
Int J Clin Exp Pathol 2019;12(4):1204-1213
www.ijcep.com /ISSN:1936-2625/IJCEP0088262

Original Article
Triptolide reduces proliferation and enhances  
apoptosis in drug-resistant human oral cancer cells 

Li Tian1,4*, Yang Zhang2*, Yu Wang3, Ruijie Dang4, Zhiguang Fu4, Bin Gu4, Ning Wen4

Departments of 1Anesthesiology and Perioperative Medicine, 2Orthopedics, 3Oncology, State Key Discipline of 
Cell Biology, Xijing Hospital, The Fourth Military Medical University, Xi’an 710018, Shaanxi, China; 4Institute of 
Stomatology, Chinese PLA General Hospital, Beijing 100039, China. *Equal contributors.

Received November 12, 2018; Accepted December 27, 2018; Epub April 1, 2019; Published April 15, 2019

Abstract: Triptolide (TPL) is a traditional Chinese medicine that possesses anti-multidrug resistance (MDR) proper-
ties against various cancers, including oral cancer. However, the functional roles of TPL in oral cancer cells and its 
potential ability to overcome MDR have not fully evaluated. Therefore, in this study we used oral cancer cell line 
SAS to establish Taxol-resistant cell line SAS/Taxol and investigated the effects of TPL on MDR, proliferation, and 
apoptosis of SAS/Taxol cells. We first demonstrated that TPL overcame MDR in SAS/Taxol cells. In addition, TPL 
induced prominent proliferation inhibition, cell cycle arrest, and apoptosis of SAS/Taxol cells. Furthermore, the pro-
apoptotic effect of TPL on SAS/Taxol cells was dependent on intrinsic and extrinsic apoptotic pathways involved in 
the activation of caspases. Consistently, TPL successfully hampered oral tumor growth by inducing cell apoptosis in 
a xenograft mouse model. Overall, these results indicated that TPL circumvented MDR of SAS/Taxol cells by inhibi-
tion of proliferation and induction of apoptosis which was partly mediated by the intrinsic and extrinsic apoptotic 
pathways, suggesting the potential therapeutic value of TPL on Taxol-resistant human oral cancer. 
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Introduction 

Oral squamous cell carcinoma (OSCC) is the 
sixth most prevalent malignancy with over 
500,000 new cases diagnosed annually world-
wide [1]. More than 50% of patients with OSCC 
die within 5 years [2]. Despite great advances 
in the understanding of cancer biology and the 
development of novel chemotherapeutic agen- 
ts, the prognosis of OSCC patients has re- 
mained poor [3]. Thus, it is paramount to dis-
cover potential therapeutic drugs for OSCC. 

Resistance to current anticancer therapeutics 
and their side effects are the major obstacles 
to successful cancer therapy. Among the cate-
gories of resistance in cancer therapy, multi-
drug resistance (MDR) is the main cause of 
OSCC therapy failure [4, 5]. Reportedly, multi-
drug resistance protein 1 (MDR1), also known 
as P-glycoprotein, and multidrug resistance 
protein 1 (MRP1) are closely associated with 
MDR of cancers [6]. Accumulating evidence 
demonstrated that apoptosis resistance is a 

crucial factor for the carcinogenesis of OSCC 
and is associated with MDR [7]. Thus, exploring 
novel agents to target MDR1 and MRP1 by 
inducing apoptosis is an effective strategy for 
attenuation of MDR in OSCC.

