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Abstract. The tumor necrosis factor‑related apoptosis‑inducing 
ligand (TRAIL) selectively induces apoptosis in the majority 
of tumor cells, whilst sparing normal cells. However, the 
potential use of TRAIL in the treatment of cancer is limited 
by the inevitable emergence of drug resistance. The present 
study reports the upregulation of latent membrane protein 1 
(LMP1)‑induced TRAIL resistance via the enhanced expres-
sion of X‑linked inhibitor of apoptosis protein (XIAP) in 
nasopharyngeal carcinoma (NPC) cells. LMP1‑positive 
NPC cells were indicated to be more sensitive to TRAIL 
compared with LMP1‑negative NPC cells in three NPC cell 
lines. CNE‑1 is a LMP1‑negative NPC cell line that was 
transfected with pGL6‑LMP1; following which, sensitivity 
to TRAIL decreased. LMP1‑induced TRAIL resistance was 
associated with the decreased cleavage of caspase‑8,‑3 and ‑9, 
BH3 interacting domain death agonist (Bid) and mitochon-
drial depolarization, without any effects on the expression of 
the death receptors, B‑cell lymphoma (Bcl)‑2 and Bcl‑extra 
long. Knockdown of XIAP with small interfering RNA 
increased caspase‑3 and ‑9 and Bid cleavage, and prevented 
LMP1‑induced TRAIL resistance. Furthermore, embelin, the 
inhibitor of XIAP, prevented LMP1‑induced TRAIL resis-
tance in the Epstein‑Barr virus (EBV)‑positive CNE‑1‑LMP1 
and C666‑1 NPC cell lines. However, embelin did not enhance 
TRAIL‑induced apoptosis in NP‑69, which was used as a 
benign nasopharyngeal epithelial cell line. These data show 
that LMP1 inhibits TRAIL‑mediated apoptosis by upregula-
tion of XIAP. Embelin may be used in an efficacious and safe 
manner to prevent LMP1‑induced TRAIL resistance. The 
present study may have implications for the development and 

validation of novel strategies to prevent TRAIL resistance in 
EBV‑positive NPC.

Introduction

Tumor necrosis factor (TNF)‑related apoptosis inducing 
ligand (TRAIL) is a cytokine that belongs to the TNF family 
of proteins, and is able to induce apoptosis in a variety of 
cancer cells without significantly affecting normal cells (1). 
TRAIL promotes apoptosis by binding to certain cognate 
receptors, including TRAIL‑R1, or death receptor 4 (DR4), and 
TRAIL‑R2, or death receptor 5 (DR5) (2). Fas‑associated death 
domain (FADD) and caspase‑8 are aggregated and recruited to 
the DR‑TRAIL complex to form the death‑inducing signaling 
complex (DISC) (2). This apoptotic signal is additionally trans-
mitted via extrinsic and intrinsic pathways (3). The extrinsic 
pathway is activated in a mitochondrial‑independent mecha-
nism. Upon recruitment, caspase‑8 is activated and results 
in the direct cleavage of downstream effector caspases such 
as caspase‑3 to induce apoptosis (3). The intrinsic pathway 
is activated in a mitochondrial‑dependent manner. Once 
cleaved by caspase‑8, BH3 interacting domain death agonist 
(Bid) translocates to the mitochondria and activates the B‑cell 
lymphoma (Bcl)‑2 family members Bcl‑2‑associated X protein 
(Bax) and Bcl‑2 killer 1 (Bak), which depolarize mitochon-
dria  (4). Apoptogenic factors, including cytochrome c, are 
released from the mitochondria into the cytosol to trigger the 
activation of caspase‑3 to induce apoptosis (4). Studies have 
shown that certain cancer cells resist the apoptotic effect of 
TRAIL, an occurrence that is termed 'TRAIL resistance' (5). 
However, TRAIL resistance has been previously overcome by 
combining TRAIL with various chemotherapeutic drugs (6), 
which suggests that utilizing an approach that affects multiple 
targets may prevent or reverse TRAIL resistance in cancer 
cells. The development of effective therapies aimed at reversing 
TRAIL resistance is essential to effectively kill cancer cells.

Nasopharyngeal carcinoma (NPC) is common in Southeast 
Asia and in Southern parts of China (3-5/10,000), but is rarely 
presented in other parts of the world (7). Until 1990, radio-
therapy was the standard treatment for all stages of NPC (8). 
Despite significant progress in intensity-modulated radiation 
therapy and other types of therapy such as surgery and molec-
ular targeted therapy, the outcomes for the patients remain 
disappointing, with five‑year survival rates of 34‑52% (9). 
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Consequently, the identification of more effective treatments 
for NPC is required.

Death receptors have previously been detected in the 
biopsy specimens of head and neck tumors, but not in the 
surrounding normal tissues (10). This finding supports the 
hypothesis that the presence of death receptors in certain head 
and neck cancers may endow them with a greater suscepti-
bility to TRAIL‑mediated apoptosis. One study demonstrated 
the robust induction of apoptosis in the TW02 NPC cell line 
by TRAIL (11); however, another study indicated that inducing 
apoptosis in certain NPC cells lines by TRAIL may be chal-
lenging (12). The explanation for this discrepancy remains 
unknown. However, previous studies indicated that the over-
expression of Bcl‑2 and phosphatidylinositol‑4,5‑bisphosphate 
3‑kinase/protein kinase B activation may contribute to TRAIL 
resistance in NPC cell lines (13).

