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Abstract
AIM: To investigate apoptosis in human pancreatic cancer 
cells induced by Triptolide (TL), and the relationship 
between this apoptosis and expression of caspase-3' bcl-2 
and bax.

METHODS: Human pancreatic cancer cell line SW1990 
was cultured in DMEM media for this study. MTT assay 
was used to determine the cell growth inhibitory rate 
in vitro . Flow cytometry and TUNEL assay were used 
to detect the apoptosis of human pancreatic cancer 
cells before and after TL treatment. RT-PCR was used 
to detect the expression of apoptosis-associated gene 
caspase-3' bcl-2 and bax.

RESULTS: TL inhibited the growth of human pancreatic 
cancer cells in a dose-and time-dependent manner. 
TL induced human pancreatic cancer cells to undergo 
apoptosis with typically apoptotic characteristics. TUNEL 
assay showed that after the treatment of human 
pancreatic cancer cells with 40 ng/mL TL for 12 h and 
24 h, the apoptotic rates of human pancreatic cancer 
cells increased significantly. RT-PCR demonstrated that 
caspase-3 and bax were significantly up-regulated in 
SW1990 cells treated with TL while bcl-2 mRNA was  
not.

CONCLUSION: TL is able to induce the apoptosis in 
human pancreatic cancer cells. This apoptosis may be 
mediated by up-regulating the expression of apoptosis-
associated caspase-3 and bax gene.

© 2008 WJG. All rights reserved.
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INTRODUCTION
Pancreatic adenocarcinoma is characterized by a poor 
prognosis and lack of  response to conventional therapy. 
The incidence has shown that no significant sign of  
decline throughout the past 20 years and almost equals 
its mortality[1-3]. The 5-year survival rate for this disease is 
less than 4% and the median survival time after diagnosis 
is less than 6 mo[2,3]. Surgical resection of  the tumor is still 
the only effective treatment option, although only 20% of  
carcinomas of  the head of  the pancreas are resectable[4].
Furthermore, the median survival even after apparent 
curative resection is only 20 mo, because of  early tumor 
recurrence or rapid metastatic spread[2,4]. Other treatment 
options, such as chemotherapy or radiation therapy, 
provide limited palliation without significant improvement 
of  survival in patients with unresectable pancreatic 
cancer[2]. Therefore; new targets for chemo-preventive and 
therapeutic agents need to be identified.

Triptolide (TL), extracts of  the Chinese herb 
Tripterygium Wilfordii hook have potent anti-inflammatory 
and immunosuppressive properties and have been 
used successfully in traditional Chinese medicine 
for the treatment of  rheumatoid arthritis and lupus 
erythematosus[5,6]. It has been recently reported that TL 
possesses anti-tumor and proapoptotic activities in many 
different tumor cell lines, including breast, prostate, 
lung, and leukemia cells lines[7-13]. TL was also shown to 
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sensitize cells to death induced by a variety of  agents, such 
as Apo2/Trail, TNF-α, and different chemotherapeutic 
agents[14-16]. In this study, we provide evidence that TL 
potently inhibits human pancreatic cancer cell lines growth 
in vitro, suggesting that TL could be used to prevent or 
treat pancreatic cancer in the future. Considerable studies 
indicated that TL functioned through a p53-dependent 
or independent way[11,14,17,18]. Recently, Bing et al suggested 
that TL induced caspase-dependent cell death via the 
mitochondrial pathway in leukemia cells[19]. However, the 
cellular and molecular mechanisms underlying TL-induced 
apoptosis in tumor cells are not fully understood.

The purpose of  this study is to investigate the 
inhibitory effects of  TL on apoptosis and angiogenesis of  
pancreatic cancer in vitro and further to explore whether 
TL exerts clinical therapeutic value for patients with 
pancreatic cancer.

MATERIALS AND METHODS
Cell culture
The human pancreatic cancer cell line SW1990 was 
obtained from Professor Wang Xing Peng, Shanghai 
JiaoTong University (Shanghai, China). SW1990 was 
cultured in DMEM media. Media was supplemented with 
10% FBS and cells grown as monolayers in a humidified 
atmosphere at 37℃. Crystalline TL (PG490, purity 99%) 
was obtained from the Institute of  Dermatology, Chinese 
Academy of  Medical Sciences (Nanjing, PR China), and 
prepared as previously described[18].

