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IL-17 is a newly discovered T cell–derived cytokine whose role in osteoclast development has not been fully elucidated.
Treatment of cocultures of mouse hemopoietic cells and primary osteoblasts with recombinant human IL-17 induced the
formation of multinucleated cells, which satisfied major criteria of osteoclasts, including tartrate-resistant acid
phosphatase activity, calcitonin receptors, and pit formation on dentine slices. Direct interaction between osteoclast
progenitors and osteoblasts was required for IL-17–induced osteoclastogenesis, which was completely inhibited by
adding indomethacin or NS398, a selective inhibitor of cyclooxgenase-2 (COX-2). Adding IL-17 increased prostaglandin
E2 (PGE2) synthesis in cocultures of bone marrow cells and osteoblasts and in single cultures of osteoblasts, but not in
single cultures of bone marrow cells. In addition, IL-17 dose-dependently induced expression of osteoclast differentiation
factor (ODF) mRNA in osteoblasts. ODF is a membrane-associated protein that transduces an essential signal(s) to
osteoclast progenitors for differentiation into osteoclasts. Osteoclastogenesis inhibitory factor (OCIF), a decoy receptor of
ODF, completely inhibited IL-17–induced osteoclast differentiation in the cocultures. Levels of IL-17 in synovial fluids were
significantly higher in rheumatoid arthritis (RA) patients than osteoarthritis (OA) patients. Anti–IL-17 antibody significantly
inhibited osteoclast formation induced by culture media of RA synovial tissues. These findings suggest that IL-17 first acts
on osteoblasts, which stimulates both COX-2–dependent PGE2 synthesis and ODF gene expression, which in turn induce
differentiation of osteoclast […]
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Introduction
Bone-resorbing osteoclasts are of hemopoietic cell ori-
gin, probably of the CFU-M–derived monocyte-
macrophage family (1). Osteoclasts are large multinu-
cleated giant cells that express tartrate-resistant acid
phosphatase (TRAP) activity and calcitonin receptors
and have the ability to form resorption pits on dentine
slices (2–4). In the process of osteoclast differentiation,
there is an absolute requirement for cell-cell contact
between osteoclast progenitors and bone marrow stro-
mal cells or calvaria-derived osteoblasts (5–8).

We developed a mouse coculture system of hemopoietic
cells and primary osteoblasts to investigate osteoclast for-
mation in vitro. In this coculture system, several systemic
and local factors were capable of inducing osteoclast-like
multinucleated cell (OCL) formation (6–9). These bone-
resorbing factors were classified into 3 categories accord-
ing to their signal transduction pathways: (a) 1α,25-dihy-
droxyvitamin D3 [1α,25(OH)2D3] induced OCL formation
via 1α,25(OH)2D3 receptors (VDR) present in the nuclei;
(b) parathyroid hormone (PTH), PTH-related protein
(PTHrP), prostaglandin E2 (PGE2), and IL-1 induced OCL

formation via the A kinase system; and (c) IL-11, onco-
statin M, leukemia inhibitory factor, and IL-6 in the pres-
ence of soluble IL-6 receptors, all of which transduce their
signals through a signal-transducing gp130 protein, also
induced OCL formation in vitro. We reported previously
that the target cells of IL-6 are osteoblasts/stromal cells but
that they are not osteoclast precursors in inducing osteo-
clast differentiation (10). Similarly, coculture experiments
using VDR knockout mice and PTH/PTHrP receptor
knockout mice have indicated that the signals mediated by
1α,25(OH)2D3 and PTH, respectively, are also transduced
into osteoblasts/stromal cells, but not into osteoclast pre-
cursors, to induce osteoclast formation (11, 12). Thus, it is
concluded that the signals induced by all bone-resorbing
factors are transduced into osteo-blasts/stromal cells to
induce osteoclast formation. Our hypothesis proposes that
osteoblasts/stromal cells express a critical common medi-
ator named osteoclast differentiation factor (ODF), a
membrane-bound factor that promotes differentiation of
osteoclast progenitors into osteoclasts in response to vari-
ous bone-resorbing factors through a mechanism involv-
ing cell-cell contact (6, 8).
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IL-17 is a newly discovered T cell–derived cytokine whose role in osteoclast development has not been
fully elucidated. Treatment of cocultures of mouse hemopoietic cells and primary osteoblasts with
recombinant human IL-17 induced the formation of multinucleated cells, which satisfied major crite-
ria of osteoclasts, including tartrate-resistant acid phosphatase activity, calcitonin receptors, and pit
formation on dentine slices. Direct interaction between osteoclast progenitors and osteoblasts was
required for IL-17–induced osteoclastogenesis, which was completely inhibited by adding indomethacin
or NS398, a selective inhibitor of cyclooxgenase-2 (COX-2). Adding IL-17 increased prostaglandin E2

