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Introduction

Ovarian cancer (OC) is characterized by hidden onset, 
lack of early clinical symptoms, and high recurrence rate. 
It is the gynecological malignant tumor with the highest 
mortality rate (1). At present, the treatment of OC is 
mainly based on surgery and postoperative combined 

chemotherapy, immunotherapy and radiotherapy (2). 
However, due to the weakness of patients and the adverse 
reactions of chemotherapy, the outcome of western medical 
treatment is often affected, so new strategies are needed to 
reduce the progression and mortality of OC.

In  recent  year s ,  na tura l -der i ved  component s 
have attracted much attention due to their potential 
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tumor se lect iv i ty,  cytotoxic  ef fects  and few s ide 
effects.  Isorhamnetin (ISO) (3'-methoxy-3,4',5,7-
tetrahydroxyflavone), a flavonol aglycone, which is rich in 
fruits, vegetables and tea, as well as traditional medicines 
such as Hippophae rhamnoides (L.), Vernonia anthelmintica 
(L.), and Astragalus membranaceus (Fisch.) (3,4). A variety 
of studies have shown that ISO has a significant role in 
immune regulation, anti-inflammatory, cardiovascular 
and cerebrovascular protection (5-7). In addition, its 
anticancer effect has been confirmed in colon cancer (8), 
breast cancer (9) and lung cancer (10). In these tumors, ISO 
exhibits comprehensive antitumor activity by inhibiting cell 
proliferation and migration and activating apoptosis (10,11). 
Although the inhibitory effect of ISO on cancer cells 
has been widely studied, its potential role and molecular 
mechanism in OC treatment are still unclear.

Network pharmacology is a valuable new method that 
integrates system biology and bioinformatics to elucidate 
the complex mechanisms of drugs (12). It has been applied 
to predict protein targets and disease pathways of natural 
plant components (13). In this study, the target of ISO for 
OC was predicted based on a public database, and then a 
protein-protein interaction (PPI) network was created and 
Gene Ontology (GO) and Kyoto Encyclopedia of Genes 
and Genomes (KEGG) pathway enrichment analyses 
were performed. Finally, we conducted in vitro and in vivo  
experiments to verify the results. We present the following 
article in accordance with the ARRIVE reporting 
checklist (available at https://atm.amegroups.com/article/
view/10.21037/atm-22-5064/rc).

Methods

Prediction of ISO targets and identification of OC-related 
genes

The 3D molecular structure (SDF format) of ISO was 
downloaded from the PubChem database (https://
pubchem.ncbi.nlm.nih.gov/), then uploaded SDF files to 
PharmMapper (http://www.lilab-ecust.cn/pharmmapper/) 
to predict drug targets. OC-related targets were obtained 
from the GeneCard database (https://www.genecards.org/). 
The intersection of ISO and OC target genes was drawn 
by Venn diagram (https://biiofogp.cnb.csic.es/tools/venny/) 
with VENNY 2.1. In the plotting operation, 114 ISO target 
genes and 625 OC-related targets were input, and 25 cross-
targets were obtained.

GO and KEGG analyses

GO and KEGG enrichment analyses were performed 
using the Metascape database (http://metascape.org/gp/
index.html#/main/step1) to further explore the potential 
biological functions and mechanisms of the target genes. 
The GO and KEGG analysis results are shown as bar charts 
and bubble charts, respectively.

Construction of PPI network

The overlapping genes were imported into the STRING 
database (https://string-db.org/) to construct the PPI 
network, and then visualized by Cytoscape 3.8.2 software.

Differential expression analysis of overlapping genes

Based on GEO2R (http://www.ncbi.nlm.nih.gov/geo/
geo2r/) analysis of the GSE66957 database, with |Log2[fold 
change (FC)]| >1 and corrected P value <0.01 as the 
truncation standard, the differentially expressed upregulated 
genes were obtained and intersected with the above 25 
target genes, from which 13 common genes were found.

