
Clinical and Experimental Rheumatology 2012; 30 171-177.

Overexpression of decoy receptor 3 in synovial tissues 
of inflammatory arthritis 

M.-H. Chen1,2, W.-S. Chen1,2, C.-Y. Tsai1,2, H.-T. Liao3, C.-H. Chen4, C.-T. Chou1,2

1Division of Allergy-Immunology-Rheumatology, Department of Medicine, Taipei Veterans General 
Hospital, Taipei, Taiwan; 2Department of Medicine, National Yang-Ming University, Taipei, Taiwan; 
3Division of Rheumatology, Wan-Fang Hospital, Taipei, Taiwan; 4Division of Rheumatology, Tzu-Chi 

General Hospital, Taipei, Taiwan.

Abstract 
Objectives

Decoy receptor 3 (DCR3) was a newly identified soluble receptor which was reported to modulate the function of T cells, 
dendritic cells and macrophages. The aim of this study was to investigate DCR3 expression on the synovial tissue in 

different types of arthritis. 

Methods
We obtained synovial tissues from 17 rheumatoid arthritis (RA), 17 ankylosing spondylitis (AS) and 17 osteoarthritis (OA) 
patients. Synovial specimens were stained with hematoxylin and eosin. The amount of lymphocytes and mononuclear cell 

infiltration and vascularity during light microscopic examination was scored from 0–4. The expression of CD3, CD4, CD8, 
CD68 and DCR3 in lining layer (LL) and sublining layer (SL) cells was stained using the immunohistochemical method 

and analysed by microscopic examination (score from 0–4, 0=absent, 1=slight, 2=moderate, 3=large, 4=extreme). 

Results
OA patients were older than the RA and AS patients (65.9±10.3 years for OA, 58.4±17.7 for RA, and 43.2±16.4 for AS). 
Synovial tissues in RA patients had significantly increased mononuclear cell infiltration when compared to AS and OA 
patients (2.3±0.6, 1.9±0.5, 1.6±0.5, respectively, p<0.05). There was no striking difference in DCR3 expression in the 

synovial LL between RA, AS, and OA patients. CD4+ T cells and CD68+ monocytes/macrophages in the SL were more 
prominent in RA and AS than in OA (p<0.05). Similarly, DCR3 in the SL was more overexpressed in RA and AS than in 

OA (1.83±0.21, 1.71±0.36, 1.39±0.31, respectively, p<0.01). 

Conclusion
The increased synovial inflammatory cell infiltration in RA and AS was associated with the elevated DCR3 expression. 
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Introduction 
Rheumatoid arthritis (RA) and anky-
losing spondylitis (AS) are 2 common 
rheumatic diseases. RA affects more 
females and the age at onset is about 
50 years. In contrast, AS affects young 
males, and the age at onset is approxi-
mately 20 years. Both diseases are ge-
netically determined, particularly the 
strong relationship between human 
leukocyte antigen (HLA)-DR4 or -DR1 
and RA, and HLA-B27 and AS (1-4). 
However, the pathogenesis of chronic 
inflammatory synovitis in either RA 
or AS is not entirely understood (5). 
Many studies have demonstrated that 
different molecules, including tumour-
necrosis factor (TNF)-α, matrix metal-
loproteinase (MMP)-3, Fas, P53, and 
chemokines, are overexpressed in RA 
or AS synovial tissues, compared with 
osteoarthritis (OA) synovial tissues (6-
16). The presence of pannus formation, 
synovial lining cells hyperplasia and 
large amounts of mononuclear cells 
in the synovial tissues of RA may be 
partially due to the defect of either Fas- 
Fas ligand (FasL) or TRAIL-TRAILR-
induced apoptosis (6, 7, 17-19).   
Decoy receptor 3 (DCR3) is a new iden-
tified protein belonging to the TNF re-
ceptor super-family; DCR3 is a secreted 
protein, since it lacks trans-membrane 
and cytoplasmic domains (20, 21). 
DCR3 can neutralise the biologic effects 
of FasL, LIGHT, and TNF-like mol-
ecule 1A (TL1A) (20, 22-24). Initially, 
elevated DCR3 expression was found 
in tumour cells (20, 23, 24). The over-
expression of DCR3 can help tumour 
cells escape death by blocking FasL-, 
LIGHT-, and TL1A induced apoptosis 
(25-29). DCR3 also has been proven to 
suppress host immune system by im-
pairment phagocytic activity of macro-
phage and regulation of dendritic cells, 
which drive T helper 2 polarisation and 
lead to tumour growth (30, 31). 
Several serologic studies of DCR3 in 
rheumatic and immune diseases have 
been conducted. The increase of DCR3 
in the serum of SLE may be helpful as 
a diagnostic parameter, and has indicat-
ed high disease activity (32, 33). Simi-
larly, a severe RA stage was associated 
with highly elevated DCR3 and TL1A 
serum levels (34). Our pilot study has 

