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Background: We have previously reported that anti-death receptor 5 (DR5) monoclonal 

antibody (mAb) is therapeutically effective in the treatment of rheumatoid arthritis (RA) in a 

collagen-induced arthritis rat model. However, the molecular mechanism and the effect of anti-

DR5 mAb on proapoptotic genes and cytokine secretion in the human fibroblast-like synovial 

cells (FLS) requires further clarification. This study may provide new evidence for the applica-

tion of anti-DR5 mAb as a treatment for RA.

Methods: Human FLS were isolated from patients with RA and were treated with anti-DR5 mAb. 

An MTT assay and flow cytometry were used to detect the induction of apoptosis in vitro. 

Cytokine secretion by the FLS was detected using the enzyme-linked immunosorbent assay. 

The mRNA expression was assessed by reverse transcription polymerase chain reaction, and 

the protein expression was analyzed by Western blot. The apoptotic pathway was investigated 

further using a caspase inhibition assay.

Results: Anti-DR5 mAb-induced apoptosis in human RA FLS in vitro. The protein expressions 

of caspase-8, -3, and -9 were decreased in human anti-DR5 mAb-treated FLS in a dose-dependent 

manner through exposure to a caspase inhibitor, indicating that anti-DR5 mAb induction of 

apoptosis is through the caspase pathway. Decreased levels of tumor necrosis factor-α (TNF-α) 

and interferon-γ (IFN-γ) were detected after treatment with anti-DR5 mAb in vitro.

Conclusion: Anti-DR5 mAb may induce apoptosis in human FLS through the caspase pathway 

and through decreased secretions of TNF-α and IFN-γ.

Keywords: death receptor 5, rheumatoid arthritis, apoptosis

Introduction
Rheumatoid arthritis (RA) is an autoimmune disease that results in an increase of 

inflammatory cytokines in the synovial fluid, with synovial thickening and bone damage 

that can eventually lead to joint deformity. The main pathologic characteristics of RA 

are related to the abnormal inflammatory cytokine secretion in the synovial tissue and 

an abnormal proliferation of synovial cells in the joint.1 Few cells in the joint normally 

display the morphologic features of apoptosis as assessed by electron microscopy.2

The proinflammatory cytokines tumor necrosis factor-α (TNF-α) and IL-1 play 

a crucial role in the pathogenesis of arthritis by driving the enhanced production of 

cytokines, chemokines, and degradative enzymes.3 Increased numbers of proinflam-

matory Th1/Th0 cells have been reported in the synovial membrane of RA patients, 

triggering pannus formation.4

Similar to Fas, death receptor 5 (DR5) is a death receptor that binds to a recently 

identified cytokine, the TNF-related apoptosis-inducing ligand (TRAIL). The anti-DR5 

monoclonal antibody (mAb) has been reported to induce cell apoptosis in various types 
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of cancer cells.5,6 Wang et al7 reported that the mAb against 

DR5 A6 causes a reduction in the viability of Jurkat cells in 

both a time- and dose-dependent manner, and this was attrib-

uted to the activation of an apoptotic pathway. We previously 

reported that anti-DR5 mAb ameliorated adjuvant arthritis in 

rats by inducing apoptosis in the synovial cells,8 because highly 

proliferative synovial cells play a crucial role in bone erosion 

and cartilage destruction in RA. Although DR5 can induce 

apoptosis in fibroblast-like synovial cells (FLS), the effects 

of anti-DR5 mAb on the secretion of inflammatory cytokines 

has not yet been reported. Therefore, FLS were obtained from 

human RA patients, and apoptosis was induced by applying 

anti-DR5 mAb with a caspase inhibitor. We then examined 

whether caspases 3, 8, and 9 were activated in FLS taken 

from human RA patients and the effects of a caspase-specific 

inhibitor, ie, the broad-spectrum caspase inhibitor Z-VAD-

FMK (Bi Yuntian, Jiangsu, People’s Republic of China), on 

the recovery of the loss of viability caused by treatment with 

the anti-DR5 mAb. In addition, the effect of the anti-DR5 

treatment on cytokine secretion by FLS was assessed.

