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Abstract: Trichosanthin (TCS) exhibits an anti-cancer effect on various human cancer cells. However, the mecha-
nism of anti-cancer effect at the molecular level remains to be elucidated. In this study, the underlying anti-cancer 
mechanism of TCS in human ovarian cancer cells (OVCAR-3) was investigated using various molecular biology tech-
niques, such as flow cytometry, western blotting. We major focus on the potential roles of apoptosis and autophagy 
in TCS inhibition of human ovarian cancer cells. The results demonstrated TCS inhibits human ovarian cancer cells 
growth due to apoptosis and autophagy. TCS triggers autophagy firstly, which was confirmed by an increased ATG5 
expression and promoted LC3 cleavage, and subsequent apoptotic cell death. The apoptotic cell death induced by 
TCS was attenuated by both pharmacological and genetic inhibition of autophagy. The autophagy inhibitor 3-MA, 
which functions at the early stage of autophagy, significantly reduced TCS-induced cell death and caspase-3 activity 
in human ovarian cancer cells. We also demonstrated that inhibition of apoptosis had no effect on TCS-induced au-
tophagy in OVCAR-3 cells. In conclusion, we found that a common pathway between autophagy and apoptosis exists 
in TCS-induced cell death in human ovarian cancer cells, which might shed light on drug therapy.
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Introduction

Ovarian cancer is one of the major causes of 
death for women globally. The worldwide inci-
dence of this cancer is 238700 diagnoses in 
2012, and this leads to 151900 deaths [1]. The 
number is increasing year by year. Ovarian can-
cer patients are usually diagnosed at an ad- 
vanced stage which substantially increases the 
risk of recurrence and early death [2]. Treatment 
of advanced ovarian cancer remains a major 
challenge because of the poor efficacy of cur-
rent therapies and chemotherapy. New effec-
tive drugs for ovarian cancer are urgently 
needed.

Trichosanthin (TCS), or Tian Hua Fen, a 27 kDa 
protein, is a bioactive component obtained 
from the root tuber of trichosanthes kirilowii. 
TCS possesses only a 247-amino -acid polypep-
tide chain which belongs to the type I ribosome-
inactivating protein (RIP). Like all other RIPs, 
TCS can inactivate the ribosomes of eukaryotic 

cells by removing adenine-4324 in 28S rRNA 
and results in protein synthesis inhibition and 
ultimately cell death [3, 4]. Because of its effect 
on cells, TCS has been used for centuries in tra-
ditional Chinese medicine as an abortifacient 
drug in early and middle-gestation for over 
1500 years. Only in recent decades, a wide 
spectrum of biological and pharmacological 
activities of TCS has been reported, especially 
its anti-tumor and anti-HIV activities. TCS has 
been found to be active against a variety of 
tumors, including cervical cancer, choriocarci-
noma, leukemia/lymphoma, stomach cancer, 
colon cancer, hepatoma, breast cancer, and 
prostate cancer.

As the detailed mechanism of TCS varies in dif-
ferent tumor cells, more and more scientists 
are investigating it using in vivo and in vitro 
methods. In general, the toxic effects of TCS on 
tumor cells include inhibition of proliferation 
and induction of cell apoptosis. Both apoptosis 
and autophagy are highly conserved processes 
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that besides their role in the maintenance of 
the organismal and cellular homeostasis serve 
as a main target of tumor therapeutics [5]. 
Autophagy is a conservative self-degradation 
pathway occurred both in healthy tissues and 
cancer cells. It is reported that autophagy has 
dual roles in cancer, acting as both a tumor 
suppressor by preventing the accumulation of 
damaged proteins and organelles and as a 
mechanism of cell survival that can promote 
the growth of established tumors [6, 7]. The 
potential in cancer cells either suppress or 
induce the growth of cancer cells depending on 
the cellular microenvironment. In our research, 
autophagy inhibitor can partially inhibits apop-
tosis induced by TCS but the apoptosis inhibi- 
tor doesn’t influence autophagy markers. Our 
study established an important role of autoph-
agy in TCS-induced cell apoptosis in human 
ovarian cancer cells.

