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Abstract
Objective: Fibroblasts appear to modulate osteoclas-
togenesis, but their precise role in this process
remains unclear. In this work, paracrine-mediated os-
teoclastogenic potential of different human fibro-
blasts was assessed.
Materials and methods: Fibroblast-conditioned
media (CM) from foetal skin (CM1), adult skin
(CM2) and adult gingiva (CM3) were used to pro-
mote osteoclastogenesis of osteoclast precursor cells.
Cultures supplemented with macrophage-colony
stimulating factor (M-CSF) and receptor activator of
nuclear factor-jB ligand (RANKL) were used as
controls.
Results: All fibroblast cultures expressed FSP-1,
M-CSF and RANKL and produced osteoprotegerin
(OPG); gingival fibroblasts presented lowest expres-
sion of osteoclastogenic genes and higher production
of OPG. All fibroblast CM were able to induce osteo-
clastogenesis. CM1 showed behaviour similar to
positive controls, and slightly higher osteoclastogen-
ic potential than CM, from adult ones. Gingival fi-
broblasts revealed lowest osteoclastogenic ability.
Presence of anti-MCSF or anti-RANKL partially
inhibited osteoclastogenesis promoted by CM,
although the former antibody revealed higher inhibi-
tory response. Differences among the osteoclasto-
genic effect of CM were noted, mainly in expression
of genes involved in differentiation and activation of
osteoclast precursor cells, c-myc and c-src, and less
regarding functional related parameters.
Conclusions: Fibroblasts are able to induce osteocl-
astogenesis by paracrine mechanisms, and age and

anatomical location affect this ability. Other factors
produced by fibroblasts, in addition to M-CSF and
RANKL, appear to contribute to observed osteoclas-
togenic potential.

Introduction

Osteoclastogenesis is a complex process that occurs in
discrete areas of bone tissue, the bone multicellular units
(BMUs). In healthy bone, osteoclast formation and activa-
tion are strictly regulated by numerous types of cell physi-
cal, autocrine and paracrine cross-talk involving among
others, osteoclasts, osteoblasts and fibroblasts (1–3). Bone
metabolic disorders can occur from imbalances in cell
communication among these cell types (4).

Relevance of osteoblasts in the osteoclastogenic pro-
cess has been extensively documented (4), however,
fibroblasts also appear to be an important player in this
process (1,4). Fibroblasts are the most abundant cells of
connective tissue; they are morphologically and function-
ally heterogeneous, depending on their location and acti-
vity (5–7). Although a relevant function of fibroblasts is
to produce extracellular matrix, to maintain structural
integrity of tissues, they also secrete numerous molecules
indispensable for development and function of other cell
types (8). Regarding bone tissue, fibroblasts express a
variety of molecules known to be implicated in the osteo-
clastogenic process, including macrophage-colony stimu-
lating factor (M-CSF) and receptor activator of nuclear
factor-jB ligand (RANKL), two growth factors sufficient
to promote osteoclastogenesis in vitro (1). Also, some
pro-inflammatory cytokines produced by fibroblasts, such
as IL-1, TNF-a, and IL-6 (8,9), appear to stimulate osteo-
clast formation and activation (3,10–13). Another impor-
tant cytokine also produced by fibroblasts, IL-17, has a
positive effect on osteoclastogenesis (9). It has also been
reported that fibroblasts express vascular endothelial
growth factor (VEGF) (14), an important angiogenic fac-
tor that also induces osteoclastogenesis (15,16).
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In spite of this, only few studies address osteoclasto-
genic potential of fibroblasts (10,17–22) and thorough
knowledge of their role in osteoclast differentiation and
activation has not been established. This appears to be a
very important subject as, in addition to that mentioned
above, fibroblasts are assuming growing relevance in
many inflammatory joint disorders associated with high
rates of osteolysis, such as rheumatoid arthritis, where it
has been proposed that fibroblasts are key players in
osteoclast formation and activation (9,14). Moreover,
although osteoclasts are usually located in bone tissue,
they can also be found in cutaneous nodules in rare sys-
temic disorder multicentric reticulohistiocytosis, and in
further soft tissue lesions (23–27). Thus, as it happens in
bone, where mesenchymal cells modulate osteoclastogen-
esis, in those conditions, stromal cells, such as fibroblasts,
can have a central role in regulation of osteoclast develop-
ment.

