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Background: Ovarian cancer is one of the most fatal gynecologic malignancies, with most 

patients diagnosed at the late stage due to insidious onset and lack of early onset specific symp-

toms. Previous studies have implied that isoliquiritigenin (ILQ) is a promising chemopreventive 

agent against oral cancer.

Aim: This study aimed to investigate effects of ILQ and elucidate the related mechanism.

Materials and methods: Ovarian cancer cell lines, SKOV3 and OVCAR3, were treated with 

various concentrations of ILQ to detect the dose-dependent effects of ILQ and select the suitable 

concentration. CCK8 assay and clone formation efficiency assays were used to detect viability 

and proliferation. The cell migration, invasion, and apoptosis were evaluated by wound healing 

assays, transwell, and flow cytometry assays. The expression of apoptosis-related proteins 

(Caspase-3, Caspase3-p17, Bcl-2, Bax, and Bim) and related-signaling pathway proteins were 

also detected by Western blot.

Results: It was observed that the treatment of ILQ inhibited the survival and proliferation 

of SKOV3 and OVCAR3 cells. ILQ treatment inhibited migration and invasion, and induced 

apoptosis in SKOV3 and OVCAR3 cells. Also, the ILQ treatment increased the Bax/Bcl-2 ratio 

in SKOV3 and OVCAR3 cells, suggesting that a mitochondrial apoptotic pathway was triggered. 

It was also observed that, after treated with ILQ, the phosphorylated form of Akt and mTOR 

decreased and the expression of GSK3β increased, while P70/S6K decreased. ILQ treatment 

also decreased the expression of Wnt3a and, therefore, caused the decrease of phosphorylated 

ERK. ILQ also suppressed the PI3K/Akt/mTOR pathway by reduced the expression level of 

p-Akt, p-mTOR, P70/S6K and Cyclin D1 in Ishikawa and ES-2 cells.

Conclusion: The data suggested that ILQ inhibited viability, proliferation, and invasion, 

and induced apoptosis of SKOV3 and OVCAR3 cells through the PI3K/Akt/mTOR pathway. 

Together, the data revealed that ILQ treatment may be used as a novel strategy for ovarian 

cancer therapy.

Keywords: isoliquiritigenin (ILQ), ovarian cancer, SKOV3, OVCAR3, apoptosis, PI3K/Akt/

mTOR pathway

Introduction
Ovarian cancer is one of the most fatal gynecologic malignancies, with most patients 

diagnosed at the late stage due to insidious onset and lack of early specific symptoms.1 

About two thirds of diagnoses are in the advanced stage. The 5-year survival rate 

after standard therapy is only 30%.2 Management of these patients with advanced 

ovarian cancer includes a primary cytoreductive surgery, followed by a combination 

chemotherapy.3 Unfortunately, the majority of patients are chemo-resistant and suffer 

relapse later.4 Moreover, endocrine therapy, such as blocking interactions between 

estrogen and classical nuclear estrogen receptors by tamoxifen, shows a low response 

rate in patients with chemoresistance.5 New treatment strategies for ovarian cancer 

are needed.
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SKOV3 and OVCAR3 are human ovarian cancer cell 

lines with epithelial-like morphology. These cells are resis-

tant to tumor necrosis factors and many other cytotoxic drugs 

such as diphtheria toxin, cisplatin, and adriamycin. Herein, 

we used SKOV3 and OVCAR3 to investigate the prolifera-

tion, migration, and invasion of ovarian cancer in vitro.

