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Background: Endometrial cancer (EC) is one of the most common gynecological malignancies, especially in postmenopausal
women. Echinacoside (ECH) is a major natural bioactive ingredient derived from Cistanches Herba and Echinacea that has
a variety of pharmacological effects. However, the efficacy and the mechanism of ECH against EC have not been elucidated yet.
Purpose: A compound-target-disease network was constructed to explore the potential targets and mechanism of ECH against EC.
Molecular docking and in vitro experiments further verified the effect of ECH against EC.

Methods: The potential targets of ECH against EC were retrieved from multiple public databases. Then, the protein—protein
interaction (PPI) network was constructed to screen hub targets. Gene ontology (GO) and Kyoto Encyclopedia of Genes and
Genomes (KEGG) enrichment analysis were performed to discover the potential mechanism. Molecular docking was utilized to
verify the binding affinity between hub targets and ECH. Finally, in vitro experiments were conducted to demonstrate the anti-EC
effect of ECH.

Results: A total of 110 genes were identified as potential targets of ECH against EC. The GO enrichment analysis found that targets
were primarily related to oxygen species, apoptosis, and other physiological processes. KEGG pathway analysis showed that PI3K/Akt
signaling pathways might play an important role in ECH against EC. Molecular docking indicated that ECH had a significant binding
ability with the EGFR, AKT1, ESR1, CASP3, HSP90AAland MMP9 targets. Results from in vitro experiments revealed that ECH
induced apoptosis of Ishikawa and HEC-1-B cells by promoting the arrest of the G2M phase, increasing ROS levels, and decreasing
mitochondrial membrane potential (MMP) levels. Furthermore, treatment of ECH significantly reduced the expression levels of PI3K
and p-AKT, and the combination of the PI3K inhibitor (LY294002) further enhanced the effects of ECH against EC. The findings
suggested that ECH exerted an inhibitory effect on EC cells by inhibiting the PI3K/AKT pathway.

Conclusion: Based on network pharmacology, molecular docking technology and in vitro experiments, we comprehensively clarified
the anti-EC efficacy of ECH through multiple targets and signal pathways. Furthermore, we provided a novel idea of Traditional
Chinese medicine (TCM) against EC.
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Introduction

Endometrial cancer (EC) is an epithelial malignancy of the endometrium that primarily affects postmenopausal women.
EC is one of the three primary malignant tumors in the female genital tract, accounting for approximately 20-30% of all
gynecological tumors.' The incidence and mortality of EC are increasing every year.” At present, surgical treatment is the
primary intervention for EC. Chemotherapy and hormone therapy are the main adjuvant therapy for women with

advanced and recurrent disease.® In recent years, TCM has been applied to treat various cancers, including non-small
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cell lung cancer, colorectal cancer, hepatocellular cancer, and breast cancer.* ” TCM has been shown in clinical trials to
have lower toxicity and side effects than chemotherapeutic drugs. Furthermore, TCM has a specific curative effect on
various diseases via various signaling pathways and targets.® Recent research has revealed that natural small molecule
compounds derived from TCM have the potential to be used as new anti-tumor drugs.'®'?

Echinacoside (ECH) is a primary natural bioactive ingredient derived from Cistanches Herba and Echinacea that has
a variety of biological effects, such as neuroprotection,'> myocardial protection,'® liver protection,'” immune

16 anti-tumor!’2°

regulation, and other pharmacological effects. In recent years, a line of studies has indicated that
ECH has an anticancer effect on various tumors.?’ For example, ECH inhibits the proliferation of breast cancer cells
and promotes apoptosis. Furthermore, ECH inhibits the proliferation, invasion, and migration of liver cancer cells in
a dose-and time-dependent manner.'® However, no studies have been conducted to demonstrate the efficacy and
mechanism of ECH against EC.

Network pharmacology is a novel method for exploring the “compound-protein/gene-disease” pathway. It visualizes
the complex relationship among biological systems, drugs, and diseases by utilizing the Internet. Therefore, it provides
a new perspective on the potential mechanism of drug development.” Network pharmacology has been applied to predict
protein targets from natural plant components as well as disease pathways. Molecular docking is a valuable method for
designing and developing drugs based on computer-based simulations of the interaction between biological targets and
drugs,?"*? Tt is capable of identifying active binding sites between receptors and drugs as well as determining the best
binding conformation between ligands and receptors.” In recent years, Network pharmacology and molecular docking
have become valuable tools in the research on the pharmacodynamics, delineating the basis and mechanism of
TCM 2425

In this study, network pharmacology was constructed to explore the role and potential mechanism of ECH against EC,
multiple databases were used to predict ECH-related targets and the effect of ECH against EC through GO and KEGG pathway
enrichment analysis. Finally, the interaction between ECH and the active site of the target protein was verified by molecular

docking and in vitro experiments. The workflow of the analysis procedures for ECH against EC is shown in Figure 1.

