for the HLA class I (A, B, and C) and class II (DRB1, DQA1,
DQB1, DPA1, and DPB1) loci for 820 JIA patients and 273 controls. The PCR products
were labeled using biotinylated primers, hybridized to an immobilized probe panel, and the
labeled amplicons bound to specific probes were detected using Streptavidin-HRP and a
chromogenic substrate (20). The probe reactivity patterns were scanned and the genotypes
assigned using an in-house (RMS) software program, StripScan. This system examines
polymorphisms in exon 2 for the class II loci and in exons 2 and 3 for the class I loci.

Statistical Analysis
The data were analyzed by gender; age at disease onset (classified as greater or less than 6
years of age, based on previous studies (13)); clinical subtype, limited to polyarticular RF
negative and oligoarticular (persistent or extended); and combinations of these when sample
size permitted. Sample sizes for the various groupings of the patients are given in table 1.
The data were examined at the allele, genotype, and haplotype level. Haplotype estimations
and tests for fit to expectations under Hardy-Weinberg Equlibrium (HWE) were performed
using the Pypop package (21) (www.pypop.org), which is able to handle the high levels of
polymorphism characteristic of the HLA loci.

Tests for heterogeneity between specific groups and association analyses were performed
using contingency table testing and a standard Chi-square measure. We stress that we must
identify all heterogeneity in disease risk at the primary disease predisposing gene, including
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relatively weak effects, before proceeding with analyses to detect additional genetic effects.
The relative predispositional effect (RPE) method (22) was used to identify all heterogeneity
in disease risk at the primary disease gene; alleles, haplotypes, or genotypes with the
strongest predisposing or protective effects were sequentially removed from the analysis
until no further heterogeneity in risk effects was seen. Determining the order in which
haplotypes or genotypes are sequentially removed is not trivial, and requires interplay
between the contribution to the Chi-square heterogeneity test, the ORs or Patient/Control (P/
C) ratio (23), the OR and P/C ratio are often close in value) and the control frequencies of
the allele, haplotype, or genotype. For the same control frequency and equivalent strength of
effects, a positive association will contribute more to the overall Chi-square than a negative
association. Also, less frequent classes even with stronger predisposing or protective effects
can contribute less to the overall Chi-square.

In order to account for linkage disequilibrium within the HLA region, stratification by the
disease-associated alleles using the conditional haplotype method (CHM) was employed
(24). If all HLA region genes directly involved in disease susceptibility have been identified,
then the relative frequencies of alleles at the other HLA loci on high-risk haplotypes should
be the same in cases and controls; similarly for neutral and protective haplotypes. While fit
to these expectations does not exclude the possibility that other genes in the HLA complex
are involved in disease, lack of fit unequivocally shows that all disease-predisposing genes
in the region have not been identified.

Survival curves were generated using the Kaplan-Meier method in GraphPad Prism version
5.0 for Macintosh, GraphPad Software, San Diego California USA, www.graphpad.com;
significance testing was accomplished with the Mantel-Haenszel method. Principal
component analysis was performed using the GenAlEx 6 package (25).

RESULTS
Disease heterogeneity

Contingency table analysis of HLA DR-DQ allele frequency distributions reveals significant
(p<0.05) heterogeneity with regard to age of onset and clinical subtypes. Close examination
of between-disease group variation suggests that clinical subtype and age of onset generally
serve as proxies for one another, although it appears that there is additional variation with
regard to age of onset within the polyarticular clinical subtype. In contrast, within the
oligoarticular subtypes, little heterogeneity with respect to age of onset is observed.

