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Abstract. Ovarian cancer is the third most common type 
of gynecological tumor, in addition to being the most lethal. 
Cytoreductive surgery with chemotherapy is the standard 
treatment for ovarian cancer. It is necessary to identify novel 
chemotherapeutic methods, since current chemotherapy treat-
ments are rarely effective for patients with advanced‑stage or 
recurrent ovarian cancer and may cause acute systemic toxicity. 
Icariin (ICA) is a prenylated flavonol glycoside derived from 
Herba Epimedii, a medicinal plant with a variety of phar-
macological activities, including anticancer, antidiabetic and 
anti‑obesity effects. By analyzing cell viability, cell cycle and 
cell migration, the present study demonstrated that ICA inhib-
ited the cell viability of the ovarian cancer cell line, SKOV3, 
and blocked cell cycle transition. ICA inhibited the expres-
sion of fuse binding protein 1 (FBP1), a critical regulator of 
proliferation and tumorigenesis through binding to the c‑Myc 
promoter, as well as β‑catenin, a key regulator in ovarian 
cancer initiation, metastasis, chemoresistance and recurrence. 
Furthermore, it was indicated that ICA inhibited the migration 
of SKOV3 cells. In accordance with our previous findings on 
high FBP1 expression in ovarian cancer, FBP1 was a potential 
target of ICA in ovarian cancer cells. Based on these results, 
the present study demonstrated that ICA may be a potential 
therapeutic agent for ovarian cancer treatment.

Introduction

Following cervical and uterine cancer, ovarian cancer ranks 
third among all types of gynecological tumors, in addition to 
being the most lethal (1). It is quite difficult to identify the 
tissue type and whether the tumor is benign or malignant. 
Therefore, due to occult early ovarian cancer symptoms, >70% 

of patients with ovarian cancer are diagnosed at an advanced 
stage, limiting treatment options (2). Cytoreductive surgery 
with chemotherapy is the standard treatment for ovarian cancer. 
However, treatments currently available are rarely effective for 
patients with advanced‑stage or recurrent ovarian cancer, and 
may cause severe systemic toxicity (3). Therefore, it is essential 
to develop safer and more efficient cancer treatment options. 
Icariin (ICA; C33H40O15; 676.65 g/mol) is a prenylated flavonol 
glycoside derived from the medical plant Herba Epimedii. 
Numerous studies have demonstrated that ICA and a number 
of ICA subtype derivatives, exert a wide range of physiological 
activities, including antioxidant, anti‑inflammatory, antimicro-
bial, anticancer, antidiabetic and anti‑obesity (4). Our previous 
study showed that ICA promotes articular cartilage repair by 
activating hypoxia inducible factor 1 subunit α expression (5).

The far upstream element (FUSE)‑binding protein  1 
(FBP1) has been identified as a proliferative protein that is 
overexpressed in a number of malignancies, including hepa-
tocellular carcinoma  (6,7), non‑small cell lung cancer  (7) 
and colorectal cancer (8). The FUSE is a sequence required 
for the proper expression of the human c‑Myc gene, which 
serves a critical role in proliferation and tumorigenesis (9). 
It is located 1.5 kb upstream of the c‑Myc promoter P1 and 
binds the FBP1 (10‑12). FBP family members (FBP‑1/2/3) 
are multifunctional factors and have been linked with various 
transcript‑processing steps, including splicing, mRNA stabili-
zation and degradation (13). FBP1 was originally identified as 
a single‑stranded DNA binding protein, binding to FUSE (14). 
In our previous studies, it was demonstrated that FBP1 expres-
sion was higher in ovarian cancer tissues compared with 
normal ovarian tissues. In addition, the knockdown of FBP1 
enhanced the sensitivity of ovarian cancer cells to carbopl-
atin (15). Furthermore, it was indicated that FBP1 was a target 
of the histone‑lysine N‑methyltransferase EZH2 inhibitor, 
GSK343, in osteosarcoma cells (16). In addition, ICA has been 
reported as an excellent candidate antitumor agent, exhibiting 
an anticancer therapeutic effect on ovarian cancer cells (17). 
However, the underlying mechanism of the anticancer effects 
of ICA on ovarian cancer remain unclear.