Materials and Methods
ECH Target Gene Prediction

The structural information of ECH was retrieved from NCBI PubChem (https://pubchem.ncbi.nlm.nih.gov/). The targets

of ECH were obtained by searching by five Targets fishing databases: Swiss Target Prediction Database (http://www.
swisstargetprediction.ch/), Pharmmapper Database (http://www.lilab-ecust.cn/pharmmapper/), ETCM Database (http://
www.nrc.ac.cn:9090/ETCM/index.PHP/home/index/), SuperPred Database (http://prediction.charite.de/) and PubChem
(https://pubchem.ncbi.nlm.nih.gov/). The attributes were set to “Homo sapiens”, and the predicted targets that had normal

fit scores > 0.4 in PharmMapper, probability score > 0 in SWISS, known/ additionally predicted targets in SuperPred
were selected as target proteins of ECH. ETCM and PubChem (https://pubchem.ncbi.nlm.nih.gov/) were used to collect

targets which have been validated. Standard names for all protein targets were obtained from UniProt (http:/www.
uniprot.org/). The EC-related targets were obtained from three databases: GeneCards (http://www.genecards.org/),

DisGeNET (http://www.disgenet.org/), and OMIM (https://omim.org/). The common targets of ECH and EC was

determined by Venny 2.1 (http://bioinfogp.cnb.csic.es/tools/venny/index.html).

Protein-Protein Interaction Network Construction
The String database (https:/string-db.org/) was used to analyze protein-protein interactions, The common targets were

input into the STRING database to obtain interaction relationships with medium confidence basis (0.400) and “Homo
sapiens”, which was saved as a TSV file. Then the analysis network was imported into Cytoscape 3.7.2 software to
construct a PPI network and get the hub targets. Count.R was used to obtain the top 30 common targets of the interaction
and displayed as a bar graph based on the number of nodes.
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Figure | The workflow of the analysis procedures.
Notes: *P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001.

Gene Function and Pathway Analysis

Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analyses were performed to
analyze the common targets using the “clusterProfiler” package in R software with the P<0.05 screening condition.
Annotation of gene function (Gene Ontology, GO), which includes molecular biological function (MF), biological
process (BP), and cytological component (CC). The GO functions were ranked by P-value, and the top 20 pathways
and top 10 GO functions were visualized as bar plots and bubble plots using the “pathview” package in R software.

Component-Target-Pathway Network Construction
To analyze the complex associations between ECH, targets and EC-related pathways, a Component-Target-Pathway
(CTP) network was constructed based on Cytoscape 3.7.1 software. Cytoscape (https://cytoscape.org/download.html) is

a bioinformatics software used for network analysis and construction.
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Molecular Docking

Molecular docking can be used to investigate receptor-ligand interactions as well as binding patterns and affinities. In our
study, molecular docking was performed to assess the interactions between ECH and key targets. The 2D structure of ECH
was obtained from the PubChem database (https://pubchem.ncbi.nlm.nih.gov/), and the 3D structure of the compound was
constructed by ChemOffice software. The RCSB PDB database was used to download the pdb format of the 3D structure of
the core protein receptor, and PyMoL software was used to dehydrate and dephosphorylate the proteins. The Autodocktools

software was then used to convert the pdb files containing the active ingredients and core protein genes to pdbqt format and
search for active pockets. Finally, run AutoDock Vina for molecular binding energy calculation and molecular docking to
determine the target protein’s and bioactive components’ binding affinity. AutoDock Vina was used for molecular docking
and determining the binding affinity between the target protein and the bioactive ingredient, while Discovery Studio 2021
was used to align the specific docking sites between the drug molecules and the targets.

