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Although histological studies have suggested that
endothelial cells in bone (BDECSs) are associated with
some osteolytic bone diseases, it is still unclear how
BDECs contribute to bone remodeling. Here we exam-
ined the response of BDECSs to basic fibroblast growth
factor (bFGF, FGF-2) using primary and cloned mu-
rine BDECs isolated from the femurs of BALB/c mice.
Treatment of primary and cloned BDECs with bFGF
induced cyclooxygenase-2 (COX-2) mMRNA and protein
expression. Furthermore, bFGF promotes the produc-
tion of prostaglandin E, (PGE,), which is known to be
a potent stimulator of bone resorption and to induce
osteoclast formation. Because the secretion of PGE,
was suppressed by COX-2 specific inhibitor NS-398 and
by COX-2 antisense oligodeoxynucleotides, bFGF pro-
motes the synthesis of PGE, in a COX-2-dependent
manner. Therefore, endothelial cells in bone are asso-
ciated with bone remodeling by controlling COX-2 ex-
pression and consequently PGE, production. o 1999
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Bone is a dynamic organ in which resorption and for-
mation continue throughout life (1). In normal bone re-
modeling, the formative and degradative processes are
carefully controlled by systemic hormones and by locally
produced soluble factors in the adult skeleton (2). Distur-
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bances of the balance lead to a number of metabolic bone
diseases. Bone remodeling and production of soluble fac-
tors are regulated by complex interactions among bone-
forming osteoblasts, bone-degrading osteoclasts, and
other cells present in the bone microenvironment (e.g.,
endothelial cells and fibroblasts). Owing to the close prox-
imity of endothelial cells to osteoblasts and osteoclasts in
bone tissue (3, 4), endothelial cells may play a crucial role
in normal bone remodeling and pathological states such
as osteoporosis, arthritis, and cancer metastasis to bone.

Prostaglandins are abundant in bone and are reported
to be produced largely from the cells of the osteoblast
lineage. Among PGs, PGE, is a potent stimulator of bone
resorption in vitro and induces osteoclast formation in
mouse bone marrow culture. PGs synthesis is regulated
by cyclooxygenases (COXs), which catalyze the produc-
tion of PGs from arachidonic acids (5). Two isoform of
COXs are now identified. COX-1 is constitutively ex-
pressed, and COX-2 is inducibly expressed by a variety of
mitogen and inflammatory stimuli (5-8). Basic fibroblast
growth factor (bFGF) is known to be a potent modulator
of endothelial cell function and to be produced at the time
of neovascularization or tumor growth (9, 10). The ex-
pression level of COX-2 is promoted by bFGF in osteo-
blastic cells and SHE cells (11, 12). However, the effects
of bFGF on endothelial cells in bone are still unclear.

We have previously established mouse bone-derived
endothelial cell lines (BDECSs) from femurs of BALB/c
mice (13). In this study, we investigated the effects of
bFGF on the expression of COX-2 in primary and
cloned BDECs. We found that the endothelial cells in
bone play an important role in bone remodeling by
producing PGE,.

MATERIALS AND METHODS

Cell culture conditions. The mouse bone marrow-derived endo-
thelial cell line BM-3 was established in our laboratory, as described
previously (13). BM-3 cells were cultured on gelatin-coated dishes
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(Iwaki, Tokyo, Japan). The mouse calvaria-derived osteoblast cell
line, MC3T3-E1, was obtained from the Riken Cell Bank (lbaraki,
Japan). All cells were maintained in Dulbecco’s modified Eagle’s
medium (DMEM; Nissui Phamaceutical Co., Tokyo, Japan) supple-
mented with 2 mM L-glutamine (Gibco Laboratories, Grand Island,
NY), 100 pg/ml of kanamycin (Meiji Seika Co. Ltd., Tokyo, Japan),
and 10% heat-inactivated FBS (Gibco) (DMEM growth medium) at
37°C in a humidified atmosphere of 5% CO,-95% air.

Preparation of primary BDECs. Isolation of the primary endo-
thelial cells in bone marrow was performed by the method described
previously (13). Briefly, femurs and tibias of BALB/c mice (Charles
River Japan Inc., Kanagawa, Japan) were isolated and washed with
phosphate-buffered saline (PBS). After removing the smooth muscle
and periosteum, the bone marrow was washed out of the femurs and
tibias with PBS. The cells were collected and resuspended in DMEM
growth medium containing 598 ug/ml of p-valine (Sigma, St. Louis,
MO). The cells were plated on gelatin-coated dishes and cultured for
about 2 weeks.

