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Platelet-rich plasma
suppresses
osteoclastogenesis by
promoting the secretion of
osteoprotegerin
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Background and Objective: Platelet-rich plasma is characterized by containing
fundamental protein growth factors. Although many in vitro studies have docu-
mented the capability of platelet-rich plasma to induce the growth of osteoblasts
or osteoblast-like cells, the effect of platelet-rich plasma on osteoclastogenesis has
not yet been studied. The aim of the present study was to evaluate the effects of
platelet-rich plasma and platelet-poor plasma on osteoclastogenesis with rat bone
marrow cell culture.

Material and Methods: Platelet-rich plasma and platelet-poor plasma were pro-
duced from the whole blood of rat. For cell culture, rat bone marrow cells were
isolated from rat tibiae and then treated with 1,25a dihydroxy vitamin D; and with
different concentrations of platelet-rich plasma or platelet-poor plasma. After 4 d
of culture, rat bone marrow cells were stained with tartrate-resistant acid phos-
phatase (TRAP), and TRAP-positive cells that had more than three nuclei
(TRAP-positive multinucleated cells) were counted as osteoclast-like cells.
Osteoprotegerin, known as an osteoclastogenesis-related factor, cells was quanti-
fied using an enzyme-linked immunosorbent assay (ELISA).

Results: Although platelet-poor plasma had no effect on the formation of TRAP-
positive multinucleated cells, platelet-rich plasma decreased the number of TRAP-
positive multinucleated cells in a dose-dependent manner. The amount of
osteoprotegerin produced from rat bone marrow cells and from MC3T3-E1 cells
was enhanced in platelet-rich plasma-treated groups.

Conclusion: Under our experimental conditions, platelet-rich plasma decreased the
formation of TRAP-positive multinucleated cells and increased the secretion of
osteoprotegerin. This study suggests that platelet-rich plasma suppresses osteocl-
astogenesis, therefore inhibiting bone resorption. In addition we also demon-
strated that platelet-rich plasma increased the secretion of osteoprotegerin, an
inhibitor for osteoclast formation, thus suggesting that the enhancement of
osteoprotegerin secretion induces this inhibitory effect.
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Platelet-rich plasma is defined as a
volume of autologous plasma that has
an abundant platelet concentration (1).
Platelets are primarily involved in
wound healing through clot formation
and the release of growth factors that
initiate and support wound healing.
Many studies have investigated the
effect of various growth factors on
bone healing and have established the
actual roles and mechanisms of these
growth factors. Several growth factors
contained in platelets have also been
demonstrated to be effective on cell
proliferation, chemotaxis, differentia-
tion and extracellular matrix synthesis
in vitro (2-5) and consequently to
facilitate bone healing and regenera-
tion in vivo (6-10) and in clinical trials
(11,12). Platelet-rich plasma is used to
deliver high concentrations of growth
factors to sites requiring bone healing
and regeneration and therefore con-
siderable interest has recently emerged
of the potential benefits, in addition to
those of bone healing and regenera-
tion, of the use of platelet-rich plasma.
Recently, a number of articles have
been published that document basic
research, both in vitro (13-22) and
in vivo (23-30), and the clinical use
(31-36) of platelet-rich plasma. To the
authors’ knowledge, the first clinical
dental results with platelet-rich plasma
were reported by Marx et al. (37).
Their data suggest that platelet-rich
plasma accelerates the rate and degree
of bone formation. In addition, several
authors have demonstrated that the
application of platelet-rich plasma
might improve bone healing and
regeneration as well as the healing of
soft tissue (21,38,39). Some authors
have also published in vitro studies, the
results of which indicate that the bio-
logical effects of platelet-rich plasma
take place at the cellular level (13-21).
However, most of these studies
examined the biological effects of
platelet-rich plasma on osteoblasts or
osteoblast-like cells, not on osteoclasts,
in spite of the fact that bone remodel-
ing is accompanied by the interactions
of osteoblasts and osteoclasts.
Osteoclasts that are primarily
involved in bone resorption are multi-
nucleated cells derived from hemato-
poietic precursors of the monocyte/

