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SUMMARY

IL-11, a member of the IL-6 type cytokines, has some biological activity related to the joint destruction
in rheumatoid arthritis (RA), such as induction of osteoclast differentiation. However, its expression and
regulation in rheumatoid inflamed joints has not been clarified. In the present study we examined the
capacity of fresh rheumatoid synovial cells (fresh RSC) to produce IL-11, and the effect of
indomethacin, dexamethasone and IFN-g on IL-11 production. Fresh RSC obtained from eight patients
with RA produced large amounts of IL-11, measured by ELISA, and showed strong expression of IL-11
mRNA, determined by Northern blotting. Indomethacin inhibited the production of IL-11 by about
55%. Prostaglandin E2 (PGE2) completely prevented the inhibition, suggesting that IL-11 production by
fresh RSC was in part mediated by PGE2. Dexamethasone inhibited the production of IL-11 by more
than 80%. Interestingly, the inhibition was not abolished by PGE2. IFN-g inhibited the production of IL-
11 from IL-1a-stimulated cultured rheumatoid synovial fibroblasts, although IFN-g did not inhibit the
production of IL-11 by fresh RSC. These results suggest that the production of IL-11 by rheumatoid
synovia was differentially regulated by PGE2 and IFN-g, and that treatment with indomethacin or
dexamethasone decreased the level of IL-11 at inflammatory joints in patients with RA.
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INTRODUCTION

Rheumatoid arthritis (RA) is an inflammatory joint disease in
which perpetuation of chronic synovitis leads to bone and cartilage
degradation [1]. Inflammatory cytokines or soluble factors are
essential in the pathogenesis of RA, and rheumatoid synovia are
known to be rich sources of these mediators [1].

IL-11 is a functionally pleiotropic cytokine that was isolated
from a bone mallow-derived stromal cell line by screening of the
ability to stimulate the proliferation of IL-6-dependent cells [2].
The IL-11 receptor is a cell surface receptor that consists of two
components: a unique ligand-binding 150-kD glycoprotein [3,4]
and a non-ligand-binding, signal-transducing 130-kD glycoprotein
chain (gp130) [5]. IL-11 is now classified as an IL-6-type cytokine
based on functional similarities with IL-6, and the shared use of
gp130 molecules in their receptor complexes [6]. IL-11 has the
ability to differentiate B cells via a T cell- and macrophage-
dependent mechanism [7], to exert multiple effects in haematopoi-
esis [8–11], and to induce acute-phase reactants [12]. In addition,

IL-11 plays an important role in development of osteoclast [13–
15]. Interestingly, a recent report [16] shows that rheumatoid
synovial cells express large amounts of IL-11 at both mRNA and
protein levels. These findings suggest that IL-11 may be involved
in the pathogenesis of RA. However, little is known about the
regulation of IL-11 expression in rheumatoid synovia. In the
present study, we examined the capacity of fresh rheumatoid
synovial cells to produce IL-11, and the effects of indomethacin,
dexamethasone and IFN-g on the production.

MATERIALS AND METHODS

Materials
Human recombinant IL-1a and IFN-g were kindly provided by
Dainippon Pharmaceutical Co. (Osaka, Japan) and Shionogi & Co.
Ltd. (Osaka, Japan), respectively. Dexamethasone, indomethacin,
and Clostridium collagenase were purchased from Wako Pure
Chemical Industries, Ltd. (Osaka, Japan). Deoxyribonuclease 1
was obtained from Sigma Chemical Co. (St Louis, MO).

Patients
Eight patients (six women, two men, age range 54–72 years) with
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seropositive RA according to American College of Rheumatology
criteria [17] seen at the Orthopaedic Department of Saiseikai
Takaoka Hospital or Toyama Medical and Pharmaceutical Uni-
versity Hospital were included in this study. All patients were
receiving non-steroidal anti-inflammatory drugs. In addition, two
patients were treated with bucillamine, and two with gold sodium
thiomalate.

