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Summary

Decoy receptor 3 (DcR3/TR6) is a decoy receptor for the Fas ligand (FasL) and
can inhibit FasL-induced apoptosis. It has been reported recently that DcR3
can induce T cell activation via co-stimulation of T cells, suggesting that DcR3
may be involved in the pathophysiology of autoimmune diseases. This study
aims to analyse the serum DcR3 in patients with systemic lupus erythemato-
sus (SLE) and to investigate the role of DcR3 in the pathogenesis of SLE.
Significantly elevated serum DcR3 was observed in SLE patients, and the
mean serum DcR3 level was significantly higher for those with active disease
[SLE disease activity index (SLEDAI) � 10] compared with that in patients
with inactive disease (SLEDAI < 10). In addition to reducing activation-
induced cell death in activated T cells via neutralization of the FasL, soluble
DcR3–Fc enhanced T cell proliferation and increased interleukin-2 and
interferon-g production via co-stimulation of T cells. Moreover, enhanced T
cell reactivity to DcR3-induced co-stimulation was demonstrated in lympho-
cytes from patients with SLE, suggesting the elevated serum DcR3 may asso-
ciate with enhanced T cell activation in vivo. These findings are the first to
demonstrate that serum DcR3 concentrations are increased in SLE patients,
and this may imply a possible role of DcR3 in the pathogenesis of SLE via
enhanced T cell hyperreactivity and reduced apoptosis in activated
T cells.
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Introduction

Systemic lupus erythematosus (SLE) is an autoimmune
disease with a broad spectrum of clinical and immunological
abnormalities. Numerous aberrations of the immune system
have been reported in SLE and have been implicated in the
pathogenesis of this autoimmune disease. Included in these
abnormalities are defects in apoptosis leading to the accu-
mulation of autoreactive T and B cells [1] and changes in the
maturation and function of antigen-presenting cells such as
dendritic cells, leading to an enhanced presentation of
autoantigens to CD4 T cells and to expansion of autoreactive
T cells [2]. In addition, enhanced reactivity of T cells to
autoantigens and aberrant signal transduction have been
implicated in the pathogenesis of SLE [3–5].

Decoy receptor 3 (DcR3/TR6) is a decoy receptor for the
Fas ligand (FasL) and can inhibit FasL-induced apoptosis.
DcR3 lacks an apparent transmembrane domain in its
sequence, and is a secreted protein belonging to the tumour
necrosis factor receptor family [6,7]. DcR3 has three known

ligands: FasL, LIGHT and TL1A [6–9]. DcR3 can bind to the
FasL and inhibit the interaction between Fas and FasL. Con-
sequently, FasL-induced apoptosis of lymphocytes and of
several tumour cell lines can be repressed by DcR3 [7]. DcR3
can also bind to LIGHT to protect against LIGHT-mediated
apoptosis [6,8,10]. The third known ligand of DcR3 is TL1A,
which is a new member of the tumour necrosis factor family,
and is expressed predominantly on endothelial cells [9].
DcR3 can repress TL1A-augmented lymphokine secretion
and the graft-versus-host response [9]. In addition to these
ligands, it has been reported recently that DcR3 may bind to
and cross-link proteoglycans to induce monocyte adhesion
[11].

The DcR3 gene has been reported to be amplified and
overexpressed in primary lung and colon tumours and other
cancers [7,12–15]. Because DcR3 seems to function in a
manner similar to soluble Fas (sFas) in terms of binding FasL
and competing with membrane Fas, overproduction of
DcR3 may be involved in the acquisition of autoimmunity.
There are several indications that DcR3 may be involved in
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the pathophysiology of autoimmune diseases. It has been
reported that sFas levels are elevated in SLE [16,17], rheu-
matoid arthritis (RA) and other rheumatic diseases [18]. It
has been demonstrated that the DcR3 gene is overexpressed
significantly in peripheral blood mononuclear cells
(PBMCs) of SLE patients [19]. These findings may indicate
the biological role of DcR3 molecules in autoimmunity.
Overexpression and overproduction of DcR3 may overcome
Fas/FasL binding; therefore, the self-recognizing clones may
be protected from activation-induced cell death (AICD)
mediated by the Fas/FasL interaction.

