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Abstract. Decoy receptor 3 (DcR3), a member of the tumour 
necrosis factor receptor (TNFR) superfamily, lacks the 
transmembrane domain of conventional TNFRs in order to be 
a secreted protein. DcR3 competitively binds and inhibits 
members of the TNF family, including Fas  ligand (FasL), 
LIGHT and TL1A. We previously reported that TNFα-induced 
DcR3 overexpression in rheumatoid synovial fibroblasts 
(RA-FLS) protects the cells from Fas-induced apoptosis and 
that DcR3 induces VLA-4 expression in THP-1 macrophages 
to inhibit cycloheximide-induced apoptosis. Meanwhile, 
recent studies have suggested that DcR3 acting as a ligand 
directly induces the differentiation of macrophages to osteo-
clasts. Therefore, in the present study, we analyzed the direct 
effects of DcR3 as a ligand in RA-FLS. The experiments 
showed that DcR3 binds to TL1A expressed in RA-FLS 
resulting in the negative regulation of cell proliferation induced 
by inflammatory cytokines. DcR3-TL1A signalling may be 
involved in the pathogenesis of rheumatoid arthritis (RA).

Introduction

Rheumatoid arthritis (RA) is an inflammatory joint disease 
characterized by hyperplasia of the synovial tissue and 
formation of pannus, which grow invasively into the cartilage, 
causing cartilage and bone destruction. Analyses of hyperplastic 
synovial tissues of patients with RA have revealed a number of 
features of transformed long-living cells, such as the presence 
of somatic mutations, expression of oncogenes, and resistance 
to apoptosis (1-3).

We recently reported that the decoy receptor 3 (DcR3)/
TR6/M68/TNFRSF6b is expressed in rheumatoid fibroblast-
like synoviocytes (RA-FLS), and that DcR3 expression induced 

in RA-FLS by TNFα protected the cells from Fas-induced 
apoptosis (4). DcR3, a member of the tumour necrosis factor 
receptor (TNFR) superfamily, lacks the transmembrane 
domain of conventional TNFRs to be a secreted protein (5). 
DcR3 is typically overexpressed in tumour cells, including 
lung and colon cancers (5), gliomas, gastrointestinal tract 
tumours (6) and virus-associated leukaemia (7). In addition, 
DcR3 is expressed in some normal tissues, including the 
colon, stomach, spleen, lymph nodes, spinal cord, pancreas 
and lungs (5,6). However, DcR3 is not expressed in human 
fibroblast NIH3T3 cells (8). DcR3 has three ligands, i.e., the 
Fas ligand (FasL), LIGHT and TL1A, all members of the TNF 
superfamily (9). Overexpression of DcR3 may benefit tumours 
by helping them to avoid the cytotoxic and regulatory effects 
of FasL (5), LIGHT (10) and TL1A (11). We suggest that DcR3 
is one of the key molecules that regulate the proliferation of 
RA-FLS (4).

Recent studies have suggested that DcR3 directly induces 
osteoclast formation from monocytes (12), and that DcR3 
triggers enhanced adhesion of monocytes via reverse signalling 
(13). However, it remains unclear whether DcR3 directly affects 
RA-FLS proliferation. Further, the molecules interacting with 
DcR3 for reverse signalling remain unknown. Meanwhile, it 
has been reported that the DcR3 ligand proteins, FasL, LIGHT 
and TL1A, are all expressed in RA-FLS (14-16). Therefore, in 
this study, we analyzed the effects of DcR3 as a ligand on 
RA-FLS and investigated the possible receptors for DcR3. 
Our goal was to investigate the role of DcR3 signalling in the 
pathogenesis of RA.

