
Allelic Variation at the Interleukin-1 Receptor Antagonist
Gene Is Associated With Early Postmenopausal Bone Loss at
the Spine
R. W. KEEN,1,2 K. L. WOODFORD-RICHENS,1,2 J. S. LANCHBURY,2 and T. D. SPECTOR1

1 Twin & Genetic Epidemiology Research Unit, St. Thomas’ Hospital, London, UK
2 Molecular Immunogenetics Unit, Thomas Guy House, UMDS, Guy’s Hospital, London, UK

Genetic factors play an important role in determining bone
mineral density (BMD) in later life, with the genetic influence
mediated through effects on both peak mass and on age- and
menopause-related bone loss. At menopause there is an in-
crease in the production and activity of various cytokines and
growth factors within the bone microenvironment. The ac-
tivity of interleukin-1 (IL-1), a powerful stimulant of oste-
oclastic bone resorption, is increased in estrogen-deficient
states with increased production of IL-1 and inhibition of the
IL-1 receptor antagonist (IL-1ra). Treatment with IL-1ra
blocks the bone loss associated with ovariectomy in animals
and the IL-1 receptor antagonist gene (IL-1RN) is therefore
a potential candidate gene for the regulation of postmeno-
pausal bone loss. We examined the relationship between
annual rates of change in BMD over 5 years and an 86 bp
variable number tandem-repeat polymorphism of the IL-
1RN gene in 108 early postmenopausal women. All women
were within 5 years of a natural menopause at the study’s
onset, healthy, and not on hormone replacement therapy or
other medication known to affect bone metabolism. BMD
was measured annually over the 5 year study period at the
lumbar spine and femoral neck using dual-energy X-ray
absorptiometry. Three alleles were identified (A15 4 re-
peats, A25 2 repeats, A35 5 repeats), with five genotypes
observed: A1A1 (41.7%), A1A2 (45.4%), A2A2 (6.5%), A1A3
(2.8%), and A2A3 (3.7%). For analysis, alleles were collapsed
into a biallelic system grouping the A1 and A3 alleles. There
was no significant relationship between the IL-1RN geno-
types and baseline bone mass at either the spine or hip.
IL-1RN genotype was significantly associated with annual
rates of change in spinal bone mass (p < 0.05), and this
finding remained significant after adjustment for age,
weight, and baseline BMD. Carriage of at least one copy of
the A2 allele was associated with reduced bone loss at the
spine (mean change in BMD6 SD: 20.81 6 1.46%/year)
when compared with noncarriage of the A2 allele (mean
change21.38 6 1.48%/year), p 5 0.05. We therefore con-
clude that allelic variation at the IL-1RN locus is associated
with differential rates of early postmenopausal bone loss at
the spine. Further research will be required to clarify the
mechanisms underlying these findings and to determine

whether this association translates into a significant long-
term effect on BMD and fracture in later life. (Bone 23:
367–371; 1998) © 1998 by Elsevier Science Inc. All rights
reserved.
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Introduction

Bone mineral density (BMD) in later life is a strong predictor of
subsequent osteoporotic fracture6 and is determined by both the
peak value achieved during skeletal growth and by age- and
menopause-related bone loss. Family and twin studies suggest a
strong genetic component in the determination of peak bone
mass, with 50%–85% of the population variance in BMD being
attributable to genetic factors.22,24 Twin studies in postmeno-
pausal and elderly women also support a persistent and signifi-
cant genetic influence on bone mass in later life.1,8 This may
represent either a strong residual effect from the genetic contri-
bution to peak bone mass or an independent genetic effect on the
regulation of bone loss. Indirect assessment of bone turnover
through biochemical markers suggests a genetic regulation of
bone metabolism that may translate into differing effects on bone
loss,9,15,29although to date only two twin studies have directly
attempted to explore the genetic contribution to age- and meno-
pause-related bone loss, with conflicting and uncertain results.4,16

