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Bacteria or their products may cause chronic inflammation and subsequent bone loss. This inflammation
and bone loss may be associated with significant morbidity in chronic otitis media, periodontitis, endodontic
lesions, and loosening of orthopedic implants caused by lipopolysaccharide (LPS)-contaminated implant
particles. Currently, it is not clear how bacteria or endotoxin-induced bone resorption occurs and what cell
types are involved. Here we report that Porphyromonas gingivalis, a periodontal pathogen, and Escherichia coli
LPS induce osteoclastic cell formation from murine leukocytes in the absence of osteoblasts. In contrast,
stimulation with parathyroid hormone had no effect. These multinucleated, tartrate-resistant acid phos-
phatase-positive cells were positive for receptor activator of NF-�B (RANK), the receptor for osteoprotegerin
ligand (OPGL), also known as RANK ligand (RANKL). Blocking antibodies demonstrated that their formation
was dependent upon expression of OPGL and, to a lesser extent, on tumor necrosis factor alpha. Mononuclear
cells represented a significant source of OPGL production. In vivo, P. gingivalis injection stimulated OPGL
expression in both mononuclear leukocytes and osteoblastic cells. Thus, these findings describe a pathway by
which bacteria could enhance osteolysis independently of osteoblasts and suggest that the mix of cells that
participate in inflammatory and physiologic bone resorption may be different. This may give insight into new
targets of therapeutic intervention.

Osteotrophic hormones and inflammatory cytokines may
stimulate osteoclastic bone resorption by either enhancing the
proliferation of osteoclastic precursors or promoting differen-
tiation or maturation of multinucleated cells to resorb bone, or
both (20). Osteotrophic hormones, such as parathyroid hor-
mone (PTH), stimulate osteoclastic bone resorption through
osteoblasts or other bone-lining cells (17). This is consistent
with the observation that osteoclasts and their presumed pre-
cursors lack PTH receptors, while these receptors are present
on osteoblasts (26).

Inflammatory cytokines, such as interleukin-1 (IL-1) or tu-
mor necrosis factor alpha (TNF-�), have been reported to
induce osteoclast formation indirectly by stimulating osteo-
blasts (4, 27, 28). Likewise, lipopolysaccharide (LPS), an in-
flammatory component of gram-negative bacteria, has been
reported to induce osteoclastogenesis indirectly (21). There-
fore, it is generally accepted that both osteotrophic hormones
and factors that stimulate inflammation-induced osteoclast for-
mation act through osteoblasts or stromal bone-lining cells
(23).

The mechanism by which osteoblasts send a second signal to
osteoclast precursors in response to primary osteolytic signals
has been the subject of intense investigation. It has now been
demonstrated that osteoblastic cells regulate osteoclastogen-
esis by expressing osteoprotegerin ligand (OPGL) (25, 30).
Osteoclast precursors, which express the receptor activator of
NF-�B (RANK), recognize OPGL expressed by osteoblasts. In
the presence of other costimulators such as macrophage colo-
ny-stimulating factor (M-CSF) (29), OPGL stimulates the fu-
sion of osteoclast precursors into multinucleated cells capable
of resorbing bone (22, 24). Osteoclast formation is a critical

process in normal development, since it allows for the forma-
tion of the marrow spaces within bone and the eruption of
teeth. Mice with targeted deletion of OPGL have severe os-
teopetrosis and lack osteoclasts, due to the inability of osteo-
blasts to support osteoclastogenesis (15). Mice that fail to
produce M-CSF also have osteopetrotic bone. Both types of
genetic lesions result in death of the animals after weaning
because of malnutrition secondary to a failure of tooth erup-
tion (26). While OPGL has been considered to be a key reg-
ulator of osteoclastogenesis, there are reports demonstrating
that TNF-� induces formation of osteoclast-like cells indepen-
dent of OPGL activity (13).

Bacteria or their products cause inflammatory bone loss in a
number of different infections, including chronic otitis media,
periodontitis, endodontic lesions, and loosening of orthopedic
implants, which may result in significant morbidity (8, 19). In
most cases of chronic inflammation associated with infection,
gram-negative bacteria and their products (such as LPS) have
been implicated as causative factors. In these inflammatory
conditions, a mononuclear cell infiltrate is typically present.
That OPGL is expressed by lymphocytes raises the possibility
that leukocytes play a prominent role in generating primary
signals that induce osteoclastogenesis (14). Another prominent
cell type found in mononuclear infiltrates is the monocyte. It
plays a central role in orchestrating the response to LPS and
gram-negative bacteria. Although monocytes have been impli-
cated in osteolysis, the specific mechanisms by which they pro-
mote bone resorption have not been conclusively established
(3, 5).