In this context, and considering heterogeneity of fibro-
blasts, the aim of this work has been to evaluate osteoclas-
togenic potential of human fibroblasts from different
origins, mediated by paracrine mechanisms, in the
absence of direct physical cell interactions. To accomplish
this, conditioned media collected from cell cultures of
three different human fibroblast lineages (foetal skin, adult
skin and adult gingiva) were used to promote osteoclasto-
genesis, of human peripheral blood mononuclear cells
(PBMC). Cultures performed in absence or presence of
recombinant M-CSF and RANKL, classic inducers of in
vitro osteoclastogenesis (1), were used as negative and
positive control, respectively. Cell cultures were assessed
for osteoclast-related markers, including bone resorbing
activity.

Materials and methods

Conditioned media from fibroblast cultures

Explants were collected from healthy donors aged 30–35
years. Three independent primary cultures from three dis-
tinct donors were performed for each fibroblastic origin.

Primary cultures were established by culturing
explants of human foetal skin, adult skin and adult gingiva
in a-minimal essential medium (a-MEM) containing 10%
foetal bovine serum, 100 IU ⁄ml penicillin, 2.5 lg ⁄ml
streptomycin, 2.5 lg ⁄ml amphotericin B and 50 lg ⁄ml
ascorbic acid. Culture medium was replaced twice a
week. Cultures were maintained in a 5% CO2 humidified
atmosphere at 37 �C. Cell passage was performed by
treatment of 70–80% confluent cultures with 0.05%
trypsin in 0.5 mM EDTA. Cells from the second passage,
cultured at 5 · 104 cell ⁄ cm2, were used to prepare condi-
tioned media.

After reaching in the region of 50% confluence (4–
5 days), second passage cell cultures were maintained for
a further period of 7 days without medium change. Subse-
quently, culture medium was collected and centrifuged at
550 g for 10 min, aliquoted and stored at )20 �C. After
recovering conditioned media, cell layers were assessed
for total protein content, to normalize conditioned media
used to supplement PBMC cultures. In addition, fibroblast
cell layers were characterized for expression of fibroblast
and osteoclastogenic genes, by RT-PCR.

Conditioned media from fibroblast cultures of foetal
skin (conditioned media 1, CM1), adult skin (CM2) and
adult gingiva (CM3) were used as potential osteoclasto-
genic inducers.

Gene expression of fibroblast cultures by RT-PCR
analysis

RNA was extracted from fibroblast cultures after recover-
ing the conditioned media. RNA was isolated using
RNeasy� Mini Kit (Qiagen, Hilden, Germany) according
to manufacturer’s instructions. RNA was quantified by
evaluating absorbance of samples, at 260 nm. Expression
of GAPDH (glyceraldehyde-3-phosphate dehydrogenase),
FSP-1 (fibroblast-specific protein 1 gene), M-CSF and
RANKL genes was performed by RT-PCR. For that,
0.5 lg of cell RNA was reverse transcribed and ampli-
fied (25 cycles) using the Titan One Tube RT-PCR Sys-
tem (Roche, Basel, Switzerland), with annealing
temperature of 55 �C; primers used are listed in Table 1.
RT-PCR products were analysed on a 1% (w ⁄V) agarose
gel. Densitometric analysis of bands obtained by RT-
PCR was performed with IMAGEJ (National Institutes of
Health, USA) 1.41 software and values obtained were
normalized for the corresponding GAPDH value of each
experimental condition.

