
INTERNATIONAL JOURNAL OF MOLECULAR MEDICINE  48:  172,  2021

Abstract. Endometrial cancer (EC) is widely known as an 
aggressive malignancy. Due to the limited therapeutic options 
and poor prognosis of patients with advanced‑stage EC, 
there is a need to identify effective alternative treatments. 
Chrysin is a naturally active flavonoid (5,7‑dihydroxyflavone), 
which has been demonstrated to exert anticancer effects and 
may present a novel strategy for EC treatment. However, 
the role of chrysin in EC remains largely unclear. The aim 
of the present study was to examine the anticancer effects 
of chrysin on EC. The results revealed that, in addition to 
apoptosis, chrysin increased the LC3II expression levels and 
markedly accelerated the autophagic flux, suggesting that 
chrysin induced both the autophagy and apoptosis of EC 
cells. Furthermore, the inhibition of autophagy by chloro‑
quine enhanced the inhibitory effect on cell proliferation and 
the promotion of the chrysin‑induced apoptosis of EC cells, 
indicating that chrysin‑induced autophagy was a cytoprotec‑
tive mechanism. Additionally, chrysin led to the production of 
intracellular reactive oxygen species (ROS). N‑acetylcysteine 
(NAC) pretreatment significantly inhibited chrysin‑induced 
autophagy, suggesting that ROS activated autophagy induced 
by chrysin in EC cells. Furthermore, the phosphorylated (p‑)
Akt and p‑mTOR levels were significantly decreased in a 
concentration‑dependent manner following treatment with 
chrysin, while NAC blocked these effects. Taken together, 
these findings demonstrated that chrysin‑induced autophagy 

via the inactivation of the ROS‑mediated Akt/mTOR signaling 
pathway in EC cells.

Introduction

Endometrial cancer (EC) is considered one of the most 
common gynecological malignancies in industrialized coun‑
tries (1). Primarily due to relevant risk factors, including 
obesity, diabetes and aging, among others, its incidence is 
gradually increasing (2,3). Recurrent or advanced EC responds 
poorly to treatment. Few therapeutic options are available for 
such patients, who therefore have low survival rates and a 
poor prognosis (4). The 5‑year survival rate for patients with 
stage IV disease is limited only at 0‑10% (5). Accordingly, EC 
is increasingly recognized as a serious health and epidemio‑
logical concern. Thus, novel therapeutic approaches that can 
effectively reduce morbidity and mortality in EC are urgently 
required.

In recent years, natural compounds for cancer prevention 
and treatment have gained attention due to their anticancer 
activity and safety, and are a rich source of phytochemicals. 
They are an integral part of the human diet (6,7). The use 
of natural compounds combined with targeted drugs may 
provide new perspectives for the development of anticancer 
drugs. Chrysin (5,7‑dihydroxyflavone; chemical structure 
shown in Fig. 1A) is a natural dietary flavonoid, commonly 
present in various plant extracts, including honey and propolis. 
It has a notable medicinal functions and economic value (8). 
Additionally, chrysin has diverse biological properties, specifi‑
cally including anticancer, antioxidant, anti‑inflammatory, 
antibacterial, anti‑diabetic and anti‑allergenic effects (9,10). 
Recently, several studies have reported that chrysin exerts 
its cancer‑suppressive effects on breast, lung, cervical and 
bladder cancer cells through regulating multiple cell signaling 
pathways selectively (11‑15). However, the anti‑EC possible 
mechanisms of chrysin have not yet been fully elucidated.

Cancer cell death is often caused by apoptosis, which is 
considered to be the principal anticancer mechanism (16). 
However, it has been documented that autophagy and apop‑
tosis are intertwined processes (17). Autophagy is the process 
of engulfing and degrading cytosolic proteins and damaged 
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organelles (18). It has been reported that the inhibition of 
autophagy increases the anticancer efficiency by inducing the 
apoptotic process (19). In addition, reactive oxygen species 
(ROS) have been found to be the associated factors in the 
anticancer effects of chrysin‑induced autophagy. For example, 
Lin et al (20) indicated that chrysin induced ROS production 
and then autophagy, resulting in the attenuation of the viability 
of human colorectal cancer cells. This suggests that there 
may be a link among anticancer drugs, such as chrysin, ROS 
levels and autophagy pathways in EC. However, to date, at 
least to the best of our knowledge, there are no reports on the 
pharmacological mechanisms of chrysin in EC, particularly 
concerning its role in the regulation of cell ROS levels and 
autophagy pathways, which remains unclear.