Isoliquiritigenin (ILQ) mainly presents in roots of licorice 

and many other plants, foods, beverages, and tobaccos. ILQ 

is a flavonoid with a chalcone structure.6,7 ILQ has various 

potent biological and pharmacological activities, including 

anti-inflammatory,8 antivirus,9 antioxidative,8 antiaging,10 

and antidiabetic activities.11 ILQ prevents skin papilloma 

formation,12 colonic tumorigenesis,13 and lung metastasis of 

murine renal carcinoma cells.14 Some in vitro studies reveal 

that ILQ has antiproliferation activities in skin,15 pulmonary,14 

breast,16 prostate,17 and gastric cancer cells.18 Previous studies 

have shown that ILQ induces human oral squamous cell 

carcinoma cell cycle G2/M phase arrest, apoptosis, and DNA 

damage,19 and ILQ could inhibit the growth of prostate cancer 

cells.17 Implying that ILQ is a promising chemopreventive 

agent against oral cancer.

In the present study, we aimed to investigate the effects 

of ILQ on human ovarian cancer cell lines, SKOV3 and 

OVCAR3, and elucidate the underlying mechanisms. Herein, 

we reported that ILQ inhibited viability and induced apop-

tosis of SKOV3 and OVCAR3 cells through the PI3K/Akt/

mTOR pathway. Our data suggest that ILQ treatment may 

be a novel strategy for ovarian cancer therapy.

Materials and methods
agents
RPMI-1640 medium was purchased from HyClone Com-

pany (Cat#SH30809.01; Logan, UT, USA). Fetal goat 

serum was purchased from Gibco (Cat#10099-133; Thermo 

Fisher Scientific, Waltham, MA, USA). Antibiotics, 0.25% 

trypsin, Cell Counting Kit-8 (CCK-8), and dimethyl 

sulfoxide (DMSO) were purchased from Beijing Solarbio 

Science & Technology Co., Ltd. (Cat#T1302, CA1210, 

D8371; Beijing, China). Annexin V-FITC/PI apoptosis 

kit was ordered from 4A Biotech Company (Cat#FXP018-

100, Beijing, China). Primary antibodies, including anti-

Caspas3-P17 (Cat#ab90437), anti-Bim (Cat#ab7888), 

anti-Bcl-2 (Cat#ab32124), anti-Bax (Cat#ab32503), anti-p-

AKT (Cat#ab81283), anti-AKT (Cat#ab32505), anti-mTOR 

(Cat#ab2732), anti-p-mTOR (Cat#ab131538), anti-p-ERK 

(Cat#ab214362), anti-GSK3β (Cat#ab75745), anti-P70/

S6K (Cat#ab32529), anti-Cyclin D1 (Cat#ab40754), and 

anti-WNT3a (Cat#ab28472), were purchased from Abcam 

(Cambridge, UK). Anti-GAPDH (Cat#60004-1-lg) and all 

secondary antibodies were ordered from PTG Company 

(Rosemont, IL, USA). ILQ was purchased from MCE 

Company (Monmouth Junction, NJ, USA). The cell culture 

stuffs were ordered from Eppendorf (Hamburg, Germany).

cell culture
Human ovarian cancer cell lines SKOV3 and OVCAR3 

were obtained from the cell bank of the Chinese Academy 

of Sciences (Shanghai, China). Human endometrial cancer 

cell line Ishikawa and human ovarian cancer clear cell line 

ES-2 were obtained from ATCC (American Type Culture 

Collection, Rockville, MD, USA). Cells were incubated in 

RPMI-1640 medium containing 10% fetal bovine serum 

(FBS), 100 U/mL Penicillin, and 0.1 mg/mL streptomycin 

at 37°C with 5% CO
2
.

Western blot
Cells were cultured on a 6-well plate to 95% confluent. 

Twenty-four hours after treatment with 30 μM ILQ or 0.1% 

DMSO as negative control (NC), cells were changed to 

serum-free medium for 24 h starvation. Cells were lysed 

with ice-cold radioimmunoprecipitation assay (RIPA) buffer 

(150 mM NaCl, 1.0% NP-40, 0.1% Triton X-100, 0.5% 

sodium deoxycholate, 0.1% SDS, 50 mM Tris-HCl, pH 8.0, 

and protease inhibitors), and the protein concentration was 

detected by bicinchoninic acid (BCA) method. Protein sam-

ples were denatured by heating at 95°C for 5 min, and about 

20 μg were loaded to each lane on 10% SDS-PAGE (sodium 

dodecyl sulfate–polyacrylamide gel electrophoresis) gel. 

