
Frontiers in Oncology | www.frontiersin.org

Edited by:
Dongmei Zhang,

Jinan University, China

Reviewed by:
Jun Shan Liu,

Southern Medical University, China
Xueping Lei,

Guangzhou Medical University, China

*Correspondence:
Shaoqiang Lin

shaotsiang@163.com
Xiaoyu Wang

twxy163@163.com

Specialty section:
This article was submitted to

Molecular and Cellular Oncology,
a section of the journal
Frontiers in Oncology

Received: 26 December 2021
Accepted: 07 March 2022
Published: 01 April 2022

Citation:
Gao L, Ouyang Y, Li R, Zhang X,
Gao X, Lin S and Wang X (2022)

Icaritin Inhibits Migration and Invasion
of Human Ovarian Cancer Cells via the

Akt/mTOR Signaling Pathway.
Front. Oncol. 12:843489.

doi: 10.3389/fonc.2022.843489

ORIGINAL RESEARCH
published: 01 April 2022

doi: 10.3389/fonc.2022.843489
Icaritin Inhibits Migration and
Invasion of Human Ovarian
Cancer Cells via the Akt/mTOR
Signaling Pathway
Lvfen Gao1, Yuan Ouyang2, Ruobin Li1, Xian Zhang1, Xuesong Gao1,
Shaoqiang Lin3* and Xiaoyu Wang1*

1 Department of Obstetrics and Gynecology, The First Affiliated Hospital of Jinan University, Guangzhou, China,
2 Department of Obstetrics and Gynecology, Guangzhou Panyu Central Hospital, Guangzhou, China, 3 Integrated Traditional
and Western Medicine Research Center, The First Affiliated Hospital of Guangdong Pharmaceutical University,
Guangzhou, China

Ovarian cancer (OC) is the most lethal of all gynecologic malignancies with poor survival
rates. Although surgical treatment and chemotherapy had advanced to improve survival,
platinum-based chemoresistance remains a major hurdle in the clinical treatment of OC.
The search for novel active ingredients for the treatment of drug-resistant OC is urgently
needed. Here, we demonstrated that icaritin, the main active ingredient derived from the
traditional Chinese herb Epimedium genus, significantly suppressed the proliferation,
migration, and invasion of both drug-susceptible and cisplatin-resistant OC cells in vitro.
Mechanistically, icaritin at 20 mM significantly inhibited the phosphorylation of Akt and
mTOR, as well as decreased the expression of vimentin and increased the expression of
E-cadherin. Our data indicate that icaritin, a prenylated flavonoid natural product, could
serve as a potential inhibitor of cisplatin-resistant OC by inhibiting the Akt/mTOR
signaling pathway.
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INTRODUCTION

Ovarian cancer (OC) is the 5th leading cause of cancer deaths among women in the developed
world (1). It remains a challenge to screen or detect OC at the early stages due to non-specific
symptoms and lack of reliable biomarkers, resulting in OC being diagnosed at the advanced stage
(2). Currently, surgery together with radiotherapy and chemotherapy remains the standard
treatment for OC (3). Cisplatin is a front-line chemotherapeutic agent for OC (4). Cisplatin can
block DNA transcription by direct covalent binding to nuclear DNA, thus exerting an anticancer
activity (5, 6). Unfortunately, the 5-year survival rate is still hovering at about 30% because of
cisplatin resistance, which is the major reason for chemotherapy failure. Therefore, to investigate
novel target agents to effectively prevent or overcome cisplatin resistance is urgently needed.

Icaritin, a prenylated flavonoid natural product, is commonly recognized as one of the active
compounds of the traditional Chinese herb Epimedium genus, which has been widely used as a
tonic, an aphrodisiac, and an antirheumatic drug in China, Japan, and Korea for thousands of years
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(7). It has been demonstrated that icaritin possesses a range of
different biological and pharmacological functions in non-
neoplastic diseases, such as preventing osteoporosis (8) and
having cardioprotective (9), neuroprotective (10), and
immunoregulatory effects (11). Lately, icaritin and its derivates
have attracted great attention in terms of its antitumor effects
against various solid tumors including lung cancer (12), prostate
cancer (13), hepatocellular carcinoma (14), glioblastoma
multiforme (15), and esophageal cancer (16). Moreover, it still
exerts promising activity in female tumors, such as breast cancer
(17), cervical cancer (18), and also OC in our previous work (19).
Icaritin exerts antitumor effects mainly by inhibiting cell
proliferation, inducing cell differentiation and apoptosis,
suppressing cell migration and invasion, regulating the
function of microRNAs, targeting stem cells, and reversing
multidrug resistance (12, 13, 16, 20). Numerous signaling
pathways are involved in the anticancer activities of icaritin,
such as PTEN/Akt, Akt/mTOR, NF-kB, and MAPK/ERK
pathways (12, 19, 21). In our previous work, we clarified that
the anti-proliferative effects of icaritin on OC may be associated
with the activation of p53 and the suppression of the Akt/mTOR
pathway. However, the efficacies of icaritin against the migration
and invasion of the OC cells and its underlying mechanism have
not yet been illuminated.