Osteoporosis is a complex disease that is likely to have a
polygenic etiology,11 and candidate gene analysis has demon-
strated that polymorphisms of the vitamin D receptor (VDR)
locus,26 the estrogen receptor (ER) locus,18 and the collagen type
I a1 (COL1-A1) locus10 are all potential genetic markers for
bone mass and perhaps bone loss. Estrogen deficiency is asso-
ciated with an increase in local production of various cytokines
and growth factors within the bone marrow and bone cells, and
these inflammatory factors appear to play an important role in the
development of postmenopausal osteoporosis.23 Interleukin-1
(IL-1) is a powerful stimulant of bone resorption and a well-
recognized inhibitor of bone formation.7 The observed post-
menopausal increase in IL-1 activity results from an effect of
estrogen on the production of both IL-1 and the IL-1 inhibitor,
IL-1 receptor antagonist (IL-1ra). These data, therefore, raise the
possibility that the IL-1 receptor antagonist gene (IL-1RN) may
be a potential candidate for genetic regulation of early postmeno-
pausal bone loss. In this study we have therefore examined the
relationship between bone mass, early postmenopausal bone loss,
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and a variable number tandem repeat (VNTR) in the IL-1RN
gene.

Patients and Methods

Subjects were selected from a large general population cohort of
1003 white women, with a mean (6SD) age for the total cohort
of 54.26 6.0 years.12 Women in the age range 45–64 years had
been selected from a large, single general practice in Chingford
in northeast London (total 11,000 registered patients) to partic-
ipate in a longitudinal epidemiological study of rheumatic dis-
eases. A total of 1353 women were found to be in the age range
specified and, of these, 78% (1003) agreed to participate. The
area is predominantly middle class, 98% are white, and the
population similar to UK normals in terms of height, weight,
smoking status, hysterectomy rates, and use of hormone replace-
ment therapy (HRT). From this total cohort, 125 women were
selected for the present study if they were within 5 years of a
natural menopause and currently not on HRT or other medication
known to affect bone metabolism. If hormonal treatment was
initiated during the study period, results were included up to that
timepoint.

Throughout the study no women received concurrent treat-
ment with medication known to affect bone metabolism such as
steroids, bisphosphonates, calcium, or vitamin D. Postmeno-
pausal status was defined as an absence of menstruation for at
least 6 months and was confirmed by measurement of serum
follicular stimulating hormone and estradiol levels. All women
were healthy with no history of physical illnesses known to affect
bone. All subjects had completed a nurse-administered question-
naire detailing medical and gynecological/obstetric histories,
current and past medications including HRT, smoking status,
alcohol consumption, dietary calcium intake, and exercise levels.
Informed consent was obtained from all women and the study
protocol was approved by the local ethics committee.

BMD was measured at the lumbar spine (L1–4) and femoral
neck using dual-energy X-ray absorptiometry (Hologic QDR-
1000, Hologic, Waltham, MA). Short-term reproducibility, as-
sessed by duplicate measurements in healthy volunteers, was
0.8% at the lumbar spine and 1.6% at the femoral neck. Annual
measurements of BMD were made at 0, 12, 24, 36, 48, and 60
months. In calculating the rate of change in BMD it was assumed
that the expected change in BMD is linear with time for each
subject with variation in slopes and intercepts from subject to
subject, and that the deviations of the measured BMD for a
subject from the expected BMD have a zero mean and constant
variance and are uncorrelated. Under these assumptions, a linear
regression equation, where BMD is a dependent variable ex-
pressed as a linear function with time (in years), was fitted for
individual subjects. Using this model, the annual percentage

change in BMD for each subject was then derived by dividing the
regression slope by the intercept at time zero.

High-molecular-weight DNA was obtained from peripheral
blood leukocytes using a phenol and chloroform extraction
system. PCR was performed using two flanking primers to
amplify an 86 bp tandem repeat region in intron 2 of the IL1-RN
gene (59-CTC AGC AAC ACT CCT AT-39 and 59-TCC TGG
TCT GCA GGT AA-39). PCR reactions were performed in a
total volume of 20mL under standard conditions27 using a
Corbett Research FTS-1 thermocycler programmed as follows: 1
min at 96°C; 30 cycles of 1 min at 94°C; 1 min at 60°C; 2 min
at 70°C; and a final extension of 3 min at 72°C. Final PCR
products were separated by electrophoresis using 1.2% agarose
gels at 100 V for 1 h. To visualize DNA, gels were stained with
ethidium bromide and transilluminated under ultraviolet light.
Alleles were sized relative to a 1 kb DNA marker and subse-
quently coded using published nomenclature.27