Persistent Epstein‑Barr virus (EBV) infection may cause 
NPC, Hodgkin's lymphoma and Burkitt's lymphoma  (14). 
Latent membrane protein 1 (LMP1) is the principle oncogene 
of EBV (15), and LMP1 immortalizes and transforms cells by 
controlling the signaling pathways that block apoptosis and 
stimulate cell proliferation (16). LMP1 induces chemoresistance 
and promotes cell survival in NPC (17,18). Friboulet et al (19) 
showed that EBV‑positive NPC cell lines expressed increased 
levels of inhibitor of apoptosis proteins (IAPs), which have 
anti‑apoptotic functions. Additionally, X‑linked inhibitor of 
apoptosis protein (XIAP) is a member of the IAP family that 
inhibits caspases and induces TRAIL resistance (20).

The present study aims to test the hypothesis that LMP1 
overexpression induces TRAIL resistance in NPC cells 
by enhancing XIAP, and also aims to study the associated 
molecular mechanisms.

Materials and methods

Cell lines and reagents. Three human NPC cell lines, CNE‑1, 
CNE‑2 and C666‑1, were used in the present study. CNE‑1 is 
a well‑differentiated squamous cell carcinoma NPC cell line 
that consistently expresses EBV, and was established by the 
Cancer Research Institute, Sun Yat‑sen University (Guang-
dong, China). CNE‑2 is poorly differentiated cell line that 
was derived from the primary tumor of a patient with poorly 
differentiated squamous cell carcinoma NPC and is positive 
for plasma EBV DNA (established by the Chinese Academy 
of Medical Sciences, Beijing, China). C666‑1 is an NPC cell 
line that was established by the Department of Anatomical and 
Cellular Pathology, Prince of Wales Hospital, The Chinese 
University of Hong Kong (Shatin, Hong Kong, China).

The non‑transformed nasopharyngeal epithelium NP‑69 
cell line was derived from the human nasopharynx, and 
established by the Department of Anatomy, Li Ka Shing 
Faculty of Medicine, University of Hong Kong (Hong Kong, 
China). All cells were cultured in RPMI‑1640 media (Invit-
rogen; Thermo Fisher Scientific, Inc., Waltham, MA, USA) 
supplemented with 10% fetal bovine serum (FBS; Hyclone; 
GE Healthcare Life Sciences, Logan, UT, USA) and 100 U/ml 
penicillin/streptomycin (Huabei Pharmacy Group Xiantai 
Medicine Co., Ltd., Shijiazhuang, China). Cultures were main-
tained in a fully‑humidified atmosphere of 5% CO2 in air at 
37˚C. TRAIL was obtained from Pfizer, Inc. (New York, NY, 

USA). Embelin was obtained from Enzo Life Sciences, Inc. 
(Farmingdale, NY, USA). Embelin was dissolved in dimethyl 
sulfoxide (DMSO) (Beyotime Institute of Biotechnology, 
Haimen, China) at a 500 µM concentration, and stored at 
‑20˚C until required. The following antibodies were obtained 
from the indicated sources: Mouse anti‑LMP1 monoclonal 
antibody (Dako, Glostrup, Denmark), rabbit anti‑caspase‑9 
polyclonal antibody, rabbit anti‑caspase‑8 polyclonal antibody 
and rabbit anti‑caspase‑3 polyclonal antibody (Cell Signaling 
Technology, Danvers, MA, USA). Mouse anti‑Bcl‑2 polyclonal 
antibody, mouse anti‑Bcl‑extra long (Bcl‑XL) polyclonal 
antibody, mouse anti‑Bid antibody, and mouse anti‑XIAP 
polyclonal antibody were obtained from Santa Cruz Biotech-
nology, Inc., (Dallas, TX, USA). All antibodies were used at a 
dilution of 1:1,000 or 1:800.

3‑(4,5‑dimethylthiazolyl)‑2,5‑diphenyl tetrazolium bromide 
(MTT) cell viability assay. Cell viability was determined 
using an MTT assay. NPC cells (5,000 cells/well) were plated 
in 96‑well plates (Beyotime Institute of Biotechnology). 
Subsequent to adding the indicated TRAIL treatment doses 
(0, 20, 40, 60, 80 and 100 ng/ml) for various amounts of time 
(4, 8, 12, 16, 20 and 24 h), cells were incubated for 2 h with 
0.5 mg/ml of MTT (Sigma‑Aldrich, St. Louis, MO, USA), and 
DMSO was used to solubilize the formazan product. Control 
wells were treated with DMSO only. The optical density (OD) 
of each well was measured at 570 nm with a microplate reader 
(MA68II; X-Rite, Inc., Grand Rapids, MI, USA) (survival 
rate = ODtreat / ODcontrol).

Determination of apoptosis by annexin V/propidium iodide 
(PI) staining. Levels of TRAIL‑mediated apoptosis were 
determined using the Annexin V/PI staining kit (catalogue 
no. P0018A; Beyotime Institute of Biotechnology). Subse-
quent to incubation with the indicated TRAIL treatment 
doses (20, 40, 60, 80 and 100 ng/ml) for various lengths of 
time (4, 8, 12, 18 and 24 h), cells were harvested, and the 
cell pellets were suspended in 500 µl binding buffer [10 mM 
4‑(2‑hydroxyethyl)‑1‑piperazineethanesulfonic acid (pH 7.4), 
140 mM NaCl, 1 mM MgCl2, 5 mM KCl and 2.5 mM CaCl2] 
at a density of 1x106 cells ⁄ml. Samples were incubated with 
1 µl annexin V‑fluorescein isothiocyanate (FITC) and 5 µl PI 
for 5 min at room temperature in the dark and measured on a 
FACSort flow cytometer (BD Biosciences, Franklin Lakes, NJ, 
USA). Annexin V‑FITC and PI fluorescence were detected in 
the FL‑1 (green) and FL‑2 (red) channels, respectively. Data 
were analyzed using CellQuest Pro software version 2.7 (BD 
Biosciences).