Overlapping gene expression and survival analysis of OC 
patients

Cancer transcriptome data from clinical patients were 
analyzed using the online public cancer transcriptome 
database UALCAN (http://ualcan.path.uab.edu/), which 
can compare and analyze the expression of a gene in 
normal and tumor samples, and evaluate the effect of 
clinicopathological features and gene expression levels 
on patient survival (14). Subsequently, Kaplan-Meier  
(K-M) survival analysis was performed on the target genes 
to explore the value and significance of each single gene in 
OC prognostic prediction.

Cell culture and transfection

Human OC cell lines (SKOV-3 and HO8910) were 
purchased from the American Type Culture Collection 
(ATCC, USA). The cells were cultured in RPMI-1640 
medium (Gibco, USA) containing 10% fetal bovine serum 
(FBS; Gibco, USA) and 1% penicillin/streptomycin 
(100×) (Yeasen, Shanghai, China) at 37 ℃ in a 5% CO2 
incubator, before being seeded in 12-well plates at a density 
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of 1×106 cells/well. When the cell confluence reached 
80%, Lipofectamine 2000 (Invitrogen, USA) and serum-
free RPMI-1640 medium (Gibco, USA) were used for 
transfection. After 6 h of transfection, the culture medium 
was updated to fresh medium, cell cultivation continued, 
and follow-up experiments were performed after 24 h. 
Estrogen receptor 1 (ESR1) overexpression plasmid and its 
negative control empty vector (Vector), shRNA-ESR11# 
(shESR1 1#), shESR1 2# and its negative control shNC 
were all obtained from GenePharma Ltd., Co. (Shanghai, 
China).

Cell Counting Kit 8 (CCK8) assay

SKOV3 and HO8910 cells were seeded in 96-well plates at 
100 μL/well (≈1×104) and cultured in a 5% CO2 incubator 
at 37 ℃ for 24 h. After treatment with 0, 5, 10, 15 or 20 μM  
ISO (Sigma-Aldrich, USA), ISO concentration setting 
based on research by Hu et al. (6) or the corresponding 
transfection treatment according to the experimental 
protocol, 10 μL CCK-8 solution (Beyotime, Shanghai, 
China) was added to each well, and cultured at 37 ℃ for 2 h.  
The absorbance at 450 nm was detected by a microplate 
reader (Bio-Tek, USA). 

Colony formation experiment 

SKOV3 and HO8910 cells were cultured overnight in 
6-well plates (500 cells/well) and then treated with 15 μM 
ISO or vector for 24 h. After treatment, the cells were 
cultured in complete medium for 15 days and the medium 
was replaced every 2 days. Cell colonies were fixed with 4% 
paraformaldehyde (PFA) and stained with 1% crystal violet 
staining solution. The number of colonies >50 cells was 
counted under an optical microscope (Olympus, Japan).

Wound healing test 

SKOV3 and HO8910 cells were seeded in 6-well plates 
at a density of 2×105 cells/well and cultured to about 
100% confluence. Scratches were generated by scraping 
monolayer cells with a 200-μL pipette tip, and then washed 
three times with serum-free medium to remove unattached 
cells. The wounds were then treated with 15 μM ISO or 
vector for 24 h. Wound areas were photographed under a 
microscope (Olympus, Japan) for 0 and 24 h, and wound 
closure was quantified using ImageJ software.

Transwell assay 

SKOV3 and HO8910 cells were seeded in serum-free 
medium, with 15 μM ISO or vector added, then seeded in 
the upper chamber of a Matrigel-coated transwell chamber 
(Corning, Cambridge, USA); 600 μL RPMI-1640 medium 
(5% FBS) was added to the lower chamber. After 24 h 
incubation, the non-migrating cells on the upper surface of 
the membrane were removed with a cotton swab, and the 
cells penetrating the lower surface of the membrane were 
stained with crystal violet. Cells were counted from five 
random microscopic fields using ImageJ software.

