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Abstract
Bone destruction is a common feature of inflammatory arthritis and is mediated by osteoclasts, the
only specialized cells to carry out bone resorption. Aberrant expression of receptor activator of
nuclear factor kappa β ligand (RANKL), an inducer of osteoclast differentiation has been linked
with bone pathology and the synovial fibroblast in rheumatoid arthritis (RA). In this manuscript,
we challenge the current concept that an increase in RANKL expression governs
osteoclastogenesis and bone destruction in autoimmune arthritis.

We isolated human fibroblasts from RA, pyrophosphate arthropathy (PPA) and osteoarthritis (OA)
patients and analyzed their RANKL/OPG expression profile and the capacity of their secreted
factors to induce osteoclastogenesis. We determined a 10-fold increase of RANKL mRNA and
protein in fibroblasts isolated from RA relative to PPA and OA patients. Peripheral blood
mononuclear cells (PBMC) from healthy volunteers were cultured in the presence of RA, PPA and
OA synovial fibroblast conditioned medium. Osteoclast differentiation was assessed by expression
of tartrate-resistant acid phosphatase (TRAP), vitronectin receptor (VNR), F-actin ring formation
and bone resorption assays. The formation of TRAP+, VNR+ multinucleated cells, capable of F-
actin ring formation and lacunar resorption in synovial fibroblast conditioned medium cultures
occured in the presence of osteoprotegerin (OPG) a RANKL antagonist. Osteoclasts did not form
in these cultures in the absence of macrophage colony stimulating factor (M-CSF).

Our data suggest that the conditioned medium of pure synovial fibroblast cultures contain
inflammatory mediators that can induce osteoclast formation in human PBMC independently of
RANKL. Moreover inhibition of the TNF or IL-6 pathway was not sufficient to abolish
osteoclastogenic signals derived from arthritic synovial fibroblasts. Collectively, our data clearly
show that alternate osteoclastogenic pathways exist in inflammatory arthritis and place the
synovial fibroblast as a key regulatory cell in bone and joint destruction, which is a hallmark of
autoimmune arthritis.
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1. Introduction
Synovial fibroblasts, including type B synoviocytes, are mesenchymal, nonvascular,
nonepithelial, CD45-negative cells that display heterogeneous tissue localization (intimal
and subintimal) [1,2]. The physiological function of the synovial fibroblast is to provide
nutrients for cartilage and to produce proteoglycans that lubricate the articular surfaces [3].
The synovial fibroblast has been closely associated with joint pathology in rheumatic
diseases, as aberrant cytokine production often leads to bone and cartilage destruction [4,5].
Isolated human RA synovial fibroblasts can induce arthritis upon transfer to the knee of
healthy severe combined immunodeficiency (SCID) mice even in the absence of a
functioning adaptive immune system [6]. T and B cell independent induction of arthritis is
not dependent on cell-contact mechanisms but on secretion of soluble-factors, namely
RANKL, IL-6, and TNF [6–9]. In these experiments we investigated the effect of secreted
factors from human fibroblasts isolated from inflammatory arthritis patients, including RA,
pyrophosphate arthropathy (PPA) and osteoarthritis (OA). The ability of these isolated
fibroblasts to directly induce osteoclastogenesis was evaluated using in vitro osteoclast
functional assays.