(PGE2) synthesis in cocultures of bone marrow cells and osteoblasts and in single cultures of osteoblasts,
but not in single cultures of bone marrow cells. In addition, IL-17 dose-dependently induced expression
of osteoclast differentiation factor (ODF) mRNA in osteoblasts. ODF is a membrane-associated protein
that transduces an essential signal(s) to osteoclast progenitors for differentiation into osteoclasts.
Osteoclastogenesis inhibitory factor (OCIF), a decoy receptor of ODF, completely inhibited IL-
17–induced osteoclast differentiation in the cocultures. Levels of IL-17 in synovial fluids were signifi-
cantly higher in rheumatoid arthritis (RA) patients than osteoarthritis (OA) patients. Anti–IL-17 anti-
body significantly inhibited osteoclast formation induced by culture media of RA synovial tissues. These
findings suggest that IL-17 first acts on osteoblasts, which stimulates both COX-2–dependent PGE2 syn-
thesis and ODF gene expression, which in turn induce differentiation of osteoclast progenitors into
mature osteoclasts, and that IL-17 is a crucial cytokine for osteoclastic bone resorption in RA patients.
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Tsuda et al. (13) recently cloned an osteoclastogenesis
inhibitory factor (OCIF) that markedly inhibited OCL
formation in mouse cocultures. OCIF was identical to
osteoprotegerin (OPG) (14, 15) and TR1 (16, 17).
OCIF/OPG/TR1 was a secreted member of the TNF
receptor family and inhibited osteoclast differentiation
by preventing cell-cell interaction between osteoclast
progenitors and bone marrow–derived stromal cells
(13–15, 17). Discovery of OCIF facilitated the molecular
cloning of ODF, which stimulated OCL differentiation
in the absence of stromal cells (18). ODF was a ligand of
OCIF and was found to be identical to TRANCE/
RANKL/OPGL (18–21). TRANCE increased dendritic
cell–mediated T-cell proliferation (22). Thus, ODF
appears to be an important regulator of both osteoclas-
togenesis and immune response.

Rheumatoid arthritis (RA) is a chronic inflammatory dis-
ease characterized by the destruction of articular cartilage
and bone (23). The levels of monocyte-macrophage-
derived cytokines such as IL-1, IL-6, and soluble IL-6 recep-
tor are elevated in the synovial fluids of RA patients, sug-
gesting that osteoclastogenesis occurs in the joints (24).
The role of T cells in the pathogenesis of RA at the chron-
ic stage, however, has not yet been determined, because T
cell–derived cytokines such as IL-2 or IFN-γ are hardly
detectable in the synovial tissues and fluids (25, 26).

IL-17 is a recently cloned cytokine that is secreted by
activated memory CD4+ T cells and modulates the early
stage of immune responses (27). Rouvier et al. (28) have
cloned cytotoxic T lymphocyte–associated antigen-8 (rat
IL-17) from a T-cell subtraction library. Mouse IL-17 was
subsequently cloned from a thymus-derived, activated T-
cell cDNA library (29). Furthermore, 2 independent
groups have cloned the human counterpart of mouse IL-
17 (30–32). Fossiez et al. (32) reported that IL-17 stimu-
lated epithelial, endothelial, and fibroblastic stromal
cells to secrete several cytokines, including IL-6, IL-8, G-
CSF, and PGE2. In addition, IL-17 greatly promoted the
proliferation of CD34+ hemopoietic progenitors in

cocultures of synovial fibroblastic cells collected from
patients with RA (32). These findings suggest that IL-17
may be a major regulator responsible for the communi-
cation between T cells and hemopoietic cells.

In the present study, we examined a potential role of
IL-17 in osteoclastogenesis using a mouse coculture sys-
tem. IL-17 greatly stimulated OCL formation via a mech-
anism involving PGE2 synthesis and ODF gene expres-
sion. Also, we show by ELISA that IL-17 levels are
significantly elevated in the synovial fluids of RA
patients compared with those of osteoarthritis (OA)
patients. Anti–IL-17 antibody significantly inhibited
OCL formation in cocultures with the culture media of
RA synovial tissues. Moreover, immunostaining of the
synovial tissues of RA patients demonstrated that IL-
17–positive cells are detected in a subset of CD4+,
CD45RO+ T cells in these patients. These findings sug-
gest that IL-17 present in the synovial tissues and fluids
of RA patients may be involved in joint destruction.