The present study examined bacterium-induced formation
of osteoclast-like cells and the role of OPGL and TNF-� pro-
duction by leukocytes. The results indicate that bacteria or LPS
can induce formation of osteoclastic cells without osteoblastic
cells present and that both TNF-� and OPGL may play a
significant role.
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MATERIALS AND METHODS

Bacterial culture and preparation. Porphyromonas gingivalis (A7436) was
grown in a commercially formulated complex medium, TSBY (Trypticase soy
agar and brain heart infusion agar with yeast extract) plus Hemin and vitamin K
(Northeast Laboratories, Winslow, Maine) in an anaerobic atmosphere of 10%
CO2, 10% H2, and 80% N2 at 37°C. Bacteria were used at early- to middle-log-
phase growth and heat killed by boiling for 10 min, followed by washing five times
with phosphate-buffered saline (PBS). The amount of bacteria was quantified
with a spectrophotometer (560 nm) based on a standard curve established by
colony formation on bacterial plates.

Isolation of murine spleen cells. Spleens were obtained from 8- to 10-week-old
mice (C57BL6; Jackson Labs, Bar Harbor, Maine). After sacrifice in a CO2

chamber, the spleen was removed under sterile conditions and homogenized, and
cells were collected by centrifugation. Red blood cells were lysed with ammo-
nium chloride (0.8% [wt/vol]), and mononuclear cells were isolated by centrifu-
gation in Histopaque 1083 (Sigma Diagnostics, St. Louis, Mo.). The procedures
conducted were approved by the Institutional Animal Care and Use Committee
at Boston University.

Formation of TRAP-positive multinucleated cells. Freshly isolated splenocytes
(1.5 � 106 per well [1 ml]) were plated in LAB-Tek chambers and stimulated
with bacteria or LPS in �-minimal essential medium supplemented with 10%
fetal bovine serum and 1% penicillin-streptomycin for 7 to 11 days. M-CSF (24
ng/ml) was added unless stated otherwise and the medium was changed every 3
days. Cells were then stained for tartrate-resistant acid phosphatase (TRAP) (9,
18). TRAP-positive multinucleated cells containing over three nuclei were iden-
tified as osteoclast-like cells.

Immunostaining of RANK expression by multinucleated osteoclast-like cells.
Splenocytes were stimulated with bacteria in LAB-Tek chambers as described
above for 11 days. Cells were fixed with 1% paraformaldehyde and incubated
with antibodies to RANK or matched control immunoglobulin G (IgG; Santa
Cruz Biotechnology, Santa Cruz, Calif.). Primary antibody was localized using an
Elite-ABC kit from Vector Laboratories (Burlingame, Calif.) with diaminoben-
zidine (DAB) as a chromogen, following the manufacturer’s instructions.

Flow cytometry. Murine splenocytes (3 � 106/ml) were cultured with or with-
out P. gingivalis (105 cells/ml) in six-well plates for 15 to 72 h. Nonadherent cells
were collected and the attached cells were removed by an enzyme-free, PBS-
based cell dissociation solution (Life Technologies, Rockville, Md.). The cells
were centrifuged and transferred to a polypropylene round-bottom 96-well plate
for incubation with antibodies. A goat anti-mouse OPGL antibody was pur-
chased from R&D Systems (Minneapolis, Minn.) and used to identify OPGL-
positive cells, followed by incubation with a fluorescein isothiocyanate-conju-
gated donkey anti-goat secondary antibody. Phycoerythrin-conjugated rat anti-
mouse CD3 and CD19 were purchased from Pharmingen (San Diego, Calif.).
Matched goat IgG and phycoerythrin-labeled rat IgG were used as controls for
OPGL and CD3 or CD19, respectively.