Materials and methods

Isolation and culture of fibroblast-like synoviocytes. RA-FLS 
were obtained during total knee replacement surgery from 
20 patients with RA who fulfilled the criteria of the American 
College of Rheumatology (formerly the American Rheumatism 
Association) (17). Samples were collected in accordance with 
the World Medical Association Declaration of Helsinki Ethical 
Principles for Medical Research Involving Human Subjects. 
Tissue specimens were minced and digested in Dulbecco's 
modified Eagle's medium (DMEM; Gibco-BRL, Grand 
Island, NY) containing 0.2% collagenase (Sigma, St. Louis, 
MO) for 2 h at 37˚C. Dissociated cells were cultured in DMEM 

DcR3-TL1A signalling inhibits cytokine-induced proliferation  
of rheumatoid synovial fibroblasts

Masayasu Takahashi1,  Yasushi Miura1,2,  Shinya Hayashi1,  Koji Tateishi1,   
Koji Fukuda1  and  Masahiro Kurosaka1

1Department of Orthopaedic Surgery, Kobe University Graduate School of Medicine, Chuo-ku, Kobe 650-0017;   
2Department of Rehabilitation Science, Kobe University Graduate School of Health Sciences, Suma-ku, Kobe 654-0142, Japan

Received February 7, 2011;  Accepted March 23, 2011

DOI: 10.3892/ijmm.2011.687

Correspondence to: Dr Yasushi Miura, Department of Orthopaedic 
Surgery, Kobe University Graduate School of Medicine, 7-5-1 
Kusunoki-cho, Chuo-ku, Kobe 650-0017, Japan
E-mail: miura@kobe-u.ac.jp

Key words: decoy receptor 3, TL1A, reverse signalling, rheumatoid 
synovial fibroblast



TAKAHASHI et al:  proliferation of rheumatoid synovial fibroblasts424

supplemented with 10% feta l bovine serum (FBS; 
BioWhittaker, Walkersville, MD) and 100 U/ml of penicillin/
streptomycin. After overnight culture, non-adherent cells were 
removed, and adherent cells were incubated further in fresh 
medium. All experiments were conducted using cells from 
passages 3-6 (4).

Proliferation assay. RA-FLS were seeded in 96-well plates at 
a density of 5x103 cells/well in DMEM supplemented with 
10% FBS and cultured for 24  h. The medium was then 
replaced with serum-free Opti-MEM medium (Gibco-BRL) 
and the cells were incubated with 10, 100 or 1000 ng/ml of 
DcR3-Fc, or 1000 ng/ml of human IgG1 (R&D Systems, 
Minneapolis, MN) as a control to eliminate the effects of the 
Fc protein. Cells were also incubated with or without 1.0 ng/ml 
recombinant human TNFα or 0.5 ng/ml recombinant human 
IL-1β (R&D Systems) in the presence of 100 ng/ml anti-
human FasL (anti-FasL) mouse monoclonal Ab, 5.0 µg/ml 
anti-human LIGHT (anti-LIGHT) mouse monoclonal Ab, 
5.0 µg/ml anti-human TL1A (anti-TL1A) mouse monoclonal 
Ab (Biolegend, San Diego, CA), or mouse IgG (Acris, Littleton, 
CO) as a control. Cell proliferation was assessed using the 
Cell Counting Kit-8 (WST assay, Dojindo, Kumamoto, Japan) 
(18-19). Values corresponding to the number of viable cells 
were read at OD 450 nm with a microplate reader (BioTek 
Instruments, Winooski, VT).

Western blotting. RA-FLS (3x105 cells/well) were stimulated 
with 1.0 µg/ml DcR3-Fc or IgG1 for 0, 0.5, 2 and 5 min after 
overnight pre-incubation with 5.0 µg/ml anti-TL1A Ab or IgG. 
After stimulation, cells were washed twice with ice-cold 
phosphate-buffered saline (PBS) and subsequently lysed on 
ice for 20 min in hypotonic lysis buffer (25 mM Tris, 1% NP-40, 
150 mM NaCl, 1.5 mM EGTA) supplemented with a protease 
inhibitor and phosphatase inhibitor mix (Roche Diagnostics, 
Basel, Switzerland). The lysates were centrifuged at 20,000 x g 
for 12 min to remove cellular debris and the supernatants 
were collected. Cytoplasmic proteins were quantified by the 
Bradford method using the Bio-Rad protein assay reagent 
(Bio‑Rad, Hercules, CA). Each sample was then diluted to an 
equal concentration with hypotonic lysis buffer. Each sample 
was diluted to an equal concentration and electrophoresed on 
a 7.5-15% polyacrylamide gradient gel (Biocraft, Tokyo, 
Japan), and electrically transblotted onto blotting membrane 
(Amersham Biosciences, Arlington Heights, IL).