Materials and methods
Tissues and primary synovial cells
The synovial tissues and primary tissues were taken from 

RA patients in Xiamen Zhongshan Hospital (Xiamen, 

People’s Republic of China) who needed joint replacements 

between September 2011 and December 2012. All samples 

were obtained with patient consent and with the approval of 

the Committee on Medical Ethics of Zhongshan Hospital, 

Xiamen University (Xiamen, People’s Republic of China). 

After removing adipose tissue, the synovial tissues were cut 

into small pieces and then washed three times with 200 mg/L 

D-Hanks (without Ca2+ or Mg2+) and with 200 kU/L penicil-

lin and streptomycin added. Next, 2 mL of DMEM (Thermo 

Fisher Scientific, Waltham, MA, USA) without fetal bovine 

serum and 2 mL 0.2% type II collagenase (Thermo Fisher 

Scientific) were added to the tissue pieces (each piece was 

less than 1 g, with a total of approximately ten pieces). 

These were then digested for 4 hours at 37°C, 5% CO
2
. The 

nonadherent cells (the adherent cells were synovial tissue 

macrophage-like cells) were digested with 0.25% trypsin 

for 30 minutes at 37°C, 5% CO
2
. The mixture was filtrated 

through a 200-mesh nylon net to remove the connective tis-

sue, and the synovial cells were separated by centrifugation 

for 10 minutes at 2,000 rpm. These subcultured cells were 

then cultured in DMEM at 37°C in an atmosphere of 5% CO
2
 

in an incubator. The entire medium was supplemented with 

10% heat-inactivated fetal calf serum (Luoshen, Shanghai, 

People’s Republic of China) and 100 U/mL penicillin and 

streptomycin. The cells were digested by 0.05% trypsin with 

0.02% EDTA and subcultured.

Preparation of peripheral blood 
mononuclear cells
Citrate-anticoagulated peripheral blood was obtained 

from all subjects. After Ficoll-Paque Plus (GE Healthcare 

Bio-Sciences AB, Uppsala, Sweden) density gradient 

centrifugation, interface mononuclear cells were collected and 

washed three times with phosphate-buffered saline (PBS).

Immunofluorescence
After three periods of generation, the synovial cells covered 

approximately 60% of the slide. Human peripheral blood 

mononuclear cells (PBMCs) were taken as the positive con-

trol group because their CD14 expression is very high. The 

cells were then fixed with a 4% paraformaldehyde solution 

for 15 minutes, and then they were perforated by 0.2% Triton 

X-100 for 10 minutes at room temperature. The cells were 

incubated with anti-vimentin antibody (1:100; Epitomics, 

Inc., Burlingame, CA, USA) at room temperature for 30 min-

utes. The cells were observed on a fluorescence microscope 

(Olympus IX71) at a magnification of 20×.

Generation of anti-DR5 mAb
The DR5 gene was constructed by overlapping polymerase 

chain reaction (PCR) and was then cloned into pET-22b(þ), 

which contained a six-histidine tag. The DR5 used in this 

study was purified through a nickel ion column (Novagen, 

Billerica, MA, USA). All the experiments were performed 

using 6- to 8-week-old female BALB/c mice purchased from 

the Model Animal Research Center of Xiamen University 

Medical College. All the animals were housed under specific 

pathogen-free conditions with constant access to water and 

chow. All experimental procedures were carried out fol-

lowing approval of the Animal Care and Using Committee 

of Xiamen University. BALB/c mice were immunized with 

sDR5. The mice were boosted three times and the spleno-

cytes were fused with SP2/0-Ag 14 in the presence of 50% 

polyethylene glycol in complete serum-free DMEM, fol-

lowed by culturing in DMEM/hypoxanthine, aminopterin 

and thymidine and DMEM/hypoxanthine and thymidine 

(Sigma-Aldrich Co., St Louis, MO, USA) selective media. 

Using ELISA, the supernatants from positive wells were 

tested for the presence of antibodies that bind sDR5. 

