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Abstract. Tumor necrosis factor‑α‑induced protein 8‑like 1 
(TIPE1) functions as a tumor suppressor in several types of 
cancer, including lung and breast cancer. The present study 
aimed to determine the level of expression and the function of 
TIPE1 in ovarian cancer. TIPE1 expression was determined 
in tissue microarrays and ovarian cancer cells, and these 
data were analyzed to assess the association between TIPE1 
expression and prognosis in patients with ovarian cancer. 
The potential antitumor effects of TIPE1 were investigated 
in vitro and in a xenograft mouse model. Furthermore, the 
underlying molecular mechanism by which TIPE1 regulates 
ovarian cancer growth was determined via flow cytometric 
analysis, western blotting and rescue experiments. The results 
of the present study indicated that TIPE1 levels were markedly 
decreased in ovarian cancer tissues, and its level of expres‑
sion was associated with a favorable prognosis of patients with 
ovarian cancer. In addition, ectopic TIPE1 expression signifi‑
cantly impaired A2780 and SKOV3 cell proliferation and 
colony formation in vitro, which was accompanied by efficient 
inhibition of xenograft tumor growth in mice. Investigations 
into the underlying molecular mechanism demonstrated that 
TIPE1 induced ovarian cancer cell apoptosis by promoting 
caspase protein expression. Inhibition of caspase‑dependent 
apoptosis by z‑VAD blocked TIPE1‑mediated inhibition of 
the proliferation and induction of apoptosis in ovarian cancer 
cells. Collectively, the results of the present study suggest that 
TIPE1 may be a potential prognostic predictor and therapeutic 
target for patients with ovarian cancer.

Introduction

Ovarian cancer is the sixth most frequently diagnosed cancer 
among women worldwide (11.8 cases per 100,000 women 
in 2014), the second most common gynecologic malignancy 
in female patients, and the most fatal tumor of the female 
reproductive system (1,2). Among of ovarian tumors, ~90% 
are epithelial ovarian serous cancers that occur primarily in 
postmenopausal women (3,4). Despite the high response rates 
in several patients receiving initial chemotherapy, the majority 
of patients with advanced ovarian cancer ultimately develop 
recurrent disease that is resistant to chemotherapy (5,6). The 
identification of biomarkers has contributed to the manage‑
ment of ovarian cancer by enabling the monitoring of patients' 
response to treatment and recurrence, distinction of benign 
and malignant pelvic masses, and detection of the disease at an 
earlier stage (7,8). Thus, the identification of novel biomarkers 
would benefit the prediction of patient prognosis and the devel‑
opment of novel therapeutic strategies.

The tumor necrosis factor‑α‑induced protein 8‑like 
(TIPE/TNFAIP8) family is a recently identified family of 
proteins that participate in the regulation of immunity and 
tumorigenesis (9). The family comprises four members: TIPE, 
TIPE1, TIPE2 and TIPE3 (9). TIPE2 has been demonstrated 
to be a negative regulator of inflammation and cellular immu‑
nity (10,11), whereas TIPE expression is downregulated in 
several malignances, such as lung cancer, and is associated 
with a favorable patient prognosis (12,13). TIPE1 is considered 
a cell death inducer in both normal and cancer cells (12,13). 
Downregulated TIPE1 expression has been observed in 
hepatocellular carcinoma (14), lung cancer (15) and gastric 
cancer  (16). Ectopic TIPE1 expression promotes apoptosis 
and inhibits cell invasion and migration in several types of 
cancer (14‑16); however, in cervical cancer, TIPE1 facilitates 
cell proliferation and suppresses the susceptibility of cells 
to cisplatin chemotherapy (17). Furthermore, ectopic TIPE1 
expression significantly impairs osteosarcoma tumor growth 
in vivo by inhibiting macrophage infiltration (18). However, the 
role of TIPE1 in ovarian serous cancer remains unclear.

The present study aimed to determine the level of expres‑
sion and function of TIPE1 in ovarian cancer, using in vitro 
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and xenograft models. In addition, the underlying molecular 
mechanism by which TIPE1 regulates ovarian cancer growth 
was investigated via flow cytometric analysis, western blot‑
ting and rescue experiments. The results of the present study 
expand the understanding of TIPE1 and provide a potential 
prognostic predictor and therapeutic target for ovarian cancer.

