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Interleukin (IL) 18 stimulates osteoclast formation through
synovial T cells in rheumatoid arthritis: comparison with IL1b
and tumour necrosis factor a
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Objective: To determine whether IL18 has any indirect effects on osteoclastogenesis mediated by T cells in
RA synovium, and compare its effects with those of IL1b and TNFa.
Methods: Resting T cells were isolated from peripheral blood of healthy donors, and stimulated with 2 mg/
ml phytohaemagglutinin (PHA) and 0.5 ng/ml IL2 for 24 hours. Synovial T cells were isolated from RA
synovial tissue. The levels of soluble receptor activator of the NF-kB ligand (RANKL), osteoprotegerin
(OPG), IFNc, M-CSF, and GM-CSF were determined by ELISA. Membrane bound RANKL expression was
analysed by flow cytometry. Commercially available human osteoclast precursors were cocultured with
T cells to induce osteoclast formation, which was determined with tartrate resistant acid phosphatase
staining and pit formation assay.
Results: In PHA prestimulated T cells or RA synovial T cells, IL18, IL1b, or TNFa increased soluble RANKL
production and membrane bound RANKL expression in a dose dependent manner. IL18, IL1b, and TNFa
did not induce M-CSF, GM-CSF, IFNc, or OPG production in PHA prestimulated T cells or RA synovial
T cells. IL18 increased the number of osteoclasts and bone resorption area on dentine slices in the coculture
of human osteoclast precursors with PHA prestimulated T cells or RA synovial T cells; its ability was
equivalent to that of IL1b, but less potent than that of TNFa. In the coculture system, OPG completely
blocked osteoclast induction by IL18 or IL1b, and greatly inhibited induction by TNFa.
Conclusion: IL18, IL1b, or TNFa can indirectly stimulate osteoclast formation through up regulation of
RANKL production from T cells in RA synovitis; IL18 is as effective as IL1b, but less potent than TNFa.

R
heumatoid arthritis (RA) is the most severe chronic joint
disease owing to persistent inflammation and destruc-
tion of cartilage and bone. The latter is a characteristic

feature of RA usually not seen in other forms of inflamma-
tory arthritis and is a major cause of progressive disability
and crippling of patients with RA. The mechanisms leading to
joint destruction still have not been fully elucidated.
Recently, the role of osteoclasts in bone destruction of RA

has attracted growing interest. Osteoclast progenitors differ-
entiate into mature osteoclasts in the presence of receptor
activator of NF-kB ligand (RANKL) on stromal or osteoblastic
cells and monocyte/macrophage-colony stimulating factor
(M-CSF). The soluble RANKL induces the same differentia-
tion in vitro without stromal cells. RANKL is an essential
factor for osteoclast differentiation,1 and is also known as
ODF,2 OPGL,3 and TRANCE.4 Osteoprotegerin (OPG) is a
decoy receptor that binds to RANKL5 and prevents it from
interacting with its receptor, which is known as receptor
activator of NF-kB (RANK). Osteoclast differentiation is
stimulated by a wide variety of hormones and cytokines,
including 1,25-dihydroxyvitamin D3, parathyroid hormone,
tumour necrosis factor (TNF) a, interleukin (IL) 1, IL6, and
IL11.6 Most of these agents are thought primarily to stimulate
osteoclast differentiation indirectly by inducing bone marrow
stromal cells or osteoblasts, which support osteoclast
differentiation, to increase the production of RANKL, and/
or decrease the production of OPG.2 7 8

Abundant mature osteoclasts were found at the bone-
pannus junctions in RA. In addition to the bone marrow
stroma, osteoclast precursors are also abundant in the
hyperplastic synovial tissue.9 As a typical histopathological
feature of RA, a hyperplastic and hypercellular synovial mem-
brane is built up in which lymphocytes, macrophage-like

cells, and fibroblast like cells accumulate. Several studies
have shown that both RANKL and its receptor RANK are
expressed on cells of the RA synovial membrane, including
T cells.10 11 Activated T cells have long been associated with
the increased osteoclast formation and the accelerated bone
resorption characteristic of inflammatory conditions.12 13

Recently, evidence has accumulated suggesting that T cells
stimulate osteoclast formation by producing the key osteo-
clastogenic cytokine, RANKL.11 14 15 However, the mechan-
ism(s) leading to up regulation of T cell RANKL production
under inflammatory conditions remains unknown.
The molecular players in RA are still poorly understood.