found that, in comparison with healthy 
controls, the serum DCR3 level was 
significantly higher in patients with 
RA, but not in AS. In addition, the 
DCR3 level in synovial fluid showed 
a significant difference between pa-
tients with RA and OA. Measurement 
of DCR3 in RA synovial fibroblasts 
was done by Hayashi et al., who found 
that increased DCR3 in the fibroblast-
like synoviocytes may protect the cells 
against apoptosis (35). However, the 
role of DCR3 in AS has not been iden-
tified. The aim of this study was to in-
vestigate DCR3 expression on synovial 
membrane cells of RA, AS, and OA. 
This is the first study to measure DCR3 
levels in synovial tissue cells of inflam-
matory arthritis. 

Patients and methods
Patients
During a 2-year period, synovial tis-
sues were obtained from 17 RA, 17 AS 
and 17 OA patients who underwent sur-
gery or arthroscopic examination. The 
diagnosis of RA was based on the 1987 
ACR criteria (36), while the diagnosis 
of AS was based on the modified New 
York criteria (37). Seventeen OA pa-
tients were used as controls for a com-
parison with RA and AS synovial pa-
thology (38). The study was approved 
by the institutional ethics committee of 
Taipei Veterans General Hospital. All 
patients were required to sign a consent 
form to participate in this study. 
In RA, synovial tissues were obtained 
from 10 patients during total knee ar-
throplasty, from 1 patient who received 
knee arthroscopy for diagnostic biopsy, 
from 4 patients during total hip re-
placement surgery, and from 2 patients 
who received wrist arthroscopy for di-
agnostic biopsy. In AS, synovial tissues 
were obtained from 15 patients during 
total hip replacement surgery, from 1 
patient who received knee arthroscopy 
for diagnostic biopsy, and from 1 pa-
tient who received knee arthroscopic 
synovectomy. In OA, synovial tissues 
were obtained from 14 patients dur-
ing total knee arthroplasty and from 3 
patients during total hip replacement 
surgery. All synovial samples from the 
surgical procedures were immediately 
fixed in 10% formalin and processed 
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through paraffin embedding. Five mi-
crometer sections were cut from each 
synovial tissue and then mounted on a 
glass slide. 

Immunohistochemical staining
Serial sections were stained with the 
following monoclonal antibodies: anti-
CD3 (clone SP7, Lab Vision), anti-CD4 
(clone 4B12, Lab Vision), anti-CD8 
(clone SP16, Lab Vision), anti-CD68 
(clone PG-M1, Dako), and anti-DCR3 

(clone 3H5/DCR3, Santa Cruz). Stain-
ing procedures were performed accord-
ing to the previously described 3-step 
method (39). Each 5μm synovial tissue 
was incubated with primary antibody 
for 60 minutes. After washing with 
phosphate-buffered saline (PBS), the 
sections were incubated with a bioti-
nylated anti-mouse secondary antibody 
for 15 minutes, using a streptavidin-la-
belled peroxidose complex kit (ABC, 
Signet). The colour reaction was devel-

oped using diaminobenzidine (DAB) 
as a chromogen, and lastly the slides 
were stained with haematoxylin. Nega-
tive controls were performed using ir-
relevant isotype-matched monoclonal 
antibodies. For the positive control, 
we used tumour cells from one woman 
with breast cancer. The endogenous 
peroxidase was blocked with 1% hy-
drogen peroxide. 