Materials and methods

Cell culture and reagents. Ovarian cancer cells (A2780, 
PA‑1 and SKOV3) were purchased from the American 
Type Culture Collection, while the fallopian tube secretory 
epithelial cells  (FTSECs) were purchased from Shanghai 
Yu Bo Biotech Co., Ltd. Cells were cultured in DMEM or 
RPMI‑1640 medium supplemented with 10% fetal calf serum 
(all from Invitrogen; Thermo Fisher Scientific, Inc.) at 37˚C with 
5% CO2. The lentivirus‑based TIPE1 expression system (based 
on the LV6‑EF1 α‑Puro vector) and an empty vector control 
system were purchased from Shanghai GenePharma  Co., 
Ltd. and were used to infect the ovarian cancer cells. Briefly, 
1x105 A2780 and SKOV3 cells were seeded into each well of 
a 6‑well plate and incubated at 37˚C with 5% CO2. At 24 h, 
2x106 lentivirus (MOI=20) in 20 µl was added to infect the 
cells at 37˚C with 5% CO2, and 24 h later the culture medium 
was removed. The stably infected cells were selected by treat‑
ment with 2 µg/ml puromycin (Selleck Chemicals) for 48 h at 
37˚C with 5% CO2. The caspase‑specific inhibitor z‑VAD was 
purchased from Selleck Chemicals and dissolved in DMSO 
for ovarian cancer cell treatment (20 µM) for 24 h at 37˚C with 
5% CO2 after selecting the stably infected cells.

Tissue microarray. A microarray containing 90 human malig‑
nant ovarian cancer tissues and 29 adjacent normal tissues 
(>5 cm away from the tumor) were purchased from Shanghai 
Outdo Biotech  Co., Ltd. IHC staining was performed as 
previously described (19). Briefly, the tissue microarray was 
subjected to dewaxing and hydration. Following antigen 
retrieval, the slides were incubated with primary antibodies 
against TIPE1 (cat. no.  201986; 1:200  dilution; Abcam) 
overnight at 4˚C. Following incubation with the specific 
secondary antibodies (cat. nos. SP9001 and SP9002; OriGene 
Technologies, Inc.) at 37˚C for 1 h, the bound antibodies were 
visualized using 3,3'‑diaminobenzidine (Fuzhou Maixin 
Biotech Co., Ltd.). The nuclei were counterstained with hema‑
toxylin at room temperature for 10 min. The TIPE1 staining in 
the tumor sections was scored by counting the number of posi‑
tive cells. TIPE1 staining was scored based on the percentage 
of TIPE1‑positive cells as follows: 0 points, <5%; 1 point, >5% 
and <15%; 2 points, >15% and <25%; 3 points, >25% and 
<35%; 4 points, >35%. The tumors with a score of 0 or 1 were 
classified as TIPE1 low‑expression tumors, while those with a 
score of 2‑4 were classified as TIPE1 high‑expression tumors. 
The analysis of the association between TIPE1 expression and 
patient prognosis was performed as previously described (20).

Bioinformatics analyses. The expression raw data of TIPE1 
in ovarian tumors (n=98) and adjacent normal tissues (n=20) 
was downloaded from The Cancer Genome Atlas (TCGA) 
database (https://www.cancer.gov/about‑nci/organiza‑
tion/ccg/research/structural‑genomics/tcga). Relative TIPE1 

expression for each sample was calculated after normalizing 
it to one normal sample. Wilcoxon signed‑rank test was used 
to analyze the data.

Cell viability assay. Cell Counting Kit‑8 (CCK‑8; Beyotime 
Institute of Biotechnology) assay was performed to measure 
cell viability, according to the manufacturer's instructions. 
Briefly, 1,000 cells/well were seeded into 96‑well plates, and 
cell viability was measured using CCK‑8 at 0, 24, 48 and 72 h 
by measuring absorbance at 450 nm using a microplate reader. 
A total of four independent experiments were performed for 
each group.

