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iki Morioka,1 Kazuhisa Shimodaira, Yuzuru Kuwano, Hiroshi Fujikawa,
iroshi Saito, and Takumi Yanaihara
epartment of Obstetrics and Gynecology, Showa University School of Medicine,
-5-8, Hatanodai, Shinagawa-ku, Tokyo, 142-8666, Japan

eceived December 14, 1999
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Osteoblast cells have a capacity to produce estrogen
rom androgen. It is known that inflammatory cyto-
ines in bone increase during estrogen deficiency. In
he present study, the effect of interleukin-1b (IL-1b)
n aromatase (Arom) activity in human osteoblast-like
ells (HOS) was investigated. We also investigated the
ffect of IL-1b and estradiol (E2) on cell proliferation
n HOS. [3H] water method was employed to measure
rom activity. Expression of Arom mRNA was deter-
ined by the reverse-transcription polymerase chain

eaction (RT-PCR) method. The PCR products were
onfirmed by Southern blot analysis. Cell proliferation
as measured by an ELISA–bromo deoxyuridine

BrdU) kit. Addition of IL-1b increased Arom activity
n a dose-dependent manner and addition of IL-1b (10
g/ml) resulted in 40% greater activity than control.
ddition of 500 ng/ml of human recombinant IL-1 re-
eptor antagonist neutralized the increased Arom ac-
ivity to control level. Stimulation of Arom mRNA ex-
ression by IL-1b was also found. IL-1b and E2
timulate osteoblastic cell proliferation significantly.
hese findings suggest for the first time that IL-1b
timulates Arom activity through the IL-1 receptor
nd also cell proliferation in osteoblast-like cells. It is
lso demonstrated that this stimulatory effect may be
hrough the IL-1 receptor. Cell proliferation stimu-
ated by IL-1b was reduced by the addition of the Arom
nhibitor fadrozole–HCL (CGS-16949A). These results
mply that IL-1b has a stimulatory effect on estrogen
ormation and sequentially cell proliferation in bone,
nd this mechanism may play an important role in
steoblastic function especially in postmenopausal
omen. © 2000 Academic Press

A number of studies have shown that estrogen defi-
iency is one of the main risk factors for osteoporosis in

1 To whom correspondence should be addressed. Fax: 181-33784-
355.
60006-291X/00 $35.00
opyright © 2000 by Academic Press
ll rights of reproduction in any form reserved.
ound that the stimulated release of interleukin 1b
IL-1b) from human peripheral blood monocytes in-
reased in the first decade after menopause and be-
ame normal after treatment with estrogen. IL-1 re-
eptor antagonist (IL-1 ra) blocks bone loss in
variectomized rats through the inhibition of bone re-
orption (2). Ralston (3) reported that gene expression
f inflammatory cytokines including IL-1a, IL-1b, tu-
or necrosis factor-a (TNF-a) and IL-6 were signifi-

antly greater in the bone samples obtained from the
ostmenopausal women with osteoporotic fructures
han in from postmenopausal women with normal bone
ensity or who received estrogen replacement therapy.
hese findings indicated the possibility that local re-

ease of these cytokines contributes to bone loss in
strogen deficiency conditions. It is known that IL-1
nd IL-6 are osteoclast-activating-factors and the stud-
es have been reported on bone resorbing effects of
hese cytokines in murine and rat models (4–6).
hough IL-1b is a potent stimulator for bone resorp-
ion, stimulates the activity of mature osteoclasts and
lays an important role on the pathogenesis of post-
enopausal osteoporosis, the effect of IL-1b on osteo-

last cells has not been fully understood (6).
Although it has been known that estrogen defi-

iency-induced bone loss results in excessive bone re-
orption relative to bone formation, cellular mecha-
isms involving a characteristic osteoblastic function

n estrogen deficiency have not been elucidated. Since
strogen and androgen receptors are found in osteo-
last cells, sex steroids are thought to have a positive
ffect on osteoblastic function. Recently, osteoblast
ells have been shown to have steroid-converting en-
ymes, namely steroid sulphatase (7, 8), 5a-reductase
9, 10), 17b-hydroxysteroid dehydrogenase (7, 9), 3b-
ydroxysteroid dehydrogenase (11) and aromatase
Arom) (7, 10, 12). Thus the local conversion of steroids
n osteoblast cells might modulate bioactivities of sex
teroids as well as cellular functions.