RT-PCR. mRNA was extracted using a QuickPrep mRNA isola-
tion Kit, according to the manufacturer’s instruction (Pharmacia,
Uppsala, Sweden). RT-PCR was carried out using a GeneAmp RNA
PCR core kit (Perkin—-Elmer, Norwalk, CT) (14). The sense and
antisense primers of mouse glyceraldehyde-3-phosphate dehydroge-
nase (MG3PDH) were purchased from Clontech Laboratories, Inc.
(Palo Alto, CA). Murine COX-1 sense (5'-TGCATGTGGCTGTG-
GATGTCATCAA-3’) and antisense (5'-CACTAAGACAGACCCGT-
CATCTCCA-3') primers were designed according to the cDNA
sequence. Murine COX-2 sense (5'-ACTCACTCAGTTTGTTGAG-
TCATTC-3') and antisense (5'-TTTGATTAGTACTGTAGGGTTA-
ATG-3") primers were designed according to the cDNA sequence (15).
The amplified fragments were detected in the expected sizes by
ethidium bromide staining in a 1.8% agarose gel plate.

Nuclear run-off assay. BM-3 cells were seeded at a density of 1 X
10° cells/well onto six-well gelatin-coated dishes and grown to 50-
80% confluence in DMEM growth medium. MC3T3-E1 cells were
seeded at the same density onto six-well dishes and grown in DMEM
growth medium. After incubation for 18—-24 h, the cells were rinsed
twice with PBS. Then 2 nug of reporter plasmid DNA (TIS10L; gen-
erously provided by Dr. Harvey Herschman, University of California,
Los Angeles, CA) (16, 17) was introduced into cells using 8 ug of
Lipofect Amine (Gibco), according to the manufacturer’s instruc-
tions. After incubation for 5 h, medium was replaced with DMEM
growth medium. After incubation for additional 18 h, the cells were
washed twice with PBS and then cultured in serum-free DMEM
medium containing 0.1% bovine serum albumin (BSA; Sigma) with
10 ng/ml of bFGF (Calbiochem, Cambridge, MA). Luciferase activity
was measured using luciferase assay system as per the manufac-
turer’s instructions (Promega, Madison, WI). Luciferase activity in
the lysate was measured using MicroLumat LB96P luminometer
(Berthold, Bad Wildbad, Germany). Activities were normalized by
measuring protein concentrations in the cell lysates with a BCA
protein assay kit (Pierce, Rockford, IL).

Western blot analysis. Western blot analysis was performed as
described previously (18). Briefly, BM-3 cells were cultured in serum-
free DMEM medium containing 0.1% BSA and incubated with or
without bFGF. The cells were harvested and solubilized with lysis
buffer containing Nonidet P-40 and 0.2% SDS. Then the cell lysates
(50 pg/lane) were applied to a 4—-20% gradient polyacrylamide gel.
The electrophoresed proteins were transblotted onto a nitrocellulose
membrane. After blocking, the membranes were incubated with an
anti-mouse COX-1 polyclonal antibody (Santa Cruz Biotechnology,
Santa Cruz, CA) or an anti-mouse COX-2 monoclonal antibody
(Transduction Laboratories, Lexington, KY). The membranes were
then incubated with appropriate peroxidase-conjugated second anti-
body and developed with enhanced chemiluminescence mixture
(Amersham, Buckinghamshire, UK).
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PGE, ELISA. BM-3 cells were plated on 6-well gelatin-coated
dishes (2 X 10° cells/well) and grown to confluence. After washing twice
with PBS, the cells were incubated in DMEM medium containing 0.1%
FBS with appropriate concentrations of bFGF. In some experiments,
BM-3 cells were pretreated with COX inhibitors, 0.1 uM indomethacin,
0.2 uM dexamethasone, or 1 uM NS-398, 3 h before adding bFGF. The
appropriate concentration and time of inhibitors was determined ac-
cording to previous reports (19-23). In some experiments, 15 uM
COX-2 antisense phosphorothioate oligodeoxynucleotide (5'-GCAGAG-
CAGCACCGA-3") and sense phosphorothioate oligodeoxynucleotide
(5'-TCGGTGCTGCTCTGC-3') (24) were transiently transfected into
BM-3 cells using Lipofect Amine 18—-24 h before adding bFGF. The
medium was filtered and frozen at —80°C until use. PGE, concentration
in the culture medium was evaluated using the enzyme immunoassay
kit, according to the manufacturer’s instructions (Cayman Chemical
Co., Ann Arbor, MI).