The present study thus aimed to investigate the molecular 
mechanisms of the anticancer role of chrysin and focused on 
how the compound regulates the autophagy pathway in EC 
cells.

Materials and methods

Reagents and antibodies. Chrysin and LY294002 were 
purchased from MedChemExpress. N‑acetylcysteine (NAC) 
and chloroquine (CQ) were obtained from Sigma‑Aldrich 
(Sigma‑Aldrich; Merck KGaA). The cells were pretreated 
with 5 µM CQ, or 10 µM LY294002, or 10 mM NAC for 1 h 
and were then treated with chrysin for additional 24 or 48 h. 
The antibodies used for western blotting included mono‑
clonal anti‑LC3 (dilution 1:1,000; cat. no. ab192890; Abcam), 
monoclonal anti‑sequestosome‑1/p62 (dilution 1:1,000; 
cat. no. ab207305; Abcam), monoclonal anti‑autophagy‑related 
gene 5 (ATG5; dilution 1:1,000, cat. no. ab108327; Abcam), 
polyclonal anti‑Beclin 1 (dilution 1:1,000; cat. no. AF5128; 
Affinity Biosciences), polyclonal anti‑Bcl‑2 (dilution 1:1,000; 
cat. no. AF6139; Affinity Biosciences), polyclonal anti‑Bax 
(dilution 1:1,000; cat. no. AF0120; Affinity Biosciences), 
monoclonal anti‑Akt (dilution 1:1,000; cat. no. 4691; Cell 
Signaling Technology, Inc.), monoclonal anti‑phosphorylated 
(p)‑Akt (Ser473; dilution 1:1,000; cat. no. 4060; Cell Signaling 
Technology, Inc.), monoclonal anti‑mTOR (dilution 1:1,000; 
cat. no. 2983; Cell Signaling Technology, Inc.), monoclonal 
anti‑p‑Mtor (Ser2448; dilution 1:1,000; cat. no. 5536; Cell 
Signaling Technology, Inc.) and polyclonal anti‑GAPDH 
(dilution 1:10,000; cat. no. AF7021; Affinity Biosciences). 
Horseradish peroxidase‑conjugated goat anti‑rabbit IgG 
(dilution 1:10,000; cat. no. ZB‑2301) and goat anti‑mouse IgG 
(dilution 1:10,000; cat. no. ZB‑2305) secondary antibodies were 
purchased from Beijing Zhongshan Jinqiao Biotechnology, 
Co., Ltd.

Cell lines and cell culture. The human endometrioid adenocar‑
cinoma cell line, HEC‑1A (cat. no. HTB‑112), was purchased 
from the American Type Culture Collection (ATCC) and 
the endometrioid adenocarcinoma cell line, Ishikawa 
(cat. no. 99040201), was purchased from the European 
Collection of Authenticated Cell Cultures (ECACC). Cells 
were maintained in high‑glucose DMEM (Gibco; Thermo 
Fisher Scientific, Inc.) supplemented with 10% v/v FBS 
(Gibco; Thermo Fisher Scientific, Inc.) and penicillin/strep‑
tomycin (100 U/ml penicillin and 100 µg/ml streptomycin; 

Gibco; Thermo Fisher Scientific, Inc.) at 37˚C in a 95% O2 and 
5% CO2 atmosphere in a humidified incubator.

Cell viability assay. The Cell Counting Kit‑8 (CCK‑8; 
Biosharp Life Sciences) was used to analyze the viability 
of the HEC‑1A and Ishikawa cells following treatment with 
chrysin. Briefly, 5x103 cells in 100 µl medium were plated into 
each well of a 96‑well plate until they became adherent. In 
experiments evaluating the effect of chrysin alone, cells were 
treated with chrysin (0, 10, 20, 40 and 80 µM) for 24, 48 or 
72 h. In the experiments that evaluated the combined effect of 
chrysin and CQ, cells were pretreated with 5 µM CQ for 1 h 
prior to exposure to 40 µM chrysin, and the cells were then 
further incubated for 48 h at 37˚C. Subsequently, 10% CCK‑8 
solution (the ratio of volume of medium and CCK‑8 was 9:1) 
was added to the culture medium. Following further incuba‑
tion for 1 h at 37˚C in the dark, a Varioskan LUX microplate 
reader (Thermo Fisher Scientific, Inc.) was used to measure 
the absorbance at 450 nm in each well.