Bone destruction is a common feature of inflammatory arthritis and is mediated by
osteoclasts, the only specialized cells that carry out bone resorption [10,11]. Osteoclast
precursors express the receptor activator for nuclear factor-κB (RANK) and differentiate
into mature functional osteoclasts in the presence of macrophage colony stimulating factor
(M-CSF) and receptor activator for nuclear factor-κB ligand (RANKL) [12,13]. Once
terminally differentiated, the mature osteoclast is a multinucleated cell that attaches onto the
bone surface and forms a sealing zone with the aid of vitronectin receptor (VNR), in which
it acidifies the extracellular matrix using a proton pump and with the aid of enzymes such as
tartrate-resistant acid phosphatase (TRAP), matrix metallopeptidase 9 (MMP9) and
Cathepsin K (CTSK) resorbs bone [10,14,15]. Activation of the RANKL pathway is
inhibited by osteoprotegerin (OPG), a soluble decoy receptor for RANKL. Both RANKL
and OPG are expressed in RA synovial tissue and disturbance in the RANKL/OPG ratio is
associated with the formation of marginal erosions [16–18]. Increased RANKL/OPG ratio in
synovial fluid may result in increased osteoclast differentiation of synovial macrophages
present in inflamed joint tissues [18–20]. In addition to RANKL, the release of other pro-
inflammatory factors have been linked with pathology of the joints. CD14+ human
peripheral blood mononuclear cells (PBMC) cultured with IL-6, IL-11 or TNF induced the
formation of multinucleated cells which were positive for TRAP, VNR and CTSK and
showed evidence of experimental bone resorption, although at much lower levels than
RANKL [21–23]. Additionally, TNF and IL-6 have been shown to induce osteoclast
formation in both mononuclear precursor (CD14+/CD14−) and macrophage (CD14+)
synovial cell populations [24,25].

A strong correlation exists between the extent of macrophage infiltration and the degree of
bone destruction that occurs in arthritis [26]. Therefore a complex interplay between
synovial fibroblasts and synovial macrophages may regulate the amount of
osteoclastogenesis and subsequently the amount of bone destruction [27]. In this study, we
analyzed the capacity of arthritic synovial fibroblasts to support osteoclast formation and we
investigated the osteoclastogenic pathways by blocking common effectors and transducers
of the RANKL, TNF and IL-6 signaling pathways.
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2. Materials and methods
2.1. Materials

For all incubations α-minimal essential medium (MEM) (Invitrogen, USA) was
supplemented with 100 U/ml penicillin, 100 μg/ml streptomycin, 10 mM L-glutamine
(Invitrogen, USA) and 10% fetal bovine serum (FBS; Invitrogen, USA). Recombinant
human M-CSF (25 ng/ml), RANKL (30 ng/ml), OPG (100 ng/ml), anti-TNF (MAB 210,
clone, 1825) and anti-gp130 (MAB 628, clone, 28105) up to (50 μg/ml) were obtained from
R & D Systems (USA). β-actin monoclonal antibody was purchased from Abcam
(Cambridge, UK), monoclonal mouse anti-human proline-4-hydroxylase clone 5B5 and
monoclonal mouse anti-human vimentin clone V9 were purchased from Dako (Carpenteria,
CA, USA). All other antibodies were purchased from R & D Systems (USA). All
incubations were carried out at 37° C in 5% CO2.

2.2. Samples
2.2.1. Patients—Fresh specimens of the synovial membrane were obtained from 12
patients undergoing total knee replacement, including four patients with OA (age 62–78
years), five patients with RA (age 51–70 years), and three patients with PPA (age 63–75
years). The diagnosis of OA, RA and PPA was established clinically and by radiological and
laboratory investigations as previously described [23].

2.2.2. Isolation and long-term culture of synovial fibroblasts—The cell
suspension derived from synovial tissues was prepared as described previously [23]. Briefly,
tissue specimens werewashed thoroughly with PBS, cut into small fragments, and digested
in MEM containing 1 mg/ml collagenase for 30 min at 37° C; this was followed by 1 h
incubation in Versene (Invitrogen, USA). The digested tissue was filtered with a 70 μm cell
strainer (Falcon, USA) and the filtrate centrifuged at 800 g for 10 min. The cell pellet was
re-suspended in MEM/FBS and then placed in Falcon tissue culture flasks. The medium was
changed after 24 h and then at 3–5 day intervals. Cultures were characterized after 5
passages.