Here, we sought to investigate the anticancer effect and the
underlying mechanism of icaritin on the migration and invasion
of human cisplatin-sensitive cells A2780s and the corresponding
cisplatin-resistant cells A2780cp. Our results showed that icaritin
significantly suppressed the epithelial–mesenchymal
transformation (EMT) and migration of both A2780s and
A2780cp cells in vitro through inhibition of the Akt/mTOR
signaling pathway. Our study indicates that icaritin has the
potential to inhibit the tumor metastases associated with
cisplatin-resistant OC.
MATERIALS AND METHODS

Reagents
Icaritin was a gift from the Laboratory of the Department of
Obstetrics and Gynecology, National University Hospital, Yong
Loo Lin School (Singapore). RPMI-1640 medium, fetal bovine
serum (FBS), and penicillin–streptomycin (PS) were purchased
from Gibco (Life Technologies, NY, USA). Matrigel was from
BioCoat (Corning, New York, NY, USA). The antibodies against
GADPH, p-mTOR, mTOR2448, p-Akt473, and Akt were from Cell
Signaling Technology (Danvers, MA, USA). Cisplatin, MTT (3-
(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide),
and other chemicals were obtained from Sigma (St Louis,
MO, USA).

Cells and Cell Culture
The human cisplatin-sensitive OC cell line A2780s and human
cisplatin-resistant OC cell line A2780cp were kindly provided by
Dr. Benjamin K. Tsang (Ottawa Hospital Research Institute,
Ottawa, ON, Canada) (22). These cells were cultured in RPMI-
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1640 and supplemented with 10% FBS (v/v) and 1% PS (v/v) in a
humidified atmosphere of 5% CO2 at 37°C. All cell lines were
authenticated by STRMulti-amplification Kit and tested negative
for mycoplasma using the Mycoplasma Detection Set (M&C
Gene Technology, Beijing, China).

Cell Viability Assays
MTT assay was used to evaluate the cell viability. Cells (1 × 104/
well) were seeded in 96-well plates and treated with icaritin at
final concentrations of 10–50 mM for 24, 48, and 72 h. MTT (10
ml) solution was added to each well for 4 h after the preset time;
then the supernatant was removed. Dimethyl sulfoxide (DMSO)
(150 ml) was added to the well for 10 min. The absorbance was
measured at 490 nm using a microplate reader (BioTek Synergy
HT, Winooski, VT, USA). All experiments were performed three
times to determine their reproducibility.

Wound-Healing Scratch Assay
A2780s and A2780cp cells (5 × 106/well) were seeded in 6-well
plates in RPMI-1640 medium containing 10% FBS for 24 h, and
the adherent monolayer cells of each plate were scratched at the
same size and then treated with icaritin (20 mM) or cisplatin (1.6
mg/ml) for 0, 12, and 24 h. The size at the site of each scratch was
recorded by a microscope at 0, 12, and 24 h. The data of the
healing condition were calculated by software ImageJ.

Cell Migration and Invasion Analysis
A2780s and A2780cp cells were firstly cultured in serum-free
media condition for 12 h, and the cells were then collected and
counted after being exposed to icaritin (20 mM) or cis-platinum
(1.6 mg/ml) for 12 h. Cells (1 × 104/well) were cultured in the
upper chamber of transwell covered with (invasion) or without
(migration) matrigel in the absence of FBS, while RPMI-1640
was added in the bottom well containing 20% FBS as a
chemoattract factor. After being cultured for 12 h (for cell
migration assay) or 24 h (for cell invasion assay), the migrated
or invaded cells were fixed with 3% paraformaldehyde for 20 min
and then stained by crystal violet for 10 min. The cells were then
randomly photographed and counted.

Western Blotting
A2780s and A2780cp cells were treated with or without icaritin
(10 or 20 mM) for 24 h. Afterward, the cell pellets were collected
by centrifugation and rinsed with phosphate-buffered saline
(PBS). Whole lysates were prepared with radioimmunoprecipitation
assay (RIPA) buffer (1× PBS, 0.1% sodium dodecyl sulfate (SDS), 1%
NP-40, and 0.5% sodium deoxycholate) supplemented with protease
inhibitor cocktail, 10 mM of b-glycerophosphate, 1 mM of sodium
orthovanadate, 10 mM of sodium fluoride, and 1 mM of
phenylmethylsulfonyl fluoride; protein samples were subsequently
obtained. Bicinchoninic Acid Assay Kit was used to examine the
expression of total proteins, and equal amounts of protein were
separated on 10% SDS–polyacrylamide gel electrophoresis (PAGE)
gels at 125 V for 1.2 h. Transfer to nitrocellulose membranes was
performed at 100 V for 1 h. Membranes were blocked using blocking
buffer [(bovine serum albumin (BSA)] and then probed with primary
antibodies. After incubation with horseradish peroxidase (HRP)-
April 2022 | Volume 12 | Article 843489
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conjugated secondary antibodies in blocking buffer, a
chemiluminescence detection system (Thermo Fisher Scientific,
Waltham, MA, USA) was used to detect visualized protein bands.
GAPDH was used as an internal control. Densitometry was
performed using ImageJ software.