Colony formation assay. HEC‑1A and Ishikawa cells were 
inoculated into 6‑well plates at a low cell density (1,000 cells 
per well) and incubated at 37˚C overnight. The cells were 
the exposed to 40 µM chrysin and cultured for ~1 week. The 
medium was replaced every 3 days, in order to maintain stable 
chrysin concentration levels. The plates were periodically 
observed until distinct colonies were formed and then fixed 
with 4% paraformaldehyde. After staining with 0.1% crystal 
violet solution (Beyotime Institute of Biotechnology) for 
15 min at room temperature, the colonies (>50 cells per colony) 
were counted with ImageJ software (version 1.38; National 
Institutes of Health).

Flow cytometric analysis. Apoptotic cells were detected by 
flow cytometry and quantified according to the percentage of 
apoptotic cells in each group. Briefly, HEC‑1A and Ishikawa 
cells that had been treated with the indicated concentrations of 
chrysin with or without 5 µM CQ were digested with trypsin 
without EDTA and harvested. Subsequently, the cells were 
resuspended in 100 µl binding buffer, and incubated with 5 µl 
Annexin V‑FITC and 10 µl propidium iodide (PI) for 15 min 
at room temperature in the dark. The apoptotic ratio was 
measured using a Navios flow cytometer (Beckman Coulter, 
Inc.). The upper and lower right quadrants on the dot‑plot 
graphs represented late and early apoptotic cells, respectively.

Transmission electron microscopy (TEM) examination. To 
observe the cell morphological changes of autophagosomes 
and autolysosomes, TEM was performed. Briefly, HEC‑1A and 
Ishikawa cells, following exposure to 40 µM chrysin for 48 h, 
were fixed with 2.5% glutaraldehyde at 4˚C overnight, and then 
post‑fixed with 1% osmium tetroxide (OsO4) for 1 h followed 
by incubation with 2% uranyl acetate at room temperature for 
a further 1 h. After washing with phosphate‑buffered saline 
(PBS; Gibco; Thermo Fisher Scientific, Inc.), the cells were 
dehydrated in an ethanol series, infiltrated with propylene 
oxide and finally embedded in epoxy resin. Ultrathin sections 
(70 nm) were prepared, stained with uranyl acetate and lead 
citrate, and then examined in a JEM‑1400 TEM system 
(JEOL, Ltd.).
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Western blotting. The cells were lysed with RIPA lysis buffer 
(Beyotime Institute of Biotechnology), and the supernatant 
was collected by centrifugation at 13,000 x g for 30 min at 4˚C 
in order to extract total cellular protein. After quantifying the 
protein concentration in the supernatant using a BCA protein 
assay kit (Beyotime Institute of Biotechnology), total protein 
was mixed by loading buffer and boiled at 100˚C for 5 min. The 
denatured cell proteins (10‑20 µg) were separated on 6‑15% 
SDS‑PAGE according to the molecular weight of the target 
proteins, and subsequently transferred onto polyvinylidene 
difluoride membranes. The membranes were then blocked 
for 2 h at room temperature in 5% skimmed milk, and then 
incubated with the aforementioned diluted primary antibodies 
at 4˚C overnight, following by incubation with the aforemen‑
tioned secondary antibodies for 1 h at room temperature. The 
protein bands were visualized with an enhanced chemilumi‑
nescent reagent (Thermo Fisher Scientific, Inc.), and analyzed 
using ImageJ version 1.38 (National Institutes of Health).

Immunofluorescence assay. Following treatment with 40 µM 
chrysin for 48 h, HEC‑1A and Ishikawa cells were fixed with 
4% paraformaldehyde for 15 min. Following permeabilization 

with 0.5% (v/v) Triton X‑100 for 15 min at room tempera‑
ture, the cells were blocked with 5% bovine serum albumin 
(Beyotime Institute of Biotechnology) for 30 min and incubated 
with anti‑LC3 antibody (dilution 1:200; cat. no. ab192890; 
Abcam) overnight at 4˚C. Finally, the cells were incubated 
with the FITC‑labeled goat anti‑rabbit IgG (H+L) secondary 
antibody (dilution 1:400; cat. no. A0562; Beyotime Institute of 
Biotechnology) for 1 h at room temperature, and the cell nuclei 
finally were stained with DAPI for 10 min in the dark. All 
samples were imaged using an Axio Scope A1 fluorescence 
microscope (Zeiss GmbH).

