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Abstract
Objective
To test if the pannus tissue is characterized by a high receptor activator of nuclear factor kB ligand to osteoprotegerin
(RANKL:OPG) ratio, which could explain local osteoclastogenesis and formation of bony erosions.

Methods
Messenger RNA and protein expressions of RANKL and OPG in rheumatoid and osteoarthritic tissue samples were
measured using quantitative real-time RT-PCR and Western blot/densitometry. Pannus and synovitis fibroblasts explanted
from tissue samples were cultured in vitro without and with TNF-a, IL-1f or IL-17 and analyzed quantitatively for RANKL
expression. The ability of pannus fibroblasts to induce formation of multinuclear osteoclast-like cells from human
monocytes, with macrophage-colony stimulating factor (M-CSF) but without RANKL added, was tested. Histochemical
staining was used to assess the eventual presence of RANKL and tartrate resistant acid phosphatase positive
osteoclast-like cells at the pannus-bone interface.

Results
RANKL:OPG ratios of messenger RNA (p<0.05) and protein level were high in pannus (2.06+0.73 and 2.2+0.65)
compared to rheumatoid (0.62+0.13 and 1.31+0.69) and osteoarthritis (0.62+0.32 and 0.52+0.16) synovial
membranes. Resting and stimulated (p dependent on the cytokine used) pannus fibroblasts produced RANKL in excess
(p=0.0005) and unstimulated pannus fibroblasts also effectively induced osteoclast-like cell formation from monocytes
in vitro without any exogenous RANKL added. Compatible with these findings, multinuclear osteoclasts-like cells were
frequent in the fibroblast- and macrophage-rich pannus tissue at the soft tissue-to-bone interface.

Conclusions
The high RANKL:OPG ratio, together with close fibroblast-to-monocyte contacts in pannus tissue, probably favor local
generation of bone resorbing osteoclasts at the site of erosion in rheumatoid arthritis.
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Introduction

Rheumatoid arthritis (RA) is character-
ized by synovitis and pannus forma-
tion. Pannus is the leading edge of the
RA synovial membrane, which grows
into cartilage and bone. While invading
into joint cartilage/bone, pannus is able
to secrete extracellular matrix destroy-
ing enzymes e.g., matrix metalloprotei-
nases, cathepsins and mast cell protein-
ases, which have been demonstrated in
RA pannus (1-5).

In contrast to cartilage destruction, bone
resorption starts with osteoclast-medi-
ated demineralization of bone matrix.
Osteoclasts are formed from haemat-
opoietic monocytes and macrophages
by fusion. First osteoclast precursors
differentiate to mononuclear prefusion
cells, fuse to form multinuclear osteo-
clasts and finally are capable of resorb-
ing bone. Indeed, multinuclear osteo-
clasts-like cells have been implicated
in bone destruction in RA (3, 6). Osteo-
clasts have been produced by co-culture
of bone cells or peripheral blood mono-
cytes with cells isolated from rheuma-
toid tissue in the presence of vitamin
D, and macrophage-colony stimulating
factor (M-CSF) (7, 8) or spontaneously
from RA synovial cells (9), which im-
plicates that synovial cells are capable
of forming osteoclasts. Also, several
regulatory cytokines enhance bone re-
sorption by stimulating osteoclast-in-
ducing factors (10).

Receptor activator of nuclear factor
kappa B ligand (RANKL) is a member
of TNF superfamily expressed on acti-
vated T-cells, osteoblast/stromal cells
and chondrocytes (11). Previous stud-
ies have shown RANKL also in rheu-
matoid synovial tissue (12), cultured
RA synoviocytes (8) and at the sites of
bone erosion in collagen-induced ar-
thritis (13-15). The absence of RANKL
expression in knockout mice prevents
osteoclast formation and subsequent
bone erosion in inflammatory arthritis
(16, 17). Recently, Pettit et al. showed
induced RANKL expression in RA tis-
sue at the site of erosions (18). These
findings might implicate that fibroblast
RANKL plays an important role also in
the leading edge of pannus in RA.
Osteoprotegerin (OPG) is a decoy re-
ceptor for RANKL, which appears on
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osteoblasts upon their activation (19),
but is also found in endothelial cells and
macrophages in synovial tissue and lin-
ing (20). OPG has been shown to block
RANKL expression and consequently
also to inhibit osteoclast formation and
erosions in collagen- and adjuvant- in-
duced arthritis (21, 22). The RANKL:
OPG balance is therefore essential for
the regulation of osteoclast formation.
Recent studies have reported increased
SRANKL and decreased OPG levels in
synovial fluid (23).

