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with HLA in JIA patients: a Swedish cohort study
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Abstract

Background Juvenile Idiopathic Arthritis (JIA) is a complex autoimmune disease and the most common chronic
rheumatological disease affecting children under the age of 16. The etiology of JIA remains poorly understood,
but evidence suggests a significant genetic predisposition.

Methods We analyzed a Swedish cohort of 329 JIA patients and 728 healthy adult controls using the Illlumina Omni-
Express array for genotyping. HLA alleles were imputed from GWAS data using the SNP2HLA algorithm.

Results Case—control analysis yielded 12 SNPs with genome-wide significant association to JIA, all located on chro-
mosome 6 within the MHC class Il gene region. Notably, the top SNP (rs28421666) was located adjacent to HLA-DQAT
and HLA-DRB1. HLA-DRB1*08:01, HLA-DQA1*04:01, and HLA-DQB1*04:02 were the haplotypes most strongly associated
with an increased risk of JIA in the overall cohort. When analyzing disease specific subtypes, these alleles were associ-
ated with oligoarthritis and RF-negative polyarthritis. Within the complex linkage disequilibrium of the HLA-DRB1-
DQAT-DQBT haplotype, our analysis suggests that HLA-DRB1*08 might be the primary allele linked to JIA susceptibility.
The HLA-DRB1*11 allele group was also independently associated with JIA and specifically enriched in the oligoar-
thritis patient group. Additionally, our study revealed a significant correlation between antinuclear antibody (ANA)
positivity and specific HLA alleles. The ANA-positive JIA group showed stronger associations with the HLA-DRB1-
DQAT-DQBT haplotype, HLA-DRB1*11, and HLA-DPB1*02, suggesting a potential connection between genetic factors
and ANA production in JIA. Furthermore, logistic regression analysis reaffirmed the effects of HLA alleles, female sex,
and lower age at onset on ANA positivity.

Conclusions This study identified distinct genetic associations between HLA alleles and JIA subtypes, particularly

in ANA-positive patients. These findings contribute to a better understanding of the genetic basis of JIA and provide
insights into the genetic control of autoantibody production in ANA-positive JIA patients. This may inform future clas-
sification and personalized treatment approaches for JIA, ultimately improving patient outcomes and management
of this disease.
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Background

Juvenile idiopathic arthritis (JIA) is an umbrella term
used to describe a heterogeneous group of conditions
characterized by arthritis of unknown origin that devel-
ops in children under the age of 16 and lasts for at least
six weeks [1]. JIA is the most common chronic rheuma-
tological disease among children, with an incidence rate
of 15 per 100,000 children/year in the Nordic countries
[2].

Clinically, the disease is grouped into subtypes that
are considered to be complex phenotypes, influenced
by both genetic and environmental factors, potentially
varying among different ethnic groups [3]. According to
International League of Associations for Rheumatology
(ILAR) classification criteria, JIA is divided into seven
subtypes based on clinical and laboratory findings during
the first 6 months of disease: oligoarthritis, polyarthritis
which is further divided into patients based on the pres-
ence of rheumatoid factor (RF) autoantibodies: either
RF-negative polyarthritis or RF-positive polyarthritis,
psoriatic arthritis, enthesitis-related arthritis (ERA), sys-
temic JIA and undifferentiated arthritis for cases that fit
into no category or into more than one category [1].

Although the cause of the disease remains unknown,
there is substantial evidence of genetic predisposition to
JIA. Disease concordance for JIA in monozygotic twins is
25-40% [4], while siblings have an 11.6-fold increase in
the risk of developing JIA and first cousins have a 5.6-fold
increased risk [5]. Furthermore, the prevalence of other
autoimmune diseases, particularly rheumatoid arthritis
(RA), is increased in the relatives of patients with JIA and
overlap in genetic susceptibility loci for these two dis-
eases has been shown [6].

Several susceptibility loci have been reported in JIA
[7-10]. Similar to many other autoimmune disorders, the
most significant identified genetic susceptibility factors
for JIA are linked to the human leukocyte antigen (HLA)
locus. The HLA class I and class II haplotypes associated
with the risk of JIA exhibit variations among its different
subtypes [11, 12]. It was estimated that approximately
13% of JIA risk can be attributed to the HLA region,
while the top 27 non-HLA loci account for about 6% of
the risk [9].

Since a notable part of JIA's hereditary risk remains
unclear, it is crucial to conduct comparative investiga-
tions across diverse populations to gain insight into the
disease’s heterogeneity and unveil critical pathways asso-
ciated with it. Conversely, in the context of autoantibod-
ies in JIA, it is worth noting that apart from Rheumatoid
Factor (RF), which is used as a biomarker for diagnosis
of JIA, information about other known autoantibodies,
such as antibodies against citrullinated peptide/protein
antigens (ACPA) and anti-nuclear antibodies (ANA), has
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not been utilised for classification of JIA subtypes. Tradi-
tionally, ANA has not been used as a diagnostic marker
for JIA, but rather as a risk indicator associated with the
most common extra-articular manifestation in JIA—
chronic asymptomatic uveitis [13, 14].