After transferring proteins to polyvinylidene difluoride 

(PVDF) membrane, it was blocked with 5% non-fat milk for 

1 h at room temperature, and incubated with primary antibod-

ies in blocking solution at 4°C overnight. We then washed the 

membrane with tris buffered saline with Tween 20 (TBST) 

three times and incubated the membrane with secondary 

antibody in blocking buffer at room temperature for 1 h. After 

washing, enhanced chemiluminescence (ECL) substrate 

was applied to the membrane with ECL substrate for signal 

development. Images were acquired by using darkroom 

development techniques for chemiluminescence.

cell viability and proliferation assays
Normal cultured cells were trypsinized and counted to make 

suspension. Approximately 1,000 cells were seeded to each 

well of 96-well plates. Cells were then treated with 30 μM 

ILQ, and 0.1% DMSO was used as a control. Cell vitality was 

detected every 24 h by adding 10 μL of CCK-8 reagent. After 

incubation at 37°C for 90 min, the optical density (OD) value 

of excitation light was detected by using enzyme standard 
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instrument with 450 nm. A proliferation curve was drawn 

using the OD values.

Clone formation efficiency assays
Normal cultured cells were trypsinized to produce a single-

cell suspension and count the cells. About 500 cells were 

seeded to each 10 cm dish containing 5 mL medium. Cells 

were treated with 30 μM ILQ, and 0.1% DMSO was used as 

a negative control. The dishes were placed in an incubator at 

37°C with 5% CO
2
 and were left there until cells had formed 

sufficiently large clones. We removed the medium above 

the cells, and rinsed them carefully with phosphate-buffered 

saline (PBS). Cells were fixed with 5 mL 4% paraformal-

dehyde for 30 min, followed by staining with 0.1% crystal 

violet for 30 min. The crystal violet was removed carefully 

and rinsed with tap water. The dishes were left with colonies 

to air-dry at room temperature. The number of colonies was 

counted and compared to the colony size and number of the 

control group.

Wound healing assays
Wound healing assays were carried out to estimate the rates 

of migration and proliferation of SKOV3 and OVCAR3 

cells under the isoliquiritigenin treatment. Cells were plated 

on a 6-well plate at 5×105 per well and incubated at 37°C 

overnight to get a 100% confluent cell monolayer. ILQ was 

added to cells at a final concentration of 30 μM, and DMSO 

was used as control. Twenty-four hours after ILQ treatment, a 

line was scratched with a tip to destroy a small area of the cell 

layer. After washing with PBS, cells were incubated in serum-

free medium. The open gaps were then detected by micro-

scope over times of 0, 24, or 48 h, and the size of gaps were 

measured with ImageJ at six to eight different points.

cell invasion assays
Coating buffer (containing 0.01 M Tris pH 8.0, 0.7% NaCl, 

and filtered by 0.2 μm sterile filter unit) was prepared before 

the experiment. Any pipets, syringes, or containers that 

will come into contact with Matrigel must be chilled prior 

to use. The Matrigel Matrix aliquot was thawed on ice at 

4°C overnight. Matrigel was diluted with serum-free 1640 

medium at 1:6, and 100 μL were applied to each permeable 

support well of 24-well plates, incubated at 37°C for 4 h. 

The remaining coating buffer was carefully removed from 

the permeable support membrane without disturbing the 

layer of Matrigel on the membrane. Then 100 μL and 600 μL 

serum-free 1640 medium were added to the inside and outside 

of the support well, respectively, and incubated at 37°C for 

30 min. The coated invasion chambers were now ready to 

use. SKOV3 and OVCAR3 cells treated by ILQ for 24 h 

were trypsinized and resuspended in serum-free medium; 

100 μL cell suspension containing 1×104 cells was added 

to each 24 well invasion chamber and 600 μL medium con-

taining 10% FBS was added to the outside of the chamber. 