Proinflammatory cytokines, in particular TNFa and IL1, have
proved to be major contributors to this disease. Recently, it
was demonstrated that IL18 might participate in the bone
and cartilage destruction of RA.16–19 It was also suggested that
IL18 has an important role in inflammation and joint
destruction in RA through T cells and macrophages, but not
directly through fibroblast-like synoviocytes because of their
lack of functional IL18 receptor (IL18R).20 Here we first
reported that IL18, IL1, or TNFa indirectly stimulates
osteoclastogenesis through up regulation of RANKL produc-
tion from RA synovial T cells. The data presented in this paper

Abbreviations: ELISA, enzyme linked immunosorbent assay; FCS, fetal
calf serum; GM-CSF, granulocyte monocyte-colony stimulating factor;
IFNc, interferon c; IL, interleukin; M-CSF, monocyte/macrophage-
colony stimulating factor; a-MEM, a-minimal essential medium; MFI,
mean fluorescence intensity; OPG, osteoprotegerin; PBS, phosphate
buffered saline; PHA, phytohaemagglutinin; RA, rheumatoid arthritis;
RANK, receptor activator of NF-kB; RANKL, receptor activator of NF-kB
ligand; TNFa, tumour necrosis factor a; TRAP, tartrate resistant acid
phosphatase
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further extend our knowledge of the roles of proinflamma-
tory cytokines in erosion of bone and cartilage in RA.

MATERIALS AND METHODS
Reagents
Fetal calf serum (FCS), streptomycin, penicillin, L-glutamine,
RPMI-1640, a-minimal essential medium (a-MEM) and
phosphate buffered saline (PBS) free of Ca2+ and Mg2+ were
purchased from Gibco (Invitrogen Corporation, New York,
USA). Recombinant human TNFa, IL1b, IL2, M-CSF, OPG,
and monoclonal antibody to RANKL and isotype control
mouse IgG2B were bought from R&D System (Minneapolis,
MN, USA). The sources of other reagents were as follows:
phytohaemagglutinin (PHA) and recombinant human
soluble RANKL (Wako, Osaka, Japan); Ficoll-Paque with
specific density 1.077 g/ml (Amersham Biosciences, Uppsala,
Sweden); recombinant human IL18 (MBL, Nagoya, Japan);
pan T cell isolation kit (MACS; Miltenyi Biotec, Auburn, CA,
USA); and phycoerythrin conjugated goat F(ab’)2 fragment
antimouse IgG (H+L) (Immunotech, Marseille Cedex,
France).

Isolation and purification of peripheral blood T cells
and synovial membrane T cells
Briefly, heparinised peripheral blood was collected from
healthy volunteers. Peripheral blood mononuclear cells were
isolated by standard Ficoll-Paque density gradient centrifu-
gation, and then were washed with PBS. Enriched CD3+ T
cells were purified by magnetic depletion of non-T cells, using
the MACS indirect magnetic labelling system according to the
manufacturer’s instructions.
The fresh synovial samples were obtained at the time of

total knee replacement or knee joint synovectomy performed
on six female patients with RA (age range 50–78 years),
whose diagnosis met the American College of Rheumatology
(formerly, the American Rheumatism Association) 1987
revised criteria for the disease.21 After careful removal of
the adipose tissue, synovial samples were minced on tissue
culture plates, digested with collagenase (1 mg/ml) in RPMI-
1640 supplemented with 10% FCS, incubated for 6 hours at
37 C̊, filtered through a 70 mm nylon mesh, and centrifuged.
The cell pellet was resuspended in RPMI-1640/10% FCS at a
density of 16106 cells/ml, and seeded onto culture plates.
After 6 hours’ culture, non-adherent cells were harvested, and
were used to isolate T cells by Ficoll-Paque density gradient
centrifugation and the MACS system, as described above.
All samples were obtained after informed consent had been

signed, and this study was approved by the local institutional
ethics committee.