Hybridomas that produced antibodies that can bind sDR5 

underwent three rounds of limiting dilution analysis. Next, 

mAb isotypes were determined by ELISA using a mouse 

immunoglobulin isotyping ELISA kit (Pharmingen,San 
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Diego, CA, USA). The mAb used in this study was purified 

by protein G affinity chromatography (Pierce, Rockford, 

IL, USA). Protein purification was performed as previously 

described.8

The FITC-labeled anti-DR5 antibody
A 100 mL solution of anti-DR5 was adjusted to 3 mg/mL 

using 0.5 mol/L (pH 9.0) Na
2
CO

3
 buffer and normal saline. 

Then, 1.3 mg of FITC was gradually added to the anti-DR5 

solution over the course of approximately 5–10 minutes, 

and the solution was stirred for 12 hours at 4°C in the dark. 

Then, the anti-DR5 solution was centrifuged (2,500 rpm) for 

20 minutes to remove a small amount of sediment, put into 

a dialysis bag, and then placed in beaker of pH 9.0 saline 

buffer (0°C–4°C) overnight. The protein concentration of 

the conjugate was measured according to the absorbance 

at 280 and 495 nm. The FITC-labeled anti-DR5 antibody 

conjugate was stored at -20°C until further use.

MTT analysis
FLS (1×104/well) were added in quintuplicate in a 96-well 

plate (Corning Incorporated, Corning, NY, USA) in the pres-

ence of various concentrations of anti-DR5 mAb (1.6, 3.2, 

6.3, 12.5, 25, and 50 μg/mL), and then these cells were cul-

tured in DMEM with 10% fetal bovine serum, at 37°C in an 

atmosphere of 5% CO
2
, and incubated for 24 hours. Then, 

20 μL of MTT solution (5 mg/mL) was added to each well, 

followed by incubation for 4 hours. The supernatant was then 

removed from all wells. Then, 150 μL DMSO was added to 

each well to dissolve the formazan crystal produced from the 

MTT. Finally, the OD value was tested with a multi-scanner 

auto-reader at 490 nm.

DR5 expression and cell apoptosis were 
detected by flow cytometry
FLS were trypsinized lightly, washed with PBS (with 2% 

BSA), and then incubated with 1 μg anti-DR5–FITC antibody 

for 1 hour at 4°C. Before being detected by flow cytometry, 

the cells were washed three times with PBS (with 2% 

BSA). Finally, the cells were analyzed in a flow cytometer 

(BD Biosciences, San Jose, CA, USA). For apoptosis, FLS 

were harvested by 0.25% trypsin (without EDTA), then 

doublestained for annexin V conjugated with FITC and pro-

pidium iodide (Kaiji, Nanjing, People’s Republic of China) 

and then analyzed by flow cytometry.

Hoechst staining
Cells (1×106) were incubated with 50 μg/mL mouse IgG 

or anti-DR5 mAb for 24 hours. Hoechst 33342 staining 

solution (5 μg/mL; Sijiqing, Hangzhou, People’s Republic 

of China) was added to the FLS, which were incubated at 

room temperature for 30 minutes. The cells were removed 

from the incubator and the staining solution was washed out. 

Finally, the cells were viewed on a fluorescence microscope 

(Olympus IX71) at magnifications of 20× and 40×.

Detection of TNF-α and IFN-γ secretion
Samples of the cultured cell fluid were centrifuged at 5,000 rpm 

for 10 minutes to obtain the supernatant. The supernatant was 

diluted three times. The expressions of TNF-α and interferon-γ 

(IFN-γ) in the supernatant dilution were detected with an 

ELISA kit. Finally, a multi-scanner auto-reader was used (MR 

5000; Dynatech, Chantilly, VA, USA) at 450 nm to read the 

absorbance values.

Quantitative PCR and reverse 
transcription PCR analysis
The total RNA was isolated using the TRIzol reagent 

(Thermo Fisher Scientific) and purified with RNeasy Mini 

kits (Qiagen NV, Venlo, the Netherlands) according to the 

manufacturer’s instructions.