RESULTS

Effect of bFGF on COX-2 mRNA expression in
BDECs. Osteoblast-lineage cells are reported to reg-
ulate bone remodeling by secreting PGE, in response to
bFGF (11). We, therefore, examined the change of
COX-2 mRNA expression in primary mouse BDECs
and in cloned mouse bone marrow-derived endothelial
BM-3 cells by RT-PCR analysis (Fig. 1). As shown in
Fig. 1A (upper panel), the expression level of COX-2
MRNA in the primary BDECs was rapidly induced by
10 ng/ml of bFGF within 1 h (Fig. 1A, lane 2). Then the
amount of COX-2 mRNA declined slightly in a time-
dependent manner. In contrast, the expression levels
of COX-1 and G3PDH were not changed by the bFGF
treatment (Fig. 1A, middle and lower panels). The in-
crease in COX-2 mRNA expression was similarly ob-
served in BM-3 cells (Fig. 1B).

When primary BDECs were treated with various
concentrations of bFGF, the amount of COX-2 mRNA
increased in a dose-dependent manner (Fig. 1C, upper
panel). The maximum COX-2 mRNA expression was
observed when primary BDECs were treated with 1-10
ng/ml of bFGF. The expression levels of COX-1 and
G3PDH mRNA were not affected by bFGF treatment
(Fig. 1C, middle and lower panels). BM-3 cells exhib-
ited similar responses to bFGF (data not shown).

To further quantify the transcriptional regulation of
COX-2 by bFGF, we performed nuclear run-off assay.
BM-3 and MC3T3-E1 cells were transiently trans-
fected with COX-2 promoter-luciferase fusion gene con-
taining 963 bases of 5’ flanking sequence (TI1S10L) (16,
17). The addition of bFGF immediately increased the
luciferase activity in TIS10L-transfected BM-3 and
MC3T3-E1 cells (Fig. 2). This activity increase maxi-
mized at 3 h and was maintained for more than 24 h in
BM-3 cells (Fig. 2A). In MC3T3-E1 cells the activity
rapidly decreased (Fig. 2B).

bFGF stimulation of COX-2 protein expression and
PGE, production. To confirm that bFGF stimulated
COX-2 protein expression in BDECs, we performed
Western blot analysis using an anti-COX-2 monoclonal
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FIG. 1. Induction of COX-2 mRNA expression in primary BDECs
and in BM-3 cells by bFGF treatment. (A and B) The primary BDECs
(A) and BM-3 cells (B) were pretreated with serum-free DMEM for
12 h and then incubated with 10 ng/ml of bFGF for the indicated
time. (C) The primary BDECs were pretreated with serum-free
DMEM for 12 h and then incubated with the indicated concentra-
tions of bFGF for 1 h. The mRNA of each sample was extracted, and
RT-PCR was carried out using COX-2, COX-1, and G3PDH primer
sets. The amplified products of COX-2 (583 bp), COX-1 (449 bp), and
G3PDH (983 bp) were stained with ethidium bromide, electropho-
resed in a 1.8% agarose gel plate, and visualized by UV illumination.
The molecular size marker was the 100-bp DNA ladder. Similar
results were obtained in three independent experiments.

antibody. After pretreatment with serum-free medium
for 12 h, BM-3 cells were incubated with 10 ng/ml of
bFGF for 1, 3, 6, 12, 24, and 48 h (Fig. 3A). The
expression level of the COX-2 protein increased in a
time-dependent manner, and it continued for 24 h,
while that of the COX-1 protein was not changed by
bFGF. When BM-3 cells were treated with various
concentrations of bFGF for 6 h, the maximum COX-2
protein expression was observed at 1-30 ng/ml of
bFGF. Consistent with RT-PCR analysis (Fig. 1), the
expression level of COX-1 protein was not affected by
bFGF treatment (Fig. 3).

