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Abstract. Pancreatic cancer is a fatal human malignancy asso-
ciated with an exceptionally poor prognosis. Novel therapeutic 
strategies are urgently required to treat this disease. In addi-
tion to immunosuppressive activity, triptolide possesses strong 
antitumor activity and synergistically enhances the antitumor 
activities of conventional chemotherapeutic drugs in preclinical 
models of pancreatic cancer. The present study investigated 
the antitumor effects of triptolide in pancreatic cancer cells, 
either in combination with gemcitabine, or alone. The pancre-
atic cancer BxPC-3 and PANC-1 cell lines were treated 
with triptolide, which resulted in time- and dose-dependent 
growth arrest. When incorporated into a sequential schedule, 
triptolide synergistically increased gemcitabine-induced cell 
growth inhibition and apoptosis, in addition to the cooperative 
regulation of B-cell lymphoma 2 family proteins and loss of 
mitochondrial membrane potential. Furthermore, triptolide 
enhanced gemcitabine-induced S phase arrest and DNA 
double-strand breaks, possibly through checkpoint kinase 1 
suppression. The results of the present study suggest that trip-
tolide has therapeutic potential for the treatment of pancreatic 
cancer, particularly when administered in combination with 
gemcitabine.

Introduction

Pancreatic cancer is an aggressive and highly fatal malignancy 
affecting a large number of individuals worldwide, and has 

a relative 5-year survival rate of <5% (1,2). It is the fourth 
leading cause of cancer-associated mortality in the United 
States, with ~46,420 new cases and 39,590 fatalities occurring 
as a result of the disease during 2014 (3). Surgical resection is 
currently the only treatment available that may cure pancreatic 
cancer (4); however, the majority of patients are diagnosed late 
in the natural course of the disease, with ~80% presenting with 
metastasis (5,6).

The drug 2',2'-difluorodeoxycytidine, also known as 
gemcitabine, is the first‑line chemotherapeutic agent for pancre-
atic cancer treatment that is approved by the Food and Drug 
Administration (7,8). It exerts antitumor activity depending 
on several inhibitory actions of DNA synthesis, functioning 
to impair DNA repair and induce apoptosis (9). Gemcitabine 
has been demonstrated to effectively inhibit pancreatic cancer 
cells that are insensitive to other drugs, including fluorouracil, 
doxorubicin and cisplatin (10). Although gemcitabine exhibits 
effective inhibition on pancreatic cancer cell growth in vitro, 
its clinical efficacy remains low (11). Thus, novel therapies are 
urgently required for the treatment of this extremely aggres-
sive malignancy.

Triptolide is a diterpenoid triepoxide derived from the herb 
Tripterygium wilfordii, which has been utilized as a natural 
agent in China for centuries (12). Triptolide has been success-
fully applied as an immunosuppressant for clinical treatment 
of inflammation, autoimmune diseases and organ transplan-
tations (13-15). In addition to immunosuppressive activity, 
triptolide has been demonstrated to possess potent antitumor 
activity and induce apoptosis in a variety of tumor types 
in vivo and in vitro (16-18). Furthermore, triptolide has been 
reported to synergistically increase the antitumor activities of 
conventional chemotherapies (19,20). Synergistic antitumor 
interactions between triptolide and other chemotherapeutic 
drugs, including cisplatin, artesunate and hydroxycampto-
thecin, have been previously observed in pancreatic cancer 
cells (21-23). In addition, triptolide is currently undergoing 
clinical trials for its antitumor and proapoptotic activities on 
primary cultures of human prostatic epithelial cells (24).

The present study hypothesized that triptolide synergisti-
cally enhances the antitumor activity of gemcitabine by 
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inducing apoptosis in pancreatic cancer cells. The results 
demonstrate that triptolide inhibits pancreatic cell growth, 
and cooperatively augments gemcitabine-induced apoptosis 
by increasing gemcitabine-induced S phase arrest and DNA 
double-strand breaks (DSBs). This suggests that triptolide may 
possess therapeutic potential for the treatment of pancreatic 
cancer, particularly when administered in combination with 
gemcitabine.

Materials and methods

Chemicals. Triptolide was purchased from the National 
Institutes for Food and Drug Control (Beijing, China), and 
gemcitabine (GEM; Gemzar®) was purchased from Lilly 
(Fegersheim, France). All other chemicals were of analytical 
grade and obtained commercially.