Triptolide (TPL, the structure shown in Figure 
1A) is a diterpenoid triepoxide derived from the 
herb Tripterygium wilfordii [8]. As a natural 
medicine in China for hundreds of years, TPL 
has been established to possess a broad bio-
active spectrum of anti-fertility, immunosup-
pression, anti-inflammation, anti-cystogenesis, 
and anti-tumor activities [9]. Mounting evidence 
suggests that TPL confers anti-cancer activities 
by suppressing the proliferation and enhancing 
the apoptosis of different cancer cells, includ-
ing oral cancer [10-17]. Previously, TPL inhibit-
ed proliferation of several cancer cells in vitro 
and hampered tumor growth and metastases 
of melanoma, breast cancer, bladder cancer, 
and gastric carcinoma in mouse models [16]. 
Chen et al. [17] demonstrated that TPL induces 
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prominent growth inhibition and apoptosis in 
two oral cancer cell lines in vitro and inhibits 
the tumor growth via apoptosis induction in 
vivo. In the literature, TPL has been regarded as 
an adjuvant therapeutic agent that circumvents 
resistance to current anticancer therapies and 
enhances the anticancer effectiveness [18]. 
TPL can overcome MDR in prostate cancer cells 
by the downregulation of MDR1 expression 
[19]. In addition, TPL exerts pro-apoptotic and 
cell cycle arrest activity on drug-resistant hu- 
man lung cancer A549/Taxol cells [20]. Also, 
TPL circumvents drug-resistant effects of 5-flu-
orouracil on KB cells [21]. Furthermore, TPL 
synergistically enhances the anti-tumor effects 
of ionizing radiation in oral cancer in vitro and in 
vivo [22]. However, the effects of TPL on MDR 
OSCC cells and its potential to overcome MDR 
have not been explored. Thus, identifying the 
underlying mechanisms by which TPL sup-
presses MDR of OSCC will shed light on its pre-
cision treatment.

In this study, we investigated the anti-cancer 
effects of TPL on the Taxol-resistant cell line 
SAS/Taxol. Therapeutic effects of TPL have 
also been explored in a xenograft tumor bear-
ing mouse model. It revealed that TPL exerts 
anti-tumor effects by growth inhibition and 

apoptosis induction. Intrinsic and extrinsic 
apoptotic pathway-dependent caspase activa-
tion is essential for TPL-induced cell apoptosis. 
Overall, TPL may be useful for the prevention 
and treatment for OSCC patients with Taxol 
resistance. 

Materials and methods

Cell culture

The human oral cancer cell line SAS was pur-
chased from Nanjing KeyGen Biotechnology 
Co. Ltd. (China). SAS cells resistant to Taxol 
were established as follows. Briefly, SAS cells in 
the exponential phase of growth were exposed 
to 200 ng/ml of Taxol (Sigma-Aldrich, St Louis, 
MO, USA) for 1 month. After 3 months of Taxol 
initiated treatment, the Taxol-resistant cell line 
SAS/Taxol was established and then main-
tained in a drug-free medium and subcultured 
at least 3 times. SAS and SAS/Taxol cells were 
cultured in RPMI-1640 medium (Gibco BRL, 
Gaithersburg, MD, USA) supplemented with 
10% bovine calf serum (Gibco), 100 U/ml peni-
cillin, and 100 μg/ml streptomycin (both from 
Sigma) at 37°C in a humidified atmosphere of 
5% CO2. 

Figure 1. TPL overcame MDR of SAS/Taxol cells. (A) The structure of TPL. (B) SAS/Taxol cells were treated with vari-
ous concentrations (0, 20, 40, 60, 80, and 100 nM) of TPL for 48 h. CCK-8 assay was conducted to evaluate cell 
viability. (C-E) SAS/Taxol cells were treated with vehicle control, 80 nM TPL, or 80 nM TPL and 200 ng/ml of Taxol 
simultaneously. (C) Cell viability was measured by CCK-8 assay. (D) Representative western blot results of MDR1 
and MRP1. β-actin was used as the normal control. (E) Quantification of the band density in (D). Data are presented 
as the mean ± SD of three replicates. *P < 0.05, **P < 0.01 compared with control group. 
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Cell viability assay

Cell viability was detected using Cell Counting 
Kit-8 (CCK-8; Solarbio, Beijing, China) assay. 
100 µl SAS and SAS/Taxol cells were seeded 
onto a 96-well plate at a density of 1 × 104 
cells/well. Following overnight incubation, the 
culture medium was aspirated, and the cells 
were administered with various doses of TPL 
(Sigma; the final concentrations were 20, 40, 
60, 80 and 100 nM). In addition, the cells were 
exposed to vehicle control, 200 ng/ml of Taxol, 
or 200 ng/ml of Taxol + 80 nM of TPL. The cells 
were then cultivated for 48 h and 10 μl of 
CCK-8 solutions were added to each well. After 
incubation for 2 h, the absorbance at 450 nm 
was measured on a microplate reader (Spectra 
MAX190, Molecular Devices LLC, Sunnyvale, 
CA, USA). The results were expressed as a per-
centage of the control cells.