This study aimed to accomplish three main objectives:
first, to identify genetic risk factors associated with JIA in
a Swedish cohort through a Genome-Wide Association
Study (GWAS) analysis; second, to enhance the under-
standing of HLA associations by imputing classical HLA
alleles within all JIA patients as one group and within
specific subtypes; and third, to investigate the association
between these HLA alleles and autoantibodies such as
ANA, RE, ACPA, along with patient clinical parameters.

Materials and methods

Subjects

Blood samples (EDTA blood) were collected from
patients at the Astrid Lindgren Children’s Hospital in
Stockholm, Sweden, between 2010 and 2017, as part of
the Juvenile Arthritis BioBank (JABBA). Patients were
enrolled and diagnosed according to the International
League of Associations for Rheumatology (ILAR) criteria
[1]. From the Swedish Pediatric Rheumatology Quality
Registry or medical records, age at onset and autoanti-
body status for RF and ANA were extracted. The geno-
typing data from randomly selected healthy controls that
had been recruited between 2005 and 2011 in a Swedish
national population registry, was used in this study; this
data had been generated as part of a nationwide epidemi-
ological study, the Epidemiological Investigation of Mul-
tiple Sclerosis (EIMS) [15]. Informed consent was given
by all study participants. Ethical approval for JIA patients
and control subjects was obtained from the Regional
Review Board in Stockholm (2009/1139-4, 2010/165—
31/2, 04-252/1-4).

Anti-CCP antibody analysis

Antibodies against cyclic citrullinated peptide/proteins
(anti-CCP) were measured using the anti-CCP2 ELISA
kit, Immunoscan CCPlus® CCP2 ELISA (Euro-Diagnos-
tica AB, Malmo, Sweden). IgG anti-CCP positivity was
determined according to the manufacturer’s instructions,
and cutoff for positivity was set at 25 AU/mL. These data
was available for 300 of the JIA patients.

ANA and RF analysis

ANA and RF were measured by a certified clinical labo-
ratory at Karolinska University Hospital as part of the
clinical diagnosis, and information regarding seropositiv-
ity for each antibody was retrieved from medical records.
RF-IgM was measured with FEIA method (Thermo
Fisher/Phadia). The cutoff corresponds to 5% positivity in
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healthy adult blood donors and follows the ACR/EULAR
guidelines for RA. ANA is measured at the disease onset
by Indirect immunofluorescence (IIF) (Hep-2 cells) and
cutoff is a titer of >1:320 serum dilution, which corre-
sponds to 3-5% positivity on healthy adult blood donors
(in accordance with the Swedish laboratory guidelines for
ANA). ANA data was available for 297 JIA patients and
RF data was available for 197 JIA patients.

SNP genotyping and quality control

DNA extraction was carried out using the salting-out
method. 335 JIA patients were genotyped using Illumina
assay InfinlumOmniExpressExome-8v1-4_A (Illumina
Inc). Healthy controls had previously been genotyped
using the Illumina OmniExpress assay [16]. Genotypes
from JIA patients and controls were merged into one
dataset with approximately 597 K SNPs overlapping
between the two assays for the 22 autosomes. We applied
genotype filtering quality control, retaining individuals
with call rate >95%, SNPs with < 5% missingness, Hardy—
Weinberg equilibrium exact p>10~2 and minor allele
frequency (MAF)>0.01. Samples were also checked for
inconsistencies between recorded and genotype-inferred
gender, duplicates, and first- and second-degree relatives,
resulting in a final dataset comprising 329 JIA patients,
748 controls, and ~ 589 K SNPs for the analyses.

HLA imputation

Classical HLA alleles (HLA-A, HLA-B, HLA-C, HLA-
DRBI, HLA-DQA1, HLA-DQBI, HLA-DPAI and HLA-
DPB1) at four digit resolution were imputed using
SNP2HLA (V.1.0) (http://www.broadinstitute.org/mpg/
snp2hla/) and Type 1 Diabetes Genetics Consortium
(T1DGC) reference panel (n=5225 individuals with
European ancestry) having genotype data of 7,135 SNPs
within the MHC region assayed with Illumina Immuno-
chip platform [17]. Post-imputation quality control was
performed by removing rare variants with a MAF<0.01,
and variants with low quality 7*<0.8 for correlation of
genotyped variants with genotypes after imputation.