Methods
Animals and drugs. Five- to 8-week-old male ddY mice and new-
born ddY mice were obtained from Shizuoka Laboratories Ani-
mal Center (Shizuoka, Japan). Recombinant human IL-17
(rhIL-17) was purchased from PeproTech EC Ltd. (London,
United Kingdom). Anti-human IL-17 polyclonal antibody (goat
IgG) and recombinant murine TNF-α were purchased from
R&D Systems Inc. (Minneapolis, Minnesota, USA). Recombi-
nant human IL-1β was purchased from Genzyme Pharmaceu-
ticals (Cambridge, Massachusetts, USA). 1α,25(OH)2D3 and
PGE2 were obtained from Wako Pure Chemical Industries Ltd.
(Osaka, Japan). Synthetic human PTH(1-34) was provided by
Asahi Chemical Industry (Tokyo, Japan). NS398 was purchased
from Calbiochem-Novabiochem Corp. (La Jolla, California,
USA). 125I-labeled human calcitonin was obtained from Amer-
sham Pharmacia Biotech (Buckinghamshire, United Kingdom).
Recombinant human OCIF and cDNA probes for mouse ODF
and OCIF were provided by Snow Brand Milk Products Co.
(Tochigi, Japan) (15, 18, 33). Other chemicals and reagents were
of analytical grade.

Mouse coculture system for osteoclastogenesis. To prepare primary
osteoblasts, a total of 20–30 pieces of calvaria collected from new-
born mice were digested with 0.1% collagenase (Wako Pure
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Figure 1
OCL formation in cocultures of mouse bone marrow cells and
osteoblasts in the presence of increasing concentrations of IL-17. After
culture for 6 days, TRAP-positive OCLs were counted. Data are expressed
as the means ± SEM of quadruplicate cultures. Experiments were repeat-
ed 10 times with similar results.

Figure 2
IL-17 induces OCL formation in cocultures of mouse bone marrow cells
and osteoblasts in response to IL-17. (a) Control culture without IL-17.
(b) Morphology of OCLs formed in coculture on day 6 in the presence of
1 ng/mL of IL-17. (c) Resorption pits formed on a dentine slice. Scale
bars: 200 µm.



Chemical Industries Ltd.) and 0.2% dispase (Godo Shusei, Tokyo,
Japan). Bone marrow cells were obtained from adult mice.
Osteoblasts were cocultured with bone marrow cells as described
(34). In short, primary osteoblasts (2 × 104 per well) and nucleat-
ed bone marrow cells (5 × 105 per well) were cocultured in 48-well
plates (Corning Glass Inc., Corning, New York, USA) with 0.3 mL
of α-MEM (GIBCO BRL, Gaithersburg, Maryland) containing
10% FBS (JRH Biosciences, Lenexa, Kansas, USA) in the presence
of test chemicals. Cultures were incubated in quadruplicate, and
cells were replenished on day 3 with fresh medium. OCL forma-
tion was evaluated after culture for 6–7 days. In some experi-
ments, an intercell with a membrane filter (0.45-µm pore size) at
the bottom (Falcon 3090 cell culture insert; Becton-Dickinson
and Co., Lincoln Park, New Jersey, USA) was used to examine the
requirement for cell-cell contact. Adherent cells were fixed and
stained for TRAP, and the number of TRAP-positive OCLs was
scored as described (34). For TRAP staining, adherent cells were
fixed with 10% formaldehyde in PBS for 3 minutes. After treat-
ment with ethanol/acetone (50:50 vol/vol) for 1 minute, the well
surface was air dried and incubated for 10 minutes at room tem-
perature in an acetate buffer (0.1 M sodium acetate, pH 5.0) con-
taining 0.01% naphthol AS-MS phosphate (Sigma Chemical Co.,
St. Louis, Missouri, USA) as a substrate and 0.03% red violet LB
salt (Sigma Chemical Co.) as a stain for the reaction product in
the presence of 50 mM sodium tartrate. TRAP-positive cells
appeared dark red. TRAP-positive multinucleated cells contain-
ing more than 3 nuclei were counted as OCLs. Expression of cal-
citonin receptors was assessed by autoradiography using 125I-
labeled human calcitonin as described (35). After bone marrow
cells and osteoblasts were cocultured for 8 days on dentine slices,
resorption pits were viewed by staining with Meyer’s hematoxylin
as described previously (35).

