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Abstract. Endometrial cancer is the most common 
gynaecological malignancy encountered in developed 
countries and the second most common in the developing 
world. The five‑year survival rate of patients with endometrial 
cancer diagnosed at a late stage is <30%. Therefore, it is 
critical to develop a suitable chemotherapeutic regimen for 
late‑stage endometrial cancer. Cisplatin (CDDP) is a first‑line 
chemotherapeutic drug for endometrial cancer chemotherapy. 
The present study investigated the molecular mechanism 
underlying the effect of CDDP on endometrial cancer from 
the perspective of cell autophagy. Ishikawa cells were treated 
with 10, 20, 40 or 80 µg/ml CDDP for 12, 24, 48 and 72 h. The 
cells were then harvested and subjected to cell proliferation 
assays. Based on the results, 20 µg/ml CDDP was selected as 
the treatment used for 12 and 24 h for the assays. To detect the 
effect of CDDP on Ishikawa cell autophagy, autophagosome 
formation was observed using a transmission electron 
microscope, and the expression level of autophagy‑related 
gene microtubule-associated protein 1 light chain 3α, was 
examined using immunofluorescence microscopy. The results 
demonstrated that CDDP treatment promoted cell autophagy 
in Ishikawa cells. In addition, the total and phosphorylated 
protein levels of phosphoinositide 3‑kinase (PI3K) p85, protein 
kinase B (AKT) and mammalian target of rapamycin (mTOR), 
the key proteins of the PI3K/AKT/mTOR signalling pathway, 
were detected by western blot analysis. The results indicated 
that CDDP treatment inactivated the PI3K/AKT/mTOR 
signalling pathway. To further examine whether CDDP affects 
cell autophagy in Ishikawa cells via the PI3K/AKT/mTOR 
signalling pathway, the cells were co‑treated with a PI3K 

activator, insulin‑like growth factor‑1 (IGF‑1). The results 
demonstrated that IGF‑1 co‑treatment reversed the effect 
of CDDP on cell autophagy in Ishikawa cells. In brief, the 
present study hypothesized that CDDP may regulate cell 
autophagy in the Ishikawa endometrial cancer cell line via the 
PI3K/AKT/mTOR signalling pathway.

Introduction

Endometrial cancer is a cancer of the endometrium (the lining 
of the uterus), and is a common gynaecologic malignancy 
encountered in developed countries and the second most 
common in the developing world (1). The leading treatment 
method for endometrial cancer is abdominal hysterectomy 
(total surgical removal of the uterus), along with removal of 
the fallopian tubes and ovaries on both sides, which is known 
as a bilateral salpingo-oophorectomy (2). If the disease is 
diagnosed at an early stage, the outcome is favourable, and the 
overall five‑year survival rate in the United States is >80% (3). 
However, the majority of cases of endometrial cancer are diag-
nosed at a later stage and the outcome is poor, with a five‑year 
survival rate of <30% (3). Therefore, it is critical to develop 
suitable chemotherapeutic regimens for late‑stage endometrial 
cancer. It is also important to demonstrate the molecular 
mechanism underlying the effect of chemotherapeutic drugs 
on endometrial cancer treatment.

Autophagy is a dynamic process involving the rearrange-
ment of subcellular membranes to sequester the cytoplasm and 
organelles for delivery to the lysosome or vacuole, where the 
sequestered cargo is degraded and recycled (4). Autophagy has 
been implicated in the pathogenesis of cancer, and is commonly 
referred to as a ‘double‑edged sword’ for its role in tumour 
progression and tumour suppression (5). Previous studies have 
revealed that chemotherapy drugs may regulate autophagy 
in the cells of a number of cancer subtypes (6-8). Cisplatin 
(CDDP) is the first‑line chemotherapeutic drug for endome-
trial cancer chemotherapy (9). CDDP-induced autophagy has 
been reported in numerous types of cancer cells, including 
hepatocellular carcinoma (10), laryngeal cancer (11) and lung 
adenocarcinoma (12), though the association between CDDP 
and autophagy varied between types of cancer cell. Treatment 
with CDDP was demonstrated to activate autophagy in hepa-
tocellular carcinoma and lung adenocarcinoma; however, 
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it suppressed autophagy in laryngeal cancer (10-12). The 
present study investigated the association between CDDP and 
autophagy in endometrial cancer.

