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Abstract
Objective: Recently, osteoprotegerin (OPG)/osteoclastogenesis inhibitory factor (OCIF) has been shown
to inhibit osteoclast differentiation. On the other hand, we have reported that parathyroid hormone
(PTH) stimulated osteoclast formation, presumably through a PTH-responsive cAMP-dependent
protein kinase (PKA) pathway, in mouse bone cells.
Design and methods: The present study was performed to examine how OPG/OCIF expression is
regulated by PTH and to further investigate the possible involvement of OPG/OCIF in the stimulation
of osteoclast formation by PTH in mouse bone cells. OPG/OCIF mRNA expression was analyzed by
Northern hybridization after 24 h treatments of mouse whole bone cells and mouse stromal cell line,
ST2 cells with PTH or various second messenger analogs.
Results: Human (h) PTH(1–34) (10¹10 and 10¹8 mol/l) but not 10¹8 mol/l hPTH(3–34) downregulated OPG/OCIF mRNA expression in mouse bone cells. Dibutyryl cAMP, but not phorbol ester, an
activator of protein kinase C, or A23187, a calcium ionophore, down-regulated it. The same was also
observed in ST2 cells, suggesting that stromal cells are responsible for the inhibitory effect of PTH and
cAMP analogs on OPG/OCIF mRNA expression in mouse bone cells.
Conclusions: The present study indicates that PTH down-regulates OPG/OCIF mRNA expression
through the PKA pathway in stromal cells, which would result in the stimulation of osteoclast
formation.
European Journal of Endocrinology 142 661–664

Introduction
Recently, osteoprotegerin (OPG)/osteoclastogenesis inhibitory factor (OCIF) has been identified and reported to
belong to the tumor necrosis factor (TNF) receptor
superfamily and to be a soluble factor which inhibits
osteoclast differentiation (1, 2). Indeed, in vivo evidence
is available that OPG-knockout mice exhibit severe
osteopenia (3) and that recombinant OPG increases
bone density and protects against bone loss due to
estrogen deficiency in the rat (1). There is also evidence
about the effects of cytokines and hormones on OPG/
OCIF levels in bone cells (4–10). Indeed, parathyroid
hormone (PTH) inhibits OPG/OCIF expression in bone
(9, 11, 12), but it still remains unclear how OPG/OCIF is
regulated by PTH in bone cells. On the other hand, we
previously reported that PTH stimulated osteoclast
formation in mouse bone cells, partly through some
unknown soluble factor released from osteoblasts/
stromal cells (13). Therefore, we raised the possibility
that OPG/OCIF might participate in the mechanism
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through which PTH stimulated osteoclast formation.
The present study was performed to examine how
OPG/OCIF expression is regulated by PTH and to further
investigate the possible involvement of OPG/OCIF in the
stimulation of osteoclast formation by PTH in mouse
bone cells.

Materials and methods
Materials
ICR mice were obtained from the Sizuoka Experimental
Animal Center (Shizuoka, Japan). Dibutyryl cAMP
(dbcAMP) and phorbol 12-myristate 13-acetate (PMA)
were purchased from Sigma Chemical Co. (St Louis, MO,
USA), human PTH (hPTH) (1–34) from Peptide Institute
(Osaka, Japan), Sp-cAMPS from Biolog Life Science
Institute (Bremen, Germany) and A23187 from Hoechest
Japan (Tokyo, Japan). All other chemicals used were of
analytical grade.
Online version via http://www.eje.org
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Cell culture
Mouse unfractionated bone cell culture was previously
described in detail (14). In brief, femurs and tibias of
10- to 15-day-old ICR mice were aseptically removed.
The bones from ten mice were dissected free of soft
tissues and mechanically minced with a scalpel blade
in phenol red-free a-MEM medium containing 5%
charcoal-treated fetal calf serum (FCS). After removal
of bone fragments by sedimentation under normal
gravity, unfractionated bone cell suspensions were
collected from the supernatant. These unfractionated
bone cells included tartrate-resistant acid phosphatasepositive multinucleated cells, alkaline phosphatasepositive mononuclear cells (probably osteoblasts), stromal
cells and other bone marrow cells. Unfractionated bone
cells were cultured in a-MEM containing 5% FCS and
mouse bone marrow stromal cell line ST2 cells were
cultured in RPMI 1640 medium supplemented with
10% FCS at 37 8C in a humidified 10% CO2 –90% air
atmosphere.

Probes
A 546 bp cDNA fragment corresponding to nucleotides
154–699 of the mouse OPG cDNA was amplified from
mouse heart tissue total RNA by RT-PCR using the
following primer, 50 -GAAACCCTTCCTCCAAAGTACTTGCAT-30 , and 50 -TTCACACAGGGTGACATCATCTATTCCAC-30 . The PCR product was cloned into a pGEM-T
Easy Vector (Promega, Madison, WI, USA). The 1.2 kb
b-actin cDNA was used as a reference.

Northern hybridization
The total RNA was extracted from mouse bone cells by
the acid guanidinium–thiocyanate–phenol–chloroform
extraction method (15). Twenty micrograms total RNA
were denatured, and run on a 1% agarose gel containing 2% formaldehyde, then transferred to a nitrocellulose membrane, and hybridized to a 32P-labeled DNA
probe overnight at 42 8C. After hybridization, the filter
was washed twice with 2 × SSC containing 0.5% SDS,
and subsequently twice with 0.1 × SSC containing 0.5%
SDS at 60 8C for 1 h.