Intracellular reactive oxygen species (ROS) analysis. 
Intracellular ROS levels were determined using a ROS assay 
kit (Beyotime Institute of Biotechnology); 2',7'‑dichlorofluores‑
cein diacetate (DCFH‑DA), a ROS‑sensitive fluorescent dye, 
was used as the ROS detection probe. DCFH‑DA was deacety‑
lated to non‑fluorescent DCFH, and ROS then oxidized DCFH 
to produce fluorescent DCF. The fluorescence intensity was 
proportional to the oxidant production levels. HEC‑1A and 
Ishikawa cells were treated with 5 µM CQ or 10 mM NAC for 
1 h prior to treatment with 40 µM chrysin for 48 h. Processed 

Figure 1. Continued.
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cells were incubated with 10 µM DCFH‑DA diluted for 30 min 
at 37˚C in the dark. The cells were then washed three times 
with serum‑free DMEM to fully remove the probe. The levels 
of ROS, represented by the green fluorescence signal, were 
photographed with the use of a DP80 fluorescence microscope 
(Olympus Corporation).

Small interfering RNAs (siRNAs/si) and transfection. The 
target siRNA sequence was as follows: siATG5, 5'‑GCA 
ACU CUG GAU GG‑3'; and negative control siRNA, 5'‑UUC 
UCC GAA CGU GUC ACG UTT‑3'. All siRNAs were designed 
and synthesized by Shanghai GenePharma Co., Ltd. Prior 

to transfection, HEC‑1A and Ishikawa cells were seeded 
into 6‑well plates and cultured to 60‑70% confluence. Cells 
were transfected with 50 nM siRNA using 4 µl jetPRIME® 
Transfection Reagent (Polyplus‑transfection® SA) in 200 µl 
jetPRIME® buffer. These mixtures were incubated for 15 min 
at room temperature and added to 2 ml fresh medium per well 
of a 6‑well plate. The cells were cultured for 24 h, and then 
treated with 0‑80 µM chrysin for 24 or 48 h.

Statistical analysis. Data are represented as the mean ± standard 
deviation. The experiments were performed ≥3 times. One‑way 
ANOVA was used to compare the experimental groups to the 

Figure 1. Chrysin inhibits the proliferation and induces the apoptosis of endometrial cancer cells. (A) Chemical structure of chrysin. (B and C) HEC‑1A and 
Ishikawa cells were treated with chrysin (0, 10, 20, 40 and 80 µM), and Cell Counting Kit‑8 solution was added at 24, 48 and 72 h. (D) Following 40 µM chrysin 
treatment for 48 h in HEC‑1A and Ishikawa cells, colony formation assay was performed. (E) Following treatment with chrysin (0, 20, 40 and 80 µM) for 48 h, 
cell apoptosis was analyzed by flow cytometry using Annexin V‑fluorescein isothiocyanate and 10 µl propidium iodide staining in HEC‑1A and Ishikawa cells. 
(F and G) HEC‑1A and Ishikawa cells were exposed to chrysin (0, 10, 20, 40 and 80 µM) for 48 h, and the Bcl‑2 and Bax levels were confirmed by western blot 
analysis. Data are expressed as the mean ± standard deviation (n=3). *P<0.05, **P<0.01, ***P<0.001 vs. control group.
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control values, whereas comparisons between multiple groups 
were performed using Tukey's multiple comparison test. 
Statistical analysis was performed with GraphPad Prism 8.0 
software (GraphPad Software, Inc.). P<0.05 was considered to 
indicate a statistically significant difference.

Results

Chrysin inhibits the proliferation and induces the apoptosis 
of EC cells. CCK‑8 assay revealed that chrysin exerted an 
inhibitory effect on the proliferation of HEC‑1A and Ishikawa 
cells, in a concentration‑ and time‑dependent manner 
(Fig. 1B and C). In addition, the colony formation activity of 
the HEC‑1A and Ishikawa cells was significantly inhibited 
by chrysin (Fig. 1D). These results confirmed that chrysin 
inhibited the proliferation of EC cells.

To investigate whether chrysin induces the apoptosis of 
EC cells, cell apoptosis was examined by flow cytometry after 
double staining with Annexin V‑FITC and PI. As shown in 
Fig. 1E, chrysin notably increased the proportion of apoptotic 
cells. Bax is a pro‑apoptotic protein that leads to cell death, 
whereas Bcl‑2 is an anti‑apoptotic protein that promotes cell 
survival (21). Western blotting revealed that the treatment of 
HEC‑1A and Ishikawa cells with chrysin for 48 h increased 
the level of Bax and decreased the expression of Bcl‑2 
(Fig. 1F and G). These results demonstrated that chrysin 
induced the apoptosis of EC cells.