LMP1 complementary DNA (cDNA) transfection. The 
LMP1‑expression vector (pGL6‑LMP1) and pGL6 vector 
were obtained from Beyotime Institute of Biotechnology. 
Transfection was performed using the Lipofectamine 2000 
(Invitrogen; Thermo Fisher Scientific, Inc.), according to 
the manufacturer's protocol. In brief, cells were seeded in a 
6‑well plate (Beyotime Institute of Biotechnology) at a density 
of 105 cells/well and cultured for 24 h until cells attained a 
confluence of 60‑70%. The vector pGL6‑LMP1 or the nega-
tive pGL6 vector (10 µg) was diluted in 100 µl of Opti‑MEM 
(Thermo Fisher Scientific, Inc.) for 5 min at room temperature. 
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During the incubation period, 5 µl of Lipofectamine 2000 
was diluted in 100 µl Opti‑MEM. These two mixtures were 
combined, mixed gently, incubated for 20  min at room 
temperature, and then incubated with the cells for 20 min at 
room temperature. Stably transfected clones were selected 
in medium containing 0.5 mg/ml geneticin sulfate (G418; 
Amresco Inc., Framingham, MA, USA). Established clones 
were grown in RPMI‑1640 medium supplemented with 10% 
FBS containing 0.5 mg/ml G418 sulfate (Beyotime Institute 
of Biotechnology).

Flow cytometric analysis of TRAIL receptors. NPC cells 
at a density of 1x106 cells were suspended in 500 µl of the 
medium and incubated with 5 µl of anti‑DR4 (catalogue 
no. SAB4700541) or anti‑DR5 (catalogue no. SAB1303637) 
polyclonal rabbit antibodies (dilution, 1:100; Sigma‑Aldrich) 
for 1 h. Subsequent to washing in phosphate‑buffered saline 
(PBS) (Beyotime Institute of Biotechnology) three  times 
(5 min each), FITC‑conjugated goat anti‑rabbit polyclonal 
antibody (dilution, 1:200; catalogue no. A0528; Beyotime 
Institute of Biotechnology) was added to the cell suspensions 
and incubated for 1 h on ice. Subsequent to rinsing in PBS, 
samples were analyzed with a FACSort flow cytometer. Data 
were analyzed using CellQuest Pro software version 2.7.

XIAP‑small interfering RNA (siRNA) transfection. The 
siRNA‑targeting XIAP messenger RNA (mRNA) was prede-
signed and validated according to the following sequences: 
Sense 5'‑GGA​GAU​ACC​GUG​CGG​UGC​UdT​dT‑3' and anti-
sense 5'‑AGC​ACC​GCA​CGG​UAU​CUC​CdT​dT‑3'. The negative 
control siRNA was designed by the Invitrogen brand (Thermo 
Fisher Scientific, Inc.) and had the following sequences: Sense 
5'‑UUC​UCC​GAA​CGU​GUC​ACG​UdT​dT‑3' and antisense 
5'‑ACG​UGA​CAC​GUU​CGG​AGA​AdT​dT‑3'. Cells were seeded 
into a 6‑well plate at a density of 105 cells/well and cultured 
to a confluence of 60‑70%. Cells were then transfected with 
100 nM specific or nonspecific siRNA. The transfection was 
accomplished with 30 ml INTERFERin (Polyplus transfec-
tion; Ozyme, St. Quentin‑en‑Yvelines, France). The siRNA 
transfection reagent was added to the siRNA duplex in 500 µl 
of Opti‑MEM. Subsequent to 48 h incubation, the transfected 
cells were treated with TRAIL.

Western blot analysis. Cells were washed three  times for 
5 min in PBS, and then dissolved in lysis buffer (20 mM 
Na2PO4, 150  mM NaCl, 1% Triton  X‑100, 1% aprotinin, 
1  mM phenylmethylsulfonyl fluoride, 100  mM NaF and 
2 mM Na3VO4). Proteins were quantified with a Bradford kit 
(catalaogue no. P0006; Beyotime Institute of Biotechnology). 
Next, proteins (20 µg/lane) were separated by sodium dodecyl 
sulfate‑polyacrylamide gel electrophoresis and transferred to a 
polyvinylidene difluoride membrane. Membranes were incu-
bated with the primary antibody [mouse anti-LMP1 monoclonal 
antibody (catalogue nos. M0897, IR753 and IS753; Dako), rabbit 
anti-caspase-9 polyclonal antibody (catalogue no. 9506; Cell 
Signaling Technology), rabbit anti-caspase-8 polyclonal anti-
body (catalogue no. 9496s; Cell Signaling Technology), rabbit 
anti-caspase-3 polyclonal antibody (catalogue no. 9665s; Cell 
Signaling Technology), mouse anti-Bcl-2 polyclonal antibody 
(catalogue no. sc-7382; Santa Cruz Biotechnology, Inc.), mouse 

anti-Bcl-XL polyclonal antibody (catalogue no. sc-8392; Santa 
Cruz Biotechnology, Inc.), mouse anti-Bid antibody (catalogue 
no. 5C9; Santa Cruz Biotechnology, Inc.) and mouse anti-
XIAP polyclonal antibody (catalogue no. sc-55552; Santa Cruz 
Biotechnology, Inc.)] overnight at 4˚C. The membranes were 
then washed in PBS three times for 5 min, and incubated with 
horseradish peroxidase‑conjugated goat anti‑rabbit secondary 
antibodies (1:500; catalogue no. A0192; Beyotime Institute 
of Biotechnology). Proteins were detected using an enhanced 
chemiluminescence kit (catalogue no. P0018A; Beyotime Insti-
tute of Biotechnology).