It has been reported recently that DcR3 can induce T cell
activation via co-stimulation of mouse and human T cells
[20,21]. These findings suggest the possibility that DcR3-
induced co-stimulation may trigger activation of human T
cells in vivo. Enhanced reactivity of T cells to autoantigens
via co-stimulation might be implicated in the pathogenesis
of SLE [4,5]. In the present study, we analysed serum DcR3
levels in patients with SLE and compared them with levels in
healthy controls. The correlation between the serum levels of
the DcR3 and disease activity was analysed.

Materials and methods

Subjects

One hundred and fifty-two patients with SLE were studied
(15 men and 137 women, with a mean age of
39·2 � 11·4 years and a mean SLE disease activity index
(SLEDAI) [22] of 8·2 � 5·98. All met the criteria of the
American College of Rheumatologists for a diagnosis of SLE.
Forty healthy age- and gender-matched volunteers and 122
RA patients were used as controls. All studies which included
samples involving humans were carried out in accordance
with institutional guidelines.

Enzyme-linked immunosorbent assay for DcR3 protein

Serum levels of DcR3 were determined by a validated sand-
wich solid-phase enzyme linked immunosorbent assay
(ELISA) (Anawrahta Biotech, Taipei, Taiwan). A monoclonal
antibody (mAb) specific for DcR3 was coated onto the wells
of microtitre strips. An aliquot of 100 ml of undiluted serum
was pipetted in duplicate into the wells. During the first
incubation, the DcR3 antigen and a biotinylated mAb
specific for DcR3 were incubated simultaneously for 3 h at
room temperature. After washing, the enzyme streptavidin–
polyhorseradish peroxidase was added. After incubation for
30 min and washing to remove any unbound enzyme, a sub-
strate solution was added to the bound enzyme to induce a
coloured reaction product. The optical density (OD), reflect-
ing the intensity of the product, was measured in a spectro-
photometer with 450 nm as the primary wavelength and
650 nm as the reference wavelength. Linear calibration
curves were made using standard DcR3 provided with the

kit. The amount of DcR3 in the serum samples was deter-
mined by extrapolating OD values to DcR3 concentrations
using the calibration curves.

Lymphocyte isolation

Heparinized peripheral venous blood was obtained from
study subjects. T cells were separated by Rosette separation
(Stem Cell Technologies, Vancouver, Canada). Briefly, non-T
cells are selected by a tetrameric antibody mixture against
CD14, CD16, CD19, CD56 and glyA and bound to
erythrocytes. These complexes are separated from the T cells
by a Ficoll-Paque gradient. The purity of human T cells
isolated was >97% as tested with an anti-CD3 mAb by flow
cytometry.

Expression and purification of the recombinant DcR3
fusion protein, DcR3–Fc and Fas–Fc

The recombinant sFas–Fc fusion protein was prepared as
described previously [23]. To generate soluble recombinant
DcR3–Fc fusion molecules, the coding sequence for the
extracellular domain of human DcR3 was isolated by
reverse-transcription-polymerase chain reaction, and the
amplified product was ligated in-frame into the BamHI-cut
pUC19–immunoglobulin G1 (IgG1)–Fc vector containing
the human IgG1 Fc coding sequence. The fusion gene was
then subcloned into the pBacPAK9 vector (Clontech, Palo
Alto, CA, USA). The DcR3–Fc fusion protein was recovered
from the filtered supernatants of the recombinant virus-
infected Sf21 cells using protein G-Sepharose beads (Phar-
macia, Piscataway, NJ, USA). The bound DR4–Fc protein
was eluted with glycine buffer (pH 3) and dialysed into
phosphate-buffered saline (PBS).