Stimulation of peripheral blood T lymphocytes
In some instances, T lymphocytes (26106 cells/ml), isolated
from the peripheral blood of health donors, were incubated in
RPMI-1640 containing 10% FCS, 50 mg/ml streptomycin, and
50 U/ml penicillin at 37 C̊ in 5% CO2/95% air in a humidified
incubator, in the presence of 2 mg/ml PHA and 0.5 ng/ml IL2
for 24 hours.

Generation of human osteoclasts in vitro
Poietic human osteoclast precursors obtained from
BioWhittaker Inc (Walkersville, MD, USA) were isolated
from the bone marrow of healthy donors by density gradient
centrifugation, immunoaffinity purification, and selective
culturing techniques (for detailed information about the
precursors please visit: www.cambrex.com/bioproducts;
accessed August 2004). To induce osteoclast differentiation
in vitro, the osteoclast precursors were plated at a density of
46104 cells per well in a final volume of 0.4 ml, using eight
well chamber slides (Nalge Nunc International Corp,
Naperville, IL, USA) and cultured in a-MEM supplemented
with 10% heat inactivated FCS, penicillin (50 U/ml), strepto-
mycin (50 mg/ml), and 33 ng/ml M-CSF, at 37̊ C in 5% CO2/
95% air, in a humidified incubator. As indicated, the cultures
were further stimulated with 30 ng/ml soluble RANKL or
10 ng/ml TNFa, or cocultured with T cells (16105 cells per
well) in the presence of different cytokines. The cells were fed
by replacing half the medium twice weekly with fresh stimuli.
After 7–10 days of culture, cells were fixed and stained

for tartrate resistant acid phosphatase (TRAP), using a
commercial kit (Sigma, St Louis, MO, USA) according to
the manufacturer’s instructions, and omitting counterstain-
ing with haematoxylin. According to two very specific
markers of authentic osteoclasts, we have thus defined
multinucleated (more than or equal to three nuclei) TRAP
positive cells as mature osteoclasts, which could form
resorption pits on dentine slices, verifying these cells as
functional osteoclasts.

Resorption pit assay
The ability of osteoclasts to resorb pits was assessed by
generating mature osteoclasts (as described above) on ivory

Figure 1 Soluble RANKL production in cultured human T cells in the
presence of IL18, IL1b, or TNFa. (A) T cells were isolated from the
peripheral blood of healthy donors. (B) T cells were isolated from the
peripheral blood of healthy donors, and then simulated with 2 mg/ml
PHA and 0.5 ng/ml IL2 for 24 hours. (C) T cells were isolated from the
synovium of patients with RA. Cells were cultured in quadruplicate. The
supernatants were harvested after 48 hours’ incubation. RANKL levels
were determined by ELISA. Data represent mean (SD). *p,0.05,
**p,0.01 compared with control group. Results shown are
representative of four independent experiments.
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dentine slices (Wako, Osaka, Japan), in 96 well plates. After
15 days of culture, dentine slices were washed with PBS and
incubated for 18 hours in 0.25 M ammonium hydroxide,
followed by sonication in PBS for 30 seconds. Dentine slices
were washed with PBS and stained in Mayer’s haematoxylin
solution for 2 minutes, and pits were photographed under
reflected light with a digital high fidelity microscope VH-8000
(Keyence, Osaka, Japan). The total pit areas were measured
in four randomly selected areas of each dentine slice by an
image analysis system (Image Gauge version 4.0, Fuji Photo
Film Co, Ltd, Tokyo, Japan).

Measurement of cytokines
Purified T cells were plated at a density of 1.56106 cells/ml
onto 96 well plates, and cultured in a-MEM supplemented
with 10% heat inactivated FCS, 50 U/ml penicillin, and
50 mg/ml streptomycin. Where indicated, cultures were
stimulated with different concentrations of IL18 (1–100 ng/
ml), IL1b (1–25 ng/ml), or TNFa (1–25 ng/ml). After 48
hours’ incubation, the supernatants were harvested and
stored at 240 C̊. Cytokines were measured by commercially
available enzyme immunoassay kits following the manufac-
turer’s instructions. The human soluble RANKL enzyme
linked immunosorbent assay (ELISA) kits were purchased
from Biomedica-Gruppe (Vienna, Austria), human interferon
c (IFNc), human M-CSF and human granulocyte monocyte-
colony stimulating factor (GM-CSF) ELISA kits from R&D
System (Minneapolis, MN, USA), and human OPG ELISA
kits from BioVendor Laboratory Medicine, Inc (Brno, Czech
Republic). Their sensitivities were as follows: RANKL
0.4 pmol/l; IFNc 8 pg/ml; M-CSF ,9 pg/ml; GM-CSF 3 pg/
ml; and OPG 30 pg/ml.