Osteoprotegerin quantification of conditioned media

OPG quantification was performed using the Osteoproteg-
erin Human ELISA Kit (Abcam, Cambridge, UK) follow-
ing the manufacturer’s instructions. After detection,
absorbance of samples was measured at 450 nm using an
ELISA plate reader (Wellscan WS050; Denley, Franklin,
USA). Results were expressed as pg ⁄ml.

Human peripheral blood mononuclear cell cultures

PBMC were isolated from blood of healthy donors aged
25–35 years of age, as described previously (28). Briefly,
blood was diluted with phosphate-buffered saline (PBS;
1:1), and applied on to Ficoll-Paque� PREMIUM (GE
Healthcare Bio-Sciences, Piscataway, USA). Samples
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were centrifuged at 400 g for 30 min and PBMC were
recovered and washed twice in PBS. Typically, around
70 · 106 PBMC were obtained for each 100 ml of pro-
cessed blood.

PBMC were seeded at density of 3 · 106 cells ⁄ cm2.
Cells were cultured in a-MEM supplemented with 30%
(V ⁄V) human serum (from the same donor from which
cells were obtained), 2 mM L-glutamine, 100 IU ⁄ml peni-
cillin, 2.5 lg ⁄ml streptomycin, 2.5 lg ⁄ml amphotericin
B, in the following experimental conditions: absence of
recombinant growth factors and conditioned media (base
medium); presence of both recombinant M-CSF (R&D
Systems, Minneapolis, USA) and RANKL (Insight
Biotechnology, Wembley, UK) (positive control); pres-
ence of CM1-CM3.

M-CSF and RANKL were used at concentration of 25
and 40 ng ⁄ml, respectively, based on previously pub-
lished work (28). CM1–CM3 were used at 10% (V ⁄V),
based on preliminary experiments in which osteoclast pre-
cursor cell cultures were supplemented with 5–20% con-
ditioned media and assessed for TRAP activity;
concentrations that elicited maximum TRAP activity were
chosen. Foetal bovine serum (present in conditioned
media) did not affect TRAP activity of PBMC cell
cultures (data not shown). When indicated, antibodies
anti-MCSF and anti-RANKL (Abcam) were included in
culture media, at 0.5 lg ⁄ml. Cultures were maintained in
a 5% CO2 humidified atmosphere at 37 �C for 21 days.
Culture medium was replaced once a week. At the end of
the culture period, cell cultures were characterized for pro-
tein content and several osteoclastic features, as follows:

Protein quantification. Total protein of cell cultures was
quantified by Bradford’s method (29), using bovine serum

albumin as standard. Shortly afterwards, post-washing
PBMC cultures in PBS, cells were solubilized in 0.1 M

NaOH and treated using Coomassie� Protein Assay
Reagent (Fluka, Milwaukee, USA). Samples were incu-
bated for 2 min at room temperature and absorbance was
quantified at 600 nm using an ELISA plate reader (Well-
scan WS050; Denley). Results were expressed as mg ⁄ml.

Expression of osteoclastic genes by RT-PCR analysis.
PBMC cultures were assessed by RT-PCR for expression
of osteoclastic genes, namely, osteoclastic differentiation
gene c-myc, osteoclastic activation gene c-src (30), and
osteoclastic markers TRAP, cathepsin K (CATK) and
carbonic anhydrase 2 (CA2). RT-PCR analysis was per-
formed as described for the fibroblast cultures. Primers
used are listed in Table 2.

Presence of actin rings and vitronectin and calcitonin
receptors. PBMC cultures were washed twice in PBS
and treated with 3.7% (V ⁄V) para-formaldehyde for
15 min. After fixation, cells were permeabilized for 5 min
with 0.1% (V ⁄V) Triton X-100 and stained for actin with
5 U ⁄ml Alexa Fluor� 647-phalloidin (Invitrogen,
California, USA), and for vitronectin receptor (VNR) and
calcitonin receptor (CTR) with 50 lg ⁄ml mouse IgGs
anti-VNR and IgGs anti-CTR (R&D Systems), respec-
tively. Detection of IgGs anti-VNR and IgGs anti-CTR
was performed with 2 lg ⁄ml Alexa Fluor1 488-goat anti-
mouse IgG. Stained cultures were observed using confo-
cal laser scanning microscopy (CLSM).