Cell culture. The human pancreatic cancer BxPC-3 and 
PANC-1 cell lines were obtained from the Shanghai Institute of 
Biochemistry and Cell Biology, Chinese Academy of Sciences. 
(Shanghai, China). The cell lines were maintained in Dulbecco's 
modified Eagle's medium (DMEM; Gibco; Thermo Fisher 
Scientific, Inc., Waltham, MA, USA) supplemented with 10% 
fetal bovine serum (HyClone; GE Healthcare Life Sciences, 
Logan, UT, USA), penicillin/streptomycin (100 U/ml each; Shiji-
azhuang No. 4 Pharmaceutical Co., Ltd., Shijiazhuang, China), 
sodium bicarbonate (2 g/l; Sinopharm Chemical Reagent Co., 
Ltd., Shanghai, China) and HEPES (2.4 g/l; Amresco, LLC, 
Solon, OH, USA), and were incubated at 37˚C with 5% CO2.

In vitro cytotoxicity assays. In vitro cytotoxicities of triptolide 
and gemcitabine, alone or in combination, in the pancreatic 
cancer cell lines were determined by 3-(4,5-dimethylthi-
azol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay (25). 
Control groups were treated without gemcitabine and 
triptolide, and cultured for up 120 h. Briefly, BxPC-3 or 
PANC-1 cells were plated in 96-well plates (Corning Inc., 
Corning, NY, USA; 3x103 cells/well) and were treated with 
triptolide or gemcitabine at the indicated concentrations, 
alone (triptolide: 0, 6.25, 12.5, 25 and 50 nM; gemcitabine: 0, 
5, 10, 20 and 40 nM or sequentially combined [gemcitabine 
treatment (0, 5, 10, 20 and 40 nM) for 48 h followed by trip-
tolide treatment (0, 6.25, 12.5 and 25 nM) for 72 h], for up 
to 120 h. MTT (Amresco, LLC) was subsequently added to 
a final concentration of 1 mM. Following 4 h of incubation, 
the formazan crystals were dissolved by the addition of 100 µl 
10% sodium dodecyl sulfate (SDS; Amresco, LLC) in 10 mM 
hydrogen chloride (Sinopharm Chemical Reagent Co., Ltd.). 
Optical densities were measured with a visible microplate 
reader (SpectraMax® M5; Molecular Devices, LLC, Sunnyvale, 
CA, USA) at 570 nm. The extent and direction of antitumor 
interactions between the two agents were determined by calcu-
lating the combination index (CI) using the CalcuSyn software 
version 2.1 (Biosoft, Cambridge, UK) (26). The CI indices 
were categorized as follows: CI <1, synergistic effect; CI=1, 
additive effect; and CI>1, antagonistic effect.

Cell cycle analysis. The effects of triptolide and gemcitabine 
treatment, alone or in combination, on cell cycle distribution in 
the pancreatic cancer cell lines were analyzed using propidium 

iodide staining (Sigma-Aldrich, St. Louis, MO, USA) and 
flow cytometry (Cytomics FC 500; Beckman Coulter, Inc., 
Brea, CA, USA). A total of 5x105 BxPC-3 and PANC-1 cells 
were seeded in each well, and were subsequently treated with 
25 nM triptolide and 40 nM gemcitabine alone for 72 h. For the 
combined treatment, the cells were treated with gemcitabine 
for 24 h, followed by triptolide for up to 72 h. Cell medium and 
serum were the same as previously described in cell culture, 
and 70% alcohol (Sinopharm Chemical Reagent Co., Ltd.) was 
used as a fixative. Cells were treated with trypsin (Amresco, 
LCC) for 2 min, washed with phophate-buffered saline (PBS; 
8 g sodium chloride, 0.2 g potassium chloride, 1.44 g diso-
dium hydrogen phosphate and 0.24 g potassium dihydrogen 
phosphate, dissolved in 1 liter saline; Sinopharm Chemical 
Reagent Co., Ltd.) and DNA was stained with 50 µg/ml prop-
idium iodide for 30 min in the dark. Cell cycle analysis was 
performed using the ModFit LT™ 3.0 DNA analysis software 
(Verity Software House, Inc., Topsham, ME, USA).