Cell and tissue cultures
Fresh rheumatoid synovial cells. Synovial tissues were asepti-

cally obtained from RA patients undergoing synovectomy of knees
or total knee replacement. After removing the adipose tissue, the
remaining synovial tissue was minced into fragments. The tissue
fragments were treated with 1 mg/ml of collagenase and 5mg/ml of
deoxyribonuclease I in serum-free Dulbecco’s modified Eagle’s
medium (DMEM) (Nissui Pharmaceutical Co., Tokyo, Japan)
containing penicillin (100 U/ml)/streptomycin (100mg/ml) (Life
Technologies, Grand Island, NY) at 378C with gentle agitation
until dissolution of the fragments. After removal of tissue debris by
passing the cell suspension through a cell strainer, the large mono-
nuclear cells were collected, washed, adjusted to a concentration of
2×105/ml, and 0·5 ml of this suspension was added to each well in
a 24-well plate. These cells were cultured overnight in plastic
dishes containing DMEM supplemented with 10% heat-inactivated
fetal calf serum (FCS; ICN Biomedicals Japan, Osaka, Japan)
(DMEM medium) at 378C in a humidified atmosphere of 95% air
and 5% CO2. Non-adherent cells were removed, and the remaining
freshly isolated adherent rheumatoid synovial cells were used as
fresh rheumatoid synovial cells (RSC). These cells were incubated
in the presence or absence of indomethacin, dexamethasone or
IFN-g for 24 h. In some experiments, the culture supernatants of
fresh RSC or a rheumatoid synovial piece were harvested, and
replaced with fresh media every 24 h for up to 96 h. The cell-free
culture supernatants were stored at –208C until assay for IL-11.

Cultured rheumatoid synovial fibroblasts. Fresh RSC were
further grown to confluence, and were passed to 10-cm culture
dishes after trypsin treatment. The cells between the fourth and
eighth passages were morphologically fibroblast-like, and all
negative for CD14 and HLA-DR antigens on their cell surface.
These cells were therefore used as cultured rheumatoid synovial
fibroblasts (RSF) in this study. Cultured RSF were seeded in
24-well plate at a concentration of 5×104 cells/well with 0·5 ml
of DMEM medium, and incubated in the presence or absence
of IL-1a with or without the indicated concentrations of
indomethacin, dexamethasone, prostaglandin E2 (PGE2) or IFN-g.

IL-11 measurement
The level of IL-11 in supernatants was quantified by ELISA using
a Quantikine Human IL-11 Immunoassay Kit (R&D Systems,
Minneapolis, MN) according to the manufacturer’s instructions.

RNA isolation
After incubation of fresh RSC or cultured RSF with or without
indomethacin, dexamethasone or IFN-g for 6 h, total RNA was
isolated according to the method by Chomczynski & Sacchi [18]
using Isogen (Wako Pure Chemical Industries) as a lysis buffer.
Total RNA was collected according to the manufacturer’s
protocol.

Northern blot analysis
Total RNA (10mg) was size-fractionated by electrophoresis on a

1% agarose (FMC BioProducts, Rockland, ME)/17% formamide
gel, blotted onto nylon membranes (GeneScreen, DuPont-NEN,
Boston, MA), and UV-cross-linked. Blots were prehybridized in
hybridization buffer (50% formamide, 5× SSC, 0·1% (w/v) N-
laurylsarcosine, 0·02% (w/v) SDS, 2% (w/v) Blocking Reagent
(Boehringer Mannheim, Tokyo, Japan), and 100mg/ml of denatured
sheared salmon sperm DNA for 2 h at 428C, hybridized overnight
in hybridization buffer containing a digoxigenin-labelled IL-11
cDNA probe at 428C, and washed under stringent conditions. A
1250-bp IL-11 cDNA that wasEcoRI-excised from clone pHuIL-
11/PMT (kindly provided by Dr P. Schendel, Genetics Institute,
Cambridge, MA) was labelled with digoxigenin using a random
primer method (Boehringer Mannheim). After incubation with an
anti-digoxigenin antibody conjugated with alkaline phosphatase
(Boehringer Mannheim), membranes were immersed in the chemi-
luminescent substrate, CSPD (Tropix, Bedford, MA), and exposed
to Fuji new RX x-ray film (Fuji Photo Film, Kanagawa, Japan).

Statistical analysis
Values are presented as means6 s.d. Data were analysed by
Student’st-test. Differences were considered significant atP<0·05.