Association testing and statistical analysis

To assess the dataset for potential systematic over-infla-
tion due to population stratification, the genomic con-
trol inflation factor (Agc) was calculated (Ag-=1.09)
and Quantile—quantile (Q-Q) plots were generated
(Supplementary Fig. 1A). Principal-component analy-
sis (PCA) was performed using PLINK on a subset of
SNPs, removing SNPs in known regions of high linkage
disequilibrium (LD), with MAF<0.05, and pruned for
LD between markers using a sliding window approach
based on r*=0.2. To identify the top associated markers
(SNPs and two-digit HLA alleles) using a case—control

Page 3 of 12

design, association analysis was performed using logistic
regression in PLINK (v 1.9) based on an additive genetic
model. Sex and the first ten principal components were
added as covariates to correct for any systematic errors
and population stratification (1 after correction=1.02)
(Supplementary Fig. 1B). P values obtained were reported
both as non-adjusted and adjusted for multiple testing
by estimating the false discovery rate (FDR) using the
Benjamini-Hochberg method. SNPs with FDR<0.05
were considered significant. The standard threshold
for genome-wide significant association considered at
p<5x107%, Regional plots were generated using Locus-
Zoom [18]. To investigate subtype-specific effects, data
for each subtype were compared separately against the
data from the same control group. Disease association
heterogeneity was tested by searching for significant dif-
ferences in SNPs/HLA alleles frequency in different sub-
types. Furthermore, to identify additional independent
associations within the HLA region, conditional analysis
on the primary associated variant was performed using
PLINK [19], by adding the most significantly associated
marker as a covariate to the logistic regression model.
This analysis was continued in a forward stepwise pro-
cedure until no variant remained statistically significant.
For correlation analysis, Phi coefficient for binary vari-
ables was calculated in R, and P values were calculated
using chi-square test, with P<0.05 considered signifi-
cant. For studying association of ANA with predisposing
alleles and disease parameter phenotypes, the Mann—
Whitney test was used for comparison of age, and Fish-
er’s exact test was used for analysis of other parameters. P
values were adjusted for multiple comparisons using the
Bonferroni method. Multiple logistic regression analysis
was performed to ascertain the effects of independently
significant variables on the likelihood of ANA status.
Odds ratios and corresponding 95% confidence intervals
were calculated. A P value of less than 0.05 was consid-
ered statistically significance. Data were analyzed using
GraphPad Prism version 9.5.1.

Results

Study population

Our study population consisted of 329 individuals with
JIA diagnosed at Karolinska University Hospital. The dis-
tribution of JIA subtypes in the dataset was as follows:
oligoarthritis n=161 (49%), RF-negative polyarthritis
n=287 (26.4%), systemic n=24 (7.3%), ERA n=22 (6.7%),
psoriatic n=19 (5.8%), RF-positive polyarthritis n=12
(3.6%), and undifferentiated n=4, (1.2%). The mean
age at diagnosis was 79 months, and 229 patients (70%)
were females. The healthy control population consisted
of 748 healthy adults, of whom 568 (76%) were females.
The average age was 43.5 years, and the median age was
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42.7 years. An overview of the study population is pro-
vided in Supplementary Table 1.

Genome-wide association analysis of JIA

We first performed GWAS using genotyping data from
JIA individuals and healthy controls. Case—control asso-
ciation analysis, adjusted for sex and the first 10 princi-
pal components, identified 12 SNPs associated with JIA.
All SNPs exceeding the threshold for genome-wide sig-
nificance were located on chromosome 6 (P<5x1078,
FDR<0.05). A Manhattan plot of the GWAS data with
P-values of all tested SNPs is shown in Fig. 1A. All sig-
nificantly associated SNPs on chromosome 6 were in

-log10 P-value

1 2 3 4 5 6 7 8 9 10 1
Chromosome

1213 14 15 16 17 1819202122 23
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the MHC class II gene region. The top SNP (rs28421666,
P=1.325E-12, FDR=7.81E-07, OR:3.51) was in a non-
coding region, adjacent to HLA-DQA1 and HLA-DRBI
(Fig. 1B).

To investigate subtype-specific effects, each JIA sub-
type was compared separately against the control group.
Table 1 shows the twelve top SNPs that reached genome-
wide significance in the association analysis, their chro-
mosome position, the minor alleles and their frequencies
in all JIA patients as one consolidated group. Top associ-
ated SNPs for each clinical JIA subtype group compared
with the control group are shown in Supplementary
Table 2. Nine SNPs reached genome-wide significance

Plotted SNPs U 111 1 (00 100N NAMNNNLY NIRRT N0 (0N R 0ORID |

528421666
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e
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Fig. 1 A Manhattan plot of the genome-wide association of 329 JIA patients compared to 748 controls. The —log;, P values for each SNP

in the association tests are shown on the y axis and the chromosomes are ordered on the x axis. Twelve genetic loci in the HLA region
surpassed the genome-wide significance threshold (P<5x 108 = —log10(P) > 7.3; indicated by the red dotted line). B Regional association plot
of the genome-wide association of JIA with SNPs at chromosome 6 (Chr6). The top associated SNP (rs28421666) at the HLA locus is located

in between HLA-DRBT and HLA-DQAT. The level of linkage disequilibrium between SNPs in the zoomed in regions of chromosome 6 is indicated

by r?