5-ethyl-2’-deoxyuridine (EdU) incorporation as-
say

Cell proliferation was assessed using EdU 
staining (RiboBio, Guangzhou, China) assay. 
SAS/Taxol cells were seeded onto a 24-well 
plate at a density of 1 × 105 cells/well. After 
treatment with or without 80 nM TPL for 48 h, 
cells were incubated with culture medium con-
taining 20 μM EdU for 2 h, and then fixed with 
4% paraformaldehyde (Sigma) for 20 min at 
room temperature. According to the manufac-
turer’s instructions, cells were incubated with 
Apollo solution for 30 min and stained with 
Hoechst 33342 for 15 min. The stained cells 
were washed with PBS twice before observa-
tion. Five random fields were selected from 
each well and photographed under an inverted 
fluorescent microscope (Carl-Zeiss, Berlin, 
Germany). 

Colony formation assay

A total of 1 × 103 SAS/Taxol cells were grown in 
6-well plates pre-coated with 1% agar (Sigma). 
After treatment with or without 80 nM TPL for 
48 h, fresh culture medium was replaced and 
the cells were cultured for another 12 d. The 
cells were fixed with methanol and the colonies 
were stained with 0.4% crystal violet (Sigma) 
and counted under a microscope (Olympus, 
Tokyo, Japan). Five random fields in each well 
were chosen to calculate the total number of 
colonies. 

Cell cycle analysis

SAS/Taxol cells (3 × 105 cells/well) were seed-
ed onto six‑well plates. Following overnight 
incubation, cells were treated with or without 
80 nM TPL for 48 h, and then were harvested 
and centrifuged. For the cell cycle distribution 
analysis, the supernatant was discarded, and 
attached cells were harvested and fixed in cold 
70% ethanol overnight at -20°C. Cell cycle dis-
tribution was analyzed by using a BD FACS 
Calibur flow cytometer (BD Bioscience, San 
Jose, CA, USA) according to the manufacturer’s 
instructions for the propidium iodide (PI; Sigma) 
staining kit.

Apoptosis analysis by flow cytometry

Cell apoptosis was evaluated by flow cytometry. 
3 × 105 SAS/Taxol cells were seeded onto six-
well plates. After reaching 80% confluence, 
cells were treated with or without 80 nM TPL for 
48 h, and then were harvested, centrifuged, 
and resuspended in binding buffer. As per the 
manufacturer’s protocol, 10 μl of ready-to-use 
Annexin V-fluorescein isothiocyanate (FITC; BD 
Bioscience) was added into the mixture, incu-
bated at 37°C for 15 min, and counterstained 
with 5 μl PI in the dark for 30 min. Annexin 
V-FITC and PI fluorescence were assessed 
using BD FACS Calibur flow cytometer (BD 
Bioscience), and the data were analyzed by 
CellQuest software (BD Bioscience). 

Measurement of mitochondrial permeability 
potential (MMP)

MMP loss was measured using JC-1 assay [23]. 
In brief, at 48 h after treatment with or without 
TPL, SAS/Taxol cells were stained with the cat-
ionic dye JC-1 (MitoPT, Immunohistochemistry 
Technologies, Bloomington, MN), which exhib-
its potential-dependent accumulation in mito-
chondria. At low membrane potential, JC-1 exi- 
sts as a monomer and produces a green fluo-
rescence (emission at 527 nm). At high mem-
brane potential, JC-1 forms J aggregates (emis-
sion at 590 nm) and produces a red fluo- 
rescence.

