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Abstract
Ovarian cancer is a common malignant tumor in women, and 70% of ovarian cancer patients are
diagnosed at an advanced stage. Drug chemotherapy is an important method for treating ovarian cancer,
but recurrence and chemotherapy resistance often lead to treatment failure. In this study, we screened
10 extracts of Tripterygium wilfordii, a traditional Chinese herb, and found that triptonide had potent anti-
ovarian cancer activity and an IC50 of only 2.972 nM against A2780 cell lines. In addition, we determined
that triptonide had a better antitumor effect on A2780 cell lines than platinum chemotherapeutic agents
in vitro and that triptonide had no signi�cant side effects in vivo. Further studies showed that triptonide
exerts its anti-ovarian cancer effect through activation of the p38/p53 pathway and induction of
autophagy to promote apoptosis, which provides a new candidate drug and strategy for the treatment of
ovarian cancer.

1. Introduction
Ovarian cancer is the seventh most common cancer in women worldwide. Among women older than 40
years, ovarian cancer is the second most common malignant tumor after breast cancer and ranks as the
�fth most common cause of cancer-related death in women [1]. There are three main types of ovarian
cancer: epithelial (the most common), germ cell, and sex cord-stromal, with the latter two accounting for
only approximately 5% of all ovarian cancers. However, due to asymptomatic development, 70% of
ovarian cancer cases are diagnosed at an advanced stage. Despite years of research, there is still a lack
of reliable diagnostic markers and other diagnostic methods that can be used for early detection and
screening. Although ovarian cancer usually responds well to �rst-line chemotherapy comprising platinum
compounds and taxanes, most patients develop recurrence and chemotherapy resistance, and the �ve-
year survival rate is only approximately 30% [2–3]. Therefore, it is necessary to identify a therapeutic
method to address the treatment dilemma of ovarian cancer.

The puri�cation of drug monomers with good antitumor effects and few side effects from traditional
Chinese herbs is a promising method for cancer treatment [4–5]. Triptonide is a diterpene compound
extracted from the traditional Chinese medicine herb Tripterygium wilfordii that has pharmacological
effects, such as anti-in�ammatory effects, immunosuppression, and inhibition of tumorigenesis and
angiogenesis, and is a promising antitumor drug monomer [6–9]. Previous studies have reported that
triptonide does not cause serious side effects or toxicity to the liver in animal models [10–11].

The tumor suppressor p53 plays an important role in cellular responses to various stress signals, such
as DNA damage, hypoxia, and oncogenic activation [12]. Activation of p53 can induce a range of
responses, including cell cycle arrest, DNA repair, cell apoptosis and senescence, and it also acts as a
tumor suppressor by preventing genomic damage or eliminating potentially oncogenic cells [13]. TP53 is
the most frequently mutated gene in human cancers and is a hallmark of most human cancers.
Approximately 50% of invasive tumors have p53 mutations, leading to signi�cant defects in p53 function.
In some refractory cancers, such as high-grade serous ovarian cancer, triple-negative breast cancer,
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esophageal cancer, small cell lung cancer and squamous cell lung cancer, TP53 can have a mutation
rate higher than 80% [14]. Thus, p53 is an important candidate target for anticancer therapy strategies.

In this study, we screened 10 traditional Chinese medicine monomer compounds for their anti-ovarian
cancer effects, and the results showed that among the various Tripterygium wilfordii monomers, ovarian
cancer cells were the most sensitive to triptonide. We found that triptonide effectively inhibited the
growth of ovarian cancer A2780 cells in vitro, induced apoptosis, and promoted S-phase arrest through
activation of the p38/p53 pathway and the induction of lethal autophagy. Moreover, triptonide effectively
inhibited tumor growth in xenograft mice. These data suggest that triptonide is a potential antitumor
agent for the treatment of ovarian cancer.