Materials and methods

Materials and reagents

TCS was obtained from Sigma (St. Louis, MO, 
USA) and resolved in DMSO for use. The pri- 
mary antibody of ATG5, caspase-3 substrate, 
LC3-I and LC3-II antibody were purchased from 
Santa Cruz Biotechnology, Inc. (Santa Cruz, CA, 
USA). The autophagy inhibitor 3 methylade- 
nine (3-MA), caspase inhibitor z-VAD-FMK and 
Mono-Dansyl Cadaverine (MDC) were pur-
chased from Sigmal. All other chemicals used 
in this study were of analytical reagent grade.

Cell line and cell culture

Human epithelial ovarian cancer cell line 
OVCAR-3 was established in 1982 by T.C. 
Hamilton, et al. from the malignant ascites of a 
patient with progressive adenocarcinoma of 
the ovary [8]. It is an appropriate model system 
in which to study drug resistance in ovarian 
cancer. OVCAR-3 cell was obtained from ATCC. 
The cells were cultured in RPMI 1640 (Life 
Technology, USA) supplemented with 20% fetal 
bovine serum, 0.01 mg/mL insulin and 100 
mg/L streptomycin, 100 IU/mL penicillin. The 
cell line was grown in a 5% CO2 incubator at 
37°C

CellTiter-Glo® luminescent cell viability assay

Cell viability assay was performed using 
CellTiter-Glo luminescent assay (Promega) 

according to manufacturer’s instructions. 
OVCAR-3 cells were cultured in 96-cell plates 
(plate type) at a density of 1×105 cells/mL for 
stimulation. Cells were divided into three 
groups for three different TCS treatment time. 
Each group was treated with DMSO or TCS with 
the final concentration 0.33, 0.67, 1, 3.3, 6.7, 
10 μM. CellTiter-Glo measurements were taken 
at 12, 24 and 48 h to track cell proliferation. All 
experiments were repeated at least three times 
and the average values were used as the final 
results.

Flow cytometry analysis of apoptosis

We test the apoptosis using Annexin V and 
Propidium Iodide labeling analyzed on flow 
cytometry. Annexin V is a marker of early apop-
tosis. Propidium Iodide is a marker of late apop-
tosis and necrotic cells. Cells were cultured in 
24-well plate, after treated with DMSO, increas-
ing concentrations of TCS or other inhibitors for 
indicated time, OVCAR3 cells (both viable and 
death cells) were harvested by trypsinization, 
washed with cold PBS and centrifuged at 100× 
g to obtain a pellet. The pellet was suspended 
in binding buffer and stained with fluorescein 
isothiocyanate (FITC)-labeled Annexin V and 
Propidium Iodide(TACS Annexin V-FITC kit, R&D 
Systems), then analyzed by a flow cytometry on 
FACScan (Becton Dickinson, USA) using 
CellQuest software.

Western blotting analysis

Expression levels of the cellular proteins of 
interest were determined using Western blot-
ting assays. Cells were washed with cold PBS 
and lysed with RIPA buffer (1% Triton X-100, 
0.1% SDS, 1% DOC, 10 mM Tris-HCl pH 7.4, 
150 mM NaCl, 5 mM EDTA, 10 μg/ml leupeptin, 
and 1 mM Na3VO4), followed by centrifugation 
for 30 min at 4°C. The protein concentrations 
were measured using Bradford method. The 
supernatants with equal amount of protein 
sample in loading buffer were loaded on 8% 
SDS-PAGE and transferred to PVDF. The mem-
branes were blocked with 5% (w/v) non-fat milk 
in TBST and probed with the primary antibodies 
overnight at 4°C. After three washes with TBS-T 
buffer, the blots were incubated with appropri-
ately diluted HRP-conjugated secondary anti-
bodies for 2 h. After three 15 min TBST washing 
steps, the protein was visualized on photogra-
phy film. β-actin was used as a protein loading 
control.
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MDC staining analysis of autophagy