Immunohistochemistry staining of OPGL expression in vivo. Bacteria were
applied by supraperiosteal injection in the midcalvarial region after removal of
hair using a microshaver. Fifty microliters of P. gingivalis (1010/ml) or vehicle

alone (PBS) was injected. Mice were sacrificed 7 days after injection and spec-
imens were embedded in paraffin and cut at a thickness of 5 �m. The calvarial
samples with attached scalp were harvested, fixed in 4% paraformaldehyde for
24 h at 4°C, and decalcified in Immunocal (Decal Chemical Corporation, Con-
gers, N.Y.). The sections were incubated with antibodies to OPGL or matched
control IgG. Primary antibodies were localized using an Elite kit from Vector
Laboratories with DAB as chromogen, following the manufacturer’s instructions.

RESULTS

Bacteria stimulate formation of multinucleated osteoclast-
like cells. The first set of experiments was carried out to es-
tablish whether bacteria could directly induce osteoclastic cell
formation from leukocytes. Osteoclastic cell formation was
determined by the presence of multinucleated TRAP-positive
cells. P. gingivalis cells incubated with leukocytes stimulated
formation of a large number of TRAP-positive multinucleated
cells (Fig. 1A). In the absence of bacterial stimulation, virtually
no TRAP-positive cells were identified (Fig. 1B).

To further characterize the phenotype of the multinucleated
TRAP-positive cells, immunohistochemistry was carried out to
determine whether these cells express RANK, the receptor for
OPGL, which is produced by osteoclast precursors and mature
osteoclasts. Figure 2A demonstrates that the majority of cells
with two or more nuclei were stained positive for RANK fol-
lowing bacterial stimulation, while there was no immunostain-
ing with isotype-matched control IgG (Fig. 2B). Thus, these
multinucleated cells are osteoclast-like.

Bacteria and LPS induce a dose-dependent increase in os-
teoclastogenesis. The number of osteoclastic cells formed in
response to P. gingivalis stimulation was dose dependent. As
shown in Fig. 3, few if any multinucleated osteoclastic cells
formed after 11 days in culture medium that was supplemented
with serum alone. In many experiments, no osteoclast-like cells
were detected in the absence of bacterial stimulation. At a
relatively low concentration of bacteria, 104/ml, large numbers
of osteoclastic cells formed, which were further increased by
the addition of higher concentrations of bacteria. However, at
concentrations of P. gingivalis of 106/ml or greater, the re-
sponse was variable, since high doses began to negatively affect
the viability of leukocytes over the 11-day period in culture

FIG. 1. P. gingivalis stimulates formation of multinucleated TRAP-positive cells. Murine splenocytes were incubated with or without bacteria
(105/ml) for 11 days. Cell cultures were fixed and stained for TRAP activity and counterstained with hematoxylin. (A) Stimulated splenocytes;
(B) nonstimulated splenocytes. Magnification, �20. The assay was carried out six times with similar results. The photomicrograph was taken from
a representative experiment.
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(data not shown). It should be noted that based on our previ-
ous animal study and those of Zubery et al., the dose of bac-
teria that we used in vitro was similar to or less than the dose
required to create osteolytic lesions in vivo (12, 31).

LPS has been found to play an important role in eliciting a
host response to gram-negative bacteria and to cause patho-
logical consequences, including bone resorption. Recent stud-
ies indicate that IL-1 and TNF induced by LPS contribute to
osteoclastogenesis (1, 6). However, an understanding of the
mechanisms by which LPS induces bone resorption remains
incomplete. Therefore, experiments were carried out to exam-
ine whether LPS purified from enteric bacteria could induce
formation of osteoclast-like cells in the absence of osteoblasts.
Figure 4 demonstrates that Escherichia coli LPS stimulated
formation of multinucleated TRAP-positive cells in a dose-

dependent manner. The stimulatory activity leading to the
formation of osteoclastic cells was observed at a relatively low
concentration, 10 ng/ml, and peaked at 100 ng/ml. Higher
concentrations of LPS did not further enhance the formation
of osteoclastic cells (data not shown).

PTH does not directly stimulate osteoclastic cell formation
from leukocyte cultures. It has been reported by various lab-
oratories that calcitropic hormones such as PTH induce oste-
oclast formation via an osteoblast-dependent pathway (2, 7,
16). In order to compare the induction of osteoclastic cells by
bacteria with that stimulated by PTH, we measured osteoclas-
togenesis under the same conditions described above (Fig. 5).
The results demonstrate that PTH does not directly stimulate
formation of osteoclastic cells, while P. gingivalis-stimulated
cultures formed large numbers of these cells in the same assay.
Moreover, PTH did not further enhance the stimulatory ca-
pacity of P. gingivalis. This result indicates that the requirement
of accessory cells in stimulating osteoclast formation differs
between PTH and gram-negative bacteria.