Chrysin initiates the autophagy of EC cells. As shown in 
Fig. 2A, TEM images indicated autophagosomes and autopha‑
golysosomes in the chrysin group, which are characteristics of 
autophagic cells. In cells treated with 5 µM CQ for 1 h, prior 
to the application of 40 µM chrysin for 48 h, the aforemen‑
tioned effects intensified. Immunofluorescence assay was used 
to detect the distribution of endogenous LC3 in HEC‑1A and 
Ishikawa cells. In chrysin‑treated cells, the intracellular local‑
ization of LC3 and abundant LC3 puncta were detected, while 
the control cells did not exhibit any noticeable fluorescence 
intensity (Fig. 2B and C). The results of western blot analysis 
revealed that, with an increased concentration of chrysin, the 
level of LC3II and Beclin 1 increased, which was accompanied 
by a decrease in p62 expression (Fig. 3A and B).

ATG5 participates in the vesicle elongation step of autophagy 
and plays critical roles in the process of autophagy (22). The 
present study demonstrated that the knockdown of ATG5 by 
siRNA reduced the chrysin‑induced LC3II accumulation in 
HEC‑1A and Ishikawa cells (Fig. 3C and D). Furthermore, 
the LC3II levels were markedly increased in the HEC‑1A 
and Ishikawa cells pretreated with CQ, in comparison with 
the group treated with chrysin alone (Fig. 3E and F), thus 
confirming that chrysin promoted the autophagic flux. These 
results revealed that chrysin induced autophagy and increased 
the autophagic flux in EC cells.

The role of autophagy in chrysin‑induced cell apoptosis was 
also assessed. The inhibition of autophagy by CQ significantly 
enhanced the cytotoxicity of chrysin to EC cells, which was 
demonstrated via the inhibition of proliferation (Fig. 4A‑C) 
and the induction of apoptosis (Fig. 4D‑F). Autophagy inhibi‑
tion by CQ potentiated the chrysin‑induced inhibition of cell 
proliferation and promoted the chrysin‑induced apoptosis of 

EC cells. Thus, chrysin induced cytoprotective autophagy in 
EC cells.

Chrysin induces autophagy via ROS in EC cells. The asso‑
ciation between ROS and autophagy is complex. To clarify 
whether autophagy induced by chrysin in EC cells is regulated 
by ROS or not, HEC‑1A and Ishikawa cells were treated with 
chrysin for 48 h, and the level of ROS in cells was detected by 
DCF fluorescence intensity. Fluorescence microscopy demon‑
strated that chrysin‑induced intracellular ROS accumulation 
was markedly increased, which was clearly inhibited by the 
ROS scavenger, NAC (Fig. 5A). ROS levels were increased to 
a greater extent in cells treated with a combination of chrysin 
and CQ, as compared with that of cells treated with chrysin 
alone (Fig. 5B). Notably, NAC pretreatment inhibited the 
increase in the LC3II level induced by chrysin (Fig. 5C and D). 
Collectively, it was revealed that chrysin induces cellular ROS 
accumulation, which may be one of the reasons for autophagy 
induced by chrysin in EC cells.

ROS‑mediated inactivation of the Akt/mTOR signaling 
pathway is involved in chrysin‑induced autophagy in EC cells. 
To further investigate the potential mechanisms of autophagy 
induced by chrysin, the effect of chrysin on the expression of 
Akt/mTOR in autophagy‑related signaling pathways in EC 
was analyzed in the present study (23). The increase in chrysin 

Figure 2. Chrysin stimulates autophagy in endometrial cancer cells. 
(A) HEC‑1A and Ishikawa cells were untreated or treated with 5 µM CQ 
for 1 h, followed by chrysin treatment at 40 µM for 48 h and analyzed by 
transmission electron microscopy. Red arrows represent autophagosomes or 
autophagolysosomes. (B and C) HEC‑1A and Ishikawa cells were exposed to 
40 µM chrysin for 48 h, and sections were stained for light chain 3 (green) 
and DAPI (blue), and measured using fluorescence microscopy (magnifica‑
tion, x400). CQ, chloroquinone.
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concentration resulted in the decrease of p‑Akt and p‑mTOR 
levels in a concentration‑dependent manner (Fig. 6A and B), 
suggesting that chrysin caused the inactivation of the 
Akt/mTOR signaling pathway. Pretreatment with LY294002, 
an inhibitor of PI3K, further decreased p‑Akt and p‑mTOR 

expression levels (Fig. 6C and D). Furthermore, LY294002 
markedly increased the expression of LC3II induced by chrysin 
(Fig. 6E and F). These results indicated that the inactivation of 
the Akt/mTOR signaling pathway by chrysin contributed to 
autophagy activation in EC cells.