Semi‑quantitative reverse transcription‑polymerase chain 
reaction (RT‑PCR). Total RNA was extracted and purified 
with TRIzol Total RNA Extraction Kit (catalogue no. R0016; 
Beyotime Institute of Biotechnology), using DNase (catalogue 
no. R0021; Beyotime Institute of Biotechnology). Total RNA 
(1  µg) was reverse transcribed by High‑Capacity cDNA 
Reverse Transcription Kits (Applied Biosystems; Thermo 
Fisher Scientific, Inc.), according to the manufacturer's 
protocol. The primers for LMP1 and β‑actin were synthesized 
by Sangon Biological Engineering Technology and Services 
Co. Ltd. (Shanghai, China) as follows: LMP1, sense 5'‑TGG​
AGG​GAG​AGT​CAG​TCA​GGC​‑3' and antisense 5'‑ATT​GAC​
GGA​AGA​GGT​TGA​AAA​C‑3' to generate a 254‑bp fragment; 
glyceraldehyde 3‑phosphate dehydrogenase (GAPDH), sense 
5'‑ACC​CAC​TCC​TCC​ACC​TTT​G‑3' and antisense 5'‑ACC​
CAC​TCC​TCC​ACC​TTT​G‑3' to generate a 188‑bp fragment. 
The RT products (1 µl) were amplified by PCR using the 
following conditions: 95˚C for 5 min; then 32 cycles at 95˚C for 
30 sec, 58˚C for 30 sec and 72˚C for 30 sec; and a final exten-
sion at 72˚C for 5 min. PCR products were electrophoresed 
on 1.5% agarose gels at 100 V for 40 min, using DNA ladder 
(catalogue no. D0107; Beyotime Institute of Biotechnology). 
Bands were visualized with ethidium bromide (Shanghai Rong 
Bo Biotechnology Co., Ltd., Shanghai, China). LMP1 mRNA 
expression levels were quantified by Quantity One software 
version 4.31 (Bio‑Rad Laboratories, Inc., Hercules, CA, USA) 
and represented as the densitometric ratio of the targeted 
gene relative to GAPDH. PCR experiments were repeated 
three times.

Assessment of mitochondrial transmembrane potential 
(Δψm). Assessment of the Δψm was performed using 
cationic lipophilic fluorochrome 3,3'‑dihexyloxacarbocyanine 
iodide [DiOC6(3); 460  ng/ml; Molecular Probes; Thermo 
Fisher Scientific, Inc.). The cells were treated for 12 h with 
100 ng/ml TRAIL and incubated for 30 min at 37.8˚C in 
complete medium consisting of DMSO with DiOC6(3). The 
cells were then washed twice in PBS three times for 5 min, and 
analyzed using a FACSort flow cytometer and analyzed with 
Cell Quest Pro software.

Statistical analysis. All tests were performed in triplicate 
and statistical analyses were performed using SPSS software 
(version 15.0; SPSS, Inc., Chicago, IL, USA). Descriptive 
statistics were expressed as the mean ± standard deviation, 
and Student's t‑tests were used to analyze the significant 
differences between paired datasets. An α value of P<0.05 was 
considered to indicate a statistically significant difference.
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Figure 2. Overexpression of LMP1 protein induced TRAIL resistance in nasopharyngeal carcinoma cells. (A) Expression level of LMP1 was assessed by 
reverse transcription-polymerase chain reaction and western blot analysis, following transfection of pGL‑6‑LMP1 to CNE‑1. (B) CNE‑1, CNE‑1‑pGL6 and 
CNE‑1‑LMP1 were treated with escalating doses of TRAIL for 24 h or escalating times with 100 ng/ml TRAIL, respectively, and cell viability was determined 
by 3‑(4,5‑dimethylthiazolyl)‑2,5‑diphenyl tetrazolium bromide assay. (C) The cell apoptotic rate was determined by flow cytometry analysis. Apoptosis rate 
included early apoptosis (Annexin V positive) and late apoptosis (propidium iodide positive). *P<0.05 compared with CNE‑1‑LMP1 cells; **P<0.01 compared 
with CNE‑1‑LMP1 cells. LMP1, latent membrane protein 1; TRAIL, tumor necrosis factor‑related apoptosis‑inducing ligand; GAPDH, glyceraldehyde 
3-phosphate dehydrogenase.

Figure 1. Expression of LMP1 was associated with the TRAIL sensitivity of NPC cell lines. (A) CNE‑1, CNE‑2 and C666‑1 cells were treated with escalating 
doses of TRAIL for 24 h and 100 ng/ml TRAIL for various time periods, and cell viability was determined by 3‑(4,5‑dimethylthiazolyl)‑2,5‑diphenyl 
tetrazolium bromide assay. (B) Cells were treated with escalating doses of TRAIL for 24 h and 100 ng/ml TRAIL for various time periods, and apoptotic 
rate was determined by flow cytometric analysis. Apoptosis rate included early apoptosis (Annexin‑V positive) and late apoptosis (propidium iodide positive). 
(C) Western blot analysis was used to detected LMP1 protein expression in three NPC cell‑lines. *P<0.05 compared with CNE‑1 cells. LMP1, latent membrane 
protein 1; TRAIL, tumor necrosis factor‑related apoptosis‑inducing ligand; NPC, nasopharyngeal carcinoma.
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Results