Microscopic analysis 
The expression of CD3, CD4, CD8, 
CD68, and DCR3 by each positive 
cell was randomly analysed and the 
total number of cells was estimated on 
the same sections counterstained with 
haematoxylin. Two regions, including 
the lining layer (LL) and the sublining 
layer (SL), were selected for evalua-
tion. At least 4 consecutive high-power 
fields in either the LL or SL were ob-
served and counted. The percentage 

Table I. Pathologic findings in different rheumatic diseases.
 
 RA AS OA  p-value
 (n=17) (n=17) (n=17) RA vs. OA AS vs. OA RA vs. AS 

Synovial lining cells (layer) 4.2 ± 1.7 4.0 ± 1.4 3.7 ± 1.1 0.586 0.586 0.973
Mononuclear cell infiltrationa  2.3 ± 0.6 1.9 ± 0.5 1.6 ± 0.5 0.001* 0.131 0.018*

Vascularity a 2.8 ± 0.6 2.7 ± 0.7 2.3 ± 0.7 0.062 0.193 0.586

a score from 0 to 4: 0=absent; 1=slight; 2=moderate; 3=large; 4=extreme. 
*Statistical analysis: data were analysed using SPSS 15.0. The Kruskal-Wallis tests were used, as ap-
propriate, to assess the statistical significance of differences between groups.

Fig. 1. The distri-
bution of positive 
CD3, CD4, CD8, 
and CD68 cells in 
synovial and sub-
synovial lining lay-
ers in patients with 
rheumatoid arthritis 
(RA), ankylosing 
spondylitis (AS) and 
osteoarthritis (OA). 
The synovial tis-
sues were obtained 
from knees of RA 
patients, hips of AS 
patients, and knees 
of OA patients.
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of positive cells relative to total cells 
was calculated for each sample, count-
ing at least 80 and up to 200 cells. The 
amount of positive cells relative to total 
cells was scored for each sample, from 
0 to 4 (0: 0%; 1: <25%; 2: 25–49%; 3: 
50–74%; 4: ≥75%) (6, 40).

Histologic evaluation by 
haematoxylin and eosin (HE) stain
Synovial specimens were fixed in 10% 
formalin and processed through par-
affin embedding and sectioning, and 
then they were stained with HE. Histo-
logic findings, including synovial lin-
ing cell hyperplasia, degree of mono-
nuclear cell infiltration, and degree of 
vascularity, was evaluated according 
to a semiquantitative scoring system 
(0–4 scores, where 0=absent, 1=slight 
increase, 2=moderate, 3=large, 4=ex-
treme) (8, 41). 

Statistical analysis
All the clinical and laboratory data were 
analysed using SPSS 15.0 for Windows 
(SPSS, Chicago, Illinois, USA). Group 
differences were analysed by Mann-
Whitney U-test. Correlations between 
variables were determined using the 
Spearman’s rank correlation test. A p-
value of <0.05 was regarded as being 
significant. 
   
Results
Clinical analysis
We enrolled 17 RA patients, 17 AS pa-
tients and 17 OA patients in this study. 
The mean age was 58 (58.4±17.7) years 
for RA, 43 (43.2±16.4) years for AS and 
66 (65.9±10.3) years for OA patients, 
and there was a significant difference 
among the 3 groups (p= 0.001). The 
gender ratio also disclosed differences, 
with males more predominant than fe-
males, particularly in AS. Treatment for 
AS was mainly non-steroid anti-inflam-
matory drugs (NSAID). Sulfasalazine 
was used only for AS patients with 
peripheral arthritis. Methotrexate and 
other disease-modifying antirheumatic 
drugs (DMARDs) and NSAIDs were 
used for RA patients. No biologic agent 
was administered to AS or RA patients. 
For the OA patients, we administered 
analgesics or NSAIDs. No patient re-
ceived an intra-articular injection of 

corticosteroid or hyaluronic acid before 
synovial samples were collected.

Light microscopic study
The results of light microscopic exami-
nation of the synovial biopsy specimens 
of these 3 rheumatic diseases showed 
that the synovial LL cell hyperplasia 
ranged from 1 to 13 layers and mean ± 
SD in RA was 4.2±1.7; in AS, 4.0±1.4; 
and in OA, 3.7±1.1 (Table I). There was 
no significant difference between the 
rheumatic diseases (all p>0.05). Simi-
lar to the LL cell hyperplasia, there was 
no significant difference in vascularity 
among the 3 different groups (2.8±0.6 
in RA, 2.7±0.7 in AS, 2.3±0.7 in OA, 
all p>0.05). However, the mononu-
clear cell infiltration in the SL of RA 
patients was comparatively higher than 
that of AS and OA patients (RA vs. AS, 
2.3±0.6 vs. 1.9±0.5, p=0.018; RA vs. 
OA, 2.3±0.6 vs. 1.6±0.5, p=0.001).