Taking into consideration that ICA exerts anticancer 
activity, and FBP1 has been reported to be overexpressed in 
ovarian cancer, the aim of the present study was to demon-
strate the inhibitory effect of ICA on ovarian cancer and 

Icariin suppresses cell cycle transition and 
cell migration in ovarian cancer cells

PENGZHEN WANG1,  JINLI ZHANG1,  XIFENG XIONG1,  WEI YUAN2,  SHENGNAN QIN1,   
WENJUAN CAO1,  LIBING DAI1,  FUQIN XIE1,  AIGUO LI1  and  ZHIHE LIU1

1Guangzhou Institute of Traumatic Surgery; 2Department of Surgery, Guangzhou Red Cross Hospital, 
Jinan University School of Medicine, Guangzhou, Guangdong 510632, P.R. China

Received July 26, 2018;  Accepted January 22, 2019

DOI: 10.3892/or.2019.6986

Correspondence to: Dr Zhihe Liu, Guangzhou Institute of 
Traumatic Surgery, Guangzhou Red Cross Hospital, Jinan University 
School of Medicine, Guangzhou, Guangdong 510220, P.R. China
E‑mail: zliu0731@163.com

Key words: icariin, ovarian cancer, cell cycle, metastasis



WANG et al:  ICA SUPPRESSES OVARIAN CANCER DEVELOPMENT2322

examine FBP1 as a potential target of ICA. Furthermore, the 
influence of ICA on programmed cell death, the cell cycle and 
the expression of proteins associated with these processes was 
examined.

Materials and methods

Cell culture and cell viability assay. Human ovarian cancer 
cells (SKOV3; cat. no. TCHu185) were obtained from the 
Type Culture Collection of the Chinese Academy of Sciences 
(Shanghai, China) and grown in Dulbecco's modified Eagle's 
medium (DMEM; Gibco; Thermo Fisher Scientific, Inc., 
Waltham, MA, USA) containing 10% (v/v) fetal bovine 
serum (FBS; Gibco; Thermo Fisher Scientific, Inc.), 2 mM 
L‑glutamine, 100 U/ml penicillin and 100 µg/ml streptomycin 
at 37˚C in a humidified atmosphere with 5% CO2.

For the cell viability assay, SKOV3 cells were seeded at 
4.0x103 cells/well on a 96‑well plate overnight at 37˚C. They 
were then treated with a range of ICA concentrations (0, 10‑7, 
10‑6 and 10‑5 M) for 48 h. Cell viability was determined by 
the MTS method in accordance with the CellTiter 96 Aqueous 
One Solution Viability assay manual (Promega Corporation, 
Madison, WI, USA). Absorbance was read at 490 nm with an 
automated plate reader. The experiment was repeated at least 
three times.

Colony formation assay. SKOV3 cells (500 cells/well) were 
plated in 6‑well culture plates and cultured in DMEM supple-
mented with 10% FBS. After 14 days culture at 37˚C without 
(control) or with 10‑6 M of ICA (ICA‑treated), colonies were 
washed with PBS, fixed with 10% formalin for 10 min at 
room temperature and stained with 0.1% (w/v) crystal violet 
for 10 min at room temperature. The colonies were counted 
using an inverted microscope (x200; Ti‑U; Nikon Corporation, 
Tokyo, Japan). Briefly, the cells that formed colonies containing 
>50 cells were considered a colony (5). The colony number of 
the control group was set as 100%, and the relative number of 
colonies of the ICA group was the ratio of ICA:control group. 
The colony formation images were captured by a camera and 
the experiments were performed in triplicate.