The activation of phosphoinositide 3‑kinase (PI3K) or 
mammalian target of rapamycin (mTOR) are two of the most 
common events in the development of human cancer, including 
endometrial cancer (5,13). Alteration of the PI3K/protein 
kinase B (AKT)/mTOR signalling pathway is implicated in 
endometrial cancer pathogenesis (14). Previous studies have 
demonstrated that the PI3K/AKT/mTOR signalling pathway 
may repress autophagy in response to insulin‑like and other 
growth factor signals (15,16). However, it is not clear whether 
CDDP regulates cell autophagy in endometrial cancer cells 
by the PI3K/AKT/mTOR signalling pathway. In the present 
study, it was considered whether CDDP regulated cell 
autophagy in the endometrial cancer cell line Ishikawa via the 
PI3K/AKT/mTOR signalling pathway, a hypothesis that was 
confirmed by the results.

Materials and methods

Materials and reagents. The Ishikawa human endometrial 
cancer cell line was purchased from the American Type 
Culture Collection (ATCC; Manassas, VA, USA). RPMI‑1640 
medium, fetal bovine serum (FBS), PBS, sodium pyruvate, 
trypsin and antibiotics were purchased from HyClone (GE 
Healthcare Life Sciences, Logan, UT, USA). CellTiter 96® 
AQueous One Solution Cell Proliferation Assay kit was 
purchased from Promega Corp. (Madison, WI, USA). 
Polyvinylidene fluoride (PVDF) membrane was purchased 
from EMD Millipore (Billerica, MA, USA). Molecular 
weight markers were purchased from Fermentas (Thermo 
Fisher Scientific, Inc., Pittsburgh, PA, USA). Bicinchoninic 
acid (BCA) protein assay kit and radioimmunoprecipitation 
assay (RIPA) buffer were obtained from Beyotime Institute 
of Biotechnology (Shanghai, China). Freeze‑dried CDDP 
powder was purchased from Qilu Pharmaceutical Co., Ltd. 
(Jinan, China). Mouse monoclonal anti‑PI3K p85 antibody 
(ab40776), mouse monoclonal anti‑AKT1 antibody (ab89402), 
rabbit polyclonal anti‑AKT1 (phospho‑S473) antibody 
(ab66138), rabbit monoclonal anti-mTOR antibody (ab32028), 
rabbit monoclonal anti-mTOR (phospho-S2448) antibody 
(ab109268), rabbit polyclonal anti-microtubule-associated 
protein 1 light chain 3α (LC3) B antibody (ab63817) and rabbit 
polyclonal anti‑GAPDH antibody (ab9485) were all purchased 
from Abcam (Cambridge, UK). Enhanced chemiluminescence 
(ECL) reagent was obtained from EMD Millipore. Alexa 
Fluor 488‑conjugated donkey anti‑rabbit immunoglobulin 
(Ig)G secondary antibodies were provided by Santa Cruz 
Biotechnology, Inc. (Dallas, TX, USA) (sc‑3895). Horseradish 
peroxidase‑conjugated goat anti‑rabbit IgG was purchased 
from Boster Biological Technology (BA1055; Wuhan, China). 
Insulin‑like growth factor‑1 (IGF‑1) was purchased from Sino 
Biological, Inc. (Beijing, China).

Cell culture and CDDP treatment. Ishikawa cells were main-
tained on culture dishes in 90% (v/v) RPMI‑1640 medium 
supplemented with 2 mM L‑glutamine and 1.5 g/l sodium 
bicarbonate with 10% (v/v) FBS. The cells were cultured in 
an atmosphere containing 5% CO2 at 37˚C in an incubator. 