For analysis, the IL-1RN alleles were collapsed into a bial-
lelic system based on the number of repeats. The IL-1RN
genotype A1 (four repeats) was grouped with genotype A3 (five
repeats), and compared with genotypes A2 (two repeats) and A4
(three repeats). This reduces the problems associated with small
numbers of subjects in several genotype groups, and has a
plausible biological basis as the larger alleles will have probably
arisen because of mutation from a common ancestor allele with
fewer repeats. Differences in demographic variables between the
IL1-RN genotypes were compared using analysis of variance
(ANOVA) for normally distributed variables and the chi-square
test for categorical variables. Adjustment for potential confound-
ers was performed using analysis of covariance (ANCOVA).
Where ANOVA values were significant (p , 0.05), the Bonfer-
roni test for multiple comparisons was used to search for evi-
dence of differences between individual genotype groups. Anal-
ysis for allele-specific effects was performed using carriage of
the collapsed allele classes under dominant and recessive risk
models, with comparisons between the variable means using the
two-sided Studentt-test. All analyses were performed using the
PC software statistical programSTATA (Stata Corp., TX).

Results

Characteristics of the 125 women entered into the study are
shown in Table 1. Full clinical and genotype results were
available on 108 of these women. No significant differences were
observed between subjects with genotype results and those in
whom DNA was either unavailable or attempts at
PCR unsuccessful.

Analysis of the genotypes in the 108 women showed evidence
of three alleles, which corresponded both in size and frequency
to those previously identified (Table 2). From the three alleles

Table 1. Mean characteristics (6SD) of 125 subjects according to IL-1RN genotype

Variable
Total

(n 5 125)
A1A1

(n 5 45)
A1A2

(n 5 49)
A2A2

(n 5 7)
A1A3

(n 5 3)
A2A3

(n 5 4)

Age (yr) 53.1 (3.5) 52.2 (3.4) 53.2 (4.0) 52.6 (2.8) 53.0 (4.0) 55.8 (1.5)
Age at menopause (yr) 50.4 (3.1) 49.8 (3.1) 50.2 (3.9) 50.6 (3.4) 50.0 (4.0) 51.5 (1.0)
Menopause duration (yr) 2.7 (1.7) 2.4 (1.8) 3.0 (1.6) 2.0 (1.8) 3.0 (0.0) 4.3 (0.5)
BMI (kg/m2) 26.0 (4.8) 26.4 (4.7) 26.1 (5.3) 25.4 (3.9) 24.7 (3.1) 23.8 (2.1)
No. ever smoking 54 (43) 20 (43) 23 (47) 0 (0) 1 (33) 3 (75)
Lumbar spine BMD (g/cm2) 0.969 (0.144) 0.960 (0.145) 0.985 (0.139) 0.888 (0.118) 0.982 (0.082) 0.912 (0.123)
Femoral neck BMD (g/cm2) 0.763 (0.130) 0.748 (0.129) 0.775 (0.131) 0.699 (0.100) 0.741 (0.170) 0.743 (0.110)
Change in lumbar spine BMD (%/yr) 21.1 (1.5) 21.4 (1.5) 20.7 (1.5) 21.6 (0.8) 21.8 (0.5) 20.9 (1.9)
Change in femoral neck BMD (%/yr) 20.50 (2.2) 20.9 (2.3) 0.0 (2.2) 21.2 (0.9) 20.4 (1.4) 22.0a (2)

aOnly one subject in this group with annual rate of hip loss data.
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observed we were able to demonstrate five of six possible
genotypes (Table 1). There was no significant difference between
the five genotype groups in anthropomorphic or environmental
variables known to influence bone mass.