macrophage lineage. Osteoclast for-
mation requires a cell-to-cell interac-
tion between osteoclast precursor cells
and osteoblasts, and can be achieved
by coculturing bone marrow precursor
cells with osteoblasts/stromal cells (40).
In other words, the effects of a number
of cytokines that modulate the differ-
entiation of osteoclasts are mediated
by osteoblasts/stromal cells. The pro-
tein involved in this interaction has
been identified as receptor activator of
nuclear factor-kB ligand (RANKL),
the central mediator of osteoclasto-
genesis in osteoblasts/stromal cells (41—
43). The interaction of RANKL with
receptor activator of nuclear factor
(RANK) not only provides the signal
for osteoclastogenesis from hemato-
poietic progenitor cells, but also con-
tributes to the bone resorption activity
and survival of osteoclasts. On the
other hand, osteoblasts/stromal cells
secrete a glycoprotein called osteopro-
tegerin, a soluble member of the tumor
necrosis factor receptor superfamily
that acts as a decoy receptor for
RANKL and prevents its interaction
with RANK (41). With regard to bone
resorption, the number and function of
osteoclasts are the main determinant of
the rate of bone resorption, so it is
of great interest to understand the
effects of platelet-rich plasma on
osteoclasts in the regeneration of bone
tissue.

Therefore, the aim of the present
study was to examine the molecular
basis of the effects of platelet-rich
plasma on osteoclastogenesis in bone
marrow cultures and the involvement
of osteoprotegerin production by
osteoblast-like cells, and to determine
the effect of platelet-rich plasma on
bone resorption.

Material and methods

All animal experiments were carried
out in compliance with the laws and
guidelines for experimental use and
care of animals.

Preparation of platelet-rich plasma

To prepare platelet-rich plasma, whole
blood was obtained from the heart of
Sprague—Dawley rats (male, 4 wk of

age). The rats were anesthetized with
an intraperioneal injection of pento-
barbital  sodium  (Somnopentyl®
Schering—Plough  Animal  Health,
Kenilworth, NJ, USA) and the blood
was drawn with a 4.5 mL tube
containing citrate solution as the anti-
coagulant (Vacutainer®; Becton Dick-
inson, Franklin Lakes, NJ, USA). The
tube was centrifuged at 140 g for
10 min using a standard electronically
controlled bench-top centrifuge. After
the first centrifugation step, whole
blood was separated into three com-
ponents: platelet-poor plasma, buffy
coat (which is thought to be platelet-
rich plasma) and red blood cells. The
entire platelet-poor plasma and buffy
coat components, including some red
blood cells at the very top of the red
blood cell layer, were pipetted out and
transferred into another sterile tube.
This pipetted material was centrifuged
again at 140 g for 10 min, and the top
yellow platelet-poor plasma  was
removed except for about 0.5 mL of
plasma at the bottom of the tube. The
remaining plasma was defined as
platelet-rich plasma and the number of
platelets was counted and adjusted to
1500 x 10° platelets/uL. Platelet-rich
plasma or platelet-poor plasma was
added to each well after five repeated
cycles of freeze—thawing to release the
growth factors contained in platelets.

Effect of platelet-rich plasma and
platelet-poor plasma on the
formation of osteoclast-like cells

To examine the effect of platelet-rich
plasma and platelet-poor plasma
(10 x 10° platelets/uL) on the forma-
tion of osteoclast-like cells, rat bone
marrow cells were used. For the for-
mation of osteoclast-like cells, bone
marrow cells were flushed out from the
tibiae of the Sprague—-Dawley rats used
in this study. These bone marrow cells
were seeded in 24-multiwell plates at a
density of 1.0 x 10° cells/well and were
cultured in o-minimum essential med-
ium (Gibco, Grand Island, NY, USA)
containing 15% fetal bovine serum in
the presence of 107 M lo,25-dihydr-
oxy vitamin Dj. Platelet-rich plasma or
platelet-poor plasma was added at 0
(control group), 0.2, 1.0, 2.0, 4.0 or



10 pL/mL. After 4 d of culture without
any changes being made to the med-
ium, the cells were fixed and stained
with tartrate-resistant acid phospha-
tase (TRAP) using a commercial kit
(Sigma, St Louis, MO, USA). Tartrate-
resistant acid phosphatase-positive
cells that had more than three nuclei
were defined as TRAP-positive multi-
nucleated cells and were counted as
osteoclast-like cells (» = 32 in each

group).