Measurement of the PGE2 content in culture media. The concen-
tration of PGE2 in culture media was determined using an
enzyme immunoassay (EIA; Amersham Pharmacia Biotech)
(36). The antibody had the following cross-reactivity when cal-
culated by the bound/free ratio: PGE2, 100%; PGE1, 7.0%; 6-
keto-PGE1α, 5.4%; PGF2α, 4.3%; and PGD2, 1.0%.

Patients. Ten male and 33 female patients who satisfied the
American Rheumatism Association Criteria (37) for definite or
classic RA were studied. Control individuals included 9 OA, 4

trauma, and 7 gout patients. All gout patients had acute gouty
arthritis. Informed consent for subsequent procedures was
obtained from all patients.

Tissue samples. Synovial tissues were obtained at the time of
total knee replacement performed on 12 RA and 3 OA patients.
A part of each tissue was dissected into 3 small pieces (1 g) for
organ culture and rinsed well with PBS (pH 7.4). Each piece of
the synovial tissue was cultured in 1 mL of RPMI-1640 (GIBCO
BRL, Gaithersburg, Maryland, USA) containing 100 U/mL of
penicillin, 10 µg/mL of streptomycin, and 2 mM L-glutamine
for 3 days in 5% CO2 in air at 37°C. Culture supernatants were
collected and kept frozen at –80°C until use for measurement
of the IL-17 content by an ELISA kit (BioSource International,
Camarillo, California, USA). The mean value of the concentra-
tion of the IL-17 of 3 synovial pieces from a single joint was cal-
culated. Frozen sections were prepared from each patient and
used for immunohistologic and TRAP staining.

The culture media of synovial tissues (40 µl) from RA
patients were added together with or without anti-human IL-
17 antibody (1 µg/mL) to the cocultures (200 µl) of osteoblasts
and bone marrow cells. After culture for 7 days, the number of
TRAP-positive OCLs was counted. No OCLs were formed in the
control cultures treated with rabbit IgG (5 µg/mL; Endogen
Inc., Woburn, Massachusetts, USA). We used the culture media
of synovial tissues rather than synovial fluids to examine the
effect of cytokines produced by the same amount of synovial
tissues collected from different RA patients.

IL-17 in the synovial fluids. Synovial fluids were obtained from
43 RA patients, 9 OA patients, 4 trauma patients, and 7 gout
patients by arthrocentesis into heparinized vials. The synovial
fluids (10 mL) were then treated with hyaluronidase (0.3 mL,
200 U/mL; Mochida, Tokyo, Japan) to reduce viscosity. The
amount of IL-17 in the synovial fluids was measured using an
ELISA kit (BioSource International) according to the manu-
facturer’s instructions.

Immunohistologic staining. Specimens of synovial tissue fixed in
OCT compound and frozen were cut into sections (7 µm).
Endogenous and exogenous peroxidase activities were blocked by
placing tissues sections in 1% periodic acid at room temperature
for 10 minutes and then washing them thoroughly with PBS. For
double staining, anti–IL-17 antibody (R&D Systems Inc.) and
CD4, CD8, and CD45RO (DAKO A/S, Glostrup, Denmark)  were
used as primary antibodies at 1:300 and 1:50 dilutions, respec-
tively, with incubation overnight at 4°C. For the secondary anti-
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Figure 3
Effect of neutralizing antibody against IL-17 on OCL formation in cocul-
tures of mouse bone marrow cells and osteoblasts in the presence of IL-
17 (1 ng/mL), 1α,25(OH)2D3 (10–8 M), PTH (200 ng/mL), and IL-1β (10
ng/mL). Concentrations of antibody against IL-17 were 2.5 µg/mL for
experiments with IL-17 and 5 µg/mL for those with 1α,25(OH)2D3, PTH,
and PGE2. After culture for 6 days, TRAP-positive OCLs were counted.
Data are expressed as the means ± SEM of quadruplicate cultures. Exper-
iments were repeated 5 times with similar results.