Because COX-2 was associated with the production
of PGs, we measured the concentrations of PGE, in
BM-3 cell culture medium using an ELISA Kit specific
for PGE,. Among the prostaglandins, PGE, is a potent
stimulator of bone resorption (25-29). bFGF increased
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FIG. 2. Up-regulation of COX-2 promoter activity by incubation
with bFGF in BM-3 and MC3T3-E1 cells. BM-3 (A) and MC3T3-E1
(B) cells were transiently transfected with the vector containing the
luciferase reporter gene (TI1S10L). After incubation for 5 h, the cells
were incubated with serum-free DMEM for 12 h. The cells were then
incubated with 10 ng/ml of bFGF. At the indicated time points, cells
were harvested, and luciferase activity in the cell lysate was mea-
sured, as described under Materials and Methods. The luciferase
activity was represented by the relative light unit (RLU; activity/ug
of protein). Repeated experiments gave similar results.

PGE, secretion from BM-3 cells, and the maximum
concentration of PGE, in BM-3 cell culture medium
was observed after 24 h of bFGF treatment (Fig. 4A).
bFGF promoted PGE, synthesis in a dose-dependent
manner (Fig. 4B).
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FIG. 3. Effects of bFGF on the COXs protein expression. (A) BM-3
cells were pretreated with serum-free DMEM for 12 h and then incu-
bated with 10 ng/ml of bFGF for the indicated time points. (B) BM-3
cells were pretreated with serum-free DMEM for 12 h and then incu-
bated with the indicated concentrations of bFGF for 6 h. The cell lysates
were electrophoresed and blotted onto a nitrocellulose membrane. The
membrane was developed with an anti-mouse COX-1 polyclonal anti-
body (upper panels) or an anti-mouse COX-2 monoclonal antibody
(lower panels), as described under Materials and Methods. BM-3 cells
cultured in DMEM growth medium (10% FBS) were used as the posi-
tive control. Repeated experiments gave similar results.
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FIG. 4. Induction of PGE, production by bFGF in BM-3 cells. (A)
BM-3 cells were pretreated with serum-free DMEM for 12 h and then
incubated with 10 ng/ml of bFGF for the indicated times. (B) BM-3
cells were incubated with the indicated concentrations of bFGF for
6 h. The concentration of PGE, in the BM-3 cell culture medium was
estimated by ELISA, as described in Materials and Methods. All
data represent means of duplicate determinations. Repeated exper-
iments gave similar results.

Involvement of COX-2 in bFGF-mediated PGE, pro-
duction in BDECs. After pretreatment with serum-
free medium for 12 h, BM-3 cells were incubated with
three kinds of COX inhibitors 3 h before bFGF was
added. Then the cells were incubated with 10 ng/ml of
bFGF for 3 h. We used 0.1 uM indomethcin, nonselec-
tive COX-1/COX-2 inhibitor, 0.2 uM dexamethasone,
an inhibitor of the transcription of the COX-2 gene and
1 wM NS-398, which inhibits the COX-2 enzymatic
activity by binding to the COX-2 enzyme active site.
Because the COX-2 specific inhibitor, NS-398, sup-
pressed the secretion of PGE, from BM-3 cells (Fig.
5A), COX-2 might be involved in the bFGF-induced
production of PGE,.

To confirm the role, BM-3 cells were treated with
COX-2 sense or antisense oligodeoxynucleotides before
adding bFGF. The treatment of BM-3 cells with COX-2
antisense oligonucleotides specifically reduced the se-
cretion of PGE, from BM-3 cells (Fig. 5B). The COX-2
sense oligonucleotides had marginal effects on PGE,
production in BM-3 cells. These results further con-
firmed that bFGF-induced PGE, production in BDECs
was mediated through the up-regulation of COX-2 pro-
tein expression.
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DISCUSSION

PGs are abundantly produced from cells of the osteo-
blast lineage cells and are complex regulators of bone
metabolism. Many osteoclast- and osteoblast-regulating
hormones and cytokines, such as PTH, TGFs, IL-1,
TNFs, and FGFs, are known to affect PG production from
bone. Among PGs, PGE, is known to be a strong stimu-
lator of bone resorption (25-29). Two types of COX (pros-
taglandin G/H synthetases) are associated with the PGs
production. COX-1 is an enzyme that is expressed consti-
tutively in many tissues. In contrast, the expression of
COX-2 is induced by appropriate stimuli in fibroblasts,
endothelial cells, macrophages, and osteoblastic cells (5—
8). The reason for acute increase in PGE, in inflamma-
tory conditions might depend on the rapid and transient
increase in COX-2 expression.

