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Triptolide induces apoptosis in endometrial cancer
via a pS3-independent mitochondrial pathway
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Abstract. Triptolide (TP), the primary active component
purified from the traditional Chinese herbal medicine
Tripterygium wilfordii Hook. F (TWHF), has been shown to
possess antitumor activity in several types of solid tumors.
In the present study, we investigated the antitumor effect
of TP in human endometrial cancer cells (HEC-1B) and
elucidated its possible underlying mechanisms. HEC-1B
cells were treated with various doses of TP (10, 20, 40, 80,
160 and 320 nM), and the cell viability was assessed by Cell
Counting Kit-8 (CCK-8) and flow cytometric analysis. Results
indicated that TP inhibited the proliferation of HEC-1B cells
in a dose- and time-dependent manner. To further investigate
its mechanisms, the levels of apoptosis and the changes in
caspase-3/9 expression in HEC-1B cells by pretreatment
with z-VAD-fmk, a pan-caspase inhibitor, were detected by
CCK-8 and western blotting. The cytotoxic effects of TP were
significantly inhibited by z-VAD-fmk. At the molecular level,
TP did not effectively activate the p53 signaling pathway, but
upregulated caspase-3/9 and downregulated bcl-2 without
changing the bax level. Our studies revealed that TP has an
effect on the apoptotic ability of endometrial cancer cells via
a p53-independent mitochondrial pathway, presenting a novel
strategy to evade drug resistance in tumorigenesis. The ability
of TP to be a potential chemotherapeutic agent for endometrial
cancer should be considered.

Introduction

Endometrial cancer is the most common invasive malignant
neoplasm of the female genital system, with an estimated
46,470 diagnosed cases and 8,120 deaths in 2011 in the United
States (1). The treatment of endometrial cancer involves
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surgery combined with radiotherapy, chemotherapy and
biological treatment (2). Previous studies demonstrate high
loco-regional control in early-stage endometrial cancer
treated with adjuvant pelvic external radiotherapy. However,
overall survival remains largely unaffected (3). For patients
with advanced stage disease or recurrent disease, particularly
when it is not amenable to surgical resection, systemic chemo-
therapy is often required as adjuvant treatment (4). Therefore,
it is beneficial to develop a novel therapeutic agent for patients
at risk of micrometastatic disease.

Currently, more and more attention is being paid to phyto-
chemicals and herbal extracts due to their inhibitory abilities
against cancer cell growth and metastasis, which are suggested
to improve the anticancer effect of standard treatments as novel
chemotherapeutic agents or adjuvants (5). Triptolide (TP),
a highly oxygenated diterpene isolated from Tripterygium
wilfordii Hook. F, one of the main active components in
TWHEF, has been used in traditional Chinese medicine for
centuries. It has been demonstrated to be effective in patients
with a variety of inflammatory and autoimmune diseases (6).
In recent studies, TP has also been shown to have effective
antiproliferative activity and to induce apoptosis in a broad
range of types of cancer in vitro and in vivo, including colon,
breast, prostate, urothelial and hematological cancer (7-11).
However, the effect of TP on human endometrial cancer has
not yet been well described. Thus, we attempted to identify
the mechanism of TP-induced apoptosis in human endome-
trial cancer cells (HEC-1B) in vitro. Previous studies from
our group demonstrated that TP was able to induce prominent
growth inhibition and apoptosis in HEC-1B cells (12-14).

This study aimed to investigate the exact targets and molec-
ular mechanisms of the pro-apoptosis action of TP on HEC-1B
cells. It was reported that TP was capable of inducing apoptosis
of HEC-1B cells via the p53-independent pathway, but not the
mitochondrial-mediated pathway. Our results suggested that
TP may be a useful anticancer agent in endometrial cancer.

Materials and methods

Cell culture and drugs. The human endometrial cancer cells
(HEC-1B) were obtained from the Chinese Academy of
Sciences Shanghai cell bank. The cell lines were cultured
in DMEM (Gibco BRL, Carlsbad, CA, USA), fetal bovine
serum (FBS; Gibco BRL), 100 U/ml penicillin and 100 pg/ml
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streptomycin in a humidified atmosphere containing 5% CO,
at 37°C. TP was obtained from National Institutes for Food and
Drug Control and dissolved in DMSO (Sigma, St. Louis, MO,
USA). The pan-caspase inhibitor z-VAD-fmk was obtained
from Beyotime (Jiangsu, China).