Assessment of baseline and drug‑induced apoptosis. The 
effects of triptolide and gemcitabine treatment, alone or in 
combination, on apoptosis in the BxPC-3 or PANC-1 cell 
lines were analyzed using flow cytometry, as previously 
described (27). Briefly, the treated cells were harvested and 
apoptosis was determined using an Apoptosis Annexin V-FITC 
kit (Nanjing KeyGen Biotechnology Co. Ltd., Nanjing, China) 
and flow cytometric analysis. The results are presented as the 
percentage of Annexin V+ cells (mean ± standard error).

Western blot analysis. BxPC-3 or PANC-1 cells treated with trip-
tolide and gemcitabine, alone or in combination, were washed 
three times with PBS (5 min each time; Sinopharm Chemical 
Reagent Co., Ltd.) and lysed in a lysis buffer [20 mM Tris 
(pH, 7.5; Amresco, LLC), 150 mM sodium chloride (Sinopharm 
Chemical Reagent Co., Ltd.), 1% Triton X-100 (Sigma-Aldrich), 
1 mM ethylenediaminetetraacetic acid (Sinopharm Chemical 
Reagent Co., Ltd.), 1 mM sodium orthovanadate, 10 mM NaF, 
1 mM phenylmethylsulfonyl fluoride (Amresco, LLC) and 
protease inhibitor cocktail (dilution, 1:100; Sigma-Aldrich)] for 
20 min on ice. The protein lysates were clarified by centrifugation 
at 12,000 x g for 20 min at 4˚C and quantified using a Pierce BCA 
Protein Assay kit (product no. 23227; Thermo Fisher Scientific 
Inc.). Protein was subsequently subjected to SDS-polyacrylamide 
gel electrophoresis and transferred onto an Immobilon®-P PVDF 
Membrane (EMD Millipore, Billerica, MA, USA), with at least 
50 µg protein added to each lane. The membrane was immunob-
lotted with monoclonal rabbit anti-B-cell lymphoma 2 (Bcl-2; 
#2870), monoclonal rabbit anti-caspase 3 (#9665), monoclonal 
rabbit anti-phospho-H2AX (γH2AX; #9718), monoclonal rabbit 
anti-glyceraldehyde 3-phosphate dehydrogenase (#2118) (dilu-
tions, 1:1,000; Cell Signaling Technology, Inc., Danvers, MA, 
USA), polyclonal rabbit anti-myeloid cell leukemia 1 (Mcl-1; 
#sc-819) or polyclonal rabbit anti-checkpoint kinase 1 (CHK1; 
#sc-7898) (dilutions, 1:100; Santa Cruz Biotechnology Inc., 
Dallas, TX, USA) antibodies. Immunoreactive proteins were 
visualized using the Odyssey® CLx Imaging system (Li-Cor, 
Lincoln, NE, USA).

Analysis of mitochondrial membrane potential (MMP). 
MMP was assessed by retention of Rhodamine 123 within 
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the pancreatic cancer cells (28). BxPC-3 and PANC-1 cells 
were treated with triptolide or gemcitabine, either alone or in 
combination, washed three times with PBS (5 min each time) 
and incubated with serum-free DMEM containing Rhoda-
mine 123 (1 µM; Beyotime Biotechnology, Nantong, China) 
at 37˚C for 30 min in the dark. The cells were subsequently 
washed three times with PBS (5 min each time), and the fluo-
rescence was measured using a fluorescence spectrophotometer 
(SpectraMax® M5; Molecular Devices, LLC) with an excitation 
wavelength of 507 nm and an emission wavelength of 529 nm.

Statistical analysis. The differences between the two experi-
mental groups were analyzed by Student's t-test, with the 
statistical tests performed using GraphPad Prism version 5.0 
(GraphPad Software, Inc., La Jolla, CA, USA). P<0.05 was 
considered to indicate a statistically significant difference.

Results

Triptolide induces growth arrest and synergistically enhances 
the cytotoxicity of gemcitabine in pancreatic cancer cells. To 