TRAP activity; number of multinucleate TRAP-positive
cells. TRAP activity was assayed using the para-nitro-
phenilphosphate (pNPP) hydrolysis assay. Briefly, PBMC

Table 1. Primers used on RT-PCR analysis of cell cultures used as a source of conditioned media

Gene 5¢ Primer 3¢ Primer

GADPH 5¢-CAGGACCAGGTTCACCAACAAGT-3¢ 5¢-GTGGCAGTGATGGCATGGACTGT-3¢
FSP-1 5¢-CTCTGGAGAAGGCCCTGGAT-3¢ 5¢-TTCTTCCTGGGCTGCTTATC-3¢
M-CSF 5¢-CCTGCTGTTGTTGGTCTGTC-3¢ 5¢-GGTACAGGCAGTTGCAATCA-3¢
RANKL 5¢-GAGCGCAGATGGATCCTAAT-3¢ 5¢-TCCTCTCCAGACCGTAACTT-3¢

Table 2. Primers used on RT-PCR analysis of PBMC cultures

Gene 5¢ Primer 3¢ Primer

GAPDH 5¢-CAGGACCAGGTTCACCAACAAGT-3¢ 5¢-GTGGCAGTGATGGCATGGACTGT-3¢
c-myc 5¢-TACCCTCTCAACGACAGCAG-3¢ 5¢-TCTTGACATTCTCCTCGGTG-3¢
c-src 5¢-AAGCTGTTCGGAGGCTTCAA-3¢ 5¢-TTGGAGTAGTAGGCCACCAG-3¢
TRAP 5¢-ACCATGACCACCTTGGCAATGTCTC-3¢ 5¢-ATAGTGGAAGCGCAGATAGCCGTT-3¢
CATK 5¢-AGGTTCTGCTGCTACCTGTGGTGAG-3¢ 5¢-CTTGCATCAATGGCCACAGAGACAG-3¢
CA2 5¢-GGACCTGAGCACTGGCATAAGGACT-3¢ 5¢-AAGGAGGCCACGAGGATCGAAGTT-3¢
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were washed twice in PBS and solubilized in 0.1% (V ⁄V)
Triton X-100. After solubilization, cell extracts were incu-
bated in 12.5 mM pNPP in 0.04 M tartaric acid and 0.09 M

citrate (pH 4.8), for 1 h at 37 �C. Samples were treated
with 5 M NaOH, and absorbance was measured at 405 nm
in an ELISA plate reader (Wellscan WS050; Denley).
Results are expressed as nmol ⁄min.mgprotein

)1.
PBMC cultures were fixed in 3.7% formaldehyde for

10 min and then washed in distilled water. Cells were
stained for TRAP with acid phosphatase, leucocyte
(TRAP) kit (Sigma, Sigma-Aldrich, Missouri, USA),
according to the manufacturer’s instructions. Shortly after-
wards, cells were incubated in the dark at 37 �C for 1 h,
in presence of naphtol AS-BI 0.12 mg ⁄ml, 6.76 mM tar-
trate and 0.14 mg ⁄ml fast garnet GBC. After incubation,
cells were washed and stained with haematoxylin. Mul-
tinucleate (4–8 nuclei) and TRAP-positive (purple ⁄dark
red) cells were quantified.