Flow cytometric analysis
For analysis of membrane bound RANKL expression, purified
T cells were plated onto six well plates at 56105 cells/ml, and
stimulated with 10 ng/ml IL18, 10 ng/ml IL1b, or 10 ng/ml
TNFa for 24 hours.
Cells were harvested and then treated with 20 mg/ml

mouse monoclonal antibody to RANKL or mouse IgG2B
(isotype matched control) as primary antibody at 4 C̊ for
35 minutes. After washing with PBS, cells were then
incubated for 35 minutes with a phycoerythrin conjugated
goat antimouse antibody (5 mg/ml) at 4 C̊ in the dark.
Samples were assayed with a FACSCalibur (Becton
Dickinson, Franklin Lakes, NJ, USA). Analysis was per-
formed using CELLQuest software (Becton Dickinson). Data
are presented as the difference (D) between the mean
fluorescence intensity (MFI) of positive staining and the
MFI of an isotype matched negative control.

Osteoprotegerin neutralisation
For OPG neutralisation experiments, OPG was added to
wells at a concentration of 2 mg/ml before the addition of
T cells and the indicated proinflammatory cytokine. The
concentration of OPG was found to completely neutralise
osteoclast formation induced by a saturating dose of RANKL
(100 ng/ml) and 50 ng/ml of M-CSF, verifying its biological
activity.22

Statistical analysis
Data were expressed as the mean (SD). Results shown are
representative of three to four independent experiments.
Multigroup mean values were compared using analysis of
variance, and two group mean values using an unpaired two

Figure 2 Membrane bound RANKL expression in cultured human T cells in the presence of IL18, IL1b, or TNFa. RANKL expression on T cells was
analysed by flow cytometry. A representative histogram overlay of 10 ng/ml IL18 (a), 10 ng/ml IL1b (b), or 10 ng/ml TNFa (c) stimulated (solid line)
and unstimulated (broken line) cells. Changes in DMFI (difference between the mean fluorescence intensity (MFI) of positive staining and the MFI of the
isotype matched negative control) are also shown (d). *p,0.05, **p,0.01 compared with the control group. See fig 1 for other information.
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tailed Student’s t test. Values of p,0.05 were considered
significant.

RESULTS
Production of soluble RANKL from T cells
IL18 (1–100 ng/ml), IL1b (1–25 ng/ml), or TNFa (1–25 ng/
ml) had no significant effects on the soluble RANKL
production from resting T cells (fig 1A). In PHA prestimu-
lated T cells (fig 1B) and RA synovial T cells (fig 1C), IL18,
IL1b, or TNFa increased the production of soluble RANKL in
a dose dependent manner. Compared with the efficacy of
100 ng/ml IL18, 25 ng/ml IL1b showed equivalent potency
and 25 ng/ml TNFa slightly more potent efficacy.

Expression of membrane bound RANKL on T cells
As the molecular weights of IL18, IL1b, and TNFa are similar,
we applied the same concentration (10 ng/ml) of these
cytokines. In the resting T cells, all these cytokines just
marginally up regulated the expression of membrane bound
RANKL (fig 2A). In PHA prestimulated T cells (fig 2B) and
RA synovial T cells (fig 2C), IL18, IL1b, or TNFa significantly

increased the expression of membrane bound RANKL after
24 hours’ stimulation. There was no significant difference in
the RANKL expression levels on activated T cells between
IL18 and IL1b stimulation. T cells stimulated by TNFa
expressed more RANKL than IL18. The enhanced expression
levels of RANKL on activated T cells were sustained for
2 days but returned to the same level as the control groups
after 72 hours’ stimulation with IL18, IL1b, or TNFa (data
not shown).

Null production of M-CSF, GM-CSF, IFNc, or OPG from
T cells
IL18, IL1b, and TNFa all failed to induce the production of
M-CSF, GM-CSF, IFNc, and OPG in resting T cells, PHA
prestimulated T cells, or RA synovial T cells (data not shown).