A stock solution of CDDP was prepared in dimethyl sulf-
oxide (DMSO) at 1 mg/ml and was further diluted to the 
final working concentrations (10, 20, 40 and 80 µg/ml) with 
antibiotic‑free RPMI‑1640 medium.

Cell proliferation assays. Cell proliferation was evaluated using 
the CellTiter 96® AQueous One Solution Cell Proliferation 
Assay kit, according to the manufacturer's protocol. Ishikawa 
cells (1x104 cells) were seeded onto 96‑well plates. Following 
4 h of incubation, 10 µl CDDP in 1% DMSO was added to the 
wells at 10, 20, 40 and 80 µg/ml, whereas 10 µl 1% DMSO was 
used as the negative control. Briefly, following CDDP treat-
ment for 0, 6, 12, 24 and 48 h, 20 µl CellTiter 96® AQueous 
One Solution reagents were added to each well and incubated 
for 4 h at 37˚C. The absorbance was determined at 490 nm 
using a Multiskan MK3 microplate reader (Thermo Fisher 
Scientific, Inc., Waltham, MA, USA). The experiments were 
repeated three times, and the rate of cell proliferation inhibi-
tion was evaluated using the following formula: Inhibition rate 
(%) = 1 ‑ (mean absorbance of treated cells/mean absorbance 
of the negative control) x 100.

Transmission electron microscopy. The autophagy of Ishikawa 
cells was evaluated by autophagosome screening under a 
JEM‑1010 transmission electron microscope (Matsunaga 
Manufacturing, Co., Ltd., Gifu, Japan). At the end of the 
intervention, the cells were digested with 0.25% trypsin and 
collected in centrifuge tubes, followed by centrifugation at 
100 x g for 10 min, then 80 x g for 10 min, at 4˚C. The super-
natant was discarded, and 2.5% glutaraldehyde was added to 
the tube to fix the cells. Following a 2‑h period of fixation, 
dehydration, and embedding, ultra-thin sections (70 nm) were 
prepared using a microtome and each section was mounted 
on a copper grid. Samples were contrasted with 4% aqueous 
uranyl acetate (10 min) and then Reynolds lead citrate (2 min). 
The autophagosomes were observed under a transmission 
electron microscope and imaged.

Western blot analysis. Each group of Ishikawa cells was  
washed twice with ice-cold PBS, and resuspended in ice-cold 
RIPA buffer supplemented with 1 mmol/l phenylmethanesul-
fonyl fluoride and a cocktail of protease inhibitors (dilution, 
1:100; Beyotime Institute of Biotechnology, Nantong, China). 
Samples were centrifuged at 4˚C for 20 min at 800 x g. 
Supernatants were recovered and total protein was quan-
tified using the aforementioned BCA protein assay kit. 
Equal amounts of protein were loaded and separated on 
10% SDS‑polyacrylamide gels and transferred to PVDF 
membranes. The membranes were blocked for 1 h at room 
temperature with 5% milk in TBS supplemented with 
0.05% Tween‑20 (TBST), incubated for 1 h with the corre-
sponding primary antibody [anti‑PI3K p85, dilution, 1:5,000; 
anti‑phosphorylated (p)‑AKT1, dilution, 1:2,000; anti‑total 
(t)‑AKT1, dilution, 1:1,000; anti‑p‑mTOR, dilution, 1:2,000; 
anti‑t‑mTOR, dilution, 1:5,000; and anti‑GAPDH, dilution 
1:5,000], washed three times with TBST, incubated with 
horseradish peroxidase‑conjugated goat anti‑rabbit IgG (dilu-
tion, 1:20,000; 40 min at 37˚C), washed three times with 
TBST and visualized using the aforementioned ECL reagent. 
GAPDH served as an internal loading control.
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Immunofluorescence microscopy. Ishikawa cells treated with 
0, 10, 20, 40 or 80 µg/ml were grown on coverslips. After 
0, 12 or 24 h, the cells were washed with PBS and fixed for 
20 min with 4% paraformaldehyde at room temperature. 
The cells were then permeabilized for 5 min in 0.2% Triton 
X‑100 and washed with PBS. In order to block non‑specific 
background staining, the samples were incubated at 37˚C in a 
solution containing 10% normal goat serum (Boster Biological 
Technology) for 30 min. Upon washing with PBS, the cells 
were incubated for 1 h at room temperature with primary 
rabbit polyclonal anti-LC3B antibody diluted in PBS supple-
mented with 1% bovine serum albumin (Boster Biological 
Technology). The cells were then rinsed with PBS and incu-
bated with Alexa Fluor 488‑conjugated donkey anti‑rabbit 
IgG secondary antibodies for 60 min at room temperature. 
The nuclei were counterstained with DAPI for 5 min at room 
temperature. Upon washing with PBS, the stained cells were 
mounted with a fluorescent‑mounting medium (Dako; Agilent 
Technologies, Inc., Santa Clara, CA, USA) and examined 
using a TCS SP2 AOBS confocal laser scanning microscope 
(Leica Microsystems GmbH, Wetzlar, Germany).