Arom, a cytochrome P450 enzyme system that con-
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erts androgens to estrogens, is preasent in a number
f tissues (13–18). The effect of IL-1b on Arom activity
as been reported in some cell types and tissues, in-
luding placental cytotrophoblast (19), breast cancer
20). Therefore, the effect of IL-1b on Arom activity in
steoblast cells and the effect of IL-1b and estrogen
n proliferation in human osteoblast-like cells were
tudied.

ATERIALS AND METHODS

Materials. Fetal bovine serum (FBS) and Eagle’s minimal essen-
ial medium (MEM) were purchased from GIBCO (Grand Island,
Y). [1b-3H]androstenedione (A) (SA 5 2.2 GBq/mmol) was pur-

hased from New England Nuclear Corp. (Boston, MA). Non-labeled
teroids were purchased from SIGMA Chemical Co. (St. Louis, MO).
nti-human IL-1 receptor antagonist (IL-1 ra) was purchased from
epro Tech EC LTD (London, UK). IL-1b was a a generous gift from
tsuka Pharmaceutical Corp. Ltd. (Tokyo, Japan).
Fadrozole–HCL (CGS-16949A) was provided by NOVARTIS Phar-
acy (Basel, Switzerland). All other chemicals were of reagent grade

nd obtained commercially.

Cell culture. Human osteoblast-like cell line HOS (American
ype Culture Collection, Rockville, MD) was used in this study. Cells
ere cultured in 10-cm-diameter tissue culture dishes at 37°C in 5%
O2–95% air. The medium was MEM with 10% (v/v) FBS, penicillin

0.1 unit/ml) and streptomycin (100 mg/ml).
For the determination of messenger ribonucleic acid (mRNA) of
rom, medium was removed and cells were kept frozen at 280°C
ntil analysis.

Measurement of Arom activity. When cells reached 80% of con-
uence, medium was changed to phenol red free and FBS free MEM,
nd cells were cultured for a further 24 h. The medium was changed
nd the cells were incubated with IL-1b and/or hrIL-1ra for an
dditional 24 h. [1b-3H]-A (25 nM) was added to culture media as a
ubstrate and Arom activity was measured by [3H] water assay for
n additional 24 h culture (10). The medium was collected and
teroids were removed by 10% dextran coated charcoal. The tritium
adioactivity was measured by a liquid scintilation counter (Aloca
SC-652, Tokyo).

Determination of Arom mRNA levels. Three ml of Isogen (Nippon
ene Co., Kanazawa, Japan) were added to the frozen culture dish
nd the total RNA was extracted by the method of Chomcynski and
acci (21). We used the method of hemi-nested RT-PCR and synthe-
ized Arom c-DNA using an RNA-PCR kit (Perkin–Elmer, Branch-
urg, NJ) (11). Aliquots of total RNA (1 ml) were added to a reverse-
ranscriptase reaction mixture (10 ml) resulting in final concen-
rations of 10 mM Tris–HCl (pH 8.3), 50 mM KCl, 5 mM MgCl2 and
eoxyribonucleotide 59-triphosphate (each at 1 mM). To this mixture
ere added 1 IU/ml RNase inhibitor, 16 IU/ml oligo d(T) and 2.5 IU/ml
urine Leukaemia Virus reverse transcriptase to give a final volume

