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Abstract. The purpose of the study was to evaluate
the anti-tumour effects of triptolide (TPL) and of the
combination of TPL and cisplatin (DDP) in DDP-
resistant HNE1/DDP nasopharyngeal cancer (NPC)
cells and to reveal the possible mechanisms. HNE1/
DDP cells were treated with TPL and/or DDP. Cell
proliferation was examined by 3-(4,5-dimethylthia-
z0l-2-yl)-2,5-diphenyltetrazolium bromide (MTT)
assay and colony-forming assay; the combination in-
dex of the synergism between TPL and DDP was cal-
culated. Cell morphological changes were observed
under a microscope. Reactive oxygen species (ROS)
and apoptosis rate were determined by flow cytome-
try. 5,5°,6,6’-tetrachloro-1,1°,3,3’-tetrethyl benzimi-
dalyl carbocyanine iodide (JC-1) staining was used
to determine mitochondrial membrane potential
(MMP). Protein expression was analysed by Western
blot, including Bax, caspase-9, Bcl-2, Mcl-1. TPL had
an obvious anti-tumour effect and exhibited syner-
gistic cytotoxicity with DDP on DDP-resistant HNE1/
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DDP cells. TPL induced HNE1/DDP cell apoptosis
via inducing ROS generation. This effect was abol-
ished by the inhibitor of ROS, N-acetyl-L-cysteine
(NAC). TPL alone or combined with DDP could lower
MMP significantly. Western blot showed that TPL
alone or in combination with DDP increased expres-
sion of Bax and caspase-9, but reduced expression of
Bcl-2 and Mcl-1. We conclude that TPL could induce
cell apoptosis and synergize with DDP by regulating
ROS generation and mitochondrial pathways in
HNE1/DDP cells. This indicates that TPL may be ef-
fective in DDP-resistant NPC, either alone or com-
bined with DDP.

Introduction

Nasopharyngeal cancer (NPC) is a malignant tumour
occurring in the top and side walls of the nasopharyn-
geal cavity. Every year, 80,000 new cases of NPC are
diagnosed worldwide and 50,000 individuals die of this
disease. Over 80 % of these cases are from Asian coun-
tries, especially China and other Southeast Asia countries
(Marquitz et al., 2012; Sun et al., 2014). Radiotherapy
and adjuvant DDP chemotherapy are the main treatment
options for NPC (Pan et al., 2013). However, DDP re-
sistance usually develops during NPC therapy and re-
sults in the failure of radiotherapy and adjuvant DDP
chemotherapy for NPC (Feng et al., 2014; Su et al,,
2014). There is a critical need to develop more effective
treatments for NPC.

TPL, a diterpenoid triepoxide, is isolated from the
root of Tripterygium Wilfordii Hook F (TWHF), which
is a Chinese traditional medicine. Since it was success-
fully isolated and structurally characterized (Fig. 1) in
1972, TPL has attracted attention from researchers
worldwide (Liu, 2011). Their findings revealed that TPL
has various pharmacological effects, such as anti-
inflammatory, anti-rheumatic, anti-tumour, anti-micro-
bial, cardiovascular protective and anti-senile dementia
properties (Li et al., 2014). This indicated that TPL can
not only inhibit tumour growth directly in vitro and in
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Fig. 1. Structure of TPL

vivo, but also enhance the anti-tumour effects of cyto-
toxic agents and chemotherapeutic agents (Li et al.,
2012; Alsaied et al., 2014). However, the effect of TPL
on drug resistance of NPC has not been reported. The
present study aimed to investigate whether TPL can in-
hibit cell proliferation and sensitize DDP in a DDP-
resistant NPC cell line, and to explore the molecular
signalling pathway triggered by TPL in DDP-resistant
NPC cells. We further hypothesized that TPL can in-
crease ROS accumulation, activate mitochondrial path-
ways, and promote apoptosis of the NPC cells. In this
study, the HNE1/DDP cell line, which is an acquired
drug-resistance NPC cell line, was used to investigate
the inhibitory effect of TPL and its synergistic effect
with DDP in drug-resistant NPC.