Western blotting. Ovarian cancer cells and tumor tissues 
were collected and lysed using RIPA lysis buffer (Beyotime 
Institute of Biotechnology) supplemented with 1% protease 
inhibitor cocktail (Sigma‑Aldrich; Merck KGaA). Following 
centrifugation at 12,000 x g for 15 min at 4˚C, the superna‑
tants were collected for protein concentration determination 
via the Bradford assay (Beyotime Institute of Biotechnology). 
A total of 20 µg of protein was loaded for electrophoretic 
separation on 10% SDS/polyacrylamide gels and transferred 
onto PVDF membranes (MilliporeSigma). Membranes 
were blocked with 5% milk in TBS/Tween‑20 (0.1%) buffer 
at room temperature for 2 h, and subsequently probed with 
primary antibodies against: TIPE1 (cat. no. 201986; 1:600 
dilution; Abcam), caspase‑3 (cat. no. 9662; 1:400 dilution), 
caspase‑8 (cat. no.  4927, 1:500  dilution), caspase‑9 (cat. 
no. 9502; 1:400 dilution), cleaved poly(ADP‑ribose) poly‑
merase (PARP; cat. no. 9548; 1:400 dilution), total PARP 
(cat. no. 5625; 1:1,000 dilution) and GAPDH (cat. no. 5174; 
1:2,000 dilution) (all from Cell Signaling Technology, Inc.). 
Following the primary incubation, membranes were incubated 
with horseradish peroxidase‑conjugated anti‑rabbit immuno‑
globulin G (IgG)/anti‑mouse IgG secondary antibody (cat. 
no. ZDR‑5306 and ZDR‑5307; 1:10,000 dilution; OriGene 
Technologies, Inc.) at room temperature for 2 h, and an ECL 
kit (MilliporeSigma) was used to detect the expression of the 
target proteins.

Colony formation assay. For the colony formation assay, 2,000 
ovarian cancer cells were seeded into 6‑well plates containing 
2 ml DMEM containing 10% FBS. Cells were subsequently 
cultured in a humidified atmosphere of 5% CO2 at 37˚C for 
10‑14 days. The plated cells were then fixed with 4% para‑
formaldehyde at room temperature (22‑25˚C) for 15  min, 
and stained with 0.2% crystal violet (Beyotime Institute of 
Biotechnology) for 15 min at room temperature. After washing 
with distilled water, the colonies in each well were counted.

RNA isolation and reverse transcription‑quantitative (RT‑q)
PCR. Total RNA was extracted using TRIzol® reagent 
(Invitrogen; Thermo Fisher Scientific, Inc.), according 
to the manufacturer's instructions. The concentration of 
RNA was determined by NanoDrop 2000 (Thermo Fisher 
Scientific,  Inc.) and a total of 1  µg RNA was used for 
RT using a Reverse Transcription kit (cat. no.  RR045A; 
Takara Bio, Inc.) according to the manufacturer's instruc‑
tions. For qPCR amplification, the reaction was performed 
in a 20 µl reaction volume containing 10 µl SYBR‑Green 
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PCR Master mix (cat. no. RR087A; Takara Bio, Inc.), using 
a real‑time PCR system (Roche Bioscience). The thermocy‑
cling conditions were as follows: 1 cycle at 95˚C for 30 sec, 
followed by 42 cycles at 95˚C for 5 sec and 58˚C for 30 sec. 
GAPDH was used as a loading control to normalize TIPE1 
expression. qPCR was subsequently performed, as previously 
described (21). The following primer sequences were used for 
qPCR: TIPE1 forward, 5'‑CAGTGACCTGCTAGATGAG‑3', 
and reverse, 5'‑CAAGGTGCTGAGTGAAGT‑3'; and GAPDH 
forward, 5'‑GGTGAAGGTCGGAGTCAACG‑3', and reverse, 
5'‑CAAAGTTGTCATGGATGACC‑3'. The results were 
analyzed as previously described (22).

Flow cytometric analysis of apoptosis and cell cycle. Ovarian 
cancer cells were seeded into a 6‑well plate at a density of 
5x105  cells/well, and subsequently incubated with 20  nM 
z‑VAD for 24 h at 37˚C. Cells were collected by centrifu‑
gation at 1,500 x g at room temperature for 3 min, washed 
with ice‑cold phosphate buffered saline (PBS) three times, 
and fixed with ice‑cold 70% ethanol for 15 min at 4˚C. For 
apoptosis analysis, the apoptotic cells were stained with 
Annexin V‑fluorescein isothiocyanate and propidium iodide 
(PI; Nanjing KeyGen Biotech Co., Ltd.), according to the 
manufacturer's instructions. For cell cycle analysis, the cells 
were stained with propidium iodide (cat. no. C1052; Beyotime 
Institute of Biotechnology) according to the manufacturer's 
instructions. Apoptotic cells and the cell cycle were subse‑
quently analyzed using a FACSCanto  II flow cytometer 
(BD Biosciences). The results were analyzed by FlowJo soft‑
ware (version 10.0; FlowJo, LLC).