f 20 ml at room temperature and the mixture was incubated at 42°C
or 15 min, 99°C for 5 min and 5°C for 5 min. PCR procedure and
roduct analysis were performed as previously described (11). One-
icroliter aliquots of the cDNA were added to the PCR mixture

esulting in a final concentration of 10 mM Tris–HCl (pH 8.3), 50 mM
Cl, 5 mM MgCl2, 0.001% (w/v) gelatin, 0.25 ml of each dNTP, 0.25
M of each primer and 1.25 IU of Taq polymerase in a total volume

f 25 ml. The sequence of sense and antisense primers to amplyfy the
pen reading frame of cDNA were 59-AGGTCAAGGAACACAAGA-
GG-39 and 59-TAGTAGTGCAGGCACTGCC-39 (outer) and 59-CCG-
ATCGAGAGCTGTAATGA-39 (inner), respectively. Samples were
overed with mineral oil and subjected to 30 cycles of PCR. One PCR
ycle consisting of denaturation at 94°C for 30 s, annealing at 59°C
61
or 30 s and polymerization at 72°C for 2 min. The expected size of
he PCR products for Arom are 247 bp. PCR products were subjected
o electrophoresis on a 2.5% agarose gel in 0.53 Tris borate buffer,
isualized by staining with ethidium bromide (0.5 mg/ml gel) and
hotographed using an ultraviolet transilluminator. We used the
uman term placenta for positive control and same cells without
everse-transcription steps for negative control. The Southern hy-
ridization procedure was performed to confirm the PCR products.
he RT-PCR products on agarose gel were transfered to a blotting
embrane (Hybond-N, Amersham, UK) by capillary elution. The
embranes were backed, prehybridized and hybridized with the

9-digoxigenin labeled oligonucleotide probe. The sequence of the
robe used was 59-TTTGGAAATCGTGAACCCGATACATTATAA-
AT-39.
The blotting membranes were blocked using a DIG DNA Labeling

nd Detection Kit (Beohringer Mannheim Corp., Indianapolis, IN).

Measurement of cell proliferation. Cell proliferation was mea-
ured by a Bromodeoxyuridine (BrdU) ELISA kit (Boehringer-
annheim Corp., Indianapolis, IN). When cells reached 80% of con-

uence, HOS was plated at a concentration of 5000 cells/well in
henol red free and FBS free MEM with estradiol or IL-1b in 96-hole
issue culture dishes. And the cells were incubated for 24 to 72 h. The
uorescence obtained in control wells was set to 100% and effects of
L-1b and E2 on cell proliferation were compared to this value. In
ddition, fadrozole HCL (1 nM), an Arom inhibitor, was added to
nvestigate its effects on both Arom and cell proliferation.

Statistics. Analysis of variance (ANOVA) was used for significant
ifferences between groups. A P value ,0.05 was considered to
ndicate significance.

ESULTS

Effect of IL-1b and hrIL-1ra on the Arom activity in
OS. The effect of IL-1b and hrIL-1ra on Arom ac-

ivity in HOS was shown in Fig. 1. When IL-1b at the
oncentration of 10 ng/ml was added into the medium,
he aromatase activity was enhanced 40% compared to
he control in which none of these substances was
dded. On the other hand, the presence of hrIL-1ra 500
g/ml neutralized the increased Arom activity to the
ontrol level.

Effect of IL-1b on the expression of Arom mRNA in
OS. Arom mRNA in HOS was detected by RT-PCR.
e used the human placenta as a positive control and

FIG. 1. Effect of IL-1b and hrIL-1ra on the aromatase activity in
OS. [1b-3H]-A (25 nM) was added into culture media as a substate
nd Arom activity was measured by [3H] water assay for 24 h
ulture. Results are expressed as a percent of the control which was
et to 100%. Values represent the mean 6 SD of 3 experiments. *P ,
.05, **P , 0.01. IL-1ra, IL-1 receptor antagonist.
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he mRNA in HOS without reverse transcription steps
s a negative control. The PCR products were con-
rmed by Southern blot analysis.
The effect of IL-1b on expression of Arom mRNA was

valuated. The expression of Arom mRNA was in-
reased by the treatment of IL-1b in a dose dependent
ashion (Fig. 2).