Several papers have also described
the balance of OPG and RANKL in
RA patient sera, synovial fluid and/or
synovitis tissues (20, 24-27). The new
aspect in this study is its focus on pan-
nus tissue and explanted pannus fibrob-
lasts. This location is critical for the
formation of erosions. We wanted to
extend these earlier studies by analys-
ing RANKL and OPG at the messenger
RNA (qRT-PCR) and protein (Western
blot and densitometry) level for the
indication of this aggressive tissue in-
volvement in local osteoclastogenesis
in theumatoid arthritis.

Materials and methods

Patients and samples

All tissue samples were collected from
well-characterized rheumatoid arthritis
(RA) and osteoarthritic patients, who
fulfilled the American College of Rheu-
matology (ACR) criteria. Nine syno-
vial membrane and eight pannus tissue
samples were collected in parallel from
advanced RA patients (8 women and
1 men) undergoing primary total hip
replacement, knee arthroscopy or syn-
ovectomy. Pannus samples were taken
from the site of invasion into cartilage/
bone and synovium from further site
of invasion. In one patient, the pannus
sample did not contain soft-to-hard tis-
sue junction and this pannus sample was
disregarded. The mean age of these pa-
tients was 54 years (range 34-80 years).
Nine synovial membrane samples were
collected from osteoarthritic patients (8
women and 1 men) undergoing primary
total hip replacement, with a mean age of
73 years (range 58-85 years). For RNA
extraction, samples were during op-
eration immediately snap frozen in pre-
cooled isopentane and stored at —70°C
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or for immunohistochemistry samples
were processed to paraffin by fixation in
10% formalin followed by dehydration
in ethanol, clearing in xylene and em-
bedding in paraffin. None of the patients
included in the present study had any
biological anti-inflammatory medica-
tions or any clinical or microbiological
signs of infection. The sample collection
was approved by the Ethics Committee
of Helsinki University Central Hospital
and the guidelines of the Declaration of
Helsinki were followed.

Cell culture

Pannus and synovial fibroblasts from
rheumatoid arthritis patients were es-
tablished using explant culture method.
Briefly, tissue samples were minced
to pieces and left over night in RPMI-
1640 medium (BioWhittaker, Liege,
Belgium) containing 10% fetal bovine
serum (FBS) (BioWhittaker) and 10%
penicillin/streptomycin. The next day,
the media was changed and the con-
centration of antibiotics was decreased
to 1%. The media was changed twice
a week and when 60% of the dish area
was covered with a monolayer of cells,
the tissue pieces were removed and the
cultures were allowed to grow to con-
fluence. The cells were characterized
with immunofluorescence staining of
fibronectin and vimentin, used at pas-
sages 3-5 and counted with Z1 Coulter
Particle Counter (Beckman Coulter).
For stimulations, cells were cultured to
confluence in a 6 well plates at 1x10°
cells per well. Two parallel wells were
used for RNA extraction and one well
with 4 coverslips for histochemistry.
The cells were stimulated with 0.1, 1
and 10ng/ml rhTNF-a, rthIL-1f or rhIL-
17 (R&D, Minneapolis, MN) for 48
hours. All fibroblast stimulations were
made in triplicate.

Peripheral blood mononuclear cells
were isolated from fresh buffy coats
obtained from healthy blood donors
of the Finnish Red Cross by the use of
Ficoll-Paque PLUS (Pharmacia Bio-
sciences, Uppsala, Sweden) density
gradient. After washing, the cells were
cultured in a 6-well plates at 5x10°
cells per well in 2 ml of MEM Alpha
Medium with Glutamax-1 (Invitrogen,
Paisley, Scotland) supplemented with

10% FBS and 1% penicillin/strepto-
mycin. After one hour, the non-adher-
ent cells (containing predominantly
lymphocytes) were removed and the
adherent  monocyte/magrophage-en-
riched cultures were further stimulated
as fibroblasts or used for co-culture
were cultured fibroblasts were add-
ed together with 40 ng/ml rhM-CSF
(R&D) and with or without rhTNF-a,
rhIL-1f, rhIL-17 (R&D) or rhRANKL
(Alexis, Carlsbad, CA, USA).