Calcium phosphate resorption assay. PBMC were cul-
tured on BD BioCoat� Osteologic� Bone Cell Culture
Plates (BD Biosciences, New Jersey, USA). After 21 days
of culture, cells were removed with 6% NaOCl and 5.2%
NaCl, following manufacturer’s instructions. Calcium
phosphate layers were visualized by phase contrast light
microscopy. Image analysis of resorbed areas was per-
formed using IMAGEJ 1.41 software.

Statistical analysis

Results presented in this work were gathered from three
separate experiments using cell cultures from three differ-
ent patients. There were three replicates for each experi-
mental situation. Groups of data were evaluated using
two-way analysis of variance and no significant differ-
ences in patterns of cell behaviour were found. Statistical
differences found between control and experimental con-
ditions were determined by Bonferroni’s method. Values
of P £ 0.05 were considered to be significant. This study
was reviewed and approved by the local Research Ethics
Committee.

Results

Gene expression of fibroblast cultures

Figure 1a,b present expression of housekeeping gene,
GAPDH, fibroblast marker gene FSP-1 (31) and osteo-
clastogenic genes, M-CSF and RANKL, assessed in fibro-
blast cultures used as source of conditioned media.
GAPDH was highly expressed in all cell cultures. FSP-1
expression was observed in all fibroblast cultures, but
adult fibroblasts (from skin and gingiva) expressed signifi-

cantly lower levels of it. Expression of osteoclastogenic
factors M-CSF and RANKL were significantly higher in
skin (adult and foetal) fibroblasts compared to gingival fi-
broblasts.

Quantification of OPG present in conditioned media

As observed in Fig. 1c, all fibroblast conditioned media
contained high concentrations of OPG. CM1 revealed
lowest levels of the protein, followed by CM2 and, finally,
CM3, which had concentration of OPG that was in the
region of double that present on CM1.

Osteoclast differentiation and activation of PBMC

Total protein content. PBMC cultures performed in
absence of any recombinant growth factor or conditioned
medium (base medium) displayed low protein content, but
supplementation with both recombinant M-CSF and

(a)

(b)

(c)

Figure 1. RT-PCR analysis of fibroblast cultures used as source of
conditioned media (CM). (a) Gene expression of GAPDH (lane 1),
FSP-1 (lane 2), M-CSF (lane 3) and RANKL (lane 4). (i) Foetal skin
fibroblasts; II – Adult skin fibroblasts; III – Gingival fibroblasts. (b)
Densitometric analysis of the RT-PCR bands normalized to GAPDH. (c)
OPG quantification of fibroblast conditioned media. Results are an
average of three independent sets of experiments.
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RANKL (positive control) sharply increased (about six
times) total protein content (Fig. 2, group I). With regard
to cultures supplemented with fibroblast conditioned
media (Fig. 2, group II), all displayed higher values of cell
protein compared to cultures performed in base medium.
CM1 or CM2 elicited a response similar to that observed
for the positive control, whereas cultures performed in
presence of CM3 presented lower values (about 70%).

Expression of osteoclast related genes by RT-PCR analysis.
Gene expression by PBMC cultures of housekeeping gene
GAPDH and osteoclast-related markers is presented in
Fig. 3. GAPDH was highly expressed by each cell culture
(Fig. 3a). Cultures supplemented with M-CSF and
RANKL (positive control) expressed genes associated
with differentiation (c-myc), activation (c-src) and func-
tion (TRAP, CATK and CA2) of osteoclastic cells. CM1
supplementation elicited a response similar to control.

Cultures treated with CM2 displayed lower expression of
c-myc (�50%), c-src (�30%) and CA2 (�20%), but simi-
lar expression of TRAP and CATK. CM3 supplementation
resulted in lower expression of all markers, particularly
c-myc (�80%), c-src (�60%) and CA2 (�40%), and
small decreases was observed of TRAP and CATK
(�20%).