Twenty-four hours after incubation at 37°C, non-invading 

cells were removed by using a cotton swab, and both sides 

of the chambers were washed with 1×PBS twice. Cells were 

fixed with 4% paraformaldehyde at room temperature for 

15 min and stained with 0.1% crystal violet for 5 min. After 

washing with 1×PBS, the filters were cut off and mounted 

on slides. The invaded cells were finally observed, imaged, 

and counted under the microscope.

Cell apoptosis analysis with flow 
cytometer
Cells were treated with 30 μM ILQ for 48 h and 0.1% DMSO 

was used as a control. After 24 more hours incubation in 

serum-free medium for starvation, cells were trypsinized 

with EDTA-free trypsin. After washing with PBS, cells were 

resuspended in 1× binding buffer (10 mM HEPES/NaOH 

[pH 7.4], 140 mM NaCl, 2.5 mM CaCl
2
). Cell intensity was 

adjusted to 3–5×105 cells/mL; 5 μL of Annexin V-FITC 

was added to 100 μL cell suspension, incubated at room 

temperature in dark, and then added 10 μL of 20 μg/mL PI 

for double staining for another 2 min. Results were analyzed 

with a flow cytometer (BD FACSCanto II; BD Biosciences, 

San Jose, CA, USA). Viable cells were negative for both 

PI and Annexin V, while apoptotic cells were positive for 

Annexin V and negative for PI. Late apoptotic dead cells 

showed both Annexin V and PI positivity. The apoptotic rate 

was calculated by BD FACSDiva software.

statistical analysis
Results were expressed as mean ± standard deviation (SD) 

or mean ± standard error of mean (SEM), as indicated in 

the figure legends. The data were representative of three 

independent experiments performed in triplicate. Statistical 

analysis of the data was performed using SPSS 18.0 software 

(SPSS Inc., Chicago, IL, USA). The Student’s t-test was used 

to determine the significance for all pairwise comparisons of 

interest. Differences were considered statistically significant 

when values of P,0.05.

Results
isoliquiritigenin inhibits viability and 
proliferation of ovarian cancer cells
We first detected the dose-dependent effects of ILQ on ovar-

ian cancer cell lines. Our results showed that ILQ had no 
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effect on survival of SKOV3 cells at a concentration lower 

than 20 μM. At a concentration of 30 μM or higher, ILQ had 

a significant inhibitory effect on the viability of SKOV3 cells 

compared with the NC cells (Figure 1A). The similar results 

were also shown in OVCAR3 cells (Figure 1A). Since 30 μM 

of ILQ had a clear effect, and the higher concentration may 

cause toxic effects to cells, we used 30 μM concentrations in 

the rest of the experiments. We then detected the effects of 

ILQ on the viability of SKOV3 and OVCAR3 cells through 

the CCK-8 assay. A significant decrease of the OD value of 

excitation light was found in both SKOV3 and OVCAR3 

cells, which were treated with 30 μM ILQ for 24 h, compared 

with the NC cells (P,0.05, Figure 1B and C). The inhibitory 

effect of ILQ on the proliferation of SKOV3 and OVCAR3 

cells was still significant with the treatment at 48 h or 72 h 

(P,0.05, Figure 1B and C).

The clone formation efficiency of the ILQ treated SKOV3 

and OVCAR3 cells was then detected. The cell clone for-

mation rate of cells refers to the cell survival rate, which is 

used to evaluate the ability of the cells to live and form the 

number of clones. Not all the cells proliferated and formed 

clones; only those who form the clones stick to the walls 

and have the cells that proliferate. The clone formation rate 

reflects both the dependence and proliferation of cell popula-

tions. Two weeks after incubation with ILQ, we fixed and 

stained the colonies of cells. Compared with control cells, 

the number and size of colonies on ILQ treated dishes were 

numerically much less (,40%) and smaller both in SKOV3 

and OVCAR3 cells (P,0.001, Figure 1D).