Quantitative reverse transcriptase-

polymerase chain reaction (qRT-PCR)
Total RNA from frozen tissue (80 mg)
and cultured cells (2 x 3.5 cm wells)
were isolated by using TRIzol reagent
(Invitrogen) according to the manufac-
turer’s instructions. After that mRNA
was isolated from total RNA using
magnetic (dT),; -polystyrene beads
(Dynal, Oslo, Norway). 100 ng of
mRNA was used to prepare primary
c¢DNA using (dT),, ,; primers and Su-
perScript enzyme, followed by RNase
H treatment (Invitrogen). To ensure
the correct synthesis, negative controls
without RT enzyme or sample mRNA
and positive control with control RNA
were performed. Quantitative PCR
was run on 3 ng of first strand cDNA
using 0.5 mM primers for OPG [Gen-
Bank:U94332]: sense 5°- ggcattct-
tcaggtttgctgttecta-3’ and antisense 5°-
agctgtgttgecgttttatcctetet-3°,  RANKL
[GenBank:AF019047]: sense 5’-ccaa-
catttgctttcgacatcatgaa-3’ and antisense
5’-tgaccaatacttggtgcttcctect -3’ and
p-actin [GenBank:M10277]: sense 5°-
tcacccacactgtgeccatctacga-3’ and an-
tisense S5’-cagcggaaccgctcattgeccaatgg
-3’ with 0.2 mM TagMan probes for
OPG 5’-matttgcctggcaccaaagtaaacg-
caxp-3°, RANKL 5’-macgtcactaaaac-
cagcatcaaaatcccaaxp-3’ and P-actin
5’-matgccctxccccatgecatectgegtp-3’ in
LightCycler™ PCR mix by LightCy-
cler™ PCR machine (Roche Molecular
Biochemicals, Mannheim, Germany).
Probes anneal to minus strand and
had reporter dye FAM (6-carboxy-
fluorescein) at the 5° end and quencher
dye TAMRA (6-carboxy-tetramethyl-
rhodamine) at the 3’ end, which was
also phosphorylated. For primers and
probes, corresponding sequences were
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searched from NCBI Entrez search
system, sequence similarity search
was done using NCBI blastn program
and were produced by Proligo (Paris,
France). All primers were designed to
be located inside one exon for the possi-
ble use of genomic DNA as a standard.
The identity of the product was verified
by size using PCR amplification (Dy-
nazyme, Finnzymes) and by sequence
from 50 ng of isolated (QIAquick, Qia-
gen) amplicon on automated Applied
Biosystems 373 A sequencer. Serial
1:10 dilutions of human genomic DNA
were used to determine the mRNA
copy numbers of the amplicons per
1000 B-actin for tissue and 100,000 for
cell culture samples. Each individual
sample was amplified at least two times
for all genes of interest.

Histo- and cytochemistry

Serial 3 um thick paraffin tissue sec-
tions were mounted on DAKO Capil-
lary Microscope slides (TechMate™,
Dako, Clostrup, Denmark) and dried
overnight. After deparaffinization, the
slides were washed with washing buff-
er and placed in DAKO TechMate™
Automated Immunostainer 500 and
processed at 22°C using DAKO Chem-
Mate™ Reagent System and MSIPE
protocol with 30 minutes enzymatic
digestion in 4 mg/ml pepsin for anti-
gen retrieval and an extra 30 minute
incubation with primary antibody. The
concentrations of the antibodies were
as follows: 10 ug/ml for mouse anti-
human RANKL IgG,, (R&D) and the
same concentration for the negative
control mouse IgG,, (Dako). Endog-
enous peroxidase activity was blocked
with peroxidase solution. Staining was
visualized using peroxidase-conju-
gated streptavidine and hydrogen per-
oxide and diaminobenzidine (DAB).
For immunofluorescence, the tissue
samples were incubated for 30 minutes
in 10ug/ml primary mouse anti-human
RANKL IgG,, (R&D) and the same
concentration for the negative control
mouse IgG,, (Dako) followed by 30
minutes in secondary Alexa Fluor 594-
conjugated goat anti-mouse IgG (Mo-
lecular Probes, Leiden, Netherlands).
In co-cultures, the multinuclear osteo-
clast-like cells were stained for tartrate



resistant acid phosphatase (TRAP) with
leukocyte acid phosphatase kit (387-A,
Sigma, Steinheim, Germany). Nuclei
were stained with 4°,6-Diamidino-2-
phenylindole (DAPI) (Sigma).