Western blotting 

The total proteins were extracted from SKOV3 and 
HO8910 cells and quantified by BCA protein analysis kit 
(Beyotime), then separated by sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE). After 
separation, each protein was transferred to a polyvinylidene 
fluoride (PVDF) membrane (Millipore, USA), which was 
blocked with 5% skimmed milk at room temperature for 
2 h and then incubated with the corresponding primary 
antibody overnight at 4 ℃. The membrane was washed 
three times with phosphate buffer solution with 0.1% 
Tween-20 (PBST) for 10 min each time, and incubated 
with secondary antibody at 37 ℃ for 1 h. Protein bands 
were visualized using an imaging system and enhanced 
chemiluminescence (ECL) reagents (Millipore, USA). 
β-actin was used as an internal control, and the results were 
analyzed using ImageJ software. The primary antibodies 
used were: β-actin (1:500, ab115777, Abcam), Ki67 (1:1,000, 
ab16667, Abcam), matrix metalloproteinase (MMP)9 
(1:1,000, ab228402, Abcam), MMP2 (1:1,000, ab92536, 
Abcam), and ESR1 (1:1,000, ab108398, Abcam).

Tumor xenograft model 

For the in vivo experiment, 5-week-old female BALB/
c nude mice (18–20 g bodyweight) were purchased from 
Beijing Vital River Laboratory Animal Technology Co., 
Ltd., and raised under standard laboratory conditions. The 
light and dark cycle was 12 h. A tumor xenograft model was 
established by subcutaneous injection of SKOV3 cells into 
the under the skin of the righthand side of the abdomen of 
mice (100 μL, 2×107 cells). On the 7th day after injection 
of SKOV3 cells, the mice were randomly divided into a 
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control group and ISO group (20 mg/kg, 5 mice in each 
group). The ISO group was treated with 20 mg/kg ISO (6), 
and the control group was treated with an equal volume 
of dimethyl sulfoxide (DMSO; Sigma-Aldrich, USA), by 
intravenous injection once every other day. The first day 
of ISO treatment was defined as day 1. The length (L) 
and width (W) of the tumor were measured every other 
day; tumor volume (V) = (L × W2)/2 (15). At the end of 
the treatment, the mice were executed by decortication, 
the tumors were removed, weighed, the tumor size 
was measured and the volume was calculated. Animal 
experiments were performed under a project license (No. 
20221014004) granted by ethics committee of West China 
Hospital of Sichuan University, in compliance with national 
guidelines for the care and use of animals. A protocol was 
prepared before the study without registration.

Statistical analysis 

The results are expressed as mean ± standard deviation (SD), 
and data analysis was performed using SPSS 23.0 a and 
GraphPad Prism (Version 8.0). The relationship between 
ERS1 expression and overall survival (OS) of OC patients 
was analyzed by K-M survival curve and log-rank analysis. 
One-way ANOVA and Student’s t-test were used to analyze 
the results. A level of P<0.05 was deemed significant.

Results

Screening and functional analysis of target genes of ISO in 
treatment of OC

We used the PharmMapper platform to predict the 
potential binding genes of ISO. Finally, 114 genes were 
predicted to be ISO binding genes, and 625 OC-related 
genes were obtained from the GeneCard database. Using 
Venny 2.1.0 mapping software, ISO-regulated targets were 
intersected with OC targets to obtain 25 intersectional genes  
(Figure 1A). In order to elucidate the potential mechanism 
of ISO on OC regulation, we used Metascape software to 
analyze the GO and KEGG pathways of the 25 intersection 
genes. As shown in Figure 1B, GO enrichment analysis 
includes biological processes (BP), cellular components 
(CC), and molecular functions (MF). We found that BP 
was related to cell apoptosis, proliferation, migration and 
drug response, etc., CC was related to receptor complexes, 
mitochondria, endoplasmic reticulum membrane, etc., and 
MF were related to organic cyclic compound binding, drug 

binding and kinase activity, etc. KEGG analysis showed that 
overlapping gene enriched the PI3K-Akt signaling pathway, 
MAPK signaling pathway, and Ras signaling pathway, which 
may be the potential pharmacological mechanisms of ISO 
in the treatment of OC (Figure 1C). In order to explore the 
protein interactions among the 25 overlapping targets of ISO 
and OC, the gene information was uploaded to the STRING 
database to form a PPI network diagram (Figure 1D). 