Statistical Analysis
GraphPad Prism 5.0 software was used for statistical analyses
(GraphPad Software, Inc., San Diego, CA, USA). All data are
presented as the mean values with a standard error of the mean
(SEM). Significant differences between the two groups were
evaluated using the 2-tailed unpaired t-test, and significant
differences between more than two groups were evaluated
using 1-way ANOVA followed by Tukey’s post-hoc test. p <
0.05 was considered significant.
RESULTS

Icaritin Inhibits the Proliferation of Human
Ovarian Cancer A2780s and A2780cp Cells
To evaluate the effects of icaritin (Figure 1A) on the growth of
OC cells, cells were treated with icaritin at different
concentrations for 24, 48, and 72 h, and the cell viability was
assessed by MTT assay. The results showed that icaritin inhibited
both the proliferation of cisplatin-sensitive OC cells A2780s and
the cisplatin-resistant OC cells A2780cp in a dose- and time-
dependent manner (Figures 1B, C). The IC50 values of icaritin
on A2780s cells were 23.41, 21.42, and 14.9 mM after drug
treatment for 24, 48, and 72 h, respectively. And the IC50

values of icaritin on A2780cp cells were 28.59, 25, and 22.06
mM after drug treatment for 24, 48, and 72 h, respectively. These
data suggest that icaritin inhibits the proliferation of both the
cisplatin-sensitive and cisplatin-resistant OC cells.

Icaritin Suppresses the Wound Healing
Ability of A2780s and A2780cp Cells
To determine whether icaritin affected the wound healing ability
of both A2780s and A2780cp cells, we performed the scratch
assay. Our results showed that icaritin (20 mM) inhibited the
wound healing ability of both A2780s and A2780cp cells in a
time-dependent manner (Figures 2A, B). The inhibitory rates of
Frontiers in Oncology | www.frontiersin.org 3
icaritin on the wound healing of A2780s were 51.9% and 26.6%
at 12 and 24 h as compared to the CTL group, respectively. And
the inhibitory rates of icaritin on the wound healing of A2780cp
were 19.6% and 12.4% at 12 and 24 h as compared to the CTL
group, respectively.

Icaritin Inhibits the Migration of A2780s
and A2780cp Cells
We next investigated the effect of icaritin in the cell migration of
human OC cells. Transwell assays showed that icaritin treatment
significantly decreased the number of migrated A2780s and
A2780cp cells in a dose-dependent manner, when compared to
the control group (Figures 3A, B). The inhibitory rates of icaritin
on the migration of A2780s were 51.20% and 70.13% at doses of
10 and 20 mM, respectively. And the inhibitory rates of icaritin
on the migration of A2780cp were 33.63% and 81.95% at doses of
10 and 20 mM, respectively.

Icaritin Attenuates the Invasion of A2780s
and A2780cp Cells
We utilized matrigel invasion chambers to evaluate the effect of
icaritin on the in vitro invasion of A2780s and A2780cp cells.
Transwell assays showed that icaritin treatment significantly
decreased the number of invaded A2780s and A2780cp cells in
a dose-dependent manner, when compared to the control group
(Figures 4A, B). The inhibitory rates of icaritin on the invasion
of A2780s were 22.15% and 63.83% at doses of 10 and 20 mM,
respectively. And the inhibitory rates of icaritin on the invasion
of A2780cp were 22.83% and 58.58% at doses of 10 and 20
mM, respectively.

Icaritin Inhibits the Akt/mTOR Signaling
Pathway in A2780s and A2780cp Cells
We further evaluated the underlying mechanism of icaritin on
inhibition of OC cell migration and invasion. Given that Akt and
its important downstream executor mTOR played a critical role
in controlling the ability of cell migration and invasion, we
investigated whether icaritin can restrain the Akt/mTOR
signaling pathway. We found that icaritin significantly
suppressed the phosphorylation of Akt and mTOR, but it has a
negligible effect on the expression of Akt and mTOR in both the
A2780s and A2780cp cells (Figures 5A, B). EMT was critical for
A B C