Effect of estrogen and IL-1b on cell proliferation in
OS. The addition of 1 nM E2 into the medium sig-
ificantly (P , 0.05) enhanced cell proliferation. How-
ver, the addition of 30 nM E2 showed no significant
ffect on cell proliferation. When 50 ng/ml IL-1b was
dded to the medium, BrdU incorporation into osteo-
lastic cells increased significantly (P , 0.01) com-
ared to control (Fig. 3).

Effect of IL-1b and fadrozole HCL on cell prolifera-
ion in HOS. The effect of IL-1b and fadrozole–HCL
n cell proliferation in HOS was shown in Fig. 4. The

FIG. 2. Induction of P450Arom gene expression by IL-1b in HOS.
rom mRNA in HOS was detected by RT-PCR. The PCR products
ere confirmed by Southern blot analysis. Cells were incubated with
–10 ng/ml IL-1b. The effect of IL-1b on the expression of Arom
RNA was evaluated.

FIG. 3. Effect of estrogen and IL-1b on cell proliferation in HOS.
ell proliferation was measured by bromo-deoxyuridine (BrdU)
ethod. When cells reached 80% of confluence, HOS was plated at a

oncentration of 5000 cells/well in phenol red free and FBS free MEM
ith E2 or IL-1b in 96-hole tissue culture dishes. The cells were

ncubated for 24 to 72 h. The fluorescence obtained in control wells
as set to 100% and effects of IL-1b and E2 on cell proliferation were

ompared to this value. The addition of 1 nM E2 into the medium
ignificantly (P , 0.05) enhanced the fluorescence. When 50 ng/ml
L-1b was added into the medium, the fluorescence significantly (P ,
.01) increased.
62
uorescence obtained in control wells was set to 100%
nd effects of IL-1b and/or fadrozole–HCL on cell pro-
iferation were compared to this value.

When 50 ng/ml IL-1b was added into the medium,
he fluorescence was significantly (P , 0.01) increased.

The presence of fadrozole–HCL (1 nM) neutralized
he stimulation of IL-1b to the control level (Fig. 4).

ISCUSSION

It is known that bone loss related to aging is caused
y diminished osteoblast proliferation and differentia-
ion due to estrogen deficiency. In contrast, it was
eported that estrogen deficiency increases osteoblast
roliferation without altering cell differentiation in
ats. In postmenopausal women, an increase in bone
ormation was associated with increased proliferation
f osteoblastic cells with no change in cell differentia-
ion (22). Marie (23) reviewed the discrepancy of intra-
ellular mechanisms between age-related and estrogen
eficiency-induced bone loss. The author speculated
bout the involvement of local growth factors such as
GF-I and TGF-b in this mechanism. Estrogen replace-
ent therapy together with androgen markedly in-

reased markers for bone formation when compared
ith estrogen replacement alone in postmenopausal
omen (24). However, intracellular mechanisms of sex

teroid actions in osteoblastic function are not fully
nderstood. Osteoblast cells possesses the capacity to
onvert circulating androgen to estrogen as well as to
ore biologically potent androgen such as 5 a-reduced

ndrogen (10, 13). It is known that estrogen levels

FIG. 4. Effect of IL-1b and Fadrozole HCl (CGS-16949A) on cell
roliferation in HOS. Cell proliferation was measured by bromode-
xyuridine (BrdU) method. When cells reached 80% of confluence, HOS
as plated at a concentration of 5000 cells/well in phenol red free and
BS free MEM with IL-1b and/or fadrozole–HCl in 96-hole tissue cul-