Enzyme-linked immunosorbent
assay for osteoprotegerin secreted
into the culture medium by rat bone
marrow cells

The amount of osteoprotegerin secreted
into the cell culture medium was deter-
mined using a commercially available
enzyme-linked immunosorbent assay
(ELISA) kit (Quantikine® R&D sys-
tems, Mineapolis, MN, USA). Rat bone
marrow cells, derived as described
above, were seeded in 24-multiwell
plates at a density of 1.0 x 10° cells/well
and were incubated for 4d in the
absence or presence of 107 M vitamin
Dj;. After 4 d of culture under the same
culture conditions used for the forma-
tion of osteoclast-like cells, the culture
media were collected and the amounts
of osteoprotegerin were measured
according to the manufacturer’s
instructions (n = 16 in each group).

Culture of MC3T3-E1 cells and
osteoprotegerin ELISA, with or
without platelet-rich plasma in the
absence or presence of vitamin D3

MC3T3-El, a mouse osteoblastic cell
line, was inoculated at a density of
0.5 x 10° cells/mL into the wells of
96-multiwell plates. These cells were
cultured in o-minimum essential
medium containing 10% fetal bovine
serum. After the adhesion period of
5h, the medium was changed to
o-minimum essential medium contain-
ing 2% fetal bovine serum in the
absence or presence of platelet-rich
plasma (0.2, 1.0, 2.0, 4.0 or 10 uL/mL)
and culture was continued for 4 d.
After 4d of culture without any
culture medium change, the MTT [3-
(4, 5-dimethyl-2-thiazolyl)-2,5-diphe-
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nyl-2H-tetrazolium bromide] assay was
used to estimate the cell number. The
cells were incubated with o-minimum
essential medium containing 2% fetal
bovine serum and MTT in the last 3 h
of the culture period after collection of
culture medium for analysis by
osteoprotegerin ELISA. At the end of
culture, the media were changed into
100 uL  of dimethylsulphoxide and
after 6 hours culture, the absorbance of
formazan salts were determined at
570 nm in an ELISA reader. In addi-
tion, the amount of osteoprotegerin
secreted into the culture medium over
4 d of incubation was measured using
an ELISA kit according to the manu-
facturer’s instructions (z = 16 in each
group). Similarly to the rat bone mar-
row cell culture, both types of ELISA
were also performed after culture of
MC3T3-El cells in the absence or
presence of 10™% M vitamin Dj.

Statistical analysis

All of the results were expressed as the
mean =+ standard deviation. A com-
parative study of means was performed
using the analysis of variance statistical
test. The results were considered sig-
nificantly different when the p-value
was < 0.05. The Scheffe post hoc test
for multiple comparisons was used
when the analysis of variance was sig-
nificant.

Results

TRAP staining

Rat bone marrow cells grown in the
presence of vitamin D; for 4 d showed
the formation of TRAP-positive mul-
tinucleated cells. The effects of platelet-
rich plasma or platelet-poor plasma
on osteoclastogenesis were evaluated
at various densities. Although many
TRAP-positive multinucleated cells
were formed in the absence of platelet-
rich plasma (control group), in con-
junction with significant growth of
bone marrow stromal cells (Fig. 1A),
platelet-rich plasma markedly inhibited
the formation of TRAP-positive mul-
tinucleated cells without suppressing
the growth of stromal cells (Fig. 1B).
By contrast, none of the platelet-poor

Fig. 1. Formation of tartrate-resistant acid
phosphatase (TRAP)-positive multinucleat-
ed cells in rat bone marrow cells without or
with platelet-rich plasma. (A) TRAP-posi-
tive multinucleated cells were formed in the
absence of platelet-rich plasma. (B) Platelet-
rich plasma suppressed the formation of
TRAP-positive multinucleated cells without
suppressing the growth of stromal cells.

plasma groups had any effect on the
formation of TRAP-positive multinu-
cleated cells (data not shown).