Expression and survival analysis of target genes of ISO 
and OC intersection

We used the GEO2R tool to screen 7,684 upregulated 
genes from the GSE66957 database that intersected with 
the 25 genes by Venny 2.1.0 mapping software, and found 
13 overlapping genes (Figure 2A,2B). As shown in Figure 2C,  
we found that the expression of ESR1 mRNA in OC 
samples was significantly higher than that in normal 
controls (P<0.01). In order to further clarify the prognostic 
value of these overlapping genes, we analyzed the OS of OC 
patients through the UALCAN database and K-M plotter. 
As shown in Figure 2D, we found that high expression of 
ESR1 mRNA was associated with low OS (P<0.05); other 
genes had no statistical effect on OS. Compared with the 
good prognosis group, the expression of ESR1 in the poor 
prognosis group was significantly upregulated (P<0.05, 
Figure 2E). Notably, patients with high ESR1 expression 
had significantly shorter disease-free survival than patients 
with low ESR1 expression (P<0.05, Figure 2F).

Effect of ISO on the proliferation, migration and invasion 
of OC cells

The cytotoxicity of 5, 10, 15 and 20 μM ISO on human 
OC cells (SKOV3 and HO8910) was determined by 
CCK-8 assay. ISO significantly decreased the viability of 
SKOV3 and HO8910 cells in a dose-dependent manner 
compared with 0 μM ISO (Control) group (P<0.05). When 
the concentration was 15 μM, ISO reduced the viability of 
SKOV3 and HO8910 cells to ≈53% and 50%, respectively 
(Figure 3A,3B). Therefore, 15 μM ISO was selected as 
the treatment dose in subsequent experiments. As shown 
in Figure 3C-3H, we found that 15 μM ISO inhibited the 
cell viability of SKOV3 and HO8910 in a time-dependent 
manner, and significantly inhibited cell colony formation, 
wound healing and invasion (P<0.05). In addition, Western 
blot was used to detect the protein levels of proliferation 
and invasion-related biomarkers after ISO treatment. The 
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Figure 1 Target screening and functional analysis of ISO in OC. (A) Venn diagram shows 25 intersectional target genes of 114 ISO target 
genes and 625 OC target genes. (B) GO functional enrichment analysis. (C) KEGG enrichment analysis. (D) PPI network analysis. ISO, 
isorhamnetin; OC, ovarian cancer; GO, Gene Ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes; PPI, protein-protein 
interaction; BP, biological processes; CC, cellular components; MF, molecular functions; ABC, ATP-binding cassette.
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results showed that the protein levels of Ki67, MMP9, and 
MMP2 in SKOV3 and HO8910 cells were significantly 
decreased after 15 μM ISO treatment (P<0.05, Figure 3I), 
which suggested that the anti-metastatic effect of ISO on 
OC cells is related to inhibition of MMP2 and MMP9 
protein expression.

Effect of ISO on tumor growth of OC in vivo

A xenograft mouse model was established to explore the 
antitumor effect of ISO in vivo. As shown in Figure 4, 
compared with the Control group, the tumor volume and 
weight of the ISO (20 mg/kg) group were significantly 
reduced (P<0.05), which indicated that ISO inhibited the 
growth of OC cell xenografts in nude mice.

Effect of ESR1 on the proliferation, migration and 
invasion of OC cells in vitro

The role of ESR1 in the proliferation, migration and 
invasion of OC cells was detected by overexpression or 
knockdown of ESR1 expression. The protein levels of 
ESR1 in SKOV3 and HO8910 cells transfected with 

vector, ESR1were detected by western blotting. The results 
showed that, in SKOV3 and HO8910 cells, the level of 
ESR1 protein in ESR1 group was significantly increased 
(Figure 5A). Subsequently, as shown in Figure 5B-5G,  
CCK-8, colony formation, wound healing and transwell 
analysis showed that the viability of SKOV3 and HO8910 
cells was enhanced, and the numbers of colonies and 
invasive cells increased significantly, while the wound width 
decreased significantly at 24 h after overexpression of ESR1 
(P<0.05), indicating that ESR1 overexpression promoted 
the proliferation, migration and invasion of OC cells. 
Western blotting experiment showed that, in SKOV3 and 
HO8910 cells, the level of ESR1 protein in the shESR1 
1# and shESR1 2# groups were significantly decreased 
than in the shNC group (Figure 5H). And knockdown of 
ESR1 expression inhibited the proliferation, migration and 
invasion of OC cells (Figure 5I-5N).