Overall HLA variation in the relevant subgroups of the data are summarized in a Principal
Component Analysis (PCA); a plot of coordinates one and two, which account for 56% and
17% respectively of the total variation observed for all eight HLA loci typed (figure 1).
Examination of the PCA plot reveals that with respect to HLA variation, three general
clusters, each roughly inhabiting a different quadrant of the plot, can be related to clinical
subtype. The exception is within the polyarticular subgroup, where earlier age of onset
appears to be related to HLA variation more similar to that observed for individuals
diagnosed with oligoarticular disease, in keeping with the findings for the association
analyses. However, this group clusters very close to the mean for all cases, suggesting that it
may be comprised of individuals with a mix of true disease subtypes. Although it appears
that a significant proportion of the total variation observed in the HLA loci can be attributed
to age of onset differences, substantial variation remains with regard to clinical subtype. To
verify that the associations observed are not due to confounding with population
substructure, we reanalyzed the primary associations adjusting for the top 10 principal
components derived from Affymetrix SNP6.0 GeneChip data. These analyses yielded
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comparable statistical evidence and magnitudes of the odds ratios (not shown). Thus, these
associations are robust to the potential confounding of population substructure.

HLA class II
DR-DQ haplotypic associations—Based on these observations of disease
heterogeneity, the data were subdivided to examine the differences between disease
subtypes and age of onset. Patient and control frequencies for these comparisons for all
DRB1-DQA1-DQB1 haplotypes observed three or more times in the patient population are
provided in Table 2. DRB1*1103 and *1104 are combined for this analysis since each is
found on the identical DQA1-DQB1 haplotypes. Furthermore DRB1*1103 is not observed
among the control population; it is a relatively rare allele and there is no evidence for
heterogeneity in its effect relative to that for DRB1*1104.

Two primary predisposing DRB1-DQA1-DQB1 haplotypes, DRB1*0801-DQA1*0400-
DQB1*0402 and DRB1*1103/4-DQA1*0500-DQB1*0301, and one protective haplotype,
DRB1*1501-DQA1*0102-DQB1*0602 (Table 3) are associated with disease status
regardless of clinical subtype or age of onset, except in the case of later onset polyarticular
disease, where no association with the DRB1*1103/4 haplotype is observed.

Odds ratios for haplotypes with significant disease associations are given in Table 3; these
haplotypes generally show very strong effects, particularly within the oligoarticular-
persistent subgroup and in those individuals with earlier age of onset. Along with stronger
effects for the primary associated haplotypes, additional predisposing and protective
haplotypes have been identified through RPE analysis: DRB1*1301-DQA1*0103-
DQB1*0603 is predisposing and DRB1*0401-DQA1*0300-DQB1*0301 and DRB1*0701-
DQA1*0201-DQB1*0201 are protective for the early-onset oligoarticular-persistent subtype
only, although these associations are much weaker than the primary observations. The
conditional haplotype method (CHM) applied to the DRB1 and DQB1 loci suggest that the
effects of the associated haplotypes are limited to the DRB1 locus, with no evidence of a
role for DQA1 or DQB1 in disease.

DPB1—Initial inspection of the data suggests several DPB1 associations with JIA
(supplementary table 1). In order to ascertain whether these associations are independent or
merely a product of linkage disequilibrium with associated DR-DQ haplotypes, we have
studied DPB1 effects using the CHM. This analysis revealed that among polyarticular
patients with later onset, no true DPB1 associations are observed. However, in the
oligoarticular patients and in polyarticular patients with early age of onset, CHM confirms a
predisposing effect for DPB1*0201. After adjusting for linkage disequilibrium with the
associated DRB1 alleles, it is apparent that no other DPB1 allele is significantly associated
with disease status.

Additive effects—Among both oligoarticular subtypes and polyarticular patients with
early onset, the presence of two of the identified predisposing DRB1 alleles is associated
with significantly greater predisposition to disease than a single predisposing DRB1 allele;
odds ratios range from 13-23 for two predisposing DRB1 alleles relative to only a single
predisposing allele, and are higher still relative to those with no predisposing DRB1 alleles,
with an odds ratios ranging from 29.95 (CI 3.8-233.1) in the oligoarticular-extended
subgroup to 45.68 (CI 6.11-344.0) in early polyarticular patients (supplementary table 2).
Indeed, among this patient population, 13% of individuals possess two predisposing DRB1
alleles, while among the control population only one individual fits this genotype category
(0.36%). In contrast, in older onset polyarticular patients the solitary predisposing
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DRB1*0801 allele is not enhanced by the presence of the additional DRB1 predisposing
alleles, which in any event are not otherwise associated with disease in these patients.