2.2.3. Isolation and culture of human PBMCs—PBMCs were isolated from the
peripheral blood of healthy male subjects aged 25 and 35 years. Blood was collected and
diluted 1:1 in MEM, layered over Histopaque (Sigma–Aldrich, USA), centrifuged at 1800
rpm for 15 min, washed, and then re-suspended in MEM/FBS. The cells in the resultant
suspension of PBMCs were counted using a haemocytometer after lysis of red blood cells
using a 5% (v/v) acetic acid solution. The cell suspension of human PBMCs (5 × 105 cells/
well) was added to 96 well culture plates containing dentine slices and coverslips. After a 2
h incubation, dentine slices and coverslips were removed from the wells and washed
vigorously in MEM/FBS to remove non-adherent cells; they were then placed in a 24 well
culture plate containing 1 ml of MEM/FBS supplemented with 25 ng/ml M-CSF.

This is an established method of selecting for adherent cells and ensures that approximately
95% of the cells are CD14+ [23].

2.3. Immunohistochemistry
The synovial membrane was fixed in formalin and embedded in paraffin wax. 5 μm sections
were cut, dewaxed, and rehydrated by successive immersion in xylene, graded ethanol and
water, followed by microwave treatment (700 W, 2 × 4 min) in target retrieval solution
(Dako, Carpenteria, USA). Sections were stained using an indirect immunoperoxidase
technique. Endogenous peroxidase was blocked by 0.3% (v/v) hydrogen peroxide and
protein block serum (Dako). Sections were then incubated with mouse-anti-human RANKL
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monoclonal antibody (1:100 in PBS) or mouse-anti-human OPG monoclonal antibody
(1:100 in PBS). Antigens were detected by incubation with labeled polymer and
diaminobenzidine (Envision+ kit; Dako). The sections were then counterstained with
hematoxylin, dehydrated, cleared, and mounted. Negative controls consisted of sections
stained with primary antibody diluent alone and substitution of a control isotype IgG
antibody (Jackson Immunoresearch, USA).

2.4. Western blotting
Total cell lysate was prepared from sub-confluent (90%) cells harvested in ice-cold PBS and
lysed in lysis buffer (LB: 10 mM Tris–HCl, pH 7.4, 1% Triton X-100, 0.5% Nonidet
P-40,150 mM NaCl, 0.2 mM sodium orthovanadate, 1 mM Phenylmethyl sulphonyl fluoride
(PMSF), 40 g/ml leupeptin and 45 g/ml aprotinin). 25 μg of total cell protein extract were
separated by sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE). After
membrane transfer (Hybond-P, Amersham Pharmacia Biotech, Little Chalfont, UK) proteins
of interest were detected with antibodies and reactive species were visualized using an
enhanced chemiluminescence (ECL) kit (Pierce). Blots for further probing were stripped in
62.5 mM Tris–HCl, pH 6.7, containing 2% SDS and 100 mM β-mercaptoethanol, for 30 min
at 50° C. Immunoreactive bands were analyzed by densitometry using ImageJ software
(National Institutes of Health, Bethesda, MD; available at http://rsb.info.nih.gov/
index.html).

2.5. qRT-PCR
RNA was extracted from synovial fibroblast cultures using a commercially available kit
(Qiagen, UK). cDNA was synthesized using random hexamers as recommended by the
manufacturer (Invitrogen, UK). qRT-PCR was performed in a Rotor-gene 3000 (Corbett
Research, Sydney, Australia). qRT-PCR reactions for RANKL and OPG were performed in
a total volume of 20 μl, containing 10 μl of SYBR® Green PCR Master Mix (Applied
Biosystems, CA, USA), 20 pmol of forward and reverse primer and 1 μl of cDNA. The PCR
reaction commenced with an initial denaturing step at 95 °C for 10 min followed by 50
cycles of 95°C for 30 s, 57 °C for 30 s, 72 °C for 30 s, and finally a melting curve starting at
60 °C for 30 s and then raising to 99 °C by increasing one degree every 5 s. Hypoxanthine
phosphoribosyltransferase (HPRT) was used as a housekeeper gene. Reactions were
performed in a total volume of 10 μl, consisting of 5 μl universal qPCR mastermix
(Eurogentec, Hampshire, UK), 0.5 μl of Assay on Demand (Applied Biosystems, CA, USA)
and 1 μl of cDNA template. The PCR commenced with a 50 °C incubation for 2 min,
denatured at 95 °C for 10 min followed by 45 cycles of 95 °C for 15 s and 60 °C for 60 s,
using the following primers: RANKL Forward 5′-CAGATGGATCCTAATAGAAT-3′,
Reverse 5′-ATGGGAACCAGATGGGATGTC-3′, OPG, Forward 5′ATGAACAA
GTTGCTG TGCTG-3′, Reverse, 5′-GCAGAACTCTATCTCAAGGTA-3′. All samples
were used in triplicate and a two standard curve method was used to normalize the data.

