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Abstract The aim of this study was to investigate the
association of single-nucleotide polymorphisms (SNPs) in
IL23R with ankylosing spondylitis (AS) in Chinese Han
population. Six SNPs were selected for analysis in AS
patients and controls. The IL23R mRNA expression was
detected using RT-PCR. The differences in the genotypes of
rs11209032 and the differences in the genotypes and allele
frequencies of rs6677188 between cases and controls were
significant. The two SNPs rs11209032 and rs6677188 were
in strong linkage disequilibrium. Haplotype analysis noted
a higher proportion of GAC in cases and a higher propor-
tion of GTC in controls. The patients with AS showed an
elevated level of IL23R mRNA in PBMCs. This study sug-
gested that IL23R polymorphisms were associated with
susceptibility to AS in the Chinese population and that
IL23R may be involved in the development of AS.
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Introduction

Ankylosing spondylitis (AS) is a kind of seronegative
spondyloarthropathy, which is characterized by sacroiliitis
and a variety of extra-articular manifestations, with an esti-
mated prevalence of 0.1-0.9%. Genetic factors have been
strongly implicated in its etiology, and heritability as
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assessed by twin studies has been estimated to be >90%.
Although HLA-B27 is present in >95% with AS and is the
major gene associated with this disease, only 1-5% of ran-
dom B27 carriers develop the disease, and B27 contributes
to only 20-30% of the overall genetic predisposition [1]. In
addition to B27 allele contribution, several case—control
studies have noted that some non-HLA genes such as IL-1
family gene cluster, CYP450 and the ANKH gene are asso-
ciated with susceptibility to AS [2-4].

IL23R is the receptor for interleukin-23 (IL-23), a pro-
inflammatory cytokine, which is composed of a unique p19
subunit in addition to a p40 subunit shared with IL-12, and
is involved in memory T-cell regulation [5]. IL23R was
identified as a novel member of the hemopoietin receptor
family as a subunit of the receptor for IL-23 and associated
constitutively with Jak2 and in a ligand-dependent manner
with stat3. IL23R expression on T cells, NK cells, mono-
cytes, and DCs corresponds with the ability of those cells to
respond to IL-23 [6, 7]. The IL23R gene is located on chro-
mosome 1p31 and forms a receptor for IL-23, together with
the beta 1 subunit of IL-12 (IL-12RB1) [6]. At least six
alternatively spliced mRNAs of IL23R gene is expressed to
generate diverse isoforms of the receptor protein [8]. IL23R
polymorphisms have recently been reported to be strongly
associated with both IBD and psoriasis [9—11]. AS is clini-
cally related to both inflammatory bowel disease (IBD) and
psoriasis, with an increased risk of AS in both conditions
and an increased prevalence of IBD and psoriasis in AS.

A recent study genotyped 14,436 nonsynonymous SNPs
from independent cases of AS and observed strong associa-
tion between IL23R polymorphisms and AS [12]. The
SNPs rs11209026, rs1343151 and rs11209032 lying in
IL23R have been observed to be associated significantly
with AS in the UK and North American populations [12].
Thus, we performed genotyping of the three SNPs and
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another three SNPs near these, based on their physical dis-
tances, to examine the association of IL23R polymorphisms
in the AS population of China.

On the basis of previous data, we enrolled 138 cases and
129 ethnically matched controls from a Chinese population.
In addition to analyzing the genotypes and allele frequen-
cies of the SNPs, we also performed linkage disequilibrium
(LD) analysis and haplotype analysis to seek further evi-
dence of association with AS in the region. Furthermore,
we examined the IL23R mRNA expression in peripheral
blood mononuclear cells (PBMCs) to find out whether there
were abnormalities in AS patients.