After processing with RNase-free DNase I (Thermo 

Fisher Scientific), the RNA samples were reversely tran-

scribed with oligo(dT) and SuperScript II transcriptase 

(Thermo Fisher Scientific). Quantitative PCR was per-

formed using specific Quantitect primers for human β-actin, 

TNF-α, and IFN-γ (Qiagen NV) in an Applied Biosystems 

7500 system using Power SYBR Green PCR Master Mix 

(Thermo Fisher Scientific). Relative gene expression levels 

were determined using β-actin as the control. The relative 

quantification of PCR products was expressed as 2-ΔΔCt. 

Representative results were obtained from three independent 

experiments.

The expressions of TNF-α and IFN-γ mRNA were 

analyzed by reverse transcription PCR. The conditions used 

were one cycle at 94°C for 3 minutes followed by 30 cycles at 

94°C for 30 seconds, 58°C for 30 seconds, 72°C for 1 minute, 

and 72°C for 5 minutes. Each sample was normalized to 

β-actin level.

Western blot analysis
Aliquots (30 μg of protein) of cell lysate were separated on 

a 12% SDS-PAGE gel, blotted into a nylon membrane, and 

probed with antibodies against caspase-3, active caspase-3, 

procaspase-8, caspase-9, and active caspase-9 (Epitomics, 

Inc.). Membranes were washed with 1% Tween 20 in tris 

buffered saline and incubated with a 1:3,000 dilution of 

HRP-conjugated secondary antibodies (Huaan, Hangzhou, 
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People’s Republic of China) for 1 hour at room temperature. 

Protein bands were visualized by their enhanced chemilu-

minescence reaction.

Caspase inhibition assay
The MTT assay was used to further investigate whether 

anti-DR5 mAb induces FLS apoptosis through the caspase 

pathway. FLS (1×104/well) were incubated in a 96-well plate, 

and then various concentrations (0, 5, 10, 15, 20, 25, 30, and 

35 μM) of caspase inhibitor Z-VAD-FMK were added. After 

30 minutes, anti-DR5 mAb (50 μg/mL) was added, then MTT 

analysis was used to test after 24 hours. The subsequent steps 

were the same as the MTT analysis.

Statistical analysis
Data were presented as the mean ± standard deviation 

per group. Statistical analysis was made for multiple 

comparisons using analysis of variance and the Student’s 

t-test. A P-value ,0.05 was considered to be statistically 

significant.

Results
Isolation and identification of human FLS
The primary culture of synovial cells included type A, B, and 

C cells.9 The cells assumed very different shapes (Figure 1A). 

The morphologies of the primary cultured synovial cells 

were inhomogeneous and included both round and irregular 

shapes. Type A cells were round or irregularly shaped and 

had a distinct nucleolus. The morphology of type B cells 

was uniform and fusiform (Figure 1B). Type B cells are also 

known as FLS. Type C cells are intermediate cells, and they 

were found only rarely. Using adherent digestion, only type 

B cells remained after three passages because type A cells do 

not proliferate, leaving only the type B cells, or FLS, adhered 

and growing on the culture dish.

Type B cells have been reported to strongly express 

vimentin and not to express CD14 (Figure 1C).10 Thus, we 

verified that the cells adhering to the flask were type B cells 

by staining for vimentin and CD14. As shown in Figure 1D, 

the cells were all green, indicating positive expression of 

vimentin. The expression of CD14 in the isolated cells was 

only 1.16%, as shown in Figure 1E and F. However, the 

expression of CD14 in PBMCs was 88.80%. Therefore, the 

cells adhering to the wall were identified as FLS.

Anti-DR5 mAb induces apoptosis of FLS
We used an MTT assay to determine whether anti-DR5 mAb 

inhibited the proliferation of human FLS in vitro. As shown 

in Figure 2A, when human FLS were treated with anti-DR5 

mAb at 1.6 μg/mL for 24 hours, the cell death rate was 

6.6%±0.9%, but when the concentration of anti-DR5 mAb 

was increased to 50 μg/mL, the cell death rate increased to 

53.2%±2.0%. This dose dependence in inhibition suggests 

that anti-DR5 mAb may inhibit the proliferation of synovial 

cells.