Measurement of caspase-3, -8, and -9 activi-
ties

Caspase-3 activity was determined using the 
Caspase-3/CPP32 Colorimetric Assay Kit (Bio- 
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Vision, Palo Alto, CA, USA), and caspase-8, -9 
activity was tested using caspase-8 and cas-
pase-9 Fluorimetric Assay (R&D Systems, 
Minneapolis, MN, USA). Briefly, 3 × 105 SAS/
Taxol cells were seeded onto six-well plates. 
After reaching 80% confluence, cells were 
treated without or with 80 nM TPL for 48 h. 
Cells were harvested, lysed, and centrifuged, 
and then the supernatant was collected. 
Caspase-3, -8, and -9 activities were measured 
by analyzing the cleavage of the colorimetric or 
fluorometric substrates.

Western blot analysis

At 48 h after treatment with or without 80 nM 
TPL or after exposure to vehicle control, 200 
ng/ml of Taxol, or 200 ng/ml of Taxol + 80 nM 
of TPL, SAS/Taxol cells were lysed and total 
protein was collected and measured by BCA 
protein assay kit (Beyotime, Haimen, China). 
Proteins were separated by 10% sodium dodec-
yl sulfate-polyacrylamide gel electrophoresis 
and transferred onto polyvinylidene fluoride 
membranes (Millipore, Hong Kong, China). After 
blocking with 5% nonfat milk diluted in Tris-
buffered saline buffer containing 0.1% Tween-
20 (pH 7.4) for 2 h at room temperature, the 
membranes were incubated with primary anti-
bodies against MDR1, MRP1 (both from Cell 
Signaling Technology, Danvers, Massachusetts, 
USA), Cyclin D1, Bax, Bcl-2, cytochrome C (Cyt 
C), apoptosis inducing factor (AIF), Bid, cas-
pase-8, caspase-9, caspase-3, cleaved (cl)-
caspase-3, and β-actin (all from Abnova, 
Taiwan, China) at 4°C overnight. After 1 h of 
incubation with the appropriate horseradish 
peroxidase-conjugated secondary antibodies, 
the bands were detected with an enhanced 
chemiluminescence kit (Amersham Pharmacia 
Biotech, Buckinghamshire, UK). Protein band 
density was quantified using Quantity One soft-
ware (Bio-Rad, Berkeley, CA, USA).

Terminal deoxynucleotidyl transferase-mediat-
ed dUTP nick end labeling (TUNEL) assay

Apoptosis in situ was evaluated by TUNEL assay 
following the manufacturer’s protocol (Roche, 
Mannheim, BW, Germany). For cells, at 48 h 
after treatment with or without TPL, SAS/Taxol 
cells were fixed with 80% glycerol at room tem-
perature. Cells were washed with PBS twice 
and permeabilized with 2% Triton X-100. The 
FITC-labeled terminal deoxynucleotidyl trans-

ferase (TdT) nucleotide mix (Promega, Madison, 
WI, USA) was added into each well and incubat-
ed at 37°C for 1 h and then counterstained 
with 10 mg/ml 4’,6-diamidino-2-phenylindole 
(Sigma) for 30 min. For tissues, tumor samples 
removed from the mice were formalin fixed and 
paraffin-embedded. 4 μm thickness sections 
were stained and examined. TUNEL-positive 
cells were imaged and counted by fluorescence 
microscopy (Carl-Zeiss). 

Xenograft tumor model

Ten SCID mice (6-week-old) were purchased 
from Institute of Zoology, Chinese Academy of 
Sciences (Beijing, China) and maintained under 
specific pathogen-free conditions with sterile 
food and chlorinated sterile water. The experi-
ments were carried out in strict accordance 
with the recommendations in the Guide for the 
Care and Use of Laboratory Animals of the 
Chinese PLA General Hospital (Beijing, China). 
The protocol was approved by the Committee 
on the Ethics of Animal Experiments of Chinese 
PLA General Hospital. 