The expression of phospho-ERK, ERK, phospho-p38 
mitogen-activated protein kinase (MAPK), or p38 MAPK was 
detected using mouse anti-human phospho-ERK Ab, rabbit 
anti-human ERK Ab, rabbit anti-human phospho-p38 MAPK 
Ab, or rabbit anti-human p38 MAPK Ab (Cell Signaling 
Technology, Beverly, MA). Horseradish peroxidase (HRP)-
conjugated donkey anti-rabbit or sheep anti-mouse IgG Abs 
(GE Healthcare) were used as secondary antibodies, and the 
signals were visualized with the ECL plus reagent (GE 
Healthcare) using the Chemilumino analyzer, LAS-3000 mini 
(FujiFilm, Tokyo, Japan). Protein expression was assessed by 
semi-quantification of digitally captured images using the 
public domain NIH Image program (developed at the US 
National Institutes of Health and available at http://rsb.info.
nih.gov/nih-image/). Protein expression values were normalized 

to the expression values of the non-phosphorylated forms of 
p38 and ERK.

Quantification of FasL, LIGHT and TL1A mRNA expression. 
RNA was extracted from RA-FLS (1x106 cells/well) using the 
QIAshredder and RNeasy mini kits (Qiagen, Hilden, Germany) 
according to the manufacturer's protocols. Total RNA (1 µg) 
was reverse-transcribed to first-strand cDNA at 42˚C for 
60 min with 1.25 µM oligo(dT) primer in 40 µl of PCR buffer II 
containing 2.5 mM MgC12, 0.5 mM dNTP mix, 0.5 units 
RNase inhibitor, and 1.25 units MuLV reverse transcriptase 
(Perkin-Elmer, Foster City, CA). The relative expression levels 
of mRNAs encoding FasL, LIGHT and TL1A in RA-FLS 
were compared using TaqMan® real-time PCR on a StepOne™ 
real-time PCR system (Applied Biosystems, Foster City, CA). 
Pre-designed primers and probes for FasL, LIGHT, TL1A and 
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) as the 
control were obtained from Applied Biosystems.

Statistical analysis. All data are expressed as the mean ± SD 
unless otherwise indicated. ANOVA and Dunnett's tests were 
used to assess the statistical significance of the differences.

Results

DcR3-Fc inhibits the proliferation induced by TNFα or IL-1β. 
Proliferation assay results indicated that DcR3-Fc alone did 
not affect RA-FLS proliferation (Fig. 1). However, DcR3-Fc 
significantly inhibited the proliferation induced by 1.0 ng/ml 
TNFα in a dose-dependent manner (24.6% inhibition at 
100 ng/ml and 56.3% inhibition at 1000 ng/ml) (Fig. 2A). 
Similarly, DcR3-Fc significantly inhibited the proliferation 
induced by 0.5 ng/ml IL-1β (34.4% inhibition at 100 ng/ml 
and 58.6% inhibition at 1000 ng/ml) (Fig. 2B).

TL1A mRNA is the predominant mRNA of DcR3-specific 
ligands expressed in RA-FLS. To identify the expression of 
FasL, LIGHT and TL1A in RA-FLS, mRNA levels of the TNFs 
were quantified by real-time PCR, which allows the direct 
monitoring of amplicon accumulation during the PCR process 
using fluorogenic probes, providing fluorescence kinetics that 
accurately reflect the levels of cytokine mRNAs in biological 

Figure 1. RA-FLS were incubated with 10, 100 or 1000 ng/ml of DcR3-Fc or 
1.0 ng/ml of TNFα as a positive control. After 24 h, the proliferation rates 
were determined by the WST assay. Values are presented as the mean of 10 
individual samples per group; untreated cells were assigned a value of 1. 
*P<0.05.



international journal of molecular medicine  28:  423-427,  2011 425

samples (20-21). All three genes were expressed, however, the 
relative expression levels varied among the genes with the 
expression of TL1A being the highest, followed by LIGHT and 
FasL (Fig. 3).