Collapse of the IL-1RN VNTR into a biallelic system gave
rise to three genotype groups: A1A1 and A1A3 (n5 48); A1A2
and A2A3 (n5 53); and A2A2 (n5 7). No demonstrable effect
of IL-1RN genotype class was observed on baseline BMD at
either the lumbar spine or femoral neck. There was, however, a
significant association between rates of change in BMD at the
lumbar spine and the collapsed IL-1RN genotypes (ANOVAF
value 5 3.17, p , 0.05), although not at the femoral neck
(ANOVA F value5 1.58,p . 0.2). The significant finding at the
spine remained after adjustment for age, weight, and baseline
BMD, and also after adjustment for multiple testing using the
Bonferroni test statistic. Subjects who were heterozygous for the
A2 allele (genotypes A1A2 and A2A3) tended to have reduced
rates of spinal bone loss when compared to subjects with the
genotypes A1A1 and A1A3 (Bonferroni-adjustedp value 5
0.06). There were, however, too few subjects with the genotype
A2A2 to observe a clear allele dose effect across the three
genotype groups. Pooling of the A2 heterozygous and homozy-
gous genotype groups allowed testing of the association between
carriage of at least one copy of the A2 allele and rates of bone
loss. These genotype groups were also well matched for baseline
characteristics, and analysis demonstrated reduced rates of spinal
bone loss in subjects carrying the A2 allele when compared with
noncarriage (Table 3, Figure 1). A similar, but nonsignificant,
trend was also seen in the femoral neck. These findings remained
unaltered after adjustment for potential confounders.

Discussion

Family and twin studies demonstrate a strong genetic component
to osteoporosis. We have studied the relationship between a
VNTR in intron 2 of the IL-1RN gene and both bone mass and
annual change in bone mass at the lumbar spine and femoral neck
in early postmenopausal women. Our data demonstrate that the
IL-1RN gene is a potential candidate for the development of
postmenopausal osteoporosis, with allelic variation at the IL-
1RN locus associated with differential rates of bone loss from the
lumbar spine.

Risk factors for bone loss have yet to be clearly identified in
longitudinal studies. We have previously failed to find that
combinations of classical epidemiological risk factors25 or bio-
chemical markers14 were useful predictors of future bone loss.
Our data indicate that genetic markers may therefore be useful in
predicting bone loss in women at the onset of the menopause.
Trabecular bone has a greater metabolic activity than cortical
bone, and exhibits an increased response to estrogen withdrawal.
This is demonstrated by the higher rates of bone loss observed at
the lumbar spine compared with the femoral neck in the total
cohort. The association between IL-1RN genotype and spinal
bone loss may indicate a specific effect of this genetic locus on
trabecular bone, although it may merely reflect a relative lack of
power to detect a difference at the hip where the variability in
loss rates was higher. Our cohort had a mean age of 53 years and,
although women would have already experienced some age-

Figure 1. Relationship between carriage of the A2 IL-1RN allele and
mean (6SEM) bone loss from the lumbar spine (solid bars) and femoral
neck (hatched bars). Carriage of the A2 allele was associated with
reduced bone loss at the spine (p , 0.05) with a similar nonsignificant
trend at the hip (p 5 0.18).

Table 2. IL-1RN alleles identified through DNA amplication of 108
unrelated individuals (comparison with published data)

Allele
Size
(bp)

Number of
repeats (n)

Allele
frequency (%)a

Allele
frequency (%)b

A1 410 4 65.8 73.6
A2 240 2 31.0 21.4
A3 500 5 3.2 3.6
A4 325 3 — 0.7
A5 595 6 — 0.7

aCurrent study (N5 108 subjects).
bSee Tarlow et al.27 (N 5 70 subjects).

Table 3. Mean (6SD) characteristics of subjects according to carriage
of A2 allele

Variable

Carriage of A2 allele

2
(n 5 48)

1
(n 5 60)

Age (yr) 52.3 (3.4) 53.4 (3.8)
Age at menopause (yr) 49.8 (3.1) 50.4 (3.7)
Menopause duration (yr) 2.5 (1.8) 3.0 (1.6)
BMI (kg/m2) 26.5 (4.6) 25.8 (4.9)
No. ever smoking (%) 22 (46) 27 (45)
Lumbar spine BMD (g/cm2) 0.966 (0.140) 0.969 (0.140)
Femoral neck BMD (g/cm2) 0.752 (0.130) 0.764 (0.127)
Change in lumbar spine BMD (%/yr)21.43 (1.47) 20.80 (1.47)a