Immunohistochemical analysis
CD3+ lymphocytes, CD4+ T cells, 
CD8+ T cells, CD68+ monocytes/mac-
rophages in the synovial LL and SL 
were stained and analysed using im-
munohistochemistry (Figs. 1, 2). No 
T cells were found in the synovial LL 
of RA, AS or OA. There was no sig-
nificant difference for CD68 cells in 
the LL between RA, AS, and OA (all 
p>0.05) (Table II). The expression of 

DCR3 in the LL showed a result simi-
lar to CD68.
Compared with OA, a significant in-
creased mononuclear cell infiltration 
was observed in the SL of RA, includ-
ing CD3+ lymphocytes (2.11±0.29 vs. 
1.76±0.28, p=0.002), CD4+ T cells 
(1.74±0.32 vs. 1.29±0.20, p<0.001), 
CD8+ T cells (1.59±0.36 vs. 1.25±0.28, 
p=0.009), CD68+ monocytes/mac-
rophages (1.27±0.17 vs. 0.97±0.22, 
p<0.001) (Table II). In AS group, CD4+ 
T cells and CD68+ monocytes/macro-
phages in SL were more predominant 
than in OA (1.62±0.17 vs. 1.29±0.20, 
p<0.001; 1.22±0.22 vs. 0.97±0.22, 
p=0.002, respectively). The expres-
sion of DCR3 in the SL cells (Figs. 1, 
2) was also significantly increased in 
RA and AS, compared with OA (RA vs. 
OA, 1.83±0.21 vs. 1.39±0.31, p<0.001; 
AS vs. OA, 1.71±0.36 vs. 1.39±0.31, 
p=0.009). There was no significant dif-
ference for mononuclear cells and DCR3 
expression in SL between RA and AS.
Next, the differences of various mono-
nuclear cell infiltrations in different 
part of joints were analysed. In RA 
group, CD68+ macrophages infiltra-
tion in the specimens from knees was 
higher than from hip joints, both in LL 
(2.30±0.34 vs. 1.87±0.10, p=0.026) and 
SL (1.31±0.15 vs. 1.10±0.14, p=0.010). 
Similar results were not observed in 
OA and AS.

Fig. 2. The distribution of DCR3 positive cells in synovial and subsynovial lining layers in rheumatoid 
arthritis (RA), ankylosing spondylitis (AS) and osteoarthritis (OA). The synovial tissues were obtained 
from knees of RA, AS, and OA patients. We used tumour cells from one woman with breast cancer as a 
positive control. Negative controls were obtained from hip parts of 2 AS patients and performed using 
irrelevant isotype-matched monoclonal antibodies. 
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Correlation of SL DCR3 and LL DCR3 
Using Spearman’s correlation coeffi-
cient analysis, positive correlations were 
observed between SL DCR3 and LL 
DCR3 scores in RA and AS, but not in 
OA patients (r=0.525, p=0.037; r=0.540, 
p=0.025; r=0.143, p=0.585, respective-
ly). We analysed all 51 patients (RA, AS, 
and OA) and found SL DCR3 score was 
significantly associated with LL DCR3 
score (r=0.515, p<0.001) (Fig. 3).

Discussion
The findings of increased synovial 
mononuclear cells in RA or AS (vs. 
OA) in this study reconfirmed previous 

results (6, 42-44). Significant overex-
pression of DCR3 in RA and AS (vs. 
OA) was also demonstrated and may 
be associated with the increased in-
flammation. The importance of macro-
phage in RA has been well established; 
increased numbers of macrophages 
were noted in RA synovium, they can 
contribute proinflammatory cytokines, 
such as TNF-α and interleukin (IL)-1β, 
etc, and were correlated with disease 
activity (45, 46). Studies to investigate 
the role of macrophages in the patho-
genesis of AS were found to be limited. 
Smith et al. reported that deficient in-
terferon-gamma production was found 