Anti-TL1A antibody negates the inhibitory effect of DcR3-Fc 
on RA-FLS proliferation induced by TNFα or IL-1β. The 
inhibitory effect of DcR3-Fc on the proliferation of RA-FLS 
stimulated with TNFα or IL-1β was significantly suppressed 
when the cells were pre-treated with anti-TL1A Ab (Fig. 4C 
and F), but not when they were pre-treated with anti-LIGHT 
Ab (Fig. 4B and E) or anti-FasL Ab (Fig. 4A and D).

Anti-TL1A antibody ablates the activation of ERK and 
p38MAPK signalling in RA-FLS induced by DcR3-Fc. 
Western blotting revealed that p38MAPK signalling increased 
3.75- and 3.47-fold of the control value following treatment 
with 1.0 µg/ml of DcR3-Fc for 0.5 and 2 min, respectively 
(Fig. 5A). ERK signalling increased 3.11-fold with treatment 
for 0.5 min and 4.86-fold with treatment for 2 min (Fig. 5B). 
Pre-treatment with anti-TL1A Ab at 5.0 µg/ml negated the 
DcR3-Fc-mediated activation of p38MAPK and ERK in 
RA-FLS, but pre-treatment with IgG had no effect (Fig. 5).

Discussion

RA is a systemic autoimmune disorder characterized by synovial 
tissue hyperplasia with infiltration of various inflammatory 
cells that leads to cartilage and bone destruction (22). Never-
theless, the abnormal proliferation of synoviocytes is not 
limitless, and spontaneous remission of synovial proliferation 
has been observed (23-25).

We recently demonstrated that DcR3 acts as a decoy receptor 
(4) protecting RA-FLS cells from Fas-induced apoptosis, and 
that DcR3 also functions as a ligand to inhibit apoptosis in 
THP-1 macrophages by increasing VLA-4 expression (26). 
Several studies have reported that soluble DcR3 activates 
reverse signalling as a ligand, inducing osteoclast formation 
from monocytes/macrophages (12,27), as well as inducing 
actin reorganization and enhancing adhesion of monocytes 
(13), and inducing dendritic cell apoptosis by activating 

PKC-δ and JNK (28-29). However, to date no studies have 
addressed RA-FLS.

In the present study, we demonstrated that DcR3-Fc inhibits 
the proliferation of RA-FLS induced by TNFα or IL-1β. The 
DcR3-Fc fusion protein has been shown to have a similar 
binding affinity and specificity as DcR3 (30). In our experiments 
control IgG1 had no effect on RA-FLS. Our results therefore, 
are the first to suggest that DcR3 may negatively regulate the 
cytokine-induced proliferation of RA-FLS.

In addition, we showed that TL1A mRNA is dominantly 
expressed among the three DcR3 ligands in RA-FLS. It is 
reported that mRNA expression of cytokines quantified by 
real-time PCR correlates well with the protein levels (20-21). 
Therefore, TL1A protein is postulated to be dominantly 
expressed among the DcR3 specific ligands in RA-FLS. Of 
course, the quantities of mRNA do not directly reflect the 
activities of proteins, however, a certain level of mRNA 
expression is required for the functioning protein expression.