Material and Methods

Material

TPL (Tianjin Medical Co.,Ltd, TianJin, CHINA) was
dissolved as a stock solution in dimethyl sulphoxide
(DMSO) and freshly diluted in 5 mmol-1"' culture me-
dium prior to use. DDP (QiLu Pharmacy Co., Ltd, Jinan,
China), n-acetyl-L-cysteine (NAC), MTT, and propidium
iodide (PI) were obtained from Sigma (Sigma-Aldrich,
St Louis, MO). ROS fluorescent probe — dihydroethidi-
um (DHE) was purchased from Vigorous Biotechnology
(Beijing, China). JC-1, Rabbit monoclonal anti-Bcl-2
(1:1000), rabbit monoclonal anti-Mcl-1 (1 :4000) and
mouse monoclonal anti-B-actin (1:1000) antibodies
were purchased from Santa Cruz Biotechnology (Santa
Cruz, CA), and rabbit polyclonal anti-caspase 9 (1 : 500)
and rabbit monoclonal anti-bax (1 : 500) antibodies were
purchased from Cell Signaling Technology (Santa Cruz).

Cell culture

The human NPC-derived DDP resistant HNE1/DDP
cell line was offered by the biochemical pharmacology
experiment centre of Bengbu Medical College (Bengbu,
China). To maintain the acquired resistance to DDP, the
cells were cultured in RPMI-1640 medium supple-
mented with foetal bovine serum (10%), penicillin/
streptomycin (100 U/ml) and DDP (3.2 uM) in a 5%
humidified CO, atmosphere at 37 °C.

Cell viability assay

Cell viability was evaluated by MTT assay (Zhou et
al., 2011). Briefly, 5 x 10° cells per well were seeded in

96-well plates. Following drug treatment, cells were in-
cubated with 15 pl MTT (5 mg/ml) for an additional 4 h.
Then the medium was discarded and 150 pul DMSO
was added to each well; cells were incubated in 37 °C
for 30 min. Finally, the optical density of each well was
measured at 570 nm using a Microplate Reader (BioTek,
Winooski, VI). The interaction between TPL and DDP
was quantified by the combination index (CI), which
was calculated by the equation: CI = (D)1/(Dx)1 +(D)2/
(Dx)2, where (Dx)1 and (Dx)2 indicate the individual
dose of TPL and DDP required to inhibit a given level of
cell growth, and (D)1 and (D)2 are the doses of TPL and
DDP necessary to produce the same effect in combina-
tion, respectively (Li et al ., 2012).

Morphological changes

Exponentially growing HNE1/DDP cells were seeded
in 12-well plates, 100,000 cells per well. After adhesion
overnight, cells were treated with 0—-80 nmol-1"! TPL for
24 h. Then, the cellular morphology was observed with
an AxioCam HRC CCD camera (Olympus, Tokyo,
Japan).

In vitro colony-forming assay

Fresh suspensions of HNE1/DDP cells were seeded at
5000 cells per well in a 6-well plate. The first medium
change was done after the first five days. Subsequently,
medium was changed every 3—4 days. Colonies were
monitored microscopically to ensure that they were de-
rived from single cells. Cultures were terminated at 14
days and stained with 1% crystal violet.

ROS detection

The changes in the intracellular ROS levels were de-
termined by the ROS fluorescent probe DHE. Non-fluo-
rescent DHE is cell-permeable and oxidized in the pres-
ence of ROS to form ethidium oxide. The ethidium
oxides can incorporate into DNA and produce red fluo-
rescence. Cells were seeded in a 6-well plate, 2 x 10°
cells per well, and attached overnight (Deeb et al.,
2010). After treatments, cells were incubated with
5 umol-1"! ROS fluorescent probe DHE for 2 h at 37 °C
prior to being harvested and analysed by flow cytome-

try.