For xenograft tumor model establishment, all 
the mice were subcutaneously injected with 2 × 
106 SAS/Taxol cells into the hind legs. After 3 
days, the mice were randomly divided into 2 
groups (n = 5 per group). In one group, the mice 
were administered with TPL (0.15 mg/kg/day) 
via intraperitoneal injections and continuously 
administrated for 4 weeks. The mice in the 
other group were intraperitoneally injected with 
vehicle (PBS). The tumor size was measured by 
the calipers once a week and the tumor volume 
was calculated using the formula V = 1/2 × 
(length × width2). At the end of treatment, the 
mice were sacrificed, and the tumors were 
removed, weighed, and photographed. Tumor 
tissues were fixed, embedded, and sectioned 
for TUNEL assay. 

Statistical analysis

Data are expressed as the mean ± standard 
derivation (SD). The statistical differences were 
determined by Student’s two-tailed t-test for 
two groups and one-way analysis of variance 
among multiple groups. SPSS version 16.0 
software (SPSS Inc., Chicago, IL, USA) was 
applied for statistical analyses. P < 0.05 was 
considered statistically significant.
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Results

TPL overcomes Taxol resistance of SAS/Taxol 
cells

To investigate the effects of TPL on SAS/Taxol 
cell proliferation, we treated SAS/Taxol cells 
with various concentrations (0, 20, 40, 60, 80, 
and 100 nM) of TPL for 48 h. As shown in Figure 
1B, CCK-8 assay showed that TPL reduced the 
viability of SAS/Taxol cells in a dose-dependent 
manner. Moreover, we found that treatment 
with 80 nM or 100 nM TPL exhibited more 
growth inhibition than other doses and time 
points, and no significance existed in both 
groups. Thus, treatment with 80 nM TPL was 
selected for subsequent experiments. 

To address the effects of TPL on MDR, we treat-
ed SAS/Taxol cells with 80 nM TPL and 200 ng/
ml of Taxol simultaneously. Cell viability results 
demonstrated that TPL increased the sensitivi-
ty of SAS/Taxol cells to Taxol-induced cell prolif-
eration inhibition (Figure 1C). We also exam-
ined the influence of TPL on the expression of 
MDR-associated proteins (MDR1 and MRP1) by 
western blot. As shown in Figure 1D and 1E, 
the expression of MDR1 and MRP1 was much 
lower in SAS/Taxol cells with TPL and Taxol co-
treatment than that in the control- or Taxol 

alone-treated cells. Taken together, these re- 
sults suggest that TPL overcomes Taxol resis-
tance in oral cancer cells by inhibiting the 
expression of MDR1 and MRP1.

TPL represses the proliferation of SAS/Taxol 
cells

We next explore the functions of TPL on the pro-
liferation of SAS/Taxol cells. EdU assay revealed 
that TPL significantly inhibited the proliferation 
of SAS/Taxol cells compared with the control 
cells (Figure 2A and 2B). Consistently, the sup-
pressive effect of TPL on SAS/Taxol cell prolif-
eration was confirmed by colony formation 
assay (Figure 2C and 2D). We further examined 
the cell cycle phase distribution of SAS/Taxol 
cells after TPL treatment. Flow cytometry analy-
sis showed that TPL induced considerable S 
phase accumulation and G0/G1 phase reduc-
tion in SAS/Taxol cells (Figure 2E). Collectively, 
these data indicate that TPL inhibits SAS/Taxol 
cell proliferation by inducing S phase arrest.