FIGURE 1 | Chemical structure of icaritin and its effects on cell viability in A2780s and A2780cp cells. (A) The chemical structure of icaritin. (B) A2780s cells were
treated with different concentrations (0–50 mM) of icaritin for 24, 48, and 72 h. The cell viability was measured by MTT assay. The data are indicated as means ±
SEM of three independent experiments. (C) A2780cp cells were treated with different concentrations (0–50 mM) of icaritin for 24, 48, and 72 h. The cell viability was
measured by MTT assay. The data are represented as means ± SEM of three independent experiments.
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tumor cell migration, invasion, and tumor metastasis (23); our
results showed that icaritin significantly decreased the expression
of mesenchymal markers (including N-cadherin and vimentin)
and increased expression of epithelial marker E-cadherin in both
the A2780s and A2780cp cells (Figures 5A, B). Taken together,
these data indicate that icaritin inhibited tumor cell motility by
suppressing EMT.
DISCUSSION

Icaritin is the major bioactive component of Epimedium, which
has been used as Chinese traditional medicine for thousands of
years. Many studies demonstrated that numerous traditional
Chinese medicine monomers have the effect of reversing tumor
resistance (24–26). Extensive evidence showed that icaritin
displayed anti-neoplastic activities in a variety of human
Frontiers in Oncology | www.frontiersin.org 4
malignancies both in vitro and in vivo (13, 27–29). For the first
time, our previous study revealed that icaritin induced OC cell
apoptosis through activating p53 and suppressing the Akt/
mTOR signaling pathway (19). However, the effects of icaritin
on migration and invasion of OC cells had not been thoroughly
investigated. Therefore, we explored in the present study if
icaritin had a significant repressive effect on migration and
invasion of both cisplatin-sensitive and cisplatin-resistant OC
cells by inhibiting the Akt/mTOR signaling pathway.

It is well established that the migratory and invasive capacity
of tumor and stromal cells is linked with tumor metastasis. At
present, it is widely believed that the fatal harm of a malignant
tumor to the human body mainly lies in tumor metastasis. The
migratory phenotype is the precondition for metastatic
spreading. Thus, determining the effect of novel agents on
migratory and invasive capabilities of tumor cells and
clarifying the underlying mechanisms is highly relevant for
A

B

FIGURE 2 | The effects of icaritin or cisplatin on the horizontal motility of A2780s and A2780cp cells by wound-healing scratch assay. (A) A2780s were treated with
icaritin (20 mM) or cisplatin (1.6 mg/ml) for 12 h or 24 h, respectively. Representative images and quantification of the migrated cells are shown. Data are represented
as means ± SEM. ***p < 0.001 by 2-tailed Student’s t-test. (B) A2780cp cells were treated with icaritin (20 mM) or cisplatin (1.6 mg/ml) for 12 h or 24 h, respectively.
Representative images and quantification of the migrated cells are shown. Data are represented as means ± SEM. *p < 0.05, ***p < 0.001 compared to CTL group
by 1-way ANOVA followed by Tukey’s post-hoc test. **p < 0.01.
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cancer diagnosis, prognosis, and treatment. It is of great
significance to inhibit the motility of tumor cells and prevent
the cells from breaking through the basal layer and leaving the
primary lesion. A wide variety of assays can be used to assess the
migratory or invasion potential and activity of cells in vitro, such
as wound-healing assay, transwell migration assay, cell exclusion
zone assay, transwell assay, 3D cell tracking, and spheroid
confrontation assay. In our present experiments, the emphasis
was placed on examining the inhibitory activity of icaritin on
Frontiers in Oncology | www.frontiersin.org 5
migratory and invasive motility of OC cells by using wound-
healing assay and transwell migration/invasion assay. The results
of our study demonstrated that icaritin inhibited the
proliferation, migration, and invasion of both A2780s and
A2780cp cells in a dose- and time-dependent manner, whose
activities were comparable to those of cisplatin. However, for the
cisplatin-resistant A2780cp cells, the anti-migration and anti-
invasion effects of icaritin were better than those of cisplatin, and
it was important to note that cisplatin-resistant OC had the
A

B

FIGURE 3 | Icaritin suppresses the migration of ovarian cancer (OC) cells. (A) A2780s were treated with icaritin (20 mM) or cisplatin (1.6 mg/ml) for 12 h.
Representative images and quantification of the migrated cells are shown. Data are represented as means ± SEM. ***p < 0.001 by 2-tailed Student’s t-test.
(B) A2780cp cells were treated with icaritin (20 mM) or cisplatin (1.6 mg/ml) for 12 h. Representative images and quantification of the migrated cells are shown.
Data are represented as means ± SEM. *p < 0.05, ***p < 0.001 compared to CTL group by 1-way ANOVA followed by Tukey’s post-hoc test.
A

B

FIGURE 4 | Icaritin inhibits the invasion of ovarian cancer (OC) cells. (A) A2780s were treated with icaritin (20 mM) or cisplatin (1.6 mg/ml) for 24 h. Representative
images and quantification of the invaded cells are shown. Data are represented as means ± SEM. ***p < 0.001 by 2-tailed Student’s t-test. (B) A2780cp cells were
treated with icaritin (20 mM) or cisplatin (1.6 mg/ml) for 24 h. Representative images and quantification of the invaded cells are shown. Data are represented as means
± SEM. *p < 0.05, **p < 0.01, ***p < 0.001 compared to CTL group by 1-way ANOVA followed by Tukey’s post-hoc test.
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ability to metastasize. Taken together, icaritin is a promising
antitumor agent for both cisplatin-sensitive and cisplatin-
resistant OC.