Table 1 Results of association tests between JIA (n1=329) and controls (n=748). Chr: Chromosome, MA: Minor allele, MAF: Minor allele

frequency

Controls AllJIA (n=329)

(n=748)
Chr Lead SNP Position MA MAF MAF P FDR OR 95% Cl
[§ rs28421666 32592737 G 0.05 0.15 133E-12 7.81E-07 351 248-4.96
6 rs9272105 32599999 G 0.45 03 2.09E-10 6.16E-05 052 0.42-0.63
6 rs9273012 32611641 G 0.26 041 8.62E-10 2.00E-04 1.93 1.56-2.37
6 1s9272219 32602269 A 0.26 041 1.28E-09 2.00E-04 191 1.55-2.35
6 1517576984 32212985 A 0.11 0.21 2.12E-09 3.00E-04 227 1.74-2.96
6 152395148 32321554 A 0.04 0.1 2.04E-08 2.10E-03 29 2-4.2
6 rs9501173 32279902 A 0.06 0.14 2.84E-08 2.10E-03 25 1.81-3.46
6 rs3749967 32283844 G 0.06 0.14 2.84E-08 2.10E-03 2.5 1.81-3.46
6 rs9469099 32308908 A 0.04 011 4.84E-08 3.10E-03 2.8 1.94-4.06
6 rs13192471 32671103 G 0.18 0.28 5.22E-08 3.10E-03 1.93 152-2.44
6 rs3763313 32376471 C 0.2 03 8.74E-08 440E-03 191 1.51-242
6 rs35120848 32670495 A 0.18 0.28 8.85E-08 4.40E-03 191 1.51-242
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level for the oligoarthritis subtype. Two SNPs on chromo-
some 6 (rs28421666 & rs2071550) reached genome-wide
significance for the RF-negative subtype, and these were
the same as the top SNPs for the oligoarthritis subtype.

Two SNPs on chromosome 7 (rs3926927 & rs10245392)
reached genome-wide significance levels for the subtype
of systemic JIA.

Association between the MHC alleles and JIA

To identify HLA alleles conveying genome-wide asso-
ciation signals on chromosome 6, classical HLA alleles
in the major histocompatibility complex (MHC) region
were imputed from SNP data (Table 2A & Supplemen-
tary Table 3). In the HLA-DRBI locus, the DRB1%*08:01
allele showed the strongest association, conferring an
increased risk of JIA in the entire group (OR=3.3, 95%
CI: 2.76-5.67). A similar association was found for HLA-
DQA1%04:01 (OR=3.22, 95% CI: 2.58-5.21) and HLA-
DQBI%04:02 (OR=3.19, 95% CI: 2.51-5.10). Additionally,
the HLA-DRBI1*11 allelic group was associated with an
increased risk of JIA (OR=2.17, 95% CI: 1.46-2.89). We
also performed conditional analysis to control for inde-
pendence of associations within the HLA region for JIA
as a group (Table 2B). First, the association was condi-
tioned on the most significant marker, HLA-DRBI*08,
which removed the signal for HLA-DQA1*04 and HLA-
DQBI%*04. This step left the HLA-DRBI*11 allele as the
top hit (FDR=1.00E-04). At the next step, after con-
ditioning both on HLA-DRBI1*08 and HLA-DRBI*11,
HLA-DPB1%*02 was the top association, although not sta-
tistically significant.
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In the subtype-specific association analysis (Sup-
plementary Table 4), an increased risk associated with
HLA-DRBI%*08:01 was largely attributable to the sub-
types oligoarthritis (OR=4.98, 95% CI: 3.22-7.70) and
RF-negative polyarthritis (OR=4.5, 95% CI: 2.62-7.72).
HLA-DQA1%04:01 (OR=4.67, 95% CI: 3.05-7.15) and
HLA-DQB1%04:02 (OR=4.58, 95% CI: 2.99-7.02) were
also significantly associated with increased disease risk
of oligoarthritis. These two alleles were more frequent in
the subgroup of RF-negative polyarthritis patients, with
OR=4.16, 95% CI: 2.45-7.09 and OR=3.95, 95% CI:
2.31-6.75, respectively. The HLA-DRB1*11 allelic group
was also associated with the oligoarthritis (OR=2.61,
95% CI: 1.73-3.95). The frequencies of these alleles were
not statistically significantly increased in any other sub-
types of JIA. HLA-B*27:05 was the only allelic subgroup
significantly associated with an increased risk of the ERA
subtype (OR=9.92, 95% CI: 4.27-23.04). Significant
associations were not found for other subtypes, likely due
to the low number of observations in these groups.