Materials and methods
Patients

This study was approved by the Ethics Committee of the
Third Affiliated Hospital of Sun Yat-Sen University.
Informed consent was obtained from all patients. All the
subjects were of Chinese Han population and satisfied the
Modified New York Criteria for the Classification of AS.
Information was collected systematically and included age
of onset, HLA-B27, CRP, ESR, standardized measures of
disease activity and function for AS [Bath AS Disease
Activity Index (BASDAI) and Bath AS Functional Index
(BASFI)]. Control subjects were recruited from medical
students and volunteers from the Chinese Han population
and had no history of autoimmune diseases.

As much as 138 AS sporadic cases and 129 ethnically
matched controls were assessed for genotype assay. The
mean age of patients with AS was 29.2 years (SD 10.2);
89.1% of AS were male and 87.6% were HLA-B27-posi-
tive. The mean age of control was 35.4 years (SD 12.1) and
51% of controls were men. The mean BASDALI score for
AS patients was 3.7 years (SD 2.0) and the mean BASFI
was 2.3 (SD 2.2).

Thirty patients with AS (26 men and 4 women) with an
average age of 29.7 years (SD 7.2) and 30 healthy individu-
als (20 men and 10 women) with an average age of
26.9 years (SD 7.9) were included in IL23R expression
study. The mean BASDAI, BASFI, ESR and CRP for AS
patients were 5.4 (SD 1.7), 4.7 (SD 2.5), 56.97 mm/h (SD
11.45) and 38.33 mg/L (SD 27.03), respectively.

Polymerase chain reaction and sequencing

Fasting venous blood samples were obtained from the study
participants and genomic DNA was extracted from blood
lymphocytes by a standard salting out procedure. The SNPs
rs11209026, rs1343151 and rs11209032 were selected
based on previous studies and another three SNPs nearby
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Table 1 Primer sequences of SNPs of IL23R gene

SNPs Genome Forward primers Reverse primers
location

rs11209026 67478496  ccctacatcaccctetttge cctggtttccactcaaacaca

rs1343151 67491717  gccaaatgaagctcaccact — tgtagagagtttggcatggta

rs11209032 67512680 caggttttcactcatgtctge  agcaaatgatggcaagaagg

were also included. SNP genotyping was performed by
PCR direct sequencing method. The reaction system con-
tained 1 pl of 100 ng/ul genomic DNA, 0.25 ul of Taq
polymerase, 0.5 pl of 2.5 mM dNTP mixture, 2.5 pul of
buffer (plus Mg?**) and 0.5 pl of primers (forward and
reverse) and was adjusted with Milli-Q H,O to a total vol-
ume of 25 pl. The PCR product underwent strict purifica-
tion before bi-directional sequencing with ABI 3700
automated sequencer (Applied Biosystems, USA). The
primer sequences are shown in Table 1.

RNA preparation and RT-PCR

Total RNA was extracted from PBMCs (3 x 10%ells)
using QIAamp RNA blood kits (QIAGEN, USA) according
to the manufacturer’s instrctions. RT was performed using
the RevertAid " First Strand cDNA Synthesis Kit (Fermen-
tas) in 20 pl final volume reactions containing 1 pg RNA.
PCR amplificaton of cDNA aliquots was performed by add-
ing 1.25 mM of each dNTP, 1.25 U Taq DNA polymerase
(Takara) and 20 uM of sense and antisense primers. The
reaction was performed in 25 pl of PCR buffer (15 mM
MgCl,, 500 mM KCl, 100 mM Tris-HCI, pH 8.3). The
sense and antisense primers used in this experiment were:
IL23R: sense: 5'-CAC AAG CCT ACA GAC TAC AA-3';
antisense: 5'-CTG GAA TAG TTT CAC TGG GT-3';
p-actin: sense: 5'-GGA CTT CGA GCA AGA GAT GG-3';
antisense: 5'-TGT GTT GGC GTA CAG GTC TTT G-3'.
Reactions were processed in a DNA thermal cycler through
30 cycles of 30 s of denaturation at 94°C, 45 s of annealing
at 55°C for IL23R and at 58°C for f-actin, followed by 45 s
of elongation at 72°C. PCR products were run on a 1.8%
agarose gel and stained with ethidium bromide. The level
of mRNA expression was presented as a ratio of IL23R
PCR product over ff-actin product.