Apoptosis assay for activation-induced T cell death

Human T cells were isolated from peripheral blood using
Rosette separation (Stem Cell Technologies), stimulated with
phytohaemagglutinin (PHA; 1 mg/ml) for 24 h and cultures
in the presence of interleukin (IL)-2 (1 ng/ml) for 5 days at
37°C. The activated T cells were then restimulated with
plate-bound anti-CD3 in the absence or presence of soluble
DcR3–Fc (0–40 mg/ml) or control human IgG1 (20 mg/ml)
on day 7. Apoptosis was determined by annexin V–
fluorescein isothiocyanate/phycoerythrin (FITC/PI) double
staining 16 h later. For assaying T cell apoptosis, cells were
washed once with cold PBS and then resuspended in 1¥
binding buffer (140 mM NaCl and 2·5 mM CaCl2 in 10 mM
HEPES/NaOH; pH 7·4) at a concentration of 106 cells/ml.
For each sample, 3 ¥ 105 cells/100 ml was transferred to a
1·5-ml tube containing 5 ml annexin V–FITC and 10 ml PI
and incubated at room temperature for 10 min in the dark,
followed by the addition of another 200 ml of 1¥ binding
buffer. Samples were analysed by flow cytometry.

C.-S. Lee et al.

384 © 2008 British Society for Immunology, Clinical and Experimental Immunology, 151: 383–390



T cell proliferation assay

For assaying T cell proliferation with DcR3-induced
co-stimulation, isolated human T cells (2 ¥ 105 cells/well)
were cultured for 72 h in 96-well flat-bottomed microtitre
plates precoated with anti-human CD3 (500 ng/ml) and
soluble DcR3–Fc recombinant protein (10 mg/ml) or human
IgG1 (10 mg/ml; Sigma, St Louis, MO, USA). The cultures
were pulsed with [3H]-thymidine (1·0 mCi/well) 18 h before
harvesting the cells, and [3H]-thymidine incorporation was
measured in a Microbeta Plus liquid scintillation counter
(Wallac, Gaithersburg, MD, USA). Cultures were run in trip-
licate, and each experiment was repeated at least three times.

Cytokine assays

To trigger the activation of T cells via DcR3, purified human
T cells (2 ¥ 105 cells/well) were stimulated with a suboptimal
concentration of plate-bound anti-CD3 mAb (500 ng/ml)
and soluble DcR3–Fc fusion protein (10 mg/ml) or human
IgG1 (10 mg/ml; Sigma) in 96-well flat-bottomed microtitre
plates. Cell culture supernatants were collected and levels of
IL-2, interferon (IFN)-g and IL-4 were quantified using com-
mercial ELISA kits (Endogen, Woburn, MA, USA), according
to the vendor’s instructions.

Statistical analysis

Data are presented as the mean � standard error of the
mean. Differences in mean DcR3 levels between the patient
groups and normal controls were determined by analysis of
variance and by c2 test. The results of T cell proliferation and
cytokine production were evaluated by Student’s t-test. A

P-value of <0·05 was regarded as statistically significant.
Experiments were performed more than three times with T
cells derived from a single donor, and a representative data
set is presented. A similar result in each figure was obtained
with T cells purified from a second independent donor. The
results of the T cell proliferation response to DcR3 in T cells
from SLE patients and normal healthy subjects were evalu-
ated using the non-parametric Mann–Whitney rank sum
test. A P-value of <0·05 was regarded as statistically
significant.

Results

Elevated serum DcR3 levels in SLE patients

Samples from 152 SLE patients, 40 normal health controls
and 122 RA patients were collected, and the serum DcR3
levels were detected using a DcR3 ELISA kit. Characteristics
of the SLE patients are given in Table 1. As shown in Fig. 1,
significantly elevated serum DcR3 was observed in SLE
patients when compared with normal healthy controls
(P < 0·001) and RA patients (P < 0·005). The average DcR3
concentration in all SLE patients tested was 20·81 ng/ml, in
normal donors tested was 5·66 ng/ml and in RA patients
tested was 7·92 ng/ml. Serum DcR3 concentrations in
patients with RA did not differ from those in healthy volun-
teers (P > 0·05).