Cell apoptosis induced by TPL evaluated by
PI staining

Cells were seeded in a 6-well plate at a density of 3 x
105 cells per well (Bao et al., 2012). After overnight at-
tachment, cells were treated with NAC and different
concentrations of TPL. At the end of the treatment cells
were digested by trypsin, washed with cold PBS, and
fixed overnight with alcohol solution at 4 °C. Then the
fixed cells were washed twice with PBS, stained with PI
solution (50 mg/ml PI, 0.1 mg/ml RNase A and 0.05%
triton X-100) for 30 min in the dark. Finally, at least
7000 events per sample were acquired by a flow cytom-
eter (BD, Becton, Dickinson and Co., Piscataway, NJ).
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Assessment of changes in MMP by JC-1 staining

Cells were seeded in 6-well plates at a density of 2 x
105 cells per well. After attachment, cells were treated
with different concentrations of TPL, and 10 pumol-1"
DDP only or combined with 40 nmol-1"! TPL. MMP was
detected with JC-1 cationic dye according to the manu-
facturer’s instructions. In brief, treated cells were la-
belled with JC-1 dye for 30 min. After labelling, cells
were washed twice with cold JC-1 dyeing buffer (Wid-
lansky et al., 2010); cells were observed under a
U-HGLGPS fluorescent microscope (Olympus). The
software for image analysis pro-plus 6.0 was used to
analyse the fluorescence intensity of JC-1 staining, and
the ratio of red to green was calculated. The experiment
was repeated three times.

Western blot analysis

The cells were plated in 6-well culture dishes at a
density of 6 x 10° cells/well. The harvested cells were
then lysed on ice for 30 min in 100 ml of lysis buffer
(120 mmol-I"! NaCl, 40 mmol-I"" Tris (pH 8), 0.1%
NP40) and centrifuged at 8600 g for 30 min. The protein
concentrations were then measured by bicinchoninic
acid (BCA) protein assay. Equal amounts of proteins
were electrophoresed through denaturing polyacryla-
mide gels, transferred onto polyvinylidene difluoride
membranes and probed with primary antibodies against
Mcl-1, Bcl-2, Bax and caspase-9 at 4 °C overnight.
After being washed with TPBS, the membranes were
incubated with peroxidase-conjugated secondary anti-
bodies for 2 h. The blots were detected with immobilon
western chemiluminescent HRP substrate (Millipore,
Darmstadt, Germany) following the manufacturer’s in-
structions. B-actin was used as a loading control.

——24h

Cell viability ( % of control )
Cell viability ( % of control )

Statistical analysis

The results were analysed statistically using the SPSS
software (Version 17.0) and data were expressed as
means + standard deviations (SD). One-way analysis of
variance (ANOVA) with LSD test was employed to
identify significant differences (P < 0.05 and P < 0.01)
between the data sets.

Results

Proliferation inhibition induced by TPL in
HNE1/DDRP cells

The present study evaluated growth of the HNE1/
DDP NPC cell line after the treatment with TPL at vari-
ous concentrations (0—80 nmol-1"") and time points (24—
48 h). The results from MTT assays revealed that the
cell viability was decreased in a dose- and time-depend-
ent manner following exposure to TPL (Fig. 2A). The
MTT assays indicated that the HNE1/DDP cell line was
resistant to DDP, since its IC, | was 22.9 umol-I"' for 48
h (Fig. 2B). The HNE1/DDP cells treated with TPL ex-
hibited cell swelling, shrinkage, nuclear condensation
and fragmentation, and the changes became more seri-
ous with the increasing concentration (from 20 nmol-1™!
to 80 nmol-1™"), as shown in Fig 2C. These results dem-
onstrated that TPL could inhibit proliferation of the
HNE1/DDP cells.

Apoptosis induced by TPL in the HNE1/DDP
cell line

To further investigate the cytotoxicity of TPL against
the HNE1/DDP cells, the cells were subjected to in-

0 10 20 20 %0 0 5

10 20 40

TPL( nmol‘l1'!)