Statistical analysis. All results are presented as the 
mean ± standard deviation, and were analysed using SPSS 
version 19.0 software (IBM SPSS, Armonk, NY, USA). A 
one‑way analysis of variance was used to determine statistical 
significance. P<0.05 was considered to indicate a statistically 
significant difference.

Results

Effect of CDDP treatment on Ishikawa cell proliferation. 
Prior to investigating the effect of CDDP on Ishikawa cell 
autophagy, the effect of CDDP on Ishikawa cell proliferation 
was evaluated, and a suitable treatment concentration and time 
were determined by the results of the cell proliferation assays. 
Ishikawa cells were treated with 10, 20, 40 and 80 µg/ml 
CDDP for 12, 24, 48 and 72 h. The cells were then harvested 
and subjected to cell proliferation assays. As presented in 
Fig. 1, the proliferation inhibition of Ishikawa cells treated 
with CDDP demonstrated dose- and time-dependent results. 
For the 10 µg/ml CDDP treatment, the proliferation inhibition 

rates were 18.27±2.25, 24.88±3.58, 38.27±5.34 and 45.43±4.25 
following 12, 24, 48 and 72 h of treatment, respectively. For 
the 20 µg/ml CDDP treatment, the proliferation inhibition 
rate was ≤20% at all time‑points. For the 40 and 80 µg/ml 
CDDP treatment, the proliferation inhibition rate was <50% at 
all time points. Based on these results, 20 µg/ml CDDP treat-
ment for 12 or 24 h was selected as the concentration and time 
periods for the subsequent assays.

Promotion of cell autophagy induced by CDDP treatment in 
Ishikawa cells. To detect the effect of CDDP on Ishikawa cell 
autophagy, the formation of autophagosomes was observed 
using a transmission electron microscope. As presented 
in Fig. 2A, the number of intracellular autophagosomes 
following 20 µg/ml CDDP treatment for 12 h increased 
compared with that of the control group (no treatment). In addi-
tion, the number of intracellular autophagosomes following 
20 µg/ml CDDP treatment for 24 h was higher than that 
following 20 µg/ml CDDP treatment for 12 h. Furthermore, 
in order to determine the effect of CDDP treatment on cell 
autophagy, the expression level of the autophagy‑related gene 
(ATG) LC3 (17), was examined using immunofluorescence 
microscopy. The LC3 protein expression levels following 
20 µg/ml CDDP treatment for 12 h were increased compared 
with those of the group that did not receive treatment. The 
LC3 protein expression level following 20 µg/ml CDDP treat-
ment for 24 h was higher than that following 20 µg/ml CDDP 

Figure 1. Effect of CDDP treatment on Ishikawa cell proliferation. Ishikawa 
cells were treated with 10, 20, 40 and 80 µg/ml CDDP for 12, 24, 48 and 72 h. 
Cell proliferation assay was then performed using the CellTiter 96® AQueous 
One Solution Cell Proliferation Assay kit, according to the manufacturer's 
protocol. CDDP; cisplatin.