To evaluate whether DcR3 levels are influenced by gender,
age or both, we determined the correlation between the
DcR3 level and age, and we analysed the difference in DcR3
values between men and women in the control group. There
was no difference in mean DcR3 concentrations between
men (n = 15; 21·8 � 5·1 ng/ml) and women (n = 137;

Table 1. Characteristics of patients with systemic lupus erythematosus (SLE).

Variable

Active (n = 77)

(SLEDAI � 10)

Inactive (n = 75)

(SLEDAI < 10) P-value

Age (years) 38·6 � 12·8 40·2 � 11·6 0·06

Male/female 8/69 7/68 0·36

Duration of lupus (months) 48 � 16 42 � 18 0·12

Anti-dsDNA (IU/ml) 162·6 � 57·6 45·35 � 4·6 0·015*

SLEDAI 13·42 � 1·65 4·86 � 0·87 0·0001*

C3 (mg/dl) 56·4 � 12·2 67·6 � 10·6 0·032*

C4 (mgd/l) 9·2 � 4·6 12·4 � 5·8 0·075

Creatinine (mg/dl) 1·38 � 0·58 1·24 � 0·46 0·24

Leucocytes (¥109/l) 3·82 � 0·50 4·76 � 0·50 0·15

DcR3 (ng/ml) 27·8 � 6·2 13·1 � 4·7 0·0035*

Renal disease 36 8

Central nervous system disease 8 –

Serositis 14 3

Haematological disease 27 6

Polyarthritis 46 18

Skin involvement 24 12

Fever 25 2

*Significant P-values. Values are mean � standard error of the mean or n, unless stated. SLEDAI: SLE disease activity index.

Elevated serum DcR3 in SLE

385© 2008 British Society for Immunology, Clinical and Experimental Immunology, 151: 383–390



20·2 � 4·7 ng/ml) (P = 0·24). There was also no correlation
between age and DcR3 concentration. To evaluate further
whether serum DcR3 levels correlated with SLE disease
activity, we analysed the serum DcR3 levels of patients with
active (SLEDAI � 10) and inactive diseases (SLEDAI < 10).
The results are shown in Fig. 1; the mean serum DcR3 con-
centration was 13·1 � 4·7 ng/ml for patients with inactive
disease and 27·8 � 6·2 ng/ml for those with active disease.
The difference between the two groups was significant

(P < 0·005). We examined the association between the level
of serum DcR3 and specific clinical features. No clear rela-
tionship was found between serum DcR3 concentrations
and renal, cerebral, cutaneous, serosal, haematological or
musculoskeletal disease manifestations. Furthermore, there
was no significant correlation between the DcR3 concentra-
tion and serological indices of disease activity such as anti-
dsDNA and complement levels and no correlation with C
reactive protein levels.

Inhibition of AICD by soluble DcR3 in human T cells

Because DcR3 is the decoy receptor for FasL and is able to
inhibit FasL-mediated cell death, this raises the possibility
that high levels of serum DcR3 in SLE patients may attenuate
the AICD in activated T cells. Therefore, we investigated the
role of DcR3 in inhibition of AICD in human T cells. We set
up an in vitro system to assay AICD in primary human T cells
[24]. We purified human T cells from PBMCs, followed by
stimulation with PHA for 24 h and culturing in the presence
of IL-2 for 5 days (long-term activated T cells). The long-
term activated T cells were then restimulated with plate-
bound anti-CD3 mAb on day 7 to induce AICD in the
presence or absence of soluble DcR3–Fc or Fas–Fc. The
results in Fig. 2 demonstrate that soluble DcR3–Fc protein
reduced apoptosis significantly in activated T cells induced
by restimulation with the anti-CD3 mAb when compared
with the control human IgG1. These results indicate that
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DcR3 can inhibit AICD in activated T cells. This effect is
similar to that of sFas–Fc, suggesting the DcR3-induced
inhibition of AICD is via binding to FasL to inhibit Fas-
mediated apoptosis in activated T cells (Fig. 2).