TPL promotes SAS/Taxol cell apoptosis

Subsequently, we examined whether TPL in- 
duced apoptosis of SAS/Taxol cells. Flow 
cytometry results showed a significant increase 
in apoptotic SAS/Taxol cells with TPL treatment 

Figure 2. TPL hindered SAS/Taxol cell proliferation. SAS/Taxol cells were treated with 80 nM TPL for 48 h. A. EdU in-
corporation assay was performed to examine cell proliferation. B. The quantification of EdU-staining cells. C. Colony 
formation assay was carried out to determine cell proliferation. D. Colony formation number was calculated 12 days 
later. E. Flow cytometry was conducted to show the cell cycle distribution. Proportion of the cells in different phases 
was calculated. Data are presented as the mean ± SD of three replicates. *P < 0.05 compared with control group.
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(Figure 3A and 3B). JC-1 assay demonstrated 
that TPL facilitated mitochondrial membrane 
potential loss of SAS/Taxol cells (Figure 3C and 
3D). TUNEL also revealed that TPL caused a 
large number of apoptotic SAS/Taxol cells as 
shown by the TUNEL-positive cells (Figure 3E). 
Apoptosis is mediated by the activation of cas-
pase cascades [24]. We therefore addressed 
whether TPL induced apoptosis by caspase sig-
naling in SAS/Taxol cells. After treatment with 
80 nM TPL for 48 h, caspase-3, -8 and -9 activi-
ties in SAS/Taxol cells were examined. As 
depicted in Figure 3F-H, TPL resulted in consid-
erable enhancement of caspase-3, -8 and -9 
activities. These results revealed that TPL 
caused SAS/Taxol cell apoptosis partly by acti-
vating a series of caspases.

TPL-induced SAS/Taxol cell apoptosis through 
the intrinsic and extrinsic apoptotic pathways

To probe the molecular mechanism by which 
TPL induces the cell cycle arrest and apoptosis 

of SAS/Taxol cells, western blot assay was per-
formed to evaluate the expression of some cell 
cycle- and apoptosis-associated proteins. As 
shown in Figure 4A and 4B, TPL remarkably 
decreased the protein level of Cyclin D1. For 
apoptosis- associated proteins, TLP induced 
significant upregulation in the expression of 
Bax, Bid, Cyt C, AIF, caspase-8 caspase-9, and 
cl-caspase-3 in SAS/Taxol cells; however, TLP 
markedly decreased Bcl-2 level (Figure 4A and 
4B). These data demonstrated that TPL trig-
gered SAS/Taxol cell apoptosis by activating 
caspase cascades.

TPL hinders tumor growth of SAS/Taxol cells 
in vivo 

To determine whether the anti-tumor effects of 
TPL on SAS/Taxol cells in vivo, a xenograft 
tumor-bearing model was established by using 
the SCID mice subcutaneously injected with 2 
× 106 SAS/Taxol cells. As depicted in Figure 
5A, TPL administration significantly reduced 

Figure 3. TPL caused SAS/Taxol cell apoptosis. SAS/Taxol cells were treated with 80 nM TPL for 48 h. (A) Annexin 
V-FITC/PI staining was analyzed to assess SAS/Taxol cell apoptosis. (B) The quantification of apoptotic cells. (C) 
Representative images of JC-1 staining. (D) Quantification of MMP. (E) TUNEL assay was performed and the percent-
age of TUNEL-positive cells was calculated. (F-H) The activities of caspase-8 (F), caspase-9 (G), and caspase-3 (H) 
were measured. Data are presented as the mean ± SD of three replicates. *P < 0.05, **P < 0.01 compared with 
control group.
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tumor growth. The tumor wei- 
ght was significantly reduced 
in the TPL-treated mice com-
pared with tumor-bearing con-
trol mice (Figure 5B). The 
tumor volume of mice treated 
with TPL was markedly smaller 
than those treated with vehi-
cle (Figure 5C). In addition, 
TPL resulted in much higher 
apoptotic cells of the tumor 
tissues (Figure 5D). Overall, 
the data demonstrate that TPL 
has a strong inhibitory effect 
on tumor growth in vivo.