in macrophages derived from AS (47). 
It has been reported that DCR3 can 
drive macrophages towards an M2 
phenotype, which has an anti-inflam-
matory property characterised by se-
creting the anti-inflammatory cytokine 
IL-10 and down-regulates the produc-
tion of proinflammatory cytokines 
(30). Vandooren et al. reported that 
spondylarthritis synovitis displayed 
strongly reduced synovial fluid levels 
of M1-derived mediators (48). Taking 
together, in RA and AS, elevated DCR3 
in synovial SL may drive macrophages 
to M2 phenotype and attenuate the in-
flammatory status. Indeed, DcR3 was 
suggested to be able to attenuate joint 
inflammation by neutralising TL1A, 
LIGHT, and FasL (21).
In this study, monocytes/macrophages 
infiltration and DCR3 expression were 
compared between LL cells and SL 
cells in RA, AS, and OA patients. Both 
were equally present in the LL of all ar-
thritis, but were more prominent in the 
SL of RA and AS, while compared with 
OA. Since LL had less cell population 
when compared to the SL, the signifi-
cant difference of monocytes/macro-
phages or DCR3 expression between 
inflammatory arthritis in SL may be 
different from in LL. 
RA is characterised by symmetrical 
pain and swelling of small joints, in-
cluding the proximal interphalangeal, 
metacarpal, and wrist joints of the 
hands and the metatarsal joints of the 
feet (4). Arthritis in large joints, includ-
ing shoulders, knees, and hips, was 
also observed in RA. In this study, the 
most frequent synovial tissues we ob-
tained in RA were knees, followed by 
hips and wrists. In contrast, the most 
frequent synovial tissues in AS were 
hips. In AS patients, peripheral arthritis 
mainly occurs in lower limbs with an 
asymmetrical pattern. Hip involvement 
in AS patients can lead to destruction 
and patients might receive total hip re-
placement surgery at a relatively young 
age (49). Interestingly, we found more 
CD68+ macrophages infiltration in the 
specimens from knees than hip joints in 
RA group, suggesting synovitis of knees 
in RA was more severe than hips.
This is the first study to use immuno-
histochemical staining to measure the 

Table II. The comparison of different cell populations and DCR3 expression in synovial 
cells among the patients with RA, AS and OA.
 
 RA AS OA  p-value
 (n=17) (n=17) (n=17) RA vs. OA AS vs. OA RA vs. AS 

Lining layer    
CD68 + a 2.16 ± 0.34 2.04 ± 0.24 1.94 ± 1.48 0.057 0.218 0.394
DCR3 + a 2.46 ± 0.32 2.42 ± 0.44 2.25 ± 0.40 0.179 0.231 0.958

Sublining layer    
CD3 + a 2.11 ± 0.29 1.98 ± 0.29 1.76 ± 0.28 0.002* 0.053 0.182
CD4 + a 1.74 ± 0.32 1.62 ± 0.17 1.29 ± 0.20 <0.001* <0.001* 0.150
CD8 + a 1.59 ± 0.36 1.37 ± 0.20 1.25 ± 0.28 0.009* 0.182 0.053
CD68 + a 1.27 ± 0.17 1.22 ± 0.22 0.97 ± 0.22 <0.001* 0.002* 0.357
DCR3 + a 1.83 ± 0.21 1.71 ± 0.36 1.39 ± 0.31 <0.001* 0.009* 0.345

a score from 0 to 4: 0=absent; 1=slight; 2=moderate; 3=large; 4=extreme. 
*Statistical analysis: data were analysed using SPSS 15.0. The Kruskal-Wallis tests were used, as       
appropriate, to assess the statistical significance of differences between groups.

Fig. 3. A positive correlation was shown between DCR3 expression score in synovial lining cells (LL) 
and sub-lining layer cells (SL). 
*Statistical analysis: the results were analysed using SPSS 15.0. The non-parametric correlations of 
Spearman’s tests were used as appropriate, to assess the statistical significance of differences between 
groups. Open circles, rheumatoid arthritis (RA); closed circles, ankylosing spondylitis (AS); plus sign, 
osteoarthritis (OA).
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DCR3 in synovial LL and SL cells. 
However, there are some limitations in 
this study. A limitation is that the mean 
age differed among the RA, AS, and 
OA patients. Another limitation is that 
we did not compare DCR3 levels in the 
serum or synovial fluid with in syno-
vial tissues. 
In the present study, the increased 
DCR3 expression on the synovial tis-
sues is associated with the increased 
inflammatory cell infiltration in RA and 
AS. Whether DCR3 can be used as a 
disease activity biomarker or a diagnos-
tic parameter in autoimmune or inflam-
matory joint diseases is unknown and 
requires further study.