2. Materials and Methods

2.1. Materials
Triptonide, tripterifordin, wilforgine, wilforine, oryhosphenic acid, triptophenolide, wilforlide A, triptolide,
celastrol and demethylzeylasteral were obtained from Chengdu Must Biotech, Ltd, with a purity > 98%.
Triptonide was dissolved in dimethyl sulfoxide (DMSO) for in vitro studies or in normal saline for in vivo
experiments. Ba�lomycin A1 and a p38 MAPK inhibitor (SB203580) were purchased from MCE
(Shanghai, China) and dissolved in DMSO. Primary antibodies against p53, phospho-p53, p38, phospho-
p38, cleaved PARP, GAPDH, CDK2, CDC25A, cyclin A, LC3, p62/SQSTM1, Beclin1 and others were
purchased from Cell Signaling Technology (Boston, MA). The secondary antibodies goat anti-rabbit IgG-
HRP and goat anti-mouse IgG-HRP were purchased from Santa Cruz Biotechnology (Santa Cruz, CA).

2.2. Cells and cell culture
The human ovarian cancer cell Line A2780 was obtained from Sunncell Biotechnology (Wuhan, China).
The cells were maintained in RPMI-1640 medium supplemented with 10% FBS and 1% penicillin–
streptomycin (KeyGEN, Jiangsu, China). The cells were cultured at 37°C in an atmosphere containing 5%
CO2.

2.3. Cell viability assay
The cells were seeded into 96-well plates at 3× 103 cells/well. After 24 h, the cells were incubated with
different concentrations of triptonide (0, 4, 8, 16, 32 or 64 nM) for 48 h. Then, 20 µL of MTT solution (5
mg/mL) (Beyotime Biotechnology Shanghai, China) was added to each well, and the plates were
incubated for another 4 h at 37°C before the optical density was measured at 570 nm by a microplate
reader (Bio-Rad Laboratories, Hercules, CA, USA).

2.4. Colony formation assay
A2780 cells were seeded in six-well plates at a density of 500–800 cells/well, allowed to attach for 24 h,
and subsequently exposed to different concentrations of triptonide (0, 0.25 and 0.5 nM) for 7–14 days.
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The cells were �xed with 4% paraformaldehyde for 20 min and subsequently stained with 0.5% crystal
violet solution for 30 mins. The stained colonies were counted and photographed after washing and air
drying.

2.5. Flow cytometry analysis
A2780 cells were seeded in six-well plates, allowed to attach for 24 h and exposed to different media for
24 h. Then, the cells were harvested to prepare cell suspensions. The cells were stained with PI
according to the instructions of the Cell Cycle Analysis Kit (KeyGEN, Jiangsu, China). Apoptosis was
assessed according to the instructions of the Annexin V-FITC/PI apoptosis detection kit (KeyGEN,
Jiangsu, China). The expression of both were analyzed by �ow cytometry (Becton, Dickinson and
Company, VT).

2.6. EdU staining assay
A2780 cells were treated with different concentrations of triptonide for 24 h after they were seeded in 96-
well plates at a density of 5000 cells per well. EdU staining was subsequently performed to detect cell
proliferation activity using a KitkFluor555 Click-iT EdU Kit (KeyGEN, Jiangsu, China) according to the
manufacturer’s instructions. The number of �uorescent dots represents the cell proliferation e�ciency.

2.7. Quantitative real-time polymerase chain reaction (qRT–
PCR)
Total RNA was extracted from cultured cells using TRIzol reagent (Invitrogen, CA, USA) and reverse-
transcribed using a cDNA reverse transcription kit. (Vazyme Biotech, Nanjing, China). qPCR assays were
performed with ChamQ SYBR Color qPCR Master Mix (Vazyme Biotech, Nanjing, China). The sequences
of the PCR primers used were as follows: p53-Forward: 5′-CAGCACATGACGGAGGTTGT-3′, reverse: 5′-
TCATCCAAATACTCCACACGC-3′; 18S-Forward: 5′-GTAACCCGTTGAACCCCATT-3′, reverse: 5′-
CCATCCAATCGGTAGTAGCG-3′.

2.8. siRNA transfection
P53 siRNA was purchased from GenePharma (Jiangsu, China).

Cells were transfected with P53 siRNA plasmids using Lipofectamine 2000 reagent (Invitrogen) and Opti-
MEM (Gibco). The experiment was conducted in three groups. The sequences of the P53 siRNA primers
used were as follows:

si-P53 (sequence 1 is 5’-AAUAUUCUCCAUCCAGUGGTT-3’, and sequence 2 is 5’-
CACCATCCACTACAACTACAT-3’). si-Control (5’-UUCUCCGAACGUGUCACGUTT-3’).