Stratification by the predisposing DRB1 alleles reveals that in their presence, a modestly
increased predisposition is also mediated by DPB1*0201 (p<0.00001; OR=2.4, CI:
1.78-3.25) relative to the predisposing DRB1 alleles alone. Most striking, disease
predisposition mediated by DPB1*0201 in individuals without any predisposing DRB1
alleles is great enough to overcome even the very strong protective effect observed for
DRB1*1501 (table 4). While the data show that DPB1*0201 mediates predisposition
independently, an additive effect is observed in the context of disease-associated DRB1
alleles.

Age of onset effects—Among polyarticular patients, there is a significant (p <0.0001)
correlation between earlier age of onset and the presence of the primary predisposing
DRB1*0801 or DRB1*1103/4. Survival curves for individuals with and without these
predisposing DRB1 alleles are shown in Figure 2a. The median age of onset for individuals
with the predisposing DRB1 alleles is 3.9 years, compared to 7.3 years for those without the
predisposing alleles. Examination of the separate effects of DRB1*0801 and *1103/4
suggests that their impact on age of onset is equivalent (not shown).

While a similar trend exists among individuals diagnosed with oligoarticular disease, who
overall tend toward earlier ages of onset, there is no significant difference in age of onset
between those with and without the predisposing DRB1*0801, *1103, *1104 or *1301
alleles (not shown). However, the presence of the predisposing DPB1*0201 allele in
individuals who do not bear the predisposing DRB1 alleles is associated with earlier age of
onset (p <0.0002) (figure 2b). Presence of the DPB1*0201 allele is associated with a median
age of onset of 2.9 years, identical to that for individuals with the predisposing DRB1
alleles; in contrast, the median age of onset for individuals without either the predisposing
DRB1 or DPB1 alleles is 4.6 years. Likewise, DPB1*0201 is associated with earlier age of
onset among polyarticular patients (p<0.01), where the presence of DPB1*0201 in the
absence of the predisposing DRB1 alleles gives a median age of onset of 4.6 years,
compared to 8.4 years in DPB1*0201 negative individuals (figure 2c).

Although not reaching statistical significance, among polyarticular patients without the
predisposing DRB1 alleles, there is a strong trend toward later onset with DRB1*1501
(median age 9.1 years) compared to those without DRB1*1501 (6.8 years). The protection
mediated by DRB1*0701does have significant age of onset effects (p<0.02) in oligoarticular
patients, with median onset delayed from 3 years to 6 years (figure 2d). While not
significant, a similar trend is observed for protection mediated by DRB1*0401, particularly
among individuals with onset later than 3 years.

HLA Class I
Allele frequencies and odds ratios for significant associations for HLA-A, -B and - C in
patient and controls for all disease subtypes are given in Supplementary Table 3. Although
initial inspection suggests a number of class I associations, the vast majority of these can be
attributed to linkage disequilibrium with the class II associated alleles. After controlling for
linkage disequilibrium with the primary class II associated alleles using the CHM method,
no significant associations for any of the class I loci typed are observed in the polyarticular
patients. Among the oligoarticular-extended patients, however, there remains a significant
association of disease predisposition with A*0201 (p<0.0001; OR=1.96 CI 1.44-2.67). This
analysis also confirms that protection in the oligoarticular-extended group is mediated by
A*0101 (p<0.005; OR=0.46 CI 0.27-0.77).

Hollenbach et al. Page 6

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

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



The class I association is different in oligoarticular-persistent patients, among whom
predisposition is associated with C*0202 (p<0.05; OR=2.05 CI 1.14-3.69), which is found at
frequencies of less than 6% in the patient population and less than 3% of the control
population.