Effect of ISO on the proliferation, migration and invasion 
of OC cells mediated by ESR1

The protein levels of ESR1 in SKOV3 and HO8910 cells 
treated with 5, 10, 15 and 20 μM ISO for 24 h were detected 

Figure 2 Survival analysis identification of ISO therapeutic OC targets. (A) Venn diagram shows the upregulated genes in the GSE66957 
database and 13 overlapping genes among 25 intersection target genes. (B) mRNA expression levels of the 13 overlapping genes. (C) 
Expression of ESR1 in OC and normal tissues. (D) Analysis of ESR1 expression and overall survival in patients with OC. (E) Expression of 
ESR1 in patients with good and poor prognoses. (F) Analysis of ESR1 expression and disease-free survival in patients with OC. Comparison 
with corresponding group, *, P<0.05; **, P<0.01. ISO, isorhamnetin; OC, ovarian cancer; ESR1, estrogen receptor 1; FC, fold change.
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Figure 3 ISO inhibits the proliferation, migration and invasion of SKOV3 and HO8910 cells in vitro. (A,B) Viability of SKOV3 and 
HO8910 cells treated with ISO (0–20 μM) for 24 h measured by CCK-8 assay. (C,D) Effect of ISO 15 μM treatment for 1–5 days on the 
viability of OC cells determined by CCK-8 assay. SKOV3 and HO8910 cells were treated with 15 μM ISO for 24 h. (E) Colony formation 
assay. Crystal violet staining; magnification, ×1. (F,G) Wound healing experiment and images of monolayers were captured under an optical 
light microscope. Scale bar =200 μm. (H) Transwell assay. Crystal violet staining; scale bar =200 μm. (I) Western blot detects the expression 
of Ki67, MMP9 and MMP2 protein. Compared with the Control group, *, P<0.05. ISO, isorhamnetin; OC, ovarian cancer; MMP, matrix 
metalloproteinase; OD, optical density.
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by western blotting. The protein level of ESR1 decreased 
with increasing ISO concentration (P<0.05, Figure 6A). 
At the same time, the protein level of ESR1 decreased 
with the passage of time after SKOV3 and HO8910 cells 
were treated with 15 μM ISO for 12, 24 and 48 h (P<0.05, 
Figure 6B). To further analyze whether ISO affects OC 
progression by regulating ESR1 expression, we transfected 
SKOV3 and HO8910 cells with ESR1 or 15 μM ISO alone 
and in combination for 24 h. The western blotting results 
showed that compared with the Control group, ESR1 
protein expression was upregulated after ESR1 transfection, 
and downregulated in the ISO group. Compared with the 
ISO group, ESR1 protein expression was upregulated in the 
ESR1 + ISO group (P<0.05, Figure 6C). Subsequently, as 
shown in Figure 6D-6I, compared with the Control group, 
the viability of SKOV3 and HO8910 cells after ESR1 
transfection was significantly increased, the numbers of 
colonies and invasive cells was significantly increased, and 
the width of the wound was significantly reduced (P<0.05), 
all of which was reversed after ISO treatment. Notably, 
ESR1 transfection significantly reversed the inhibitory 
effects of ISO on the proliferation, migration and invasion 
of SKOV3 and HO8910 cells (P<0.05). These results 
indicated that ISO inhibited the proliferation, migration 
and invasion of OC cells by regulating ESR1.