Animal study. All animal experiments were performed in 
compliance with the provisions of the regulation for the 
Care and Use of Laboratory Animals of Southern Medical 
University (Guangzhou, China). Balb/c female nude mice (age, 
5‑6 weeks; weight, 15‑16 g; 6 mice/group) were purchased 
from Beijing HFK Bioscience  Co., Ltd., and maintained 
under specific pathogen‑free conditions, with free access to 
water and sterile food at 22‑25˚C and 12‑h light/dark cycle. 
To establish xenograft mouse models, the ovarian cancer cells 
were collected and washed three times with sterile PBS. After 
counting the cell number, cells were suspended in sterile PBS 
(5x107 cells/ml), and 100 µl was subcutaneously inoculated 
into the ventral of the mice. The tumor width and length 
were measured from day 10 to day 25 post‑injection using a 
vernier caliper. The tumor volumes were calculated as follows: 
Tumor volume = length x width2 x 0.52. No multiple tumors 
were presented. At day 25 post‑injection, the mice were anes‑
thetized by intraperitoneal injection with 60 µl 10% chloral 
hydrate (300 mg/kg; Beyotime Institute of Biotechnology) and 
sacrificed by cervical dislocation. After confirming that the 
heartbeat of the mice had stopped, the tumors were collected 
for further analysis.

Immunohistochemical (IHC) staining and terminal‑deoxy‑
nucleoitidyl transferase mediated nick end labeling 
(TUNEL) assay. IHC staining was performed, as previously 
described  (19). Briefly, ovarian tumor tissues were fixed 
with 4%  paraformaldehyde at room temperature for 48  h 
and embedded in paraffin. The 4‑µm slides were sectioned 

and subjected to dewaxing and hydration. Following antigen 
retrieval, the slides were incubated with primary antibodies 
against TIPE1 (cat. no.  201986; 1:200 dilution; Abcam) 
and caspase‑3 (cat. no. 9662; 1:100 dilution; Cell Signaling 
Technology, Inc.) overnight at 4˚C. Following incubation 
with the specific secondary antibodies (cat. nos.  SP9001 
and SP9002; OriGene Technologies, Inc.) at 37˚C for 1 h, 
the bound antibodies were visualized using 3,3'‑diamino‑
benzidine (Fuzhou Maixin Biotech Co., Ltd.). The nuclei 
were counterstained with hematoxylin at room temperature 
for 10 min. TUNEL assay was performed according to the 
manufacturer's instructions (cat. no. QIA39; MilliporeSigma). 
Briefly, following dewaxing and hydration, the slides were 
incubated with 2 mg/ml Proteinase K (1:100 in 10 mM Tris, 
pH 8) at 37˚C for 30 min. After washing with TBS three times, 
the slides were incubated with 1X TdT Equilibration Buffer 
at room temperature for 15 min and with 1X TdT Labeling 
Reaction Mixture at 37˚C for 1.5 h. After washing with TBS 
three times, the slides were covered with mounting medium 
containing a cell nuclear stain. TUNEL‑positive cells were 
observed in six randomly selected fields under a BX51 fluores‑
cence microscope The number of TUNEL‑positive cells per 
frame were counted by two experimenters.

5‑Bromo‑2‑deoxyuridine staining (BrdU) staining. A2780 
cells (1x104) were seeded into each well of a 6‑well plate. 
At 24 h, the cells were treated with 10 µM BrdU (Beyotime 
Institute of Biotechnology) at 37˚C for 1  h, fixed with 
2% formaldehyde for 10 min at room temperature, washed 
with 1X PBS, permeabilized in 0.2% Triton X‑100 for 10 min 
at room temperature, and washed with 1X PBS. The cells were 
incubated with a phycoerythrin‑conjugated‑BrdU antibody 
(cat. no. 50230; 1:500 dilution; Cell Signaling Technology, 
Inc.) at 37˚C for 2 h. The cell nuclei were stained with DAPI 
(Beyotime Institute of Biotechnology). The positive cells were 
observed in four randomly selected fields under a BX51 fluo‑
rescence microscope.

Statistical analysis. Statistical analysis was performed using 
GraphPad Prism 5 (GraphPad Software, Inc.) and data are 
presented as the mean  ±  standard deviation differences 
between two groups were evaluated using Student's  t‑test, 
and differences among multiple groups were evaluated using 
analysis of variance, followed by Tukey's multiple comparison 
test. The paired t‑test was used for analyzing the IHC score in 
paired samples, and Wilcoxon signed‑rank test was performed 
for TCGA data analysis. Kaplan‑Meier followed by log‑rank 
test was performed to analyze the rate of disease‑free survival 
and overall survival. P<0.05 was considered to indicate a 
statistically significant difference.