These results together indicated that the treatment of 

ILQ significantly inhibited ovarian cancer cell survival and 

proliferation, thereby reflecting a potential pathologic role 

of this reagent in ovarian cancer.

isoliquiritigenin decreases cell migration 
and invasion of ovarian cancer in vitro
Transwell and wound healing assays were used to determine 

SKVO3 and OVCAR3 cell migration and proliferation. The 

wound healing assay is a simple method to study directional 

cell migration in vitro, which mimics cell migration during 

wound healing in vivo. We treated the 100% confluent cell 

monolayer with 30 μM ILQ for 24 h, and scratched a line 

with a tip to destroy a small area of the cell layer. The open 

gap was then inspected microscopically over time as the cells 

Figure 1 isoliquiritigenin inhibits viability and proliferation of sKOV3 and OVcar3 cells. (A) The dose-dependent effect of ilQ on ovarian cancer cells, sKOV3 and 
OVcar3. ilQ has an inhibitory effect on the survival of sKOV3 and OVcar3 cells at 20 μM. The time course effect of ilQ on the viability of sKOV3 (B) and OVcar3 
(C) cells. (D) ILQ decreases the clone formation efficiency of SKOV3 and OVCAR3 cells. *P,0.05 compared with NC; **P,0.01 compared with NC; ***P,0.001 compared 
with nc.
Abbreviations: ilQ, isoliquiritigenin; nc, negative control; OD, optical density.
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moved in and filled the damaged area. The representative 

photos showed that the gap distances of ILQ treated SKVO3 

and OVCAR3 cells were both bigger than the control cells at 

24 and 48 h time points (P,0.01, Figure 2A). The gap of the 

control cell was almost closed at 48 h, while the gap size of 

the ILQ treated SKVO3 cell was triple the control. Similar 

results were also shown in OVCAR3 cells (Figure 2A). The 

open gaps were then measured over times of 0, 24, or 48 h 

with ImageJ at six to eight different points. The time course 

curve showed that the migration rate of non-treated cells was 

much bigger than ILQ treated cells (P,0.01, Figure 2A). 

This result suggested that the ILQ inhibited the migration 

of ovarian cancer cells.

The invasion assay provides an in vitro system to study 

cell invasion of malignant and normal cells. Invasion cham-

bers coated with Matrigel provide cells with the conditions 

that allow assessment of their invasive capacity in vitro. 

Matrigel serves as a reconstituted basement membrane 

in vitro, occluding the pores of the membrane and blocking 

non-invasive cells from migrating through the membrane, 

while invasive cells secrete proteases to degrade Matrigel 

and enable invasion through the membrane pores. Figure 2B 

shows that, compared with the control group, cell invasion 

in the ILQ-treated groups decreased significantly in both 

SKVO3 and OVCAR3 cells (P,0.001).

The results from both wound healing and the transwell 

assays were consistent, and ILQ treatment significantly inhib-

ited migration and invasion of ovarian cancer cells.

isoliquiritigen induces apoptosis in 
ovarian cancer cells and regulates 
expression of apoptosis-related proteins
Next, we investigated whether ILQ impaired apoptosis in 

SKOV3 and OVCAR3 cells. The apoptotic rate of ILQ 

treated cells was analyzed by flow cytometry. Cells were 

treated with 30 μM ILQ for 48 h and then double stained 

by Annexin V and PI. Early and late apoptotic cells were 

identified by Annexin V-positive and PI-negative staining 

(left upper and left lower). The ILQ treatment significantly 

increased the apoptotic rate of SKOV (79.69%) and OVCAR3 

(59.20%) cells compared with control cells (42.89%, 35.90%, 

respectively) (P,0.05, Figure 3A).