Basic fibroblast growth factor (bFGF; FGF-2) is a
member of the FGF family that comprises nine mem-
bers (30). bFGF has many biological effects during such
physiological or pathological processes as neovascular-
ization, tissue repair, growth of smooth muscle cells,
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FIG. 5. Involvement of COX-2 in bFGF-induced PGE, produc-
tion. (A) BM-3 cells were pretreated with serum-free DMEM for 12 h
and then the cells were incubated with COXs inhibitors, indomethcin
(IND), NS-398 (NS), or dexamethasone (DEX) 3 h before the addition
of bFGF. (B) BM-3 cells were transiently transfected with 15 uM
sense or antisense phosphorothioate oligodeoxynucleotide, as de-
scribed under Materials and Methods. Then the transfected cells
were stimulated with bFGF. BM-3 cell culture medium were col-
lected after stimulation with 10 ng/ml of bFGF for 12 h. The PGE,
concentration in the medium was estimated by ELISA, as described
under Materials and Methods. All data represent means of duplicate
determinations. Repeated experiments gave similar results.
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wound healing, hematopoiesis and differentiation of
the nervous system. bFGF, which also plays an impor-
tant role in the differentiation and the function of the
skeleton, is produced from osteoblast-lineage cells and
stored in the extracellular matrix in association with
heparin sulfate. bFGF stimulates new bone formation
through regulating the proliferation and differentia-
tion of osteoblast-lineage cells. In contrast, it is also
known to stimulate bone resorption (6, 31). Thus bFGF
plays some roles in bone metabolism.

Since the vascular endothelial cells in bone (BDECS)
are thought to play an important role in bone metabo-
lism (13, 32), we previously established BDECs from
femurs of BALB/c mice by transformation with the
SV40 virus (13). The established and primary BDECs
promoted bone resorption in vitro by secreting bone-
resorption inducing factors in response to several stim-
uli. These results indicate that bone endothelial cells
are certainly involved in the bone remodeling. We here
found that bFGF promoted the expression of COX-2
mMRNA and protein in the SV40-transformed BM-3
cells. Because freshly prepared non-transformed pri-
mary BDECs also expressed COX-2 mRNA in response
to bFGF, the expression of COX-2 mRNA in BM-3 cells
might not due to SV40 transformation.

This is the first report proving that bFGF increased
production of COX-2 and PGE, in BDECs, though
bFGF was known to induce the expression of COX-2 in
osteoblastic cells (11). Because several reports proved
that endothelial cells in different organs had different
characteristics (13, 33), it is important to examine the
effects of systemic hormones and soluble factors on
endothelial cells in bone microenvironments to clarify
the role of endothelial cells in bone remodeling. Our
present results strongly indicate that vascular endo-
thelial cells in bone are the important component of
bone metabolism, like osteoblasts and osteoclasts.

ACKNOWLEDGMENTS

We thank Dr. Harvey Herschman (University of California, Los
Angeles, CA) for providing us the COX-2 promoter construct TIS10L.
We thank Drs. T. Nakagawa and S. Hori for their helpful discus-
sions.

REFERENCES

1. Martin, T. J., and Ng, K. W. (1994) J. Cell. Biochem. 56, 357-366.

2. Manolagas, S. C. (1995) Bone 17, 63S—67S.

3. Dickson, G. R., Mollan, R. A., and Carr, K. E. (1987) Histochem-
istry 87, 569-572.

4. Dickson, G. R., Hamilton, A., Hayes, D., Carr, K. E., Davis, R.,
and Mollan, R. A. (1990) Bone 11, 205-210.

5. Smith, W. L., and Dewitt, D. L. (1997) Adv. Immunol. 62, 167—
215.

6. Kawaguchi, H., Pilbeam, C. C., Gronowicz, G., Abreu, C.,
Fletcher, B. S., Herschman, H. R., Raisz, L. G., and Hurley,
M. M. (1995) J. Clin. Invest. 96, 923-930.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

263

BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

. Pilbeam, C. C., Kawaguchi, H., Hakeda, Y., Voznesensky, O.,

Alander, C. B., and Raisz, L. G. (1993) J. Biol. Chem. 268,
25643-25649.

. Ristimaki, A., Garfinkel, S., Wessendorf, J., Maciag, T., and Hla,

T. (1994) J. Biol. Chem. 269, 11769-11775.

. Bikfalvi, A., Klein, S., Pintucci, G., and Rifkin, D. B. (1997)

Endocrine Rev. 18, 26—-45.