RESULTS

Spontaneous production of IL-11 by fresh RSC
The kinetics of IL-11 production by fresh RSC or a rheumatoid
synovial piece was first determined by ELISA. As shown in Fig. 1,
both similarly secreted large amounts of IL-11 without any stimuli
for 1–2 days, after which the production decreased rapidly, sug-
gesting that these fresh RSC and a rheumatoid synovial piece were
spontaneously activated to produce IL-11, but that the culture
conditions did not continuously stimulate them to produce it. The
over-production of IL-11 by fresh RSC was observed in all patients
studied: a mean6 s.e.m. production of IL-11 by RSC for 24 h after
the start of culture was 31·26 6·1 ng/ml in the eight patients.

Spontaneous expression of IL-11 mRNA in fresh RSC
We next examined the gene expression of IL-11 in fresh synovial
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Fig. 1. Kinetics of IL-11 production by fresh rheumatoid synovial cells
(fresh RSC) and synovial pieces. (a) Cells isolated from rheumatoid
synovia were placed in a 24-well plate at a concentration of 1×105/well,
and cultured with 0·5 ml of Dulbecco’s modified Eagle’s medium
(DMEM). The culture media were collected, and exchanged with fresh
media every 24 h for up to 96 h. The amounts of IL-11 in supernatants were
measured by ELISA. Each bar represents mean6 s.d. of four different
wells. (b) A rheumatoid synovial piece was also cultured with 1 ml of
DMEM medium. The culture supernatants were collected, and exchanged
with fresh media every 24 h for up to 96 h.



adherent cells obtained from RA and osteoarthritis (OA). Northern
blot analysis using a cDNA encoding human IL-11 revealed that
two transcripts, 2·5 kb and 1·5 kb long, existed in humans [2]. As
shown in Fig. 2, all three fresh RSC strongly expressed IL-11

mRNA. In contrast, the fresh synovial cells from a patient with OA
expressed considerably less IL-11 mRNA than those of fresh RSC.
Rheumatoid synovial pieces also expressed comparable levels of
IL-11 mRNA (data not shown). Rheumatoid synovial cells mainly
consist of macrophage-like cells and fibroblast-like cells [19,20].
In the preliminary experiments, we confirmed that CD14þ macro-
phage-like cells, obtained by a separation method using magnetic
beads, had no capacity to express IL-11 at both levels of protein
and mRNA, suggesting that the main producers of IL-11 in fresh
RSC were fibroblast-like cells (data not shown).

Inhibition of spontaneous IL-11 production and mRNA expression
in fresh RSC by indomethacin and dexamethasone
Since indomethacin and dexamethasone, inhibitors of PGE2, are
widely used in the treatment of RA, it was of interest to clarify
whether these drugs could inhibit the ability of fresh RSC, having a
pathogenic nature, to produce large amounts of IL-11. As shown in
Fig. 3a, the over-production of IL-11 was significantly inhibited by
indomethacin and dexamethasone from 51·96 7·7 ng/ml to
23·36 5·1 ng/ml (P<0·01) and to 10·36 0·9 ng/ml (P<0·001),
respectively. In addition, indomethacin and dexamethasone also
inhibited the gene expression of IL-11 in fresh RSC (Fig. 3b). Next,
the effect of PGE2, a major arachidonic acid metabolite in
rheumatoid synovia [21,22], on IL-11 inhibition by these drugs
was examined. Although cultured RSF produced a trace amount of
IL-11 without stimulation, addition of IL-1a resulted in increasing
IL-11 production (Fig. 4). Indomethacin and dexamethasone sig-
nificantly inhibited IL-1a-stimulated IL-11 production from
1405·96 163·9 pg/ml to 301·46 11·8 pg/ml (P<0·0005) and to
45·66 1·2 pg/ml (P¼ 0·0001), respectively. Exogenous PGE2
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Fig. 2. Northern blot analysis for IL-11 in fresh synovial cells from
rheumatoid arthritis (RA) and osteoarthritis (OA). Adherent synovial
cells enzymatically obtained from three patients with RA and a patient
with OA were harvested for Northern blotting. Total RNA (10mg) was
loaded per lane, blotted, and hybridized with digoxigenin-labelled IL-11
cDNA as described in Materials and Methods. The lower part of the panel
shows the 18S and 28S rRNA on ethidium bromide-stained gel as a loading
control.
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Fig. 3. Inhibition of IL-11 expression in fresh rheumatoid synovial cells (fresh RSC) by indomethacin and dexamethasone. (a) Fresh RSC
were incubated in the presence or absence of 10¹5

M indomethacin (IND) or 10–6
M dexamethasone (DEX) for 24 h. After incubation, the

amounts of IL-11 in the supernatants were measured by ELISA. Each bar represents mean6 s.d. of three different wells. (b) Fresh RSC were
incubated in the presence or absence of 10–5

M IND or 10–6
M DEX for 6 h. After incubation, the treated cells were harvested for Northern

blotting. Total RNA (10mg) was size-fractionated, blotted, and hybridized with digoxigenin-labelled IL-11 cDNA as described in Materials
and Methods. The lower part of the panel shows the 18S and 28S rRNA on ethidium bromide-stained gel as a loading control. Data are
representative of three separate experiments.