To determine the mechanism of apoptosis induction by 

ILQ, Western blot analysis was performed to investigate 

the effects of ILQ on the expression of apoptosis-related 

proteins. Previous studies have shown that the expressions of 

Figure 2 isoliquiritigen inhibits cell migration and invasion in sKOV3 and OVcar3 cells. (A) Wound healing assay. The 100% confluent cell monolayer was treated with 
30 μM ilQ for 24 h, and scratched a line with a tip to destroy a small area of the cell layer. images were obtained at 0, 24, and 48 h after scratching. (B) cell invasion in the 
ILQ-treated group decreased significantly compared with the control group (×100 magnification). **P,0.01 compared with NC; ***P,0.001 compared with nc.
Abbreviations: ilQ, isoliquiritigenin; nc, negative control.
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anti-apoptotic Bcl-2 and pro-apoptotic Bax are critical factors 

for initiating apoptosis via mitochondria.17,20 Therefore, we 

examined the expression of Bcl-2 and Bax in SKOV3 and 

OVCAR3 cells by Western blotting. Compared with the 

control group, ILQ treatment decreased Bcl-2 expression, 

while it simultaneously increased expression of Bax in both 

SKOV3 and OVCAR3 cells (P,0.05, Figure 3B). These 

results indicated that ILQ treatment increased the Bax/Bcl-2 

ratio in SKOV3 and OVCAR3 cells, and ILQ might trigger 

the mitochondrial apoptotic pathway in ovarian cancer cells. 

Additionally, we detected the expression of Caspase-3 and 

Caspase3-p17. After treatment with ILQ, the expression of 

Caspase-3 was significantly reduced relative to untreated 

control cells while the expression of Caspase3-p17 was 

drastically increased in both SKOV3 and OVCAR3 cells 

(P,0.05, Figure 3B).

isoliquiritigenin may affect the sKOV3 
and OVcar3 apoptosis by regulating the 
Pi3K/akt/mTOr pathway
We detected the effect of ILQ on the PI3K/Akt/mTOR 

pathway. The PI3K/Akt/mTOR pathway is implicated in 

numerous cellular processes, ranging from cell growth and 

survival to the promotion of angiogenesis. PI3K can be 

active at the cell membrane, initiating the signaling cascade. 

Once activated, PI3K phosphorylates PIP2, leading to the 

accumulation of PIP3.21 This lipid second messenger recruits 

Akt and PDK1 to the cell membrane, where Akt is phospho-

rylated by PDK1.22 Phosphorylated Akt regulates cellular 

processes by phosphorylation of a number of substrates, 

including BclxL/Bcl-2 associated death promoter (BAD).23 

Another Akt substrate, mTOR, has the most significant role in 

tumorigenesis.24 When activated, p-mTOR increases mRNA 

Figure 3 isoliquiritigenin induces apoptosis in sKOV3 and OVcar3 cells and regulates expression of apoptosis-related proteins. (A) Flow cytometry staining revealed a 
significant shift in annexin V-FITC-positive cells after ILQ treatment in both SKOV3 and OVCAR3 cells. (B) ilQ treatment affects the expression level of apoptosis-related 
proteins. *P,0.05 compared with negative control (NC); **P,0.01 compared with NC; ***P,0.001 compared with nc.
Abbreviations: ilQ, isoliquiritigenin; nc, negative control.
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translation by phosphorylation of the downstream molecule 

P70/S6K. S6K phosphorylates the S6 component of the 40S 

ribosomal subunit, increasing translation of mRNA.25 The 

PI3K/Akt/mTOR pathway can be negatively regulated by 

tumor suppressor PTEN.26 We intended to investigate if ILQ 

could change the expression of key proteins of the PI3K/Akt/

mTOR pathway.