Cell proliferation assay. Cells were seeded in a 96-well dish
at a density of 4x10° cells per well and incubated in DMEM
containing 10% FBS for 24 h. After exposure to the drug for
24, 48 and 72 h, the cells were washed with PBS and incu-
bated in 100 1 DMEM containing 10 pl Cell Counting Kit-8
(CCK-8; Dojindo, Japan) solution for 90 min. The absorbance
of each well was measured at a wavelength of 450 nm. Five
duplicate wells were used for each measurement and experi-
ments were repeated three times.

Annexin V/PI staining assay. Following treatment with
TP for 48 h, ~1x10° cells/ml cells were harvested by 0.5%
Trypsin-EDTA (Gibco BRL), washed twice with cold PBS
and resuspended in 200 ul binding buffer. Cell suspension was
added to 5 ul Annexin V-FITC (Becton Dickinson, Bedford,
MA, USA) and 5 pul propidium iodide (PI; Becton Dickinson),
incubated for 15 min at room temperature in the dark according
to the manufacturer's instructions and the percentage of
apoptotic cells in a 10,000-cell cohort was analyzed by a
FACSCalibur flow cytometer (Becton Dickinson). The early
and late apoptotic/necrotic cells were determined as the
percentage of Annexin V*/PI" and Annexin V*/PI* cells.

Hoechst 33342 staining. The apoptotic effect of TP on HEC-1B
cells was analyzed by DNA staining. HEC-1B cells were placed
in the wells of a 24-well plate. After 24 h cell culture, the cells
were treated with TP for 48 h. The cells were washed with
PBS three times and fixed in 4% paraformaldehyde for 10 min
and stained with Hoechst 33342 at a concentration of 5 ug/ml
(Beyotime) in the dark at room temperature for 30 min. After
washing with PBS twice, the fluorescent chromosomal DNA
morphology was observed by fluorescence microscopy with
a 340-nm excitation filter. Apoptotic cells were identified by
morphology and condensation of the nuclei.

Real-time PCR. Total RNA was isolated from cells using
TRIzol reagent (Invitrogen, Carlsbad, CA, USA) after treat-
ment with TP for 48 h. High-quality RNA, having a 28S5/18S
rRNA ratio of 1.5:2 was used for further experimentation.
Equal quantities of RNA (1000 ng) from each sample were
used as templates for cDNA synthesis with the PrimeScript
RT Master Mix (Takara Biotechnology, Dalian, China)
according to the manufacturer's instructions. Real-time PCR
assays were carried out using Power SYBR Green PCR Master
Mix kit (Applied Biosystems, Carlsbad, CA, USA) in a total
volume of 20 pl on the ABI Prism 7300 Sequence Detection
System (Applied Biosystems). The primer sequences for
bcl-2: forward, 5'-CGGTTCAGGTACTCAGTCATCC-3";
reverse, 5'-GGTGGGGTCATGTGTGTGG-3'; bax:
forward, 5'-CCCGAGAGGTCTTTTTCCGAG-3';
reverse, 5'-CCAGCCCATGATGGTTCTGAT-3"; B-actin:
forward, 5" TTCTACAATGAGCTGCGTGTG-3"; reverse,
5'-CAGCCTGGATAGCAACGTACA-3'". The reaction param-
eters of bcl-2, bax and f-actin were as follows: one cycle at
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Figure 1. Effect of triptolide (TP) on the growth inhibition of HEC-1B cell
lines. (A) Exponentially growing cell lines were maintained in DMEM with
10% fetal bovine serum for 24 h, and then treated for 24, 48 and 72 h with the
indicated concentration of TP. Cell growth inhibition was assessed by CCK-8
assay. (B) HEC-1B cells were pretreated with 20 yM z-VAD-fmk for 1 h,
followed by 40 nM TP for 48 h, and the apoptosis of cells were determined
by CCK-8 assay. Data are the means + SD of three independent experiments.