Presence of actin rings and vitronectin and calcitonin
receptors. PBMC cultures supplemented with recombi-
nant M-CSF and RANKL or fibroblast conditioned media
showed presence of cells displaying actin rings and posi-
tive for VNR and CTR, as assessed by CLSM. In addition,
amounts of cells with these features seemed to be some-
how correlated with results obtained for TRAP activity
and staining. Representative result of this is shown in
Fig. 4.

TRAP activity; multinucleate TRAP-positive cells.
PBMC cultures maintained in base medium displayed low
TRAP activity (Fig. 5a, group I). Supplementation with
recombinant M-CSF and RANKL increased TRAP acti-
vity about three times. Presence of fibroblast-conditioned
media (Fig. 5a, group II) also caused significant increase
in TRAP activity, by around twice for CM2 and CM3, and
three times for CM1. Compared with positive control,
CM1 yielded similar TRAP activity, but supplementation
with CM2 or CM3 resulted in lower vales (around 30%).

In the presence of anti-MCSF antibody, TRAP activity
decreased significantly in all tested conditions, being in
the region of 6–8 times lower in control conditions and
3–4 times lower in CM supplemented cell cultures. Treat-
ment with antibody anti-RANKL also yielded a decrease
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Figure 3. RT-PCR analysis of PBMC cultures. Cell cultures were maintained for 21 days in the presence of both M-CSF and RANKL (positive
control, PC), or supplemented with conditioned media from foetal skin fibroblasts (CM1), adult skin fibroblasts (CM2) and adult gingival fibro-
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in enzyme activity of about 10 and 1.6–2 times in control
conditions and PBMC cultures performed in the presence
of CM1–CM3, respectively.

Quantification of multinucleate cells positive for
TRAP is shown as absolute cell number and after normali-
zation by total protein content Fig. 5b,c. The pattern was
similar to that observed for TRAP activity in all tested
conditions.

Calcium phosphate resorption activity. Resorption activ-
ity of PBMC on calcium phosphate coated culture plates,
as observed by light phase contrast microscopy, is visual-
ized in Fig. 6a. Resorbed areas were measured and
expressed as percentage of total area (Fig. 6b). Cell cul-
tures performed in base medium displayed low ability to
reabsorb calcium phosphate, with only few isolated lacu-

nae being observed (Fig. 6a). Presence of recombinant M-
CSF and RANKL, resulted in significant increase in
resorption activity (about six times). Supplementation
with CM1 elicited similar response. However, resorption
activity was slightly lower in presence of CM2 (although
without statistical significance) and significantly lower for
CM3 treatment, with decrease of around 25%.

Discussion

Although the exact role of fibroblasts on bone metabolism
is not well established, it is known that they might be
important players in the process (1,4). In many inflamma-
tory joint disorders, as well as in conditions where osteo-
clastic cells are found in extraskeletal tissues (9,23–27),
fibroblasts appear to be the main candidates for a key role
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Figure 5. TRAP activity (a) and histochemical staining (b and c) of PBMC cultures. Cultures performed in the absence (base medium) or presence
(positive control) of recombinant M-CSF and RANKL, or supplemented with conditioned media from foetal skin fibroblasts (CM1), adult skin fibro-
blasts (CM2) and adult gingival fibroblasts (CM3). In parallel, cell cultures were treated with antibodies anti-M-CSF and anti-RANKL. Multinucleate
cells positive for TRAP were counted (b) and value obtained was normalized to total protein content (c). *Significantly different from positive control.
#significantly different from cultures performed in base medium. Black bar in the representative image of a multinucleate cell positive for TRAP
represents 50 lm. Results are a mean of three independent experiments.
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in modulation of osteoclastogenesis. A relevant matter in
this issue that deserves further investigation is the signifi-
cance of heterogeneity found among different types of fi-
broblasts (5–7). In this work, conditioned media from skin
(foetal and adult) and gingiva (adult) fibroblast cultures
(from donors with no pathological conditions) were tested
as potential promoters of PBMC osteoclast differentiation,
activation and function.