Induction of osteoclast formation
TRAP positive giant cells with numerous unstained nuclei were
observed in the cultured osteoclast precursors stimulated with
M-CSF and soluble RANKL (fig 3A), which were able to form
resorption lacunae on dentine slices (fig 4A). In the presence of

Figure 3 Osteoclast formation induced from the precursor cells in different conditions. All the cultures were stimulated with 33 ng/ml M-CSF. With the
indicated conditions, the cultures were further stimulated with 30 ng/ml soluble RANKL or 10 ng/ml TNFa, or cocultured with PHA prestimulated T cells
in the presence of 10 ng/ml IL18, IL1b, or TNFa. After 7–10 days of culture, cells were fixed and stained for TRAP. TRAP positive giant cells with
numerous (>3) unstained nuclei were considered as mature osteoclasts. See scale bar in each picture. In (B) T indicates PHA prestimulated T cells.
*p,0.05, **p,0.01 compared with the group with T cells only.
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M-CSF, IL18, IL1b, or TNFa significantly stimulated osteoclast
formation through PHA prestimulated T cells (fig 3) or RA
synovial T cells (fig 5); TNFa had the most marked effect and
IL18 was as effective as IL1b. IL18, IL1b, or TNFa also
significantly increased the bone resorption area formed by
cocultured cells (figs 4 and 6), and the area difference among
groups was consistent with the number of osteoclasts.
Recent data show that TNF can stimulate osteoclastogen-

esis independently of RANKL,23 so we also compared the
effect of TNFa on osteoclast formation in the absence or
presence of activated T cells. As a result, more osteoclasts
were formed in the presence of both TNFa and activated
T cells than with TNFa alone (fig 3). Neither IL18 nor IL1b
induced osteoclast differentiation directly in the absence of
activated T cells (data not shown).

Inhibitory effect of OPG
When OPG was added before the coculture of osteoclast
precursors and PHA prestimulated T cells, the osteoclast

formation enhanced by IL18 or IL1b was abrogated while the
TNFa enhanced osteoclast formation was suppressed more
than 60% (data not shown).

DISCUSSION
RANKL expression in T cells was discovered by Wong et al in
1997,4 and was designated TRANCE at first. They further
demonstrated that RANKL mRNA is constitutively expressed
in memory, but not naive, T cells.24 Upon T cell receptor/anti-
CD3 stimulation, RANKL mRNA and surface protein expres-
sion are rapidly up regulated in CD4+ and CD8+ T cells, and
the enhanced expression of RANKL in CD4+ T cells is
suppressed by IL4.24 In the present study we found that
IL18, IL1b, or TNFa had no significant effect on RANKL
production in resting T cells, but all of them significantly
increased production of both soluble and membrane bound
RANKL in PHA prestimulated T cells or RA synovial T cells.
We also found that the increased expression of membrane
bound RANKL in activated T cells was sustained for 2 days,
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Figure 4 Resorption activity of induced osteoclasts on dentine slices. The osteoclasts were induced as in fig 3. Dentine slices were stained in Mayer’s
haematoxylin solution, and pits were photographed under a reflected light microscope (A). Scale bar 100 mm. The total pit areas were measured in
four randomly selected areas of each dentine slice using an image analysis system (B). In (B) T indicates PHA prestimulated T cells. **p,0.01 compared
with the group with T cells only.
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and returned to the baseline level after 72 hours’ stimulation
with IL18, IL1b, or TNFa. Kotake et al found that the
expression of RANKL mRNA by reverse transcriptase-
polymerase chain reaction was maximal on day 1 and the
high level was only sustained until day 2 in T cells after PHA
stimulation.11 Josien et al reported that the maximal level of
membrane bound RANKL after the initial T cell activation
was 48 hours and the high levels of RANKL expression were
sustained until 96 hours.24 Our findings were consistent with
these data. CD4+CD45RA+ T cells constitutively expressed
IL18Rb mRNA but not IL18Ra mRNA. PHA primed and IL2
stimulated T cells clearly expressed mRNA for IL18Ra–
IL18Rb and IL1RI–IL1R accessory protein.25 These data can
partially explain why IL18 or IL1b failed to induce RANKL
production in resting T cells, but successfully induced it in
PHA prestimulated T cells.
RANKL binding to the RANK expressed on haematopoietic

