
1907Kim, et al: Polymorphisms in AS

Interleukin 1 and Nuclear Factor-κB Polymorphisms in
Ankylosing Spondylitis in Canada and Korea 
TAE-HWAN KIM, MILLICENT A. STONE, PROTON RAHMAN, DAE-HYUN YOO, YONG-WOOK PARK, 
URSULA PAYNE, DAVE HALLETT, and ROBERT D. INMAN

ABSTRACT. Objective. The interleukin 1α and 1ß (IL-1α, IL-1ß) are potent mediators of inflammation and
immunity. IL-1 receptor antagonist (IL-1Ra) is a protein that binds to IL-1 receptors and competi-
tively inhibits the binding of IL-1α and IL-1ß. There are reports of IL-1 complex gene polymor-
phisms in ankylosing spondylitis (AS), but the results have been inconsistent. NFKB1 encodes the
genes for the p50 and p101 nuclear factor-κB (NF-κB) isoforms, which are recognized as critical to
inflammatory disease. To date there have been no reports examining an association between NFKB1
and AS. We investigated polymorphisms of IL-1 complex and NF-κB1 with 2 genetically and geo-
graphically different populations.
Methods. Subjects with AS satisfied modified New York criteria for AS. Healthy controls were
recruited at each respective site. Subjects with AS were genotyped for the following: IL-1α –889 sin-
gle nucleotide polymorphism (SNP); IL-1ß +3953 SNP; IL-1Ra (86 base pair variable number tan-
dem repeat within intron 2); and NFKB1 (–94 insertion/deletion polymorphism).
Results. In total, 205 subjects with AS and 200 controls from Seoul, Korea, and 68 subjects with AS
and 164 controls from Toronto, Canada, were genotyped for the IL-1α and IL-1ß polymorphisms
and 115 controls for the IL-1Ra and NF-κB polymorphisms. There were no differences of IL-1α, IL-
1ß, IL-1Ra, and NF-κB polymorphisms between AS patients and controls in these populations.
Conclusion. Our analysis of these SNP in the IL-1 complex and NF-κB genes does not support a
major role for either in AS susceptibility in the Seoul and Toronto populations. (J Rheumatol
2005;32:1907–10)
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Ankylosing spondylitis (AS) is the prototype of the spondy-
loarthropathies (SpA) and is characterized by inflammation
of spine and sacroiliac joints. Although HLA-27 is the dom-
inant gene with respect to AS susceptibility, whole-genome
screening in western populations with AS has implicated
non-MHC genes in conferring susceptibility1.

The interleukin 1 (IL-1) family consists of 3 homologous
proteins: IL-1α, IL-1ß, and IL-1 receptor antagonist (IL-

1Ra). These are encoded by the genes IL-1A, IL-1B, and IL-
1RN, respectively2. The IL-1α and IL-1ß proteins are syn-
thesized by a variety of cell types including activated
macrophages, stimulated B lymphocytes, and fibroblasts,
and are potent mediators of inflammation and immunity.
The IL1RN protein binds to the IL-1 receptor and competi-
tively inhibits the binding of IL-1α and IL-1ß. As a conse-
quence, the biologic activity of these 2 cytokines can be
neutralized in physiologic and pathophysiologic inflamma-
tory responses2. The IL-1 family gene cluster is located on
chromosome 2q13, and this region shows strong linkage in
genome-wide screens1. There are increased IL-1ß levels in
serum from patients with AS, and AS patients exhibit dimin-
ished IL-1ß production after mycoplasma infection3,4. There
are some reports that polymorphisms of IL-1Ra gene, not
IL-1α/IL-1ß, are associated with inflammatory diseases
including AS5-7.

Nuclear factor-κB (NF-κB) is an inducible transcription
factor that regulates expression of key cytokines involved in
the pathogenesis of inflammatory joint diseases. Recently,
the first potentially functional polymorphism of the NFKB1
gene was described8: an ATTG insertion/deletion polymor-
phism that was associated with ulcerative colitis (UC).
Given that an association has been reported several times
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between UC and polymorphisms in the tumor necrosis fac-
tor-α (TNF-α) gene9, and that TNF-α is involved with
induction of NF-κB production and TNF-α is the most
important cytokine in the pathogenesis of AS, we investi-
gated polymorphisms of the IL-1 family and NF-κB pro-
moter in 2 AS populations differing widely both geographi-
cally and ethnically.