To provide quantitative data of the
effect of platelet-rich plasma or plate-
let-poor plasma on osteoclastogenesis,
the number of TRAP-positive multi-
nucleated cells per well was counted.
Platelet-rich plasma decreased the
number of TRAP-positive multinucle-
ated cells per well in a dose-dependent
manner (Fig. 2A) and statistical anal-
ysis revealed significant differences
between the control group and all
platelet-rich plasma groups. However,
TRAP-positive multinucleated cells
were induced normally in all platelet-
poor plasma groups and no inhibition
was observed (Fig. 2B).

Osteoprotegerin ELISA in rat bone
marrow cells

To determine the mechanisms of
platelet-rich plasma-mediated inhibi-
tion of osteoclastogenesis, the levels of
osteoprotegerin in the culture medium
were measured by ELISA. In the
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Fig. 2. Number of tartrate-resistant acid
phosphatase (TRAP)-positive multinucleat-
ed cells with platelet-rich plasma or platelet-
poor plasma. The values represent the
mean + standard deviation of 32 indivdual
wells. (A) Platelet-rich plasma significantly
suppressed the formation of TRAP-positive
multinucleated cells in a dose-dependent
manner compared with the control group
(0 pL/mL) (*p < 0.01, analysis of variance,
Scheffe). (B) By contrast, platelet-poor
plasma had no significant effect on the for-
mation of TRAP-positive multinucleated
cells. PPP, platelet-poor plasma; PRP,
platelet-rich plasma; TRAP(+)MNCs, tar-
trate-resistant acid phosphatase-positive
multinucleated cells.

absence of vitamin Ds, higher levels of
osteoprotegerin were detected in the
platelet-rich  plasma-treated culture
medium (Fig. 3A). Platelet-rich plasma
(2.0, 4.0 and 10.0 uL/mL) enhanced
the production of osteoprotegerin sig-
nificantly compared with the control
group. However, we found no signifi-
cant effect of platelet-poor plasma on
osteoprotegerin secretion from rat
bone marrow cells (Fig. 3B). In the
presence of vitamin D;, osteoproteg-
erin was not detected in the culture
medium, regardless of the presence of
platelet-rich plasma or platelet-poor
plasma (data not shown).

The effect of platelet-rich plasma on
the proliferation of MC3T3-E1 cells in
the absence or presence of vitamin D3

Figure 4 shows the proliferation data
of MC3T3-El cells, a mouse osteo-
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Fig. 3. The amount of osteoprotegerin in
the culture medium of rat bone marrow cells
treated with platelet-rich plasma or platelet-
poor plasma was examined by enzyme-
linked immunosorbent assay (ELISA). Rat
bone marrow cells were cultured with
platelet-rich plasma or platelet-poor plasma
and the culture medium was collected. (A)
Platelet-rich plasma caused a marked
increase in the concentration of osteopro-
tegerin compared with the control group
(0 uL/mL) (*p < 0.01, **p < 0.05, analy-
sis of variance, Scheffe). (B) By contrast,
platelet-poor plasma did not show any sig-
nificant effect. OPG, osteoprotegerin; PPP,
platelet-poor plasma; PRP, platelet-rich
plasma.

blastic cell line, with or without
platelet-rich plasma, on day 4 by use
of the MTT assay. In the absence of
vitamin Ds, treatment of the cultures
with 1.0, 2.0, 4.0 or 10 uL/mL of
platelet-rich ~ plasma  significantly
increased the number of MC3T3-El
cells compared with the control group
(platelet-rich  plasma 1.0 pL/mL,
p < 0.05; and platelet-rich plasma
2.0, 40 and 10 pL/mL, p < 0.01)
(Fig. 4A). The cells treated with
0.2 uL/mL  of platelet-rich plasma
showed only a slight increase in pro-
liferation, which was not statistically
significant. In the presence of vitamin
D;, platelet-rich plasma also stimu-
lated the proliferation of MC3T3-El
cells in all platelet-rich plasma
groups, but this stimulation was
weaker when compared with the cul-
ture in the absence of vitamin Dj
(Fig. 4B).
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Fig. 4. The influence of different concen-
trations of platelet-rich plasma on the pro-
liferation of MC3T3-El cells. Platelet-rich
plasma stimulated the proliferation of
MC3T3-El cells in a dose-dependent man-
ner compared with the control group (0 pL/
mL), both in the absence (A) and presence
(B) of vitamin D3 (*p < 0.01, **p < 0.05,
analysis of variance, Scheffe). PRP, platelet-
rich plasma.