progenitors activates a signal transduction cascade that leads
to osteoclast differentiation in the presence of the survival
factor M-CSF. Moreover, RANKL stimulates the bone
resorbing activity of mature osteoclasts through RANK.
RANKL seems to be the pathogenetic principle that causes
bone destruction in arthritis. Inhibition of RANKL function
by the natural decoy receptor OPG prevents bone loss in
postmenopausal osteoporosis and cancer metastases and
completely blocks bone loss and crippling in various rodent
models of arthritis. RANKL also regulates T cell/dendritic
cell communication, dendritic cell survival, and lymph
node organogenesis.26 Moreover, production of RANKL by

activated T cells directly controls osteoclastogenesis and bone
remodelling.
Recently, accumulating evidence has shown that activated

T cells can support osteoclast formation. In 1999 Kong et al
reported that both the supernatant of activated T cells and
paraformaldehyde fixed T cells, which were stimulated with
anti-CD3e plus anti-CD28 for 4 days, directly triggered
osteoclastogenesis from mouse bone marrow precursors or
newborn RANKL2/2 mouse spleen cells in the presence of
M-CSF, which was abolished by the addition of OPG.14 In
addition, OPG administration reduced bone destruction by
activated RANKL-producing T cells in mice with adjuvant
arthritis, without affecting inflammatory status.14 In the
same year, another group demonstrated that IL2 failed to
induce RANKL mRNA in human T cells, but concanavalin A
alone or in combination with anti-CD3 increased RANKL
mRNA after 24 hours’ treatment. They further demonstrated
that concanavalin A alone or in combination with anti-CD3
activated T cells induced osteoclast formation from adherent
murine spleen cells.15 Moreover, PHA activated human T cells
expressing RANKL can induce osteoclastogenesis from
autologous peripheral monocytes, which can be blocked by
dose dependent inhibition with OPG.11 In a recent study it
has been confirmed that transgenic overexpression of RANKL
in T cells restores osteoclastogenesis in a RANKL2/2 back-
ground and partially restores normal bone marrow cavities.27

So these data showed that systemic activation of T cells
leads to bone loss, indicating that through their production of
RANKL, T cells are crucial mediators of bone loss in vivo. This
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Figure 5 Osteoclast formation induced from the precursor cells cocultured with RA synovial T cells. All the cultures were stimulated with 33 ng/ml
M-CSF. With the indicated conditions, the cultures were further stimulated with 10 ng/ml IL18, IL1b, or TNFa. Scale bar 200 mm. In (B) T indicates RA
synovial T cells. **p,0.01 compared with the group with T cells only.
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was further supported by the report in 2003 that T cells are an
essential mediator of IL7 induced bone loss in vivo.28

Weitzmann et al found that both PHA activated CD4+ and
CD8+ T cells stimulated human osteoclast formation in
vitro,29 but Choi et al thought that activated CD8+ T cells
suppressed osteoclastogenesis.30

In the present study, we found that IL18, IL1b, or TNFa
stimulated osteoclast formation through PHA prestimulated
T cells rather than resting T cells, and OPG inhibited the
osteoclastogenesis. To extend these studies to human
patients with arthritis, we isolated T cells from RA synovium,
and we found that the above cytokines also stimulated
osteoclastogenesis through RA synovial T cells, which was
also inhibited by OPG. These data are helpful in under-
standing the mechanisms of accelerated osteoclastogenesis
and bone loss in RA.
Recently, IL18 was considered to be an inhibitory factor of

osteoclastogenesis, because it was found to inhibit osteoclast
formation in the coculture of mouse osteoblasts and
haematopoietic cells of spleen or bone marrow origin, in
the absence of M-CSF. The inhibitory effect of IL18 was
limited to the early phase of the coculture, which coincides
with proliferation of haematopoietic precursors.31 Neutral-
ising antibodies to GM-CSF were able to rescue IL18
inhibition of osteoclast formation, whereas neutralising
antibodies to IFNc could not.31 It was further demonstrated,
by using GM-CSF deficient mice, that IL18 inhibited osteo-
clast formation through T cell production of GM-CSF.32