Figure 2. CDDP treatment promotes cell autophagy in Ishikawa cells. 
(A) CDDP treatment enhanced the formation of intracellular autophago-
somes in Ishikawa cells. Representative transmission electron microscope 
images from 20 µg/ml CDDP‑treated cells for 0, 12 and 24 h are presented 
(arrows indicate intracellular autophagosomes). (B) The expression level of 
the autophagy‑associated gene LC3 was examined using immunofluores-
cence microscopy. CDDP; cisplatin; LC3, microtubule-associated protein 1 
light chain 3α.
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treatment for 12 h. In brief, CDDP treatment may promote 
cell autophagy in a time‑dependent manner in Ishikawa cells. 
Based on these results, 20 µg/ml CDDP treatment for 24 h 
was selected as the concentration and time to be used for the 
following assays.

Inactivation of the PI3K/AKT/mTOR signalling pathway by 
CDDP treatment. To investigate the mechanism underlying 
the effect of CDDP treatment on autophagy in Ishikawa cells, 
the protein expression level of PI3K p85, p‑AKT1, t‑AKT1, 
p-mTOR and t-mTOR were evaluated by the western blot 
analysis. As presented in Fig. 3, the t‑AKT1 and t‑mTOR 
expression levels remained constant; however, the expression 
levels of p‑Akt and p‑mTOR were reduced in cells treated with 
20 µg/ml CDDP for 24 h. Reduction in the expression level of 
PI3K p85 was also observed.

IGF‑1 co‑treatment reverses the effect of CDDP on cell 
autophagy in Ishikawa cells. To further evaluate the 
effect of CDDP on cell autophagy in Ishikawa cells via 
the PI3K/AKT/mTOR signalling pathway, the cells were 
co‑treated with a PI3K activator, IGF‑1, at 100 ng/ml. As 
presented in Fig. 4, the number of intracellular autophago-
somes following treatment with 20 µg/ml CDDP and IGF‑1 
co‑treatment for 24 h was decreased compared with that in 
the 20 µg/ml CDDP treatment group. However, the number of 
intracellular autophagosomes following 20 µg/ml CDDP and 
IGF‑1 co‑treatment was higher than that in the cells treated 
with DMSO alone. Furthermore, the expression level of the 
ATG LC3 was examined using immunofluorescence micros-
copy. The LC3 protein expression levels following 20 µg/ml 
CDDP and IGF‑1 co‑treatment were decreased compared with 
those in the 20 µg/ml CDDP treatment group. However, the 
LC3 protein expression level following 20 µg/ml CDDP and 
IGF‑1 co‑treatment was higher than that in the DMSO‑only 

group. In brief, IGF‑1 co‑treatment may partially reverse the 
effect of CDDP on cell autophagy in Ishikawa cells.

Discussion

CDDP is a highly effective chemotherapeutic agent used for 
the treatment of human solid tumours, including endometrial 
cancer (18). However, the cytotoxicity induced by CDDP is 
an important obstacle in its utility and therapeutic profile. 
CDDP and other platinum-based compounds are considered 
as cytotoxic drugs that kill cancer cells by damaging the DNA, 
inhibiting DNA synthesis and mitosis, and inducing apoptotic 
cell death (19). CDDP chemotherapy is also associated with 
substantial side effects, including hepatotoxic, nephrotoxic, 
cardiotoxic, neurotoxic and/or hematotoxic damage (19). The 
molecular mechanism underlying the cytotoxic effects induced 
by CDDP was widely discussed in previous studies, and 
numerous molecular mechanisms are explained, including the 
induction of oxidative stress, which is characterized by reactive 
oxygen species production and lipid peroxidation; induction 
of p53 signalling and cell cycle arrest; downregulation of 
proto‑oncogenes and anti‑apoptotic proteins; and activation of 
intrinsic and extrinsic pathways of apoptosis (19-22). In previous 
studies, autophagy, a highly regulated self‑degradation process 
of eukaryotic cells, was identified as one of the molecular 
mechanisms underlying CDDP cytotoxicity in certain types 