(10–5
M) abolished IL-11 inhibition by indomethacin, whereas it

had only a marginal effect on that by dexamethasone (Fig. 4).

Inhibition of IL-11 expression in IL-1a-stimulated cultured RSF by
IFN-g
IL-1 is known to induce IL-11 production in a variety of cells
[15,23,24]. Since IFN-g has been reported to antagonize with IL-1
in biological activity [25], we examined the effect of IFN-g on the
production of IL-11 by fresh RSC. IFN-g did not inhibit the
production of IL-11 by fresh RSC at any concentration from 1 to
1000 U/ml (Fig. 5a). In contrast, IFN-g inhibited the production of
IL-11 by IL-1a-stimulated cultured RSF in a dose-dependent
fashion (Fig. 5b). The inhibition was also observed at the mRNA
level (Fig. 5c). Next, we examined the effect of delayed addition of
IFN-g, after stimulation with IL-1a, on the production of IL-11.
The cultured RSF were activated with IL-1a, and then IFN-g was
added to the culture at different time points. Cultured supernatants
were harvested 24 h after stimulation with IL-1a. As shown in Fig.
6, the inhibitory effect of IFN-g became much less potent with the
addition delayed by more than 4 h.

DISCUSSION

IL-11 was widely considered as a stimulator of haematopoiesis
because of its multiple effects on haematopoiesis and the haema-
topoietic microenvironment [8–11]. However, we focused on the
pathological roles of IL-11 in rheumatoid joints. IL-11 has several
biological activities related to inflammatory events in RA, such as
induction of B cell differentiation [7], acute-phase reactants [12],
tissue inhibitor of metalloproteinase synthesis [23], and osteoclast
differentiation [13–15]. In particular, the effect of IL-11 on
osteoclasts is of interest. Girasoleet al. [13] showed that neutraliz-
ing antibodies to IL-11 can suppress IL-1-, tumour necrosis factor
(TNF)-, and 1,25 (OH)2 D3-induced osteoclast development,
suggesting that osteoclast differentiation by these cytokines may
be in part mediated by IL-11.

It has been reported that IL-1 and PGE2, actively produced
by rheumatoid synovia, have the capacity to stimulate IL-11
production in a variety of cells [15,23,24]. Therefore, it is
likely that these inducers strongly stimulate rheumatoid synovia
to produce IL-11. We demonstrate here that freshly obtained
RSC produced large amounts of IL-11, and showed a strong
expression of IL-11 mRNA. This result is in agreement with the
recent study [16] showing that RSC expressed the mRNA for
IL-11 at higher levels than did synovial cells from OA. It is
likely that IL-11 actively produced by rheumatoid synovia is
involved in bone destruction in rheumatoid joints via osteoclast
differentiation. However, regulatory mediators of the expression
of IL-11 have not been extensively investigated in fresh rheu-
matoid synovia.

PGE2 is reported to positively regulate IL-11 production in
osteoblasts [15]. To clarify the involvement of PGE2 in over-
production of IL-11 by fresh RSC, we examined the effect of two
PGE2 inhibitors, dexamethasone and indomethacin. Indomethacin
reduced IL-11 production by about 55%, suggesting that over-
production of IL-11 in fresh rheumatoid synovia is in part due to
PGE2. A recent study demonstrated that dexamethasone inhibited
IL-11 production by bone mallow-derived progenitor cells [26]. In
the present study, dexamethasone inhibited IL-11 production more
potently than did indomethacin. Interestingly, the inhibition by
dexamethasone was not cancelled by PGE2. The mechanism of
inhibition by dexamethasone remains to be clarified. It has been
shown that glucocorticoid receptors inhibit AP-1 activity via
binding with c-Jun protein [27]. Since IL-11 gene contains AP-1
site, that is known to be important for IL-11 transcription, in the 50

flanking lesion [28], dexamethasone may inhibit the production of
IL-11 via inhibition of AP-1 activity. Indomethacin and dexa-
methasone are widely used as anti-rheumatic drugs. Therefore, it is
likely that the expression of IL-11 in inflammatory joints may be
modulated in patients with RA. It is of interest to clarify further
whether inhibition of IL-11 by these drugs would be beneficial or
not for patients with RA.