Reagents and Cell Culture

ECH (purity > 98%) was purchased from Chengdu Refinside Biotechnology (Chengdu, China), The Ishikawa and HEC-
1-B cell lines were purchased from Shanghai Zhonggiao Xinzhou Biotechnology Co., Ltd. Ishikawa cells were cultured
in 10% fetal bovine serum and DMEM/F12 medium, and HEC-1-B cells were cultured in 10% fetal bovine serum and
MEM medium. Both cell lines were cultured in a humidified atmosphere at 37 °C and 5% CO2.

CCK8 Assays

Cells in the logarithmic growth phase were inoculated at a density of 1.0x104 cells per well into a 96-well plate and
cultured in a constant temperature incubator until they adhered. After treating the cells with different concentrations of
ECH (200, 400, and 600 pg/mL) for 24, 36, and 48 h, respectively. The medium in each well was replaced with fresh
medium containing 10% CCKS8 and were incubated for 1-3 h in a constant temperature incubator. A microplate reader
was used to measure the OD value at 450 nm.

Colony-Formation Assays

Cells in the logarithmic growth phase were inoculated in 6-well plates at a density of 1000 cells per well for 24 h, and
after 48 h of ECH treatment, the medium was replaced with fresh medium for 14 days, with the medium changing every
three days in the middle. After colony formation, cells were washed twice with PBS, fixed for 30 min with 4%
paraformaldehyde, and stained with crystal violet solution (Sigma-Aldrich) (0.5% in 25% methanol). They were washed
several times with PBS, air-dried, and photographed after they had dried overnight.

Apoptosis Analysis

According to the manufacturer’s instructions, EC cells were detected using the Annexin V-FITC Apoptosis Detection Kit
(Beyotime Biotechnology). The adherent and suspension cells were collected, and the resuspended cells were incubated
at room temperature for 15 min in the dark with Annexin V-FITC 5 pL and propidium iodide (PI) 10 pL, respectively.
A flow cytometer was used to detect this (BD Biosciences). FlowJo software was used to analyze the data.

Cell Cycle Analysis

The adherent and suspension cells were collected and fixed with pre-cooled ethanol (70%) overnight at —20°C. Then
incubated with propidium iodide (PI) staining solution for 30 min in the dark at room temperature and detected on the
machine by flow cytometry (BD Biosciences). Data was analyzed by FlowJo software.

Measurement of the Intracellular Levels of ROS

Concentrations of intracellular ROS were measured by the ROS assay kit (Beyotime Biotechnology). The cells were
incubated with dichlorofluorescein diacetate (DCFH-DA) for 30 min at 37 °C with 5% CO,. After washing the cells three
times with serum-free DMEM, the intracellular levels of ROS were measured using flow cytometry (BD Biosciences).
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Measurement of Mitochondrial Membrane Potential (MMP)

The mitochondrial membrane potential was measured using the JC-1 kit (Beyotime Biotechnology) following the
manufacturer’s instructions. Cells were incubated with 500ul of JC-1 in a cell incubator for 20 min in the dark before
being detected on the machine using flow cytometry (BD Biosciences). FlowJo software was used to analyze the data.

Western Blot Analysis

To extract total cellular protein, the cells were lysed in RIPA lysis buffer (Beyotime Institute of Biotechnology). Protein
concentrations were determined using the BCA protein detection kit. Protein samples were separated using 12.5% SDS-
PAGE and 10% SDS-PAGE before being transferred to PVDF membranes. The membranes were then blocked with 5%
nonfat dry milk for 1 h at 37 °C before being incubated with the corresponding primary antibodies overnight at 4 °C. The
membrane was then washed three times with TBST for 10 min, incubated with the secondary antibody for 2 h at 37 °C,
and washed three times with TBST for ten minutes. The protein bands were visualized using an imaging system and an
enhanced ECL reagent (Clinx, Shanghai, China). The results were analyzed using Image] software. GAPDH
(ProteinTech Group, Chicago, IL, USA, 1:10000 dilution), Bcl-2 (ProteinTech Group, Chicago, IL, USA, 1:1000
dilution), Bax (ProteinTech Group, Chicago, IL, USA, 1:1000 dilution), p-AKT (ProteinTech Group, Chicago, IL,
USA, 1:1000 dilution), AKT (Abcam, Cambridge, UK, 1:1000 dilution), PI3K (Abcam, Cambridge, UK, 1:1000
dilution), Caspase-3 (ProteinTech Group, Chicago, IL, USA, 1:1000 dilution) were procured.