Figure 4
Effect of NS398 (10–8 M) or indomethacin (10–8 M) on OCL formation in
cocultures of mouse bone marrow cells and osteoblasts in the presence
of IL-17 (1 ng/mL), 1α,25(OH)2D3 (10–8 M), and PGE2 (10–6 M). After
culture for 6 days, TRAP-positive OCLs were counted. Data are expressed
as the means ± SEM of quadruplicate cultures. Experiments were repeat-
ed 7 times with similar results.



body, anti-goat IgG–conjugated peroxidase (Medical and Biolog-
ical Laboratories, Nagoya, Japan) (1:300 dilution) was first used
with incubation at room temperature for 60 minutes, and it devel-
oped color using 3,3′-diaminobenzidine tetrahydrochloride
(DAB). Next, for the secondary antibody, FITC-conjugated mouse
immunoglobulins (DAKOPATTS Japan Ltd., Kyoto, Japan) (1:300
dilution) were used with incubation at room temperature for 3
hours. They were examined by light and fluorescence microscopy.

Northern blot analysis. Total cellular RNA was extracted from
osteoblasts using Trizol (GIBCO BRL). For Northern blotting,
20 µg of total RNA was resolved by electrophoresis in a 1%
agarose-formaldehyde gel and was transferred onto a Hybond-
N membrane (Amersham Life Sciences Inc., Arlington Heights,

Illinois, USA). The membrane was hybridized with 32P-labeled
cDNA probes for mouse ODF (18), OCIF (15), and β-actin. The
hybridized probes were removed from the membrane by boil-
ing in 0.2% SDS and then sequentially rehybridized with the
respective probes.

Statistical analysis. The data were analyzed by a Kruskal-Wallis
test, a Mann-Whitney U test, and Student’s t test (StatView;
Abacus Concepts Inc., Berkeley, California, USA). The signifi-
cance of difference was defined as P < 0.01. All values were rep-
resented as the means ± SEM, or box plots, in which the upper
and the lower bars show the 90th and 10th percentiles, respec-
tively, and the upper, center, and lower lines of the box show
75th, 50th, and 25th percentiles, respectively.
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Table 1
Effects of anti-human IL-17 antibody on TRAP-positive OCL formation induced by the culture media of synovial tissues or synovial fluids from RA or
OA patients

Concentration of IL-17 in culture media Number of TRAP-positive OCLs formed per well

or synovial fluids (pg/ml) Anti-human IL-17 antibody

Patients – +

Synovial fluids

RA no. 27 5.7 6.7 ± 1.1 2.0 ± 0.3A

RA no. 60 12.5 12.6 ± 0.7 4.0 ± 0.5A

RA no. 96 ND 0 0

Culture media of synovial tissues

Exp. 1 RA no. 7 16.0 84.3 ± 5.6 10.5 ± 3.2A

RA no. 9 35.7 110.5 ± 8.6 23.0 ± 3.7A

OA no. 1 ND 0 0
OA no. 2 ND 0 0

Exp. 2 RA no. 7 16.0 107.3 ± 5.4 22.8 ± 3.1A

RA no. 9 35.7 121.8 ± 7.9 31.0 ± 5.2A

OA no. 3 ND 0 0
OA no. 4 ND 0 0

The culture media of synovial tissues (40 µl) or synovial fluids (20 µl) from RA or OA patients were added together with (+) or without (–) anti-human IL-17 antibody (1
µg/ml) to the cocultures (200 µl) of osteoblasts and bone marrow cells. After culture for 7 days, the number of TRAP-positive OCLs was counted. Data are expressed as
the means ± SEM of quadruplicate cultures. No OCLs were formed in the coculture without the culture media of synovial tissues. ASignificantly different from the cultures
treated without antibody P<0.0001. ND, none detectable.

Figure 5
Effect of NS398 (10-8 M) on OCL formation and PGE2 production in
cocultures and separate cultures of osteoblasts and bone marrow cells in
the absence or presence of IL-17 (1 ng/mL). After culture for 6 days,
TRAP-positive OCLs were counted. Data are expressed as the means ±
SEM of quadruplicate cultures. Experiments were repeated 5 times with
similar results.

Figure 6
Effect of OCIF (1.5–50 ng/mL) on OCL formation in cocultures of mouse
bone marrow cells and osteoblasts in the presence of IL-17 (1 ng/mL).
After culture for 6 days, TRAP-positive OCLs were counted. Data are
expressed as the means ± SEM of quadruplicate cultures. Experiments
were repeated 3 times with similar results.