We further examined the DR5 expression by synovial 

cells and the apoptosis rate of human FLS after treatment 

with anti-DR5 mAb by using flow cytometry. Compared 

with the control group, with the increased concentration of 

anti-DR5, the DR5 expression had increased from 17.10% 

to 45.90%, and the apoptosis rate had risen from 0.03% to 

34.87% (Figure 2B–E). We concluded that anti-DR5 mAb- 

induced apoptosis in human FLS in vitro, and that this was 

related to the expression of DR5 on the cell surface.

Using Hoechst 33342 dye solution to stain human 

FLS after anti-DR5 mAb treatment, the cells were found 

to be round and their nuclei splintered (Figure 2F). These 

results also indicated that anti-DR5 mAb had induced FLS 

apoptosis.

Anti-DR5 mAb-induced FLS apoptosis 
through the caspase pathway
Analysis of the expression of proteins involved in the apop-

tosis pathway revealed that the levels of procaspase-3 and -8 

were increased with increasing concentrations of anti-DR5 

mAb (Figure 3A and B). Compared with the PBS group 

(0 μg/mL anti-DR5 mAb treatment group), the expressions 

of procaspase-3 and -8 were higher in the 50 μg/mL anti-DR5 

mAb treatment group.

To verify the mechanism of anti-DR5 mAb-induced 

apoptosis via the caspase pathway, we added various con-

centrations of caspase inhibitor to the FLS treated with anti-

DR5 mAb. The caspase inhibitor inhibited the induction of 

apoptosis by anti-DR5 mAb. The inhibitory effect was dose 

dependent from 0 to 35 μM, as shown in Figure 3C.

Furthermore, the expressions of procaspase-9 and -3 and 

active caspase-9 and -3 were increased after the FLS were 

treated with anti-DR5 mAb. However, after the addition 

of the caspase, these all decreased when compared with 

the anti-DR5 mAb group (Figure 3D and E). These results 

demonstrated that anti-DR5 mAb-induced FLS apoptosis 

through the caspase pathway.

Anti-DR5 mAb decreased the 
expressions of TNF-α and IFN-γ by 
human FLS
The levels of TNF-α and IFN-γ in the cell culture superna-

tant of RA FLS were both decreased when compared with 
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Figure 1 Identification and culture of synovial cells from rheumatoid arthritis patients.
Notes: The synovial cells were obtained from synovial tissue using trypsin combined with type II collagenase. Synovial cells included types A, B, and C. The morphologies 
of the primary cultured synovial cells were inhomogeneous, including round and irregular-shaped cells, whereas the morphology of type B cells was uniform and fusiform. 
Using adherent digestion, only type B cells remained after three passages because type A type cells do not have the capacity to proliferate, leaving only type B, or fibroblast-
like synovial cells (FLS), adhered and growing on the culture dish. Type B cells strongly express vimentin and do not express CD14. Human peripheral blood mononuclear 
cells (PBMCs) were used as a positive control because they highly express CD14. (A) Images showing that the morphologies of the primary cultured synovial cells were 
inhomogeneous. (B) Images showing that the morphology of cultured synovial cells were uniform after the third passage. (C) Passage 3 synovial cells were stained with a 
rabbit secondary antibody coupled to FITC as a control. (D) Passage 3 synovial cells were stained with an anti-vimentin antibody and a rabbit secondary antibody coupled 
to FITC. (E and F) Passage 3 synovial cells and PBMCs were incubated with a mouse secondary antibody coupled to FITC as controls. The expression of CD14 in passage 3 
synovial cells and PBMCs was detected by flow cytometry after incubation with a CD14 antibody and mouse secondary antibody coupled to FITC. ***P,0.0001 vs PBMCs.

× ×

× ×
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the PBS group with increasing concentrations of anti-DR5 

mAb. Compared with the PBS group, the level of TNF-α was 

decreased by 53.3% and 64.3% at anti-DR5 mAb concentra-

tions of 6.3 and 50 μg/mL (P,0.05, P,0.01), respectively, 

and the level of IFN-γ was decreased by 39.8% and 56.1% 

(P,0.01, P,0.01), respectively (Figure 4A).