Western blotting

Synovium (n=3) and pannus (n=3)
of RA and synovium of osteoarthritis
(n=3) were homogenized in RIPA Buft-
er Set (Boehringer Mannheim, Germa-
ny), sonicated, centrifuged and filtrated.
Electrophoresis was performed using
75 ug total protein, blotted onto nitro-
cellulose membrane, blocked overnight
in 3% bovine serum albumin (BSA)
and incubated for 90 minutes with 2
ug/ml monoclonal anti-human OPG
IgG,, (R&D) or 0.2 ng/ml biotinylated
polyclonal rabbit anti-human RANKL
IgG (PeproTech) in 2% BSA. Detection
was performed using alkaline phos-
phatase-conjugated rabbit anti-mouse
IgG (Jackson Immunoresearch Labo-
ratories, West Grove, PA) or alkaline
phosphatase-conjugated avidin (Sigma)
with colour development solution (Al-
kaline Phosphatase Conjugate Substrate
Kit, Bio-Rad, Hercules, CA). Optical
densities of the bands were analyzed
with Phoretix 1D software (Nonlinear
dynamics).

Statistical analysis

All data are expressed as mean = SEM.
Statistical analysis was performed us-
ing GraphPad Prism version 3.02 for
Windows (GraphPad Software Inc.,
San Diego, CA). Paired -test was used
for compairing paired samples between
two groups. One-way ANOVA was
used for multiple group comparisons
combined with Dunnett’s post-hoc test
to compare against control column and
Bonferroni’s to compare all columns.

Results

RANKL mRNA expression is increased
in rheumatoid pannus tissue
Quantitative RT-PCR revealed that
pannus tissue contained more RANKL
mRNA copies than rheumatoid or os-
teoarthritic synovium (p=0.03) (Fig.
1). Pannus tissue samples (n = 8) con-
tained 73.3x14.5 copies of RANKL
mRNA whereas RA synovial membrane
samples (n=9) contained 53.4+10.9
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Fig. 1. RANKL and OPG expressions in tissue
samples. (A) RANKL and (B) OPG mRNA copy
numbers (normalised for 3-actin) in osteoarthritic
synovial tissue (OA/ST), rheumatoid arthritic syn-
ovial tissue (RA/ST) and pannus tissue (RA/PT).
*p<0.05.

RANKL mRNA copies. The expres-
sion of RANKL mRNA in OA syn-
ovium (n=9) was low: 28.3+6.3 copies
(p<0.05). In contrast, the expression of
OPG mRNA was highest in OA sam-
ples. In pannus the OPG mRNA level
was 62.5£16.3. RA synovium samples
contained 95.5+21.8 OPG mRNA cop-
ies and OA samples 103.5+30.5. In
pannus tissue the RANKL mRNA pro-
duction is higher than OPG production
(73.3+14.5 vs. 62.5+£16.3). In OA the
RANKL mRNA expression was almost
four times lower than OPG expression
(28.3+6.3 vs. 103.5+30.5) and in RA

almost two times lower (53.4+10.9 vs.
95.5+21.8). The mRNA expressions of
RANKL, OPG or the RANKL:OPG ra-
tio did not correlate with the age of the
patients (data not shown).

Increased expression of RANKL in
pannus tissue was also confirmed at
the protein level by using Western blot
and densitometric measurements (Fig.
2). In pannus tissue samples (n=3), the
average intensity of RANKL band was
72.7+14.7 compared to lower intensity
in RA synovium 41.4+16.1 and lowest
intensity in OA synovium 40.6+14.3.
Also OPG protein showed same kind
of pattern as mRNA expression. High-
est intensity was found in OA synovium
79.1£13.3 and lowest in pannus tissue
34.7+3.3. The intensity of OPG in RA
synovium was intermediate 45.4+13.1.

Rheumatoid pannus fibroblasts express
RANKL

Fibroblastsestablished fromrheumatoid
pannus and synovitis tissue contained
RANKL mRNA. Interestingly, pan-
nus fibroblasts express more RANKL
than synovitis fibroblasts (p = 0.0005).
Stimulations of both pannus and syno-
vitis fibroblasts with 0.1, 1 and 10 ng/
ml TNF-a, IL-1f or IL-17 increased
RANKL mRNA in a dose-dependent
fashion, except pannus stimulation
with TNF-a (Fig. 3). 10 ng/ml was the
most effective dose and using this dose,
the RANKL mRNA levels of pannus fi-
broblasts were 215-fold increased upon
stimulation with TNF-a (32.29+7.13
vs. 0.15+0.05, n=3) (p<0.001), 18-fold
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Fig. 2. Western blot analysis of RANKL and OPG in osteoarthritic synovial tissue (OA/ST), rheuma-
toid arthritic synovial tissue (RA/ST) and pannus tissue (RA/PT). Intensities of the bands are normal-
ized to the most strongly expressed band and shown as mean values.
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Fig. 3. RANKL expression in theumatoid fibrob-
lasts. RANKL mRNA copy numbers (normalised
for B-actin) in proinflammatory cytokine stimu-
lated pannus fibroblasts and synovitis fibroblasts.
p<0.001, **p<0.01, *p<0.05 difference of RA
pannus to synovitis fibroblasts.

increased upon stimulation with IL-
1B (30.22+£8.97 vs. 1.71£1.36, n=3)
(p<0.001) and 91-fold increased upon
stimulation with IL-17 (17.31+6.39 vs.
0.19+0.05, n=3) (p<0.05) compared to
synovitis tissue fibroblasts. No mRNA
expression could be detected in stimu-
lated monocytes.