Mono-Dansyl Cadaverine (MDC) has been 
reported to label autophagic vacuoles in cells 
[9], which can be tracked with flow cytometry. 
In our study, MDC staining was used to analyze 
autophagy rate. MDC was purchased from 
Sigma. Autophagic vacuoles were labeled with 
0.05 mM MDC in PBS at 37°C for 10 min, and 
then washed three times with PBS. Flow cytom-
etry was then used to determine the fluores-
cence intensity at the excitation wavelength of 
488 nm.

Caspase 3 activity assay

Caspase-3 activity was assayed in cellular 
extracts using the Caspase-3 Colorimetric 
Assay kit (R&D Systems). Cells were cultured 
and treated with DMSO, TCS or inhibitors, then 
harvested and lysed in lysis buffer supplied in 
the kit. A total of 20 μL cell lysate with 100 μg 
of protein was needed for testing. The enzymat-
ic reaction for caspase activity is carried out in 
a 96 well plate. Then the lysate was added with 
the caspase-3 substrate, DEVD-pNA in the 
reaction buffer and incubated at 37°C for 2 h. 
The plate was measured at an absorbance of 
405 nm with an ELISA reader.

Statistical analysis

All data and results presented are representa-
tive of, or calculated from, at least three inde-
pendent experiments. The data collected for 
each group are expressed as means ± stan-

dard deviation (SD). P < 0.05 was regarded as 
statistically significant.

Results

TCS inhibited cell viability in ovarian cancer 
cells

CellTiter-Glo® luminescent cell viability assay 
was used to evaluate the cytotoxic effect of 
TCS towards OVCAR3 cells. As Figure 1 showed 
that the anti-proliferation rate increased with 
the increasing treatment time and concentra-
tion, suggesting that TCS induced cell death in 
a time and concentration dependent manner. 
The anti-proliferation ratio reached above 80% 
upon 10 μM TCS treatment for 48 h. In the fol-
lowing studies, we used 48 h as the treatment 
time and a higher range of TCS concentration 
(3.3, 6.7, 10 μM).

TCS induced cell apoptosis in ovarian cancer 
cells

The effect of TCS on the apoptotic cell death of 
OVCAR3 cells were examined by flow cytometry 
using Annexin V-FITC and propidium iodide 
labeling. Treatment with TCS increased the per-
centage of early apoptotic and late apoptotic/
necrotic cells compared to the vehicle group 
and it was also in a dose-dependent (3.33 to 
10 μM) manner (Figure 2A). Annexin V and PI 
double staining cells (late apoptosis and necrot-
ic cells) reached above 30% at the concentra-
tion of 10 μM TCS treatment (Figure 2B).

As we know, apoptosis pathway is mediated 
upon the activation of the caspase cascade. 
Caspase-3 is characterized as both a marker 
and an ultimate executioner of cell apoptosis 
[10]. Western blotting was used to determine 
the caspase-3 activity. As showed in Figure 2D, 
caspase-3 activity was increased upon stimula-
tion of 10 μM TCS, as the normalized caspase-3 
proteolytic cleavage level was enhanced com-
pared with control. This is consistent with the 
result tested by the Caspase-3 Colorimetric 
Assay kit (Figure 3B). It is indicated that TCS 
induced ovarian cancer cell apoptosis is medi-
ated via caspase signal.