MTT assay
Cells were inoculated onto 96-well plates at the density 
of  4 × 103 cells/well for 24 h, then treated with various 
concentrations of  TL (100 μL/well), and incubated 
for 6, 12, 24 and 48 h, respectively. Then, 5 g/L MTT 
solution (20 μL/well) was added to each well, and 
cells were incubated for an additional 4 h at 37℃. The 
supernatant was aspirated, and 100 μL of  DMSO was 
added to the wells to dissolve any precipitate present. The 
suspension was placed on micro-vibrator for 5 min and 
the absorbance (A) was then measured at 570 nm by an 
enzyme immunoassay instrument. Cell inhibitory ratio was 
calculated by the following formula: Inhibitory ratio (%) = 
(1-A570 of  treated group)/(A570 of  control group) × 100%. 
IC50 was calculated by SAS statistical software.

Flow cytometry
An early indicator of  apoptosis is the rapid translocation 
and accumulation of  the membrane phospholipid 
phosphatidylserine from the cytoplasmic interface to the 
extracellular surface. This loss of  membrane asymmetry 
can be detected using the binding properties of  Annexin 
V. To detect apoptosis, Annexin V binding assay was 
used. After treatment TL 40 ng/mL for 24 h, cells 
were collected. Cell suspension was added with 10 µL 
of  fluorescein-conjugated Annexin V (10 µg/mL) and 
10 µL of  PI reagent (50 µg/mL) and detected by flow  
cytometry.

TUNEL assay
Cells were seeded and set up in chamber slides (Becton 
Dickinson, Franklin Lakes, NJ), then analyzed for in site 
apoptosis using the terminal deoxynucleotidyl transferase 
(TdT)-mediated d-UTP nick end labeling (TUNEL) 
method. The DNA fragments in apoptotic cells were 
labeled at free 3’-OH DNA ends and DNA strand breaks. 
Incorporated fluorescein was detected by anti-fluorescein 
antibody conjugated with alkaline phosphatase. After 
substrate reaction stained cells were analyzed with light 
microscopy. 

Real-time PCR
The human pancreatic cancer cells were treated in the 
presence or absence of  40 ng/mL, 80 ng/mL, 160 
ng/mL TL for 48 h and total RNA was extracted with 
TRIzol reagent (Invitrogen Life Technologies). Real-
time quantitative PCR was performed by using a cycler 
(Rocha) and SYBR Green Dye. The primer sequences for 
genes bcl-2: sense 5'-TCCATGTCTTTGGACAACCA-3', 
antisense 5'-CTCCACCAGTGTTCCCATCT-3'; bax: 
sense 5'-TCCATGTCTTTGGACAACCA-3', antisense 
5 ' -CTCCACCAGTGTTCCCATCT-3 ' ,  caspase-3 : 
sense 5'-AACTGGACTGTGGCATTG-3', antisense 
5'-ACCAGGTGCTGTGGAGTA-3'; β-actin: sense 
5 '-AAGTACTCCGTGTGGATCGG-3' ,  ant isense 
5'-ATGCATTCACCTCCCCTGTG-3'. The experimental 
procedure was carried out according to the QIAGEN one 
step RT-PCR Kit. The reaction parameters of  bcl-2, bax 
and caspase-3 were as follows: 94℃ 5 min, 94℃ 40 s, 56℃ 
55 s, 72℃ 1 min for 36 cycles, 72℃ extension 7 min; 94℃ 
5 min, 94℃ 40 s, 58℃ 55 s, 72℃ 1 min for 36 cycles, 72℃ 
extension 7 min; 94℃ 5 min, 94℃ 40 s, 50℃ 55 s, 72℃ 
1 min for 36 cycles, 72℃ extension 7 min. Ten µL PCR 
product was placed onto 1.5% agarose gel and observed 
by EB staining using Gel-Pro analyzer.

Statistical analyses 
All data were expressed as mean ± SD. Intergroup 
comparisons were made using one-way analysis of  variance 
(ANOVA). A P value less than 0.05 was considered 
statistically significant.

RESULTS
Effect of TL on the proliferation of SW1990 cells  
The human pancreatic cancer cells were exposed to 
increasing concentrations (20 ng/mL to 160 ng/mL) of  
TL for 6 h to 48 h, respectively. The human pancreatic 
cancer cells showed death in a dose- and time-dependent 
manner. The data are summarized in Figure 1.