However, considerable evidence supports the fact that IL18
facilitates bone destruction in RA. For example, administra-
tion of IL18 to collagen/incomplete Freund’s adjuvant
immunised DBA/1 mice facilitated the development of an
erosive, inflammatory arthritis.16 Mice treated with IL18 had
a significantly higher incidence and more severe disease
(synovial hyperplasia, cellular infiltration, and cartilage
erosion) than controls in collagen induced arthritis in DBA/1
mice.17 Suppression of joint swelling was noted in murine
streptococcal cell wall induced arthritis after blockade of
endogenous IL18.18 In the collagen induced arthritis model,
mice lacking IL18 had a markedly reduced incidence of
arthritis compared with heterozygous or wild-type mice. This
was accompanied by reduced articular inflammation and
destruction, evident on histology. Treatment with IL18
completely reversed the disease of the IL182/2 mice to that
of the wild-type mice.19 Here, our data support the effect of
IL18 on bone destruction in arthritis. We also found that IL18
failed to induce IFNc or GM-CSF production from activated
T cells.
IFNc is an inhibitory factor of osteoclast formation.

Although IL18 was also named IFNc inducing factor, IL12
is essential for IL18 to induce IFNc production from T cells.33

IL18 (500 ng/ml) or IL1b (10 ng/ml) did not induce IFNc
production either from resting T cells or from PHA
prestimulated T cells.25 IL18 (100 ng/ml) also failed to induce
IFNc production from anti-CD3 stimulated T cells.25 33 In the
present study IL18, IL1b, or TNFa did not induce IFNc
production from resting, PHA prestimulated, or RA synovial
T cells. These results indicate that IL18, IL1b, or TNFa do not
induce IFNc production from T cells to inhibit osteoclast
differentiation in RA.
We found that IL18 did not induce GM-CSF production

from T cells either, although Ogura et al reported that IL18
alone increased GM-CSF but not IFNc production from
mouse spleen cells, and they also found that 300 ng/ml IL18
increased GM-CSF production in CD4+ T cells but not in CD8+

T cells.34 In their experiments, the cell density was 56106 ,
26107 cells/ml. Here we used the purified T cells and the cell
density or concentration of IL18 was not as high as in their
study. Several reports also state that GM-CSF can stimulate
osteoclast formation in vitro35–37 and in vivo.38 These data do
not support the statement that GM-CSF mediates the
inhibitory effect of IL18 on osteoclastogenesis.
Synovial T cell populations from rats or from patients with

RA expressed RANKL, but not OPG.14 Consistent with these
results, we found that OPG was not produced from resting or
activated T cells despite stimulation with IL18, IL1b, or TNFa.
Weitzmann et al reported that no M-CSF secretion was
detected in unstimulated T cells,22 and stimulation of T cells
by IL1a and TNFa failed to induce detectable levels of M-CSF.
In line with this report, we also found that the level of M-CSF
in the supernatants of cultured T cells was undetectable in
various conditions.
In summary, our data show that IL18 enhanced both

soluble and membrane bound RANKL production from PHA
prestimulated T cells or RA synovial T cells, but did not
induce IFNc, GM-CSF, M-CSF, or OPG production. IL18
stimulated osteoclast formation through activated T cells
which was stopped by OPG, and was as effective as IL1b, but
less potent than TNFa. So these data suggest that the
enhanced production of IL18, IL1b, and TNFa, characteristic
of inflammation, stimulates T cells to produce RANKL, and
then to promote osteoclast formation in RA synovitis (fig 7).
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Figure 7 A schematic diagram of IL18, IL1b, or TNFa indirectly
stimulating osteoclastogenesis through T cells in synovitis. In RA
synovium, accumulated monocytes/macrophages (and synovial
fibroblasts) produce proinflammatory cytokines, such as TNFa, IL1b, and
IL18. These cytokines enhance RANKL production from activated T cells,
and then induce osteoclast precursors to differentiate into mature
osteoclasts.

Figure 6 Bone resorption activity of osteoclasts induced by RA synovial
T cells. The osteoclasts were induced as in fig 5. The total pit areas were
measured in four randomly selected areas of each dentine slice using an
image analysis system. T indicates RA synovial T cells. **p,0.01
compared with the group with T cells only.
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