FIG. 2. Immunostaining of RANK expression by multinucleated
osteoclast-like cells. Splenocytes were stimulated with P. gingivalis in
LAB-Tek chambers for 11 days as described in the text. Cells were
fixed and incubated with antibody to RANK (A) or matched control
IgG (B). Photomicrograph magnification, �20. The immunostaining
was performed twice with the same result.

FIG. 3. Dose response of P. gingivalis-stimulated formation of os-
teoclastic cells. Murine splenocytes were stimulated with various doses
of P. gingivalis in culture medium not supplemented with M-CSF. Cells
were fixed and assayed for TRAP activity on day 11. TRAP-positive
osteoclastic cells were counted if they had three or more nuclei per
cell. One-way analysis of variance demonstrated that 104 cells/ml or
higher concentrations of P. gingivalis significantly stimulated formation
of osteoclastic cells in a dose-dependent manner (P � 0.01). The
experiment was performed three times with similar results.

FIG. 4. Dose response of LPS-stimulated multinucleated osteoclas-
tic cells. Murine splenocytes were stimulated with various doses of LPS
in culture medium not supplemented with M-CSF. Cells were fixed,
assayed for TRAP activity, and counted on day 11 as described in the
legend to Fig. 3. One-way analysis of variance demonstrated that the
10-ng/ml or higher concentrations of LPS significantly stimulated for-
mation of osteoclastic cells in a dose-dependent manner (P � 0.01).
The experiment was performed twice with similar results.

FIG. 5. Effect of PTH on murine splenocytes. Murine splenocytes
were stimulated with PTH (5 � 10�8 M) and P. gingivalis (105 cells/ml).
Cells were fixed, assayed for TRAP activity, and counted on day 11 as
described in the legend to Fig. 3. The assay was performed three times
with similar results.
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TNF-� plays a significant role in bacterium-stimulated os-
teoclastic cell formation. To examine the mechanisms by which
bacteria induce osteoclast-like cell formation, blocking anti-
bodies to TNF-� were added to the leukocyte culture during
bacterial stimulation (Fig. 6). The results demonstrated that
the number of multinucleated TRAP-positive cells was de-
creased by a dose-dependent incubation of anti-TNF antibody.
However, a plateau was reached, with the maximum inhibition
typically around 40 to 60%. This suggests that TNF contributes
to the formation of osteoclast-like cells but that other media-
tors are as important.

OPGL expressed by mononuclear leukocytes plays a signif-
icant role in bacterium-stimulated osteoclastic cell formation.
To examine the role of OPGL in bacterium-induced osteoclast
formation, blocking antibodies to OPGL were incubated with
leukocytes during bacterial stimulation. The results demon-
strated that antibodies to OPGL decrease the number of
TRAP-positive cells in a dose-dependent manner (Fig. 7). The
formation of the osteoclastic cells was significantly inhibited by
the antibody by approximately 20% at 80 ng/ml and by 60% at
400 ng/ml (Fig. 7A). When additional antibody was added, the
degree of inhibition was somewhat higher, reaching 70%, a
degree of inhibition that was consistently observed but not
exceeded. We also tested the capacity of the OPGL antibody to
inhibit osteoclastic cell formation induced by recombinant
OPGL. When a moderate concentration of antibody was uti-
lized (200 ng/ml), osteoclast formation induced by recombi-
nant OPGL (30 ng/ml) was completely inhibited, demonstrat-
ing the effectiveness of the antibody (Fig. 7B). The observation
that a 10-times-higher concentration of this antibody did not
inhibit 100% of P. gingivalis-stimulated osteoclastogenesis
would suggest that other mediators can also stimulate forma-
tion of osteoclastic cells even in the relative absence of OPGL,
albeit less effectively.