Sensitivity to TRAIL varies among NPC cells. First, the growth 
inhibition effects of TRAIL against NPC cell lines were 

assessed by MTT assay. TRAIL induced cell death in a dose‑ 
and time‑dependent manner. C666‑1 cells were highly resistant 
to TRAIL, whereas CNE‑1 cells were highly sensitive (Fig. 1A). 
The apoptosis rate was additionally analyzed by annexin V/PI 
staining and flow cytometry to confirm whether the difference 
in cell death was due to various apoptotic responses. The 
apoptotic effect of TRAIL was also time‑ and dose‑dependent. 
The percentage of apoptotic cells was highest in CNE‑1 cells 
and lowest in C666‑1 cells in response to TRAIL treatment 
(Fig. 1B). LMP1 was detected in C666‑1, but not in either CNE‑1 
or CNE‑2 cells. The level of LMP1 expression was also tested in 
the non‑transformed nasopharyngeal epithelial cell line NP‑69, 
which did not show expression of LMP1 (Fig. 1C). From the 
results, LMP1‑positive NPC cells were concluded to be more 
sensitive to TRAIL compared with LMP1‑negative NPC cells.

Overexpression of LMP1 inhibits the apoptotic effect of TRAIL. 
LMP1‑positive NPC cells were indicated to be more sensitive to 
TRAIL compared with LMP1‑negative NPC cells. Therefore, 
a genetic approach was used to upregulate LMP1 expression in 
CNE‑1 cell lines. The pGL6‑LMP1 vector was transfected into 
CNE‑1 cells. Stable pGL6‑LMP1 transfected cells and empty 
vector transfected control cells were designated as CNE‑1‑LMP1 
and CNE‑1‑pGL6, respectively. Semi‑quantitative RT‑PCR 
and western blot analyses revealed that LMP1 expression 
was enhanced in CNE‑1‑LMP1 cells (Fig. 2A). The effect of 
TRAIL on cell survival was evaluated by MTT cell viability 
assays (Fig. 2B). Treatment with TRAIL resulted in cell death 
in CNE‑1 and CNE‑1‑pGL6 cells in a dose‑ and time‑dependent 
manner but had a dampened effect on CNE‑1‑LMP1 cells. 
Similarly, TRAIL induced significant apoptosis in CNE‑1 and 
CNE‑1‑pGL6 cells in a time‑ and dose‑dependent manner, 
but the apoptosis level was not as high in CNE‑1‑LMP1 cells 
(Fig. 2C). The results suggested that the overexpression of 
LMP1 may inhibit TRAIL‑induced apoptosis.

Overexpression of LMP1 inhibits mitochondrial‑dependent 
apoptosis in NPC cells. To elucidate the molecular mechanism 

Figure 3. LMP1 induced TRAIL resistance via inhibition of mitochondrion‑dependent apoptotic pathway. (A) Expressions of DR4 and DR5 were measured by 
flow cytometry analysis. (B) Mitochondrial depolarization was measured by DiOC6(3) fluorescence during TRAIL treatment (100 ng/ml) for various periods 
of time. (C) Bcl‑2 and Bcl‑XL expression were assessed by western blot analysis during TRAIL treatment (100 ng/ml) for various periods of time. **P<0.01 
compared with CNE‑1‑LMP1 cells. LMP1, latent membrane protein 1; TRAIL, tumor necrosis factor‑related apoptosis‑inducing ligand; DR4, death receptor 4; 
DR5, death receptor 5; Bcl-2, B‑cell lymphoma‑2; Bcl-XL, B‑cell lymphoma‑extra long; DiOC6(3), 3,3'-dihexyloxacarbocyanine iodide.

Figure 4. LMP1 induced TRAIL resistance via inhibition of caspase and Bid 
cleavage. Cleavage of caspases‑3, ‑8 and ‑9 and Bid was assessed by western 
blot analysis during TRAIL treatment (100 ng/ml) for various periods of 
time. Caspase‑3, p32‑proform, p17, p10‑cleavage fragments; caspase‑8, 
p55/53‑proform, p43/41, p18‑cleavage fragments; caspase‑9: p47‑proform, 
p35‑cleavage fragments. LMP1, latent membrane protein 1 TRAIL, tumor 
necrosis factor‑related apoptosis‑inducing ligand; Bid, BH3 interacting 
domain death agonist.
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responsible for LMP1‑indued TRAIL resistance, the effect of 
LMP1 on the TRAIL‑induced apoptotic pathway was exam-
ined. Since TRAIL is known to trigger apoptosis via binding to 
DR4 and DR5, the expression of DR4 and DR5 was examined 
(Fig. 3A). LMP1 overexpression did not change the cell surface 
expression levels of either DR4 or DR5 (P=0.087). Further-
more, the DiOC6(3) negative cell rate was increased in CNE‑1 
and CNE‑1‑pGL6 cells compared with the CNE‑1‑LMP1 cells 
during TRAIL treatment. This result suggested that mitochon-
drial depolarization was inhibited by LMP1 overexpression 
(Fig. 3B). The expression levels of the pro‑survival proteins 
Bcl‑2 and Bcl‑XL, were unaffected by LMP1 overexpres-
sion (Fig. 3C). The results showed that LMP1 inhibited the 
mitochondrial‑dependent apoptotic pathway without having 
any impact on Bcl‑2 and Bcl‑XL.