2.6. Effect of synovial fibroblast conditioned medium on osteoclast formation
In order to determine whether soluble-factors secreted by isolated synovial fibroblasts can
induce osteoclast formation, PBMCs were cultured in the presence of M-CSF with various
combinations of OPG anti-TNF and anti-gp130. 20% Conditioned media (CM) derived from
cultured OA, RA, or PAA synovial fibroblastswas added to the cultures and maintained for
14 or 21 days in the presence or absence of the factors as indicated below. The culture
medium and added factors were replenished every 3 days for each CM.

i. M-CSF (negative control).

ii. M-CSF+ RANKL (positive control).

Dickerson et al. Page 4

J Autoimmun. Author manuscript; available in PMC 2013 December 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

http://rsb.info.nih.gov/index.html
http://rsb.info.nih.gov/index.html


iii. 20% CM.

iv. M-CSF + 20% CM.

v. M-CSF + 20% CM + OPG + anti-TNF + anti-gp130.

2.7. Cytochemical and functional evidence of osteoclast differentiation
After 14 days of incubation, human PBMC and synovial fibroblast co-cultures on coverslips
were characterized histochemically for TRAP [28] expression using a commercially
available kit (Sigmae–Aldrich Chemicals, USA). Coverslips were also stained
immunohistochemically by an indirect immunoperoxidase technique with the monoclonal
antibodies JML-H14 and 23C6 (Serotec); these antibodies are directed, respectively, against
CD14, a monocyte/macrophage-antigen that is not expressed by osteoclasts, and CD51,
VNR that is an osteoclast-associated antigen [29,30]. Presence of the vimentin intermediate
filaments and the fibroblast-associated antigen, were detected by immunoperoxidase
staining of synovial fibroblasts using the monoclonal antibodies, V9 and 5B5, respectively
(Dako, UK). The presence of T cells and B cells, were also evaluated by the use of CD3, and
CD20 antibodies, respectively (Dako, UK).

Functional evidence of osteoclast formation was determined by a lacunar resorption assay
using cell cultures on dentine slices. This provides a smooth-surfaced mineralized substrate
for the assessment of lacunar resorption. After cells had been cultured on dentine slices for
21 days, the slices were removed from the wells, placed in 1Mammonium hydroxide for 2 h
and cleaned by ultrasonication to remove adherent cells. The slices were then washed in
distilled water, stained with 0.5% toluidine blue and examined by light microscopy. The
surface of each dentine slice was examined for evidence of lacunar resorption. Osteoclast
morphology and percentage area of lacunar resorption was estimated by scanning electron
microscopy as previously described [23].

2.8. Statistical significance
The extent of lacunar resorption was expressed as the percentage of surface area resorbed ±
standard error of the mean. Each experiment was carried out in triplicate. Statistical
significance was determined using Student's t-test and p-values lower than 0.05 were
considered significant.

