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Abstract
Objective—Juvenile idiopathic arthritis (JIA) is a chronic autoimmune arthropathy. β-2 adrenergic
receptors are a link between the sympathetic nervous system and the immune system. Associations
between variants in the gene encoding the β2-adrenergic receptor (ADRB2) and autoimmune
disorders such as rheumatoid arthritis (RA) have been demonstrated. We aimed to investigate
ADRB2 variants for association with JIA.

Methods—Genotypes and haplotypes of two ADRB2 variants (G16R and Q27E) were determined
in 348 children with JIA and 448 healthy controls, by direct molecular haplotyping using melting-
curve analysis of a fluorescently labeled loci-spanning probe. Case-control analysis was performed
to investigate whether ADRB2 variants were associated with JIA.

Results—No association was found between JIA and alleles, genotypes or haplotypes of ADRB2.
Specifically the haplotype that demonstrated a strong association with RA (R16/Q27) was not
associated with JIA. None of the variants demonstrated association after stratification by JIA subtypes
or gender.

Conclusions—Our results indicate that ADRB2 variants are not associated with JIA or any of the
major JIA subtypes. These observations suggest that although they share several clinical and
pathological features, JIA and RA have unique genetic associations.
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Introduction
Juvenile idiopathic arthritis (JIA), which represents a heterogeneous group of chronic
arthropathies of children, is believed to be a complex genetic trait. Associations and linkage
between polymorphisms in the human leukocyte antigen (HLA) genes and JIA have been
confirmed in multiple cohorts. However, the genetic contribution by HLA-DR, the HLA locus
that demonstrates strongest associations with JIA to date, only accounts for ∼17% of
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susceptibility to JIA.[1] This suggests that other non-HLA variants likely contribute to JIA
susceptibility. The arthropathy observed in JIA is similar to that seen in rheumatoid arthritis
(RA), and the synovial inflammation in JIA is indistinguishable from that seen in RA.[2] JIA
and RA share some common genetic risk factors such as PTPN22.[3] This suggests that genetic
variants contributing to risk of RA might also underlie susceptibility to JIA.

Autonomic dysfunction has been demonstrated in individuals with chronic rheumatic diseases.
[4] Hormonal and neuronal mediated stress influence levels of inflammation in individuals
with RA.[5] Similarly, children with JIA also demonstrate autonomic dysfunction.[6,7] Beta-2
adrenergic receptors (β2-AR) are important links between the sympathetic nervous system and
the immune system.[8] Administration of β2-adrenergic agonists suppresses collagen induced
arthritis.[9] Several variants have been reported in ADRB2, the gene encoding β2-AR.[10] Two
variants at nucleotide positions 46 (G46A: rs1042713) and 79 (C79G rs1042714) result in
substitution of a glycine to arginine at amino acid position 16 (G16R) and a glutamine to a
glutamic acid at position 27 (Q27E) respectively. These two variants demonstrate strong
associations to RA [11,12] and to other autoimmune diseases such as myasthenia gravis [13]
and Graves disease.[14] To date, the roles of ADRB2 variants have been addressed in only a
small JIA cohort who were used as controls in a study of asthma.[15] That study, which failed
to find an association with JIA, was underpowered to detect modest associations. Our objective
was to investigate a larger JIA cohort for association with ADRB2.

Material and Methods
Subjects

Cases were 348 children (232 females and 116 males) with JIA representing the major subtypes
(Table 1) diagnosed according to the ILAR criteria.[16] The mean onset age was 6.4 years.
Controls were 448 healthy adult volunteers screened for several common autoimmune diseases.
Cases and controls were ascertained from Salt Lake City, UT and were predominantly (>90%)
of Northern European ancestry. Subjects were enrolled under protocols approved by the
Institutional Review Board at the University of Utah, and provided written informed consents.

ADRB2 genotyping and haplotyping
DNA was isolated from blood using the Puregene DNA purification kit from Qiagen (Valencia,
CA). The two ADRB2 variants, G16R and Q27E, were amplified on a single amplicon in a 96-
well plate in a LC480 instrument (Roche Diagnostics, Indianapolis, IN, USA) using previously
published primers and conditions.[17] Genotyping at each position and direct molecular
haplotyping was established using a method previously validated using a loci spanning probe
that interrogates both SNPs simultaneously [17]. Melting curve analysis of the probe identifies
the 3 main haplotypes: G16-E27 haplotype melts at 40°C, G16-Q27 haplotype melts at 55°C
and R16-Q27 haplotype at 60°C (Figure 1). Genotypes were confirmed for 30 samples, for
which the melting temperatures differed from average by +0.5°C

Statistical analysis
Case-control analyses were performed to investigate if alleles, genotypes or haplotypes of
ADBR2 were associated with JIA. The JIA cohort was analyzed as a whole, as well as after
stratification by JIA subtypes and by gender. A meta-analysis of the G16R variant was
performed under a fixed-effects model, weighting the studies by sample size. Statistical
significance was set at p <0.05. All analyses were carried out using SAS 9.1.3 (SAS Institute,
Cary, NC, USA)
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Results
The distribution of expected and observed frequencies of different genotypes at positions 16
and 27 were in Hardy-Weinberg equilibrium (HWE) among controls. There was a minor
deviation from HWE at position 16 among cases (p <0.03), but at position 27 there was no
departure from HWE. At position 16, the frequency of the minor allele (R16) was 38% among
controls and 37% among cases. At position 27, the frequency of the minor allele (E27) was
41% among controls and 42% among the cases. These are comparable to minor allele
frequencies of these two variants among individuals of European ancestry of 33% and 47%,
respectively, in the HapMap project. There were no statistically significant differences between
cases and controls with respect to allele frequencies at either position (Table 1). Similarly there
were no statistically significant differences between cases and controls with regard to genotype
frequencies. Specifically, individuals homozygous for the R16 variant were not at an increased
risk of JIA. When analyses were repeated after stratifying cases by the different JIA subtypes,
again there were no significant differences in the allele or genotype frequencies between cases
and controls. We also found no statistically significant differences in allele or genotype
frequencies between cases and controls stratified by gender.