LMP1 inhibits TRAIL‑induced caspase and Bid cleavage 
in NPC cells. Analysis of caspase activation showed that 
the cleaved, mature forms of caspase‑8 (p43/41), caspase‑9 
(p35) and caspase‑3 (p17, p10) were generated in CNE‑1 
and CNE‑1‑pGL6 cells during TRAIL treatment, in a 
time‑dependent manner (Fig. 4). However, CNE‑1‑LMP1 

showed minimal caspase activation during TRAIL treat-
ment. This observation indicated that LMP1 inhibited 
TRAL‑induced caspase activation. Previously, the present 
study demonstrated that LMP1 inhibited TRAIL‑induced 
mitochondrial‑dependent apoptotic pathways. Therefore, the 
effects of LMP1 on TRAIL‑induced Bid cleavage, which is 
an important event in mitochondrial‑dependent apoptotic 
pathways, were additionally examined. Since the anti‑Bid 
antibody recognized only the uncleaved Bid protein and not 
the cleaved product, the cleavage of Bid was assessed by 
determining the extent of the decreased levels of uncleaved 
Bid protein. TRAIL treatment resulted in a reduction in 
uncleaved Bid (indicating Bid cleavage) in CNE‑1 and 
CNE‑1‑pGL6 cells. However, the reduction in Bid was inhib-
ited in CNE‑1‑LMP1 cells, suggesting that LMP1 affected 
the upstream cleavage of Bid.

XIAP is involved in LMP1‑induced TRAIL resistance in 
NPC cells. Based on the initial results that showed that 
caspase activation was inhibited by LMP1 overexpression, 
the expression of XIAP proteins, which are known to antago-
nize caspase activity, were analyzed. Western blot analysis 

Figure 5. Upregulation of XIAP was involved in LMP1‑induced TRAIL resistance. (A) Expressions of XIAP were assessed by western blot analysis. (B) Upon 
treatment with TRAIL (100 ng/ml) for various periods of time, apoptosis in CNE‑1‑LMP1 transfected with XIAP‑siRNA was determined by flow cytometric 
analysis. (C) Upon treatment with TRAIL (100 ng/ml) for various periods of time, caspase‑3, ‑8 and ‑9 and Bid cleavage was assessed by western blot analysis 
in CNE‑1‑LMP1 cells transfected with XIAP‑siRNA. (D) Upon treatment with TRAIL (100 ng/ml) for various periods of time, mitochondrial depolarization 
was measured by DiOC6(3) fluorescence in CNE‑1‑LMP1 cells transfected with XIAP‑siRNA. siRNA-, CNE‑1‑LMP1 transfected with negative control 
siRNA; XIAP‑siRNA, CNE‑1‑LMP1 transfected with XIAP‑siRNA. *P<0.05 compared to CNE‑1‑LMP1 transfected with XIAP‑siRNA; **P<0.01 compared 
to CNE‑1‑LMP1 cells transfected with XIAP‑siRNA. XIAP, X‑linked inhibitor of apoptosis protein; LMP1, latent membrane protein 1 TRAIL, tumor 
necrosis factor‑related apoptosis‑inducing ligand; siRNA, small interfering RNA; Bid, BH3 interacting domain death agonist; DiOC6(3), 3,3'-dihexyloxa-
carbocyanine iodide.
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revealed that XIAP was upregulated in CNE‑1‑LMP1 cells 
(Fig. 5A). To determine the role of XIAP in LMP1 func-
tion, the expression of XIAP in CNE‑1‑LMP1 cells was 
knocked‑down by siRNA (Fig. 5B). XIAP was indicated to 
be efficiently inhibited by the specific siRNA, and the apop-
totic rate of CNE‑1‑LMP1 cells was increased during TRAIL 
treatment (P=0.021). Upon treatment with TRAIL, the extent 
of XIAP downregulation increased the cleavage of caspase‑3, 
‑8 and ‑9 and Bid in CNE‑1‑LMP1 cells (Fig. 5C). Further-
more, as shown in Fig. 5D, the decreased expression of XIAP 
increased the DiOC6(3) negative cell rate. These observations 
suggest that XIAP was involved in LMP1‑induced TRAIL 
resistance in NPC cells.

The XIA P special  inhibitor,  embelin,  prevented 
LMP1‑indued TRAIL resistance. As previously mentioned, 
XIAP was involved in LMP1‑induced TRAIL resistance in 
NPC cells. Therefore, the present study sought to determine 
whether embelin (XIAP inhibitor) prevents LMP1‑induced 
TRAIL resistance. CNE‑1‑LMP1 cells were treated with 
various concentrations of embelin (5, 15, 25 and 50 µM ) 
for 24 h (Fig. 6A). The level of protein expression of XIAP 
in CNE‑1‑LMP1 cells was indicated to be decreased to 
the level observed in CNE‑1 cells, following treatment 
with 25  µM embelin. Additionally, embelin pretreated 
CNE‑1‑LMP1 cells, co‑treated with TRAIL, revealed that 
embelin pretreatment increased TRAIL‑induced apoptosis 
in CNE‑1‑LMP1 cells (Fig. 6B).

Embelin prevented the LMP1‑indued TRAIL resistance. As 
embelin prevented LMP1‑induced TRAIL resistance, the 
effect of embelin on C666‑1 cells, the EBV‑positive NPC cell 
line, was examined. The expression of XIAP was determined 

in three NPC cell lines and in NP‑69 cells. Notably, XIAP 
expression levels were not increased in C666‑1 cells. However, 
CNE‑2 demonstrated the greatest expression levels of the 
cell lines (Fig. 6C). C666‑1 cells were treated with 25 µM 
of embelin for 24 h to dampen XIAP expression, following 
TRAIL treatment. The apoptotic effect of the combined treat-
ment was stronger compared with treatment with TRAIL alone 
(Fig. 6D). The results show that embelin enhanced TRAIL 
sensitivity of EBV‑positive NPC cells.

The interest in TRAIL is due in large part to its selective 
tumoricidal effects and relatively low toxicity profile towards 
normal cells. The present study selected NP‑69, which was 
used as a model of the benign nasopharyngeal epithelium cell 
line to test the toxicity of combined treatment against benign 
cells (Fig.  6E). Treatment with embelin was indicated to 
effectively decrease XIAP protein levels and not to enhance 
TRAIL‑induced apoptosis in NP‑69 cells.