We also discovered that the expressions of TNF-α 

and IFN-γ mRNA by FLS differed in the respective 

groups. The mRNA expressions of TNF-α and IFN-γ were 

lower in the anti-DR5 mAb group than in the PBS group 

(Figure 4B and C).

Discussion
Human synovial cells are divided into three types: A, B, 

and  C. Type B cells are known as FLS, and they are an 

important component of synovial tissue, secreting a variety 

Figure 2 Anti-DR5 mAb induces fibroblast-like synovial cells (FLS) apoptosis.
Notes: All experiments were repeated three or more times. (A) The effect of anti-DR5 mAb (at 1.6–50 μg/mL) on the proliferation of human FLS over 4, 12, and 24 hours 
was detected by MTT analysis. Mouse IgG (at 1.6–50 μg/mL) was applied to FLS for 24 hours as a control. (B and C) The expression of DR5 on FLS after treatment with 0, 
1.6, 6.3, and 50 μg/mL of anti-DR5 mAb for 24 hours was analyzed using flow cytometry. (D and E) Flow cytometric analysis of the mode of cell death of FLS treated with 
anti-DR5 mAb (0, 1.6, 6.3, and 50 μg/mL for 24 hours) after staining by annexin V–FITC/propidium iodide (PI). (F) FLS were treated with phosphate-buffered saline (PBS), 
mouse IgG (50 μg/mL), or anti-DR5 mAb (50 μg/mL) for 24 hours, and then stained with Hoechst 33342. Compared with the PBS group, the cell morphology of the anti-DR5 
mAb group became round and the nucleus condensed, with significant nuclear fragmentation. These results show that the mode of cell death mediated by anti-DR5 mAb was 
mainly apoptosis. *P,0.05; **P,0.001; ***P,0.0001.
Abbreviations: DR5, PI, death receptor 5; mAb, monoclonal antibody; h, hours.
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Figure 3 Mechanisms of anti-DR5 mAb induction of apoptosis in human fibroblast-like synovial cells (FLS).
Notes: (A) Human FLS were treated with 0, 1.6, 6.3, and 50 μg/mL anti-DR5 mAb for 24 hours. The expressions of procaspase-3 and -8 were analyzed by Western blot. As 
the concentration of anti-DR5 mAb increased, the expressions of procaspase-3 and -8, which are involved in the apoptosis pathway, increased compared with the phosphate-
buffered saline group. (B) Grayscale analysis of (A). (C) FLS treated with 50 μg/mL of anti-DR5 mAb were treated with various concentrations of caspase inhibitor from 
5 to 35 μM for 24 hours. The inhibitory effects of anti-DR5 mAb on FLS were found to be dose dependent. (D) Western blot analysis of the expressions of procaspase-9, 
active caspase-9, procaspase-3, and active caspase-3 by FLS treated with anti-DR5 mAb (50 μg/mL) or caspase inhibitor (35 μM) for 24 hours. (E) Grayscale analysis of (D). 
*P,0.05; **P,0.001; ***P,0.0001.
Abbreviations: DR5, death receptor 5; mAb, monoclonal antibody.
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Figure 4 Anti-DR5 mAb decreases the expression of TNF-α and IFN-γ by human fibroblast-like synovial cells (FLS).
Notes: Human FLS were treated with anti-DR5 mAb (0, 1.6, 6.3, and 50 μg/mL) for 24 hours. The cell culture supernatants were harvested and assessed for TNF-α 
and IFN-γ by ELISA. The cells were collected for total RNA extraction with TRIzol, cDNA synthesis, and mRNA analysis by reverse transcription (RT) polymerase chain 
reaction (PCR). (A) The expressions of TNF-α and IFN-γ in the supernatant were detected by ELISA. Compared with the phosphate-buffered saline (PBS) group (treated 
with 0 μg/mL anti-DR5 mAb), the secretion levels of TNF-α and IFN-γ were decreased. (B and C) The expressions of TNF-α and IFN-γ mRNA were detected by RT-PCR 
and quantitative PCR using β-actin as an internal standard. Compared with the PBS group, the expressions of TNF-α and IFN-γ mRNA were decreased. *P,0.05 vs the PBS 
group; **P,0.001 vs the PBS group.
Abbreviations: DR5, death receptor 5; mAb, monoclonal antibody; TNF-α, tumor necrosis factor-α; IFN-γ, interferon-γ.
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of proteases, cytokines, and arachidonic acid metabolites that 