Cell cycle and cell apoptosis analysis. Flow cytometry was 
used for the analysis of cell cycle distribution and apoptosis. 
For cell cycle distribution, SKOV3 cells treated with or without 
10‑6 M ICA for 48 h were collected and fixed in 70% (v/v) 
ethanol overnight at 4˚C, and then incubated with 1 mg/ml 
RNase A for 30 min at 37˚C. Cells were stained with 50 µg/ml 
propidium iodide [(PI) BD Biosciences, Franklin Lakes, NJ, 
USA] in PBS containing 1% Triton X‑100 at room temperature 
for 30 min. The data were acquired using a BD FACScan flow 
cytometer (FACSAria II; BD Biosciences) and analyzed using 
BD ModFit LT version 3.3 (BD Biosciences).

For apoptosis, SKOV3 cells which were treated without 
(control) or with 10‑6 M of ICA for 48 h (ICA‑treated) were 
firstly incubated with Annexin V‑fluorescein isothiocyanate 
(FITC) (Beijing Biosea Biotechnology Co., Ltd., Beijing, 
China) for 30 min at 4˚C in the dark, and then incubated 
with PI (100 µg/ml) for 5 min at room temperature. Analysis 
was immediately performed with FACSuite™ software 
(BD Biosciences).

Wound healing assay. SKOV3 cells (2x105/ml) were seeded 
on a 6‑well plate and cultured in DMEM containing 10% 
FBS. Once cells grew to confluence, an artificial wound was 
generated by scratching the dish with a sterile P200 pipette 
tip. The cells were washed twice with PBS to remove cellular 
debris, and then were cultured for another 48 h at 37˚C without 
or with 10‑6 M of ICA. The wound edge movements were 
captured with an inverted phase contrast microscope (x200; 
Ti‑U; Nikon Corporation), and the results were expressed as 
the distance between the sides of the scratch. The distance in 
the control group (without ICA) was set to 100%.

Western blot analysis. Western blot analysis was performed 
according to standard protocols. Whole cell lysates were 
obtained by lysing SKOV3 cells in radioimmunoprecipitation 
assay buffer [150 mmol/l NaCl, 1% NP‑40, 50 mmol/l Tris‑Cl 
(pH 8.0), 0.1% SDS] in the presence of a protease inhibitor 
cocktail. Protein concentration was determined with a bicincho-
ninic acid protein assay. Equal amounts of protein (30 µg/lane) 
separated by SDS‑PAGE (12% gel). The proteins were trans-
ferred onto polyvinylidene difluoride membranes using a 
Bio‑Rad semi‑dry transfer system (Bio‑Rad Laboratories, Inc., 
Hercules, CA, USA). Membranes were blocked with 5% (w/v) 
dry milk in Tris‑buffered saline with 0.2% Tween‑20 for 1 h at 
room temperature and subsequently incubated overnight with 
primary antibodies at 4˚C. The primary antibodies used were 
as follows: Anti‑FBP1 (cat. no. sc‑136137; 1:500; Santa Cruz 
Biotechnology, Inc., Dallas, TX, USA), anti‑β‑Catenin 
(cat.  no.  sc‑7963; 1:200; Santa  Cruz Biotechnology, 
Inc.), anti‑c‑Myc (cat.  no.  5605; 1:1,000; Cell  Signaling 
Technology, Inc., Danvers, MA, USA), anti‑matrix metal-
loproteinase (MMP)9 (cat. no. sc‑21733; 1:500; Santa Cruz 
Biotechnology, Inc.), anti‑Cyclin  D1 (cat.  no.  sc‑2978; 
1:200; Santa  Cruz Biotechnology, Inc.), anti‑Cyclin  E 
(cat.  no.  sc‑2925; 1:200; Santa Cruz Biotechnology, Inc.), 
anti‑p21 (cat. no. sc‑2947; 1:200; Santa Cruz Biotechnology, 
Inc.), anti‑microtubule‑associated protein  1A/1B‑light 
chain  3 [(LC3) cat.  no.  2775; 1:1,000; Cell  Signaling 
Technology, Inc.] and anti‑GAPDH (cat. no. 5174; 1:1,000; 
Cell Signaling Technology, Inc.). Membranes were incubated 
with goat anti‑rabbit (cat.  no.  ARG65351; 1:3,000; Arigo 
Biolaboratories Corp., Taiwan, China) or goat anti‑mouse 
(cat. no. ARG65350; 1:3,000; Arigo Biolaboratories Corp.) 
horseradish peroxidase‑labeled secondary antibodies for 1 h 
at room temperature. The target proteins were detected using 
an Enhanced Chemiluminescence Western Blotting Substrate 
kit (cat. no. 32106; Thermo Fisher Scientific, Inc.) and quan-
tified by densitometry using Quantity One 4.6.7 software 
(Bio‑Rad Laboratories, Inc.).

Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR). Total RNA was extracted using TRIzol reagent 
(Invitrogen; Thermo Fisher Scientific, Inc.) from the SKOV3 
cells and converted to cDNA using PrimeScript RT Master 
mix (Takara Bio, Inc., Otsu, Japan) according to the manu-
facturer's protocols. qPCR was performed in triplicate using 
gene‑specific primers  (Table  I) with SYBR-Green labels 
(Thermo Fisher Scientific, Inc.) according to the providers' 
protocols. The house‑keeping gene GAPDH was used as an 
internal control, and the abundance of target gene expressions 
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were normalized against GAPDH. The 2‑ΔΔCq method was 
used to analyze relative gene expression (18).

Statistical analysis. All data are presented as the mean ± stan-
dard deviation. Student's t‑test was used for comparisons 
between two groups and one‑way analysis of variance followed 
by Fisher's least significant difference was used to analyze 
differences among multiple groups. All experiments were 
repeated three times. P<0.05 was considered to indicate a 
statistically significant difference.

Results

ICA inhibits the viability and colony formation of SKOV3 
cells. The effect of ICA (10‑7‑10‑5 M) on the viability of SKOV3 
cells was assessed. Cell viability was examined using MTS 
assays. Compared with the control group, 10‑6 and 10‑5 M of 
ICA significantly inhibited SKOV3 cell viability  (P<0.05; 
Fig. 1A). ICA inhibited cell viability in a dose‑dependent 
manner. Since there was no significant difference between 10‑6 

and 10‑5 M groups, follow‑up experiments were carried out 
using 10‑6 M of ICA. The colony formation assays indicated 
that the number of SKOV cell colonies was less in the group 
treated with 10‑6 M of ICA (ICA group) for 14 days, compared 
with the cells without ICA treatment (Fig. 1B and C). These 
results revealed that ICA treatment suppressed SKOV3 cell 
viability.

ICA has no effect on SKOV3 apoptosis or autophagic cell 
death. In order to elucidate the factors which decreased cell 
viability, the influence of ICA on programmed cell death, 
including apoptosis and autophagic cell death, was investi-
gated. Apoptosis was measured with Annexin V‑FITC/PI 
flow cytometry analysis. The apoptotic rate of the control 
and ICA‑treated groups was 5.98 and 5.78%, respectively. 
ICA treatment did not enhance SKOV3 apoptosis compared 
with the control SKOV3 cells  (Fig.  2A). Among the 
autophagy‑associated proteins, the conversion of LC3‑I to 
LC3‑II has been reported to be widely used as a marker of 
autophagic cell death (19). The present study did not indicate 
any significant changes in the ratio of LC3‑II/LC3‑I between 
control and ICA‑treated groups (Fig. 2B and C). These results 
suggested that ICA treatment did not influence the apoptosis or 
autophagic cell death of SKOV3 cells.

ICA induces cell cycle arrest and attenuates cycle‑associated 
protein expression in SKOV3 cells. Since ICA had no effect 
on the apoptosis or autophagic cell death of SKOV3 cells, the 
cell cycle transition of SKOV3 cells treated with or without 
ICA was investigated by flow cytometry. A significant eleva-
tion of cells in the G1 phase and a decline in the S phase was 
observed in ICA‑treated SKOV3 cells (Fig. 3A). ICA treat-
ment increased the percentage of SKOV3 cells in the G1 phase 
from 60.81 to 66.43% (P<0.05), and reduced the percentage 
of cells in the S phase from 27.29 to 21.13% (P<0.05). The 
percentage of SKOV3 cells in G2 phase remained virtually 
unchanged. These data indicated that ICA blocked SKOV3 
cell cycle progression at G1  phase and inhibited DNA 
synthesis.