95°C for 30 sec and 40 cycles of denaturation at 95°C for 5 sec,
annealing at 60°C for 30 sec. Standard curves were prepared
for target and reference (f-actin) genes.

Western blot analysis. Cells were treated with various concen-
trations of TP for the indicated time in DMEM with 10% FBS.
The cells were collected in ice-cold PBS and prepared in RIPA
buffer with PMSF (Beyotime) for 30 min at 4°C. The protein
concentrations of the cell lysates were boiled with gel-loading
buffer at 100°C for 5 min. An equal amount of protein was
electrophoresed on 10-15% SDS-polyacrylamide gels and
transferred onto PVDF membranes (Millipore, Billerica, MA,
USA). Membranes were blocked with 5% nonfat milk in Tris-
buffered saline with 0.1% Tween-20 (TBST) for 2 h at room
temperature and then incubated with the appropriate primary
antibodies including caspase-3/9 (Cell Signaling, Danvers,
MA, USA), p53 (Bioworld, St. Louis, MO, USA) and bcl-2/
bax (Santa Cruz Biotechnology Inc., Santa Cruz, CA, USA)
in PBST overnight at 4°C. After washing three times in PBST,
the membranes were incubated with horseradish peroxidase-
conjugated appropriate secondary antibodies for 90 min at
room temperature. The blots were revealed by enhanced
chemiluminescene (ECL; Millipore) according to the manu-
facturer's instructions.

Statistical analysis. Values are expressed as the means + SD.
Data were analyzed by a one-way analysis of variance
(ANOVA). The difference was considered statistically
significant if P<0.05. All analyses were performed using
GraphPad Prism 5 software version. All statistical tests were
three-sided.
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Figure 2. TP induced apoptosis of HEC-1B cells. (A) After treatment with the indicated concentrations of TP (nM) for 48 h, cells were stained with Annexin V
and PI. (B) Percentages of early apoptotic (Annexin V* and PI') and late apoptotic/necrotic (Annexin V* and PI*) cells are shown by a flow cytometry analysis.
“P<0.05, “P<0.01 compared with the control. Data are reported as the means + SD of three independent experiments.(C) Hoechst 33342 staining showing death
of HEC-1B cells following exposure to 40 nM TP for 48 h (magnification, x400). TP, triptolide; PI, propidium iodide.

Results

Effect of TP on the growth of HEC-1B cell lines. In our current
study, we examined the effect of TP on the human endometrial
cancer cell line HEC-1B by CCK-8 assay. Cells were treated
with various concentrations of TP for 24, 48 and 72 h. Fig. 1A
shows the dose-dependent effect of TP after time-dependent
exposure. Following 48 h of treatment, the majority of
HEC-1B cell lines were reduced by TP therapy, indicating the
existence of cell death induced by TP. To further question the
role of caspase activation in TP-induced apoptosis, we treated
HEC-1B cells with the pan-caspase inhibitor z-VAD-fmk
(20 uM) prior to TP treatment. Pretreatment with the pan-
caspase inhibitor z-VAD-fmk reduced TP-induced apoptosis
(Fig. 1B).

TP induces apoptosis in HEC-1B cells. To understand the
mechanisms of TP-induced cell death in endometrial cancer
cells, we examined the ability of TP to induce apoptosis
using Annexin V/PI by flow cytometry analyses. As shown in

Fig. 2A, 80 nM TP for 48 h resulted in apoptosis in a large
percentage of cells. This assay divided apoptotic cells into
early and late apoptosis/necrosis. We observed that treat-
ment with various concentrations of TP for 48 h resulted in
a concentration-dependent increase in both early and late
apoptotic/necrotic cells. The percentage of early apoptotic
cells was larger than that of late apoptotic/necrotic cells
(Fig. 2B). Hoechst 33342 staining revealed that there were
significant morphological changes in the nuclear chromatin
of the HEC-1B cells after treatment with 40 nM TP for 48 h.
Compared with the normal morphological nuclei in the control
group, condensed chromatin or fragmented nuclei were
observed in the treated cells (Fig. 2C).