Statistical Methods

All data in this section were statistically analyzed using the GraphPad Prism version software. Student’s #-test was used
to compare statistical differences between two groups, and a one-way analysis of variance was used to compare statistical
differences between three groups or more. P<0.05 was considered a significant difference.

Results

Identification of Potential Targets Against EC

A total of 396 potential ECH targets were retrieved from the Swiss Target Prediction, SuperPred, Pharmmapper, ETCM
and PubChem databases (Supplementary Table S1). After removing duplicate targets, 1078 EC-related targets were
collected from the GeneCards, OMIM, and DisGeNET databases. Subsequently, 110 common targets between ECH and
EC genes were identified using Venny 2.1 (Supplementary Table S2), and these were considered as potential targets of

ECH against EC for subsequent research (Figure 2).

Protein-Protein Interaction Network Analysis

The potential target genes of ECH were imported into the String database to determine target protein interactions and
then into the Cytoscape 3.7.2 software. As shown in Figure 3A, the targets were represented as five concentric circles by
the analysis network, which had 110 nodes and 1426 edges. The size and color of the nodes changed continuously with
changing degree. The higher the degree, the larger the node. ALB, AKT1, EGFR, ESR1, and CASP3 were identified as
hub targets to form the inner layer of concentric circles based on degree >70 and tight centrality >0.7 (Figure 3A). The
corresponding bar graphs were plotted based on the node degrees to exemplify the interactions and correlations between
the common targets and ECH. Further, ALB (160 edges), AKT1 (158 edges), EGFR (154 edges), ESR1 (148 edges), and
CASP3 (144 edges) had a higher node degree in the top 30 hub genes, implying that they had the closest association with
ECH in the treatment of EC (Figure 3B).

KEGG and GO Enrichment Analysis

To better understand the biological processes and potential mechanisms of ECH against EC, 110 targets were analyzed
for GO and KEGG pathway enrichment analysis using R 4.0.3 software. The GO enrichment analysis revealed that 2051
items were related to biological process (BP), 47 items were related to cellular component (CC), and 134 items were
related to molecular function (MF), indicating that the targets were primarily associated with biological process (BP).
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Figure 2 Identification of potential targets. (A) Venn diagram of EC-related targets. (B) Venn diagram of ECH targets and EC-related targets.
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Figure 3 The construction of the PPl network. (A) PPl network of common targets of ECH against EC. The five hub targets form the inner layer of concentric circles with
larger sizes. (B) Bar plot showing the top 30 hub genes in the PPl network.

According to the corrected p-value, the biological processes mainly involved cellular response to reactive oxygen
species, response to oxidative stress, cellular response to oxidative stress, response to oxidative stress reproductive
system/structure development, and regulation of the apoptotic signaling pathway. The cell compositions included Ficolin-
1-rich granule lumen, cytoplasmic vesicle lumen, membrane raft, membrane microdomain, and membrane region.
Transmembrane receptor protein kinase/ tyrosine activity, protein serine/threonine kinase activity, phosphatase binding
and endopeptidase activity were the primary molecular functions (Figure 4A). Furthermore, 149 KEGG enrichment
entries were obtained, with the majority of them being enriched in cancer-related pathways such as the PI3K-Akt
signaling pathway, the MAPK signaling pathway, and the Ras signaling pathway, Proteoglycans in cancer, Apoptosis,
and others (Figure 4B). A bubble chart was used to screen the top 20 KEGG enrichments based on their p-values. The
PI3K-Akt signaling pathway is one of the most important signaling pathways involved in the progression of EC.
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The Construction of Compound-Target-KEGG Network
We constructed a compound-target-KEGG pathway network based on the top 20 signaling pathways and potential targets
1853

According to the PPI network, Aktl is one of the hub targets, and it is directly related to the PI3K-Akt signaling pathway.
to elucidate the mechanism of ECH against EC. As illustrated in Figure 5, the network has 132 nodes (110 genes, 1
https:
Dove:

As a result, we conclude that the PI3K-Akt signaling pathway may be the hub pathway of ECH against EC.
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compound, 20 KEGG pathways and 1 disease) and 597 edges, with red nodes representing EC, green nodes representing
ECH, and pink oval nodes representing target nodes. The corresponding pathways are represented by green diamond
nodes. The relationship between the two nodes is represented by the edges (Figure 5). The CTP network showed that
ECH inhibited EC via multiple targets and pathways.