Soluble DcR3 protein induces co-stimulation of human
T cells

In addition to inhibition of apoptosis via binding to FasL, the
elevated serum DcR3 proteins may have been associated with
T cell hyperreactivity in SLE. In order to demonstrate
whether soluble DcR3 can induce T cell activation, we puri-
fied T cells from human PBMCs and stimulated them with
recombinant DcR3–Fc proteins in vitro. The results in Fig. 3
demonstrate that soluble DcR3–Fc enhanced human T cell
proliferation in conjunction with a suboptimal concentra-
tion of anti-CD3 in a dose-dependent manner. Human IgG1
was used as the control. In contrast to DcR3–Fc, the sFas–Fc
was not able to induce T cell proliferation, indicating that
this effect is not due to binding to FasL on T cell surface. To
confirm this observation further, we evaluated the T cell
proliferation response to DcR3–Fc and anti-CD3 in 20
healthy subjects. Similar results were obtained for each

group. These results indicate that soluble DcR3–Fc induces
co-stimulation of human T cells.

We then investigated cytokine production when T cells are
activated by DcR3. To investigate the cytokine production
profiles of T cells activated by DcR3, we measured IL-2 as
well as IFN-g and IL-4 in supernatants released from cultures
co-stimulated by anti-CD3 and DcR3–Fc. The results in
Fig. 4 demonstrate that the production of IL-2 by T cells was
enhanced significantly in the presence of soluble DcR3 com-
pared with human IgG1. Similarly, the secretion of IFN-g by
T cells was also enhanced significantly when triggered by
soluble DcR3 (Fig. 4). In contrast to the Th2 cytokine, IL-4,
secretion was not elevated significantly compared with
IFN-g when stimulated by soluble DcR3.

Enhanced T cell reactivity to DcR3-induced
co-stimulation in lymphocytes from patients with SLE

Our results demonstrate that DcR3 induces activation of
human T cells in conjunction with signals from the T cell
receptor (TCR). This raises the possibility that DcR3-
induced co-stimulation of T cells may occur in human T cell
activation, leading to enhanced reactivity to low-affinity self-
antigens in autoreactive T cells. Therefore, we investigated
DcR3-induced co-stimulation of T cells in patients with SLE.
The results in Fig. 5 demonstrate that a significantly higher
proliferation response to DcR3-induced co-stimulation was
observed in T cells isolated from patients with SLE compared
with normal healthy subjects control (P < 0·05). We exam-
ined further the correlation between the DcR3-induced
co-stimulation of T cells and the SLEDAI score to clarify
whether the DcR3-induced co-stimulation of T cells reflects
disease activity in SLE. There was no strong correlation
between these values (data not shown). Taken together, our
results indicate that T cells from SLE patients showed
enhanced reactivity to DcR3-induced co-stimulation com-
pared with normal controls.

Discussion

Our study demonstrates significantly elevated serum DcR3
levels in patients with SLE. The mean serum DcR3 level was
significantly higher for those with active disease compared
with that in patients with inactive disease. Overexpression of
the DcR3 gene has been shown previously in PBMCs derived
from silicosis and SLE patients [19], but this is the first report
to demonstrate that serum DcR3 protein is elevated in SLE
patients, and is associated with disease activity. It is unclear,
however, whether overproduction of the DcR3 protein
in SLE merely accompanies the alteration in Fas-related
molecules or precedes the clinical onset of autoimmune
abnormalities. Overproduction of DcR3 has been reported
in ulcerative colitis lamina propria T cells [25] and acutely
inflamed intestinal epithelia [26]. These findings may indi-
cate the biological role of DcR3 molecules in autoimmunity.
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However, as the increase in DcR3 only reflects T cell activa-
tion so far, there is no evidence to suggest that this phenom-
enon precedes the onset of autoimmune disease. Our study
demonstrates that serum DcR3 concentrations are increased
in SLE patients. This seems to be disease-specific and could
indicate a role of DcR3 in SLE pathophysiology.