Statistical analysis

Hardy—Weinberg equilibrium was performed by the »2
analysis. Both genotypes and allele frequencies were calcu-
lated and compared by y* test using the SPSS 13.0 for
Windows software. The magnitude of association was
expressed as odds ratio with a 95% confidence interval



Rheumatol Int (2010) 30:955-959

957

(CI). Linkage disequilibrium and haplotype analysis were
carried out by SHEsis. RT-PCR data are expressed as
means £ SDs. Statistical analysis was performed using ¢
test (SPSS 13.0).

Results

Genotypes and allele frequencies in controls and patients
with AS

All the genotypes detected for SNPs rs11209026 and
rs11465816 were homozygous, which was consistent
with the HapMap data. Only one heterozygous genotype
was detected for rs10889671. Consequently, SNPs
rs11209032, rs6677188 and rs1343151 were included in
the case—control study and all observed genotypes and
allele frequencies met Hardy—Weinberg equilibrium. No
significant differences were found in genotypes and
allele frequencies of rs1343151 polymorphisms and no
significant differences were found in allele frequencies
of rs11209032 polymorphisms between cases and con-
trols. The differences of the genotypes and allele fre-
quencies of rs6677188 and the genotypes of rs11209032
between cases and controls were statistically significant
(P < 0.001)(Table 2).

LD and haplotype frequency estimation

For the IL23R SNPs, pairwise linkage disequilibrium (LD)
and haplotype were analyzed. The two SNPs, rs11209032
and rs6677188, were in strong LD (D’ = 0.925, P = 0.561).
A significantly higher proportion of GAC haplotype was
noted in cases (odds ratio 2.048, 95%CI 1.404-2.986,
P =0.000179) and a significantly higher proportion of GTC
haplotype was noted in controls (odds ratio 0.158, 95%CI
0.076-0.328, P = 3.58 x 107%).

M 1 2

3 4 5 6 7

8 9 10

IL23R
B-actin

Fig. 1 RT-PCR analysis of IL23R in PBMCs from AS patients
(n = 30) and normal control subjects (n = 30). RNA was extracted from
PBMC:s of AS patients (lanes 1-5) and normal control subjects (lanes
6-10)

Expression of IL23R mRNA in PBMCs of AS patients
and normal control subjects

The expression of the IL23R mRNA was normalized by the
respective f-actin mRNA. The average intensity ratio of
IL23R PCR product/f-actin product (0.75 £ 0.25) in
patients with AS was significantly higher than that in nor-
mal control subjects (0.44 £ 0.21; P < 0.001; Fig 1).

Discussion

IL-23 is a heterodimeric protein that is a member of the
IL-12 family of cytokines. It is composed of a p19 subunit
in addition to a p40 subunit, which is also a component of
IL-12. TL-23 also has one receptor subunit in common
with IL-12, IL12Rf51. Although IL-23 has its own unique
subunit IL23R, together with IL12Rf31, forms the signal-
ing complex [13]. Recent studies have identified IL-23 as
a key player in both innate and adaptive immune systems.
Most IL-23 is secreted by activated dendritic cells, mono-
cytes and macrophages following their exposure to patho-
gen-derived molecules that bind to toll-like receptors. IL-23
stimulates a unique CD4* helper T-cell population charac-
terized by the production of IL-17, tumor necrosis factor
and IL-6, known as Th17 cells. These cells play a central

Table 2 Genotypes and allele frequencies of IL23R polymorphisms in AS patients and healthy controls

rs number Group Allele P value Genotype P value
A T A/A A/T T/T
6677188 AS patients 118(0.45) 144(0.55) 0.00* 0(0.00) 118(0.90) 13(0.10) 0.00*
Controls 77(0.30) 181(0.70) 8(0.06) 61(0.47) 60(0.47)
C T C/IC C/T T/T
1343151 AS patients 259(0.97) 9(0.03) 0.880 126(0.94) 7(0.05) 1(0.01) 0.901
Controls 248(0.97) 8(0.03) 120(0.94) 8(0.06) 0(0.00)
A G A/A A/G G/G
11209032 AS patients 131(0.51) 127(0.49) 0.481 6(0.05) 119(0.92) 4(0.03) 0.00*
Control 139(0.54) 119(0.46) 27(0.21) 85(0.66) 17(0.13)