3. Results
3.1. Phenotypic characteristics of synovial fibroblasts

Synovial membrane isolated from RA and PPA patients stained positive for both RANKL
and OPG, whereas synovial membrane isolated from OA were weakly positive (Fig. 1a–i).
Synovial membrane explants of these patients were cultured and a heterogeneous population
of mainly spindle-shaped mononuclear cells was isolated. Multinucleated cells were not
present in these cultures. After reaching confluence the cells were passaged 5 times, before
being characterized phenotypically. The synovial fibroblast cultures were negative for
adaptive immune T and B cells, CD3 and CD20, cells (Fig. 2a–i). These cells were also
negative for CD14, VNR, and TRAP (data not shown), and positive for vimentin and the
fibroblast-associated antigen, prolyl-4-hydroxylase (Fig. 2j–o).

3.2. RANKL and OPG mRNA and protein expression by synovial fibroblasts
To investigate the capacity of the isolated synovial fibroblasts to induce osteoclastogenic
signals we evaluated RANKL and OPG mRNA expression by qRT-PCR. Since OPG is a
decoy receptor for RANKL and would therefore influence osteoclastogenesis we examined
the relationship between these genes by comparing the RANKL/OPG ratio. In inflammatory
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arthritis, an increased RANKL/ OPG ratio has been observed in the synovial tissue [18]. We
observed increased RANKL expression in RA-synovial fibroblasts, which was 10-fold
higher than that of OA-derived fibroblasts, and a 3-fold increase in RANKL expression in
PPA compared to OA-derived samples. Overall the RANKL/OPG ratio was increased in RA
fibroblasts compared to OA or PPA fibroblasts (Fig. 3a). We investigated the protein
expression of RANKL and OPG on isolated synovial fibroblasts cultured on coverslips
using immunohistochemistry (data not shown). These results were confirmed by Western
blotting analysis that showed OPG and RANKL protein is synthesized by synovial
fibroblasts (Fig. 3b,c).

3.3. Synovial fibroblast conditioned medium supports osteoclast formation
In control cultures where PBMC were incubated with M-CSF for 21 days, there were no
multinucleated VNR+ or/and TRAP+ cells. Evidence of lacunar resorption was also not
present on dentine slices in these cultures. Similarly there was no observed
osteoclastogenesis in PBMC cultures incubated with synovial fibroblast CM in the absence
of M-CSF.

In contrast, TRAP+ cells were observed in PBMC cultures on glass coverslips, after 16 days
of incubation in synovial fibroblast CM and M-CSF (Fig. 4a–d). We observed that the
number of multinucleated TRAP cells was higher in the RA and PPA synovial fibroblast
CM compared toOAcontrols. However TRAP expression is not a defining osteoclast marker
since macrophage polykaryons, immature dendritic cells, and mononuclear macrophages
also express TRAP [23,28,31]. In the lack of a unique osteoclast antigen we also analyzed
the expression of VNR+ multinucleated cells capable of F-actin ring formation in PBMC
cultures on glass coverslips, after 21 days of incubation in synovial fibroblast CM and M-
CSF (Fig. 4e–g).

The only unique characteristic of an osteoclast is its ability to resorb bone and parallel
cultures of synovial fibroblast CM and M-CSF on dentine slices showed extensive lacunar
resorption pit formation after 21 days of incubation (Fig. 5a, b). The mean percentage area
of bone resorption was between 0.1 and 2.0% of the total area in all cases of OA, RA, and
PPA in conditioned medium experiments (Fig. 5c).

3.4. Effect of OPG, anti-TNF and anti-gp130 antibody on synovial fibroblast-induced
osteoclast formation

To identify whether osteoclast formation induced by synovial fibroblast CM occurred by a
RANKL-dependent/independent mechanism, PBMC cultures incubated in the presence of
M-CSF and CM from OA, RA, and PPA synovial fibroblasts were also treated with OPG,
anti-TNF, and anti-gp130. We measured lacunar resorption on dentine slices and found that
although reduced, resorption was not completely abolished by the addition of OPG, anti-
TNF antibody, and anti-gp130 in any of the synovial fibroblast CM cultures (Fig. 5c).