Acknowledgement
This work was assisted in part by the 
Division of Experimental Surgery of 
the Department of Surgery, Taipei Vet-
erans General Hospital.  

References
  1. KHAN MA, VAN DER LINDEN SM: Ankylosing 

spondylitis and other spondyloarthropathies. 
Rheum Dis Clin North Am 1990; 16: 551-79. 

  2. CHOU CT: HLA-B27 and other related genes 
in ankylosing spondylitis in APLAR coun-
tries. APLAR J Rheumatol 2005; 8: 143-45. 

  3. GONZALEZ-ROCES S, ALVAREZ MV, GON-
ZALEZ S et al.: HLA-B27 polymorphism 
and worldwide susceptibility to ankylosing 
spondylitis. Tissue Antigens 1997; 49: 116-
23. 

  4. VAN DER HORST-BRUINSMA IE, LEMS WF, 
DIJKMANS BA: A systematic comparison of 
rheumatoid arthritis and ankylosing spond-
ylitis. Clin Exp Rheumatol 2009; 27: S43-9. 

  5. LORIES RJ, BAETEN DL: Differences in 
pathophysiology between rheumatoid ar-
thritis and ankylosing spondylitis. Clin Exp 
Rheumatol 2009; 27: S10-4. 

  6. CHOU CT, YANG JS, LEE MR: Apoptosis in 
rheumatoid arthritis-expression of Fas, Fas-
L, p53, and Bcl-2 in rheumatoid synovial tis-
sues. J Pathol 2001; 193: 110-6.

  7. FIRESTEIN GS, ECHEVERRI F, YEO M et al.: 
Somatic mutations in the p53 tumor suppres-
sor gene in rheumatoid arthritis synovium. 
Proc Natl Acad Sci USA 1997; 94: 10895-
900. 

  8. BAETEN D, KRUITHOF E, VAN DEN BOSCH F et 
al.: Immunomodulatory effects of anti-tumor 
necrosis factor alpha therapy on synovium in 
spondyloarthropathy. Arthritis Rheum 2001; 
44: 186-95.

  9. BRAUN J, BOLLOW M, NEURE L et al.: Use 
of immunohistologic and in-situ hybridiza-
tion techniques in the examination of sac-
roiliac joint biopsy specimens from patients 
with ankylosing spondylitis. Arthritis Rheum 
1995; 38: 499-505. 

10. VANDOOREN B, KRUITHOF E, YU DTY et al.: 
Involvement of matrix metalloproteinases 

and their inhibitors in peripheral synovitis 
and down-regulation by tumor necrosis fac-
tor alpha blockade in spondyloarthropathy. 
Arthritis Rheum 2004; 50: 2942-53. 

11. APPEL H, KUHNE M, SPIEKERMANN S et 
al.: Immunohistochemical analysis of hip 
arthritis in ankylosing spomdylitis. Arthritis 
Rheum 2006; 54: 1805-13. 

12. BENITO MJ, VEALE DJ, FITZGERALD O et al.: 
Synovial tissue inflammation in early and 
late osteoarthritis. Ann Rheum Dis 2005; 64: 
1263-7. 

13. FIRESTEIN GS, KATHERINE N, KARLFRIED 
R: Apoptosis in rheumatoid arthritis: p53 
overexpression in rheumatoid synovium. Am 
J Pathol 1996; 149: 2143-51.

14. ASAHARA H, HASUNAMA T, KOBATA F et al.: 
Expression of Fas antigen and Fas ligand in 
the rheumatoid synovial tissue. Clin Immu-
nol Immunopathol 1996; 81: 27-34. 