*Significant at the 0.001 level
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role in driving autoimmune inflammation in a number of
animal models. IL-17 stimulates monocytes and endo-
thelial cells to produce proinflammatory mediators,
which in turn promote rapid neutrophil recruitment [14].
IL-23p19 mRNA expression was found to be elevated in
psoriatic lesions and biopsy specimens from inflamed
areas in both Crohn’s disease (CD) and ulcerative colitis
(UC) [15, 16]. TNF antagonists have been approved for
the treatment of psoriasis and CD [17]. All these find-
ings suggest that the IL23R pathway may have impor-
tant implications in the pathogenesis of chronic
inflammatory disease.

IL23R gene polymorphisms have been recently reported
to be associated with an autoimmune inflammatory disease,
IBD, [18] and this association has been replicated in differ-
ent populations [9, 19-21]. Although it seems that IL23R
plays an important role in the susceptibility to IBD and
other autoimmune diseases, recent studies did not find an
association with rheumatoid arthritis (RA) or with systemic
lupus erythematosus (SLE) in a Spanish population [22,
23].

Given the clinical and immunological overlap between
IBD and AS, studies sought to examine the association
between IL23R polymorphisms and AS and indicated that
IL-23R was a major genetic determinant of the susceptibil-
ity to AS [12]. Our study attempted to determine the contri-
bution of IL23R polymorphisms in AS in Chinese
population. The genotypes of SNPs rs11209026 and
rs11465816 that we detected were all homozygous, which
is consistent with the HapMap data (http://www.hapmap.
org). We did not find significant difference between cases
and controls in the rs1343151, which was associated with
AS in the North American data set [12]. The difference
between these two studies may be a result of different eth-
nic backgrounds or disease heterogeneity. The most signifi-
cant SNP in our study was rs6677188; we noted a
significant difference between AS patients and controls for
the genotypes and allele frequencies. We also noted a sig-
nificant difference for genotypes of rs11209032 between
AS patients and controls. These two SNPs, which locate in
the intergenic region and encode no amino acids, in particu-
lar, confer susceptibility to AS. Besides, they may correlate
to the shearing of mRNA or function in the interaction of
IL23R and its adjacent gene IL12RB2 by an unknown
mechanism. TagSNPs in linkage disequilibrium with these
SNPs might reveal more functionally putative variants in
the future. Furthermore, we reported for the first time the
distribution of rs6677188 since it was discovered. We sub-
sequently analyzed pairwise LD and haplotype of
rs11209032, rs6677188 and rs1343151 and found that
rs11209032 and rs6677188 are in strong LD. Haplotype
GTC was protective in AS, while haplotype GAC may be a
risk factor for AS. All these data added to our knowledge of
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the involvement of IL23R polymorphisms as a genetic
component in AS.

Until now, no research has been done on the expression
of IL23R related to autoimmune diseases. To explore
whether IL23R expression was different between AS
patients and controls, we examined the IL23R mRNA
expression in PBMCs using RT-PCR. Fortunately, we
found significantly higher levels of IL23R in AS patients
than in controls. This suggests that further analysis for
IL23R in AS and other autoimmune diseases should be
valuable.

In conclusion, we suggest that the IL23R gene polymor-
phisms play a relevant role in the susceptibility to AS in the
Chinese population, which is consistent with the results
previously obtained in other populations. These results may
propose a new understanding of the etiology and pathogen-
esis of AS and suggest that the Th17 T-cell subset is at the
center of the process, which leads to the development of the
disease. These data suggest that IL-23/I[L23R system may
be a novel potential therapeutic target for AS.
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