Gualandris, A., Rusnati, M., Belleri, M., Nelli, E. E., Bastaki, M.,
Molinari-Tosatti, M. P., Bonardi, F., Parolini, S., Albini, A,
Morbidelli, L., Ziche, M., Corallini, A., Possati, L., Vacca, A.,
Ribatti, D., and Presta, M. (1996) Cell Growth Differ. 7, 147-160.
Kawaguchi, H., Nemoto, K., Raisz, L. G., Harrison, J. R,
Voznesensky, O. S., Alander, C. B., and Pilbeam, C. C. (1996)
J. Bone Min. Res. 11, 358-366.

Angerman-Stewart, J. A, Eling, T. E., and Glasgow, W. C. (1995)
Arch. Biochem. Biophys. 318, 378-386.

Zhang, Y., Fujita, N., Oh-hara, T., Morinaga, Y., Nakagawa, T.,
Yamada, M., and Tsuruo, T. (1998) Oncogene 16, 693-703.
Morinaga, Y., Fujita, N., Ohishi, K., and Tsuruo, T. (1997) Int. J.
Cancer 71, 422—428.

Lee, S. H., Soyoola, E., Chanmugam, P., Hart, S., Sun, W.,
Zhong, H., Liou, S., Simmons, D., and Hwang, D. (1992) J. Biol.
Chem. 267, 25934—-25938.

Fletcher, B. S., Kujubu, D. A., Perrin, D. M., and Herschman,
H. R. (1992) J. Biol. Chem. 267, 4338—4344.

Subbaramaiah, K., Telang, N., Ramonetti, J. T., Araki, R., De-
Vito, B., Weksler, B. B., and Dannenberg, A. J. (1996) Cancer
Res. 56, 4424-4429.

Lee, S.-H., Fujita, N., Mashima, T., and Tsuruo, T. (1996) Onco-
gene 13, 2131-2139.

Meade, E. A., Smith, W. L., and DeWitt, D. L. (1993) J. Biol.
Chem. 268, 6610—-6614.

Ujubu, D. A., and Herschman, H. R. (1992) J. Biol. Chem. 267,
7991-7994.

Ristimaki, A., Narko, K., and Hla, T. (1996) Biochem. J. 318,
325-331.

Copeland, R. A., Williams, J. M., Giannaras, J., Nurnberg, S.,
Covington, M., Pinto, D., Pick, S., and Trzaskos, J. M. (1994)
Proc. Natl. Acad. Sci. USA 91, 11202-11206.

Murakami, M., Kuwata, H., Amakasu, Y., Shimbara, S., Naka-
tani, Y., Atsumi, G., and Kudo, I. (1997) J. Biol. Chem. 272,
19891-19897.

Reddy, S. T., and Herschman, H. R. (1994) J. Biol. Chem. 269,
15473-15480.

Dietrich, J. W., Goodson, J. M., and Raisz, L. G. (1975) Prosta-
glandins 10, 231-240.

Raisz, L. G., Dietrich, J. W., Simmons, H. A., Seyberth, H. W.,
Hubbard, W., and Oates, J. A. (1977) Nature 267, 532-534.
Tashjan, A. H. J., Tice, J. E., and Sides, K. (1977) Nature 266,
645-647.

Lader, C. S., and Flanagan, A. M. (1998) Endocrinology 139,
3157-3164.

Morinaga, Y., Fujita, N., Ohishi, K., Zhang, Y., and Tsuruo, T.
(1998) J. Cell. Physiol. 175, 247-254.

Basilico, C., and Moscatelli, D. (1992) Adv. Cancer Res. 59,
115-165.

Simmons, H. A., and Raisz, L. G. (1991) J. Bone Min. Res. 6,
1301-1305.

Formigli, L., Orlandini, S. Z., Benvenuti, S., Masi, L., Pinto, A,
Gattei, V., Bernabei, P. A., Robey, P. G., Collin-Osdoby, P., and
Brandi, M. L. (1995) J. Cell. Physiol. 162, 199-212.

Tatsuta, T., Naito, M., Oh-hara, T., Sugawara, l., and Tsuruo, T.
(1992) J. Biol. Chem. 267, 20383-20391.



	MATERIALS AND METHODS
	RESULTS
	FIG.1
	FIG. 2
	FIG. 3

	DISCUSSION
	FIG. 4
	FIG. 5

	ACKNOWLEDGMENTS
	REFERENCES