Molecular Docking Analysis

Six target genes for molecular docking with the ECH based on the KEGG pathway and degree value were selected to
evaluate the compound-target binding ability at the molecular level. Binding energy was used to determine the degree of
affinity between a component and its protein target. Binding energies less than —7.0 kcal/mol are thought to indicate
strong ligand-receptor binding activity. Our results revealed that ECH had a high affinity for the six targets. The docking
results of ECH and six target protein receptors are shown in the Figure 6. ECH and AKT1 had binding energy of —7.3
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Figure 5 Compound-target-KEGG network, red nodes representing EC, green nodes represent ECH, and pink oval nodes represent target nodes. Green diamond nodes
represent the corresponding pathways.

1854  nes Drug Design, Development and Therapy 2022:16

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Shu et al

kcal/mol, primarily due to conventional hydrogen bonds. ECH could interact with ALA-58, GLN113, and TRP-80 via
two hydrogen bonds in AKT1 as well as form a hydrogen bond with GLU-114, GLU113, ASP-3, SER-56, LEU-110, and
GLU110 on AKT1 (Figure 6A). The binding energy of ECH and EGFR was —8.4 kcal/mol, owing primarily to hydrogen
bonding, Pi-Cation, Pi-Anion, and Pi-Alkyl interaction. The structure of ECH can interact with ASP-831, THR-766, and
GLU-738 via two hydrogen bonds and SER-696, LYS-721, MET-769, GLN-767, LYS-851, SER-696 via one hydrogen
bond (Figure 6B). The docking binding energy of ESR1 and ECH was —8.2 kcal/mol. In ESR1, ECH could form a single
hydrogen bond with GLU-323, PRO-325, GLU397, ASN-439, and ASP-321, whereas ARG-394 and TRP-393 in ESR1
formed two hydrogen bonds with ECH (Figure 6C). The binding energy of ECH and CASP3 was —9 kcal/mol. ECH
could interact with ARG-164, ASP-190, GLY-125, and ASP-135 in CASP3 via one hydrogen bonds (Figure 6D). ECH
had a binding energy of —8.2 kcal/mol with HSP90OAA 1, which had one hydrogen bond with ASP-102, GLY-132, LEU-
48, SER-52, and GLY-135, two hydrogen bonds with ASN-51, and three hydrogen bonds with ASN-106 (Figure 6E).
ECH bound to MMP9 with a binding energy of —8.1 kcal/mol, primarily via conventional hydrogen bonding, Pi-Pi
interactions, and Pi-alkyl interactions. The ECH structure could form one hydrogen bond, two hydrogen bonds, and three
hydrogen bonds with ASP-164, SER-116, and ASP-56 in MMP9 (Figure 6F), respectively. As a result of this, ECH and
these protein targets exhibited strong interactions.

ECH Inhibits Cell Proliferation and Colony Formation in EC Cells

CCKS assay was used to detect the effect of ECH on the viability of EC cells. Ishikawa and HEC-1-B cells were treated
with different concentrations of ECH for 24 h, 36 h, and 48 h, respectively. The cell inhibition rate was dramatically
increased in a concentration- and time-dependent manner When compared to the control group (P< 0.01) (Figure 7A and
B). Colony formation experiments were further performed to confirm the anti-proliferative effect of ECH. The results
showed that the number of colony formations in Ishikawa and HEC-1-B was significantly reduced after ECH treatment
when compared to the control group (Figure 7C and D). These findings indicated that ECH inhibited cell proliferation
and colony formation in EC cells.

ECH Promotes Apoptosis and G2M Phase Arrest in EC Cells

Flow cytometry was used to ensure that the anti-proliferation effect was related to apoptosis induction and cell cycle
regulation. The results showed that ECH significantly increased the apoptosis rates of ISHIKAWA cells and HEC-
1-B. (Figure 8A and B). The cell cycle distribution revealed that ECH induced G2/M phase arrest, which was accompanied
by a decrease in GO/G1 and S phase cell numbers (Figure 8C and D). These findings demonstrated that ECH induced
apoptosis in EC cells and promoted G2/M phase arrest in EC, both of which inhibited the proliferation of EC cells.