investigate the antiproliferative activity of triptolide in pancre-
atic cancer cells, PANC-1 or BxPC-3 cells were treated with 
various concentrations of triptolide (0, 6.25, 12.5, 25 and 50 nM) 
for up to 96 h, and cell viability was analyzed by MTT assay. 
Treatment effects were determined as the percentage viability 
compared with untreated cells. Treatment with triptolide 
resulted in growth inhibition of the PANC-1 and BxPC-3 cell 
lines in a time- and dose-dependent manner compared with 
untreated control cells (Fig. 1A and B). Triptolide was observed 
to inhibit cell growth even at the lowest dose of 6.25 nM. 
Compared with control cells (0% cell inhibition), cell viability 
was significantly reduced by 99.2±0.3 and 85.4±0.7% when 
treated with 50 nM triptolide for 96 h in the BxPC-3 and 
PANC-1 cells, respectively. Triptolide has been demonstrated 
to possess antitumor activity and to synergistically enhance the 
anti-proliferative abilities of conventional chemotherapeutic 
drugs in pancreatic cancer cells (21-23). Therefore, it may be 
conceivable that triptolide is able to exert similar effects on 
gemcitabine in pancreatic cancer cells. To establish the effects 
of triptolide on gemcitabine cytotoxicity, the present study tested 
three drug administration schedules. Notably, pretreatment of 

Figure 1. Triptolide treatment results in growth arrest, and synergistically enhances the cytotoxicity of gemcitabine in pancreatic cancer cells. (A and B) BxPC-3 
or PANC-1 cells were treated with vehicle control or triptolide at the indicated doses for up to 96 h. Cell viability was determined by 3-(4,5-dimethyl-
thiazol-2-yl)-2,5-diphenyltetrazolium bromide assay. The data are presented as the mean inhibition rate ± standard error from at least three independent 
experiments. (C and D) Gemcitabine IC50 of BxPC-3 or PANC-1 cells was determined in the absence or presence of sequential triptolide treatment (gem-
citabine followed by triptolide) (presented as the mean ± standard error). (E and F) BxPC-3 or PANC-1 cells were treated with gemcitabine (4 varying 
concentrations: 5, 10, 20 and 40 nM) or triptolide (3 varying concentrations: 6.25, 12.5 and 25 nM) alone or combined sequentially (12 combined groups). CI 
values were calculated with CalcuSyn software (Biosoft, Cambridge, UK). *P<0.05, **P<0.01 and ***P<0.001 vs. vehicle control. IC50, half maximal inhibitory 
concentration; CI, combination index.
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the BxPC-3 and PANC-1 cell lines with gemcitabine for 48 h 
followed by triptolide treatment for 72 h was observed to be the 
optimal procedure for drug administration (data not shown). As 
presented in Fig. 1C and D, triptolide significantly increased 
gemcitabine-induced growth inhibition (2.7- to 6.5-fold in the 
BxPC-3 cells and 1.7- to 12.8-fold in the PANC-1 cells; P<0.05). 

The integrated effects of triptolide and gemcitabine were mark-
edly synergistic, as determined by calculating a CI value of <1 
for each of the drug combinations (Fig. 1E and F).

Triptolide augments gemcitabine‑induced apoptosis in 
pancreatic cancer cells, accompanied by activation of 

Figure 3. Triptolide and gemcitabine cooperatively induce loss of MMP in pancreatic cancer cells. (A and B) BxPC-3 or PANC-1 cells were treated initially 
with gemcitabine for 24 h, followed by treatment with triptolide for 48 h without washing off the gemcitabine. MMP was determined by Rhodamine 123 
staining. (C) Whole cell lysates from the BxPC-3 or PANC-1 cells used in A and B were subjected to immunoblotting to determine protein levels for the Bcl-2 
family members, Bcl-2 and Mcl-1. **P<0.01 refers to combined treatment vs. treatment with gemcitabine and triptolide alone. MMP, mitochondrial membrane 
potential; Bcl-2, B-cell lymphoma 2; Mcl-1, myeloid cell leukemia 1; GAPDH, glyceraldehyde 3-phosphate dehydrogenase.