TP regulates the expression of bcl-2 family and p53 proteins
in HEC-1B cells. We tested the effects of TP on the expres-
sion of the anti-apoptotic protein bcl-2 and the pro-apoptotic
protein bax using real-time PCR in HEC-1B cells. As shown
in Fig. 3A, TP reduced the mRNA levels of bcl-2 in a
dose-dependent manner, while no significant changes in the
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Figure 3. TP regulates the expression of bcl-2 family and p53 proteins in
HEC-1B cell lines. (A) HEC-1B cell lines were treated with the indicated
concentrations of TP for 48 h. The mRNA levels of bcl-2 and bax were deter-
mined by real-time PCR and normalized to $-actin. Data are the means + SD
of three separate experiments; "P<0.05, “P<0.01 compared with the control.
(B) Cells were treated with the indicated concentrations of TP (0, 20, 40,
80 nM) for 48 h, and total cellular extracts were prepared and subjected
to western blot assay using the antibodies anti-bcl-2, bax, pS3 and f-actin.
p-actin served as a loading control.
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Figure 4. Effect of TP on the expression of caspase-3 and caspase-9.
(A) HEC-1B cells were treated with the indicated concentrations of TP (0,
20, 40, 80 nM) for 48 h, and western blot analysis was used to investigate the
expression levels of caspase-3 and caspase-9. (B) Cells were pretreated with
or without z-VAD-fmk (20 uM) for 1 h, followed with TP (40 nM) for 48 h.
Western blots show the effect of z-VAD-fmk on the expression of caspase-3
and caspase-9. Protien levels of B-actin were measured as a control.

expression levels of bax were observed. Furthermore, similar
results were observed using western blotting: the protein
expression of bcl-2 was reduced, whereas bax protein expres-

sion remained mostly constant with no significant changes.
Bax protein was slightly reduced in 80 nM TP, accompanied
by a marked enhanced p53 protein expression (Fig. 3B).

Expression of caspase-3 and caspase-9 proteins. Time- and
dose-dependent effects of TP on the expression of caspase-3
and caspase-9 were examined in our study. As shown in
Fig. 4A, TP treatment resulted in significantly increased
expression of caspase-3 and caspase-9 in HEC-1B cells.
Furthermore, to assess the role of caspase-3/9 in TP-induced
apoptosis in HEC-1B cells, we pretreated HEC-1B cells with
the pan-caspase inhibitor z-VAD-fmk (20 xM). The protein
levels of caspase-3 and caspase-9 were reduced by pretreat-
ment with pan-caspase inhibitor z-VAD-fmk, although they
were still higher than the control (Fig. 4B).

Discussion

In our present study, we demonstrated that TP, a compound
purified from a traditional Chinese herb, induced effective
growth inhibition and cell apoptosis in human endometrial
cancer HEC-1B cells in a dose- and time-dependent manner.
Furthermore, the Annexin V/PI staining assay demonstrated
that TP induced apoptosis, but not necrosis, in HEC-1B cells.
Apoptotic cells lose asymmetry of membrane phospholipids,
which induces the phosphatidylserine (PS) translocation from
the inner leaflet of the plasma membrane to the outer layer (PS
also appears on the surface of necrotic cells), and can bind
with Annexin V (15). PL is a standard flow cytometric viability
probe for staining the cellular DNA of late apoptotic/necrotic
cells with compromised cell membranes, whereas it excluded
normal or early apoptotic cells with intact membranes (16). It
is considered that viable cells are Annexin V- and PT’, early
apoptotic cells are Annexin V* and PI', and late apoptotic/
necrotic cells are Annexin V* and PI*. Annexin V may be used
in combination with PI to detect apoptotic cells and discrimi-
nate between apoptosis and necrosis (17). In the present study,
the Annexin V/PI assay showed that TP treatment increased
the proportion of early apoptotic HEC-1B cells. Apoptosis is
characterized by chromatin condensation, which was observed
by Hoechst 33342 staining in HEC-1B cells with TP treatment
at a concentration of 40 nM. We showed that TP markedly
and significantly increased the number of apoptotic cells in
endometrial cancer cell lines, which suggested that TP may
be useful as an effective therapeutic reagent for endometrial
cancer.