Discussion

In this study, TPL exerted 
inhibitory effects on drug-
resistant human oral cancer 
SAS/Taxol cells. Key findings 
were as follows. First, TPL cir-
cumvented Taxol resistance of 
SAS/Taxol cells. Second, TPL 
reduced SAS/Taxol cell prolif-
eration. Third, TPL triggered 
apoptosis of SAS/Taxol cells. 
Fourth, TPL increased activi-
ties and induced activation of 
caspase-3, -8 and -9 in SAS/
Taxol cells. Fifth, TPL enhan- 
ced the expression of pro-
apoptotic protein (AIF, Bax and 
Bid) and Cyt C release while 
decreased the level of Cyclin 
D1 and Bcl-2 in SAS/Taxol 
cells. Last, TPL hampered tu- 
mor formation of SAS/Taxol 
cells in vivo. Together, TPL 
conferred suppressive effects 
on drug-resistant human oral 
cancer SAS/Taxol cells.

Chemotherapy is a widely 
used and an effective strategy 
for cancer therapy [25]. How- 
ever, the cytostatic and cyto-
toxic effects of chemotherapy 
to induce apoptosis in OSCC 
might be restricted due to an 
inducible cellular mechanism 
called MDR [5]. In particular, 
the transporter MDR1 encod-
ed by the MDR1 gene is one of 

Figure 4. TPL regulated apoptosis-associated protein expression in SAS/Tax-
ol cells. SAS/Taxol cells were treated with 80 nM TPL for 48 h. (A) Represen-
tative western blot results of Cyclin D1, Bcl-2, Bax, Bid, Cyt C, AIF, caspase-8, 
caspase-9, caspase-3, and cl-caspase-3. β-actin was used as the endoge-
nous control. (B) Band density of western blots in (A). Data are presented as 
the mean ± SD of three replicates. *P < 0.05 compared with control group.

Figure 5. TPL induced the growth inhibition and apoptosis of primary tumors 
in mice. SCID mice were subcutaneously injected with 2 × 106 SAS/Taxol 
cells into the hind legs. Beginning 3 days later, the mice were divided into 
two groups, one of which was given daily intraperitoneal injections of TPL 
(0.15 mg/kg/day), whereas the other was given vehicle controls. At the end 
of 4 weeks, the mice were sacrificed, and the tumors were removed, photo-
graphed, and weighed. (A) Representative images of tumors and (B) quanti-
fication of tumor weights. (C) Tumor volume of the subcutaneous xenograft 
model was measured once a week after SAS/Taxol cell implantation for 4 
weeks. (D) The apoptosis of tumor tissues was evaluated by TUNEL assay. 
Data are presented as the mean ± SD of three replicates. *P < 0.05, **P < 
0.01 compared with control group.
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the most important mechanisms that contrib-
ute to MDR [6]. Several investigations revealed 
the role of TPL in regulating the efflux transport-
ers to reverse MDR [19-21, 26]. Guo et al. [19] 
reported that TPL overcomes MDR in adriamy-
cin-resistent prostate cancer cells via downreg-
ulation of MDR1 expression, and Li et al. [26] 
proved that TPL reverses the adriamycin resis-
tance in K562/A02 cells via downregulation of 
MDR1 expression. Another study indicated that 
TPL displays strong anti-cancer effects on 
KB-7D cells with MRP overexpression and KB- 
tax cells overexpressing MDR by downregulat-
ing MRP and MDR expressions. TPL combined 
with 5-fluorouracil shows synergistic anti-tumor 
activities against cancer resistant xenografts in 
vivo [21]. Furthermore, TPL enhances anti-
tumor activity of irradiation for the treatment of 
oral cancer [22]. In this study, we demonstrat-
ed that TPL enhanced Taxol sensitivity of SAS/
Taxol cells by downregulation of MRP1 and 
MDR1 levels.