Discussion

In recent years, substantial evidence has shown that many 
natural product-based drugs have attracted the attention of 
scientists due to their beneficial effects on many diseases, 
especially tumor metastasis. ISO is an effective component 
of Chinese herbal medicine or Shenqi Fuzheng injection 
commonly used in clinical treatment of lung cancer, and 
with low side effects (16), but no confirmatory evidence 
for its effect on OC cells has been available to date. In the 
study of Chinese medicine compound preparations and 
monomers, network pharmacology has been widely used 
in China, including data collection, target prediction, 
multi-component interaction network analysis and signal 
pathway prediction. Network pharmacology emphasizes 
the integration of biological networks and drug action 
networks. It analyzes the relationship between the active 
components of drugs and disease-related genes through the 
nodes in the network. From finding a single component 
to comprehensive network analysis, it further clarifies 
the anticancer mechanism of each active component of  
drugs (17). We utilized a systems pharmacology method, 
target prediction, PPI analysis, biological process, and 
KEGG pathway analyses to explore the fundamental 
molecular mechanism of action of ISO its therapeutic effect 

Figure 4 ISO inhibits OC tumor growth in vivo. (A) Representative tumors from different groups of mice. (B) Monitoring of tumor volume 
at specified time points. Tumor volume (C) and tumor weight (D) were measured at the end of the experiment. Compared with the Control 
group, *, P<0.05. ISO, isorhamnetin; OC, ovarian cancer.

0      2      4       6      8     10    12     14    16
Days

Control                Isorhamnetin Control                Isorhamnetin

*P<0.05 *P<0.05

1 cm

Control
Isorhamnetin

*

Is
or

ha
m

ne
tin

  C
on

tr
ol

1000

800

600

400

200

0

Tu
m

or
 v

ol
um

e,
 m

m
3

1000

800

600

400

200

0

Tu
m

or
 v

ol
um

e,
 m

m
3

0.4

0.3

0.2

0.1

0.0

Tu
m

or
 w

ei
gh

t, 
g

A B

C D



Annals of Translational Medicine, Vol 10, No 22 November 2022 Page 9 of 13

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2022;10(22):1216 | https://dx.doi.org/10.21037/atm-22-5064

Figure 5 ESR1 promotes the proliferation, migration and invasion of OC cells in vitro. (A) ESR1 protein expression in SKOV3 and 
HO8910 cells after ESR1 overexpression. (B,C) SKOV3 and HO8910 cell viability after ESR1 overexpression. (D) SKOV3 and HO8910 
cell colony formation. Crystal violet staining; magnification, ×1. (E,F) SKOV3 and O8910 wound healing and images of monolayers were 
captured under an optical light microscope. Scale bars =200 μm. (G) SKOV3 and HO8910 cell invasion. Crystal violet staining; scale bars 
=200 μm. (H) ESR1 protein expression in SKOV3 and HO8910 cells after knockdown of ESR1. (I,J) Cell viability after knockdown of 
ESR1. (K-M) SKOV3 and HO8910 cell colony formation (K; crystal violet staining; magnification, ×1) and wound healing (L,M; images 
of monolayers were captured optical light microscope, scale bars =200 μm). (N) SKOV3 and HO8910 cell invasion. Crystal violet staining; 
scale bars =200 μm. Compared with vector group or shNC group, *, P<0.05. OC, ovarian cancer; ESR1, estrogen receptor 1; OD, optical 
density; NC, negative control.
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Figure 6 ISO inhibits proliferation, migration and invasion of OC cells by targeting ESR1. (A) ESR1 protein levels in SKOV3 and HO8910 
cells treated with ISO (0–20 μM) for 24 h. (B) Protein levels of ESR1 in SKOV3 and HO8910 cells treated with 15 μM ISO for different lengths 
of time. (C) ESR1 protein levels in SKOV3 and HO8910 cells after ESR1 transfection and 15 μM ISO treatment alone or in combination. (D,E) 
Cell viability. (F) Colony formation. Crystal violet staining; magnification, ×1. (G,H) Wound healing and images of monolayers were captured 
under an optical light microscope. Scale bar =200 μm. (I) Cell invasion. Crystal violet staining; scale bar =200 μm. Compared with the Control 
group, *, P<0.05; compared with the ISO group, #, P<0.05. ISO, isorhamnetin; OC, ovarian cancer; ESR1, estrogen receptor 1.
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in OC. First, we screened a total of 25 targets of ISO in 
treating OC. GO and KEGG pathway analyses showed that 
ISO regulated the proliferation, migration and apoptosis 
of OC cells, and may mediate a variety of cancer-related 
signaling pathways. PPI network analysis was performed on 
these targets to further explore the molecular mechanism 
of ISO in the treatment of OC. The upregulated genes in 
the GSE66957 database were then analyzed by the GEO2R 
website and intersected with the above 25 and target genes 
to obtain 13 overlapping genes. Further analysis of the 
expression and survival analysis of theses overlapping genes 
through the UALCAN database revealed that only the high 
expression of ESR1 was associated with a decrease in the OS 
of OC patients. Therefore, we speculate that ESR1 may be 
a potential target of ISO in OC.