2.9. Western blot analysis
After the cells were exposed to drugs for 24 h, they were homogenized in 1× RIPA buffer (Cell Signaling
Technology, MA, USA), and the protein supernatant was separated by centrifugation at 12,000 × g for 15
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min at 4°C. The protein concentrations were determined by using a BCA Protein Assay Kit (KeyGEN,
Jiangsu, China). The protein samples were separated via SDS‒PAGE and transferred to 0.45- and 0.22-
µm PVDF membranes (Millipore, Billerica, MA, USA). After they were blocked with 5% skim milk in 1×
TBST for 1 h at room temperature, the membranes were incubated with primary antibody overnight at
4°C followed by incubation with secondary antibody for 1 h at room temperature. The immunoreactive
bands were visualized with a gel imaging system (Bio-Rad, CA, USA) using an enhanced
chemiluminescence (ECL) kit (Bio-Rad, CA, USA) and analyzed using ImageJ software.

2.10. In vivo study
Subcutaneous injection of tumor cells was used to establish a xenograft tumor model in nude mice.
Approximately 400x104 A2780 ovarian cancer cells were subcutaneously inoculated in the right �anks of
the BALB/6 mice. Mice were purchased from Vital River (Beijing). When the tumor size reached 100
mm3, the mice were divided into a control group (normal saline), a low concentration of triptonide (3
mg/kg) group and a high concentration of triptonide (5 mg/kg) group. The mice were intraperitoneally
injected with drugs every day to observe tumor formation, and the tumor volume was measured every 2
days. The longest diameter a and the shortest diameter b of the tumor were measured, the tumor volume
V was calculated according to the Formula a*b2/2, and a tumor growth curve was drawn. On the 20th
day, the animals were euthanized according to experimental animal ethics, the tumors were removed and
weighed, and the tumor inhibition rate was calculated. The effects of triptonide on liver, lung, and heart
tissues were detected via HE staining. All experimental procedures followed the requirements of the
Laboratory Animal Welfare and Ethics Committee of Jinan University (Approval No. IACUC-20230913-
02).

2.11. Statistical analysis
The data were derived from 2 or 3 independent experiments and are presented as the mean ± standard
deviation (SD). Student’s t test and one-way ANOVA were performed to analyze the signi�cance of the
difference between two groups or among multiple groups, respectively. All the statistical analyses were
performed using SPSS 16.0 and GraphPad Prism 7.0. Figures were drawn with Adobe Illustrator 2021
and FigDraw. P values < 0.05 were considered to indicate statistical signi�cance.

3. Results

3.1 Triptonide inhibits proliferation and induces apoptosis
in ovarian cancer cell lines
Ten single compounds extracted from Tripterygium wilfordii (tripterifordin, wilforgine, wilforine,
oryhosphenic acid, triptophenolide, wilforlide A, triptolide, celastrol, demethylzeylasteral, and triptonide)
were used in this study. After the A2780 cell line was exposed to different concentrations of these
compounds for 48 hours, the MTT assay showed that triptonide had the greatest inhibitory effect on the
A2780 cell line, with an IC50 of only 2.972 nM (Fig. 1C-D). The chemical structure is shown in Fig. 1A.
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Moreover, triptonide had a better antitumor effect than other common chemotherapeutic drugs
(including cisplatin, carboplatin, epirubicin, 5-Fu and oxaliplatin) in the treatment of ovarian cancer
(Fig. 1B).

Annexin V-FITC/PI �ow cytometry showed that the apoptosis rate of A2780 cells increased in a dose-
and time-dependent manner after exposure to triptonide (Fig. 2A-B). Western blot analysis showed that
treatment of A2780 cells with triptonide for 24 hours increased the levels of cleaved PARP, cleaved
caspase3 and cleaved caspase9 in a dose- and time-dependent manner. However, the levels of the
antiapoptotic markers Bcl-2 and Bcl-xl were decreased, which suggested that triptonide induced
apoptosis in A2780 cells (Fig. 2C-D). A2780 cell viability was reduced in a dose- and time-dependent
manner, as detected by MTT assay after treatment with triptonide (Fig. 2F). The number of cell colonies
formed in the colony formation assay (Fig. 2E) and the number of positive cells in the EdU assay were
signi�cantly reduced with increasing triptonide concentration (Fig. 2F). These �ndings suggest that
triptonide inhibits the proliferation of A2780 cells.