ECH Increases the Intracellular ROS Level and Reduced MMP in EC Cells

Numerous studies have demonstrated that excessive ROS production disrupts cellular homeostasis, causes oxidative
stress and mitochondrial dysfunction, and induces apoptosis; thus, we investigated the effect of ECH treatment on ROS
levels in EC cells. According to our findings, ECH increased the level of intracellular ROS in EC cells (Figure 9A and
B). JC-1 staining was used to investigate the effect of ECH on MMP. Red JC-1 aggregates represent normal cells with
high MMP, while green JC-1 monomers represent damaged cells with low membrane potential levels. A reduction in the
red/green fluorescence ratio indicates a reduction in mitochondrial membrane potential, and MMP reductions were
observed in both ISHIKAWA and HEC-1-B cells after 48 h of ECH treatment (Figure 9C and D). These results suggested
that ECH raises ROS levels and promoted mitochondrial dysfunction.

ECH Inhibits the PI3K/AKT Pathway in EC Cells

We further investigated the molecular mechanism by which ECH promotes apoptosis in EC cells. The Bcl-2 family
members play an essential role in regulating apoptosis. Therefore, we investigated the expression levels of Bel-2 and Bax
in in EC cells with and without ECH treatment. Western blotting revealed that ECH increased the expression of the pro-
apoptotic protein Bax while decreasing the expression of the anti-apoptotic protein Bcl-2 in Ishikawa and HEC-1-B cells.
The findings suggested that the mitochondria-mediated apoptosis pathway is important in ECH-induced apoptosis, so we
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Figure 6 ECH has a strong binding ability with AKT | (SCORE =~7.3 kcal/mol), EGFR (SCORE = —8.4 kcal/mol), ESRI (SCORE =-8.2 kcal/mol), CASP3 (SCORE = -9 kcal/
mol), HSP90AA| (SCORE = —8.2kcal/mol) and MMP9 (SCORE = —8.1 kcal/mol). The results of molecular docking of each target with ECH. (A) AKTI; (B) EGFR; (C) ESRI;
(D) CASP3; (E) HSP90AAI; (F) MMP9.
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Figure 7 ECH inhibits the proliferation of EC cells. (A and B) ECH decreases the viability of Ishikawa and HEC-1-B cells measured by the CCK-8 assay after 24, 36, and 48
h of treatment with the different concentrations of ECH. *P < 0.05, **P < 0.01, ****P < 0.0001 compared to control cells. (C and D) Representative images showing the
number of colony formations by EC cells treated with 200 ug/mL of ECH for 48h.

investigated the expression of CytoC and cleaved caspase-3 in cells to verify if ECH destroys the mitochondrial
membrane stability of EC cells. ECH was discovered to increase the expression of cleaved caspase-3 and to promote
the release of CytoC from mitochondria to the cytoplasm. Bioinformatics analysis identified the PI3K/Akt signaling
pathway as one of the most important pathways for ECH against EC. In order to confirm that ECH inhibits EC cell
proliferation by inhibiting the PI3K/AKT pathway, the effect of ECH on PI3K/AKT expression was investigated in this
study. Our results showed that the PI3K/AKT pathway protein expression was significantly reduced, and the protein
levels of PI3K and p-Akt were also reduced (Figure 10A and B). To further confirm whether ECH-induced apoptosis is
associated with the PI3K/Akt pathway in EC cells, we measured cell viability by CCK-8 assay after treating cells with
ECH, PI3K inhibitor LY294002, and ECH combined with PI3K inhibitor LY294002. The results showed that 1.Y294002
(20 uM) enhanced the effect of ECH on cell viability (Figure 10C). The Western blot also showed that pretreatment with
LY294002 further enhanced the inhibition of PI3K and p-Akt expression. It is possible to conclude that ECH has
anticancer properties by inhibiting the PI3K/Akt signaling pathway (Figure 10D).