Pannus fibroblasts stimulate
multinuclear cell formation

Co-culture of pannus fibroblasts and
monocytes stimulated with M-CSF and
with or without thTNF-a, rhIL-1f or
rhIL-17 produced multinuclear cells af-
ter 14 day of culture. All of these cells
were TRAP positive (Fig. 4). Most ef-
fective stimulants were thTNF-a and
rhIL-1f, when compared to RANKL
stimulated positive control.

RANKL is located in bone-soft tissue
Jjunction near multinuclear cells
RANKL staining was most intense in
pannus compared to RA and osteoartrit-
ic synovial tissues. Positive cells were
found around pannus tissue and interest-
ingly also located near bone-soft tissue
junction (Fig. 5A). Immunofluorescence
staining shows more clearly RANKL
positive cells at pannus-bone interface
(Fig. 5B). More focused analysis with
double staining indicates RANKL stain-
ing near TRAP positive multinuclear
cells in pannus tissue (Fig. 6).

Discussion

After cartilage has been degraded, pan-
nus can continue invasion to subchon-
dral bone (28). This phenomenon

Fig. 4. Formation of multinuclear cells in co-culture. (A) TRAP staining for multinuclear osteoclast-
like cells and (B) DAPI for nuclei in co-culture of pannus fibroblasts and monocytes stimulated with

M-CSF and rhTNF-a.. Original magnification x200.

Fig. 5. RANKL immunoreactivity in pannus tissue samples. (A) Immunohistochemical staining of
RANKL in pannus-bone interface and (B) serial section with immunofluorescense staining showing
more specific RANKL expression near interface (arrows). Original magnification x100.

Fig. 6. Multinuclear cells in pannus tissue. Immunohistochemical (A) double staining for RANKL
expression and TRAP for multinuclear osteoclast-like cells in pannus tissue and (B) staining for RANKL
at the pannus-bone interface. Original magnification x400.

involves first secretion of pannus-
derived proteinases for cartilage degra-
dation, followed by local production of
growth and differentiation factors that
might stimulate formation and function
of osteoclasts. This speculation is based
on the fact that osteoclasts are the only
cells, which can dissolve bone mineral
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matrix with subsequent degradation of
the demineralised organic type I colla-
gen-rich matrix. Therefore, they proba-
bly play a role in the formation of bone
erosions. RANKL seems to be the key
factor stimulating osteoclast formation
(11). If RANKL binds with its recep-
tor RANK on the surface of monocyte/



macrophages, they fuse to form multi-
nuclear giant cells. In remodelling bone
tissue, RANKL positive osteoblasts
are involved in osteoclast formation.
Direct contact between osteoblast and
precursor/prefusion osteoclast leads to
formation of multinuclear bone resorb-
ing cells. Although osteoblasts nor-
mally stimulate osteoclast formation in
remodelling bone tissue, also synovial
membrane fibroblasts produce and ex-
press RANKL and are able to stimulate
osteoclast formation (29, 30). To be
able to do so, RANKL expressed by
both the osteoblast and fibroblast needs
to come into contact with the RANK
positive responder cells. If instead the
cell surface (or solubilized) RANKL is
bound by soluble decoy receptor OPG,
its effect is inhibited (31). Therefore,
the local balance between RANKL and
OPG is decisive for the outcome, i.e.,
whether osteoclasts are formed or not.
Although RANKL production in syno-
vitis tissue is certainly important, it
seems logical to measure RANKL also
in rheumatoid pannus tissue with re-
spect to OPG levels. This work demon-
strates that the RANKL:OPG ratios of
both mRNA and protein are concord-
ant and particularly high in rheumatoid
pannus compared to rheumatoid arthri-
tis synovitis tissue further away from
the erosions or in osteoarthritis syno-
vial membrane, a disease that is usu-
ally characterized by subchondral bone
sclerosis and peripheral osteophytes,
not erosions. Interestingly, not only
was RANKL relatively high in RA, but
OPG was rather low in RA, indicating
that it is not only the positive driving
force (RANKL), but also the negative
breaking force of OPG that fails in pan-
nus tissue. This indicates that the local
milieu in rheumatoid arthritis is in fa-
vour for osteoclastogenesis. This con-
clusion was supported by demonstra-
tion of TRAP positive osteoclasts-like
cells in the pannus-bone tissue inter-
face as well as by the local formation
of joint erosions.

