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Abstract We investigated the relation between polymor-
phisms in the interleukin-1(IL-1) and IL-1 receptor antago-
nist (IL-1ra) gene, and bone mineral density (BMD) in
postmenopausal Korean women. The IL-1a C-889T poly-
morphism, and IL-1b C-511T polymorphism were examined
by restriction fragment length polymorphism, and 86-bp
variable number tandem repeat polymorphism in the IL-1ra
gene was analyzed by the polymerase chain reaction and
electrophoresis in 202 postmenopausal Korean women. Se-
rum osteocalcin, and C-telopeptide of type I collagen were
measured using a radioimmunoassay and enzyme-linked
immunosorbent assay, respectively. BMD at the lumbar
spine and proximal femur was measured by dual-energy X-
ray absorptiometer. No significant differences in BMD or in
serum bone markers levels were noted across the IL-1a or
IL-1b genotype. There were no significant differences in the
distribution of IL-1a or IL-1b genotype according to the
status of bone mass. BMD in women carrying the A2 allele
of the IL-1ra gene was significantly lower than those with-
out this allele, and the A2 allele was more frequent in
osteoporotic women than in normal women. These data
suggest that IL-1ra gene VNTR polymorphism is a genetic
factor that may affect BMD in Korean women.
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Introduction

Osteoporosis is defined as a skeletal disorder characterized
by compromised bone strength predisposing a person to an
increased risk of fracture [1]. Bone mineral density (BMD)
accounts for approximately 70% of bone strength. It has
been estimated that genetic influences account for 70% of
individual variances in BMD, the major determinant of
fracture risk [2]. However, studies of several candidate
genes in various populations have reached different conclu-
sions [3]. The relation between candidate gene polymor-
phisms and bone mass is not universal among different
ethnic populations, and osteoporosis genes have not yet
been defined. We have recently demonstrated that estrogen
receptor (ER) PvuII and XbaI polymorphisms [4], insulin-
like growth factor (IGF-I) (CA) polymorphism [5], and the
vitamin D receptor (VDR) baTL haplotype [6] are possible
candidate genetic factors in Korean women. Moreover, it
has been suggested that osteoporosis has a polygenic trait;
therefore, further studies on other candidate genes are
required.

The interleukin-1 (IL-1) system is composed of IL-1a,
IL-1b, and IL-1 receptor antagonist (IL-1ra). IL-1a, and IL-
1b are known to be potent stimulators of bone resorption
[7]. They stimulate the proliferation and differentiation of
osteoclast precursors and activate mature osteoclasts. IL-
1ra is a competitive inhibitor of IL-1, as it binds to the same
receptor sites as IL-1. IL-1 system genes are located on
chromosomes 2q14-21 [8]. The C-511T polymorphism in the
promoter region of IL-1b gene [9], and the 86-bp variable
number tandem repeat (VNTR) in intron 2 of the IL-1ra
gene [10] have been reported. A few studies [11–14] have
recently examined the possible relations between these
polymorphisms and BMD, but results remain controversial.
Furthermore, the association between the C-889T polymor-
phism in the IL-1a gene [15] and bone mass has not been
studied.

In the present study we investigated the relation between
polymorphisms in the IL-1a, IL-1b, and IL-1ra genes and
the BMD in postmenopausal Korean women.
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Materials and methods

Subjects

The study included 202 postmenopausal women, between
the ages of 48 and 70 years, who visited the Menopause
Clinic of Seoul National University Hospital for bone mass
examination and who agreed to participate in the study. All
of the subjects had been without spontaneous menses for at
least 1 year. They underwent a careful physical examination
and a medical history review. Blood glucose and hepatic
and renal functions were determined. Women who had un-
dergone bilateral oophorectomy or women with current
hepatic disease, renal disease, or diabetes mellitus were
excluded. None of the subjects had received any medication
known to affect bone metabolism before the study. All
subjects gave their informed consent, and the study proto-
col was approved by the Institutional Review Board of
Seoul National University Hospital.

Measurements of BMD and body mass index

The BMD was measured in grams per square centimeter at
the lumbar spine (L2–L4), femoral neck, trochanter, and
Ward’s triangle using a Lunar DPX-L dual-energy X-ray
absorptiometer (Lunar Radiation, Madison, WI, USA).
It was categorized into three groups according to the
World Health Organization’s criteria [16]: normal,
osteopenic, or osteoporotic, relative to the means and stan-
dard deviation of young adult Korean women. The in vivo
coefficient of variation was 1.4% for the lumbar spine, 2.1%
for the femoral neck, 1.1% for the trochanter, and 2.1% for
Ward’s triangle. The body mass index (BMI) was calculated
by dividing body weight (kg) by the square of body height
(m2).