DDP( pmol-1!)

TPL (nmol-1!)

Fig. 2. Proliferation inhibition induced by TPL in the HNE1/DDP cell line

(A) HNE1/DDP cells were exposed to varying concentrations of TPL (0—80 nmol-1") for 24-48 h. Cell viability was as-
sessed by MTT assay. (B) HNE1/DDP cells were exposed to different concentrations of DDP (5-40 umol-1") for 24, 48 h.
Cell viability was assessed by MTT assay. (C) Effect of TPL on cell morphology. HNE1/DDP cells were treated with
different concentrations (20-80 nmol-1"") of TPL for 24 h and the cellular morphology was observed with a camera
(x200). *P < 0.05 and **P < 0.01 vs control
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creased concentrations of TPL for 24 h, followed by cell
apoptosis assessment by flow cytometry with PI stain-
ing. TPL treatment induced apoptosis in most DDP-re-
sistant cells, and the proportion of apoptosis increased
with elevated TPL concentrations (Fig. 3). The results
showed that TPL could induce cell apoptosis in HNE1/
DDP cells.

Apoptosis induced by TPL dependent on
ROS generation

To explore the possible mechanism of TPL-induced
apoptosis in HNE1/DDP cells we measured the genera-
tion of ROS. As shown in Fig. 4A, TPL exposure re-
sulted in a time- and concentration-dependent ROS ac-
cumulation in the HNE1/DDP NPC cells compared to
the control cells. Significant ROS generation was ob-
served when the cells were treated for as little as 1 h,
indicating rapid generation of ROS in the TPL-treated
cells. However, the production of ROS caused by TPL
was abolished by pre-treatment with NAC due to its
ability to elevate intracellular glutathione to prevent
production of ROS (Fig. 4A). Furthermore, the PI stain-
ing analyses revealed that the reduction of ROS by NAC
attenuated the number of TPL-induced apoptotic cells
from 31.6 % to 8.5 % (Fig. 4B). Collectively, these data
suggested that apoptosis induced by TPL is associated
with ROS generation.

MMP and the expression of Bcl-2, Mcl-1, Bax,
caspase-9 regulated by TPL

During the staining experiments, JC-1 accumulates
within the intact mitochondria to form multimer J-ag-
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Fig. 3. Cell apoptosis induced by TPL in HNE1/DDP cells

gregates, which results in a change of fluorescence from
green to red. Conversely, when apoptosis occurs in the
cells, MMP decreases and the multimer J-aggregates are
reduced, shifting the fluorescence from red to green.
The intensity ratio of red to green was therefore used to
evaluate the MMP and early stages of cell apoptosis. As
shown in Fig. 5A and 5B, in HNE1/DDP cells treated
with TPL at concentrations 0-80 nmol-1"! for 24 h, the
red fluorescence weakened while the green fluorescence
got stronger, and the ratio of red to green decreased. The
results showed that TPL could induce depolarization of
the mitochondrial membrane and lower the MMP. When
the cells underwent apoptosis, relative protein changes
were always involved. Western blot showed that TPL
reduced expression of anti-apoptotic Bcl-2 and Mcl-1
but increased the pro-apoptotic Bax and caspase-9 (Fig.
5C). As it is known that MMP, Bcl-2, Mcl-1, Bax and
caspase-9 all are part of mitochondrial pathways of cell
apoptosis, the results indicated that TPL could induce
HNE1/DDP cell apoptosis by regulating the mitochon-
drial pathways.

Improved cytotoxicity of the synergistic
combination of TPL and DDP in DDP-resistant
HNEI1/DDP cells

The present study tested whether low doses of TPL
and DDP in combination were able to exert a synergistic
anticancer effect, and also investigated its possible me-
chanism. Using 10 pmol-1"! DDP in combination with
40 nmol-1"! TPL, the inhibition rate rapidly increased to
81.30 % after 48 h (Fig. 6A). DDP alone (10 pmol-1")
induced 26.5 % cell death (Fig. 6A). The combination
index (CI) of the combination was < 1, suggesting that
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HNEI1/DDP cells were cultured for 24 h with varying doses of TPL (20-80 nmol-I™"). Apoptosis was identified by PI stain-

ing and analysed by flow cytometry. **P < 0.01 vs control
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Fig. 4. TPL induced cell apoptosis via ROS generation in HNE1/DDP cells.