As ICA affected cell cycle pattern, the mRNA and protein 
expression of cyclins and cyclin‑dependent kinase inhibitors 
(CKIs) was detected in SKOV3 cells treated with and without 
ICA by RT‑qPCR and western blot analysis  (Fig.  3B‑F). 
Significant decreases in Cyclin  D1 and Cyclin  E were 
observed at the protein and mRNA level in SKOV3 cells 
treated with ICA (Fig. 3B‑E). In contrast, p21 protein and 
mRNA expression was upregulated in SKOV3 cells treated 
with ICA (Fig. 3B, C and F). Notably, there was a ~39 and 37% 
decrease in Cyclin D1 and Cyclin E expression, respectively, 
accompanied by a 76% upregulation in p21 protein expres-
sion in response to ICA treatment  (Fig. 3B and C). These 
data revealed that the inhibition of ICA in SKOV3 cell cycle 
arrest was, at least partially, through the regulation of cell 
cycle‑associated protein expression.

ICA inhibits the expression of FBP1 and β‑catenin. FBP1 
is known for its regulatory role in c‑Myc expression. FBP1 
promotes c‑Myc expression by binding with the c‑Myc 
promoter  (9,20,21). In a previous study, high expression 
of FBP1 in ovarian cancer tissues was detected  (15,22). 
Therefore, the influence of ICA on FBP1 expression was 
evaluated in mRNA transcript and protein expression levels. 
As indicated in Fig. 4A and B, western blot analysis indicated 
that the expression level of FBP1 protein was downregulated 
by 45% by ICA treatment. Furthermore, RT‑qPCR indicated a 
68% decrease in FBP1 mRNA expression in response to ICA 
treatment (Fig. 4C; P<0.05). As c‑Myc is a direct downstream 
target of FBP1 and a key mediator of FBP1 signal transduc-
tion, the expression of c‑Myc was detected by western blotting. 

Table I. The sequence of primers used for reverse transcription‑quantitative polymerase chain reaction.

Genes	 Forward	 Reverse

FBP1	 5'‑TGATTCCAGCTAGCAAGGCA‑3'	 5'‑CGGCCCGTCTTGAATCATAA‑3'
β‑Catenin	 5'‑AATGCTTGGTTCACCAGTG‑3'	 5'‑GGCAGTCTGTCGTAATAGCC‑3'
Cyclin D1	 5'‑AGCTGTGCATCTACACCGAC‑3'	 5'‑GAAATCGTGCGGGGTCATTG‑3'
Cyclin E	 5'‑CCATCATGCCGAGGGAGC‑3'	 5'‑GGTCACGTTTGCCTTCCTCT‑3'
p21	 5'‑AGTCAGTTCCTTGTGGAGCC‑3'	 5'‑GCATGGGTTCTGACGGACAT‑3'
GAPDH	 5'‑ACACCCACTCCTCCACCTTT‑3'	 5'‑TTACTCCTTGGAGGCCATGT‑3'

FBP1, fuse binding protein 1.
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As shown in Fig. 4E and F, c‑Myc protein expression was 
downregulated by 46% in the ICA treatment group.

The WNT/β‑catenin pathway has been reported to 
contribute to ovarian cancer initiation, metastasis, chemoresis-
tance and recurrence (23). Therefore, the influence of ICA on 
β‑catenin expression was examined in mRNA transcript and 
protein expression levels. As demonstrated in Fig. 4A and B, 
western blot analysis indicated that the expression of β‑catenin 
protein was downregulated by 39% by ICA treatment. 
Furthermore, RT‑qPCR indicated a 33% decrease in β‑catenin 
mRNA expression with ICA treatment  (Fig.  4D; P<0.05). 
These data revealed that the inhibition of SKOV3 cell viability 
by ICA was, at least in part, through the regulation of FBP1 
and WNT/β‑catenin expression.