DISCUSSION
While several HLA associations have been documented for JIA, barriers to progress in
understanding the genetics of JIA have been considerable (16,26). The clinical phenotype in
North America had hitherto used JRA criteria, and included only three subtypes (18). The
more recently established JIA criteria used in this study includes seven subtypes; the two
most common, oligoarticular and RF negative polyarticular, make up approximately two
thirds of all JIA patients. The improved criteria allow for better homogeneity of clinical
phenotype and, consequently, a likely improved ability to detect genetic and other
biomarkers. The criteria are largely dependent on physical exam in the first few months of
illness, relying on counts of involved joints as the basic phenotype. Other biomarkers,
including IgM rheumatoid factors, are limited. Anti nuclear antibodies (ANA) are more
readily available and associated with ages of onset. Recently Martini et al (4) suggested that
ANA’s are less specific for oligoarticular patients and are common in both oligoarticular and
polyarticular patients, while others find a split in older polyarticular cases based on gene
expression profiles (27). It is anticipated that HLA typing data may provide further
resolution of disease heterogeneity.

Early HLA studies were completed with low resolution DNA or serological typing in
patients that were incompletely classified. The associations observed in this study are
consistent with those reported in the literature for HLA-DR haplotypes (16), and also
include a class I association with HLA-A2 that has been long recognized (11) as well as an
association of HLA DPB1*0201 with oligoarticular disease, which was one of the first
HLA-DP associations identified in an autoimmune disease (10). In drawing together a
substantial cohort of patients classified by the JIA criteria, we have allowed consideration of
HLA associations in the context of high resolution DNA based typing. Analysis of extended
haplotypes now makes possible better to distinguish the roles of the class I and of class II
associations, as well as pinpointing the associated loci, amino acid residues and age of onset
effects, each with regard to distinct disease subtypes.

In agreement with previous studies, the DR-DQ haplotypes which are associated with
disease predisposition here are DRB1*0801-DQA1*0400-DQB1*0402, DRB1*1103/4-
DQA1*0500-DQB1*0301 and DRB1*1301-DQA1*0103-DQB1*0603. One protective
haplotype, DRB1*1501-DQA1*0102-DQB1*0602 is observed in all subsets of individuals,
as well as more limited protective associations for DRB1*0401-DQA1*0300-DQB1*0301
and DRB1*0701-DQA1*0201-DQB1*0201-DQB1*0201. While these associations have
been observed previously, there is significant variation in the specificities and strength of
these associations depending upon clinical subtype and age of onset which could only be
revealed with a sufficiently large cohort.

Furthermore, we have shown that a DRB1 genotype with two predisposing alleles confers
considerably greater risk than a single DRB1 predisposing allele. While the DRB1*0801
haplotype is associated with disease regardless of age of onset or clinical subtype, the
remaining predisposing alleles show significant associations only in early-onset disease.
This suggests that the very strong effect mediated by two copies of predisposing DRB1.
alleles may be related to an age of onset effect of the non-DRB1*0801 allele
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High-resolution DNA typing and analysis of extended haplotypes has permitted evaluation
of the amino acid residues likely associated with disease predisposition by comparing
closely related haplotypes that differ in disease risk. While DRB1*1101 is seen at generally
equivalent frequencies and on the same DQA1-DQB1 haplotype as the predisposing
DRB1*1103/4 in controls, there is no disease association with this haplotype. Likewise
DRB1*1302 is not associated with disease, although it occurs at roughly equal frequencies
to *1301 (disease associated) in controls. In each of these cases, the predisposing DRB1
allele differs from its related non-predisposing allele by only one amino acid; position 86
Valine in the predisposing alleles and 86 Glycine in the non predisposing alleles. In contrast,
the primary predisposing DRB1*0801 allele has a Glycine residue at position 86, suggesting
that this residue alone is not responsible for the predisposing effect, or that a different
mechanism is responsible for DRB1*0801 predisposition.

Similarly DPB1*0201 differs from the most common DPB1 allele, *0402, at only one amino
acid position, 69, with Lysine for *0402 and Glutamic Acid for *0201. As with position 86
in the DRB1 molecule, this residue, 69, plays a critical role in antigen presentation as part of
the peptide binding groove in the DP molecule.