15. MATSUMOTO S, MULLER-LADNER ULF, GAY 
R et al.: Ultrastructural demonstration of ap-
optosis, Fas and Bcl-2 expression of rheuma-
toid synovial fibroblasts. J Rheumatol 1996; 
23: 1345-52.

16. FIRESTEIN GS, YEO M, ZVAIFLER NJ: Apop-
tosis in rheumatoid arthritis synovium. J Clin 
Invest 1995; 96: 1631-8. 

17. SALMON M, SCHEEL-TOLLNER D, HUIS-
SOONAP et al.: Inhibition of T cell apoptosis 
in the rheumatoid synovium. J Clin Invest 
1997; 99: 439-46.

18. WILEY SR, SCHOOLEY K, SMOLAK PJ et al.: 
Identification and characterization of a new 
member of the TNF family that induces ap-
optosis. Immunity 1995; 3: 673-82. 

19. THOMAS WD, HERSEY P: TNF-related apop-
tosis-inducing ligand (TRAIL) induces apop-
tosis in Fas ligand-resistant melanoma cells 
and mediates CD4 T cell killing of target 
cells. J Immunol 1998; 161: 2195-200. 

20. PITTI RM, MARSTERS SA, LAWRENCE DA et 
al.: Genomic amplification of a decoy recep-
tor for Fas ligand in lung and colon cancer. 
Nature 1998; 396: 699-703.

21. LIN WW, HSIEH SL: Decoy receptor 3: A  
pleiotropic immunomodulator and biomarker 
for inflammatory diseases, autoimmune dis-
eases and cancer. Biochem Pharmacol 2011; 
81: 838-47. 

22. ZHANG J, SALCEDO TW, WAN X et al.:    
Modulation of T-cell responses to  alloanti-
gens by TR6/ DcR3. J Clin Invest 2001; 107: 
1459-68.

23. BAI C, CONNOLLY B, METZKER ML et al.: 
Overexpresson of M68/ DcR3 in human 
gastrointestinal tract tumors independent of 
gene amplification and its location in a four-
gene cluster. Proc Natl Acad Sci 2000; 97: 
1230-5.

24. OHSHIMA K, HARAOKA S, SUGIHARA M et 
al.: Amplification and expression of a decoy 
receptor for fas ligand (DcR3) in virus (EBV 
or HTLV-1)-associated lymphomas. Cancer 
Lett 2000; 160: 89-97.

25. ZHANG J, SALCEDO TW, WAN X et al.:    
Modulation of T-cell responses to alloanti-
gens by TR6/DcR3. J Clin Invest 2001; 107: 
1459-68. 

26. YU KY, KWON B, NI J et al.: A newly identi-
fied member of tumor necrosis factor recep-
tor superfamily (TR6) suppresses LIGHT-

mediated apoptosis. J Biol Chem 1999; 274: 
13733-36. 

27. WU YY, CHANG YC, HSU TL et al.: Sensiti-
zation of cells to TRAIL-induced apoptosis 
by decoy receptor 3. J Biol Chem 2004; 279: 
44211-8. 

28. ROTH W, ISENMANN S, NAKAMURA M et al.: 
Soluble decoy receptor 3 is expressed by ma-
lignant gliomas and suppresses CD95 ligand-
induced apoptosis and chemotaxis. Cancer 
Res 2001; 61: 2759-65. 

29. HAN B, WU J: DcR3 protects islet beta cells 
from apoptosis through modulating Adcyap1 
and Bank1 expression. J Immunol 2009; 183: 
8157-66. 

30. CHANG YC, HSU TL, LIN HH et al.: Modula-
tion of macrophage differentiation and ac-
tivation by decoy receptor 3. J leukoc Biol 
2004; 75: 486-96. 

31. HSU TL, CHANG YC, CHEN SJ et al.: Modu-
lation of dendritic cell differentiation and 
maturation by decoy receptor 3. J Immunol 
2002; 168: 4846-53.

32. LEE CS, HU CY, TSAI HF et al.: Elevated se-
rum decoy receptor 3 with enhanced T cell 
activation in systemic lupus erythematosus. 
Clin Exp Immunol 2008; 151: 383-90. 

33. HAN B, MOORE PA, WU J et al.: Over-            
expression of human decoy receptor3 in 
mice results in a systemic lupus erythema-
tosus-like syndrome. Arthritis Rheum 2007; 
56: 3748-58. 