Discussion

The morbidity and mortality of EC are increasing every year with the economic development.” There is no effective
treatment for advanced and recurrent EC. TCM is the standard adjuvant therapy. In recent years, various studies have
reported that TCM and its components have significant anti-tumor effects, including inhibiting tumor proliferation and

2729 and reversing drug resistance,>? 3>

migration,”® inducing apoptosis, among other effects. As a new way to explore
drug targets, network pharmacology has become a trend in understanding the mechanism and targets of TCM.>* ECH is
a small natural molecule compound with an anti-tumor effect, but its specific mechanism remains unclear. In the present
study, we explored the targets and pathways of ECH on EC through network pharmacology and high-throughput

molecular docking and further verification through in vitro experiments.
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Figure 8 ECH promotes apoptosis and G2M phase arrest in EC cells. (A and B) Ishikawa and HEC-|-B cells were treated with 200 ug/mL of ECH for 48 h. Apoptosis rates
of the cells were then analyzed by flow cytometry after annexin V-FITC/PI staining, (C and D) Cell cycle analysis of EC cells after treatment with 200 ug/mL of ECH for 48
h. The distribution of cell cycle stages was determined by flow cytometry. (E) Percentages of apoptotic cells are presented as the mean + SD, ***P < 0.00] compared to
control cells. (F and G) The percentage of two cells in each phase is shown as the mean + SD, *P < 0.05, **P < 0.0 compared to control cells.

Network pharmacology method combined with molecular docking is a new strategy to explore the mechanism of
drug action and promote the development of new drugs.” Using this approach, we obtained 110 potential targets of
ECH against EC. The PPI network showed that ALB, AKT1, EGFR, ESR1, and CASP3 may be potential targets for
ECH in the treatment of EC. Estrogen receptor 1 (ESR1) is a steroid hormone receptor. Estrogen and estrogen receptor
(ER) mediated signaling pathways are critical in the progression of breast cancer and EC. According to research, Era
can activate the PI3K/AKT/mTOR pathway, promoting metastasis and growth of EC.>* ESR1 activity can be reduced
by estrogen signaling and control, lowering the risk of breast cancer and EC.** The epidermal growth factor receptor
(EGFR) is a tyrosine kinase that belongs to the ErbB/HER receptor tyrosine kinase family and binds to a variety of
ligands. Research has demonstrated that EGFR is closely related to the prognosis of EC.*® Lapatinib (a selective
EGFR and HER2 tyrosine kinase inhibitor) can inhibit the growth of EC cell lines,>’ indicating that EGFR is an
essential target of ECH against EC. Caspase-3 (CASP3) is a major mediator of apoptosis, which often used as
a marker for cancer therapy, a line of studies has demonstrated that CASP3 is an important target for the treatment of
EC.*® MMP is a metal endopeptidase that degrades the protein components of the extracellular matrix. MMP plays an
important role in tumorigenesis and progression, such as tumor growth, angiogenesis, and metastasis. It has been
reported that AKT1 (serine/threonine kinase 1) is a member of the AKT kinase family that is involved in cell
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Figure 9 ECH increases the intracellular ROS level and Reduced MMP in EC cells. (A) Ishikawa and HEC-1-B cells were treated with 200 ug/mL of ECH for 48 h. The
intracellular ROS level of the cells was then analyzed by flow cytometry after DCFH-DA staining, (B) Intracellular ROS level is presented as the mean * SD, *P < 0.05, **P <
0.01 compared to control cells. (C and D) MMP of EC cells was determined by flow cytometry after treatment with 200 ug/mL of ECH for 48 h. red JC-1 aggregates
represent normal cells with high MMP, while green JC-I monomers represent low MMP.

proliferation and apoptosis. Over-expression or over-activation of Akt causes abnormal signaling. When Akt is
activated on the cell membrane, it can inhibit the phosphorylation of the BAD pro-apoptotic protein, with a wide
range of anti-apoptotic effects.’® The PI3K/AKT signaling pathway, which participates in cell proliferation, cell cycle,
and apoptosis, is one of the most commonly dysregulated pathways in tumors. PI3K/AKT abnormal expression or
over-activation has been observed in various cancers.*” The PI3K-Akt signaling pathway is a crucial pathway for
cancer treatment and has been widely used in clinical trials.*' Recently, a line of studies have reported that excessive
activation of the PI3K/AKT pathway plays an essential role in the occurrence and development of EC.*! Various drugs
have been developed to target this pathway with the aim of reducing the growth of EC.*'*** PI3K/AKT/mTOR
inhibition has shown therapeutic significance in advanced or recurrent EC.**** Some studies also showed that natural
compounds could inhibit the progression of endometrial cancer by inhibiting PI3K/AKT signaling pathway. For
example, Asparanin A from Asparagus officinalis L. induced apoptosis in EC Cells via mitochondrial and PI3K/AKT
signaling pathways.*®*”* The Network pharmacology results revealed that ECH induced the apoptosis of EC cells by
inhibiting the PI3K/AKT1 pathway. Western blot identified that ECH significantly down-regulated the expression of
p-AKT and PI3K, and LY294002 (20 uM) further increased ECH-induced cell death while enhancing the inhibition of
PI3K and p-Akt expression. Therefore, ECH may have an effect on EC by inhibiting the PI3K/AKT1 pathway. We
selected six molecules, including EGFR, AKT1, ESR1, CASP3, HSP90AA1 and MMP?Y, to further verify the network
pharmacology results for molecular docking. The results indicated that ECH has a strong binding ability with these
targets, supporting that ECH may play an anti-EC role by inhibiting the targets and related pathways.