On the other hand, DRB1*07, DRB1*04 and DQA1*02,
DQA1*03, DQBI*02, DQBI*03 and C*06 alleles were
associated with reduced risk in oligoarthritis patients
(EDR <0.05), and DRBI*04, DQA1%03, DQBI*03 alleles
were associated with reduced risk in RF-negative polyar-
thritis patients (FDR <0.05).

Association of classical HLA alleles with autoantibody
status and disease phenotypes

To identify whether the defined HLA alleles are asso-
ciated with disease phenotypes, information for sex
(females), age at disease onset, autoantibody positivity

Table 2 A.Top hits from association tests of classical HLA alleles between A. JIA (n=329) vs controls (n =748), B. Subsequent

conditional analysis, AF: allele frequency

A

Controls AllJIA (n=329)

(n=748)
HLA AF AF OR 95% ClI P FDR
DRBT*08 0.05 0.14 3.16 251-5.02 7.92E-13 5.75E-10
DRB1*08:01 0.04 0.13 33 2.76-5.67 8.75E-14 1.40E-10
DQAT*04 0.05 0.14 322 2.58-5.21 5.28E-13 5.26E-10
DQAT*04:01 0.05 0.14 322 2.58-5.21 5.28E-13 5.26E-10
DQB1*04 0.05 013 3.19 2.51-51 1.88E-12 6.26E-10
DQB1*04.02 0.05 0.14 3.19 2.51-5.1 1.88E-12 6.26E-10
DRB1*11 0.06 0.13 217 1.46-2.89 4.37E-05 1.10E-03
B
HLA OR 95% Cl P FDR Conditioned on
DRB1*08 3.16 2.51-5.02 7.92E-13 5.75E-10 Initial association
DRB1*11 245 1.76-34 1.01E-07 1.00E-04 DRBT*08
DPB1*02 154 12-2 9.00E-04 1.09E-01 DRB1*08 & DRB1*11
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for ANA, anti-CCP2, RF and disease subtypes were
retrieved from medical charts and coded as binary vari-
ables. Phi coefficient ranging from -1 to 1 and related P
values were calculated for JIA as a group (Supplemen-
tary Fig. 2). For the JIA group there was a strong signifi-
cant positive correlation between HLA-DRBI*08 and
HLA-DQA1%*04 (phi=0.97, P<0.0001), HLA-DQBI*04
(phi=0.95, P<0.0001). These alleles correlated positively
with ANA (phi=0.22, P<0.0001). HLA-DQA1*04 also
had a significant positive correlation with HLA-DQBI*04
(phi=0.98, P<0.0001) and these alleles correlated posi-
tively with female sex (phi=0.14-0.15, P<0.001) and
ANA (phi=0.20-0.22, P<0.001) but did not correlate
with anti-CCP2 or RF. HLA-DRBI1*11 only correlated
with ANA (phi=0.17, P=0.004). ANA correlated posi-
tively with female sex (phi=0.23, P<0.0001) but did not
correlate with anti-CCP2 positivity or with RF positivity.
Anti-CCP2 and RF were positively correlated (phi=0.64,
P<0.0001).

To further investigate associations of the defined hap-
lotypes with disease phenotypes, patients carrying these
alleles were compared to those who did not (Table 3).
In this analysis, due to the high correlation between
HLA-DRBI1*08 and the two DQ alleles (HLA-DQA1*04
and HLA-DQBI1%*04) and because HLA-DRBI1*08 allele
was more frequent among patients, only this allele was
considered. Compared to the HLA-DRBI*08-negative
patients, the HLA-DRBI*08-positive group had sig-
nificantly lower age at onset (6.7 vs 3.6 years, P=0.005),
higher frequency of females (80.2% vs 65.5%, P=0.05)
and frequency of ANA-positive patients (62.6% vs 36.5%,
P=0.001). All RF-positive polyarthritis patients within
the cohort were HLA-DRBI*08-negative (P=0.023).
Positive patients for HLA-DRB1*11 exhibited a higher
frequency of ANA positivity compared to HLA-
DRBI1*11-negaitive patients (57% vs. 39.6% P=0.02).
Only one single RE-positive polyarthritis patient and one
ERA patient were positive for HLA-DRBI1*11 alleles (the
difference was only statistically significant in ERA sub-
type, P=0.02). Age at onset and female ratio was not sig-
nificantly different between HLA-DRBI*11 positive and
negative group.

