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Gene Is Associated With Early Postmenopausal Bone Loss at
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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 (Al= 4 re-
peats, A2= 2 repeats, A3= 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 Al 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 massp(< 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 BMD= SD: —0.81 = 1.46%/year)
when compared with noncarriage of the A2 allele (mean
change —1.38 = 1.48%]/year), p = 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
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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 fracttiend 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 factof€:24 Twin studies in postmeno-
pausal and elderly women also support a persistent and signifi-
cant genetic influence on bone mass in later 1ifeThis 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?152%although 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 restfits.
Osteoporosis is a complex disease that is likely to have a
polygenic etiology;! and candidate gene analysis has demon-
strated that polymorphisms of the vitamin D receptor (VDR)
locus?® the estrogen receptor (ER) loctfsand the collagen type
| al (COL1-Al) locus® 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 osteopordsimterleukin-1
(IL-1) is a powerful stimulant of bone resorption and a well-
recognized inhibitor of bone formatidhThe 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-
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Table 1. Mean characteristics{SD) of 125 subjects according to IL-1RN genotype

Total AlAL A1A2 A2A2 AlA3 A2A3
Variable (n = 125) (n = 45) (n = 49) n=17) (n=23) (n=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@12.7) 2.4 (1.8) 3.0(1.6) 2.0(1.8) 3.0(0.0) 4.3 (0.5)
BMI (kg/m?) 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/cr) 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/cr) 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) —1.1 (1.5) -1.4(1.5) —0.7 (1.5) —1.6(0.8) —1.8(0.5) -0.9 (1.9)
Change in femoral neck BMD (%/yr) —0.50 (2.2) -0.9(2.3) 0.0(2.2) —-1.2(0.9) -0.4(1.4) -2.0°(-)

20Only one subject in this group with annual rate of hip loss data.

and a variable number tandem repeat (VNTR) in the IL-1IRNchange in BMD for each subject was then derived by dividing the
gene. 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
Subjects were selected from a large general population cohort gimplify an 86 bp tandem repeat region in intron 2 of the IL1-RN
1003 white women, with a mean-GD) age for the total cohort gene (3-CTC AGC AAC ACT CCT AT-3 and 5-TCC TGG
of 54.2 + 6.0 years? Women in the age range 45-64 years had TCT GCA GGT AA-3). PCR reactions were performed in a
been selected from a large, single general practice in ChingforéPtal volume of 20uL under standard conditiofi$ using a
in northeast London (total 11,000 registered patients) to particCorbett Research FTS-1 thermocycler programmed as follows: 1
ipate in a longitudinal epidemiological study of rheumatic dis- Min at 96°C; 30 cycles of 1 min at 94°C; 1 min at 60°C; 2 min
eases. A total of 1353 women were found to be in the age rangat 70°C; and a final extension of 3 min at 72°C. Final PCR
specified and, of these, 78% (1003) agreed to participate. Theroducts were separated by electrophoresis using 1.2% agarose
area is predominantly middle class, 98% are white, and the&€els at 100 V for 1 h. To visualize DNA, gels were stained with
population similar to UK normals in terms of height, weight, €thidium brom.lde and t.ransnlumlnated under ultraviolet light.
smoking status, hysterectomy rates, and use of hormone replac@lleles were sized relativeota 1 kb DNAmarker and subse-
ment therapy (HRT). From this total cohort, 125 women wereduently coded using published nomenclattfre. _ _
selected for the present study if they were within 5 years of a For analysis, the IL-1RN alleles were collapsed into a bial-
natural menopause and currently not on HRT or other medicatiofelic system based on the number of repeats. The IL-1RN
known to affect bone metabolism. If hormonal treatment wasgenotype Al (four repeats) was grouped with genotype A3 (five
initiated during the study period, results were included up to thafepeats), and compared with genotypes A2 (two repeats) and A4
timepoint. (three repeats). This reduces the problems associated with small
Throughout the study no women received concurrent treathumbers of subjects in several genotype groups, and has a
ment with medication known to affect bone metabolism such aglausible biological basis as the larger alleles will have probably
steroids, bisphosphonates’ calcium, or vitamin D. Postmenoarisen because Of mutatlor_l from a Common a!'lcestor allele with
pausal status was defined as an absence of menstruation for fgwer repeats. Differences in demographic variables between the
least 6 months and was confirmed by measurement of serut-1-RN genotypes were compared using analysis of variance
follicular stimulating hormone and estradiol levels. All women (ANOVA) for normally distributed variables and the chi-square
were healthy with no history of physical illnesses known to affecttest for categorical variables. Adjustment for potential confound-
bone. All subjects had completed a nurse-administered questior®'S was performed using analysis of covariance (ANCOVA).
naire detailing medical and gynecological/obstetric histories WWhere ANOVA values were significanp(< 0.05), the Bonfer-
current and past medications including HRT, smoking statusfoni test for multiple comparisons was used to search for evi-
alcohol consumption, dietary calcium intake, and exercise levelsdence of differences between individual genotype groups. Anal-
Informed consent was obtained from all women and the studyysis for allele-specific effects was performed using carriage of
protocol was approved by the local ethics committee. the collapsed allele classes under dominant and recessive risk
BMD was measured at the lumbar spine (L1-4) and femoraFnOde.'S, with comparisons between the variable means using the
neck using dual-energy X-ray absorptiometry (Hologic QDR- two-sided Studer_ﬁt—t_est. All analyses were performed using the
1000, Hologic, Waltham, MA). Short-term reproducibility, as- PC software statistical prograsrata (Stata Corp., TX).
sessed by duplicate measurements in healthy volunteers, was
0.8% at the lumbar spine and 1.6% at the femoral neck. AnnuaResults
measurements of BMD were made at 0, 12, 24, 36, 48, and 60
months. In calculating the rate of change in BMD it was assumedCharacteristics of the 125 women entered into the study are
that the expected change in BMD is linear with time for eachshown in Table 1. Full clinical and genotype results were
subject with variation in slopes and intercepts from subject toavailable on 108 of these women. No significant differences were
subject, and that the deviations of the measured BMD for aobserved between subjects with genotype results and those in
subject from the expected BMD have a zero mean and constanthom DNA was either unavailable or attempts at
variance and are uncorrelated. Under these assumptions, a lineRCR unsuccessful.
regression equation, where BMD is a dependent variable ex- Analysis of the genotypes in the 108 women showed evidence
pressed as a linear function with time (in years), was fitted forof three alleles, which corresponded both in size and frequency
individual subjects. Using this model, the annual percentageo those previously identifiedT@ble 2). From the three alleles