Drug resistance is a complicated phenomenon, which has been
recognized to severely limit therapeutic outcomes. OC is one of the
lethal malignancies in women and cisplatin-based chemotherapy
remains the main treatment of OC patients. However, its
clinical success is often diminished by chemoresistance. The
chemoresistance mechanisms are usually classified into two
categories, intrinsic and acquired resistance, but the underlying
mechanism of chemoresistance in OC is not completely understood
(30). Aberrant activation of the PI3K/Akt/mTOR pathway had been
found in various cancers and had been suggested to stimulate
proliferation and drug resistance (31). It was reported that the
PI3K/Akt/mTOR signaling pathway, EMT, and cancer stem cells
played important roles in tumor progression, metastasis, and
chemoresistance (32). Numerous studies demonstrated that
inhibition of the PI3K/Akt/mTOR signaling pathway alleviated
OC chemoresistance (33–35). Icaritin has been shown to have an
anticancer effect against various drug-resistance cell types via
different signaling pathways. For example, icaritin can effectively
reverse the multidrug resistance of multiple myeloma cell line KM3/
BTZ by decreasing the expression of HSP27 and increasing the
expression of Par-4 (36). Icaritin possessed a potential effect onMG-
63 doxorubicin-resistant (MG-63/DOX) cells by decreasing the
mRNA and protein levels of multidrug resistance protein 1
(MDR1) and multidrug resistance-associated protein 1 (MRP1)
and blocking the phosphorylation of STAT3 (20). Icaritin reversed
multidrug resistance of HepG2/ADR human hepatoma cells via
downregulation of MDR1 and P-glycoprotein expression (37).
Here, we found that icaritin inhibited the migration and invasion
of cisplatin-resistant OC cells. In addition, the Western blotting
Frontiers in Oncology | www.frontiersin.org 6
analysis revealed that icaritin suppressed the Akt/mTOR signaling
pathway and process of EMT on both the cisplatin-sensitive and
cisplatin-resistant OC cells. Taken together, this study proposes the
anticancer mechanism of icaritin in OC.

In conclusion, icaritin could be a potential anti-metastatic agent
in cisplatin-resistant OC, and the mechanism might be associated
with the inhibition of the Akt/mTOR signaling pathway.
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FIGURE 5 | Icaritin inhibits epithelial–mesenchymal transformation (EMT) of ovarian cancer (OC) cells via the Akt/mTOR signaling pathways. (A) Icaritin decreased
the phosphorylation levels of Akt and mTOR, and the expression of vimentin, accompanied by increased expression of E-cadherin in A2780s cells. (B) Icaritin
decreased the phosphorylation levels of Akt and mTOR, and the expression of vimentin, accompanied by increased expression of E-cadherin in A2780cp cells.
April 2022 | Volume 12 | Article 843489

https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Gao et al. Icaritin Inhibits OC Cell Motility
REFERENCES

1. Siegel RL, Miller KD. Cancer Statistics, 2019. CA Cancer J Clin (2019) 69:7–
34. doi: 10.3322/caac.21551

2. Chou JL, Su HY, Chen LY, Liao YP, Hartman-Frey C, Lai YH, et al. Promoter
Hypermethylation of FBXO32, a Novel TGF-Beta/SMAD4 Target Gene and
Tumor Suppressor, Is Associated With Poor Prognosis in Human Ovarian
Cancer. Lab Investigation J Tech Methods Pathol (2010) 90:414–25.
doi: 10.1038/labinvest.2009.138

3. Romero I, Bast RCJr.Minireview: Human Ovarian Cancer: Biology, Current
Management, and Paths to Personalizing Therapy. Endocrinology (2012)
153:1593–602. doi: 10.1210/en.2011-2123

4. Boulikas T, Vougiouka M. Cisplatin and Platinum Drugs at the Molecular
Level (Review). Oncol Rep (2003) 10:1663–82. doi: 10.3892/or.10.6.1663

5. Chu G. Cellular Responses to Cisplatin. The Roles of DNA-Binding Proteins and
DNA Repair. J Biol Chem (1994) 269:787–90. doi: 10.1016/S0021-9258(17)42175-2