Osteoprotegerin ELISA of MC3T3-El
cells in the absence or presence of
vitamin D3

To investigate in greater detail the
effect of platelet-rich plasma on osteo-
protegerin production, we estimated
the level of osteoprotegerin secreted by
MC3T3-E1 cells into the culture med-
ium by using a commercial osteopro-
tegerin ELISA kit in both culture
systems (i.e. with or without vitamin
Ds;). Higher levels of osteoprotegerin
were detected in the culture medium of
MC3T3-E1 cells treated with platelet-
rich plasma in the absence of vitamin
Ds;. In particular, platelet-rich plasma
at 1.0, 4.0 and 10 uL/mL significantly
enhanced the secretion of osteopro-
tegerin in comparison with the control
group (1.0 and 4.0 pL/mL, p < 0.05;
10 uL/mL, p < 0.01) (Fig. 5A). In the
presence of vitamin Djs, platelet-rich
plasma also significantly enhanced the
secretion of osteoprotegerin, but the
amount of osteoprotegerin secreted
was less than in the culture without
vitamin Dj, as found for the prolifer-
ation assay (Fig. 5B).

Figure 6 showed osteoprotegerin
secretion from a unit number of
cells (1.0 x 10* cells). The amount of
osteoprotegerin secreted was deter-
mined using the following formula:
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Fig. 5. The concentration of osteoproteg-
erin in the culture medium of MC3T3-El
cells treated with platelet-rich plasma for
4d was determined by enzyme-linked
immunosorbent assay. In both groups [with
(A) or without (B) vitamin Dj], treatment
with  platelet-rich plasma significantly
increased the secretion of osteoprotegerin
from MC3T3-El cells compared with the
group (0 pL/mL) (*p < 0.01,
**p < 0.05, analysis of variance, Scheffe).
OPG, osteoprotegerin; PRP, platelet-rich
plasma.
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Fig. 6. Osteoprotegerin secretion from a
unit number of cells (1.0 x 10* cells) was
determined theoretically. In contrast to the
total amount in the culture medium, osteo-
protegerin secretion from a unit number of
MC3T3-El cells was not enhanced in any
experimental group in the absence of vita-
min D3 (A). However, when vitamin D3 was
added, osteoprotegerin secretion from a unit
number of cells was stimulated significantly
in some experimental groups (B).
(*p < 0.01, **p < 0.05, analysis of vari-
ance, Scheffe). OPG, osteoprotegerin; PRP,
platelet-rich plasma.
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OPG secretion(pg/1.0 x 10%cells)
= (the amount of OPG(pg)
/the number of cells) x 1.0 x 10%.

Although an increase in the total
amount of osteoprotegerin  was
observed, no significant difference was
detected in any of the groups in the
absence of vitamin Dj (Fig. 6A). How-
ever, in the presence of vitamin Ds,
platelet-rich plasma stimulated the
secretion of a significant amount of
osteoprotegerin, relative to the control,
from a unit number of cells, indicating
that platelet-rich plasma augmented
the specific activity of each cells to
produce osteoprotegerin (Fig. 6B).

Discussion

Platelet-rich plasma has been consid-
ered to be effective for bone repair and
regeneration and has been increasingly
applied in the field of oral surgery,
periodontal surgery and oral implant
surgery. One of the most dominant
factors in the regeneration of bone
tissues is osteoblasts and therefore
many in vitro systems have been used
to study various aspects of function
(such as proliferation, matrix matura-
tion and mineralization) of osteoblasts.
Although some studies have been car-
ried out to determine the effects of
platelet-rich plasma on osteoblasts
(13-21), few studies have examined the
effects of platelet-rich plasma on oste-
oclasts. Bone remodeling requires bone
resorption mediated by osteoclasts,
which is tightly coupled with bone
formation by osteoblasts. In the pres-
ent study, we explored the effects of
platelet-rich plasma on osteoclasto-
genesis to provide insight into a new
biological function of platelet-rich
plasma.