Association analyses of JIA defined by ANA status

Next, patients were stratified based on ANA status
(positive vs negative), and association analysis for these
groups was performed compared to healthy controls.
We observed that the ANA-positive group associated
significantly with DRBI1%08, DQAI1%04 and DQBI1*04,
previously found for JIA as one group compared to
the control group, but at a higher significance level
(Table 4A, Supplementary Table 5 & Supplementary
Fig. 3A). In contrast, the ANA-negative group did not
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show significant associations with any of the classical
HLA alleles (Supplementary Fig. 3E). In addition, step-
wise logistic regression conditional analysis identified
DRBI*11 allele as a separate signal (FDR=2.60E-06)
(Table 4B & Supplementary Fig. 3B-D) in the region.
Further conditioning for both DRB1*08 and DRB1*11
left DPBI1*02 allele as an independent association
hit (FDR=7.00E-03). On the other hand, DQBI*06,
DRBI1*15, DRBI1*07, DRB1*04, DQA1*03, DQBI1*02,
C*06 and A*03 alleles were observed less frequently
in ANA-positive patients (FDR<0.05) suggesting that
they are protective (Supplementary Table 5).

We performed additional comparisons between
the ANA-positive and ANA-negative JIA groups in
our study (Table 5). It was observed that ANA-posi-
tive patients had a significantly higher percentage of
DRBI%*08, 39.6% vs 19.6% in the ANA-negative group
(P=0.0016). The DQA1*04 frequency was 38.2% in the
ANA-positive group and 18.3% in the ANA-negative
group (P=0.0016), DQBI1*04 frequencies were 36.11%
in ANA-positive vs 18.3% in ANA-negative patients
(P=0.0016) and DRBI*11 frequencies were 31.2%
in ANA-positive and 17% in ANA-negative patients
(P=0.032). The ANA-positive group also had a higher
frequency of females (80.5% vs 59.4%) than the ANA-
negative group (P=0.0008), and age at disease onset
was significantly lower in the ANA-positive group, 3 vs
8 years in the ANA-negative group (P=0.0016).

Among the 297 patients with available ANA data,
144 (48%) tested positive for ANA. While the major-
ity of ANA-positive patients were of the oligoarthritis
(88 patients, 61%) and RF-negative polyarthritis (37
patients, 25%) subtypes, statistical significance was
observed only within the oligoarthritis group. Addi-
tionally, 35 patients (13%) of ANA-positive JIA were
distributed across other subtypes. sJIA, ERA and psori-
atic patients were significantly more common in ANA-
negative group.

Furthermore, additional analysis was undertaken to
mitigate potential bias toward oligoarthritis patients
within the ANA-positive subgroup. We conducted a
comparison of ANA-positive and ANA-negative patients
regarding the positivity for DRB1*08, considering both
oligoarthritis and RF-negative polyarthritis subtypes as
one group. By considering both oligoarthritis and RF-
polyarthritis patients within a unified group, we aimed
to capture the shared genetic background between these
subtypes, as supported by existing literature [20-22].

Our observations revealed that among DRBI*08-posi-
tive patients, 70.7% were ANA-positive, while 29.3% were
ANA-negative (OR=2.64, 95% CI: 1.4-4.7) (Table 6).
Similar results were observed when restricting the analy-
sis to oligoarticular JIA patients alone (data not included).
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Table 5 Association of ANA with predisposing alleles in JIA (n=297) and disease parameters phenotypes

ANA-positive (n=144) (%) ANA-negative (n=153) (%) Adjusted P
DRB1*08 57(39.6) 30(19.6) 0.0016
DQAT*04 55(38.2) 28 (18.3) 0.0016
DQOB1*04 52 (36.1) 28(18.3) 0.0016
DRBT*11 45 (31.2) 26 (17) 0.032
Sex-females 116 (80.5) 91 (59.4) 0.0008
Age at onset median months (years) 37 (3) 99 (8.2) 0.0016
RF-positive 7 (4.9) 9(5.9) 1
Anti-CCP2-positive 8(5.5) 10 (6.5) 1
Oligoarthritis n=151 88 (61.1) 63 (41.2) 0.0007
RF-negative polyarthritis =75 37(25.7) 38(24.8) 09
Systemicn=18 3(2.0) 15(9.8) 0.006
Enthesitis-related n=20 4(2.8) 16 (10.4) 0.01
Psoriaticn=17 4(2.8) 13 (8.5) 0.04
RF-positive polyarthritis n=12 7 (4.9) 5(3.3) 0.56
Undifferentiated n=4 1(0.7) 3(2) 0.62

Mann-Whitney test was employed for the comparison of Age, while Fisher’s exact test was utilized for the analysis of all other parameters. P-values were adjusted for
multiple comparisons using the Bonferroni method. RF data was available for 197 patients, and CCP2 data was available for 300 patients

Table 6 Association of the HLA-DRB1*08 with Oligo &
RF-negative polyarthritis patients in JIA

DRB1*08+ DRB1*08- OR 95%Cl AdjustedP
n=75(%) n=151(%)

ANA-positive 53(70.7) 72 (47.7) 264 14-47 0001

Oligo & RF-nega-

tive polyarthritis

n=125

ANA-negative 22 (29.3) 79 (52.3)