4. Discussion
In this study we investigated the effect of secreted factors from human fibroblasts isolated
from RA, PPA and OA patients. The ability of these fibroblasts to directly induce
osteoclastogenesis was evaluated using in vitro osteoclast functional assays. Analysis of
RANKL and OPG expression in OA, RA and PPA synovium revealed that RANKL was
more highly expressed in synovium isolated from inflammatory arthritis (RA and PPA) as
compared to noninflammatory OA. Therefore the extent of inflammatory infiltrate in the
synovium directly correlates with the expression of RANKL. Inflammatory mediators from
T cells, such as IL-17 induce RANKL expression in stromal cells, and Th17 cells directly
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secrete RANKL [32–34]. Therefore, to study the contribution of synovial fibroblasts in
RANKL expression we employed long-term pure fibroblast cultures devoid of T and B cells.

By qRT-PCR analysis of purified long-term synovial fibroblast cultures, we showed that
RANKL mRNA expression was 10-fold higher in RA samples and 3-fold higher in PPA
samples, whilst at the same time the average OPG expression was not significantly different
between pathology groups. We also confirmed by immunohistochemistry and Western
blotting higher RANKL protein expression in RA and PPA than OA, whereas again
expression of OPG was not significantly different between pathology groups. Interestingly,
although the amount of inflammatory infiltrate is similar in the RA and PPA synovium,
RANKL expression is higher in RA. RA and PPA synovial fibroblasts may exhibit distinct
expression profiles due to intrinsic functional differences or more likely due to the nature
and composition of the inflammatory infiltrate in their anatomical microenvironment.

To evaluate any functional significance of the discrepancy observed between RA and PPA
synovial fibroblasts we performed in vitro functional osteoclast assays. In these experiments
we determined whether isolated synovial fibroblasts from RA and PPA equally stimulate
osteoclastogenesis. Synovial fibroblast conditioned medium isolated from both RA and PPA
patients was able to support osteoclast formation in human PBMC cultures in the presence
of M-CSF. These cultures resulted in the formation of TRAP+ and VNR+ cells capable of F-
actin ring formation that showed evidence of lacunar resorption. Suprisingly, the CM-
induced osteoclastogenesis observed was not abolished with addition of OPG at doses as
high as 100 ng/ml. Unexpectedly subsequent addition of OPG at high doses (up to 500 ng/
ml) did not inhibit osteoclastogenesis. Our data indicate that although the RANKL/OPG
ratio is indeed higher in RA than in PPA this is not so significant as it is not the only
pathway of osteoclast formation. We reasoned that other factor(s) may be present in
synovial fibroblast CM that induce osteoclast formation independently of the RANKL
pathway.

RANKL-independent mechanisms of osteoclast formation have been described, whereby
TNF can directly induce NF-κB and substitute for RANKL [22,23,35]. Fibroblasts derived
from different anatomical locations and different disease conditions express TNF [36,37]. In
RA synovial fibroblasts TNF also induces OPG expression thereby blocking RANKL-
dependent osteoclastogenesis [38]. To block TNF stimulation of osteoclastogenesis we
neutralized TNF in our synovial fibroblast cultures. The addition of anti-TNF antibody alone
minimally inhibited osteoclastogenesis in our study.

Bone marrow stromal fibroblasts also express IL-6 and GM-CSF in the absence of
inflammatory signals [39]. GM-CSF can promote osteoclastogenesis via transiently
increasing M-CSF mRNA expression, whereas long exposure of GM-CSF strongly induces
DC differentiation from monocytes [40–42]. In our in vitro system we did not see osteoclast
formation in the absence of M-CSF so the function of GM-CSF should be negligible.
However, various interleukins including IL-6 and IL-11, are known to stimulate osteoclast
formation and resorption and can be produced and secreted by synovial fibroblasts
[21,39,43–45]. IL-6 cytokine family shares a common ß -receptor, known as gp130, a
signal-transducing receptor. In this receptor system, a ligand/receptor complex associates
with gp130 to induce homodimerization. Formation of the gp130 homodimer activates
kinases and transduces signals to the nucleus [46–49]. To inhibit the actions of IL-6 and
block the downstream activation of gp130 we treated PBMC cultures with M-CSF and
synovial fibroblast CM in the presence of an anti-gp130 antibody. Again the addition of
anti-gp130 antibody alone minimally inhibited osteoclastogenesis in our study. The
combination of anti-TNF anti-gp130, and OPG substantially reduced bone resorption, but
did not completely abolish it (Fig. 5c). Therefore, it is evident that other cytokines and
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growth factors not yet identified act directly on osteoclast differentiation and are responsible
for bone destruction in arthritis. Our data indicates that proosteoclastogenic conditions are
prominent within the microenvironment of the inflamed arthritic tissue and are independent
of the RANKL, TNF and IL-6 signaling pathways.