Figure 3. Concentration‑dependent effect of chrysin affects the expression of the autophagy‑related protein LC3II in endometrial cancer cells. 
(A and B) Following treatment of HEC‑1A and Ishikawa cells with various concentrations of chrysin (0, 10, 20, 40 and 80 µM) for 48 h, the levels of LC3II, 
Beclin 1 and p62 were examined by western blotting. (C and D) HEC‑1A and Ishikawa cells were transfected with si‑negative control or siATG5 for 24 h, 
and then treated with chrysin at 40 µM for 24 h. The expression of ATG5 and LC3 was detected by western blotting. #P<0.05, ##P<0.01, ###P<0.001 vs. siNC. 
(E and F) HEC‑1A and Ishikawa cells were untreated or treated with 5 µM CQ for 1 h, followed by chrysin treatment at 40 µM for 24 h. The expression 
levels of LC3II were then examined by western blotting. Values are reported as the mean ± standard deviation (n=3). *P<0.05, **P<0.01, ***P<0.001 vs. control 
group; #P<0.05, ##P<0.01, ###P<0.001 vs. chrysin group. si, small interfering RNA; NC, negative control; ATG5, autophagy‑related gene 5; CQ, chloroquinone; 
LC3, Microtubule‑associated proteins 1A/1B light chain 3B.
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Furthermore, HEC‑1A and Ishikawa cells were pre‑treated 
with NAC and subsequently treated with chrysin, in order to 
evaluate the association between Akt/mTOR signal suppres‑
sion and ROS accumulation. The results of western blotting 
reveaeld that NAC pretreatment upregulated the expression of 
p‑Akt and p‑mTOR in chrysin‑treated cells (Fig. 7A and B). 
Overall, these findings indicated that chrysin inhibited the 
activity of the Akt/mTOR signaling pathway by inducing the 
accumulation of intracellular ROS in EC cells.

Discussion

At present, cisplatin and paclitaxel, which are the first‑line 
chemotherapeutics applied for EC therapy, exert an inhibi‑
tory effect on cancer cell growth. However, chemoresistance 
remains a major obstacle in EC therapy (24). Chrysin has 

been reported as a potent inhibitor of breast cancer resistance 
protein, which is one of the ATP‑binding cassette (ABC) 
transporters, and is commonly involved in the multidrug resis‑
tance of chemotherapy (25). TNF‑related apoptosis‑inducing 
ligand (TRAIL) has been regarded as an anti‑cancer agent. 
However, certain types of cancer, including gliomas, are 
resistant to TRAIL‑induced cell death (26). Chrysin has been 
shown to overcome TRAIL resistance in breast, pancreatic, 
cervical, colon, prostate and bladder cancer, as well as in 
hepatoma and melanoma cells (27). Thus, chrysin represents 
a potential therapeutic target for the development of clinical 
applications.

In the present study, it was revealed that chrysin induced 
protective autophagy through the ROS/Akt/mTOR signaling 
pathway in EC cells. More specifically, chrysin induced 
autophagy through the upregulation of the intracellular 

Figure 4. Continued.
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accumulation of ROS, and the subsequent downregulation of 
p‑Akt and p‑mTOR protein levels in EC cells. Suppression of 
autophagy by CQ potentiated chrysin‑induced apoptosis in 
EC cells.

Targeting autophagy is considered a promising anti‑cancer 
therapy (28). According to previous studies, it has been 
demonstrated that certain anticancer natural compounds and 
extracts cab activate autophagy and exert anticancer effects. 
Dou et al (29) revealed that ivermectin induced autophagy 
in breast cancer cells, while Yao et al (30) demonstrated 
that crocin inhibited the growth of hepatocellular carcinoma 
through activating autophagy. Current attempts to modulate 
autophagy in a clinical setting are focused on using autophagy 
inhibition combined with other anti‑cancer drugs, which are 

the focus of >36 clinical trials (31). In the present study, it was 
demonstrated that chrysin induced a protective autophagy 
response in EC cells. Additionally, the concurrent inhibition 
of autophagy along with chrysin application suppressed cell 
proliferation and induced cell apoptosis to a much greater 
extent than that observed with chrysin treatment alone. The 
knockdown of ATG5 by siRNA reduced the chrysin‑induced 
accumulation of LC3II in EC cells, demonstrating that chry‑
sin‑induced autophagy was ATG5‑dependent. The expression 
level of LC3II, which is closely associated with the number 
of intracellular autophagosomes, is regarded as an indicator 
of autophagy (32). CQ, a lysosomal degradation blocker, 
can improve the pH‑value of lysosomes and then destroy 
the function of lysosomes, inhibit fusion of lysosomes and 