Measurements of serum osteocalcin and carboxy-terminal
C-telopeptide of type I collagen (CrossLaps)

Blood samples were collected from all subjects in accor-
dance with the guidelines of the Declaration of Helsinki.
Serum osteocalcin (OST) was measured using a competitive
radioimmunoassay kit (Techno Genetics, Milan, Italy), with
a minimum detection limit of 0.1nM/l. The intra- and
interassay variations for OST were 4.0% and 5.1%, respec-
tively. Serum carboxy-terminal C-telopeptide of type I col-
lagen (CTX) was measured using a serum CTX one-step
enzyme-linked immunosorbent assay kit (Osteometer
Biotech, Herlev, Denmark), with a minimum detection
limit of 94pM/l; its intra- and interassay variations were
5.4% and 5.1%, respectively.

Determination of IL-1 system gene polymorphisms

Genomic DNA was extracted from peripheral blood leuko-
cytes using a QiaAmp blood kit (Qiagen, Hilden, Ger-
many). The 86-bp VNTR polymorphism of the IL-1ra was

analyzed as previously described [10]. A1 allele (four re-
peats) was 410bp, A2 allele (two repeats) 240bp, A3 allele
(five repeats) 495bp, and A4 allele (three repeats) 325bp.
The 304-bp fragment of genomic DNA containing the AvaI
polymorphic portion at position -511 (C-511T) relative to the
start site of transcription of the IL-1b gene was amplified by
PCR, as described by Chen et al. [14]. To analyze the NcoI
polymorphic site at position -889 (C-889T) of the IL-1a
gene, the 99 base fragment was amplified by PCR using the
same oligonucleotide primers and PCR reaction steps de-
scribed by McDowell et al. [15]. Absence of the AvaI and
NcoI sites was designated A or N allele, respectively, and
the presence of these restriction cutting sites was designated
a or n allele, respectively.

Statistical analysis

All data are expressed as the mean ± SE. Statistical analysis
was performed using the SAS statistical program (SAS In-
stitute, Cary, NC, USA). The genotype frequencies for each
of the three polymorphisms against Hardy-Weinberg ratios
and linkage disequilibria resulting from the nonrandom as-
sociations of the genotypes at the three polymorphic sites
were assessed by the c2 test. The distributions of IL geno-
types in normal, osteopenic, and osteoporotic postmeno-
pausal women were also assessed by the c2 test or by
Fisher’s exact test. Differences in anthropometric charac-
teristics between the various IL genotypes were tested using
one-way analysis of variance (ANOVA) followed by
Tukey’s test or using Student’s t-test. Similar comparisons
were made for BMD or the serum levels of bone turnover
markers using Student’s t-test, or after adjusting potential
confounding factors such as age, years since menopause, or
BMI by analysis of covariance (ANCOVA). P < 0.05 was
considered significant for all analyses.

Results

Four alleles in the IL-1ra VNTR polymorphism were ob-
served: A1 96.0%, A2 2.6%, A3 0.7%, and A4 0.7%. When
study subjects were grouped according to carriage of the A2
allele, two genotypes were noted: the heterozygotes A1A2
and A3A2 (5%) and the noncarriage group, A1A1, A1A4,
and A3A3 (95%). The distributions of the IL-1a NcoI and
IL-1b AvaI polymorphisms were as follows: nn 84.6%, Nn
14.9%, NN 0.5%, aa 31.7%, Aa 51.0%, and AA 17.3%,
respectively. These IL-1 system allele frequencies followed
the Hardy-Weinberg equilibrium. Linkage disequilibrium
analysis did not reveal any significant relations between the
IL-1ra VNTR polymorphism or the IL-1a NcoI and IL-1b
AvaI polymorphisms.

The frequency of A2 allele positivity was significantly
higher in osteoporotic women than in women with normal
BMD (10.3% vs 2.0%, P < 0.05), but there were no differ-
ences in the prevalence of IL-1a NcoI and IL-1b AvaI
genotypes between the former and the latter group (Table
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1). Mean age, years since menopause, and BMI were not
statistically different among the IL system genotypes. BMD
at the lumbar spine (P < 0.05), femoral neck (P < 0.05),
Ward’s triangle (P < 0.05), or trochanter (P < 0.005) in
women carrying the A2 allele was found to be significantly
lower than in those not carrying the corresponding allele
(Table 2). Serum OST levels in women carrying the A2
allele was significantly higher than in those not having the
A2 allele (P < 0.005). No significant differences in adjusted
BMD of the lumbar spine or proximal femur or the adjusted
serum levels of bone turnover markers were noted across
the IL-1a or IL-1b genotype (Table 2).

Discussion

Many genes are known to be involved in the regulation of
bone mass, and genotypic effects on bone mass may be
ethnically dependent. We previously reported that genetic
variation in the ER, IGF-I, and VDR loci may affect BMD
in ethnically homogeneous postmenopausal Korean women
[4–6]. In the present study we examined several polymor-
phisms of the IL-1 system genes and found that among
these polymorphisms the IL-1ra A2 allele is related to
BMD.