3.2 Triptonide induced cell apoptosis through activating the
p38/p53 pathway
To further investigate the mechanism by which triptonide induces apoptosis in A2780 cells, Western blot
analysis was performed, and the results showed that the phosphorylation of the p38 and p53 proteins
increased after A2780 cells were exposed to triptonide for 24 hours (Fig. 3A). Previous studies have
con�rmed that triggering the activation of p53 signaling via p38 causes cell apoptosis [15]. Therefore, we
hypothesized that triptonide induces cell death in A2789 cells by activating p38 and phosphorylating p53
and its downstream pathways. For further veri�cation, we added the p38 inhibitor SB203580 to the
experiment. MTT assays showed that triptonide alone could inhibit the survival of A2780 cells better
than the combination of SB203580 and triptonide (Fig. 3B). EdU and colony formation assays also
suggested that SB203580 combined with triptonide could reverse the inhibition of cell proliferation
caused by triptonide (Fig. 3C-D). Annexin V-FITC/PI �ow cytometry showed that inhibition of p38 by
SB203580 reversed the triptonide-induced increase in the cell apoptosis rate (Fig. 3E). Western blot
analysis also showed that the expression of p38 increased in response to treatment with triptonide but
was suppressed by treatment with SB203580 (Fig. 6C).

Then, we used two different p53 siRNA sequences to knock down the expression of the TP53 gene in
A2780 cells, and qRT‒PCR experiments showed that both p53 siRNA sequences effectively inhibited
p53 gene expression (Fig. 4B). After pretreatment with p53 siRNA and subsequent treatment with
triptonide, the survival rate of A2780 cells was restored (Fig. 4A), and the level of apoptosis induced by
triptonide was also signi�cantly decreased (Fig. 4D). EdU assays also suggested that p53 siRNA
combined with triptonide could reverse the inhibition of cell proliferation caused by triptonide (Fig. 4C).
These �ndings verify that triptonide inhibits the apoptosis and proliferation of A2780 cells by activating
the p38/p53 pathway.
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3.3 Triptonide induces apoptosis by activating autophagic
death
In addition, we found that triptonide reduced p62 expression and increased LC3II and cleaved PARP
levels in A2780 cells as the triptonide concentration increased gradually, but these changes were also
reversed by treatment with the autophagy inhibitor ba�lomycin A1 (Fig. 5A-B). These �ndings suggested
that autophagy is activated in A2780 cells in response to triptonide. To further explore the effect of
autophagy activation on A2780 cells, an MTT assay was performed, which indicated that pretreatment
with ba�lomycin A1 reduced the damaging effect of triptonide on cell viability (Fig. 5C). Annexin V-
FITC/PI �ow cytometry also demonstrated that, compared with treatment with triptonide alone,
treatment with triptonide combined with ba�lomycin A1 reduced cell apoptosis (Fig. 5E). The inhibition
of cell proliferation in the EdU assay was also reversed by ba�lomycin A1 (Fig. 5D). These �ndings imply
that autophagy activated by triptonide is a lethal process that promotes A2780 cell death, while blocking
this autophagy keeps the cells alive.

3.4 Triptonide induced S-phase arrest in A2780 cells via p38
The effect of triptonide on the physiological function of A2780 cells was further studied. Cell cycle
analysis was performed by �ow cytometry with PI staining. The results showed that the proportion of
A2780 cells in S phase was signi�cantly increased in a concentration-dependent manner, the proportion
of cells in G2/M phase was decreased, and the proportion of cells in G1 phase was almost unchanged
(Fig. 6A). In addition, the expression levels of cell cycle-related proteins measured by Western blotting
showed that the S phase-related proteins Cyclin E1, Cyclin B1 and CDK2 increased with increasing
triptonide concentration (Fig. 6B), which indicated that A2780 cells undergo S phase arrest after
treatment with triptonide. Moreover, we speculate that this block is likely related to the p38 MAPK
pathway because Sun et al. reported that the activation of p38 MAPK can cause cell cycle arrest in the S
phase and inhibit cell proliferation [16]. The proportion of cells in S phase induced by triptonide was
decreased, and this increase was reversed by the addition of the p38 inhibitor SB203580 (Fig. 6D). The
corresponding Western blot results also showed that the S-phase protein Cyclin A2 was also reduced
after SB203580 intervention (Fig. 6C). These �ndings demonstrated that triptonide induced S phase
arrest in A2780 cells by activating p38.