Gene expression profile of the fibroblast cultures used
as source of conditioned media exhibited differences
between foetal and adult skin fibroblasts, and also
between adult skin and gingival fibroblasts. Expression of
the fibroblast marker FSP-1 (31) was significantly higher
in foetal fibroblasts compared to adult fibroblasts (skin
and gingival), and gingival fibroblasts displayed lowest
expressions. However, regarding osteoclastogenic induc-
ers M-CSF and RANKL, significant differences were
noted only between skin and gingival fibroblasts with
again, the latter expressing significantly lower levels,
especially RANKL. These observations are consistent
with previous studies reporting ability of fibroblasts to
express these factors (10,17,18) and those showing that
RANKL expression was very low in gingival fibroblasts
(20). In addition, although all fibroblast cultures produced

high levels of OPG, an inhibitory molecule known to have
a key role in the osteoclastogenic process (1,2,4), highest
levels were achieved in adult fibroblasts, particularly by
gingival fibroblasts. Taken together, present results also
reflect the heterogeneity among fibroblasts, as observed
previously (5–7).

Conditioned media from skin and gingival fibroblasts
supported survival of PBMC at a degree similar to or
lower than positive controls, that is, PBMC supplemented
with recombinant RANKL and M-CSF. Total protein con-
tent, which provides information regarding adherent cell
layer at the end of the culture period, was similar in cul-
tures supplemented with CM from foetal skin and from
adult fibroblasts, but lower in the presence of CM from
gingival fibroblasts. This observation might be related, at
least partially, to the lower expression of M-CSF by these
cells, which can lead to low osteoclastic progenitor sur-
vival, according to the proposed role of this growth factor
on osteoclastogenesis (32).

PBMC supplemented with fibroblast conditioned
media expressed genes associated with differentiation
(c-myc), activation (c-src) and functional proteins (TRAP,
CATK and CA2) of osteoclasts. Moreover, cells showed
high TRAP activity associated with multinuclear cells,
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presence of actin rings, vitronectin and calcitonin recep-
tors and calcium phosphate resorption activity. In addi-
tion, resorption activity was consistent with the number of
TRAP-positive multinucleate cells, suggesting that the
counted cells were active osteoclasts. However, differ-
ences were found between foetal and adult skin fibroblasts
and also between adult skin and gingival fibroblasts. CM1
was shown to be slightly more osteoclastogenic than
CM2, and CM3 elicited lower response. It is worthwhile
noting that differences observed were particularly signifi-
cant for expression of c-myc and c-src genes. Regarding
this, it has been reported that c-myc is a downstream target
of RANKL and that its expression is required for
RANKL-induced osteoclastogenesis (33). Moreover,
expression of c-src appears to be pivotal for formation and
activity of human osteoclasts (34). On the other hand, dif-
ferences among CM supplementation were lower regard-
ing expression of genes associated with functional
activity, TRAP, CATK and CA2. For this, differences
observed in expression of TRAP and CATK were similar,
which is in agreement with previous studies reporting that
TRAP mRNA shows strong correlation with CATK
mRNA, supporting its role in bone matrix degradation in
collaboration with CATK (35).

Here, differences found in osteoclastogenic effects of
fibroblast conditioned media might be related, at least par-
tially, to differences of M-CSF and ⁄or RANKL expres-
sion, and of OPG production. Gingival fibroblasts showed
lower expression of M-CSF and RANKL, and high con-
centration of OPG was determined after CM3, probably
contributing to low osteoclastogenic induction of PBMC
by CM3. It is known that RANKL is a growth factor
mainly engaged in late osteoclast differentiation events
(36) and gingival fibroblasts showed only residual expres-
sion of this factor. In addition, OPG acts as a soluble
decoy receptor for RANKL, sequestering it, and, thus,
inhibiting osteoclastogenesis (31). Interestingly, foetal and
adult skin fibroblasts expressed similar levels of both M-
CSF and RANKL, but OPG concentration after CM2 was
higher than that after CM1. This can help explain why os-
teoclastogenic potential of CM1 seems to be slightly
higher than that of CM2. To assess influence of M-CSF
and RANKL present in conditioned media on observed
osteoclastogenesis, PBMC cultures were treated with anti-
bodies raised against those growth factors. Both antibod-
ies elicited decrease in osteoclast differentiation, which
reveals that the corresponding growth factors are involved
in osteoclastogenesis induced by paracrine mechanisms,
by fibroblasts. However, relative decrease induced by
anti-MCSF was higher than that achieved by anti-
RANKL, which suggests that M-CSF production by fibro-
blasts has a more important role on osteoclast differentia-
tion than RANKL production. Nevertheless, inhibition