6. Kelland L. The Resurgence of Platinum-Based Cancer Chemotherapy, Nature
Reviews. Cancer (2007) 7:573–84. doi: 10.1038/nrc2167

7. Ma H, He X, Yang Y, Li M, Hao D, Jia Z. The Genus Epimedium: An
Ethnopharmacological and Phytochemical Review. J Ethnopharmacol (2011)
134:519–41. doi: 10.1016/j.jep.2011.01.001

8. Liu YQ, Yang QX, Cheng MC, Xiao HB. Synergistic Inhibitory Effect of
Icariside II With Icaritin From Herba Epimedii on Pre-Osteoclastic
RAW264.7 Cell Growth. Phytomed: Int J Phytother Phytopharmacol (2014)
21:1633–7. doi: 10.1016/j.phymed.2014.07.016

9. Zhu DY, Lou YJ. Inducible Effects of Icariin, Icaritin, and Desmethylicaritin on
Directional Differentiation of Embryonic StemCells Into Cardiomyocytes In Vitro.
Acta Pharmacol Sin (2005) 26:477–85. doi: 10.1111/j.1745-7254.2005.00076.x

10. Wang Z, Zhang X, Wang H, Qi L, Lou Y. Neuroprotective Effects of Icaritin
Against Beta Amyloid-Induced Neurotoxicity in Primary Cultured Rat
Neuronal Cells via Estrogen-Dependent Pathway. Neuroscience (2007)
145:911–22. doi: 10.1016/j.neuroscience.2006.12.059

11. Liao J, Liu Y, Wu H, Zhao M, Tan Y, Li D, et al. The Role of Icaritin in
Regulating Foxp3/IL17a Balance in Systemic Lupus Erythematosus and Its
Effects on the Treatment of MRL/lpr Mice. Clin Immunol (Orlando Fla)
(2016) 162:74–83. doi: 10.1016/j.clim.2015.11.006

12. Lu X, Xue B, Zhang T, Zhou X, Zhang Y. Down-Regulation of microRNA-10a
Mediates the Anti-Tumor Effect of Icaritin in A549 Cells via the PTEN/AKT and
ERK Pathway. Gen Physiol Biophysics (2019) 38:525–33. doi: 10.4149/gpb_2019041

13. Hu J, Wu X, Yang C, Rashid K, Ma C, Hu M, et al. Anticancer Effect of Icaritin
on Prostate Cancer via Regulating miR-381-3p and Its Target Gene UBE2C.
Cancer Med (2019) 8:7833–45. doi: 10.1002/cam4.2630

14. Wang S, Wang Q, Wang H, Qin C, Cui X, Li L, et al. Induction of ROS and
DNA Damage-Dependent Senescence by Icaritin Contributes to Its
Antitumor Activity in Hepatocellular Carcinoma Cells. Pharm Biol (2019)
57:424–31. doi: 10.1080/13880209.2019.1628073

15. Liu Y, Shi L, Liu Y, Li P, Jiang G, Gao X, et al. Activation of PPARgamma
Mediates Icaritin-Induced Cell Cycle Arrest and Apoptosis in Glioblastoma
Multiforme. Biomed Pharmacother Biomed Pharmacother (2018) 100:358–66.
doi: 10.1016/j.biopha.2018.02.006

16. Han S, Gou Y, Jin D, Ma J, Chen M, Dong X. Effects of Icaritin on the
Physiological Activities of Esophageal Cancer Stem Cells. Biochem Biophys Res
Commun (2018) 504:792–6. doi: 10.1016/j.bbrc.2018.08.060

17. Wang X, Zheng N, Dong J, Wang X, Liu L, Huang J. Estrogen Receptor-
Alpha36 Is Involved in Icaritin Induced Growth Inhibition of Triple-Negative
Breast Cancer Cells. J Steroid Biochem Mol Biol (2017) 171:318–27.
doi: 10.1016/j.jsbmb.2017.05.009

18. Chen X, Song L, Hou Y, Li F. Reactive Oxygen Species Induced by Icaritin
Promote DNA Strand Breaks and Apoptosis in Human Cervical Cancer Cells.
Oncol Rep (2019) 41:765–78. doi: 10.3892/or.2018.6864

19. Gao L, Chen M, Ouyang Y, Li R, Zhang X, Gao X, et al. Icaritin Induces
Ovarian Cancer Cell Apoptosis Through Activation of P53 and Inhibition of
Akt/mTOR Pathway. Life Sci (2018) 202:188–94. doi: 10.1016/j.lfs.2018.03.059

20. Wang ZD, Wang RZ, Xia YZ, Kong LY, Yang L. Reversal of Multidrug
Resistance by Icaritin in Doxorubicin-Resistant Human Osteosarcoma Cells.
Chin J Nat Med (2018) 16:20–8. doi: 10.1016/S1875-5364(18)30026-8