3.5 Triptonide inhibits tumor growth in a xenograft tumor
model
To verify the antitumor effect of triptonide in vivo, subcutaneous xenograft tumor experiments were
performed in mice. Compared with that in the control group (injection of normal saline), continuous
intraperitoneal injection of triptonide at different concentrations (3 or 5 mg/kg) for 20 days signi�cantly
inhibited tumor growth. There was a signi�cantly smaller tumor volume (Fig. 7A-C) and signi�cantly
higher tumor weight (Fig. 7E) in the treated group than in the control group. Moreover, the overall body
weight of mice treated with triptonide was not signi�cantly lower than that of the control mice (Fig. 7D).
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Microscopic observation of vital organs, such as the heart, liver, spleen and lung, after HE staining found
no signi�cant differences between the triptonide treatment group and the control group (Fig. 7F). These
results indicate that triptonide can effectively inhibit A2780 xenograft tumors in vivo but without obvious
side effects.

4 Discussion
Ovarian cancer is a common cause of death related to gynecological cancer. Approximately 60% of
patients with ovarian cancer have abdominal metastasis when they are diagnosed, and these patients
may lose the opportunity for surgical treatment; therefore, ovarian cancer treatment relies on
chemotherapy. Although 80% of ovarian cancer patients respond well to initial treatment with commonly
used platinum drugs, almost all patients experience tumor recurrence, the disease-free survival interval
becomes increasingly shorter, and eventually, the tumor will gradually lose sensitivity to platinum drugs
[17]. In response to the treatment of ovarian cancer, we screened triptonide from 10 monomers of
Tripterygium wilfordii and found that it strongly inhibited the proliferation of human ovarian cancer
A2780 cells in a dose-dependent manner and inhibited tumorigenesis and metastasis in vitro and in vivo.
Its antitumor effect is better than that of several ovarian cancer chemotherapy drugs, such as cisplatin,
carboplatin and shikonin (Fig. 1). Furthermore, the number of EdU-positive cells and colony formation in
triptonide-treated A2780 cells were signi�cantly lower, compared with those in control cells, which
further con�rmed the inhibitory effect of triptonide on ovarian cancer cell proliferation (Fig. 2E, 2G). Flow
cytometry and Western blotting also showed that triptonide increasingly induced the apoptosis of
ovarian cancer cells with increasing triptonide concentration and time (Fig. 2A-D). Mouse xenograft
tumor experiments also veri�ed the antitumor effect of triptonide in vivo, and no obvious side effects
were observed (Fig. 7). Therefore, triptonide is a good drug monomer for the treatment of ovarian cancer.

The tumor suppressor protein p53 plays a key role in limiting the development of malignant tumors.
Most cancers involve the loss of p53 function, which is caused by a mutation in the p53 gene itself or by
a defect in the mechanism of activating p53 [18]. Moreover, p53 can mediate a series of cellular
responses and activate the expression of a large variety of target genes, including apoptosis-related
genes [19–22]. p53 functions primarily as a transcription factor, and overactivation of p53 leads to
apoptosis and cell death [23–24]. In our study, we found that triptonide activated p53 in A2780 cells,
resulting in an increase in p53 and p53 protein levels, which activated downstream targets or pathways
to induce tumor cell apoptosis (Fig. 3A). After p53 was knocked down with siRNA, the degree of
apoptosis was decreased, and the cell viability was restored, which suggested that triptonide promoted
the apoptosis of A2780 cells by activating p53 (Fig. 4).