Change in femoral neck BMD (%/yr)20.90 (2.26) 20.23 (2.14)b

ap , 0.05 (vs. noncarriage).
bp 5 0.18 (vs. noncarriage).
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related bone loss, we feel that the lack of an association between
IL-1RN genotypes and baseline BMD suggests that the genetic
effect of the locus on osteoporosis risk is not mediated through a
major effect on peak BMD. Longitudinal epidemiological studies
show continued bone loss in elderly subjects,13 and it remains to
be determined if the association between the IL-1RN locus and
spinal bone loss persists into later life. This may result in
significant differences in BMD between the two common alleles,
which could translate into differential fracture rates. Association
or case-control studies would be required to test this hypothesis.

IL-1ra is a 17 kDa protein that binds to IL-1 receptors and
competes with both IL-1a and IL-1b without detectable IL-1
agonist effects. IL-1 is a powerful stimulant of bone resorption,
activating mature osteoclasts indirectly via a primary effect on
osteoblasts and inhibiting osteoclast apopotosis. Monocytes of
patients with “high turnover” osteoporosis, the histological hall-
mark of postmenopausal osteoporosis, secrete increased amounts
of IL-1.21 Subsequent observations have shown that this post-
menopausal increase in IL-1 activity results from an effect of
estrogen on the production of both IL-1 and its receptor antag-
onist IL-1ra. Animal studies have also revealed that treatment
with IL-1ra blocks the ex vivo osteoclast formation induced by
ovariectomy.17 The human IL-1RN gene maps to chromosome
2q13-14 and consists of four exons.19 The VNTR is due to a 86
bp repeat within intron 2 of the gene and this may be of
functional significance as the sequence is reported to contain
three potential protein binding sites: ana-interferon silencer A;
ab-interferon silencer B, and an acute-phase response element.27

Polymorphic VNTR repeats have been shown to influence gene
expression at the insulin locus,30 although it is unknown if the
IL-1RN VNTR has any direct effect on either osteoclast or
osteoblast function. The physical number of repeats may also be
important and could affect transcriptional activity and RNA
stability. Our data suggest that the A2 allele may be associated
with reduced rates of spinal bone loss, and hence reduced
osteoclast activity. This contrasts with other studies that have
shown the A2 allele to be associated with disease severity in
ulcerative colitis,20 systemic lupus erythematosus,2 Graves dis-
ease,3 and skin diseases.5,28 Our study was restricted to post-
menopausal women and this may suggest that the A2 allele is
specifically associated with reduced inflammatory activity in the
estrogen-deficient state. Further studies will need to examine
whether there is allele-specific expression of IL-1ra that is
modified by hormonal status. In the absence of functional data on
IL-1ra activity, however, an alternative hypothesis is that the
IL-1RN VNTR is in linkage disequilibrium with a disease-
causing gene nearby on chromosome 2, and that the degree of
linkage disequilibrium may differ between the patient groups
studied.

In summary, our study shows an association between a
polymorphic VNTR in intron 2 of the IL1-RN gene and postm-
enopause-related bone loss from the lumbar spine. This suggests
that this genetic locus may play a central role in the regulation of
trabecular bone turnover in the estrogen-deficient state. It will be
of value in future studies to determine whether this relationship
extends beyond the first 5 years of the menopause and whether it
translates into a permanent and significant difference in BMD in
later life with increased fracture risk.

Acknowledgments:The authors thank Dr. David Doyle and all the staff at
the Silverthorn Osteoporosis Centre, the women participating in the
Chingford study, Higham’s Park Medical Practice, and Gabriela Surd-
ulescu for laboratory assistance. This work was supported in part by the
Wellcome Trust, St. Thomas’ Hospital Special Trustees, and the Arthritis

and Rheumatism Council. R.W.K was in receipt of an ARC Clinical
Research Fellowship (K0504).

References

1. Arden, N. K., Baker, J., Hogg, C., Baan, K., and Spector, T. D. The heritability
of bone mineral density, ultrasound of the calcaneus and hip axis length: A
study of postmenopausal twins. J Bone Miner Res 11:530–534; 1996.