As continuously novel cytokines and growth factors are being discovered and alternate
osteoclastogenic pathways in inflammatory arthritis are rapidly emerging [50,51] the
synovial fibroblast may well be the key regulatory cell in bone and joint destruction, which
is a hallmark of autoimmune arthritis.
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Abbreviations

RANKL receptor activator for nuclear factor- κB ligand

RA rheumatoid arthritis

PPA pyrophosphate arthropathy

OA osteoarthritis

OPG osteoprotegerin

qRT-PCR quantitative real time-PCR

PBMC peripheral blood mononuclear cells

TRAP tartrate-resistant acid phosphatase

VNR vitronectin receptor

CM conditioned medium

M-CSF macrophage colony stimulating factor
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Fig. 1.
Immunohistochemistry of serial sections of synovial tissue from OA, RA and PPA patients
showing RANKL and OPG expression. OA (a) control (b) RANKL (c) OPG, RA (d) control
(e) RANKL (f) OPG and PPA (g) control (h) RANKL (i) OPG. (Immunoperoxidase:
Original magnification (a, b, c, d, e, g, h, i), ×200 and (f) ×300.
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Fig. 2.
Immunohistochemistry of isolated synovial fibroblasts. Fibroblasts cultured on coverslips
showing the (a–c) IgG control and lack of expression of (d–f) the T cell marker CD3 and (g–
i) the B cell marker CD20 and positive expression of (j–l) vimentin and (m–o) proline-4-
hydroxylase. Scale bar represents 50 μm.
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Fig. 3.
RANKL/OPG expression in OA, RA, and PPA. (a) Normalized average data of the mRNA
RANKL/OPG ratio for OA, RA, and PPA. (b) Western blotting analysis of synovial
fibroblast total cell lysates showed expression of RANKL and OPG protein. A human
osteosarcoma cell line MG63 known to express RANKL and OPG was used as a positive
control. (c) Densitometric analyses of bands for RANKL and OPG were obtained using
ImageJ software, and results were normalized to basal level.
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Fig. 4.
TRAP cytochemical stain images of human PBMC cultured for 16 days in the presence of
M-CSF and conditioned medium from a) OA, b) RA and c) PPA and results expressed d)
graphically, (p < 0.05 Manne–Whitney nonparametric test, error bars standard error of the
mean) data pooled from 3 experiments. Osteoclasts were also determined by the presence of
multinucleated cells (e) expressing the specific osteoclast markers (f) VNR, and capable of
(g) F-actin ring formation. (Representative pictures of at least three experiments M-CSF and
CM OA, RA and PPA cultures that induced osteoclast formation).
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Fig. 5.
Scanning electron micrographs of dentine slices after PBMC culture for 21 days in the
presence of M-CSF, OPG, and CM of cultured arthritic synovial fibroblasts. Fibroblasts
isolated from (a) OA and (b) RA showed evidence of lacunar resorption formation. (Image
representative of average lacunar resorption formation.) (c) Mean percentage area of lacunar
resorption in OA, RA, and PPA conditioned medium in cultures of PBMCs incubated for 21
days in the presence of M-CSF, with or without OPG, anti-TNF, and anti-gp130. Scale bars
represent 100 μm. (Representative data of at least three experiments.)
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