can damage the joint and accelerate the course of disease.11 

Therefore, the isolation and identification of FLS forms an 

appropriate basis for the study of RA pathogenesis. In the 

present study, we used trypsin combined with type II col-

lagenase to digest synovial joint tissue and obtain synovial 

cells, and then we isolated type B cells using differential 

adherence. Because type A cells do not have the ability to 

proliferate, they can be removed over multiple passages, 

leaving only the type B cells.

Prior studies have reported that, for both normal and 

chronic inflammation, synovial type A cells express a large 

number of white blood cell-, monocyte-, and macrophage-

associated antigens, including CD45, CD13, CD14, CD16, 

CD31, CD32, CD33, CD37, CD39, CD54, CD64, CD68, 

CD71, and HLA-DR antigens, among others,9 but not 

vimentin. However, type B cells strongly express vimentin 

and do not express the white blood cell-, monocyte-, and 

macrophage-associated antigens listed above. Because the 

synovial cells we isolated here had a high expression of 

vimentin and did not express CD14 (Figure 1), we assumed 

that we had obtained type B cells, or FLS.

TRAIL plays an important role in RA.12 There are five dif-

ferent TRAIL receptors: TRAILR1 (DR4), TRAILR2 (DR5), 
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TRAILR3 (DcR1), TRAILR4 (DcR2), and osteoprotegerin.13 

TRAIL receptors are expressed in RA, and the expression 

of DR5 is increased in RA FLS.14 In a study using a mouse 

xenograft model of human RA, the anti-DR5 antibody 

significantly reduced the erosion of bone and cartilage dam-

age.15 In another study, TRAIL adenovirus was transfected 

into the articular cartilage of a rabbit RA model, where it 

effectively reduced the symptoms of RA.16 In contrast, the 

symptoms of arthritis were aggravated in a collagen-induced 

arthritis model because TRAIL was immune-neutralized.16 

In an earlier study, Li et al showed that anti-DR5 mAb can 

suppress the growth of FLS in a dose- and time-dependent 

manner after 12 hours.8 Miranda-Carús et al17 reported on 

a comparison of the clinical characteristics of three groups 

of RA patients: 1) no growth of synovial fluid fibroblasts; 

2) growth of DR5+ synovial fluid fibroblasts; and 3) growth 

of DR5− synovial fluid fibroblasts. The synovial tissues 

and primary synovial fibroblast-like cells isolated from 

patients with RA in this study selectively expressed DR5. 

Interestingly, the expression of DR5 on FLS membranes was 

increased as the concentration of anti-DR5 mAb increased. 

We do not have research results proving that DR5 mRNA 

levels increased in this study, but Chen et  al reported in 

analogous results that DR5 was expressed on the surface of 

the tested cell lines which correlated with the cellular suscep-

tibility to apoptosis induced by rhTRAIL and the anti-DR5 

antibody.18 This may very well explain why FLS exposed 

to higher doses of anti-DR5 mAb were highly susceptible to 

anti-DR5 mAb-induced apoptosis.

While it has been reported that anti-DR5 mAb can induce 

FLS apoptosis, the pathways involved in this effect remain 

unknown. DR5 combines with FADD to form a death-

inducing signal complex. The hydrolysis of caspase-8 initi-

ates the two-cell apoptotic pathway and ultimately induces 

apoptosis by activating caspase-3 and -7, among others.19 In 

the present study, as the concentration of anti-DR5 mAb was 

increased, the expression of procaspase-3 and procaspase-8 

also increased (Figure 3A). These results suggest that the 

caspase pathway may be involved in the apoptotic effect. 