As was mentioned above, osteoblasts
initially were thought to play a primary
role in osteoclast formation, but later
the potential of the fibroblast to fulfil
the same task has been recognized. In
vitro, in the absence of OPG, both cells
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can be replaced by soluble RANKL. It
has been well established that periph-
eral blood monocytes can be stimu-
lated to form osteoclasts by addition of
RANKL together with M-CSF. In our
experiments we demonstrate that in
the presence of pannus fibroblasts hu-
man peripheral blood monocytes form
multinuclear osteoclasts-like cells if
only M-CSF is added. This suggests
that pannus fibroblasts effectively pro-
vide RANKL in sufficient quantities to
stimulate the RANK positive precursor/
prefusion cells to fuse and form multi-
nuclear osteoclasts-like cells. This con-
firms and extends the earlier findings
reported by Haynes and coworkers (8).
This hypothesis was futher confirmed
by quantitative RT-PCR, which dem-
onstrated the presence of RANKL in
pannus fibroblasts and that the RANKL
mRNA levels were higher in pannus
than in synovitis tissue fibroblasts. The
local increase of RANKL expression is
not only caused by increased numbers
of RANKL positive cells in inflamed
tissue, but is also caused by a greater
production of RANKL per cell. This
was shown by measuring the RANKL
mRNA levels per housekeeping gene
levels, which are expressed at the same
level in all cells (and, therefore, called
“housekeeping”). These values were
shown to be increased in rheumatoid
pannus compared to rheumatois syno-
vitis and OA synovium. In contrast, in
protein level measurement, such “nor-
malization” is not usually done so it
is not possible to know if the higher
amount of RANKL protein results from
increased numbers of cells or greater
production of RANKL per cell.

These findings extend earlier reports by
Shunichi Shiozawa and his co-work-
ers, which demonstrate that the leading
edge of pannus tissue contains fibrob-
last-like cells (32, 33). Furthermore,
pannus tissue shares many features
of malignant mesenchymal tumor, so
that a term “mesenchymal transforma-
tion” has been introduced to emphasize
the potential role of fibroblasts in the
formation of joint erosions (34, 35).
Although activated T-cells have been
earlier recognized to be RANKL posi-
tive (21) and able to stimulate osteo-
clastogenesis (23), we believe that, in
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particular, the pannus fibroblasts play a
key role in the local formation of osteo-
clasts at the pannus-bone tissue inter-
face. Direct cellular contacts between
pannus fibroblasts and monocyte/mac-
rophages, in a similar fashion as has
been described for osteoblasts and
monocyte/macrophages (36, 37), pro-
mote osteoclast formation. Such direct
cell-to-cell contacts may be necessary
for RANKL-to-RANK interaction to
conceal the site of this molecular inter-
action from the soluble OPG inhibitor.

Conclusion

Synovial inflammation leads in RA to
formation of aggressive and tissue de-
structive pannus, which grows to carti-
lage/bone matrix. Based on our in vivo
and in vitro findings we conclude that
local fibroblast-mononuclear phago-
cyte co-operation and the high RAN-
KL-OPG ratio drive local formation
of osteoclasts. Such locally confined
processes at the site of tissue destruc-
tion may explain ongoing and progres-
sive formation of erosions even in the
absence of systemic inflammation, e.g.,
in the presence of normal erythrocyte
sedimentation rate and C-reactive pro-
tein. Improved understanding of pan-
nus invasion and degradation of bone
matrix in rheumatic arthritis will prob-
ably open us new methods to prevent
joint tissue destruction.

Acknowledgments

We are grateful to our medical labora-
tory technicians Mrs Eija Kaila and Mr
Erkki Héinninen for their expert tech-
nical help.

References

1. TETLOW LC, WOOLLEY DE: Mast cells, cyto-
kines, and metalloproteinases at the rheuma-
toid lesion: dual immunolocalisation studies.
Ann Rheum Dis 1995; 54: 896-903.

2. BRESNIHAN B: Pathogenesis of joint damage
in rheumatoid arthritis. J Rheumatol 1999;
26: 717-9.

3. GRAVALLESE EM, MANNING C, TSAY A et
al.: Synovial tissue in rheumatoid arthritis is
a source of osteoclast differentiation factor.
Arthritis Rheum 2000; 43: 250-8.