Preclinical studies indicated that TPL inhibits 
cell proliferation, induces cell apoptosis, inhib-
its tumor metastasis and enhances the effect 
of other therapeutic methods in various cancer 
cell lines [10, 11]. Reportedly, TPL inhibited the 
proliferation and induced the apoptosis in liver 
cancer HepG2 cells [16] and various leukemic 
cell lines and primary acute myeloid leukemia 
blasts [27]. Intriguingly, TPL reduced the viabil-
ity, motility, and angiogenesis in SAS oral can-
cer cells [28]. Hou et al. [18] reported that TPL 
attenuates MDR of cancer cells and enhances 
sensitization of chemo-therapeutic drugs for 
cancer therapy through proliferation inhibition 
and apoptosis induction. For example, TPL 
induces the apoptosis of cisplatin-resistant 
nasopharyngeal cancer cell line HNE1/DDP by 
increasing expression of Bax and caspase-9, 
and reducing Bcl-2 and Mcl-1 levels and syner-
gizes the toxicities of cisplatin [29]. TPL syner-
gistically enhances the anti-tumor effects of 
cisplatin in cisplatin resistant human bladder 
cancer cells [30]. Also, combination treatment 
with TPL and cisplatin induces cell cycle arrest 
via Cyclin D1 and Cyclin E1 expression and pro-
motes apoptosis accompanied by increased 
expression of caspase-3, -8, and -9, and Cyt C 
[30]. In the literature, TPL notably induces pro-
liferation inhibition, cell cycle arrest, and apop-
tosis of A549/Taxol cells [20]. Consistently, we 
found that TPL hampered the proliferation and 

cell cycle progression and promoted the apop-
tosis of oral cancer SAS/Taxol cells in vitro. TPL 
also hindered tumor growth and induced cell 
apoptosis in vivo.

A defect in apoptosis is a common phenome-
non in many types of cancer resistance to ther-
apy [31]. Generally, apoptosis is mediated by 
caspase activation, an event that is tightly regu-
lated and involves two major pathways, includ-
ing the intrinsic and extrinsic pathways [32]. 
The extrinsic pathway is initiated by the binding 
of death receptors with their death initiating 
ligands and subsequently leads to the activa-
tion of caspase-8. Activated caspase-8 can 
either directly cleave or activate caspase-7 or 
caspase-3, thereby promoting apoptosis. The 
intrinsic pathway is modulated by the activation 
of BH3-only proteins sensing different types of 
cell stress and then activating Bax/Bak at the 
mitochondrial outer membrane which leads to 
release of different apoptosis-mediating mole-
cules, such as Cyt C and subsequently acti-
vates caspase-9. Caspase-9 can cleave and 
result in caspase-3 and caspase-7 activation, 
thus triggering apoptotic cell death [32]. In both 
pathways, several anti-apoptotic proteins and 
pro-apoptotic signals are involved, such as 
Bcl-2 family proteins, which are attractive tar-
gets for anticancer resistance [33]. Reportedly, 
Bcl-2 family affords an essential role in regulat-
ing the apoptotic pathway [34]. Bax is a 
pro‑apoptotic protein, while Bcl-2 possesses 
anti‑apoptotic properties by stabilizing mito-
chondrial membrane and suppressing the 
release of Cyt C [35]. Carter et al. [27] reported 
that TPL induces caspase-dependent cell death 
mediated via the mitochondrial pathway in leu-
kemic cells. Furthermore, TPL significantly ele-
vates caspase-3, -8, and -9 activities in two oral 
cancer cells [17]. Consistent with these find-
ings, we here observed significant enhance-
ment of caspase-3, -8, and -9 activities as well 
as upregulation of Bax, AIF, Cyt C, caspase-3, -8 
and -9, and downregulation of Cyclin D1 and 
Bcl-2 in TPL-treated SAS/Taxol cells, indicating 
that TPL triggered SAS/Taxol cell apoptosis 
depending on both the intrinsic and extrinsic 
apoptotic pathways. 

In this study, we found that TPL exerted anti-
cancer effects on SAS/Taxol cells by enhancing 
cytotoxicity, repressing proliferation, and induc-
ing apoptosis. The apoptosis induction of TPL 
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was partly relying on intrinsic and extrinsic 
apoptotic pathways-mediated caspase activa-
tion. Thus, TPL is a potential chemotherapy and 
chemoprevention agent of Taxol-resistant oral 
cancer. 
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