21. Hwang E, Lin P, Ngo HTT, GaoW,Wang YS, Yu HS, et al. Icariin and Icaritin
Recover UVB-Induced Photoaging by Stimulating Nrf2/ARE and Reducing
Frontiers in Oncology | www.frontiersin.org 7
AP-1 and NF-kappaB Signaling Pathways: A Comparative Study on UVB-
Irradiated Human Keratinocytes. Photochem Photobiol Sci: Off J Eur
Photochem Assoc Eur Soc Photobiol (2018) 17:1396–408. doi: 10.1039/
C8PP00174J

22. DuM, Qiu Q, Gruslin A, Gordon J, HeM, Chan CC, et al. SB225002 Promotes
Mitotic Catastrophe in Chemo-Sensitive and -Resistant Ovarian Cancer Cells
Independent of P53 Status In Vitro. PloS One (2013) 8:e54572. doi: 10.1371/
journal.pone.0054572

23. Brabletz T, Kalluri R, Nieto MA, Weinberg RA. EMT in Cancer. Nat Rev
Cancer (2018) 18:128–+. doi: 10.1038/nrc.2017.118

24. Sui H, Liu X, Jin BH, Pan SF, Zhou LH, Yu NA, et al. Zuo Jin Wan, a
Traditional Chinese Herbal Formula, Reverses P-Gp-Mediated MDR In Vitro
and In Vivo. Evid Based Complement Alternat Med (2013) 2013:957078. doi:
10.1155/2013/957078

25. Li XJ, Zhang HY. Western-Medicine-Validated Anti-Tumor Agents and
Traditional Chinese Medicine. Trends Mol Med (2008) 14:1–2. doi: 10.1016/
j.molmed.2007.11.002

26. Chai S, To KK, Lin G. Circumvention of Multi-Drug Resistance of Cancer
Cells by Chinese Herbal Medicines. Chin Med (2010) 5:26. doi: 10.1186/1749-
8546-5-26

27. Tong JS, Zhang QH, Huang X, Fu XQ, Qi ST, Wang YP, et al. Icaritin Causes
Sustained ERK1/2 Activation and Induces Apoptosis in Human Endometrial
Cancer Cells. PloS One (2011) 6:e16781. doi: 10.1371/journal.pone.0016781

28. Guo Y, Zhang X, Meng J, Wang ZY. An Anticancer Agent Icaritin Induces
Sustained Activation of the Extracellular Signal-Regulated Kinase (ERK)
Pathway and Inhibits Growth of Breast Cancer Cells. Eur J Pharmacol
(2011) 658:114–22. doi: 10.1016/j.ejphar.2011.02.005

29. Li S, Priceman SJ, Xin H, Zhang W, Deng J, Liu Y, et al. Icaritin Inhibits JAK/
STAT3 Signaling and Growth of Renal Cell Carcinoma. PloS One (2013) 8:
e81657. doi: 10.1371/journal.pone.0081657

30. Liu X, Chan D, Ngan H. Gynecology & Obstetrics Mechanisms of
Chemoresistance in Human Ovarian Cancer at a Glance. Gynecol Obstetr
(2012) 2:e104. doi: 10.4172/2161-0932.1000e104

31. Ghayad SE, Cohen PA. Inhibitors of the PI3K/Akt/mTOR Pathway: New
Hope for Breast Cancer Patients. Recent Patents Anti-Cancer Drug Discov
(2010) 5:29–57. doi: 10.2174/157489210789702208

32. Deng J, Wang L, Chen H, Hao J, Ni J, Chang L, et al. Targeting Epithelial-
Mesenchymal Transition and Cancer Stem Cells for Chemoresistant Ovarian
Cancer. Oncotarget (2016) 7:55771–88. doi: 10.18632/oncotarget.9908

33. Deng J, Bai X, Feng X, Ni J, Beretov J, Graham P, et al. Inhibition of PI3K/Akt/
mTOR Signaling Pathway Alleviates Ovarian Cancer Chemoresistance
Through Reversing Epithelial-Mesenchymal Transition and Decreasing
Cancer Stem Cell Marker Expression. BMC Cancer (2019) 19:618.
doi: 10.1186/s12885-019-5824-9

34. Gasparri ML, Besharat ZM, Farooqi AA, Khalid S, Taghavi K, Besharat RA,
et al. MiRNAs and Their Interplay With PI3K/AKT/mTOR Pathway in
Ovarian Cancer Cells: A Potential Role in Platinum Resistance. J Cancer
Res Clin Oncol (2018) 144:2313–8. doi: 10.1007/s00432-018-2737-y