  A   B

  C

Figure 2. Effects of gemcitabine and triptolide alone, or sequentially combined, on pancreatic cancer cell apoptosis. (A and B) BxPC-3 or PANC-1 cells 
were treated initially with gemcitabine for 24 h, followed by treatment with triptolide for 48 h without washing off the gemcitabine. Apoptosis analysis 
was performed as described in the Materials and methods section. Results are presented as the mean percentage of Annexin V+ cells of triplicates from one 
representative experiment (error bars represent the three replicates). (C) Cleavage of caspase 3 was detected by immunoblotting analysis. **P<0.01 refers to 
combined treatment vs. treatment with gemcitabine and triptolide alone. GAPDH, glyceraldehyde-3-phosphate dehydrogenase.
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caspase 3. The present study investigated whether the syner-
gistic antitumor effects of combined gemcitabine and triptolide 
treatment were a result of apoptosis induction. Flow cytometry 
was used to determine the apoptosis induced by triptolide 
combined with gemcitabine in pancreatic cancer cells, and 
the activation of caspase 3 was analyzed by immunoblotting. 
Following treatment with the two agents, triptolide signifi-
cantly augmented the gemcitabine-induced apoptosis in the 
pancreatic cancer cell lines, particularly in the BxPC-3 cells 
(Fig. 2A and B). Although triptolide alone was observed to 
exert a modest apoptotic effect in the BxPC-3 cells at a concen-
tration of 25 nM (17.3±0.9%), when combined with 40 nM of 
gemcitabine, it significantly enhanced gemcitabine‑induced 
apoptosis (29.3±1.6%; (P<0.001). Similar results were addi-
tionally observed in the PANC-1 cells, although to a lesser 
extent (P<0.01). In addition, combined treatment cooperatively 
activated the cleavage of caspase 3 from 35 kDa to 17/19 kDa 
when compared to treatment with each drug individually 
(Fig. 2C).

Triptolide and gemcitabine cooperatively induce the loss of 
MMP in pancreatic cancer cells. Mitochondria serve a crucial 
function in the regulation of apoptosis, with apoptosis often 
associated with a decrease in MMP (29). To establish the 
effects of gemcitabine, triptolide and the drugs in combination 
on mitochondrial function, the present study determined the 
MMP induced by each treatment using the Rhodamine 123 
staining method. The expression levels of Bcl-2 family 
proteins were analyzed by immunoblot analysis. Treatment 
with gemcitabine or triptolide alone resulted in a reduction in 
MMP in each cell line (P<0.05; Fig. 3A and B). Consistent with 

the results of apoptosis analysis (Fig. 2A and B), the combined 
treatment of the cell lines with triptolide and gemcitabine 
resulted in an additional reduction in MMP when compared 
with gemcitabine or triptolide treatment alone (Fig. 3A and B). 
As presented in Fig. 3C, combined treatment cooperatively 
downregulated the expression of Mcl-1 and Bcl-2. These 
results indicate that gemcitabine and triptolide cooperatively 
regulate the expression of Bcl-2 family proteins, resulting in 
MMP reduction and apoptosis in pancreatic cancer cells.

Triptolide synergistically enhances gemcitabine‑induced cell 
cycle arrest and DNA DSBs by suppressing CHK1 expression 
in pancreatic cancer cells. Cell cycle arrest may additionally 
contribute to the synergistic antitumor activity of gemcitabine 
and triptolide in pancreatic cancer cell lines. BxPC-3 and 
PANC-1 cells treated with gemcitabine or triptolide alone 
demonstrated S phase arrest. Notably, the combined treatment 
of the cell lines with the two agents resulted in cooperative 
induction of S phase arrest, with a larger number of cells 
remaining in S phase (P<0.05; Fig. 4A and B). As a deoxycyti-
dine analogue, the anticancer activity of gemcitabine is exerted 
to inhibit DNA synthesis and induce DNA damage (9). The 
cooperative induction of S phase arrest suggests that triptolide 
may increase gemcitabine-induced DNA damage and promote 
apoptosis in pancreatic cancer cells. As presented in Fig. 4C, 
triptolide significantly augmented DNA DSBs induced by 
gemcitabine represented by the induction of γH2AX. Notably, 
triptolide inhibited the expression of CHK1, a vital protein 
in DNA DSB repair and cell cycle checkpoint pathways (30), 
which was induced following gemcitabine treatment (Fig. 4C). 
These results indicate that triptolide cooperates with 

Figure 4. Triptolide synergistically enhances gemcitabine-induced cell cycle arrest and DNA double-strand breaks by suppressing CHK1 expression in pan-
creatic cancer cells. (A and B) BxPC-3 or PANC-1 cells were treated initally with gemcitabine for 24 h, followed by treatment with triptolide for 48 h without 
washing off the gemcitabine. Cell cycle distribution was determined by propidium iodide staining and flow cytometric analysis. (C) BxPC‑3 or PANC‑1 cells 
were treated initially with gemcitabine for 24 h, followed by treatment with triptolide for 48 h without washing off the gemcitabine. Cells were harvested and 
whole cell lysates were prepared and subjected to immunoblot analysis of γH2AX, CHK1 and GAPDH. CHK1, checkpoint kinase 1; γH2AX, phospho-H2AX; 
GAPDH, glyceraldehyde 3-phosphate dehydrogenase. *P<0.05, **P<0.01, combined treatment vs. treatment with gemcitabine and triptolide.
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gemcitabine in pancreatic cancer cells to induce DNA DSBs 
by repressing the expression of CHK1.