Results
Figure 1 shows TRAP-positive OCL formation in
response to IL-17 in cocultures of mouse bone marrow
cells and osteoblasts. Treatment with rhIL-17 for the
entire 6 days in culture dose-dependently stimulated
TRAP-positive OCL formation (Figures 1 and 2b). An
autoradiographic study using labeled calcitonin revealed
that TRAP-positive multinucleated cells formed in the
cocultures possessed calcitonin receptors (data not
shown). When bone marrow cells and osteoblasts were
cocultured on dentine slices in the presence of IL-17,
numerous resorption pits were formed (Figure 2c). A
polyclonal anti–IL-17 antibody (at 2.5 µg/mL) com-
pletely inhibited the IL-17 effect on OCL formation 
(Figure 3). A higher concentration (at 5 µg/mL) of IL-17
antibody, however, did not inhibit the OCL formation
induced by 1α,25(OH)2D3, PTH, or IL-1.

When osteoblasts and bone marrow cells were cocul-
tured without direct contact using a membrane filter,
no TRAP-positive cells were formed in response to IL-17
(data not shown). This indicates that a membrane-asso-
ciated factor is involved in the IL-17–induced OCL for-
mation. Moreover, the OCL formation induced by IL-17
was completely inhibited by adding indomethacin or
NS398, a selective inhibitor of cyclooxgenase-2 
(COX-2) (Figure 4). Osteoclastogenesis induced by
1α ,25(OH)2D3 or PGE2 was not inhibited by
indomethacin or NS398 (Figure 4). These findings 
suggest that IL-17 induces OCL formation by a mecha-
nism involving PGE2.

Figure 5 shows the amounts of PGE2 released into cul-
ture media in cocultures of osteoblasts and bone mar-
row cells. PGE2 was also measured in separate cultures
of osteoblasts or bone marrow cells. rhIL-17 increased
the PGE2 content in culture media in separate cultures
of osteoblasts, but not of bone marrow cells, and this
was further enhanced in the cocultures (Figure 5). The
IL-17–induced PGE2 production was correlated with
OCL formation in the cocultures. NS398, a COX-2
selective inhibitor, blocked both PGE2 production and
OCL formation (Figure 5).

The IL-17–induced OCL formation was dose-depend-
ently inhibited by OCIF, a decoy receptor for ODF,
which is induced on the plasma membrane of
osteoblasts in response to several bone-resorbing factors
(Figure 6). This suggests that ODF is a key factor for
OCL formation induced by IL-17 as well. Indeed, IL-17
dose-dependently induced ODF mRNA expression in
osteoblasts (Figure 7). IL-1β and 1α,25(OH)2D3 also
induced ODF mRNA expression in osteoblasts. NS398
inhibited the expression of ODF mRNA by IL-17 (Figure
7). These findings suggest that IL-17–induced OCL for-
mation occurs by a mechanism involving PGE2 produc-
tion, which in turn stimulates the production of ODF.
On the other hand, OCIF mRNA was constitutively
expressed in osteoblasts in the presence or absence of
bone-resorbing factors (Figure 7).

To examine the role of IL-17 in the pathogenesis of
RA, IL-17 in synovial fluids obtained from patients with
RA, OA, trauma, or gout was measured. The concentra-
tion of IL-17 in the synovial fluids was significantly
higher in RA patients than OA patients (P < 0.0001)
(Figure 8a). In the culture of synovial tissues, the culture
media from RA patients contained significantly more
IL-17 than those from OA patients (P = 0.009). 

The Journal of Clinical Investigation | May 1999 | Volume 103 | Number 9 1349

Figure 7
Expression of ODF mRNA by IL-17. A blot loaded with 20 µg of total RNA
from mouse osteoblasts cultured for 3 days in the absence or presence of
various concentrations of IL-17 (0.1–10 ng/mL), NS398 (10–8 M), IL-1β
(1 ng/mL), TNF-α (10 ng/mL), and 1α,25(OH)2D3 (10–8 M) was probed
with ODF, OCIF, or β-actin. NS, NS398.