ICA inhibits the migration of SKOV3 cells. Migration is a key 
property of cancer cells and is required for cancer develop-
ment (24). Therefore, the influence of ICA on ovarian cancer 
cell migration was investigated. In the wound‑healing assay, 
the migration distance of ICA‑treated SKOV3 cells was 
significantly lower, compared with the control SKOV3 cells 
following incubation for 48 h (P<0.05; Fig. 5A and B). There 
was a 2.1‑fold increase in the scratch wound distance of 
ICA‑treated SKOV3 cells compared with the control SKOV3 
cells. These results indicated that ICA inhibited the migration 
of SKOV3 cells. The MMP protein family, in particular MMP9, 
serves a very important role in the process of cancer migra-
tion and metastasis (25,26). It was indicated that the protein 
expression of MMP9 in ICA‑treated SKOV3 cells was only 

Figure 2. ICA does not influence the apoptosis or autophagic cell death of SKOV3 cells. (A) ICA did not influence apoptosis in SKOV3 cells, as deter-
mined by flow cytometry. (B) The expression of autophagy‑associated proteins LC3‑I and LC3‑II in SKOV3 cells was detected by western blotting. GAPDH 
served as a loading control. (C) The ratio of LC3‑II against LC3‑I expression. C, control cells; ICA, icariin‑treated cells (10‑6 M of ICA for 48 h); LC3, 
microtubule‑associated protein 1A/1B‑light chain 3.

Figure 1. ICA suppresses the viability and colony formation of SKOV3 cells. (A) Cell viability of SKOV3 cells treated for 48 h with the indicated concentrations 
of ICA was determined by MTS assays. (B) ICA inhibited colony formation. (C) Relative number of colonies in each group was determined. *P<0.05. C, control 
cells; ICA, icariin‑treated cells (10‑6 M ICA for 2 weeks).
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Figure 3. ICA inhibits cell cycle transition and regulates the expression of cell cycle‑associated proteins. (A) ICA inhibited cell cycle transition, as determined by flow 
cytometry. (B) The expression of cell cycle‑associated proteins in SKOV3 cells was detected by western blotting and (C) their relative expression was quantified. 
GAPDH served as a loading control. (D‑F) The expression of cell cycle‑associated genes (D) Cyclin D, (E) Cyclin E and (F) p21 was measured in SKOV3 cells by 
reverse transcription‑quantitative polymerase chain reaction. *P<0.05. C, control cells; ICA, icariin‑treated cells (10‑6 M of ICA for 48 h); PI, propidium iodide.

Figure 4. ICA inhibits the expression of proteins associated with cell proliferation. (A) FBP1 and β‑catenin expression in SKOV3 cells was detected by 
western blotting and (B) their relative expression was quantified. (C) The mRNA expression of FBP1 and (D) β‑catenin in SKOV3 cells was measured reverse 
transcription‑quantitative polymerase chain reaction. (E) c‑Myc expression in SKOV3 cells was detected by western blotting (F) and the relative expression of 
c‑Myc was quantified. GAPDH served as a loading control. *P<0.05. C, control; ICA, icariin‑treated cells (10‑6 M of ICA for 48 h); FBP1, fuse binding protein 1.
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43%, compared with the control SKOV3 cells (Fig. 5C and D). 
These findings demonstrated that ICA exhibited a significant 
inhibitory effect on the migration of SKOV3 cells.

Discussion

Epithelial ovarian cancer is one of the major types of gyne-
cological cancer and has a high mortality rate (27). Although 
chemotherapy is effective in a number of cases, relapse, drug 
resistance and toxicity remain a challenge to its therapeutic 
effectiveness. Thus, the identification of novel potential 
candidate drugs with less toxic side-effects is essential. It has 
been reported that ICA has a broad spectrum of anticancer 
effects, by inhibiting tumor growth (28), tumor cell invasion 
and migration (29), as well as cell cycle arrest (30).