TL induced apoptosis in SW1990 cells
Although previous studies reported that TL treatment 
showed anti-proliferation and induction of  apoptosis in 
some cancer cells, there is heretofore no data on the usage 
of  TL in pancreatic cancer. In the present study, we tested 
the effects of  TL on the viability of  the human pancreatic 
cancer cell line SW1990. Our results showed that treatment 
with TL resulted in a dose-dependent decrease in viable 



cells in SW1990 cells (Figure 2). After treatment with 160 
ng/mL TL for 24 h, the percentage of  dead cells was 45.1% 
in TL cells, while that was only 9.6% in the control group.

We examined whether the reduced cell viability by TL 
in pancreatic cancer cell lines was due to induction of  
apoptosis, because SW1990 cell line seemed to be more 
sensitive to TL treatment, we chose that cell line and 
analyzed apoptosis using Annexin V/propidium iodine 
staining. FCS analysis revealed typical apoptotic phenotype 
in cells treated with 40 ng/mL TL for 24 h (Figure 3), 
in contrast, control cells without TL treatment displayed 
a small quantity of  apoptosis. Moreover, we performed 
TUNEL assay and demonstrated that 40 ng/mL TL 
treatment could significantly induce apoptosis (Figure 4). 
These data provided first evidence that TL can be used to 
inhibit human pancreatic cell line growth in vitro and its 
effect is associated with induction apoptosis. 

Regulation of caspase-3, bax and bcl-2 mRNA expression 
by TL
After exposure to 40 ng/mL, 80 ng/mL, 160 ng/mL TL 
for 48 h, caspase-3 and bax mRNA expression were up-
regulated remarkably in TL-treated cells. In contrast, 
the expression of  bcl-2 mRNA was not affected by TL 
(Figure 5).

DISCUSSION
Recent studies revealed many properties of  TL relevant to 
anticancer activity, and anti-inflammatory activity besides. 
Theproliferative and proapoptotic activity of  TL has been 
shown with many different types of  cancer cells in vitro 
and in vivo [8,21-27]. We therefore decided to test the effects 
of  Triptolide on primary cultures of  pancreatic cancer 
cells to see if  this compound would show antitumor 
activity. In this study, we found that human pancreatic 
cancer cells treated with TL showed death in a dose- and 
time-dependent manner in the MTT assay. This suggested 
TL was able to restrain the growth of  human pancreatic 
cancer cells. It was found that TL has the potential to 
induce the apoptosis of  human pancreatic cancer cells.

TL has potent anticancer activity. However, the 
mechanism by which TL exerts its anticancer activities 

remains unclear. To explore the molecular mechanisms 
involved in the anticancer activity of  TL, we have 
examined the effect of  TL on the growth of  pancreatic 
carcinoma SW1990 cells. After exposure to 40 ng/mL,  
80 ng/mL, 160 ng/mL TL for 48 h, treatment of  SW1990 
cells with TL caused a marked up-regulation of  caspase-3 
and bax mRNA expression. In contrast, the expression of  
bcl-2 mRNA was not affected by TL. Thus it is likely that 
TL-induced apoptosis of  pancreatic carcinoma SW1990 
cells has no relation with bcl-2. The study by Wang et al[28] 
has shown that treatment of  pancreatic cancer cells with 
gypenosides extracted from TL does not affect the Bcl-2 
expression. This is the reason for our focusing on Bax 
proteins in exploring the effects of  TL on mitochondria-
dependent cell death pathway. It is shown that the 
expression of  the Bax in SW1990 cells can be up-regulated 
by TL in our study. Meanwhile the expression of  Bcl-2 was 
not affected by TL treatment.

Our previous study clearly indicated that TL was 
able to inhibit 5-LOX gene expression in pancreatic 
cel l  l ines, which contributes to TL proapoptotic 
activity[29]. Wang et al[28] examined the effect of  TL on the 
growth of  pancreatic carcinoma PANC-1 and cervical 
adenocarcinoma HeLa cells. They found that TL potently 
suppressed cell growth and induced apoptosis in HeLa 
and PANC-1 cells, which was indicated by nuclear 
fragmentation and blebbing. In both HeLa and PANC-1 
cells, apoptosis induced by TL was associated with 
activation of  caspase-3 and caspase-8, and with cleavage 
of  poly (ADP-ribose) polymerase and Bid. Moreover, 
in HeLa cells, caspase-9 is also significantly activated in 
response to TL. Interestingly, substitution of  the 14-OH 
of  TL with an acetyl group abrogated both its anticancer 
and its antiinflammatory activities. Wang et al[26] studies 
suggest that TL may exert its anticancer effects by initiating 
apoptosis through both death-receptor- and mitochondria-
mediated pathways. Their results indicate that both the 
apoptosis-promoting and the antiinflammatory activities 
of  TL depend on the 14-OH group. Liu et al have shown 
that caspase 3 is responsible for TL-induced Dendritic 
cell apoptosis, supported by observations that TL can 
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Figure 1  The effect of TL on the growth of SW1990 cells. SW1990 cells were 
treated with various concentrations of TL for 6 h, 12 h, 24 h or 48 h and viability 
was determined by MTT assay.
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Figure 2  Triptolide induces significant cell death in pancreatic cancer cell line 
SW1990. A: TL 0 ng/mL; B: TL 40 ng/mL; C: TL 160 ng/mL. aP < 0.05, bP < 0.001.
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Control group Treat group