Oligo & RF-nega-
tive polyarthritis
n=101

Finally, we employed logistic regression analysis to
evaluate the association between found significant vari-
ables, namely DRB1*08, DRBI*11, sex and age at onset,
in relation to ANA status. Considering ANA status as
the dependent variable, logistic regression with inde-
pendent variables, DRB1*08, DRB1*11, sex, and age at
onset demonstrated high statistical significance (Sup-
plementary Table 6). The present analysis revealed that
DRBI*08 and DRBI*11, sex and age at onset were in
the equation, implying that they were all contributing
to the risk of ANA positivity in JIA patients with dif-
ferent effect sizes. Of these, DRBI1*08, DRB1*11, and
female sex showed the highest statistically significant
B regression coefficients: 0.79, 0.77, and 0.75, respec-
tively, while age at onset had a smaller yet statistically
significant coefficient of -0.01, suggesting their roles in
promoting an ANA-positive profile in JIA.

Discussion
The genome-wide association analysis revealed sig-
nificant associations between JIA and multiple single
nucleotide polymorphisms (SNPs) located on chromo-
some 6 within the MHC class II gene region. Notably,
the top SNP, rs28421666, was adjacent to HLA-DQAI
and HLA-DRBI. These findings are consistent with pre-
vious reports suggesting that the HLA region plays a
crucial role in JIA susceptibility. In our study, we found
an association of specific alleles (HLA-DRB1*08, HLA-
DQA1%04:01, HLA-DQB1%04:02, and HLA-DRBI*11I)
with increased risk of JIA, which supports the idea that
certain HLA alleles confer susceptibility to the disease.
An extended HLA-DRBI-DQAI-DQBI haplotype has
consistently been implicated as conferring increased risk
to JIA [8, 23-28]. It has been known that strong linkage
disequilibrium (LD) exists between DRB1%08, DQA1%04,
and DQBI1*04 alleles, and thus it becomes challenging to
ascertain which of these HLA class II genes are primar-
ily involved in JIA [29]. According to our analysis of the
frequency of these alleles among patients and controls,
four patients carried DRBI*08 without DQA1%04:01 and
DQBI%04:02, while seven patients carried DRB1*08 but
not DQBI*04:02. Among controls, four individuals car-
ried DRB1*08 without DQA1%04 and three had DRBI*08
but did not carry DQBI*04. These findings imply that
within this haplotype, the DRBI*08 allele could be the
main allele linked to increased vulnerability to devel-
oping JIA. Meanwhile, the connection with DQAI1*04
and DQBI*04 might be due to their linkage to DRBI*08
through LD. This observation is in line with results from
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Norwegian and Polish cohorts where they concluded that
in DRBI-DQA1-DQBI haplotype, DRB1*08 allele is pri-
marily associated with pauciarticular and RF-negative
polyarticular JIA [29].

In accordance with previous studies, our study found
strong subtype-specific effects for HLA-DRBI1*08, HLA-
DQAI1%*04:01, HLA-DQBI1%04:02 alleles, particularly for
oligoarthritis and RF-negative polyarthritis, which sug-
gests similar genetic predisposition for these two sub-
types [8, 23-28]. Although these alleles did not reach
a statistical significance level in other subtypes, they
were elevated in some; 22% of ERA and 21% of psoriatic
patients as compared to 10% of healthy controls, had
HLA-DRB1%08.

We did not find any other distinct statistically signifi-
cant HLA associations for other subtypes except for ERA
patients, which had a significant association with HLA-
B*27. The small number of patients in other subtypes
might explain this nonsignificant association, but it also
may reflect heterogeneity and different genetic back-
grounds for these subtypes. This subtype-specific genetic
architecture aligns with the heterogeneous nature of JIA
and underscores the importance of considering distinct
subtypes when investigating genetic risk factors.

The relationship between HLA genetic variants and
autoantibodies is a critical aspect of autoimmune dis-
eases. In this study, ANA positivity emerged as a sig-
nificant marker associated with specific HLA alleles:
DRBI1*08, DRBI*11 and DPBI*02. This observation
suggests that specific HLA alleles might predispose
individuals to develop JIA with ANA positivity. The
observed correlations between specific HLA alleles and
ANA positivity, along with associations with female sex
and younger age at onset, suggest potential interactions
between genetic factors and autoantibody production in
JIA.

One peak incidence of JIA is known to occur dur-
ing early childhood, typically between the ages of 1 and
4 years, with most of these patients presenting with an
oligoarticular phenotype and commonly testing posi-
tive for ANAs. ANA-positive JIA patients are also at a
higher risk of chronic anterior uveitis, distinct from the
acute anterior uveitis observed in both adult and paedi-
atric spondyloarthritis (SpA), which has no counterpart
in adult-onset arthritis. This underscores the unique
clinical presentation and disease progression in pediatric
patients, which necessitates a tailored approach to man-
agement and treatment.