Figure 8
Concentrations of IL-17 in the synovial fluids (a) or culture media of syn-
ovial tissues (b) from RA, OA, trauma, and gout patients. Synovial fluids
were obtained from 43 RA, 9 OA, 4 trauma, and 7 gout patients (a). Syn-
ovial tissues were obtained from 12 RA and 3 OA patients (b). A part of
the tissue was dissected into small pieces (1 g), rinsed well with PBS (pH
7.4), and cultured in 1 mL of RPMI-1640 containing 100 U/mL of peni-
cillin, 10 µg/mL of streptomycin, and 2 mM L-glutamine for 3 days in 5%
CO2 in air at 37°C. Culture media were collected, and their concentra-
tions of IL-17 were measured using a ELISA kit for human IL-17. The mean
value of the concentration of IL-17 of 3 synovial pieces from a single joint
was calculated. The results are expressed as box plots, as described in
Methods. Significant differences between RA and OA: P < 0.0001 (a);
P < 0.009 (b). Tr, trauma; G, gout.



(Figure 8b). Furthermore, when synovial tissues were
immunostained with anti–IL-17 antibody, IL-17–posi-
tive mononuclear cells were detected in those from RA
patients (Figure 9a) but not in those from OA patients.
In general, CD4+ T cells have helper and inducer func-
tions, whereas CD8+ T cells serve as cytotoxic cells. CD4+

and CD8+ T cells are classified into naive and memory T
cells by their expression of CD45 isoforms. CD45RA+

and CD45RO+ phenotypes are associated with naive and
memory T cells, respectively. In double staining of the
synovial tissues with antibodies against CD4, CD8, or
CD45RO, as well as IL-17, a subset of CD4+ cells (Figure
9b) and a subset of CD45RO+ cells (Figure 9d) were
stained with the antibodies against IL-17. CD8+ cells,
however, were not stained with the antibodies against
IL-17 (Figure 9c). Fossiez et al. (32) have reported that
IL-17 transcripts can be detected only in T cells upon
activation, and mostly in activated CD4+, CD45RO+

memory T cells. Thus, our results are consistent with
their findings, indicating that a subset of CD4+,
CD45RO+ memory T cells produces IL-17 in synovial
tissues of RA patients.

Synovial fluids from RA patients induced osteoclasto-
genesis, which was partially inhibited by adding anti–IL-
17 antibody (Table 1). The weak osteoclast-inductive
capacity of RA synovial fluids may be due to the presence
of potent inhibitors of osteoclastogenesis such as 
OCIF, nonsteroidal anti-inflammatory drugs like COX

inhibitors, and disease-modifying antirheumatic drugs
like gold salts. Thus, the culture media of synovial tis-
sues from RA patients were used to test the biologic sig-
nificance of synovial tissue–derived IL-17 to induce
osteoclastogenesis in the coculture experiments. OCLs
were formed in cocultures of osteoblasts and bone mar-
row cells in response to the culture media of synovial tis-
sues from RA patients but not from OA patients (Table
1). The stimulation of OCL formation induced by the
culture media was blocked strikingly by adding anti–IL-
17 antibody. OCL formation was reduced significantly
(80% reduction; P < 0.0001), whereas control IgG anti-
body had not effect (Table 1). OCL formation was not
induced in cocultures in the absence of culture media of
synovial tissues (data not shown). This indicates the
importance of synovial tissue–derived IL-17 in invoking
osteoclastogenesis.

Discussion
Recent evidence indicates that ODF, a ligand for OCIF,
is expressed as a membrane-associated protein in
osteoblasts/stromal cells and that it stimulates murine
and human OCL formation in the absence of
osteoblasts/stromal cells (18, 21, 38). Treatment of
osteoblasts with 1α ,25(OH)2D3, PTH, PGE2, or IL-11
upregulates ODF mRNA expression (18). In the pres-
ent study, we showed that IL-17 similarly stimulated
ODF gene expression in osteoblasts and induced osteo-
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Figure 9
Immunohistochemical staining for IL-17, CD4, CD8,
and CD45RO in the synovial tissues of RA patients.
Sections were prepared from frozen specimens
obtained from RA patients. (a) Sections were stained
with antibody against IL-17. The bottom panelof a
shows a high-power view of a portion of the top panel
of a. Sections from RA patients stained with antibody
against IL-17 (right panels) were simultaneously
stained with antibodies against CD4 (b), CD8 (c), or
CD45RO (d), as viewed with an FITC filter (left pan-
els). Single arrows show stained mononuclear cells.
Original magnification: ×64 (top panel of a); ×320
(bottom panel of a); ×160 (b–d).



clast differentiation in cocultures of osteoblasts and
bone marrow cells. The osteoclast formation induced
by IL-17 was completely blocked by OCIF, a decoy
receptor of ODF. We also demonstrated that IL-17
induced PGE2 synthesis by osteoblasts but not by
osteoclast progenitors. NS398, a selective inhibitor of
COX-2, inhibited not only IL-17–dependent ODF gene
expression in osteoblasts but also osteoclast formation
in cocultures in response to IL-17. Therefore, it is con-
cluded that IL-17 induces ODF synthesis via PGE2 syn-
thesis by osteoblasts, which in turn stimulates OCL for-
mation (Figure 10).