ure dishes. The cells were incubated for 24 h. The fluorescence ob-
ained in control wells was set to 100% and effects of IL-1b and/or
adrozole–HCl on cell proliferation were compared to this value. When
0 ng/ml IL-1b was added into the medium, the fluorescence was
ignificantly (P , 0.01) increased. The presence of 1 nM fadrozole–HCl
eutralized the stimulation of IL-1b to the control level.
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ecreased in postmenopausal women (25).
Nawata et al. (12) reported that dexamethasone

timulated Arom activity as well as the expression of
rom mRNA in isolated human osteoblast cells. Re-

ently the Arom gene was cloned and the regulations of
issue-specific expression of this gene has been inves-
igated. It was found that expression of the Arom is
egulated by a variety of tissue-specific promoters with
lternative splicing mechanism. Transcription of Arom
ene is induced by glucocorticoid. Shouzu et al. (26)
eport that IL-1b is one of the most potent stimulators
f Arom expression in osteoblast-like cells obtained
rom the human fetus and the presence of dexametha-
one is necessary for the induction of Arom by this
ytokine. They reported that exon 1.4-specific tran-
cripts are predominant under this circumstance, with
xon 1.3- and exon 1.6-specific transcripts occurring to
much lesser extent.
In the present study, direct stimulatory effect of

L-1b on Arom activity and Arom mRNA expression
as demonstrated for the first time in HOS. Because of

he small amaunt of protein, Northern/Western blot
nalysis would not be obtained. IL-1b significantly en-
anced the Arom activity and the levels of Arom
RNA expression in a dose dependent manner without

ddition of dexamethasone. The stimulated expression
f Arom was neutralized by addition of 500 ng/ml of
uman recombinant IL-1 receptor antagonist (hrIL-
ra) to the control level. This result implies that IL-1b
timulates Arom activity through the IL-1 receptor.
The effects of estrogen and IL-1b on cell proliferation

n osteoblast cells are still controversial. Robinson et al.
27) demonstrated that during the stage of rapid cell
roliferation, estradiol treatment of human fetal osteo-
lastic cells resulted in a dose dependent decrease in

3H]thymidine incorporation. Ernst et al. (28) reported
hat 1.0 nM of estrogen showed the greatest effect on
he proliferation of rat osteoblast-like cells while the
ddition of 10 nM E2 showed no effect. The discrepan-
ies may, at least in part, be the result of how closely
ach of these models reflects estrogenic action on bone
n vivo and in vitro (29). In the present study, using
uman osteoblastic cells, a similar effect of estrogen on
ell proliferation was observed. In addition, inflamma-
ory cytokines have pronounced effects on osteoblastic
unction and proliferation. Recently, Frost et al. (30)
eported that IL-1b and TNF-a enhanced the prolifer-
tion of human osteoblast time- and dose-dependently
n primary cell culture. In the present study, we mea-
ured the cell proliferation by BrdU incorporation and
ound for the first time that 50 ng/ml IL-1b signifi-
antly enhanced cell proliferation in human osteoblast-
ike cells. Furthermore it is also demonstrated that
his stimulatory effect of IL-1b may be through IL-1
eceptor. Also the addition of 1 nM E2 significantly
nhanced cell proliferation. However, the addition of
63
est that E2 in physiological concentrations should be
onsider to exert stimulatory effect on cell proliferation
28). When fadrozole–HCL, an Arom inhibitor, was
dded into the medium with IL-1b, cell proliferation
timulated by IL-1b was neutralized. From the results
btained above, it is suggested that IL-1b stimulates
he Arom activity in osteoblast to promote estrogen
ynthesis and regulates the cell proliferation of osteo-
lasts through the stimulation of Arom activity. Our
esults imply that inflammatory cytokines are part of
he intracellular mechanisms of cell proliferation
hrough the regulation of steroidogenesis in osteoblast
ells as autocrine agents.
Further study has to be performed to define proper

oncentration of steroid to regulate cell proliferation.
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