In a previous study, it was reported that among polyar-
ticular JIA patients, there was a significant correlation
between earlier age of onset and the presence of DRBI1*08
or DRBI*11 alleles: 4 years compared to 8 years for those
who do not have the predisposing allele. They observed
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the same age effect trend in oligoarthritis patients; how-
ever, it was not statistically significant. They also noted an
independent association for DPB1%02:01 allele with ear-
lier age of onset [23]. In our study, we observed a consist-
ent age-related effect associated with DRBI*08. Patients
carrying DRB1*08 showed an average age at onset of 3.6
years, whereas those without the allele had an onset of
6.7 years. Additionally, the comparison of ANA-positive
and ANA-negative JIA patients unveiled significant dif-
ferences in terms of HLA alleles, sex, and age at onset:
61% of ANA positive patients were oligoarthritis, fol-
lowed by 26% being RF-negative polyarthritis. The fact
that ANA-positive patients were more frequently oli-
goarthritis, DRB1*08 or DRBI*11 positive, female and
had a younger age at onset (3 years vs 8 years) than ANA-
negative patients further support the notion that ANA
positivity is a genetically driven phenomenon associated
with a specific subgroup of JIA patients. Furthermore, the
logistic regression analysis reaffirmed the effects of HLA
alleles, female sex, and lower age at onset on ANA posi-
tivity, with DRBI1*08, DRBI*11, and female sex having a
larger effect than age at onset, suggesting that these fac-
tors collectively contribute to the complex autoimmunity
in ANA positive JIA. Interestingly, although seven out
of twelve (~60%) RF-positive polyarthritis patients had
ANA, none of them were positive for DRBI1*08 and only
one had DRBI*11. This suggests a distinct genetic predis-
position for this subtype, independent of their ANA sta-
tus. The findings also raise the question of whether ANA
positivity could serve as a marker to stratify JIA subtypes.
The higher prevalence of ANA positivity in certain sub-
types, such as oligoarthritis, and its genetic association
with specific HLA alleles, suggests ANA status could
potentially help refine JIA subtyping and treatment strat-
egies. However, further research is needed to determine
the clinical utility of using ANA positivity as a stratifica-
tion factor.

These findings are in accordance with the classification
introduced by the Paediatric Rheumatology International
Trials Organization (PRINTO), which identifies a cat-
egory of arthritis termed ’early-onset ANA-positive JIA’
[30]. They suggested that these patients form a distinct
homogeneous subgroup, currently classified in different
subtypes, irrespective of the course of joint disease [22,
31, 32]. This proposal, if validated by further research,
could lead to a more nuanced classification of JIA [20].
Our findings of the specific associations between HLA-
DR and ANA status in JIA are consistent with the notion
proposed in this review for a new classification of JIA,
incorporating more molecular biological phenotyping for
disease subgroups.

So far, the strongest genetic association for systemic
JIA has been with HLA-DRBI-11 [33] but no HLA
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associations were found in our study. We identified two
SNPs on chromosome 7 that reached genome-wide
significance levels for the systemic JIA subtype in our
cohort. Both are located adjacent to the RNU6 (U6 Small
Nuclear RNA) gene, and with no prior reports in the lit-
erature to our knowledge. Given the small size of this
sJIA cohort, it is imperative to conduct further investiga-
tion and validation in larger cohorts to confirm the exist-
ence of a genuine association before drawing definitive
conclusions.

Our study’s strengths include its use of a well-defined
cohort of Swedish JIA patients, diagnosed according to
the ILAR criteria, as well as the incorporation of genetic,
antibody and clinical patient data. However, some limita-
tions should be considered. First, the cohort size, while
valuable given the rarity of the disease, may limit the
detection of associations with smaller effect sizes and
in the smaller subtypes. Additionally, this investigation
is performed on a Swedish cohort, and therefore may
not fully generalize to other populations with different
genetic backgrounds. Another limitation is the retrospec-
tive nature of data collection which is subject to missing
and possibly inaccurate data specially in the absence of
mutual criteria for ANA positivity. Moreover, the lack
of available clinical information and autoantibodies in
some patients may have affected the analysis and results.
Similarly, there was an age discrepancy between the con-
trol cohort and the JIA cohort. This age difference might
potentially impact allele frequencies across different gen-
erations, which could have influenced our study results.
On the other hand, including additional clinical data—
such as ANA specificities, patients’ uveitis status and its
progression, and comprehensive follow-up data on JIA
disease progression—could have enhanced the depth of
our study.

Conclusions

The results of our study highlight the potential role of
specific HLA alleles in the development of ANA in JIA
patients. These findings could have important implica-
tions for understanding the underlying genetic factors
contributing to the pathogenesis of JIA, and they have
the potential to refine classifications and improve thera-
peutic approaches for JIA patients in the future.
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