P. gingivalis stimulates mononuclear cells to express OPGL

in vitro. In order to identify the cell source of OPGL in the
experimental system, we carried out double-immunofluores-
cence flow cytometry experiments using antibody to OPGL
with antibody to either CD19 or CD3. In time course experi-
ments, P. gingivalis maximally stimulated expression by B and T
lymphocytes at 48 to 72 h (Fig. 8). In P. gingivalis-stimulated
cells, approximately 30% were double positive for OPGL and
CD19 expression, while only 5% were double positive for
OPGL and CD3 (Table 1). The low contribution of CD3 T
lymphocytes was due to the lower numbers present in the total
cell population (Table 1). Previous investigators have shown
that concanavalin A (ConA) induces OPGL expression in T
lymphocytes (10). For comparison, we also examined OPGL

FIG. 6. Effect of antibody to TNF-� on formation of osteoclastic
cells. Murine splenocytes were stimulated with bacteria (105/ml) and
culture medium not supplemented with M-CSF. Various concentra-
tions of anti-murine TNF-� antibody or matched control IgG were
added during the entire time of the culture. Cells were fixed, assayed
for TRAP activity, and counted on day 11 as described in the legend to
Fig. 3. One-way analysis of variance demonstrated that the 4-�g/ml or
higher concentrations of anti-TNF-� antibody significantly inhibited
formation of osteoclastic cells in a dose-dependent manner (P � 0.01).
The experiments were carried out three times with similar results.

FIG. 7. Effect of antibody to OPGL on formation of osteoclastic
cells. (A) Murine splenocytes were stimulated with bacteria (105/ml)
with various concentrations of anti-murine OPGL in standard culture
medium. One-way analysis of variance demonstrated that the 400-
ng/ml or higher concentrations of antibody to OPGL significantly in-
hibited formation of osteoclastic cells in a dose-dependent manner (P
� 0.01). (B) Murine splenocytes were stimulated with recombinant
OPGL (30 ng/ml) or P. gingivalis (105/ml). Cells stimulated with re-
combinant OPGL were incubated in standard medium and cells incu-
bated with P. gingivalis were incubated in culture medium not supple-
mented with M-CSF. Antibody to murine OPGL or matched control
IgG was added during the entire time of the culture as indicated. Cells
were fixed, assayed for TRAP activity, and counted on day 11 as
described in the legend to Fig. 3. Student’s t test demonstrated that
antibody to OPGL (200 ng/ml) significantly decreased either OPGL-
or P. gingivalis-induced osteoclastic cell formation compared to that in
their respective controls (P � 0.05). The experiments were carried out
three times with similar results.
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expression by B and T lymphocytes when stimulated by ConA.
ConA induced proliferation of the T lymphocytes so that they
increased from 12.4 to 42.6% of the total cell population, a
percentage that now was similar to that for B lymphocytes.
Even under these conditions, B lymphocytes were the predom-
inant contributor to the OPGL-positive cell population.

Bacterial infection can induce OPGL production by infil-
trating mononuclear cells in vivo. We have established that
bacteria can induce OPGL expression and formation of oste-
oclastic cells from leukocytes in vitro and that OPGL plays an
important role in this process. Moreover, we have recently
demonstrated that Porphyromonas endodontalis, another Por-
phyromonas species found in oral bone lesions, when injected
into the scalp of mice induces osteoclastogenesis in vivo (12).
Figure 9 establishes that P. gingivalis induces OPGL expression
by inflammatory cells in the same animal model. Seven days
after injection of bacteria, a large number of inflammatory cells
were recruited to the injection site, some of which were OPGL
positive and in close proximity to bone (Fig. 9A). These were
mononuclear in appearance. In addition, OPGL-positive bone-

lining osteoblastic cells were also present. Tissue sections in-
cubated with control IgG (Fig. 9B) were negative. In addition,
tissue sections from PBS-injected animals had no bone resorp-
tion or positive immunostaining when incubated with OPGL
antibody (data not shown). Thus, bacteria can induce OPGL in
mononuclear cells, which could contribute to bone loss asso-
ciated with chronic inflammation.

DISCUSSION

Until recently it was thought that bacteria or their products
cause bone resorption via a pathway that requires the partici-
pation of osteoblasts or other bone-lining cells (21). Our re-
sults suggest that there is another pathway by which bacteria
may stimulate osteolysis that is independent of osteoblasts.
This conclusion is based upon evidence that bacteria or LPS
directly stimulate formation of TRAP-positive multinucleated
cells that express RANK. In addition, these cells also formed
resorption pits in vitro on bone slices (data not shown).