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

Size Number of Allele Allele
Allele (bp) repeats (n)  frequency (%) frequency (%)

Al 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 0

aCurrent study (N= 108 subjects).
bSee Tarlow et &’ (N = 70 subjects).

S

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 -1
variables known to influence bone mass.

Collapse of the IL-1IRN VNTR into a biallelic system gave |
rise to three genotype groups: A1A1l and A1A3M8); A1A2 1
and A2A3 (n= 53); and A2A2 (n= 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 (ANONA
value = 3.17, p < 0.05), although not at the femoral neck B e
(ANOVA F value= 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 Car”age of A2 allele
rates of spinal bone loss when compared to subjects with th

genotypes A1Al and A1A3 (Bonferroni-adjustedvalue = mean (-SEM) bone loss from the lumbar spine (solid bars) and femoral

0.06). There were, however, too few subjects with the genotyp@eck (hatched bars). Carriage of the A2 allele was associated with
A2A2 to observe a clear allele dose effect across the thregeguced bone loss at the spime< 0.05) with a similar nonsignificant

genotype groups. Pooling of the A2 heterozygous and homozytrend at the hipg§ = 0.18).
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 baselirfiScussion
characteristics, and analysis demonstrated reduced rates of spiq@l

Change in BMD (%/yr)

- +

Eigure 1. Relationship between carriage of the A2 IL-1RN allele and

bone loss in subjects carrying the A2 allele when compared witt] 271y @nd twin studies demonsirate a strong genetic component
noncarriage Table 3, Figure 1). A similar, but nonsignificant, 0 osteoporosis. We have studied the relationship between a

trend was also seen in the femoral neck. These findings remaine;éynzil'gh'ggog iﬁ t?cf)rtwgen:l.s_l:slszlytr?:rl]lfmabn;r goitrr:eb;nnc?f?rszfalaggck
unaltered after adjustment for potential confounders. 9 P

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-
Table 3. Mean (-SD) characteristics of subjects according to carriage LRN locus associated with differential rates of bone loss from the

of A2 allele lumbar spine.
Risk factors for bone loss have yet to be clearly identified in
Carriage of A2 allele longitudinal studies. We have previously failed to find that
combinations of classical epidemiological risk factSrer bio-
Variable n ;48) n :60) chemical _ma_lrker":,4 were useful predictors of future bone loss.
Our data indicate that genetic markers may therefore be useful in
Age (yr) 52.3 (3.4) 53.4 (3.8) predicting bone loss in women at the onset of the menopause.
Age at menopause (yr) 49.8 (3.1) 50.4 (3.7) Trabecular bone has a greater metabolic activity than cortical
Menopause duration (yr) 2.5(1.8) 3.0(1.6) bone, and exhibits an increased response to estrogen withdrawal.
BMI (kg/m?) 26.5 (4.6) 25.8(4.9) This is demonstrated by the higher rates of bone loss observed at
No. ever smoking (%) 22 (46) 27 (45) the lumbar spine compared with the femoral neck in the total
Lumbar spine BMD (g/crf) 0.966 (0.140)  0.969(0.140) cohort. The association between IL-1RN genotype and spinal
Femoral neck BMD (g/cf) 0.752(0.130) 0.764 (0.127)

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
3 < 0.05 (vs. noncarriage). loss rates was higher. Our cohort had a mean age of 53 years and,
p = 0.18 (vs. noncarriage). although women would have already experienced some age-

Change in lumbar spine BMD (%/yr)—1.43 (1.47) —0.80 (1.47%
Change in femoral neck BMD (%/yr)—0.90 (2.26) —0.23 (2.14}
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related bone loss, we feel that the lack of an association betweeand Rheumatism Council. R.W.K was in receipt of an ARC Clinical
IL-1RN genotypes and baseline BMD suggests that the genetiResearch Fellowship (K0504).

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 subjelctand it remains to
be determined if the association between the IL-1RN locus andl
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 2.
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-¢ and IL-18 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-
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