MATERIALS AND METHODS
Patients. Patients with AS were drawn from the Spondylitis Clinics at the
Hospital for Rheumatic Diseases, Hanyang University, Seoul, and the
Toronto Western Hospital, University of Toronto. All patients satisfied the
modified New York criteria for the diagnosis of AS10. Controls were from
the same ethnic background of both areas and were healthy at the time
blood samples were obtained. The study was approved by the respective
regional ethics committees, and written informed consent was obtained
from all study participants.

Genotyping. IL-1α, IL-1ß, NFKB1. DNA samples were genotyped for 2 IL-
1 variants and NF-κB by time-of-flight mass spectrometry using the
Sequenom platform (Table 1). First, 2.5 ng of genomic DNA was amplified
under standard conditions using the forward and reverse primer pairs and
reactions were multiplexed where possible. After DNA amplification, all
unincorporated nucleotides in the polymerase chain reaction (PCR) product
were deactivated using shrimp alkaline phosphatase. A primer extension
reaction was then carried out using the mass-extend primer and the appro-
priate termination mix as indicated in Table 1. The primer extension prod-
ucts were then cleaned and spotted onto a SpectroChip. The chip was
scanned using a mass spectrometry workstation (Bruker), and the resulting
spectra were analyzed using the Sequenom SpectroTyper-RT software.

IL-1Ra. The following protocol was followed for DNA amplification: the
PCR reaction mixture contained 1× PCR buffer [50 mM KCl, 10 mM Tris-
HCl (pH 9.0 at 25°C), 1.5 mM MgCl2, and 0.1% Triton X-100], 1.5 mM
MgCl2, 30 µM each of dNTP, 6% DMSO, 1 µM each forward and reverse
primer, 0.4 units of Taq DNA Polymerase (Promega, Madison, WI, USA),
and 100 ng of genomic DNA. The PCR was amplified in a DNA Engine
Tetrad (MJ Research, Watertown, MA, USA) with an initial denaturation at
94°C for 2 min, followed by 40 cycles of 94°C denaturation for 60 s, 58°C
annealing for 60 s, and 72°C extension for 90 s, and a final extension step
at 72°C for 2 min. The PCR products were run on a 2% agarose gel con-
taining ethidium bromide and were visualized with UV light.

Statistical analysis. Minor allele frequencies for cases and controls were
assessed using the p value from the Wald chi-square statistics, and odds
ratios and 95% confidence intervals were also based on the Wald tests.

RESULTS
In total, 405 subjects from Seoul were genotyped (205
patients with AS, 200 controls); 232 subjects from Toronto
(68 patients with AS, 164 controls) were genotyped for the
IL-1α and IL-1ß polymorphisms, and 115 controls for the
IL-1Ra and NF-κB polymorphisms. In Seoul, patients and
controls were exclusively native-born Koreans; 92% (n =
188) of the Korean AS patients were men. The mean age of
the AS patients was 31.4 years and mean disease duration
was 11.6 years. HLA-B27 was present in 99% (201/203);
58% had peripheral arthritis and 22% had a history of
uveitis. There were no patients with inflammatory bowel
disease (IBD) or psoriasis. In Toronto, only Caucasian sub-
jects with AS were selected for study; 81% (n = 55) of the
Canadian AS patients were men. The mean age of these
patients was 39.3 years; 52% had peripheral arthritis and
22% had a history of uveitis. In the Canadian AS cohort,
21% had IBD and 9% had psoriasis. HLA-B27 was positive
in 83%. In both centers, controls were healthy volunteers
screened by questionnaire to exclude those with a personal
or family history of arthritis.

There were no differences of IL-1α, IL-1ß, IL-Ra, and
NFKB1 polymorphism in the 2 populations (Table 2).
Compared to patients and controls in Seoul, Toronto sub-
jects showed a higher frequency of IL-1α, IL-1ß, and allele
2 frequency of IL-1Ra. Stratification by sex and B27 status
did not affect the results.

DISCUSSION
Chromosome 2q13, on which the IL-1 family gene cluster
lies, yields a strong signal in genome-wide screens of AS1.
Several polymorphisms of the IL-1 family cluster have been
examined in inflammatory diseases including AS5-7,11,12.
These are position –889 of IL-1α, positions –31, –511 and
+3953 in IL-1ß, and some single nucleotide polymorphisms
(SNP) and variable number tandem repeats (VNTR) on
intron 2 of the IL-1RN gene. VNTR intron 2 of IL-1RN is
associated with insulin-dependent diabetes mellitus13 and
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Table 1. Oligonucleotide sequence for the IL-1 family and NFKB1.