TCS induced cell autophagy in ovarian cancer 
cells

We also evaluated the effects of TCS on autoph-
agy. During the autophagy initiation phase, 

Figure 1. Anti-proliferation effect of TCS on ovarian 
cancer. OVCAR3 cells were cultured and treated with 
0, 0.33, 0.67, 1, 3.3, 6.67 or 10 μM TCS for 12, 24 
or 48 hours. The cell viability was determined using 
CellTiter-Glo® luminescent cell viability assay. N = 4.
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ATG5 plays a key role in the formation of 
autophagosomes, and LC system is required 
for autophagosome transport and maturation 
[11, 12]. ATG5 and LC3-II had been used for 
autophagy markers. As Figure 2D indicated, 
LC3-II and ATG5, were both upregulated in TCS 
treated cells. To confirm TCS-induced autopha-
gy in OVCAR-3 cells, MDC staining assay was 
used to label the autophagic vacuoles. As 
shown in Figure 2C, the number of MDC stain-
ing positive cells increased in each concentra-
tion of TCS treated group compared with DMSO 
group, which is consistent with the western blot 
data. These results indicated that TCS can 
induce ovarian cancer cell autophagy.

Inhibition of autophagy attenuated TCS-induce 
cell death

As TCS can both induce ovarian cancer cell 
autophagy and apoptosis, we tested whether 

autophagy is linked with apoptotic cell death. 
OVCAR3 cells were pretreated with an autopha-
gy inhibitor prior to TCS for apoptosis testing on 
flow cytometry. 3 methyladenine (3-MA) is a 
commonly used early stage inhibitor of autoph-
agy which inhibits the activity of PI3K and 
blocks the formation of pre autophagosomes, 
autophagosomes and autophagic vacuoles 
[13]. As showed in Figure 3A, the number of 
Annexin V and PI staining double positive cells 
induced by TCS at 10 μM was significantly 
attenuated by pretreatment with 1 mM 3-MA 
for 1 h (P < 0.05). Another apoptosis marker 
caspase-3 activity was also attenuated by 
3-MA pretreatment (Figure 3B), which is consis-
tent with the result of western blotting (Figure 
3C). All these data showed that autophagy 
inhibitor 3-MA partially abolished cell apoptosis 
induced by TCS. In addition, TCS-induced MDC 
autophagic vacuoles and ATG5 expression were 

Figure 2. TCS treatments induced apoptosis and 
autophagy in OVCAR3 cells. Cell treatment condi-
tion are DMSO only, 3.33, 6.67 or 10 μM TCS for 
48 h. (A) Dot plot of untreated and treated cells 
analyzed on flow cytometry. (B) Bar graph showing 
the percentage of late apoptotic or necrotic cells 
(Annexin V+/PI+) analyzed in (A). (C) Flow cytometry 
determination of MDC staining positive cells treat-
ed with DMSO or TCS. (D) Western blotting analy-
ses of OVCAR3 total cell lysates with ATG5, LC3 and 
cleaved caspase-3 antibody. β-actin was used as 
the internal control. *P < 0.05, **P < 0.01.
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both confirmed decreasing upon 3-MA treat-
ment (Figure 4A, 4B). 

Inhibition of apoptosis had no impact on TCS-
induced autophagy

As TCS induced apoptosis can be significantly 
reduced by autophagy inhibitor, autophagy may 

be one cause of cell apoptotic death in OVCAR3 
cells. An apoptosis pathway inhibitor z-VAD-
FMK (a pan-caspase inhibitor) was used to 
investigate the effects of apoptosis on autoph-
agy. Compared with TCS only group, z-VAD-FMK 
pre-treatment decreased both the percentage 
of apoptotic cells and caspase-3 activity as pre-
dicted (Figure 3). But MDC positive cell rate 
and ATG5 expression were not impacted by the 
inhibitor z-VAD-FMK, as shown in Figure 4A and 
4B. These data suggested that apoptosis inhib-
itor z-VAD-FMK had no impact on autophagy in 
ovarian cancer cells.

Discussion

In this study, we demonstrated that TCS-
induced cell death in human ovarian cancer 
cells was mediated by both apoptosis and 
autophagy. In flow cytometry test of apoptosis, 
Annexin-V-FITC and PI positive cells were both 
significantly increased by TCS treatment. TCS 
enhanced caspase-3 activity which is a key 
player of cell apoptosis. TCS induced ATG5 
expression, autophagic vacuoles and promoted 
LC3 cleavage. We had also confirmed that inhi-
bition of autophagy by 3-MA attenuated TCS-
induced cell apoptosis, otherwise apoptosis 
inhibitor Z-VAD-FMK had no impact on auto- 
phagy.