Figure 1 Northern blot analysis of OPG/OCIF mRNA after
treatment of mouse bone cells and ST2 cells with the indicated
concentrations of hPTH(1–34) or hPTH(3–34) for 24 h. Data shown
are representative of several separate cell preparations and similar
results were obtained from other preparations.

treatment with hPTH(1–34) (10¹10 and 10¹8 mol/l)
for 24 h concentration-dependently decreased the
OPG/OCIF mRNA level, although 10¹8 mol/l hPTH(3–
34), which did not possess the ability to increase cAMP
production, did not obviously affect it. Our previous
study revealed that PTH stimulated osteoclast formation
in mouse bone cells partly through some unknown
soluble factor released from osteoblasts/stromal cells.
Therefore, we examined the effect of PTH on OPG/OCIF
mRNA levels using mouse stromal cells, ST2. Treatment
with hPTH(1–34) also concentration-dependently downregulated OPG/OCIF mRNA expression in these cells
(Fig. 1, right). PTH acts on bone through cAMPdependent protein kinase (PKA) and phospholipase Ccoupled calcium/protein kinase C (Ca2+/PKC) pathways
(16). The next experiment was performed to examine
the effect of PTH-responsive second messenger analogs
on OPG/OCIF mRNA levels. As shown in Fig. 2,
dbcAMP at 10¹4 mol/l down-regulated the OPG/OCIF
mRNA level in mouse bone cells, but PMA, an activator
of PKC, and A23187, a Ca ionophore, at 10¹7 mol/l
did not. In ST-2 cells, dbcAMP as well as Sp-cAMPS, a

Results
Our previous study revealed that PTH stimulated
osteoclast-like cell formation in mouse bone cells
(13, 14). In the present study using the same culture
system as well as mouse stromal cell line ST-2 cells, we
examined the effect of PTH on OPG/OCIF mRNA
expression. The time-course study revealed that
10¹8 mol/l hPTH(1–34) decreased OPG/OCIF mRNA
levels within 6 h and the inhibitory effect of 24 h
treatment was more prominent than that of 6 h
treatment (data not shown). As shown in Fig. 1,

Figure 2 Northern blot analysis of OPG/OCIF mRNA after
treatment of mouse bone cells and ST2 cells with several second
messenger analogs for 24 h. Data shown are representative of
several separate cell preparations and similar results were obtained
from other preparations.
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PKA activator, at 10¹4 mol/l, also down-regulated it,
while PMA and A23187 at 10¹7 mol/l did not (Fig. 2,
right).

Discussion
In the present study, PTH down-regulated OPG/OCIF
mRNA expression in mouse bone cells as well as in ST-2
cells. The present findings are compatible with recent
data from mouse bone marrow cells and osteoblastic/
stromal cells (9, 11, 12), although there is also recent
evidence that PTH does not affect OPG/OCIF levels in
some osteoblastic cells such as MC3T3 E-1 cells (11) and
SaOS-2 cells (17, 18).
PTH possesses dual signal transduction systems (PKA
and Ca2+/PKC) (14). In the present study using mouse
bone cells as well as mouse stromal cells, PTH(1–34)
and cAMP analogs down-regulated OPG/OCIF mRNA
levels, although PTH(3–34), PMA and A23187 did not.
The present findings first indicated that PTH downregulated OPG/OCIF mRNA expression presumably
through the PKA pathway. Since the same findings
were obtained in mouse bone cells and stromal cells, it
seems likely that stromal cells are responsible for the
inhibitory effect of PTH and cAMP analogs on OPG/
OCIF mRNA expression in mouse bone cells.
Recently, OPG-ligand (OPGL)/osteoclast differentiation factor (ODF) expressed on the membrane of
osteoblasts/stromal cells has been identified and
shown to mediate osteoclastogenesis through binding
to osteoclast precursor cells (19, 20) and activation of
mature osteoclast (17, 21). OPGL/ODF is the ligand for
OPG/OCIF, which belongs to the TNF receptor superfamily, and the stimulatory effect of OPGL/ODF on
osteoclast differentiation are blocked by OPG/OCIF
(17, 19–21). Taken together, OPG is regarded as a
soluble type of decoy receptor for OPGL/ODF, namely
OPG/OCIF acts as a soluble inhibitory factor in
osteoclastogenesis. Our previous (13, 14) and present
studies revealed that PTH as well as cAMP analogs
down-regulated OPG/OCIF mRNA expression and
stimulated osteoclast differentiation in mouse bone
cells. These findings suggest the involvement of OPG/
OCIF in the stimulation of osteoclast formation by PTH.
It has been generally accepted that osteoblasts/stromal
cells play a crucial role in the regulation of osteoclast
differentiation (17, 22). It has been reported that PTH
stimulates osteoclast differentiation at least in part
through an increase in ODF expression in osteoblasts/
stromal cells (9, 11, 12). On the other hand, in our
previous study, conditioned medium from osteoblasts/
stromal cells pretreated with PTH and cAMP analogs
stimulated osteoclast formation from osteoclast precursor cells, although soluble factors responsible for this
phenomenon were not identified. The reduction in OPG/
OCIF in conditioned medium of cells would not directly
promote osteoclast formation, but it is possible that its
reduction promotes osteoclastogenesis indirectly, through
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augmenting ODF action. The present study revealed
that PTH and cAMP analogs down-regulated OPG/OCIF
mRNA expression in ST2 stromal cells as well as in
mouse bone cells. Taken together, it seems likely that
PTH acts on stromal cells to inhibit OPG/OCIF production and release via the PKA pathway, which would
result in the stimulation of osteoclast formation.
In conclusion, the present study first indicated that
PTH down-regulates OPG/OCIF mRNA expression via
the PKA pathway in stromal cells and that OPG/OCIF
would be partly involved in the stimulation of osteoclast
formation by PTH.
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