Our results showed that the expression of Akt increased, 

while the phosphorylated form, p-Akt, decreased in the ILQ 

treated SKOV3 group (P,0.01, Figure 4A). For mTOR, it 

had the same expression pattern with Akt in the ILQ treated 

SKOV3 group (P,0.01, Figure 4A). In OVCAR3 cells, ILQ 

did not impact the expression level of total Akt and mTOR, 

while it significantly reduced the phosphorylated form p-Akt 

and p-mTOR (P,0.01, Figure 4A). These data suggested that 

treatment of ILQ inhibited PI3K and caused a decrease of the 

phosphorylated form of Akt and mTOR. To further confirm 

this conclusion, we detected the expression levels of GSK3β, 

P70/S6K, and Cyclin D1. Our results showed that the expres-

sion of GSK3β increased, while P70/S6K decreased in both 

SKOV3 and OVCAR3 cells (P,0.05, Figure 4B). There was 

no significant change of Cyclin D1 expression in SKOV3 

Figure 4 isoliquiritigenin regulates the members of Pi3K/akt/mTOr pathway. (A) ILQ treatment significantly reduced the phosphorylated form p-Akt and p-mTOR in both 
sKOV3 and OVcar3 cells. (B) ILQ treatment significantly reduced the expression level of downstream proteins. (C) ILQ treatment significantly reduced the expression 
level of Wnt3a and p-ERK. *P,0.05 compared with NC; **P,0.01 compared with nc.
Abbreviations: ilQ, isoliquiritigenin; nc, negative control.
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Figure 5 Isoliquiritigenin regulates the members of PI3K/Akt/mTOR pathway in Ishikawa and ES-2 cells. ILQ treatment significantly reduced the expression level of p-Akt, 
p-mTOR, P70/S6K, and Cyclin D1 in both Ishikawa and ES-2 cells. *P,0.05 compared with NC; **P,0.01 compared with nc.
Abbreviations: ilQ, isoliquiritigenin; nc, negative control.

cells, but it was significantly decreased in OVCAR3 cells 

(P,0.01, Figure 4B). The decreased P70/S6K expression in 

the ILQ treated group was consistent with the inhibition of Akt 

and mTOR phosphorylation. As the PI3K activation inhibited 

GSK3β, the increased expression of GSK3β suggested that 

the PI3K was inhibited by ILQ treatment. In addition, Wnt3a 

increases PI3K/Akt activity and activates ERK1/2. Our results 

showed that ILQ treatment decreased the expression of Wnt3a 

and, as a result, further decreased the ERK phosphorylation 

level (P,0.05, Figure 4C).

isoliquiritigenin suppresses the Pi3K/akt/
mTOr pathway in ishikawa and es-2 cells
In order to further demonstrate the suppression of ILQ 

on the PI3K/Akt/mTOR pathway, the human endometrial 

cancer cell line, Ishikawa, and ovarian cancer clear cell 

line, ES-2, were performed, as it has been reported that the 

PI3K/Akt/mTOR pathway may possibly be activated in these 

cells.27,28 We observed similar results can be obtained by 

ILQ in Ishikawa and ES-2 cells. As shown in Figure 5, ILQ 

significantly inhibited the phosphorylated form p-Akt and 

p-mTOR (P,0.05) both in Ishikawa and ES-2 cells. More-

over, the expression level of P70/S6K and Cyclin D1 were 

both decreased in ILQ treated cells (P,0.05, Figure 5).