(A) TPL induced ROS accumulation in HNE1/DDP cells. (1) Cells were incubated with TPL in concentrations 20—-80 nmol-1™!
for 2 h and stained with ROS fluorescent probe DHE. ROS production was measured by flow cytometry. (2) Cells were
pre-incubated with 5 mmol-1"! NAC for 1 h, incubated with 80 nmol-1"! TPL for 2 h and then analysed for the ROS con-
tent. (3) Cells were incubated with 80 nmol-1"! TPL for 1, 2 and 4 h and ROS production was measured. (B) TPL-induced
apoptosis was abolished by NAC. Cells were pre-incubated with 5 mmol-1"t NAC for 1 h and/or incubated with 40 nmol-1™!
TPL for 24 h. Apoptosis was identified by PI staining and analysed by flow cytometry. **P < 0.01 vs TPL

the antiproliferative effect of the combination was syn-
ergistic. Additionally, the colony-forming assay con-
firmed that TPL enhanced the antiproliferative effect of
DDP (Fig. 6B). The MMP and Bcl-2, Mcl-1, Bax and
caspase-9 were also assessed in the combination group.
As shown in Fig. 6C and 6D, the MMP and Bcl-2, Mcl-
1 were reduced, but Bax and caspase-9 levels were in-
creased in the combination group compared to control.
These observations demonstrated that TPL combined
with DDP exhibited a synergistic effect against DDP-re-
sistant NPC cells and that this effect may be related to
mitochondrial pathways mediated by TPL.

Discussion

Even though DDP chemotherapy and radiotherapy
are the main treatments for NPC, many NPC patients do
not benefit much from concurrent chemoradiotherapy
(Ye et al., 2014). Drug resistance has emerged as the
major impediment to effective NPC therapy. Thus, nov-

el strategies that either have an effective anti-tumour ef-
fect on NPC employing new mechanisms or are able to
enhance the effects of DDP are highly desirable. In the
present study, TPL, a monomer of Chinese traditional
herbs, was used in DDP-resistant NPC cells to detect its
anti-tumour effect alone or in combination with DDP.

The pleiotropic anticancer activities of TPL have at-
tracted a great deal of research interest. Notably, TPL
has also been identified to be effective in the induction
of apoptosis in many cancer cells, including some drug-
resistant cancer cells, such as bladder cancer (Ho et al.,
2015), ovarian cancer (Zhong et al., 2013), myeloid leu-
kaemia (Chen et al., 2013), and pancreatic cancer (Zhu
et al., 2012). The results of the present study demon-
strated that TPL also displays activity against DDP-re-
sistant NPC and synergizes with DDP in DDP-resistant
NPC cells.

ROS are involved in the regulation of cell apoptosis
through various stimuli. When cells are exposed to ap-
optotic stimuli, ROS are generated and induce opening
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Fig. 5. TPL triggered the mitochondrial pathway.

(A) TPL reduced MMP in HNE1/DDP cells. HNE1/DDP cells were incubated with TPL in the concentrations 20—-80 nmol 1!
for 24 h, stained with JC-1 for 30 min, and then observed under a fluorescence microscope. (B) The fluorescence inten-
sity ratio of red to green of A. *P < 0.05, **P < 0.01 vs 0 nmol-1"' group, the data represented three independent experi-
ments. (C)The effects of TPL on the expression of Bcl-2, Mcl-1, Bax and caspase-9 were evaluated by Western blot.
HNE1/DDP cells were cultured with TPL in concentrations 20—-80 nmol-1"! for 24 h, then analysed by Western blot.