In this study, we have also shown that triggering of T cells
by soluble DcR3–Fc, in conjunction with a suboptimal level
of the anti-CD3 mAb, induced a maximal proliferation
response and enhanced IL-2 as well as IFN-g secretion in
activated human T cells. Moreover, T cells from SLE patients
demonstrated a significantly enhanced proliferation
response to DcR3 compared with controls. The results indi-
cated that in addition to its role in inhibiting apoptosis by
binding to FasL and LIGHT, DcR3 itself can enhance T cell
proliferation after TCR engagement. The phenomenon of
DcR3 co-stimluation via engagement with LIGHT has been
reported in murine and human T cells [20,21]; however,
other mechanisms for potential co-stimulation have been
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subjects). The mean SI obtained with these donors is indicated

(P < 0·05 by the Mann–Whitney rank sum test).
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shown recently: DcR3 can bind to and cross-link proteogly-
cans on the cell surface [11]. Moreover, it was shown that Fas
can bind to FasL to induce co-stimulation of T cells [27,28].
Our results demonstrate that sFas–Fc was not able to induce
T cell proliferation, indicating that this effect is not due to
binding to FasL on the T cell surface (Fig. 3). It is likely that
the DcR3–Fc-induced T cell proliferation is via interaction
between DcR3 and LIGHT. Previous studies have demon-
strated that DcR3 could bind to LIGHT and to transduce
co-stimulatory signals into both human and murine
T cells [20,21]. It is still not clear whether there is any
particular T cell subset responding to DcR3-induced co-
stimulation, and what effector function will develop after
triggering by DcR3.

Our results also demonstrate that DcR3–Fc can reduce
AICD in activated human T cells and this effect is similar to
that of sFas–Fc, indicating that the DcR3-induced suppres-
sion of AICD in T cells is due probably to binding to FasL to
inhibit FasL-mediated apoptosis in activated T cells (Fig. 2).
All these observations suggest that DcR3 may promote sur-
vival of activated T cells in SLE. Recent studies have demon-
strated that co-stimulatory signals might promote survival of
T cells after activation by antagonizing Fas-mediated apop-
tosis, leading to expansion of antigen-specific T cell clones.
Our results demonstrate that in addition to reduced apopto-
sis in activated T cells, soluble DcR3–Fc could also induce T
cell activation via enhanced reactivity to antigens. This raises
the possibility that enhanced T cell reactivity to autoantigens
via DcR3 might be implicated in the pathogenesis of SLE.
Patients with SLE display major alterations in T cell reactivity
to autoantigens, and the systemic autoimmune response that
characterizes SLE might be explained in part by enhanced T
cell activation. The enhanced activation of T cells to low-
affinity autoantigens via DcR3 co-stimulation could thus
initiate the expansion of autoreactive T cells, followed by
differentiation of autoantibody-producing B cells. Therefore,
DcR3-induced T cell co-stimulation might activate human T
cells in vivo and enhance reactivity to autoantigens in SLE.
The results of increased T cell proliferation after DcR3
engagement may also reflect the hyperreactivity of SLE T cells
rather than a specific role for DcR3. These results indicate
that there is increased activation of SLE T cells compared
with that in normal controls after TCR stimulation.

In conclusion, in this study we have shown elevated serum
DcR3 levels in patients with SLE. Levels in patients with active
disease were higher than those in patients with inactive
disease. Elevated serum DcR3 levels in SLE patients imply a
possible role of DcR3 in the pathogenesis of SLE via enhanced
hyperreactivity of T cells; meanwhile, it could promote the
survival of activated T cells via inhibition of apoptosis.
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