p38 is an important member of the mitogen-activated protein kinase (MAPK) signaling pathway. As
shown in a previous study, activated p38MAPK can phosphorylate and activate many downstream
effectors, including the p53 protein. The upregulation of p38 phosphorylation can activate p53 pathway-
mediated apoptosis [25, 32–33]. In our study, we found that the phosphorylation of the p38 protein was
increased in A2780 cells after treatment with triptonide, indicating that the p38MAPK signaling pathway
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was activated (Fig. 3A). The downstream p53 protein was also activated, leading to tumor cell apoptosis.
We also found that the triptonide-induced increase in apoptosis was reversed by the p38 inhibitor
SB203580 or by the p53 siRNA (Fig. 3B-E, 4C-D). These �ndings further con�rmed that triptonide
promoted the apoptosis of A2780 cells through the p38/p53 signaling pathway. In addition, triptonide
signi�cantly increased the proportion of S-phase cells, decreased the proportion of G2-phase cells, and
upregulated the expression of the S-phase proteins Cyclin E1 and CDK2 in A2780 cells (Fig. 6A-B). These
�ndings indicated that triptonide caused S phase arrest in A2780 cells and that this cell cycle disruption
could be reversed by SB203580, which indicated that S phase arrest was also induced through the
activation of p38MAPK (Fig. 6C-D).

Autophagy is a basic physiological process in cells that is usually activated when cells are subjected to
environmental stresses such as hypoxia, malnutrition, chemicals, and radiation [26–27]. Although
autophagy is commonly used to recycle cellular components and maintain cellular homeostasis.
Autophagy can function in a bene�cial manner but can also lead to the destruction of cells [28–29]. In
response to most forms of cellular stress, autophagy plays a cytoprotective role; however, in some cases
of uncontrolled autophagy, upregulation of autophagy can lead to cell death or apoptosis, which may be
due to activation of apoptosis or massive degradation of cell contents [30–32]. In the present study, we
found that triptonide treatment induced apoptosis in A2780 cells, which was accompanied by decreased
P62 and increased LC3-II levels, suggesting that autophagy was activated and that this activation led to
apoptosis in A2780 cells (Fig. 5A). Triptonide-induced apoptosis was reversed by the autophagy inhibitor
ba�lomycin A1, further con�rming that triptonide activates lethal autophagy (Fig. 5B-E). These results
suggest that triptonide induces apoptosis by activating autophagy in A2780 cells.

5. Conclusions
We found that triptonide signi�cantly inhibited the growth of A2780 tumor cells, and the MTT assay
showed that triptonide, which had an IC50 of only 2.972 nM, was superior to clinical �rst-line
chemotherapy drugs for ovarian cancer. In this study, we demonstrated that triptonide induced apoptosis
in ovarian cancer cells through activation of the p38/p53 pathway and it also induced cell cycle arrest at
the S phase. In addition, we found that triptonide could activate lethal autophagy, which led to growth
inhibition and cell death in ovarian cancer cells, resulting in an anti-ovarian cancer effect (Fig. 8). Our
�ndings provide a new drug candidate and strategy for the treatment of ovarian cancer.
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Figure 1

Comparison of the anti-ovarian cancer effects of Tripterygium wilfordii monomers and other
chemotherapeutic drugs (A) Structure of triptonide (TN; www.medchemexpress.cn). (B) The inhibitory
concentration (IC50) of triptonide and several clinical chemotherapy drugs on A2780 cells was detected
by MTT assays. (C) A2780 cells were treated with different monomers of Tripterygium wilfordii at various
concentrations for 48 h, after which cell viability was determined via MTT assays. (D) The IC50s of
different monomers of Tripterygium wilfordii toward A2780 cells. The data shown are presented as the
means ± SDs and were con�rmed in three separate experiments.
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Figure 2

Triptonide inhibited the proliferation of human A2780 cells in a dose- and time-dependent manner. (A)
A2780 cells were treated with different concentrations of TN for 24 h, and cell apoptosis was assessed
quantitatively by Annexin V/PI �ow cytometry analysis. (B) A2780 cells were treated with 2 nM TN for 0-
72 h, and cell apoptosis was assessed quantitatively by Annexin V/PI �ow cytometry analysis.
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(C) (D) Western blot analysis showing the effects of TN treatment on apoptosis markers in A2780 cells.
(E) A2780 cells were evaluated through a colony formation assay after treatment with different
concentrations of TN for 14 days. (F) A2780 cell viability was measured by MTT assay after treatment
with different concentrations of TN for 24, 48 and 72 hours. (G) Inhibition of proliferation was analyzed
by an EdU staining assay after A2780 cells were treated with different concentrations of TN for 24 h. The
number of �uorescent dots represents the cell proliferation e�ciency. Representative data from one of
three independent experiments are shown. The data are presented as the mean ± SD. *p < 0.05, ** p <
0.01, *** p < 0.001.
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Figure 3