In this study, we demonstrated that
platelet-rich plasma markedly inhibited
the formation of TRAP-positive mul-
tinucleated cells, which were defined as
osteoclast-like cells, in rat bone mar-
row cultures treated with vitamin Ds,
whereas platelet-poor plasma did not
influence the formation of TRAP-
positive multinucleated cells. These
results suggest that platelet-rich plasma
suppresses osteoclastogenesis, there-
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fore inhibiting bone resorption. As
noted above, the previous reports
mainly described the regulatory func-
tion of platelet-rich plasma on the
proliferation or differentiation of
osteoblasts, and only a few reports
have described the effect of platelet-
rich plasma on osteoclasts. Gruber
et al. (43) reported on an in vitro study
evaluating the effect of platelet-
released supernatants on osteoclasto-
genesis in murine bone marrow cells.
They concluded that the supernatants
of activated platelets can induce the
formation of osteoclast-like cells. Their
findings are completely different from
ours; however, we identifed some fac-
tors that may explain the contrasting
results. For example, the number of
platelets added to the culture was dif-
ferent from the number used in our
study and the number of TRAP-posi-
tive multinucleated cells formed in the
control group was much lower than
found in the control group of the
present study. Taking into consider-
ation these contrasting results, the
effect of platelet-rich plasma on
osteoclastogenesis is  controversial.
However, under our experimental con-
ditions, we successfully showed that
platelet-rich plasma markedly inhibited

osteoclastogenesis from rat bone
marrow cells.
RANKL and  osteoprotegerin,

which are expressed by osteoblasts, are
the main regulators in osteoclastogen-
esis (42,43). In the present study, to
investigate this regulatory process in
greater detail, we examined the effect
of platelet-rich plasma and of platelet-
poor plasma on the secretion of
osteoprotegerin, a potent inhibitor of
RANKL-induced osteoclastogenesis,
using rat bone marrow cells. In the
absence of vitamin Ds, treatment of
these cultures with platelet-rich plasma
stimulated the production of osteo-
protegerin and these stimulations were
significant among three of the platelet-
rich plasma groups. By contrast,
platelet-poor plasma did not influence
the secretion of osteoprotegerin.
However, in the presence of vitamin
D3, osteoprotegerin was not detected
in the culture medium with the ELISA
kit used in this study. In addition, we
also showed significant stimulation of



222  Ogino et al.

platelet-rich plasma on the secretion of
osteoprotegerin using MC3T3-E1 cells
in the absence or presence of vitamin
D3, although osteoprotegerin secretion
was decreased by the addition of vita-
min Dj3. Before we discuss the effect of
platelet-rich plasma on the secretion of
osteoprotegerin, the effect of vitamin
D3 should be noted. The results of
previous studies showed that vitamin
D; up-regulated the expression of
RANKL and down-regulated osteo-
protegerin in a reciprocal manner (44).
Under our experimental conditions, rat
bone marrow cells secreted 60 pg/mL
of osteoprotegerin at baseline (control
group) in the absence of vitamin Ds.
According to the previous study and
the present study (osteoprotegerin
secretion from MC3T3-E1 cells), vita-
min D3 decreased osteoprotegerin
secretion by 30% or 50%, respectively
(44). In addition, in the presence of
vitamin D3, the expression of RANKL
was induced, and RANKL may bind
to osteoprotegerin. RANKL expresses
on the cell membrane, so RANKL-
osteoprotegerin complex could not be
detected by ELISA kit. We thought
that osteoprotegerin in the culture
medium was lower than the minimum
detectable dose of the ELISA kit for
these reasons. Vitamin D; also sup-
pressed the proliferation of MC3T3-E1
cells, as indicated in Fig. 4. Some pre-
vious studies have reported similar
results and are helpful in analyzing the
results of the present study (45). The
correlation between osteoprotegerin
secretion and osteoprotegerin prolifer-
ation will be discussed in the following
paragraph. Platelet-rich plasma stimu-
lated the secretion of osteoprotegerin
significantly, in spite of the addition of
vitamin Ds;. From these results, it
seems reasonable to believe that the
increase of osteoprotegerin secretion is
the major cause of the inhibition of
osteoclastogenesis by  platelet-rich
plasma.