Apoptosis is an essential mechanism for various drugs to exert anti-tumor effects.**** Exogenous and endogenous
pathways are the two main in vivo pathways involved in cell apoptosis.’® The external pathway primarily causes
apoptosis by inducing the binding of death receptors and ligands, which is mediated by the death receptor pathway.
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Figure 10 ECH induces EC cells apoptosis by inhibiting PI3K/AKT pathway. (A) Expressions of Bax, BCL-2, cleaved-caspase-3, cytoc, PI3K, AKT and p-AKT were detected
using Western blot assay after being treated with ECH for 48 h. (B) The relative protein expression of Bax, BCL-2, cleaved-caspase-3, cytoc, PI3K, AKT and p-AKT were
normalized to GAPDH, *P < 0.05, **P < 0.01, ***P < 0.001 vs the control group. (C—E) Ishikawa and HEC-1-B cells were pretreated with LY294002 and then co-treated with
200 ug/mL ECH for 48 hours. (C) Cell viability was analyzed by cck8 assay. ****P < 0.0001 vs the control group. (D) Protein expression levels of PI3K, Akt and p-Akt were
determined by Western blotting. (E) Statistical analysis was performed on the protein expression levels of PI3K, Akt and p-Akt. *P < 0.05, **P < 0.0, ***P < 0.001 vs the
control group.
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The mitochondrial pathways are endogenous pathways that can induce apoptosis. Excessive levels of ROS can induce
mitochondrial membrane depolarization and oxidative damage to DNA, proteins, and mitochondrial lipid membranes as
well as cell apoptosis.’’”> And the mitochondrial pathway is mediated by the Bcl-2 gene family, which regulates
apoptosis. In the Bel-2 family, Bax is a pro-apoptotic member, whereas Bcl-2 is an anti-apoptotic member. Bax causes
mitochondrial cytochrome C release into the cytoplasm. It alters the permeability of the mitochondrial outer membrane,
binds to apoptosis-related factor 1 (apaf-1),*> and then activates caspase-9 and caspase-3, resulting in a cascade of
apoptotic events. Our findings showed that ECH increased intracellular ROS levels while reduced mitochondrial
membrane potential levels. After ECH treatment, the anti-apoptotic gene Bcl-2 was significantly down-regulated,
whereas the pro-apoptotic genes Bax, Cleaved-caspase 3, and Cyt-c were significantly up-regulated. These results
elucidated that ECH induce apoptosis of EC cells through the mitochondrial pathway.

According to the first international standard for evaluating network pharmacology- ‘“Network Pharmacology
Evaluation Method Guidance”,”®> we found that there are still some limitations in our work. First of all, because the
resources of the public database are updated in real-time, the targets we predicted from the public network pharmacology
database are limited, our study only partly clarified the molecular mechanism of ECH against EC. We still need to find
more targets through more databases or further clarify the possible targets of ECH in combination with High-throughput
pharmacology technology in the future. Secondly, we predicted that ECH may exert its effects through multiple targets
and pathways using the network pharmacology. However, the molecular targets and pathways verified by molecular
docking and experiments were limited in our study. Therefore, more experiments should be conducted to verify and
explore more specific molecular mechanisms. Finally, in vivo experiments and clinical trials are required to carry out to
further confirm the findings and explore the specific function of ECH against EC and lay a foundation for new drug
development.

Conclusion

Through network pharmacology and molecular docking technology, we explored the efficacy of ECH against EC through
multiple targets and multiple pathways. In vitro experiments further confirmed that ECH induced apoptosis of EC cells
and inhibited PI3K /AKT signaling pathway. This study provides a new strategy for the treatment of EC.
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