The frequencies of the G16-E27, R16-Q27 and G16-Q27 haplotypes were 42%, 37% and 21%
respectively among the controls, and 41%, 38% and 21% among the cases, respectively. We
did not observe any individuals carrying the R16-E27 haplotype. Overall, the haplotype
distributions were very similar between cases and controls. Neither JIA, nor any of the JIA
subtypes, were associated with any of the ADBR2 haplotypes.

In a case-control study of children with bronchial asthma, JIA (n=86), and controls (n=270),
Schubert et al. investigated two SNPs in the ADRB2 gene, including the G16R variant.[15]
Cases and controls were of German descent. The Q27E variant was not typed in that study.
The minor allele frequency at position 16 (R16) was 38% among controls and 43% among
cases in that study. Including individuals from that study, our pooled analysis of 434 JIA cases
and 718 controls found no association between JIA and the R16 allele. The pooled minor allele
frequency was identical (38% in both cases and in controls).

Discussion
JIA is an inflammatory arthropathy in which T-cells with a pro-inflammatory cytokine profile
play key roles in the perpetuation of immune responses. Alterations in the interactions between
the autonomic nervous system and the immune system could be associated with autoimmune
disorders. Autonomic dysfunction has been reported in several autoimmune disorders,
including RA.[4,5] Children with active JIA demonstrated higher resting heart rates than
controls.[7] This increase was not seen when JIA was inactive, suggesting that JIA is also
associated with autonomic dysfunction.

The interaction between the nervous system and the immune system is critical to maintain
immune homeostasis.[8] The sympathetic nervous system influences the immune system
through the release of norepinephrine. β2-ARs expressed on B-cells, naïve CD4 cells and Th1
cells mediate the interaction between the sympathetic nervous system and the immune system.
[8,18] In a study of β2-adrenergic mechanisms in experimental arthritis, Levine et al found
that administration of specific β2-AR antagonists significantly retarded disease onset and
reduced the severity of arthritis.[18] This suggests that β2-ARs contribute to joint injury in
experimental arthritis. Activation of the β2-ARs results in the production of cAMP, which
regulates cellular processes such as production of cytokines. Children with JIA demonstrate
altered responses to catecholamines and have decreased cAMP levels compared to healthy
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controls.[6] Together, these observations suggest that β2-ARs could play important roles in
inflammatory arthropathies, including JIA.

ADRB2 variants have been associated with RA in Swedish and German cohorts, [11,12], as
well as with myasthenia gravis [13] and Graves disease.[14] We undertook this study to
investigate the same variants in JIA. Our results do not support a major role for these two
functional ADRB2 variants in JIA or any of the JIA subtypes. A minor role for these cannot be
excluded given that our cohort size was modest. Both RA studies suggest that the R16 variant
is associated with increased RA risk, (OR:2-3 for the R allele).[11,12] Myasthenia gravis also
demonstrates an association with the R16 variant (OR:3.6, for the RR genotype).[13] Our JIA
cohort is adequately powered to detect an association with an OR of ∼1.5 for both
polymorphisms.

Lack of power can be a major limitation of case-control studies. Hence we performed a meta-
analysis. The combined cohort of 1152 subjects has 80% power to detect an association with
an OR of ∼1.4, but a meta-analysis of the G16R variant did not find an association with JIA.
Although our cohort was ascertained in the United States and that of Schubert et al., was from
Germany, we felt a meta-analysis was justified because the population of Utah is genetically
similar to other Northern European-derived populations.[19] It should be noted that our RF-
positive JIA cohort is small, and a larger cohort would be necessary to determine if there is an
association with this or other JIA subsets. When we combined all polyarticular JIA subjects
and repeated the analyses, we still did not find an association with either variant (data not
shown). The minor departure from HWE at position 16 among cases is unlikely to be
responsible for the observed lack of association.

JIA is a clinically and genetically heterogeneous disease.[3,20] The lack of the association
observed here might reflect the differences between the different subtypes of JIA. Thus, our
cohort is underpowered to detect associations between the individual subtypes of JIA and these
variants. While there are some examples of common genetic susceptibility factors between JIA
and RA such as PTPN22 and TNFA, others, like CCR5, show conflicting results in different
populations.[3,21,22]

Although the associations between ADRB2 variants and RA appear to be validated, having
been seen in two different cohorts, larger studies are necessary to confirm this association.
Recent meta-analyses have failed to confirm several positive associations reported in small
initial cohorts of patients with RA. Our results suggest that although RA and JIA share several
clinical and pathological features, as well as some common genetic risk factors, ADRB2
variants do not appear to play a major role in susceptibility to JIA.
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Fig 1. Example of direct molecular haplotyping of the R16G and Q27E polymorphisms in ADRB2
Haplotypes are determined by negative derivative melting curves (fluorescence with respect
to temperature,-dF/dT) of a fluorescent probe that analyze both loci simultaneously. In samples
with 1 melting peak, both chromosomes contain the same haplotype while in samples with 2
melting peaks the 2 chromosomes have different haplotypes. Multiple examples of each of the
possible four combinations of haplotype in an individual are shown. The probe is most stable
with the R16-Q27 haplotype (Tm ∼60°C), has one mismatch with the G16-Q27 haplotype (Tm
∼55°C), and has two mismatches with the G16-E27 haplotype (Tm∼40°C).
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