35. Lengyel CG, Altuna SC, Habeeb BS, Trapani D, Khan SZ. The Potential of
PI3K/AKT/mTOR Signaling as a Druggable Target for Endometrial and
Ovarian Carcinomas. Curr Drug Targets (2019) 21(10):946–61.
doi: 10.2174/1389450120666191120123612

36. Li ZY, Li ZJ, Chen X, Huang XR, Fang ZQ, Zhang JG, et al. [Icaritin Reverses
Multidrug Resistance of Multiple Myeloma Cell Line KM3/BTZ]. Zhongguo
Shi Yan Xue Ye Xue Za Zhi (2017) 25:1690–5. doi: 10.7534/j.issn.1009-
2137.2017.06.020

37. Sun L, Chen W, Qu L, Wu J, Si J. Icaritin Reverses Multidrug Resistance of
HepG2/ADR Human Hepatoma Cells via Downregulation of MDR1 and
Pglycoprotein Expression. Mol Med Rep (2013) 8:1883–7. doi: 10.3892/
mmr.2013.1742

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
April 2022 | Volume 12 | Article 843489

https://doi.org/10.3322/caac.21551
https://doi.org/10.1038/labinvest.2009.138
https://doi.org/10.1210/en.2011-2123
https://doi.org/10.3892/or.10.6.1663
https://doi.org/10.1016/S0021-9258(17)42175-2
https://doi.org/10.1038/nrc2167
https://doi.org/10.1016/j.jep.2011.01.001
https://doi.org/10.1016/j.phymed.2014.07.016
https://doi.org/10.1111/j.1745-7254.2005.00076.x
https://doi.org/10.1016/j.neuroscience.2006.12.059
https://doi.org/10.1016/j.clim.2015.11.006
https://doi.org/10.4149/gpb_2019041
https://doi.org/10.1002/cam4.2630
https://doi.org/10.1080/13880209.2019.1628073
https://doi.org/10.1016/j.biopha.2018.02.006
https://doi.org/10.1016/j.bbrc.2018.08.060
https://doi.org/10.1016/j.jsbmb.2017.05.009
https://doi.org/10.3892/or.2018.6864
https://doi.org/10.1016/j.lfs.2018.03.059
https://doi.org/10.1016/S1875-5364(18)30026-8
https://doi.org/10.1039/C8PP00174J
https://doi.org/10.1039/C8PP00174J
https://doi.org/10.1371/journal.pone.0054572
https://doi.org/10.1371/journal.pone.0054572
https://doi.org/10.1038/nrc.2017.118
https://doi.org/10.1155/2013/957078
https://doi.org/10.1016/j.molmed.2007.11.002
https://doi.org/10.1016/j.molmed.2007.11.002
https://doi.org/10.1186/1749-8546-5-26
https://doi.org/10.1186/1749-8546-5-26
https://doi.org/10.1371/journal.pone.0016781
https://doi.org/10.1016/j.ejphar.2011.02.005
https://doi.org/10.1371/journal.pone.0081657
https://doi.org/10.4172/2161-0932.1000e104
https://doi.org/10.2174/157489210789702208
https://doi.org/10.18632/oncotarget.9908
https://doi.org/10.1186/s12885-019-5824-9
https://doi.org/10.1007/s00432-018-2737-y
https://doi.org/10.2174/1389450120666191120123612
https://doi.org/10.7534/j.issn.1009-2137.2017.06.020
https://doi.org/10.7534/j.issn.1009-2137.2017.06.020
https://doi.org/10.3892/mmr.2013.1742
https://doi.org/10.3892/mmr.2013.1742
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Gao et al. Icaritin Inhibits OC Cell Motility
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Gao, Ouyang, Li, Zhang, Gao, Lin and Wang. This is an
open-access article distributed under the terms of the Creative Commons
Frontiers in Oncology | www.frontiersin.org 8
Attribution License (CC BY). The use, distribution or reproduction in other forums
is permitted, provided the original author(s) and the copyright owner(s) are credited
and that the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does not
comply with these terms.
April 2022 | Volume 12 | Article 843489

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	Icaritin Inhibits Migration and Invasion of Human Ovarian Cancer Cells via the Akt/mTOR Signaling Pathway
	Introduction
	Materials and Methods
	Reagents
	Cells and Cell Culture
	Cell Viability Assays
	Wound-Healing Scratch Assay
	Cell Migration and Invasion Analysis
	Western Blotting
	Statistical Analysis

	Results
	Icaritin Inhibits the Proliferation of Human Ovarian Cancer A2780s and A2780cp Cells
	Icaritin Suppresses the Wound Healing Ability of A2780s and A2780cp Cells
	Icaritin Inhibits the Migration of A2780s and A2780cp Cells
	Icaritin Attenuates the Invasion of A2780s and A2780cp Cells
	Icaritin Inhibits the Akt/mTOR Signaling Pathway in A2780s and A2780cp Cells

	Discussion
	Data Availability Statement
	Author Contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