Discussion

The present study indicated that LMP1‑positive NPC cells are 
more sensitive to TRAIL compared with LMP1‑negative NPC 
cells. Therefore LMP1 was hypothesized to induce TRAIL 
resistance in NPC cells. CNE‑1‑LMP1 cell lines that express 
LMP1 were established, and the overexpression of LMP1 was 
indicated to induce TRAIL resistance. The knockdown of 
XIAP by siRNA showed that the upregulation of XIAP was 
involved in mediating the role of LMP1. In addition, the XIAP 
inhibitor, embelin, suppressed the expression of the XIAP 
protein and prevented LMP1‑induced TRAIL resistance in 
CNE‑1‑LMP1 and EBV‑positive C666‑1 NPC cells. The 
present study showed that LMP1 induces TRAIL resistance in 
NPC cells via XIAP upregulation. Furthermore, embelin may 

Figure 6. XIAP special inhibitor embelin inhibited XIAP expression and prevented LMP1‑induced TRAIL resistance. (A) Upon treatment with various does of 
embelin for 24 h, XIAP expression in CNE‑1‑LMP1 cells was assessed by western blot analysis. (B) Apoptotic rate was determined by flow cytometry analysis. 
(C) XIAP expression in four cell‑lines (CNE‑1, CNE‑2, C666‑1 and NP‑69) was assessed by western blot analysis. (D) Upon treatment with 25 µM embelin for 
24 h, XIAP expression in C666‑1 cells was assessed by western blot analysis and apoptotic rate was determined by flow cytometric analysis following treatment 
with TRAIL. (E) Upon treatment with 25 µM embelin for 24 h, XIAP expression in NP‑69 cells was assessed by western blot analysis and apoptotic rate was 
determined by flow cytometric analysis following treatment with TRAIL. *P<0.05 compared with cells treated with embelin; **P<0.01 compared to cells treated 
with embelin. XIAP, X‑linked inhibitor of apoptosis protein; LMP1, latent membrane protein 1 TRAIL, tumor necrosis factor‑related apoptosis‑inducing ligand.
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be additionally evaluated as an agent for combination therapy 
with TRAIL in EBV‑positive NPC patients.

At present, numerous factors have been identified that may 
affect TRAIL‑induced apoptosis. However, the underlying 
molecular mechanisms remain to be defined. Snow et al (21) 
reported that resistance to TRAIL‑induced apoptosis was 
observed in EBV‑positive spontaneous lymphoblastoid cell lines 
that were derived from patients with post‑transplant lymphop-
roliferative disease. This observation suggested a role for EBV 
in TRAIL resistance. The expression of EBV genes is indicated 
in the majority of NPC cell lines (22). These genes encode viral 
proteins that may contribute to malignant phenotypes (15). Among 
these genes, LMP1 is considered a primary viral oncogene (23). 
The presence of LMP1 in NPC tissues suggests the contribu-
tion of LMP1 to EBV‑mediated tumorigenesis (24). Silencing 
of the LMP1 gene by siRNA enhances the chemosensitivity of 
EBV‑positive NPC cells to bleomycin and cisplatin, suggesting a 
possible role for LMP1 in chemoresistance in NPC (17).

The present study tested the effect of LMP1 on 
TRAIL‑induced apoptosis in NPC cells. C666‑1 cells were 
indicated to be less sensitive to TRAIL compared with CNE‑1 
and CNE‑2. A genetic approach was used to upregulate 
LMP1 in CNE‑1, and the overexpression of LMP1 decreased 
sensitivity to TRAIL via the inhibition of mitochondrial 
depolarization. By contrast, Zhang et al (25) indicated that 
LMP1 increased cisplatin‑induced mitochondrial depolar-
ization and apoptosis in cervical carcinoma‑derived HeLa 
cells. This inconsistency between findings may be due to 
the varying apoptotic mechanisms induced by cisplatin and 
TRAIL. Bcl‑2 or Bcl‑XL overexpression during Fas‑induced 
apoptosis defines the two types of cells as having a differential 
dependence on the mitochondrial pathway. In type II cells, 
where apoptosis is associated with a mitochondrial‑dependent 
pathway, the overexpression of Bcl‑2 or Bcl‑XL prevents 
TRAIL‑induced apoptosis (26). The present study indicated 
that TRAIL induced mitochondrial depolarization in CNE‑1 
cells, such that Bcl‑2 and Bcl‑XL may potentially regulate 
the sensitivity of CNE‑1 cells to TRAIL. However, Bcl‑2 and 
Bcl‑XL were unaffected by the increased expression of LMP1, 
suggesting that LMP1 regulates TRAIL‑induced apoptosis 
without the effect on Bcl‑2 and Bcl‑XL. It has been previously 
reported that LMP1 augments Bcl‑2 expression in certain cells, 
including B cells and certain types of NPC cell lines (27,28). 
LMP1 may therefore differentially modulate Bcl‑2 expression 
in various cell types and cell differentiated types.