observed in PBMC cultures treated with the antibodies
was lower than that observed in positive controls, suggest-
ing that fibroblast molecules other than M-CSF and
RANKL present in that conditioned medium play an
important role in modulation of the osteoclastogenic pro-
cess. As observed previously (9,14,27,37–42), a variety of
molecules produced by fibroblasts can affect responsive-
ness of other cell types (monocytes, osteoclasts, macro-
phages) in the bone environment (43–45), in addition to
M-CSF and RANKL. To better understand osteoclasto-
genic features of fibroblast conditioned media, presence of
relevant molecules, and mechanisms underlying their
action on osteoclasts are being evaluated.

With regard to previous similar studies, it was
observed that conditioned media derived from human
periodontal ligament fibroblasts, either treated or not with
cytokines, stimulated release of calcium from bone organ
cultures (19,21,22). A similar result was also observed for
gingival fibroblasts (19). Interestingly, differences in oste-
oclastogenic profile of fibroblasts of different origins has
also been proposed in a study showing that oral fibroblasts
may stimulate resorption in a way different from that of
established fibroblast cell lines and an epidermal cell line
(21). More recently, de Vries et al. (20) have shown that
conditioned medium from gingival fibroblasts has the
ability to inhibit osteoclast formation and activation in the
presence of recombinant M-CSF and RANKL. Moreover,
in a previous report, employing co-cultures of mouse
osteoclast precursors and fibroblasts, including skin fibro-
blasts, it was observed that fibroblasts have the ability to
promote osteoclastogenesis (27). The present work here
related is consistent with reported studies showing that fi-
broblasts have the ability to induce varying degrees of os-
teoclastogenesis, although scarcity of studies and great
heterogeneity of fibroblasts and the experimental proto-
cols, render establishment of patterns difficult. Biological
significance of the role of fibroblast cells on osteoclasto-
genesis has not yet been clearly established. Although
skin fibroblasts have the potential to induce a high degree
of osteoclast differentiation, this process does not occur in
normal skin, highlighting complexity of the osteoclasto-
genic process, which involves several cell types, and the
resulting network of cross-talk may dictate fate of osteo-
clast precursor cells. However, there is growing evidence
of involvement of fibroblasts in pathological conditions
associated with a high rate of osteolysis (9,24,27,42).

In conclusion, the present work shows that human fi-
broblasts were able to promote osteoclastogenesis in the
absence of physical cell–cell interactions, and this ability
seems to involve other molecules in addition to M-CSF
and RANKL. This potential appears to be present in foetal
tissues and is maintained through adulthood. Significant
differences were noted between fibroblasts from different
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origins, namely adult skin and gingival fibroblasts. Also,
differences appear to exist between foetal and adult fibro-
blasts of the same origin, as suggested by the results from
the skin fibroblasts. In addition, differences were noted in
expression of genes, c-myc and c-src, involved in differen-
tiation and activation of osteoclast precursors, and with
lower significance regarding functional related parame-
ters. Elucidation of the role of role fibroblasts in osteoclast
biology would contribute to better understanding of bone
metabolism, with the possibility of new therapeutic strate-
gies in diseases associated with osteolysis.
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