Genotype frequencies of the IL-1 system genes in our
subjects differ from those reported in Caucasians. The fre-
quency of the aa genotype of the IL-1b gene was lower in
Koreans (17.3%) than in Caucasians (43.4%) [11], and the
NN genotype of the IL-1a gene in Koreans was rare com-
pared to that in Caucasians (0.5% vs. 12.3%) [15]. However,
the frequency of the A1 allele of the IL-1ra gene was higher
in Koreans (93.1%) than in Caucasians (72%–74%),
whereas the A2 allele was more common in Caucasians
(21%–26%) than in Koreans (5.0%) [10,12]. These IL-1ra
allele frequencies in Koreans are similar to those previously
reported in the Taiwanese [14].

To our knowledge, this is the first report on the relation
between IL-1a polymorphism and bone mass; and no rela-
tionship was found. In addition, BMD at the lumbar spine
or proximal femur in postmenopausal Korean women were
not dependent on the IL-1b genotype. These findings are
similar to those reported by Langdahl et al. [11], and Chen
et al. [14], who did not find any evidence for an association
between the IL-1b genotype and BMD in postmenopausal
Danish or Taiwanese women. However, these findings are
contrary to those of Nemetz et al. [13], who observed that
the IL-1b genotype is associated with decreased bone mass
in patients with inflammatory bowel disease. Unlike other
investigators [11], who observed that BMD of the lumbar
spine is reduced in the A1A1/A3 genotypes of the IL-1ra
gene, compared with other genotypes in postmenopausal
Danish women, we found that BMD at the lumbar spine
and proximal femur in women carrying the A2 allele of the
IL-1ra gene was significantly lower than in those not carry-
ing this allele. In addition, we found that the A2 allele is
more frequent in osteoporotic women than in normal
women. This finding is inconsistent with that of Bajnok
et al. [12], who observed a lack of association between the
IL-1ra gene polymorphism and BMD in postmenopausal
Hungarian women. It is similar, however, to the increased
frequency of the A2 allele in several diseases of autoim-
mune or inflammatory nature, such as ulcerative colitis [17],
multiple sclerosis [18], and diabetes mellitus [19].

The background of the association between BMD and
IL-1ra VNTR is unknown. This polymorphic site of intron
2 of the IL-1ra gene contains three protein binding sites: an
a-interferon silencer A; a b-interferon silencer A; and an
acute-phase response element [10]. These sites with poten-
tial regulating effects may affect the production of the
interleukin system, which plays an important role in bone
metabolism. The A2 allele is associated with increased pro-
duction of both IL-1ra and IL-1b in vitro [20]. Taking into
consideration that IL-1b is a potent stimulator of bone re-
sorption and that IL-1ra is a competitive inhibitor of IL-1,

Table 1. Distribution of the inteleukin system genotypes in normal, osteopenic, and osteoporotic
postmenopausal women

Genotype Postmenopausal women

Normal Osteopenia Osteoporosis Total
(n = 51) (n = 83) (n = 68) (n = 202)

Il-1a NcoI
nn 42 (82.3%) 72 (86.7%) 57 (83.8%) 171 (84.6%)
Nn 8 (15.7%) 11 (13.3%) 11 (16.2%) 30 (14.9%)
NN 1 (2.0%) 0 0 1 (0.5%)

P = 0.51
Il-1b AvaI

aa 17 (33.3%) 33 (39.7%) 14 (20.6%) 64 (31.7%)
Aa 27 (53.0%) 35 (42.2%) 41 (60.3%) 103 (51.0%)
AA 7 (13.7%) 15 (18.1%) 13 (19.1%) 35 (17.3%)

P = 0.29
IL-1ra A2 allele

Negative 50 (98.0%) 81 (97.6%) 61 (89.7%) 192 (95.0%)
Positive 1 (2.0%) 2 (2.4%) 7 (10.3%) 10 (5.0%)

P = 0.04

A2 allele-negative: A1A1, A1A4, A3A3; A2 allele-positive: A1A2, A3A2
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an increased capacity to produce IL-1b might be more criti-
cal than increased IL-1ra production in developing low
bone mass in a woman with the A2 allele. In this study,
women carrying the A2 allele showed higher serum
osteocalcin levels, indicative of a high bone turnover rate,
than women not carrying the A2 allele. Interestingly, no
significant difference in CTX levels between A2 allele posi-
tive and negative groups. However, it is possible that all the
bone turnover markers do not necessarily have to show a
significant change because each marker has a different
metabolic pathway (e.g., renal or hepatic), a different range
of diurnal variation, and different coefficients of variation
as for their assay [21,22].

The present study has potential limitations. First, ethni-
cally homogenous Korean women only were studied, and
present findings are valid only for Korean women. Second,
only 10 of the study subjects carried the A2 allele that
related to BMD of the lumbar spine and proximal femur.
Therefore, further studies on the relation between IL-1ra
VNTR polymorphism and BMD are necessary in larger
populations and other ethnic groups.

In conclusion, the IL-1ra VNTR polymorphism is a ge-
netic factor that may affect the BMD of the lumbar spine
and proximal femur in Korean women. The cause of the
association between the IL-1ra A2 allele and bone mass is
at present unclear. A study of the relation between IL-1
system polymorphisms and IL production by whole blood
cells is underway in our laboratory.
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