Discussion

As an immunosuppressant, triptolide has been successfully 
applied for the clinical treatment of inflammation, autoim-
mune diseases and organ transplantation (13-15,31). Previous 
research has demonstrated that the drug additionally possesses 
potent antitumor activity, and is able to synergistically enhance 
the antitumor activities of conventional chemotherapeutic 
drugs (19,20). In the present study, the cooperative antitumor 
activities of triptolide and gemcitabine were investigated 
in vitro in pancreatic cancer cells. The results demonstrated 
that triptolide treatment initiated growth inhibition in 
BxPC-3 and PANC-1 cell lines and synergistically enhanced 
gemcitabine-induced apoptosis. This was accompanied by 
the cooperative induction of DNA DSBs when the two agents 
were combined, and suppression of CHK1 when treated with 
triptolide alone. These results suggest that a shared mecha-
nism may underlie the synergistic antitumor interactions 
between triptolide and DNA damaging agents in cancer cells. 
Triptolide may overcome the chemoresistance to gemcitabine 
which the first‑line chemotherapy drugs for pancreatic cancer 
and improve the clinical therapy.

Antiproliferation assays demonstrated that triptolide 
treatment inhibited pancreatic cell growth in a time- and 
dose-dependent manner. When applied in combination with 
gemcitabine, triptolide synergistically increased the cytotox-
icity of gemcitabine in the BxPC-3 and PANC-1 cell lines. It 
may be assumed that this synergistic cytotoxicity occurs as a 
result of cell death as the cooperative induction of apoptosis 
by the two agents was detected. Triptolide has previously been 
demonstrated to induce apoptosis in cancer cells by regulating 
members of the Bcl-2 family, resulting in MMP loss and acti-
vation of caspase-3 (12,32). Notably, combined treatment with 
triptolide and gemcitabine resulted in cooperative MMP loss in 
the present study, as well as downregulation of Mcl-1 and Bcl-2. 
These results strongly suggest that gemcitabine and triptolide 
cooperatively regulate the expression of Bcl-2 family proteins, 
which leads to a reduction in MMP and induction of apoptosis.

Triptolide has been demonstrated to increase S phase 
arrest of cancer cells and sensitize cancer cells to conven-
tional anti-cancer drugs (12,33). Similarly, in the present 
study, triptolide and gemcitabine collectively induced 
S phase arrest, indicating that triptolide may increase the 
DNA damage induced by gemcitabine. Triptolide and 
gemcitabine cooperatively induced DNA DSBs, represented 
by an increase in γH2AX in the PANC-1 and BxPC-3 cell 
lines, which may serve as an explanation for the collective 
induction of S phase arrest. The results of the present study 
indicate that triptolide increases gemcitabine-induced DNA 
DSBs, possibly resulting in S phase arrest, regulation of the 
expression of Bcl-2 family proteins, and subsequent MMP 
loss and apoptosis.

Triptolide has been demonstrated to repress DNA repair 
genes (including ataxia telangiectasia mutated, ataxia telangi-
ectasia and Rad3 related, breast cancer 1 and DNA-dependent 
protein kinase), subsequently increasing radiation sensitivity 
in human malignant melanoma cells (34). It is possible that 

triptolide may additionally downregulate DNA repair genes 
in pancreatic cancer cells and enhance gemcitabine-induced 
DNA DSBs. Triptolide significantly suppressed CHK1, which 
is induced by gemcitabine and has a significant role in the 
repair of DNA DSBs and cell cycle checkpoint pathways (30).

In conclusion, the current study demonstrates that trip-
tolide promotes growth arrest of pancreatic cancer cells, and 
enhances gemcitabine-induced DNA DSBs and apoptosis. 
Such results indicate that triptolide possesses antitumor 
potential against pancreatic cancer cells, particularly when 
administered in combination with gemcitabine. These in vitro 
findings require follow‑up in vivo studies for validation, and 
the data from the present study suggests that the co-treatment 
of pancreatic cancer with gemcitabine and triptolide may 
provide additional clinical benefits.
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