2. Blakemore, A. I., Tarlow, J. K., Cork, M. J., Gordon, C., Emery, P., and Duff,
G. W. Interleukin-1 receptor antagonist gene polymorphism as a disease
severity factor in systemic lupus erythematosus. Arthrit Rheum 37:1380–1385;
1994.

3. Blakemore, A. I., Watson, P. F., Weetman, A. P., and Duff, G. W. Association
of Graves’ disease with an allele of the interleukin-1 receptor antagonist gene.
J Clin Endocrinol Metab 80:111–115; 1995.

4. Christian, J. C., Yu, P. L., Slemenda, C. W., and Johnston, C. C. Heritability
of bone mass: A longitudinal study in aging male twins. Am J Hum Genet
44:429–433; 1989.

5. Clay, F. E., Cork, M. J., Tarlow, J. K., Blakemore, A. I., Harrington, C. I.,
Lewis, F., and Duff, G. W. Interleukin-1 receptor antagonist gene polymor-
phism association with lichen sclerosus. Hum Genet 94:407–410; 1994.

6. Cummings, S. R., Black, D. M., Nevitt, M. C., Browner, W., Cauley, J.,
Ensrud, K., Genant, H. K., Palermo, L., Scott, J., and Vogt, T. M. Bone density
at various sites for prediction of hip fractures. Lancet 341:72–75; 1993.

7. Dinarello, C. A. Interleukin-1 and interleukin-1 receptor antagonist. Blood
777:1627–1652; 1991.

8. Flicker, L., Hopper, J. L., Rodgers, L., Kaymakci, B., Green, R. M., and Wark,
J. D. Bone density determinants in elderly women: A twin study. J Bone Miner
Res 10:1607–1613; 1995.

9. Garnero, P., Arden, N. K., Griifiths, G., Delmas, P. D., and Spector, T. D.
Genetic influence on bone turnover in postmenopausal twins. J Clin Endocrinol
Metab 81:140–146; 1996.

10. Grant, S. F., Reid, D. M., Blake, G., Herd, R., Fogelman, I., and Ralston, S. H.
Reduced bone density and osteoporosis associated with a polymorphic Sp1
binding site in the collagen type I alpha 1 gene. Nature Genet 14:203–205;
1996.

11. Gueguen, R., Jouanny, P., Guillemin, F., Kuntz, C., Pourel, J., and Siest, G.
Segregation analysis and variance components analysis of bone mineral density
in healthy families. J Bone Miner Res 10:2017–2022; 1995.

12. Hart, D. J. and Spector, T. D. The relationship of obesity, fat distribution and
osteoarthritis in the general population: The Chingford Study. J Rheumatol
20:331–335; 1993.

13. Jones, G., Nguyen, T., Sambrook, P. N., Kelly, P. J., Gilbert, C., and Eisman,
J. A. Progressive loss of bone in the femoral neck in elderly people: Longitu-
dinal findings from the Dubbo osteoporosis epidemiology study. Br Med J
309:691–695; 1994.

14. Keen, R. W., Nguyen, T., Sobnack, R., Perry, L. A., Thompson, P. W., and
Spector, T. D. Can biochemical markers predict bone loss at the hip and spine?
A 4-year prospective study of 141 early postmenopausal women. Osteopor Int
6:399–406; 1996.

15. Kelly, P. J., Hopper, J. H., Maccaskill, G. T., Pocock, N. A., Sambrook, P. N.,
and Eisman, J. A. Genetic factors in bone turnover. J Clin Endocrinol Metab
72:808–813; 1991.

16. Kelly, P. J., Nguyen, T., V., Hopper, J., Pocock, N. A., Sambrook, P. N., and
Eisman, J. A. Changes in axial bone density with age: A twin study. J Bone
Miner Res 8:11–17; 1993.

17. Kitazawa, R., Kimble, R. B., Vannice, J. L., Kung, V. T., and Pacifici, R.
Interleukin-1 receptor antagonist and tumour necrosis factor binding protein
decrease osteoclast formation and bone resorption in ovariectomized mice.
J Clin Invest 94:2397–2406; 1994.

18. Kobayashi, S., Inoue, S., Hosoi, T., Ouchi, Y., Shiraki, M., and Orimo, H.
Association of bone mineral density with polymorphism of the estrogen
receptor gene. J Bone Miner Res 11:306–311; 1996.