Results

Downregulation of TIPE1 predicts the progression of ovarian 
cancer. To investigate TIPE1 expression in ovarian cancer, IHC 
staining was performed with a tissue microarray containing 
normal and malignant ovarian tissues. TIPE1 expression was 
observed in normal ovarian tissues, whereas few TIPE1‑positive 
cells were observed in malignant tissues (Fig. 1A). Further 
statistical analysis demonstrated a significant decrease in 
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TIPE1 expression in malignant ovarian tissues compared with 
normal tissues, based on the IHC scores (Fig. 1B). A similar 
downregulation of TIPE1 was also observed in the ovarian 
serous tumors based on TCGA database (Fig. 1C). To better 
understand the potential role of TIPE1 in predicting the prog‑
nosis of patients with ovarian cancer, patients were divided into 
high and low TIPE1 groups, respectively, according to IHC 
scores of TIPE1 expression. As presented in Fig. 1D, patients 
with a higher level of TIPE1 expression had a higher rate of 
disease‑free survival than patients with lower levels of TIPE1 
expression. Furthermore, lower TIPE1 expression levels were 
associated with poorer overall survival in patients with ovarian 
cancer (Fig. 1E). Collectively, these results demonstrated that 
TIPE1 expression was decreased in ovarian cancer tissues, and 
its expression levels were associated with a favorable prognosis 
of patients with ovarian cancer.

TIPE1 inhibits ovarian cancer cell proliferation in vitro. To 
select the best cells for determining the functional role of 
TIPE1 in ovarian cancer, TIPE1 expression was analyzed in 
normal human FTSECs and ovarian cancer cells (A2780, PA‑1 
and SKOV3) via western blotting and RT‑qPCR analyses. 
TIPE1 protein and mRNA expression levels were downregu‑
lated in ovarian cancer cells (Fig. 2A and B). Subsequently, 
A2780 and SKOV3 cells, two ovarian cancer cell lines with low 
TIPE1 expression, were infected with a lentivirus based TIPE1 
expression system or a control system. Following selection 
with puromycin, the stably infected cells were designated as 
A2780‑Ctrl, A2780‑TIPE1, SKOV3‑Ctrl and SKOV3‑TIPE1, 
and expression was confirmed via western blotting, which 
exhibited overexpression of TIPE1 in A2780‑TIPE1 and 

SKOV3‑TIPE1 cells compared with the controls (Fig. 2C). In 
order to determine the cell viability of A2780 and SKOV3 cells, 
CCK‑8 assay was performed. As presented in Fig. 2D and E, 
ectopic TIPE1 expression markedly inhibited the proliferation 
of A2780 and SKOV3 cells. Colony formation assays also 
confirmed the inhibitory role of TIPE1 on A2780 and SKOV3 
cell proliferation in vitro (Fig. 2F and G). Taken together, these 
results provide evidence of the inhibitory role of TIPE1 in 
ovarian cancer cell viability.

TIPE1 promotes caspase‑dependent apoptosis in ovarian 
cancer. To investigate the potential anticancer mechanisms 
of TIPE1 control, dual staining using PI and Annexin V 
was performed in ovarian cancer cells. The results demon‑
strated that TIPE1 effectively promoted apoptosis of both 
A2780 and SKOV3 cells  (Fig.  3A  and  B; A2780‑Ctrl, 
3.2±1.0%  vs.  A2780‑TIPE1, 10.7±1.4%; SKOV3‑Ctrl, 
4.4±0.4%  vs.  SKOV3‑TIPE1, 9.8±1.5%). In addition, 
f low cytometric analysis indicated that TIPE1 had no 
significant effect on the distribution of ovarian cancer cell 
cycle  (Fig. S1A). BrdU staining also indicated that there 
was no significant difference on the proliferation between 
A2780‑Ctrl and A2780‑TIPE1 cells (Fig. S1B). Western blot 
analysis demonstrated that TIPE1 promoted the expression 
of caspase‑8, ‑9, ‑3, cleaved caspase‑3, cleaved caspase‑9 and 
cleaved PARP in both A2780 and SKOV3 cells (Fig. 3C), and 
had no significant effects on total PARP expression (Fig. 3C). 
Following inhibition of caspase‑dependent apoptosis using 
the specific inhibitor z‑VAD, TIPE1‑mediated inhibition of 
proliferation (Fig. 3D) and induction of apoptosis (Fig. 3E) 
in ovarian cancer cells was attenuated. Collectively, these 