of the mitochondrial permeability transition pores, re-
lease of pro-apoptotic proteins, and activation of cas-
pase-9 (Rasola and Bernardi, 2014). The present study
suggested that ROS accumulation contributed to TPL-in-
duced cell apoptosis in HNE1/DDP NPC cells. Pre-
viously, it has been reported that elevated intracellular
ROS mediates TPL-induced apoptosis in human breast
cancer and DDP-resistant human ovarian cancer cells
(Zhong et al., 2013), which is in agreement with the
findings of the present study. Although a possible contri-
bution of ROS has been observed in the apoptotic re-
sponse to TPL, the role of ROS generation in cell apop-
tosis induced by TPL is unclear. Mitochondria are a
major source of cellular ROS. Evidences showed that
reducing the ROS level could block the loss of MMP in
amodel of activated cell apoptosis (Bonora et al., 2014).
Bcl-2, Mcl-1 and Bax belong to the Bcl-2 family and
play an anti- and pro-apoptotic role in the intrinsic apop-
tosis pathway, respectively. Bax is a pro-apoptotic pro-
tein, which triggers cytochrome c leaking from mito-
chondria and activation of caspase-9. Bcl-2 can block
the action of Bax by activation of its homo-oligomeriza-

tion. Mcl-1 displays the same anti-apoptotic effect as
Bcl-2. Caspase-9 is the main protein of the mitochon-
drial pathways and when activated, the cells die by ap-
optosis through mitochondrial pathways. MMP and the
related proteins (Bcl-2, Mcl-1, Bax and caspase-9) were
also examined in the present study. The results suggest-
ed that increased expression of Bax and caspase-9 and
declined levels of Bcl-2 and Mcl-1 may contribute to the
apoptosis-promoting activity of TPL in the HNE1/DDP
NPC cells. All the above-mentioned data indicated that
apoptosis induced by TPL in HNE1/DDP cells was de-
pendent on the mitochondrial pathways regulated by
ROS accumulation.

Numerous commonly used chemotherapy agents, in-
cluding DDP, could trigger the ROS-dependent activa-
tion of apoptosis (Penney et al., 2013). However, con-
tinuous DDP treatment may reduce the cellular ROS
levels, and cancer cells containing reduced ROS may
become drug resistant (Indran et al., 2011; Sosa et al.,
2013). Furthermore, an elevation of the cellular ROS
level by exogenous ROS generation in combination
with DDP re-sensitizes drug-resistant cancer cells.
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(A) Cell viability. Cells were treated with 10 pmol-1"" DDP or 40 nmol-1"! TPL alone or in combination for 24 h, 48 h. Cell
viability was assessed by MTT assay, the data were presented as the mean + SD of three independent experiments (**P <
0.01 vs. the combination group). (B) Colony-forming assay. (C) MMP determined by JC-1 staining after the cells were
treated for 24 h. *P < 0.05, **P < 0.01 vs control, the data represented three independent experiments. (D) Western blot
analysis of caspase-9, Mcl-1, Bcl-2 and Bax in HNE1/DDP cells treated with 10 pmol-I"" DDP and/or 40 nmol-1"! TPL for

24 h.

Previous reports (Tan et al., 2013) and the present studies
indicated that TPL can induce ROS generation. Hence,
TPL combined with DDP can restore the sensitivity of
HNE1/DDP cells to DDP. The possible mechanism may
be that ROS generation induced by TPL activated the
mitochondrial pathways and induced apoptosis.

Altogether, these findings indicate that TPL has trig-
gered ROS generation, which is a critical mediator of
TPL-induced cell apoptosis in DDP-resistant NPC cells.
We showed that TPL induced cell apoptosis and exhib-
ited a synergistic effect with DDP in DDP-resistant
HNE1/DDP NPC cells. Further in vivo experiments may
aid in the confirmation of the therapeutic efficacy of this
agent for patients with DDP-resistant NPC.
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