We reported that IL-18 inhibits osteoclast formation
via the production of GM-CSF by T cells (34, 39). The
precise role of T cells in bone homeostasis, however, has
not been fully elucidated. T cell–derived cytokines that
inhibit OCL formation, such as IL-4, IL-10, IFN-γ, and
GM-CSF, have been reported, but T cell–derived
cytokines that induce OCL formation have not been
reported before, except for TNF-α. In the present study,
we demonstrated that IL-17 is produced by T cells and
induces osteoclastogenesis. Thus, it is likely that IL-17 is
an important regulator of both osteoclastogenesis and
immune response.

We also reported that OCLs are present in synovial tis-
sues from RA patients and that IL-6 and soluble IL-6
receptors in synovial fluids may be involved in OCL for-
mation (24). It is likely that IL-17 produced by activated
memory T cells in synovial tissues also contributes to
OCL formation via PGE2 synthesis and ODF expression
in synovial tissues. In the present study, we detected a
higher concentration of IL-17 in synovial fluids from RA
patients compared with those from OA patients. More-
over, anti–IL-17 antibody greatly inhibited OCL forma-
tion in cocultures of bone marrow cells and osteoblasts;
this antibody was induced by the culture media of syn-
ovial tissues from 2 RA patients whose synovial tissues
produced a significant amount of IL-17 (Table 1). In fact,
approximately 80% of the OCL formation was blocked by
adding anti–IL-17 antibody, indicating that IL-17 is
indeed involved in OCL formation at least in patients
whose synovial tissues produce a significant amount of
IL-17. Thus, in the adjacent articular bone, as well as in
the synovial tissues, IL-17 may induce OCL formation via
PGE2 synthesis and ODF expression by osteoblasts.

The role of T cells in the pathogenesis of chronic RA
has been a matter of controversy (25, 26, 40, 41). The
paucity of T cell–derived cytokines and the contrasting
abundance of monokines have led to the view that RA,
at least in its late stage, is a disease in which the key cel-
lular elements are monocytes and synoviocytes. More-
over, MacInnes et al. (42) recently demonstrated that
IL-15, which functions just like IL-2 despite IL-15
being a monocyte-derived cytokine, plays an impor-
tant role in inducing synovial T-cell recruitment and
activation. In the present study, however, IL-17–posi-
tive cells were detected in a subset of CD4+, CD45RO+

T cells in synovial tissues from RA patients. In addi-
tion, increased amounts of IL-17 were detected in syn-
ovial fluids from RA patients. Furthermore, Neidhart
et al. (43) have recently shown that in patients with
high IgM rheumatoid factors, increases in the number
of CD4+, CD45RA–, CD45RO+ memory T cells were
correlated with the joint destruction evaluated by
Larsen radiographic scores but not with the disease
duration. Thus, it is concluded that T cell–derived IL-
17 may, at least in part, play a role in joint destruction
in RA patients.

In summary, IL-17 acts on osteoblasts, resulting in
COX-2–mediated PGE2 synthesis and ODF expression,
the latter directly inducing differentiation of osteoclast
progenitors into mature osteoclasts by binding to ODF
receptors present in osteoclast progenitors. IL-17
appears to be involved in not only immune responses
but also osteoclastogenesis in RA patients. Excess pro-
duction of IL-17 by memory T cells may contribute to
osteoclastic bone resorption in RA patients. The control
of expression of IL-17, ODF, or OCIF in RA patients will
provide direction to the development of new treatment
strategies for bone destruction in RA patients.
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Figure 10
A possible mechanism of osteoclastogenesis by IL-17 in
the affected joint of RA patients. IL-17 produced by T
cells in the synovial tissues induces PGE2 synthesis in
osteoblasts/stromal cells in the adjacent bone. PGE2

then induces ODF expression in osteoblasts. ODF trans-
duces a signal for osteoclastogenesis through ODF
receptor (RANK) expressed on osteoclast progenitors
(18, 20). M-CSF produced by osteoblasts/stromal cells
is also an essential soluble factor for osteoclast differen-
tiation (7, 8, 18).
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