TP has been shown to promote apoptosis by inducing
mitochondrial damage and decreasing the expression of anti-
apoptotic proteins in a number of types of tumor cells (18). This
is the first study to demonstrate involvement of the mitochon-
drial pathway in TP-induced apoptosis in human endometrial
cancer HEC-1B cell lines. There are two major intracellular
apoptosis signaling pathways, the mitochondrial pathway and
the death receptor pathway. The mitochondrial pathway is
regulated by members of the bcl-2 protein family, which can
be subdivided into anti-apoptotic proteins, such as bcl-2 and
bel-x1, and pro-apoptotic proteins, such as bax and bad (19).
The bcl-2 family is an important group of proteins that was
first found to alter the permeability of the outer mitochondrial
membrane to regulate the release of apoptotic proteins from
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the mitochondria (20). Bcl-2 is the first protein involved in
the regulation of apoptosis to be molecularly characterized.
It does not rely on cell division to prevent programmed cell
apoptosis. Bax translocation from the cytosol to the mitochon-
dria induces cytochrome c release, whereas overexpression of
the anti-apoptotic protein bcl-2 may inhibit the activity of the
pro-apoptotic protein bax by inhibiting the translocation of
bax to the mitochondria and causing aberrant proliferation and
abnormal cell survival (16,21). Clearly, the ratio of bcl-2/bax
expression is crucial for controlling cell apoptosis (22). In our
study, the protein level of bcl-2 was significantly decreased,
while the protein level of bax was unchanged by real-time
PCR and western blotting. The alteration of the bcl-2/bax
ratio may be in favor of apoptosis in HEC-1B cells.

A key event in apoptosis is the release of mitochondrial
intermembrane space proteins to the cytosol, such as cyto-
chrome c. Furthermore, the release of cytochrome c from the
mitochondria into the cytosol to activate caspase frequently
results in activation of the mitochondrial pathway (23).
Among the variety of cellular proteins that play a role in the
induction of apoptosis, caspases are required for the execution
of apoptotic stimuli, inducing cell death (24,25). We observed
that TP exposure potently induced apoptosis through
increasing the expression of caspase-3/9, which was associ-
ated with reduced bcl-2. Furthermore, the caspase inhibitor
z-VAD-fmk blocked TP-induced cell death, indicating that
TP-induced cell death in HEC-1B cells is caspase-dependent.
A mitochondrial breach is often triggered by caspases rather
than being required for caspase activation (26). Therefore,
the mitochondrial apoptosis pathway plays a critical role in
TP-induced cell death, in accordance with other cancer cell
lines undergoing TP treatment (27).

There are several survival mechanisms that enable cancer
cells to escape the cell death induced by chemotherapeutic
drugs. Mutant p53 is one of particular significance (28). As
p53-mediated pathways are used to induce growth arrest or
apoptosis by a number of chemotherapeutic drugs, it has been
suggested that dysfunction of p53 may partially explain the
resistance of endometrial cancer to drug treatment. Previous
studies have shown that TP promotes the apoptosis of tumor
cells via the p53-dependent pathway (10,29) or p53-indepen-
dent pathway (30,31). In human tumors, the reactivation of
p53 to induce apoptosis of abnormal cells depends on the
downstream pro-apoptotic protein bax (32). In the present
study, we found that TP was capable of upregulating the level
of p53 without changing the expression of bax, indicating that
the p53 pathway was not effectively activated. We therefore
hypothesize that TP using p53-independent pathways may
be most efficacious against endometrial cancer. In addition,
the expression of bcl-2 by tumors may induce a variety of
antitumor agents to protect cancer cells from programmed
cell death in order to confer resistance to chemotherapy (33).
Our results showed that TP led to increased levels of p53 with
downregulation of the expression of bcl-2, while there was
no change in the level of bax expression, indicating that TP
is an effective novel therapeutic agent to resolve the aber-
rant tumor growth and drug resistance in human endometrial
cancer.

In conclusion, our data revealed that TP induces
human endometrial cancer HEC-1B cell apoptosis via the

mitochondrial pathway, not the p53-dependent pathway. The
current study demonstrated that TP was effective as a single
agent in inducing apoptosis of human endometrial cancer cell
lines and further suggested the potential of TP combining with
other chemotherapeutic agents or radiotherapy for the treat-
ment of advanced endometrial cancer.
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