We then performed biological experiments to verify 
our analyses. CCK-8 and colony formation experiments 
showed that ISO could effectively inhibit the proliferation 
of SKOV3 and HO8910 cells in a concentration- and time-
dependent manner. Through wound healing and wound 
healing experiments, we also found that ISO significantly 
inhibited the migration and invasion of SKOV3 and 
HO8910 cells. MMPs, including MMP2 and MMP9, 
are responsible for the degradation of the extracellular 
matrix and are associated with tumor growth, invasion 
and angiogenesis (4,18). Western blotting analysis showed 
that ISO significantly inhibited the expression of MMP2, 
MMP9 and Ki67, which suggested that ISO can effectively 
inhibit the adhesion, invasion and metastasis of OC cells. In 
this study, we observed that the tumor volume of the ISO 
group was significantly less than that of the Control group, 
and the tumor weight was significantly reduced, indicating 
that ISO significantly inhibited tumor growth in vivo.

The ovary is the main part of estrogen synthesis. During 
tumorigenesis, estrogen regulates the major physiological 
activities of the ovarian epithelium through its specific 
hormone receptor subtypes, including regulation of 
balance, proliferation, and abnormal differentiation (19). 
The ESR1 gene is localized in the nucleus and forms 
homodimers or heterodimers with ESR2 to regulate a 
variety of physiological processes (20). A large number of 
studies have shown that ESR1 is associated with OC, breast 
cancer, endometrial cancer and other cancers (21-23). Sieh 
et al. (24) found that ESR1 is expressed in up to 60% of 
ovarian epithelial tumors, and its level is higher than that 
of normal ovaries. Recent studies have shown that ESR1 
expression is significantly increased in ovarian tissues and 

promotes OC progression (19,25). High expression of 
estrogen receptor promotes the spread of lymph or blood 
vessels in high-grade serous OC, which is associated with 
poor clinical prognosis (26). Therefore, ESR1 may serve 
as a potential biomarker for risk stratification and regional 
metastasis in patients with OC. In order to study the role 
of ESR1 in OC, the proliferation, migration and invasion 
of cell lines SKOV3 and HO8910 were observed after 
overexpression or knockdown of ESR1. Our results showed 
that overexpression of ESR1 promoted the proliferation, 
migration and invasion of SKOV3 and HO8910 cells, 
whereas knockdown of ESR1 expression had the opposite 
effect. Consistent with previous studies (19,25), high ESR1 
expression promotes OC progression. As a target gene of 
ISO, we found that the protein expression level of ESR1 
decreased with increasing ISO concentration and in a time-
dependent manner. To further study whether ISO has a 
tumor suppressor role by inhibiting the expression of ESR1 
in OC, SKOV3 and HO8910 cells were treated with 15 μM 
ISO and transfected with ESR1 for 24 h. We observed that 
transfection of ESR1 reversed the inhibitory effect of ISO 
on the proliferation, migration and invasion of OC cells, 
which indicated that ISO inhibited the development of OC 
by targeting ESR1 expression.

Conclusions

We used network pharmacology and experimental models 
to predict and validate the antitumor effect of ISO in OC. 
ISO inhibits the proliferation, migration and invasion of 
OC cells in vitro and the growth of OC tumors in vivo. 
Mechanistically, the effect of ISO on OC progression is 
mediated by inhibiting the expression of the target gene 
ESR1. Our findings provide a theoretical basis for the 
application of ISO in clinical treatment. 
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