34. BAMIAS G, SIAKAVELLAS SI, STAMATE-
LOPOULOS KS et al.: Circulating levels of 
TNF-like cytokine 1A (TL1A) and its decoy 
receptor 3 (DcR3) in rheumatoid arthritis. 
Clin Immunol 2008; 129: 249-55.

35. HAYASHI S, MIURA Y, NISHIYAMA T et al.: 
Decoy receptor 3 expressed in rheumatoid 
synovial fibroblasts protects the cells against 
Fas-induced apoptosis. Arthritis Rheum 2007; 
56: 1067-75.

36. ARNETT FC, EDWORTHY SM, BLOCH DA et 
al.: The American Rheumatism Association 
1987 revised criteria for the classification of 
rheumatoid arthritis. Arthritis Rheum 1988; 
31: 315-24.

37. VAN DER LINDEN SM, VALKENBURG HA, 
CAST A: Evaluation of diagnostic criteria for 
ankylosing spondylitis: a proposal for modi-
fication of the New York criteria. Arthritis 
Rheum 1984; 27: 361-8. 

38. LAWRENCE JS, BREMNER JM, BIER F:        
Osteoarthrosis. Prevalence in the population 
and relationship between symptoms and x-
ray change. Ann Rheum Dis 1966; 25: 1-24. 

39. TAK PP, VAN DER LUBBE PA, CAULI A et al.: 
Reduction of synovial inflammation after 
anti-CD4 monoclonal antibody treatment in 
early rheumatoid arthritis. Arthritis Rheum 
1995; 38: 1457-65. 

40. IKEDA M, HOSODA Y, HIROSE S et al.:          
Expression of vascular endothelial growth 
factor isoforms and their receptor Flt-1, 
KDR, and neuropilin-1 in synovial tissues 
of rheumatoid arthritis. J Pathol 2000; 191: 
426-33. 

41. JACOBS TW, GOWN AM, YAZIJI H et al.: 
HER-2/neu protein expression in breast 
cancer evaluated by immunohistochemistry. 
A study of interlaboratory agreement. Am J 
Clin Pathol 2000; 113: 251-8.



177

Overexpression of DCR3 in synovial tissue of RA and AS / M.-H. Chen et al.

42. KRAAN MC, HARINGMAN JJ, POST WJ et al.: 
Immunohistological analysis of synovial tis-
sue for differential diagnosis in early arthri-
tis. Rheumatol 1999; 38: 1074-80.

43. BAETEN D, DEMETTER P, CUVELIER C et al.: 
Comparative study of the synovial histology 
in rheumatoid arthritis, spondyloarthropathy, 
and osteoarthritis: influence of disease dura-
tion and activity. Ann Rheum Dis 2000; 59: 
945-53. 

44. CHEN WS, CHEN CH, LIN KC et al.: Immu-
nohistological features of hip synovitis in 
ankylosing spondylitis with advanced hip 

involvement. Scand J Rheumatol 2009; 38: 
154-5. 

45. INMAN RD, EL-GABALAWY HS: The immu-
nology of ankylosing spondylitis and rheu-
matoid arthritis: a tale of similarities and dis-
similarities. Clin Exp Rheumatol 2009; 27: 
S26-32. 

46. APPEL H, LODDENKEMPER C, MIOSSEC P: 
Rheumatoid arthritis and ankylosing spond-
ylitis - pathology of acute inflammation. Clin 
Exp Rheumatol 2009; 27: S15-9.

47. SMITH JA, BARNES MD, HONG D et al.: Gene 
expression analysis of macrophages derived 

from ankylosing spondylitis patients reveals 
interferon-gamma dysregulation. Arthritis 
Rheum 2008; 58: 1640-9. 

48. VANDOOREN B, NOORDENBOS T, AMBARUS 
C et al.: Absence of a classically activated 
macrophage cytokine signature in peripheral 
spondylarthritis, including psoriatic arthritis. 
Arthritis Rheum 2009; 60: 966-75.

49. BURGOS-VARGAS R, VAZQUEZ-MELLADO 
J: The early clinical recognition of juvenile-
onset ankylosing spondylitis and its differ-
entiation from juvenile rheumatoid arthritis. 
Arthritis Rheum 1995; 38: 835-44.