Figure 1. Downregulation of TIPE1 predicts progression of patients with ovarian cancer. (A) IHC staining of TIPE1 expression in a tissue microarray con‑
taining 90 ovarian cancer tissues and 29 forward normal tissues. Scale bar, 100 µm. (B) IHC staining score of TIPE1 in 29 pairs of normal and malignant 
ovarian tissues. (C) Relative TIPE1 expression in normal and ovarian serous malignant tissues from The Cancer Genome Atlas database. (D) Log‑rank test 
analysis of the DFS of patients with ovarian cancer, which were divided according to TIPE1 expression in malignant tissues. (E) Log‑rank test analysis of 
the OS of patients with ovarian cancer, which were divided according to TIPE1 expression in malignant tissues. TIPE1, tumor necrosis factor‑α‑induced 
protein 8‑like 1; IHC, immunohistochemical; DFS, disease‑free survival; OS, overall survival.
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Figure 2. TIPE1 inhibits ovarian cancer cell proliferation in vitro. (A) Western blot analysis of TIPE1 expression levels in FTSECs and ovarian cancer cells 
(A2780, PA‑1 and SKOV3). GAPDH was used as a loading control. (B) Relative mRNA expression of TIPE1 was determined via reverse transcription‑quanti‑
tative PCR (n=3/group). (C) Western blotting analysis of TIPE1 expression in A2780 and SKOV3 cells that were stably infected with TIPE1 and Ctrl plasmids. 
GAPDH was used as a loading control. (D and E) Detection of cell viability by CCK‑8 assay in A2780 and SKOV3 cells that were stably infected with TIPE1 
and Ctrl plasmids (n=4/group) at 0, 24 and 48 h post cell plating. (F and G) Detection of colony formation in A2780 and SKOV3 cells that were stably infected 
with TIPE1 and Ctrl plasmids. The colonies in each well were counted and analyzed (n=4/group). **P<0.01 vs. FTSECs and Ctrl. TIPE1, tumor necrosis 
factor‑α‑induced protein 8‑like 1; FTSECs, fallopian tube secretory epithelial cells; Ctrl, control; OD, optical density.

Figure 3. TIPE1 promotes caspase‑dependent apoptosis in ovarian cancer. (A and B) Determination of apoptotic cells by PI and Annexin V staining in 
A2780‑Ctrl, A2780‑TIPE1, SKOV3‑Ctrl and SKOV3‑TIPE1 cells, followed by flow cytometry analysis. The percentage of apoptotic cells was analyzed 
(n=3). (C) Western blot analysis of caspase‑8, caspase‑9, CC9, caspase‑3, CC3, total PARP and cleaved PARP expression in A2780‑Ctrl, A2780‑TIPE1, 
SKOV3‑Ctrl and SKOV3‑TIPE1 cells. GAPDH was used as a loading control. (D) Cell Counting Kit‑8 assay was performed to determine the cell viability of 
A2780‑Ctrl, A2780‑TIPE1 and A2780‑TIPE1 cells treated with the z‑VAD inhibitor. (n=5). (E) Determination of apoptotic cells by PI and Annexin V staining 
in A2780‑Ctrl, A2780‑TIPE1 and A2780‑TIPE1 cells treated with the z‑VAD inhibitor, followed by flow cytometry analysis. The percentage of apoptotic cells 
was analyzed (n=5). **P<0.01 vs. Ctrl; ##P<0.01 vs. TIPE1. TIPE1, tumor necrosis factor‑α‑induced protein 8‑like 1; PI, propidium iodide; CC, cleaved caspase; 
PARP, cleaved poly(ADP‑ribose) polymerase; Ctrl, control; OD, optical density.
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results suggest that TIPE1 promotes caspase‑dependent 
apoptosis in ovarian cancer.