Indeed, we have demonstrated that anti-TL1A Ab abolishes 
the inhibitory effect of DcR3-Fc on the proliferation of 
RA-FLS induced by TNFα or IL-1β, but the anti-LIGHT Ab 
or the anti-FasL Ab did not. We also revealed that anti-TL1A 
Ab negates the activation of ERK and p38MAPK signalling in 
RA-FLS. These results suggest that DcR3 may interact with 
TL1A expressed on the surface of RA-FLS. In other words, 

Figure 2. RA-FLS were incubated with 10, 100 or 1000 ng/ml DcR3-Fc or 1000 ng/ml IgG1 in the presence of (A) 1.0 ng/ml TNFα or with (B) 0.5 ng/ml IL-1β. 
After 24 h, the proliferation rates were determined by the WST assay. Values are presented as the mean of 10 individual samples per group; untreated cells 
were assigned a value of 1. *P<0.05.

Figure 3. Real-time PCR analysis of FasL, LIGHT and TL1A mRNA 
expression in RA-FLS. Values were normalized to GAPDH mRNA expression. 
The relative expression ratios of each mRNA were compared to FasL. The 
data are the mean of 12 individual samples per group. *P<0.05.
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DcR3 may act as an inducer, and membrane-bound TL1A 
may act as a receptor in RA-FLS. Furthermore, it has been 
reported that the severe stage of RA is associated with highly 
elevated serum levels of TL1A and DcR3, suggesting that 
TL1A, death receptor 3 (DR3), a specific receptor of TL1A 
and one of the death receptors belonging to TNFR (11), and 
DcR3-mediated pathways may be involved in the pathogenesis 
of RA (31). These results suggest a robust association of DcR3 
with TL1A.

A number of recent studies have illustrated the functions of 
TL1A in autoimmune diseases, including inflammatory bowel 
diseases (IBD) and RA (14,31-36). Consistent with the role of 
TNF in inducing the release of TL1A, serum TL1A levels have 
been shown to substantially decrease in RA patients treated 
with adalimumab, an anti-TNF monoclonal Ab (31), indicating 
that TL1A has a role in the progression rather than induction 
of the disease (36). Treatment with an antagonistic anti-TL1A 
monoclonal antibody protected animals with collagen-induced 

Figure 5. RA-FLS were stimulated with 1.0 µg/ml DcR3-Fc or IgG1 for 0, 0.5, 2 and 5 min after overnight pre-incubation with 5.0 µg/ml anti-TL1A Ab (black 
bars) or IgG (gray bars). (A) p38MAPK signalling and (B) ERK signalling are shown. The Western blotting photograph is a representative of five independent 
experiments. *P<0.05.

Figure 4. RA-FLS were pre-incubated overnight with 100 ng/ml anti-FasL Ab (black bars in A and D), 5.0 µg/ml anti-LIGHT Ab (black bars in B and E), 
5.0 µg/ml anti-TL1A Ab (black bars in C and F), or IgG as control (gray bars). The culture medium was replaced with Opti-MEM and the cells were incubated 
for 24 h with 1.0 µg/ml DcR3-Fc or 1.0 µg/ml IgG1 with or without 1.0 ng/ml TNFα or 0.5 ng/ml IL-1β. The results are the mean of 10 individual experiments. 
*P<0.05.
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arthritis, a systemic disease model of RA (33). Therapeutic 
strategies can therefore be envisaged that use TNF inhibitors 
in combination with either anti-TL1A antibodies or soluble 
DR3 protein (36). Furthermore, by acting as a decoy receptor, 
DcR3 can interfere with TL1A-DR3-mediated inflammatory 
responses and protect joint tissue from apoptosis induced by 
TNF superfamily ligands (36). However, DcR3 may also 
contribute to the pathogenesis of RA by down-regulating the 
apoptotic pathways of inflammatory cells (4). In addition, the 
death receptors including DR3 have reciprocal functions. i.e., 
inducing apoptosis and activating NF-κB (11).

In conclusion, not only by inhibiting Fas-induced apoptosis 
as a decoy receptor, but also by inhibiting cell proliferation 
directly via TL1A, DcR3 plays a critical role in the pathogenesis 
of RA. However, many details regarding how DcR3-TL1A 
functions in autoimmune diseases have not been elucidated. 
Further studies of this network will be helpful in developing 
better strategies for the treatment of RA.
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