In the present study, it was demonstrated that ICA inhibited 
SKOV3 cell proliferation and colony formation. However, no 
alterations in apoptosis were detected between the control and 
ICA‑treated SKOV3 cells. Furthermore, the LC3‑II/LC3‑I 
expression ratio did not show any differences between the 
control and ICA‑treated SKOV3 cells. These findings suggested 
that ICA did not affect the apoptosis or autophagic cell death 
of human ovarian cancer SKOV3 cells. This is different with 
the finding of Li et al (17). Their research indicated that ICA 
induces the apoptosis of human ovarian cancer cells. This 
discrepancy may be due to the different concentrations of ICA 
used in their research (25‑50‑6 M), compared to the current 
study (0.1‑10‑6 M).

Cell cycle transition is a promising target for cancer 
diagnosis and treatment. Deregulation of the G1‑S  phase 

transition is characteristic in all types of cancer and is the 
crux of abnormal proliferation (31). Cyclin E is a well‑known 
Cyclin that regulated the G1/S phase transition in combination 
with cyclin‑dependent kinase 2 (CDK2) (32) and Cyclin D1 
gene silencing, which also enhances the suppression of chon-
drocyte proliferation and extends the G1 phase (33). Cyclins 
and other CDKs, including CDK inhibitor p21, function as 
the central players of cell cycle regulation, particularly in the 
transition from G1 to S phase (34). It has been demonstrated 
that ICA induces cell cycle arrest at the S phase in A549 cells, 
and downregulates the expression of S regulatory proteins, 
including Cyclin A and CDK2 (35). In the present study, the 
influence of ICA on cell cycle transition was examined and it 
was shown that ICA treatment induced a higher G1 cell cycle 
arrest, compared with S‑phase in SKOV3 cells. A signifi-
cant decrease in Cyclin E and D1 expression was observed 
following ICA treatment. In contrast, p21 expression level was 
increased with ICA treatment. These results were consistent 
with previous research, indicating that ICA may inhibit tumor 
cell proliferation (36). The findings of the present study indi-
cated that ICA may have increased G1 cell cycle arrest and 
inhibited DNA synthesis in SKOV3 cells.

FBP1 was first identified as a single‑stranded DNA binding 
protein that promotes c‑Myc expression (9). In previous studies, 
it was demonstrated that FBP1 is a key regulator of ovarian 
cancer development (15,22). In the present study, it was found 
that ICA treatment reduced the expression of FBP1 and its 
direct downstream target c‑Myc. This result suggested that 
ICA may have influenced SKOV3 proliferation by targeting the 
FBP1 signaling pathway. β‑catenin overexpression has been 

Figure 5. ICA inhibits SKOV3 cell migration. (A) Wound healing assays showed that ICA inhibited cell migration (magnification, x200). (B) The mean 
distance between the scratch of cells was determined. (C) The expression of MMP9 in SKOV3 cells was determined by western blotting and (D) the relative 
expression of MMP9 was quantified. GAPDH served as a loading control. *P<0.05. C, control; ICA, icariin‑treated cells (10‑6 M of ICA for 48 h); MMP, matrix 
metalloproteinase.
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reported in epithelial ovarian cancer (37) and may contribute 
to the carboplatin resistance of ovarian cancer cells (15). In the 
present study, it was indicated that ICA treatment inhibited the 
expression of β‑catenin.

Cell migration and invasion are critical factors in the 
process of tumor metastasis (38). The present study demon-
strated that ICA inhibited SKOV3 cell migration. Additionally, 
ICA treatment decreased the expression of MMP9, a key 
member of the MMP protein family, which serves an impor-
tant role in the process of cancer metastasis (26).

In conclusion, the results of the present study demonstrated 
that ICA reduced the cell viability and colony formation of 
ovarian cancer cells by inhibiting cell cycle transition and the 
expression of FBP1 and β‑catenin. In addition, ICA inhibited 
SKOV3 cell migration. Based on these data, it was hypothe-
sized that ICA may have the potential to inhibit ovarian cancer 
development, at least partially through the suppression on cell 
cycle transition and FBP1/β‑catenin expression. Therefore, 
ICA is a potential therapeutic agent for ovarian cancer therapy.
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