IFN-g is a promising biological agent for the treatment of RA
[29,30]. It has been known that IFN-g plays important roles in
modulating the cytokine network [31]. In particular, it antagonized
with IL-1 in cell growth, PGE2 release, and collagenase production
[25]. In the present study, we showed that IFN-g could inhibit IL-
11 production by IL-1a-stimulated cultured RSF, although it did
not inhibit IL-11 production by fresh RSC. This is the first study
showing the inhibitory effect of IFN-g on IL-11 expression in
rheumatoid synovial cells. The mechanism of IFN-g-mediated
inhibition of IL-11 remains to be determined. The effects of
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Fig. 4. Inhibitory effects of indomethacin and dexamethasone on the
production of IL-11 by cultured rheumatoid synovial fibroblasts (RSF):
the effects of prostaglandin E2 (PGE2). Rheumatoid synovial cells at four to
eight passages were used as cultured RSF. The cells were cultured at a
concentration of 5×104/well in 24-well plates in the presence or absence of
IL-1a (1 ng/ml) with or without 10¹5

M indomethacin (IND) or 10¹6
M

dexamethasone (DEX) for 24 h. PGE2 (10¹5
M) was added in combination

with IL-1a and IND, or IL-1a and DEX. The amounts of IL-11 in the
supernatants were measured by ELISA. Each bar represents mean6 s.d. of
three different wells.



IFN-g were not mediated by change in PGE2 levels (data not
shown). The delayed addition experiment indicated that IFN-g is
less effective on activated cells, suggesting that IFN-g acts on RSF
in initial steps in IL-1 signalling for IL-11. Since IL-11 gene
contains a IFN-regulatory factor-1 binding site in the 50-region [2],
IFN-g may inhibit the transcription of IL-11 mRNA via signal
molecules such as IFN regulatory factors. Previous reports showed
that IFN-g has inhibitory effects on bone resorption in anin vitro
system [32], and on the formation of osteoclast-like multinucleated
cells in long-term human bone mallow cultures stimulated with
vitamin D [33]. We suggested that the effects of IFN-g on bone
resorption might be mediated by IL-11 suppression.

In view of its pleiotropic effects, it is likely that IL-11 plays

important roles in tissue remodelling in physiological conditions.
We suggest here the dynamic expression of IL-11 in rheumatoid
joints and the differential regulation by anti-rheumatic drugs and
IFN-g. The role of IL-11 in pathological sites like rheumatoid
joints should be defined in the near future.
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Fig. 5. Effect of IFN-g on the production of IL-11 in fresh rheumatoid synovial cells (fresh RSC) and cultured rheumatoid synovial fibroblasts (cultured
RSF). Fresh RSC (a) and cultured RSF (b) were cultured in the presence or absence of increasing concentrations of IFN-g with or without IL-1a (2 ng/ml) for
24 h. The amounts of IL-11 in supernatants were measured by ELISA. Each bar represents mean6 s.d. of three different wells. (c) Cultured RSF were
cultured in the presence of increasing concentrations of IFN-g with IL-1a (1 ng/ml) for 6 h. After incubation, the treated cells were harvested for Northern
blotting. Total RNA (10mg) was size-fractionated, blotted, and hybridized with digoxigenin-labelled IL-11 cDNA as described in Materials and Methods.
The lower part of the panel shows the expression of glyceraldehyde-3-phosphate dehydrogenase (GAPDH) used as a house keeping gene. Data are
representative of two separate experiments.
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Fig. 6.Effect of delayed addition of IFN-g on IL-11 production by cultured
rheumatoid synovial fibroblasts (cultured RSF). Cultured RSF were acti-
vated with IL-1a (2 ng/ml), and then IFN-g (200 U/ml) was added to the
culture at the indicated time. Cultured supernatants were harvested for IL-
11 measurement 24 h after stimulation with IL-1a. Each bar represents
mean6 s.d. of four different wells.