Therefore, we used a caspase inhibitor, Z-VAD-FMK, 

after treating FLS with anti-DR5 mAb. The results showed 

that Z-VAD-FMK inhibited the apoptosis induced by anti-

DR5 mAb (Figure 3C). Compared with the anti-DR5 mAb 

group, the expressions of procaspase-9, procaspase-3, active 

caspase-3, and active caspase-9 by FLS in the anti-DR5 mAb 

with caspase inhibitor group were significantly decreased. 

These findings indicate that anti-DR5 mAb induces FLS 

apoptosis through the caspase pathway.

Recently, Racke et al20 investigated whether assistant 

T-cells (Th1/Th2) play an important role in the pathogenesis 

of RA. Li et al reported that anti-DR5 TRA-8 can deplete 

IL-23-producing macrophages Th17 and Th1/17 and is also 

efficacious in reducing the severity of arthritis via a targeted 

depletion of macrophages and immunomodulation.21,22 In 

healthy people, Th1/Th2-type cytokines are in a state of 

balance, while the cytokine expression in RA patients is 

imbalanced. This imbalance in IFN-γ-secreting Th1 cells and 

IL-4-secreting Th2 cells may play a vital role in the patho-

genesis of RA.23 Analysis of the cytokine mRNA and protein 

in RA tissues has revealed that many proinflammatory cytok-

ines, such as TNF-α, IL-1, IL-6, and GM-CSF, and chemok-

ines such as IL-8, are abundant in all RA patients, regardless 

of treatment.14 TNF-α regulates cell survival, death, and 

proliferation.24 TNF-α binds and signals through tumor 

necrosis factor receptor I (TNFRI) and II (TNFRII), which 

are expressed at higher levels in RA FLS as compared with 

FLS from healthy or osteoarthritic patients.25 Therefore, we 

studied the effects of anti-DR5 mAb on the levels of pro- and 

anti-inflammatory cytokines in the cell culture supernatant of 

RA FLS. As shown in Figure 4, the expressions of TNF-α 

and IFN-γ are decreased as the concentration of anti-DR5 

mAb is increased. However, which pathways are activated 

by anti-DR5 mAb, or how anti-DR5 mAb causes this effect, 

has not been reported. A previous experiment has shown that 

NF-κB stimulates the expression of various proinflammatory 

and immunomodulatory genes such as c-myc and TNF-α.26 

TNFRI and TNF-α knockout mice demonstrate mitigated 

apoptosis in large quantities of hepatoma cells due to a lack 

of RelA (p65). RelA-/- fibroblasts are more sensitive than 

wild-type (RelA+/+) fibroblasts to TNF-α-induced apopto-

sis.27 These studies confirm that NF-κB protects cells from 

death receptor-mediated apoptosis. Because NF-κB enters 

the nucleus, binding to target genes, and promoting the tran-

scription of various cytokines, we think that NF-κB may be 

relevant to the process and deserves further study.

Further, it is reported that NF-kB and Akt regulated 

TNF-α-mediated apoptosis of RA synovial fibroblasts.28,29 

There are reports suggesting that the TNF-α-induced 

overexpression of SIRT1 in RA synovial cells contributes 

to chronic inflammation by promoting proinflammatory 

cytokine production and inhibiting apoptosis.30 Cytokines are 

pleiotropic. TNF-α is a key component of RA pathogenesis, 

and blocking this cytokine is the most common strategy used 

to treat this disease.31 In the body, there are many regula-

tory mechanisms functioning at the same time to suppress 

the apoptosis induced by TNF-α, which can explain very 
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well how TNF-α levels decrease as apoptosis increases, as 

observed in this study.

Conclusion
Our findings demonstrate one of the molecular mechanisms 

behind the apoptosis induced by anti-DR5 mAb in human 

FLS, through the caspase pathway, and decreased secretions 

of TNF-α and IFN-γ. This study provides deeper insight into 

the potential development of anti-DR5 mAb as a treatment 

for RA.
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