Triptonide induces apoptosis and inhibits the proliferation of A2780 cells by activating the p38 pathway
(A) Western blot analysis identi�ed p53 and p38 protein markers in A2780 cells treated with different
concentrations of TN for 24 h. (B) A2780 cell viability was measured by MTT assay after treatment with
different concentrations of TN alone or in combination with 15 μM SB203580. (C) Inhibition of
proliferation was analyzed by an EdU staining assay after treatment with 4 nM TN and/or 15 μM
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SB203580. (D) Colony formation assay after A2780 cells were treated with 0.25 nM TN and/or 15 μM
SB203580 for 14 days. (E) A2780 cell apoptosis was assessed quantitatively by Annexin V/PI �ow
cytometry analysis after treatment with 8 nM TN and/or 20 μM SB203580. Representative data from one
of three independent experiments are shown. The data are presented as the mean ± SD. ** p < 0.01, *** p
< 0.001.

Figure 4
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Triptonide induced apoptosis by activating p53 in A2780 cells. (A) A2780 cell viability was measured by
MTT assay after treatment with different concentrations of TN alone or with TN combined with p53
siRNA for 48 hours. (B) qRT‒PCR was used to determine whether p53 siRNA inhibited the gene
expression of TP53 in A2780 cells. (C) Inhibition of proliferation was analyzed by an EdU staining assay
after A2780 cells were treated with 4 nM TN and/or p53 siRNA for 48 hours. (D) A2780 cells were treated
with 4 nM TN and/or p53 siRNA (100 pmol) for 24 h, and cell apoptosis was assessed quantitatively by
Annexin V/PI �ow cytometry analysis. Representative data from one of three independent experiments
are shown. The data are presented as the mean ± SD. ** p < 0.01, *** p < 0.001.

Figure 5
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Triptonide induces lethal autophagy in A2780 cells. (A) (B) Western blot analysis of autophagy-related
protein markers in A2780 cells treated with 10 nM TN and/or 800 nM ba�lomycin A1 for 24 h. (C) A2780
cell viability was measured by MTT assay after treatment with TN alone or in combination with 250 nM
ba�lomycin A1 for 48 hours. (D) Inhibition of proliferation was analyzed by an EdU staining assay after
treatment with 4 nM TN and/or 250 nM ba�lomycin A1. (E) A2780 cell apoptosis was assessed
quantitatively by Annexin V/PI �ow cytometry analysis after treatment with TN and/or 800 nM
ba�lomycin A1 for 24 hours. Representative data from one of three independent experiments are shown.
The data are presented as the mean ± SD. ** p < 0.01, *** p < 0.001.

Figure 6

Triptonide induced S phase arrest by activating the p38 pathway (A) Cell cycle analysis after A2780 cells
were treated with different concentrations of TN for 24 h. (B) Western blot analysis showing the effects
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of A2780 cells treated with TN for 24 h on cell cycle-related protein markers. (C) Western blot analysis
and cell cycle analysis after A2780 cells were treated with 10 nM TN and/or 20 μM SB203580. (D) Cell
cycle analysis after A2780 cells were treated with 4 nM TN and/or 20 μM SB203580. Representative data
from one of three independent experiments are shown. ** p < 0.01, *** p < 0.001.

Figure 7
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The antitumor effect of TN on an in vivo xenograft tumor model of ovarian cancer. (A) (B) Morphological
images of A2780 xenografts after treatment with vehicle or TN at a dose of 3 or 5 mg/kg/d for 20 days.
(C) Changes in tumor volume and (D) mouse body weight after treatment with vehicle or TN at a dose of
3 or 5 mg/kg/d for 20 days. (E) Tumor weight after treatment for 20 days. (F) HE staining of tissues from
mice in the vehicle group and TN group at a dose of 3 or 5 mg/kg/d. Representative data from one of
three independent experiments are shown. The data are presented as the mean ± SD. ** p < 0.01, *** p <
0.001.

Figure 8

Diagram of the effect of triptonide on A2780 cells.