Variation Primer Sequence

IL1-α –889 Forward 5’- ACG TTG GAT GTT GGG AGA AAG GAA GGC ATG -3’
RS1143634 Reverse 5’ - ACG TTG GAT GTT CTA CCA CCT GAA CTA GGC -3’

Extension 5’- TTT ACA TAT GAG CCT TCA ATG -3’
IL1ß +3953 Forward 5’- ACG TTG GAT GAG TGA TCG TAC AGG TGC ATC -3’
Rs1800587 Reverse 5’ - ACG TTG GAT GGT GCT CCA CAT TTC AGA ACC -3’

Extension 5’- CTC GTT ATC CCA TGT GTC -3’
NFKB1 –94 Forward 5’- ACG TTG GAT GTA GGG AAG CCC CCA GGA AG -3’
AF213884 Reverse 5’ - ACG TTG GAT GAT GAC TCT ATC AGC GGC ACT -3’

Extension 5’- CGC CTG CCG GGC CCA AT -3’
IL1Ra Forward 5’- CTC AGC AAC ACT CCT AT-3’
AF387734 Reverse 5’ - GCA GCA ATA ATG AAG AG -3’

Product 2 repeats: 335 bp; 3 repeats: 421 bp
Size 4 repeats: 507 bp; 5 repeats: 593 bp
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ulcerative colitis14. The IL-1α polymorphism is associated
with psoriatic arthritis15 and juvenile chronic arthritis16. The
association of VNTR with AS has been positively reported
in European populations5,6. In a UK study, no significant
differences were seen at the polymorphic alleles in the IL-
1α and IL-1ß genes, but there was a significant increase in
the carriage of VNTR allele 2 of IL-1RN in patients with AS
compared with controls (16% vs 8%; p = 0.01)5. A study
from The Netherlands showed the same result as the UK
investigation6. But Djouadi, et al showed there was no asso-
ciation between IL-1 genes and AS17. A previous Canadian
study analyzed SNP of IL-1RN instead of VNTR allele 2 of
IL-1RN. The frequencies of allele C at SNP position 30735
allele and allele G at position 31017 in exon 6 were
increased in AS patients compared to controls. A highly sig-
nificant difference in the overall distribution of haplotype
frequencies was also evident between cases and controls7.
We analyzed C889T of IL-1α, C3953T of IL-1ß, and 2
repeats of intron 2 (allele 2), but our findings indicated there
was no difference between AS patients and controls in 2 dif-
ferent populations, consistent with the findings of Djouadi,
et al17. Further SNP analysis of IL-1RN (reported to be
associated with AS7) is still required.

The frequency of the IL-1Ra1 allele differs in different
AS study populations. One report from Scotland5 showed
that the frequency of 2 repeats of the 86 base pair length of
IL-1RN is increased in AS patients compared with controls.
Although the frequency of 2 repeats in subjects in Seoul was
lower than in those in Toronto in both AS patients and con-
trols, there were no differences in the 2 populations. This
finding is compatible with a report by Pyo, et al from
Korea18. The low numbers of patients with IBD and psoria-
sis precluded an analysis of subset association with these
genetic markers. Our analysis also did not include stratifica-
tion by disease severity as defined for functional status (by
the Bath Ankylosing Spondylitis Functional Index, BASFI)
or radiographic criteria, and future studies might address
this aspect, although larger numbers of subjects may be
required.

NF-κB proteins are transcription factors that regulate

various biological defense processes and apoptosis.
Although there are 5 members of NF-κB, NFKB1 that
encodes genes for the p50 and p101 NF-κB isoforms is par-
ticularly important for inflammatory diseases8. In UC there
is an association with a distinct promoter polymorphism that
affects the ability to bind nuclear proteins8. Although whole-
genome screening in AS has not revealed a linkage with
chromosome 4q, where NFKB1 is located1, because TNF-α
has proved to be a critical cytokine and NF-κB is important
for regulation of TNF-α, we examined the possible role of
NF-κB in AS. We found no differences in 2 AS populations
in the context of local controls.

For the IL-1α –889 SNP, IL-1ß +3953 SNP, and NFKB1
(–94 insertion/deletion polymorphism), the genotypes in
both the control groups showed no evidence of a departure
from Hardy-Weinberg equilibrium. If we assume that there
was a 10% difference in the allele frequency between cases
and controls for both populations, then a total of 273 cases
and 364 controls examined in the 2 populations would result
in 80% power for our study19. As the IL-1Ra is an 86 base
pair VNTR with at least 5 alleles, Hardy-Weinberg equilib-
rium will have very low power due to the large number of
alleles and will be very sensitive to small cells. As a result
this analysis is likely not appropriate in this circumstance.

Although the IL-1 family, as well as NF-κB, is very
important in inflammation, we found no association with
selected SNP of these genes and AS, studying 2 very diverse
AS cohorts.
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