Figure 3. The effects of 3-MA or z-VAD-FMK on TCS-induced OVCAR3 cell apoptosis. Cell treatment conditions are 
DMSO only, 10 μM TCS only, 10 μM TCS+1 mM 3-MA, 10 μM TCS+20 μM z-VAD-FMK. A. Bar graph showing the per-
centage of late apoptotic or necrotic cells (Annexin V+PI+) analyzed on flow cytometry. B. Caspase 3 activity tested 
by Caspase-3 Colorimetric Assay kit (R&D). C. Western blotting determination of caspase-3 activity. β-actin was used 
as the internal control. *P < 0.05.

Figure 4. The effects of 3-MA or z-VAD-FMK on TCS-
induced OVCAR3 cell autophagy. A. Flow cytometry 
determination of MDC staining positive cells. B. 
Western blotting determination of ATG5 expression. 
β-actin was used as the internal control. *P < 0.05.
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It is reported that TCS had been used as an 
anticancer agent in many cancer cell lines, 
including breast cancer, cervical cancer, cho- 
riocarcinoma, and leukemia/lymphoma, etc. 
Although the molecular mechanism differs 
from cancer to cancer, TCS induces a typical 
apoptosis process in most of the cancer cell 
lines. Zhang et al. found out TCS stimulated the 
production of reactive oxygen species (ROS) in 
JAR cells and this may leads to cell apoptosis 
[14]. It was reported that TCS inhibits protein 
kinase C (PKC) activity in HeLa and K562 cells, 
and the activation of PKC by PKC agonists 
inhibits TCS-induced apoptosis [15, 16]. Li et 
al. reported that when TCS induced the apopto-
sis of HL-60 cells, caspase-9-mediated mito-
chondrial pathway and the caspase-4-mediat-
ed endoplasmic reticulum pathway are both 
involved [17]. The molecular mechanism of TCS 
on ovarian cancer is still unclear. We used a 
typical ovarian cancer cell line OVCAR3 cell to 
test the anticancer effects of TCS on ovarian 
cancer. Caspase cascade is a traditional pa- 
thway mediates cell apoptosis. The detailed 
mechanism of TCS on ovarian cancer needs 
further investigation.

A key observation of our study is that autopha-
gy played an important role in TCS-induced 
apoptotic cell death. Autophagy has recently 
gained attention because of its paradoxical 
roles in cancer cell survival and death [18]. 
Many studies have indicated that autophagy 
can function as a protective mechanism in cells 
that are exposed to antitumor agents and that 
blocking autophagy can trigger the activation of 
apoptosis [19, 20]. Besides, autophagy can 
suppress tumorgenesis under different mecha-
nism [21, 22]. In our study, autophagy was 
invoked to promote OVCAR3 cell death upon 
TCS treatment, while inhibiting autophagy at- 
tenuated apoptosis. It’s indicated that there is 
a common pathway between apoptosis and 
autophagy in TCS-induced ovarian cancer, au- 
tophagy may be one cause leading to apoptotic 
cell death. This result is consistent with a 
recent study on resveratrol by Lang et al. [23]. 
Apoptosis inhibitor z-VAD-FMK had no effect on 
autophagy also confirmed that autophagy may 
functioned up streaming of apoptosis in ovari-
an cancer cells. Scientists have focused on the 
crosstalk between apoptosis and autophagy. 
Several proteins have been reported regulating 
both apoptosis and autophagy [24, 25]. 

In conclusion, our research revealed a new 
insight into the complex role of autophagy on 
OVCAR3 cell apoptotic death which may be a 
target for the development of novel ovarian 
cancer therapies. Combination of TCS with an 
autophagy trigger would possibly enhance the 
anticancer effect. More evidence is needed to 
confirm this in the future.
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