Two hypotheses could account for
the mechanisms of the stimulation of
osteoprotegerin secretion. The first is
that osteoprotegerin secretion is stim-
ulated by increasing the number of
osteoprotegerin-secreted cells, namely
stromal/osteoblastic cells. The second
is that platelet-rich plasma can enhance

the amount of osteoprotegerin secreted
from each cell. From our experimental
results, the amount of osteoprotegerin
secreted from a unit cell number
(1.0 x 10* cells) was calculated by using
the formula described in the Material
and methods. Our results showed that
platelet-rich plasma could contribute to
the stimulation of proliferation and
secretion  of  osteoprotegerin  in
MC3T3-El cells in the presence of
vitamin Dj. Regarding other factors
involved in osteoclastogenesis, such as
RANKL, further investigations are
necessary to examine their expression,
but our results imply that the effect of
platelet-rich plasma on the prolifera-
tion of osteoblasts/stromal cells and the
enhancement of osteoprotegerin secre-
tion may be attributed to the inhibition
of osteoclastogenesis.

Elevated levels of osteoprotegerin
are found in the culture medium,
raising the question of which factors,
especially growth factors in platelet-
rich plasma, result in the outcome
observed in the present study. As
already noted, if the contribution of
platelet-rich plasma to the prolifera-
tion of osteoblasts/stromal cells is the
most important factor in the enhance-
ment of osteoprotegerin secretion,
there are some studies that focused on
the effect of platelet-rich plasma on
the proliferation of osteoblastic cells.
According to these studies, platelet-
rich plasma stimulates the prolifera-
tion of rat bone marrow cells and
human osteoblastic cells (13). In our
previous study, we also reported that
platelet-derived growth factor and
transforming growth factor-f play an
important role in the proliferation of
osteoblastic cells (46). From the
standpoint of the interaction between
growth factors and osteoclastogenesis,
it is widely recognized that transform-
ing growth factor-f plays a pivotal role
in the regulation of osteoclastogenesis
(47). In fact, our data, and the effect
of transforming growth factor-f on
osteoclastogenesis reported in previous
studies, share certain similarities in
that both platelet-rich plasma and
transforming growth factor-f§ suppress
the formation of TRAP-positive
multinucleated cells and stimulate
the production of osteoprotegerin

from osteoblasts/stromal cells (48—50),
although transforming growth factor-f
has been shown to have biphasic
effects or dose-dependent effects on
osteoclast differentiation, and the
effects of transforming growth factor-3
on osteoclastogenesis in vitro depend
on the model system (51-53). Takai
et al. (48) and Thirunavukkarasu et al.
(50) reported that transforming growth
factor-f increased osteoprotegerin
mRNA  expression.  Additionally,
many other studies have evaluated the
effect of other growth factors on
osteoclastogenesis  (54-56) and the
action of each growth factor and their
interaction with and effect on osteocl-
astogenesis might be complicated.
Future studies will attempt to define
the role of each growth factor in
osteoclastogenesis.

Although some points require fur-
ther elucidation regarding the effect of
platelet-rich plasma on osteoclasto-
genesis, especially the expression of
RANKL and RANK, the results of the
present study clearly show that platelet-
rich plasma can suppress the formation
of osteoclast-like cells and suggest that
the enhancement of osteoprotegerin
secretion is involved in these results.
Future studies are required to eluci-
date, in more detail, the molecular
mechanisms by which platelet-rich
plasma regulates the osteoclastogenesis
and the precise mechanism of action of
platelet-rich plasma in the complicated
network of various cell types in the
bone microenvironment.
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