Figure 3  TL induced apoptosis in SW1990 cell lines. SW1990 cells were suspensed in 100 μL binding buffer and Annexin V/PI double staining was performed, results 
showed that 40 ng/mL TL indued increased number of apoptotic cells (Annexin V+/PI-).

Figure 4  Apoptotic cell death was revealed by TUNEL staining after 24 h (A, B, C magnification, × 200; D, E, F magnification, × 400) of treatment TL. A, D (TL 0 ng/mL); B, 
E (TL 40 ng/mL); C, F (TL 160 ng/mL); Apoptotic cells appeared dark after staining. 

activate caspase 3 and that specific inhibition of  caspase 
3 can abrogate the apoptotic effects of  TL on Dendritic 
cell[28].

The present study demonstrated that TL was able 
to induce the apoptosis in Human pancreatic cancer. 
This apoptosis may be mediated by up-regulating the 
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expression of  apoptosis-associated gene caspase-3 and bax. 
TL may be used as a potential anti-pancreatic carcinoma 
chemotherapeutic drug. 

COMMENTS
Background
Pancreatic adenocarcinoma is of a poor prognosis and lack of response to 
conventional therapy. Among the treatment options, surgical resection of the 
tumor is still the most effective. The 5-year survival rate for this disease is very 
low even after curative resection. Therefore; new targets for chemopreventive and 
therapeutic agents need to be identified. Triptolide (TL) is an extract of the Chinese 
herb Tripterygium Wilfordii hook. It has been reported that TL possesses anti-
tumor and proapoptotic activities in many different tumor cell lines, which functions 
through p53-dependent or independently[10,12,15,16]. Recently, Bing suggested that TL 
induced caspase-dependent apoptosis via the mitochondrial pathway in leukemia 
cells. However, the cellular and molecular mechanisms underlying TL-induced 
apoptosis in tumor cells have not been fully understood.

Research frontiers
Pancreatic adenocarcinoma remains one of the most lethal of malignancies. The 
incidence of pancreatic cancer has steadily increased over the past four decades. 
Satisfactory treatment is available only for the minority of patients who present with 

very early-stage disease. There are several articles that TL possesses anti-tumor 
and proapoptotic activities in many different tumor cell lines, including breast, 
prostate, lung, and leukemia cells line. TL was also shown to sensitize cells to 
death induced by a variety of agents, such as Apo2/Trail, TNF-α, and different 
chemotherapeutic agents 

Innovation and breakthroughs
This study gives us new knowledge of TL and proof that TL was able to induce 
apoptosis in human pancreatic cancer. This apoptosis may be mediated by up-
regulating the expression of apoptosis-associated gene caspase-3 and bax. TL 
may be used as a potential anti-pancreatic carcinoma chemotherapeutic drug and 
as a clinical application in the future.

Application
The results from this study confirm that TL potently induces the apoptosis of 
human pancreatic cancer cells, which may be mediated by up-regulating the 
expression of apoptosis-associated gene caspase-3 and bax. It can be seen 
from this article that TL may be used to prevent or treat pancreatic cancer in the 
future.

Terminology
TL extracts of the Chinese herb Tripterygium Wilfordii hook have potent anti-
inflammatory and immunosuppressive properties and have been used successfully 
in traditional Chinese medicine for the treatment of rheumatoid arthritis and lupus 
erythematosus.

Peer review
This article is of considerable interest and potential importance in demonstrating 
in vitro activity of the herbal extract TL against a human pancreatic cell line by 
inducing apoptosis. This work should stimulate additional in vitro studies in human 
cell lines, experiments involving animal models of pancreatic cancer, and, possibly, 
clinical testing of TL.
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