Figure 3. The protein expression level of PI3K p85, p‑AKT1, t‑AKT1, p‑mTOR 
and t‑mTOR were detected using western blot analysis. Ishikawa cells were 
treated with 20 µg/ml CDDP for 12 and 24 h, followed by harvesting for 
western blot analysis. PI3K, phosphoinositide 3‑kinase; p‑, phosphorylated; 
t‑, total; AKT, protein kinase B; mTOR, mammalian target of rapamycin; 
CDDP, cisplatin.

Figure 4. IGF‑1 co‑treatment reverses the effect of CDDP on cell autophagy 
in Ishikawa cells. (A) CDDP and IGF‑1 co‑treatment reduced the formation 
of intracellular autophagosomes in Ishikawa cells. Representative transmis-
sion electron microscope images from the 20 µg/ml CDDP treatment group, 
20 µg/ml CDDP and IGF‑1 co‑treatment group and the control cell group are 
presented (arrows indicate intracellular autophagosomes). (B) The expression 
level of the autophagy‑associated gene LC3 was examined using immunoflu-
orescence microscopy. CDDP, cisplatin; IGF‑1, insulin‑like growth factor 1; 
LC3, microtubule-associated protein 1 light chain 3α.
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of cancer cells and in normal cells (10,23). Autophagy is a 
context-dependent tumour-suppressing mechanism that can 
also promote tumour cell survival under stress conditions and 
treatment resistance (24). The present study aimed to discuss 
the association between autophagy and CDDP in endometrial 
cancer. Therefore, the current results will aid in the explana-
tion of molecular mechanisms underlying CDDP cytotoxicity 
in endometrial cancer.

The dynamic process of autophagy involves membrane 
formation and fusion, including autophagosome formation, 
autophagosome‑lysosome fusion and the degradation of 
intra-autophagosomal contents by lysosomal hydrolases (25). 
The present study used transmission electron microscopy 
to detect the formation of intracellular autophagosomes in 
Ishikawa cells following CDDP treatment. The results revealed 
that CDDP treatment may increase the number of intracellular 
autophagosomes in a time‑dependent manner in Ishikawa 
cells. To further determine the effect of CDDP treatment on 
cell autophagy, the expression level of the ATG LC3 (15) 
was examined using immunofluorescence microscopy. The 
results demonstrated that CDDP treatment may upregulate 
LC3 protein expression level. Together, these results revealed 
that CDDP treatment promoted cell autophagy in the Ishikawa 
endometrial cancer cells. The results of the present study are 
in accord with previous studies (10,12). In Huh7 and HepG2 
hepatocellular carcinoma cells, CDDP treatment activated 
autophagy (10), and in human lung adenocarcinoma cells, 
LC3‑II was increased in the A549/DDP CDDP‑resistant cells 
compared with that in A549 cells (12).

PI3K/AKT/mTOR signalling pathway activation is heavily 
implicated in endometrial cancer pathogenesis (14). The 
results of the present study revealed that CDDP treatment may 
inactivate the PI3K/AKT/mTOR signalling pathway. In addi-
tion co‑treatment with a PI3K activator, IGF‑1, may reverse the 
effect of CDDP on cell autophagy in Ishikawa cells. The asso-
ciation between CDDP and the PI3K/AKT/mTOR signalling 
pathway was also discussed in other cells. In non‑small cell lung 
cancer cells, platycodin‑D induced autophagy in NCI‑H460 
and A549 cells via inhibition of the PI3K/AKT/mTOR signal-
ling pathway (26), while in human cervical cancer cells, 
licochalcone A induced autophagy via inactivation of the 
PI3K/AKT/mTOR signalling pathway (27). Based on these 
results, the present study hypothesized that CDDP may regu-
late cell autophagy in the Ishikawa endometrial cancer cells by 
the PI3K/AKT/mTOR signalling pathway.
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