Figure 4. Chrysin induces cytoprotective autophagy in endometrial cancer cells. (A and B) HEC‑1A and Ishikawa cells were treated with 40 µM chrysin without 
or with 5 µM CQ for 48 h, and cell viability was then assessed using a CCK‑8 assay. (C) HEC‑1A and Ishikawa cells were pretreated with CQ (5 µM) for 1 h 
before being exposed to 40 µM chrysin for colony formation assay. (D) HEC‑1A and Ishikawa cells were pretreated without or with 5 µM CQ for 1 h, followed 
by treatment with chrysin (40 µM) for 48 h. Cell apoptosis was then analyzed by flow cytometry using Annexin V‑FITC/PI staining. (E and F) HEC‑1A and 
Ishikawa cells were untreated or treated with 5 µM CQ for 1 h, followed by chrysin treatment at 40 µM for 24 h. Subsequently, the expression levels of Bcl‑2 
were examined by western blotting. Values are presented as the mean ± standard deviation (n=3). *P<0.05, **P<0.01, ***P<0.001 vs. control group; #P<0.05, 
##P<0.01, ###P<0.001 vs. chrysin group. CQ, chloroquine; CCK‑8, Cell Counting Kit‑8; FITC, fluorescein isothiocyanate; PI, propidium iodide.
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autophagosomes, thus conversely increasing LC3II expres‑
sion (33). Consequently, it was deduced that the suppression 
of chrysin‑activated autophagy enhanced the anticancer effect 
of chrysin in EC cells, and may be a robust candidate strategy 
for EC treatment.

The balance between ROS production and ROS scavenging 
plays an important in cell homeostasis (34). Notably, ROS may 
play a dual role in cancer biology, depending on their concen‑
tration. At low concentrations, ROS act as signaling molecules 
involved in promoting cell survival and proliferation, whereas 

at high concentrations, they induce programmed cell apoptosis 
and necrosis (35,36). Previously published studies noted that 
the excessive accumulation of high levels of ROS may trigger 
cancer cell apoptosis and death and may inhibit cancer progres‑
sion during enhanced oxidative stress injury (37‑39). Thus, it 
was concluded that, in the process of cancer progression, the 
analysis of ROS level fluctuation may be of importance for 
cancer prevention and treatment. Furthermore, autophagy is 
triggered in response to all types of biological stress, including 
increased oxidative stress (40). The fluorescence microscopy 

Figure 5. Chrysin induces autophagy via ROS in endometrial cancer cells. (A) Increased levels of intracellular ROS induced by chrysin (40 µM) were detected 
by microscopy. NAC (10 mM) suppressed chrysin‑induced ROS increase in HEC‑1A and Ishikawa cells. Scale bar, 200 µm. (B) Increased levels of intracel‑
lular ROS induced by chrysin (40 µM), as detected by microscopy. CQ (5 µM) promoted chrysin‑induced ROS accumulation in HEC‑1A and Ishikawa cells. 
Scale bar, 200 µm. (C and D) HEC‑1A and Ishikawa cells were pretreated without or with 10 mM NAC for 1 h, and then incubated with 40 µM chrysin for 24 h. 
The expression of LC3 was detected by western blotting. *P<0.05, **P<0.01 vs. control group; #P<0.05, ###P<0.001 vs. chrysin group. NAC, N‑acetylcysteine; 
ROS, reactive oxygen species; CQ, chloroquinone.
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results of the present study revealed that NAC pretreatment 
may act as an antioxidant which remarkably inhibits ROS 
production and the transition from LC3I to LC3II in treated 
cells, thus suggesting that NAC exhibited a considerable 
blocking effect on chrysin‑induced autophagy. Contrarily, 
ROS levels were notably higher when chrysin and CQ were 
applied simultaneously. Therefore, it was hypothesized that 
chrysin‑induced autophagy played a protective role; however, 

when oxidative stress reached a degree beyond the control of 
the protective response of autophagy, cell death may occur by 
apoptosis in EC cells. These results were also consistent with 
the results of the aforementioned apoptotic studies. Collectively, 
these results implied that chrysin‑induced ROS accumulation 
may act as an autophagy inducer in EC cells (Fig. 8).