4. KANEKO M, TOMITA T, NAKASE T et al.:
Expression of proteinases and inflammatory
cytokines in subchondral bone regions in
the destructive joint of rheumatoid arthritis.
Rheumatology (Oxford) 2001; 40: 247-55.

5. AINOLA MM, MANDELIN JA, LILJESTROM
MP, LI TF, HUKKANEN MV, KONTTINEN YT:



RANKL in rheumatoid pannus / M. Ainola et al.

10.

12.

13.

14.

Pannus invasion and cartilage degradation in
rheumatoid arthritis: involvement of MMP-3
and interleukin-1beta. Clin Exp Rheumatol
2005; 23: 644-50.

. BROMLEY M, WOOLLEY DE: Chondroclasts

and osteoclasts at subchondral sites of ero-
sion in the rheumatoid joint. Arthritis Rheum
1984; 27: 968-75.

. TAKAYANAGI H, ODA H, YAMAMOTO S et

al.: A new mechanism of bone destruction
in rheumatoid arthritis: synovial fibroblasts
induce osteoclastogenesis. Biochem Biophys
Res Commun 1997, 240: 279-86.

. HAYNES DR, CROTTI TN, LORIC M, BAIN GI,

ATKINS GJ, FINDLAY DM: Osteoprotegerin
and receptor activator of nuclear factor ka-
ppaB ligand (RANKL) regulate osteoclast
formation by cells in the human rheumatoid
arthritic joint. Rheumatology (Oxford) 2001;
40: 623-30.

. ITONAGA I, FUJIKAWA Y, SABOKBAR A,

MURRAY DW, ATHANASOU NA: Rheuma-
toid arthritis synovial macrophage-osteoclast
differentiation is osteoprotegerin ligand-de-
pendent. .J Pathol 2000; 192: 97-104.
GOLDRING SR: Pathogenesis of bone ero-
sions in rheumatoid arthritis. Curr Opin
Rheumatol 2002; 14: 406-10.

. LACEY DL, TIMMS E, TAN HL et al.: Osteo-

protegerin ligand is a cytokine that regulates
osteoclast differentiation and activation. Cell
1998; 93: 165-76.

CROTTI TN, SMITH MD, WEEDON H et al.:
Receptor activator NF-kappaB ligand (RAN-
KL) expression in synovial tissue from pa-
tients with rheumatoid arthritis, spondyloar-
thropathy, osteoarthritis, and from normal
patients: semiquantitative and quantitative
analysis. Ann Rheum Dis 2002; 61: 1047-54.
ROMAS E, BAKHAREVSKI O, HARDS DK et
al.: Expression of osteoclast differentiation
factor at sites of bone erosion in collagen-
induced arthritis. Arthritis Rheum 2000; 43:
821-6.

LUBBERTS E, OPPERS-WALGREEN B, PETTIT
AR et al.: Increase in expression of receptor
activator of nuclear factor kappaB at sites of
bone erosion correlates with progression of
inflammation in evolving collagen-induced
arthritis. Arthritis Rheum 2002; 46: 3055-64.

. MORI H, KITAZAWA R, MIZUKI S, NOSE M,

MAEDA S, KITAZAWA S: RANK ligand,
RANK, and OPG expression in type II colla-
gen-induced arthritis mouse. Histochem Cell
Biol 2002; 117: 283-92.

16.

19.

20.

21.

22.

23.

24.

25.

26.

KONG YY, YOSHIDA H, SAROSI I et al.: OPGL
is a key regulator of osteoclastogenesis, lym-
phocyte development and lymph-node orga-
nogenesis. Nature 1999; 397: 315-23.

. PETTIT AR, JI H, VON STECHOW D et al.:

TRANCE/RANKL knockout mice are pro-
tected from bone erosion in a serum transfer
model of arthritis. Am J Pathol 2001; 159:
1689-99.

. PETTIT AR, WALSH NC, MANNING C,

GOLDRING SR, GRAVALLESE EM: RANKL
protein is expressed at the pannus-bone in-
terface at sites of articular bone erosion in
rheumatoid arthritis. Rheumatology (Oxford)
2006; 45: 1068-76.

SIMONET WS, LACEY DL, DUNSTAN CR et
al.: Osteoprotegerin: a novel secreted protein
involved in the regulation of bone density.
Cell 1997, 89: 309-19.