TIPE1 impairs ovarian tumor growth in vivo. To further confirm 
the functional role of TIPE1 in ovarian cancer, a xenograft mouse 
model was established by subcutaneously injecting A2780 or 
SKOV3 cells into the right ventricles of mice. Western blot 
analysis demonstrated the upregulation of TIPE1 expression in 
both A2780‑TIPE1 and SKOV3‑TIPE1 tumors compared with 
A2780‑Ctrl and SKOV3‑Ctrl tumors, respectively (Fig. 4A). 
In addition, a larger number of TIPE1‑positive cells were 
observed in A2780‑TIPE1 tumors compared with A2780‑Ctrl 
tumors  (Fig. 4B). As presented in Fig. 4C‑E, ectopic TIPE1 
expression effectively inhibited A2780 tumor growth, with 
a 56.9% reduction in tumor volume (Fig. 4D; A2780‑Ctrl tumor 
volume, 1467.2±215.4 mm3 vs. A2780‑TIPE1 tumor volume, 
632.9±132.8 mm3), and a 59.0% reduction in tumor weight (Fig. 4E; 
A2780‑Ctrl tumor weight, 1.24±0.16 g vs. A2780‑TIPE1 tumor 
weight, 0.51±0.20 g). Furthermore, a significant antitumor effect 

of TIPE1 was also observed in SKOV3 tumors, with a 67.1% 
reduction in tumor volume (Fig. 4F and G; SKOV3‑Ctrl tumor 
volume, 1254.3±139.4 mm3 vs. SKOV3‑TIPE1 tumor volume, 
412.8±83.4 mm3), and a 61.8% reduction in tumor weight (Fig. 4H; 
SKOV3‑Ctrl tumor weight, 1.15±0.17 g vs. SKOV3‑TIPE1 tumor 
weight, 0.44±0.13 g). Collectively, these results suggest that 
TIPE1 impairs ovarian tumor growth in vivo.

TIPE1 promotes ovarian tumor cell apoptosis. To determine 
the underlying molecular mechanism by which TIPE1 inhibits 
ovarian tumor growth in vivo, TUNEL assay was performed 
to detect apoptotic cells in A2780 and SKOV3 tumors. As 
presented in Fig. 5A, a significantly greater number of apop‑
totic cells were observed in A2780‑TIPE1 tumors compared 
with A2780‑Ctrl tumors. A similar result was demonstrated 
for SKOV3 tumors (Fig. 5B). Furthermore, caspase‑3 expres‑
sion was measured in A2780 and SKOV3 tumors by IHC 
staining, and the results indicated that the percentage of 
caspase 3‑positive cells was significantly increased in both 

Figure 4. TIEP1 impairs ovarian tumor growth in vivo. (A) Western blot analysis of TIPE1 expression in A2780 and SKOV3 tumors. GAPDH was used a 
loading control. (B) Immunohistochemical staining of TIPE1 expression in A2780 tumors. The percentage of TIPE1 positive cells were counted and analyzed 
(n=4/group). Scale bar, 100 µm. (C) Image of mice with A2780‑Ctrl or A2780‑TIPE1 tumor xenografts. (D) Tumor volume of A2780‑Ctrl and A2780‑TIPE1 
tumors at 10, 15, 20 and 25 days after cell injection (n=6/group). (E) Tumor weight of A2780‑Ctrl and A2780‑TIPE1 tumors at 25 days after cell injection 
(n=6/group). (F) Image of mice with SKOV3‑Ctrl or SKOV3‑TIPE1 tumor xenografts. (G) Tumor volume of SKOV3‑Ctrl and SKOV3‑TIPE1 tumors at 10, 
15, 20 and 25 days after cell injection (n=6/group). (H) Tumor weight of SKOV3‑Ctrl and SKOV3‑TIPE1 tumors at 25 days after cell injection (n=6/group). 
**P<0.01 vs. Ctrl. TIPE1, tumor necrosis factor‑α‑induced protein 8‑like 1; Ctrl, control.
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A2780‑TIPE1 (Fig. 5C) and SKOV3‑TIPE1 tumors (Fig. 5D). 
Collectively, these results indicate that TIPE1 induces ovarian 
tumor cell apoptosis by promoting caspase 3 expression, which 
was consistent with the in vitro results.