Under the same conditions, the calciotropic hormone PTH
had no osteoclast-promoting activity. This result is consistent
with previous reports that hormones such as PTH require the
participation of osteoblastic cells to induce osteoclastogenesis
(17). Thus, the specific mediators and cell types that partici-
pate in bone resorption may depend upon the nature of the
stimulus. Furthermore, inflammatory bone resorption may in-
clude both osteoblastic and nonosteoblastic pathways, which
may interact and lead to vigorous stimulation of osteoclasto-
genesis. This may explain the fact that relatively large numbers
of osteoclasts may be present at sites of inflammatory bone
resorption.

The importance of either TNF-� or OPGL in bone resorp-
tion has been established in a different experimental system
(13). Data presented here demonstrate that either TNF-� or
OPGL plays a significant role in bacterium-induced osteoclast-
like cell formation, with OPGL playing a relatively more prom-
inent role. At maximum concentrations, TNF-� antibody
blocked approximately 40 to 60% of bacterium-induced oste-
oclastogenic activity, while OPGL antibody inhibited it by 60 to

FIG. 8. Time course of OPGL expression by B and T lymphocytes.
Murine splenocytes were stimulated with P. gingivalis for the indicated
time and double immunostained with antibodies to OPGL and CD3 or
CD19 to identify T and B lymphocytes, respectively. Immunofluores-
cent flow cytometry was carried out as described in Materials and
Methods. The assay was repeated three times with similar results.

FIG. 9. Bacterial infection can induce OPGL production by infil-
trating mononuclear cells in vivo. P. gingivalis (5 � 108 cells) was
injected into the mouse scalp. Mice were sacrificed 7 days after injec-
tion. The calvarial samples with attached scalp were harvested and
prepared for immunohistochemistry staining as described in Materials
and Methods. The tissue sections were immunostained with antibodies
to OPGL (A) or matched control IgG (B). Photomicrograph magni-
fication, �50. The long arrow indicates an OPGL-positive bone-lining
cell, and the short arrow indicates an OPGL-positive inflammatory
cell. The experiment was carried out twice with similar results.

TABLE 1. B and T lymphocytes express OPGLa

Stimulus

No. of cells OPGL�

(% of total)
No. of cells with

marker (% of total)

CD19� CD3� CD19 CD3

None 6.9 2.4 77.7 12.4
P. gingivalis 30.4 5.4 79.8 12.8
ConA 23.2 12.2 43.7 42.6

a Murine splenocytes were stimulated with P. gingivalis for 72 h and double
immunostained with antibodies to OPGL and CD3 or CD19 to identify T and B
lymphocytes, respectively. Immunofluorescent flow cytometry was carried out as
described in Materials and Methods. The assay was performed three times with
similar results.
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70%. Adding both antibodies to the culture did not consis-
tently block the formation of osteoclastic cells to a greater
extent than OPGL antibody alone (data not shown). It is pos-
sible that the residual osteoclastogenic activity that could not
be blocked by antibody to OPGL or TNF is due to the pro-
duction of other mediators. Alternatively, it could result from
a direct effect of bacteria or LPS on formation of osteoclast-
like cells. For example, the activation of toll-like receptors by
LPS could potentially enhance formation of osteoclast-like
cells (11).

Activated T lymphocytes have been shown to express OPGL
and contribute significantly to the regulation of systemic and
local bone loss (14, 15). The results extend these findings to
indicate that under bacterial stimulation OPGL is also ex-
pressed by B lymphocytes. It should be noted that our in vitro
assay system examined short-term responses, which would fa-
vor stimulation of B cells. However, when ConA was used as a
stimulus, B lymphocytes still contributed more to OPGL-pos-
itive cell populations than did T lymphocytes. Thus, both B
lymphocytes and T lymphocytes can contribute to OPGL ex-
pression.

Bacteria or their products such as LPS bind to receptors on
monocytes or B lymphocytes and stimulate a number of in-
flammatory mediators. The production of these factors may
enhance the capacity of leukocyte-produced OPGL to induce
osteolysis. In contrast, calciotropic hormones stimulate osteol-
ysis by binding to cognate receptors on osteoblasts rather than
mononuclear cells. Although both processes appear to ulti-
mately stimulate formation of osteoclast-like cells through the
production of OPGL, the cascade of mediators as well as the
cell types that participate may be different. Thus, under bac-
terial stimulation both osteoblast-dependent and -independent
pathways may be simultaneously induced, while with osteotro-
phic hormones only osteoblast-dependent pathways may be
operative.
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