The present study also indicated that the TRAIL‑induced 
cleavage of caspase‑8,‑3 and ‑9 was inhibited by the enhanced 
expression of LMP1. ‘Initiator’ caspases with long prodomains, 
such as caspase‑8, either directly or indirectly activate ‘effector’ 
caspases, such as caspase‑3 (29). Vier et al (30) showed that the 
enhancement of death receptor expression induces caspase‑8 
cleavage. However, the present study demonstrated that the 
death receptors were expressed at similar levels in CNE‑1, 
CNE‑1‑pGL6 and CNE‑1‑LMP1 cells, suggesting that LMP1 
inhibited caspase‑8 cleavage via an additional mechanism. 
For example, a previous study indicated that LMP1 inhibited 
caspase‑8 cleavage through the upregulation of the FLIP protein, 
which possesses homology to caspase‑8 (31). Following Bid 
cleavage, caspase‑9 is activated and mitochondria are disrupted 
to activate caspase‑3. In the present study, these events were 

inhibited by LMP1 upregulation. Consistent with the results of 
the present study, Kijima et al (14) knocked‑down the LMP1 
gene in NPC cells and identified that the cleavage of caspase‑3 
and ‑8 and poly(ADP‑ribose) polymerase 1 was increased. 
However, in another study, LMP1 activated caspase‑8, ‑9, ‑3 
and ‑7 via the induction of Fas overexpression in lymphoblas-
toid cell lines (32). The inconsistencies observed between these 
studies may be attributed to the dual effects of LMP1 to induce 
apoptosis, which was also observed in the study conducted by 
Chen and Chen (33).

In the present study, the enhanced expression of XIAP was 
indicated to be involved in LMP1‑induced TRAIL resistance. 
IAPs are a group of anti‑apoptotic factors that render cancer 
cells insensitive to apoptotic stimulation  (34). A previous 
study considered XIAP to be the most potent IAP member for 
apoptosis inhibition and to often be overexpressed in various 
cancers  (35). Furthermore, the overexpression of XIAP in 
cancer is often associated with a poor prognosis and resistance 
to chemotherapy (36,37). Certain studies have clearly demon-
strated that XIAP may inhibit TRAIL‑induced apoptosis 
through the inactivation of caspase‑3 and ‑9 (38). Consistent 
with previous reports, the present study indicated that the 
downregulation of XIAP reversed LMP1‑induced TRAIL 
resistance by a mechanism that was dependent on increased 
mitochondrial depolarization and the cleavage of caspase‑3 
and ‑9. XIAP inhibits apoptosis by binding to, and thereby 
inactivating, certain caspases, including the initiator caspase‑9 
and the effector caspases‑3 and ‑ 7  (39,40). Previously, the 
binding affinity of XIAP to caspase‑3 and ‑7 was indicated 
to be increased compared with the binding affinity to the 
initiator caspase‑9; whereas the binding affinity of XIAP to 
the initiator caspase‑8 was undetectable (35). This affinity 
profile places XIAP as an inhibitor of the common effector 
phase of apoptosis; therefore, XIAP acts downstream of the 
Fas death‑receptor stimulation and the receptor proximal 
signaling events within the DISC, including FADD‑mediated 
recruitment and activation of caspase‑8. By contrast, and 
concordant with previous reports, the present study indicated 
that the downregulation of XIAP increased the cleavage of 
caspase‑8 (35). Ferreira et al (41) indicated that in the hepa-
tocytic type  I Fas signaling pathway, active p17 (a claved 
fragment of caspase-3) feeds back to caspase‑8, which cleaves 
the partially processed p43 fragment into the fully processed 
p18 species. XIAP siRNA‑induced caspase‑8 activation may, 
therefore, be attributed to caspase‑3 activation feedback. In 
addition, the downregulation of XIAP in the present study 
resulted in decreased Bid expression levels in response to 
TRAIL treatment. This observation suggested that enhanced 
LMP1‑induced XIAP expression reduced sensitivity to TRAIL 
via the inhibition of Bid cleavage.

Embelin has previously been shown to have antitumor, 
anti‑inflammatory and analgesic properties (42). Embelin has 
also been identified as a small molecular inhibitor of XIAP (43). 
Certain studies have shown that embelin suppresses the expres-
sion of XIAP and sensitizes tumor cells to TRAIL‑induced 
apoptosis  (44). The present study tested whether embelin 
could inhibit the LMP1‑mediated upregulation of XIAP and 
TRAIL resistance. XIAP expression levels were decreased 
in CNE‑1‑LMP1 cells by treatment with embelin, and 
LMP1‑induced resistance to TRAIL was prevented. This finding 
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indicated that embelin may replace XIAP‑siRNA in preventing 
LMP1‑induced TRAIL resistance in NPC cells.

In order to understand the association between LMP1 
and XIAP in various NPC cell lines, the expression levels of 
XIAP in three NPC cell lines and NP‑69 was tested. Notably, 
the expression levels of XIAP were not high in C666‑1 cells, 
but CNE‑2 cells demonstrated the highest expression levels, 
suggesting that LMP1 was not the only regulatory factor 
of XIAP expression. Embelin was indicated to enhance 
TRAIL‑induced apoptosis in C666‑1 cells, an EBV‑positive 
NPC cell line, and additionally suggested that embelin may 
sensitize EBV‑positive NPC patients to TRAIL treatment. 
However, a significantly decreased apoptotic response was 
demonstrated in C666‑1 cells that were treated with embelin 
and TRAIL, compared with CNE‑1‑LMP1 cells. The differ-
ence in these responses may be attributable to the various 
cell sources and other EBV genes. In Fig. 6E, embelin did not 
affect TRAIL‑induced apoptosis in NP‑69 cells, suggesting 
that embelin failed to enhance TRAIL‑induced apoptosis in 
benign cells. The results of the present study are considered 
to indicate that combined treatment with embelin fails to 
augment the toxicity of TRAIL.

In conclusion, the present study has shown that, following 
the overexpression of LMP1, NPC cells acquired resistance to 
TRAIL‑mediated apoptosis through the upregulation of XIAP. 
Embelin may exhibit efficacy in combinatorial therapy with 
TRAIL in an attempt to manage EBV‑positive NPC patients.
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