Discussion

As an important regulator of homeostasis, the TIPE1 protein 
has been detected in a wide variety of normal tissues, 
including neurons, hepatocytes, muscular tissues and epithelial 
cells (23). Furthermore, several studies have demonstrated the 
dysregulation of TIPE1 in various types of cancer, including 
lung cancer  (14‑17,24). The majority of these studies have 
reported the downregulation of TIPE1 expression in cancer 
tissues and cells (14‑16). However, enhanced TIPE1 expression 
has been reported in cervical cancer tissues and cells (17). In 
the present study, TIPE1 expression was demonstrated to be 
downregulated in malignant tissues of patients with ovarian 
cancer and ovarian cancer cells, which was consistent with the 
results of previous studies on lung cancer (15), hepatocellular 
carcinoma (14) and gastric cancer (16). Based on the results 
demonstrating altered TIPE1 expression in cancer tissues, the 
potential role of TIPE1 in predicting patient prognosis was 
also assessed in the present study. This has also been assessed 
in other types of cancer in previous studies (14,15,17). The 
results of the present study confirmed an inverse association 
between TIPE1 expression and poor prognosis in patients with 
ovarian cancer, which expands the role of TIPE1 in predicting 
prognosis in various types of cancer.

TIPE1 plays crucial roles in diverse pathological and 
physiological processes. In sepsis, TIPE1 functions as a 
protective factor by inhibiting dendritic cell maturation, and 
subsequently suppressing T‑cell‑mediated immunity  (25). 
Antitumor effects of TIPE1 have also been demonstrated 
in several types of cancer, including colorectal and breast 
cancer (24,25). Recently, Ye et al (26) reported that ectopic 
TIPE1 expression efficiently impairs stemness in colorectal 
cancer both in vitro and in vivo. TIPE1 also inhibits breast 
cancer cell proliferation, both in  vivo and in  vitro  (27), 
whereas it serves as an oncogene in the pathogenesis of 
cervical cancer  (17). Furthermore, TIPE1 overexpression 
effectively inhibits osteosarcoma tumor growth in vivo, which 
may contribute to the inhibition of macrophage infiltration in 
osteosarcoma (18). In the present study, the tumor suppressor 
role of TIPE1 in ovarian cancer was confirmed by promoting 
apoptosis in vitro and in vivo. Collectively, the results of the 
present study suggest that TIPE1 may function as a potential 
therapeutic target for ovarian cancer. Prospective studies will 
focus on investigating the association and role of TIPE1 in 
chemotherapy‑induced apoptosis in ovarian cancer.

Promoting apoptosis is an efficient strategy for inhib‑
iting tumor progression and promoting chemotherapy 
sensitivity in different types of cancer, including ovarian 
cancer (28,29). Curcumin induces apoptosis in a dose‑ and 
time‑dependent manner by increasing the cytosolic  Ca2+ 
concentration in ovarian cancer cells (30). Luteolin promotes 
apoptosis in cisplatin‑resistant ovarian cancer cells and 
enhances the cisplatin‑induced reduction of tumor growth in 

Figure 5. TIPE1 promotes ovarian tumor cell apoptosis. (A and B) Detection of apoptotic cells via the terminal‑deoxynucleoitidyl transferase mediated nick 
end labeling assay in A2780 and SKOV3 tumors. The number of apoptotic cells in each frame was counted and analyzed (n=4/group). Scale bar, 100 µm. 
(C and D) Detection of caspase‑3 positive cells via immunohistochemical staining in A2780 and SKOV3 tumors. The number of caspase‑3 positive cells in 
each frame was counted and analyzed (n=4/group). Scale bar, 100 µm. **P<0.01 vs. Ctrl. TIPE1, tumor necrosis factor‑α‑induced protein 8‑like 1; Ctrl, control.
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mice (31). The results of the present study demonstrated the 
apoptosis‑promoting role of TIPE1 in ovarian cancer cells. In 
addition, ectopic TIPE1 expression was demonstrated to impair 
ovarian cancer tumor growth in mice by inducing apoptosis. 
Further investigations of the underlying molecular mechanism 
indicated that TIPE1 increased the expression of caspase‑3, 
caspase‑8 and caspase‑9 in ovarian cancer cells. Inhibition of 
caspase activity blocked the induction of apoptosis by TIPE1 
in ovarian cancer cells. β‑catenin, Rac1 and p53 acetylation 
have been reported as the downstream targets of TIPE1 for the 
regulation of tumor growth (14,17,26). Thus, further studies 
are required to identify the downstream targets of TIPE1 for 
the regulation of ovarian cancer cell proliferation.

In conclusion, the results of the present study demonstrated 
the prognosis‑predicting role and antitumor activity of TIPE1 
in ovarian cancer. However, further studies are required 
to identify the direct targets of TIPE1 for the promotion of 
caspase‑dependent apoptosis. Furthermore, there is a long way 
to demonstrate the therapeutic effect of TIPE1 in patients with 
ovarian cancer.
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