In addition to conferring disease predisposition independently, the results also suggest a
modifying effect of DPB1 on the DRB1 alleles associated with JIA, whereby DPB1*0201
acts to either augment predisposition or offset protection. The additive effect mediated by
DPB1 however is of a much lesser magnitude than that for two predisposing DRB1 alleles,
suggesting further that these DRB1 alleles are the primary predisposing variants in JIA. The
survival analysis indicates that this modification by DPB1*0201 may be mediated via a
tendency to earlier onset disease.

These findings not only allow elucidation of these complex relationships but also provide
new insight into the relevance of current diagnostic criteria. We observe distinct differences
in the HLA associations in early vs. late onset polyarticular patients. This is further
illustrated in the PCA, which suggests that the early onset polyarticular group may be more
similar to the oligoarticular group, which itself shows some heterogeneity with respect to
age of onset. The oligoarticular group is further distinguished between the persistent and
extended subtypes. While some variation with regard to DR-DQ associations may be
attributable to lack of power to detect the weaker predisposing and protective variants, it is
clear that significant differences exist in class I associations. Specifically, the oligoarticular-
extended subtype is characterized by HLA-A associations, while among the oligoarticular-
persistent group, only HLA-C is associated with disease status. On the whole, with regard to
HLA variation, it appears as though the difference between these subtypes is mediated
predominately by class I (after adjusting for the DR-DQ effects). Early-onset polyarticular
disease, while sharing many HLA class II associations with the oligoarticular types, does not
appear to be mediated in any way by HLA class I. It is clear that individuals with later onset
polyarticular disease comprise a disease subtype which is quite distinct from the others and
which has very limited HLA associations. In contrast, the subgroup with an early-onset
polyarticular diagnosis may be comprised of individuals whose true disease status is mixed,
some of whom are more likely destined to follow a disease course similar to that of the
oligoarticular patients, while others may ultimately resemble the later-onset polyarticular
patients. Overall, while these predisposing DRB1 and DPB1 alleles are found in 40% of
controls, they are observed among 78% of patients with age of onset prior to six years, and
among 68% of oligoarticular patients with onset after six years. Among polyarticular
patients with age of onset later than six years, only DRB1*0801 is seen at increased
frequencies, while the remaining predisposing alleles are not associated with disease.
Accordingly, it is possible that in the future, HLA typing will be utilized as a diagnostic
criterion especially when viewed in the larger genomic context. It is noteworthy that the
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cohort described in this report coincides with one used for a SNP-based genome-wide
association study, and that functional genomic studies to relate genotype, including HLA, to
global gene expression levels are possible for about 200 of the subjects. Thus, this HLA data
will anchor multiple integrated analyses directed at providing a molecular and biological
basis for JIA classification.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Principal component analysis for HLA class I and II loci showing clustering of important
subsets of the patient population. The first two coordinates are shown, comprising 56% and
17% respectively of the total variation observed.
Key: oligoextended = oligoarticular extended disease; oligopersistent = oligoarticular
persistent disease; poly = IgM RF negative polyarticular disease; <6 = age of onset prior to
six years of age; >6 = age of onset after to six years of age; F = female patients; M = male
patients.
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Figure 2.
Survival curves for age of onset effects for HLA class II alleles associated with JIA. A. An
earlier age of onset in polyarticular disease is mediated by DRB1*0801 and *1103/4. B-C.
An earlier age of onset in oligoarticular disease (B), including both persistent and extended
as well as polyarticular disease (C) is mediated by DPB1*0201 in the absence of the
predisposing alleles DRB1*0801 and *1103/4. D. Later age of onset in oligoarticular disease
(persistent and extended) mediated by DRB1*0701
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Table 4

DPB1*0201 mediates predisposition independent from the strong protective effect of DRB1*1501

DRB1-DPA1-DPB1 haplotype Combined JIA frequency Control frequency

1501-0103-0201 0.232 0.075

1501-0201-1001 0.036 0.013

1501-0103-0301 0.063 0.125

1501 0103 0401 0.554 0.650

1501 0103 0402 0.036 0.038
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