HAYNES DR, BARG E, CROTTI TN et al.:
Osteoprotegerin expression in synovial tis-
sue from patients with rheumatoid arthritis,
spondyloarthropathies and osteoarthritis and
normal controls. Rheumatology (Oxford)
2003; 42: 123-34.

KONG YY, FEIGE U, SAROSI I et al.: Activated
T cells regulate bone loss and joint destruc-
tion in adjuvant arthritis through osteoprote-
gerin ligand. Nature 1999; 402: 304-9.
ROMAS E, SIMS NA, HARDS DK et al.: Osteo-
protegerin reduces osteoclast numbers and
prevents bone erosion in collagen-induced
arthritis. Am J Pathol 2002; 161: 1419-27.
KOTAKE S, UDAGAWA N, HAKODA M et al.:
Activated human T cells directly induce os-
teoclastogenesis from human monocytes:
possible role of T cells in bone destruction
in rheumatoid arthritis patients. Arthritis
Rheum 2001; 44: 1003-12.

CROTTI TN, AHERN MJ, LANGE K et al.:
Variability of RANKL and osteoprotegerin
staining in synovial tissue from patients with
active rheumatoid arthritis: quantification us-
ing color video image analysis. J Rheumatol
2003; 30: 2319-24.

FONSECA JE, CORTEZ-DIAS N, FRANCISCO
A et al.: Inflammatory cell infiltrate and
RANKL/OPG expression in rheumatoid syn-
ovium: comparison with other inflammatory
arthropathies and correlation with outcome.
Clin Exp Rheumatol 2005; 23: 185-92.
SKOUMAL M, KOLARZ G, HABERHAUER
G, WOLOSZCZUK W, HAWA G, KLINGLER
A: Osteoprotegerin and the receptor activa-
tor of NF-kappa B ligand in the serum and

246

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

synovial fluid. A comparison of patients with
longstanding rheumatoid arthritis and oste-
oarthritis. Rheumatol Int 2005; 26: 63-9.
MAKRYGIANNAKIS D, AF KLINT E, CAT-
RINA SB et al.: Intraarticular corticosteroids
decrease synovial RANKL expression in in-
flammatory arthritis. Arthritis Rheum 2006;
54: 1463-72.

TAK PP, BRESNIHAN B: The pathogenesis
and prevention of joint damage in rheuma-
toid arthritis: advances from synovial biopsy
and tissue analysis. Arthritis Rheum 2000;
43:2619-33.

TAKAYANAGI H, IZUKA H, JUJI T et al.: In-
volvement of receptor activator of nuclear
factor kappaB ligand/osteoclast differen-
tiation factor in osteoclastogenesis from syn-
oviocytes in rheumatoid arthritis. Arthritis
Rheum 2000; 43: 259-69.

SHIGEYAMA Y, PAP T, KUNZLER P, SIMMEN
BR, GAY RE, GAY S: Expression of osteoclast
differentiation factor in rheumatoid arthritis.
Arthritis Rheum 2000; 43: 2523-30.
YASUDA H, SHIMA N, NAKAGAWA N et al.:
Identity of osteoclastogenesis inhibitory
factor (OCIF) and osteoprotegerin (OPG):
a mechanism by which OPG/OCIF inhibits
osteoclastogenesis in vitro. Endocrinology
1998; 139: 1329-37.

SHIOZAWA S, SHIOZAWA K, FUJITA T: Mor-
phologic observations in the early phase of
the cartilage-pannus junction. Light and elec-
tron microscopic studies of active cellular
pannus. Arthritis Rheum 1983; 26: 472-8.
SHIOZAWA S, ZIFF M: Immunoelectron mi-
croscopic demonstration of fibronectin in
rheumatoid pannus and at the cartilage-pan-
nus junction. Ann Rheum Dis 1983; 42: 254-
63.

FASSBENDER HG, GAY S: Synovial processes
in rheumatoid arthritis. Scand J Rheumatol
(Suppl.) 1988; 76: 1-7.

GAY S, GAY RE, KOOPMAN WI: Molecular
and cellular mechanisms of joint destruction
in rheumatoid arthritis: two cellular mecha-
nisms explain joint destruction? Ann Rheum
Dis 1993; 52 (Suppl. 1): S39-47.
TAKAHASHI N, AKATSU T, UDAGAWA N et
al.: Osteoblastic cells are involved in osteo-
clast formation. Endocrinology 1988; 123:
2600-2.

UDAGAWA N, KOTAKE S, KAMATANI N,
TAKAHASHI N, SUDA T: The molecular
mechanism of osteoclastogenesis in rheuma-
toid arthritis. Arthritis Res 2002; 4: 281-9.