Discussion
Ovarian cancer is one of the most fatal gynecologic 

malignancies.1 Because of the difficulty of diagnosis and a 

low survival rate,2 new treatment strategies for ovarian cancer 

are needed. In our study, we used SKOV3 and OVCAR3 cell 

lines, the human ovarian cancer cell lines which are resistant to 

tumor necrosis factor and other cytotoxic drugs to investigate 

the proliferation, migration, and invasion of ovarian cancer. The 

anti-tumor activity of ILQ has recently been reported in various 

types of cancer, including breast, prostate, colon, oral, cervi-

cal, and leukemia.29–33 The discovered anticancer mechanisms 

of ILQ include cell proliferation inhibition, cell cycle arrest, 

inflammation suppression, apoptosis induction, and elevation of 

oxidative stress. In the present study, we reported the effects of 

ILQ on human ovarian cancer cell lines, SKOV3 and OVCAR3, 

and elucidated the underlying mechanisms. Our results showed 

that treatment of ILQ significantly inhibited cell survival, 

proliferation, migration and invasion, and induced apoptosis 

in both SKOV3 and OVCAR3 cells. These results reflected 

the potential pathologic role of this reagent in ovarian cancer.

BCL2 associated X (Bax), a member of the BCL2 family, 

is a pro-apoptotic protein. Overexpression of Bax triggers the 

release of mitochondrial proteins that cleave and thereby acti-

vate Caspase-3, resulting in apoptosis.34 In our study we found 

that ILQ treatment increased the Bax/Bcl-2 ratio in SKOV3 

and OVCAR3 cells. The expression of Caspase-3 decreased 

while Caspase3-p17 increased. These data suggested that ILQ 

triggered the apoptosis in a mitochondrial pathway.

To elucidate the mechanism of ILQ on inhibiting ovarian 

cancer cells, we studied the effect of ILQ on PI3K/Akt/

mTOR pathway members. The PI3K/Akt/mTOR pathway is 

implicated in numerous cellular processes, ranging from cell 

growth and survival to the promotion of angiogenesis.21,35 The 

serine/threonine kinase Akt inhibits apoptosis and mediates 

cell survival by activating phosphatidylinositol 3-kinase.36 
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Figure 6 summary of the inhibitory effect of ilQ on Pi3K/akt/mTOr pathway members.
Abbreviation: ilQ, isoliquiritigenin.

β β

Another kinase mTOR is expressed in most mammalian cells,37 

inhibiting autophagy and acting as a cellular sensor to nutrients 

and growth factors, as well as being an important effecter in 

the pathway of PI3K signaling.38 GSK3β works as an inhibitor 

of the Wnt signaling pathway, which plays a role in resisting 

cancer development by inducing apoptosis for ovarian cancer 

cells.39,40 Wnt proteins belong to a family of secreted proteins 

that play important roles in the development and maintenance 

of many tissues. Wnt proteins also control kinase-signaling 

pathways. Notably, canonical Wnt3a increases PI3K/Akt 

activity, resulting in GSK3β phosphorylation and increased 

free β-catenin levels.41 In addition, Wnt3a activates ERK1/2 

by direct signaling and post-transcriptional activation via the 

β-catenin/Tcf4 complex,42 indicating that these kinases may 

act as important mediators of Wnt signaling.43 We found that 

ILQ treatment decreased the phosphorylated form p-Akt and 

p-mTOR, which happened at upstream PI3K, suggesting that 

ILQ treatment could inhibit the activation of the PI3K/Akt/

mTOR signaling pathway in ovarian cancer cells. Since the 

PI3K activation inhibited GSK3β, the increased expression of 

GSK3β and decreased P70/S6K further confirmed this conclu-

sion. The suppression of ILQ on the PI3K/Akt/mTOR pathway 

was further confirmed by the similar results obtained by ILQ 

in Ishikawa and ES-2 cells that the PI3K/Akt/mTOR pathway 

may possibly be activated.27,28 Based on these results, ILQ 

has a significant suppression on the PI3K/Akt/mTOR pathway, 

which contributes to inhibit growth, metastasis, and survival 

of ovarian cancer. The inhibitory action of ILQ on PI3K/Akt/

mTOR pathway members is summarized in Figure 6.

Conclusion
Our findings indicated that ILQ might be considered as a 

potent ovarian cancer inhibitor and be chronically used as a 

supplementary agent in ovarian cancer therapy. The inter-

action between ILQ and cancer conventional therapies also 

requires deep further study in the future.
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