The Akt/mTOR signaling pathway is frequently activated 
in human tumors and is one of the main growth regulatory 

Figure 6. The Akt/mTOR pathway is involved in chrysin‑induced autophagy in endometrial cancer cells. (A and B) HEC‑1A and Ishikawa cells were exposed 
to chrysin at different concentrations (0, 10, 20, 40 and 80 µM) for 48 h, and the effects of chrysin on the levels of Akt, p‑Akt, mTOR, p‑mTOR were examined 
by western blotting. (C‑F) HEC‑1A and Ishikawa cells were either not treated, or treated with 10 µM LY294002 for 1 h, and then incubated with 40 µM chrysin 
for 48 h, Next, Akt, p‑Akt, mTOR, p‑mTOR and LC3II protein expression was analyzed by western blotting. Values are presented as the mean ± standard 
deviation of three independent experiments. *P<0.05, **P<0.01, ***P<0.001 vs. control group; #P<0.05, ##P<0.01, ###P<0.001 vs. chrysin group. p‑, phosphorylated.
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pathways (41). Akt is a key upstream regulator of mTOR, 
and Akt activation may lead to the phosphorylation of the 
downstream effector mTOR, thereby negatively regulating 
autophagy (42,43). In the present study, chrysin suppressed 
Akt/mTOR signaling, indicating that chrysin induced 

autophagy by targeting Akt/mTOR signaling. In previously 
published studies, it was indicated that cellular oxidative 
stress is associated with the Akt/mTOR signaling pathway, 
and Akt and mTOR are two kinases regulated by ROS (44,45). 
The present study revealed that NAC reversed the decrease 
of p‑Akt and p‑mTOR in chrysin‑treated cells, which demon‑
strated the association between Akt/mTOR signal suppression 
and ROS accumulation by chrysin. Chrysin inhibited the 
growth of cancer cells by increasing oxidative stress and 
subsequently inhibiting the Akt/mTOR signaling pathway. 
Overall, the results suggested that chrysin‑induced autophagy 
was triggered by inactivation of the ROS‑mediated Akt/mTOR 
signaling pathway.

However, there were certain limitations to the present 
study. Firstly, only in vitro experiments were conducted. 
Therefore, animal experiments should be carried out to 
confirm the effectiveness of chrysin in vivo. Furthermore, our 
findings were limited to EC and did not verify the effect of 
chrysin in tumors other than EC, which should be investigated 
in future studies. Subsequently, the present study demonstrated 
that chrysin inhibited cell proliferation by CCK‑8 and colony 
formation assay. It is preferable to detect the expression of cell 
cycle‑related proteins including cyclins or CDKs in order to 
strengthen these conclusions. And finally, it is well known that 
ROS are produced from peroxisomes, the endoplasmic retic‑
ulum, and mitochondria, which is their primary source (46). 
Regrettably, the present study did not detect the production of 
ROS in mitochondria.

In conclusion, the present study confirmed for the first time, 
at least to the best of our knowledge, that the ROS‑mediated 
Akt/mTOR signaling pathway played a key role in chry‑
sin‑induced autophagy in EC cells. Chrysin also induced 
the apoptosis of EC cells. It was also demonstrated that the 
inhibition of autophagy by CQ enhanced the chrysin‑induced 

Figure 8. Mechanism of chrysin‑induced autophagy in endometrial cancer cells.

Figure 7. ROS‑mediated inactivation of the Akt/mTOR signaling pathway is involved in autophagy induced by chrysin in endometrial cancer cells. 
(A and B) HEC‑1A and Ishikawa cells were pretreated without or with 10 mM NAC for 1 h, and then incubated with 40 µM chrysin for 48 h. Next, Akt, p‑Akt, 
mTOR and p‑mTOR protein expression was analyzed by western blotting. The results are presented as the mean ± standard deviation of three independent 
tests. *P<0.05 vs. control group; #P<0.05 vs. chrysin group. p‑, phosphorylated; ROS, reactive oxygen species; NAC, N‑acetylcysteine.
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inhibition of cell proliferation and promoted chrysin‑induced 
apoptosis, indicating that chrysin‑induced autophagy played 
a pro‑survival role in EC cells. Thus, combination treatment 
with an autophagy inhibitor may be a promising intervention 
strategy for EC treatment.
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