19. Lennard, A., Gorman, P., Carrier, M., Griffiths, S., Scotney, H., Sheer, D., and
Solari, R. Cloning and chromosome mapping of the human interleukin-1
receptor antagonist gene. Cytokine 4:83–89; 1992.

20. Mansfield, J. C., Holden, H., Tarlow, J. K., Di Giovine, F. S., McDowell, T. L.,
Wilson, A. G., Holdsworth, C. D., and Duff, G. W. Novel genetic association
between ulcerative colitis and the anti-inflammatory cytokine interleukin-1
receptor antagonist. Gastroenterology 106:637–642; 1994.

21. Pacifici, R., Vannice, J. L., Rifas, L., and Kimble, R. B. Monocytic secretion
of interleukin-1 receptor antagonist in normal and osteoporotic women: Effect

370 R. W. Keen et al. Bone Vol. 23, No. 4
Cytokine genetics and menopausal bone loss October 1998:367–371



of menopause and estrogen/progestogen therapy. J Clin Endocrinol Metab
77:1135–1141; 1993.

22. Pocock, N. A., Eisman, J. A., Hopper, J. H., Yeates, M. G., Sambrook, P. N.,
and Eberl, S. Genetic determinants of bone mass in adults. A twin study. J Clin
Invest 80:706–710; 1987.

23. Ralston, S. H. Analysis of gene expression in human bone biopsies by
polymerase chain reaction: Evidence for enhanced cytokine expression in
postmenopausal osteoporosis. J Bone Miner Res 9:883–890; 1994.

24. Seeman, E., Hopper, J. H., Bach, L. A., Cooper, M. E., Parkinson, E., McKay,
J., and Jerums, G. Reduced bone mass in daughters of women with osteopo-
rosis. N Engl J Med 320:554–558; 1989.

25. Spector, T. D., Edwards, A. C., and Thompson, P. W. Use of a risk factor and
dietary questionnaire in predicting bone density and subsequent bone loss at the
menopause. Ann Rheum Dis 51:1252–1253; 1992.

26. Spector, T. D., Keen, R. W., Arden, N. K., Morrison, N. A., Major, P. J.,
Nguyen, T. V., Kelly, P. J., Baker, J. R., Sambrook, P. N., Lanchbury, J. S., et
al.: Influence of vitamin D receptor genotype on bone mineral density in
postmenopausal women: A twin study in Britain. Br Med J 310:1357–1360;
1995.

27. Tarlow, J. K., Blakemore, A. I. F., Lennard, A., Solari, R., Hughes, H. N.,
Steinkasserer, A., and Duff, G. W. Polymorphism in human IL-1 receptor

antagonist gene intron 2 is caused by variable numbers of an 86-bp tandem
repeat. Hum Genet 91:403–404; 1993.

28. Tarlow, J. K., Clay, F. E., Cork, M. J., Blakemore, A. I., McDonagh, A. J.,
Messenger, A. G., and Duff, G. W. Severity of alopecia areata is associated
with a polymorphism in the interleukin-1 receptor antagonist gene. J Invest
Dermatol 103:387–390; 1994.

29. Tokita, A., Kelly, P. J., Nguyen, T. V., Qi, J. C., Morrison, N. A., Risteli, L.,
Risteli, J., Sambrook, P. N., and Eisman, J. A. Genetic influences on type I
collagen synthesis and degradation: Further evidence for genetic regulation of
bone turnover. J Clin Endocrinol Metab 78:1461–1466; 1994.

30. Vafiadis, P., Bennett, S. T., Todd, J. A., Nadeau, J., Grabs, R., Goodyer, C. G.,
Wickramasinghe, S., Colle, E., and Polychronakos, C. Insulin expression in
human thymus is modulated by INS VNTR alleles at the IDDM2 locus. Nature
Genet 15:289–292; 1997.

Date Received:November 23, 1997
Date Revised:June 1, 1998
Date Accepted:June 1, 1998

371Bone Vol. 23, No. 4 R. W. Keen et al.
October 1998:367–371 Cytokine genetics and menopausal bone loss


