Research Paper

Molecular Targets and Mechanisms of Callerya nitida
Benth. var. hirsutissima Z. Wei in the Treatment of

Endometrial Cancer

QlJI ZHOU AND HUIFANG ZHOU™

Department of Pharmacy, 'Infection Control Department, Affiliated Hospital of Youjiang Medical University for Nationalites,

Baise, Youjiang, Guangxi 533000, China

Zhou et al.: Mechanisms of Callerya nitida Benth. var. hirsutissima Z. Wei in the Treatment of Endometrial
Cancer

The main objective of this study was to explore the molecular targets and mechanisms of Callerya nitida
Benth. var. hirsutissima Z. Wei in the treatment of endometrial cancer. The active components of Fengcheng
Jixueteng and their corresponding gene targets and the gene targets corresponding to endometrial cancer
diseases were screened out from relevant databases. On this basis, the protein-protein interaction network
was constructed and the hub target was screened. Then we performed pathway enrichment analysis on
targets and analyzed the binding energy of drugs and disease targets through molecular docking. Pathway
enrichment analysis screened out pathways in cancer, phosphoinositide-3-kinase-protein kinase signaling
pathway and other signaling pathways. The active ingredients such as butein, 3'4',7-trihydroxyflavone,
isoformononetin, genistein, isoliquiritigenin play an important role in the targets like epidermal growth factor
receptor, xanthine dehydrogenase, 17-beta-hydroxysteroid dehydrogenase 1, estrogen receptor 2 and carbonic
anhydrase 12. Molecular docking results demonstrated that the active compounds of the drug such as butein,
isoformononetin, genistein and isoliquiritigenin had good affinity with the disease targets such as 17-beta-
hydroxysteroid dehydrogenase type 1, xanthine dehydrogenase and carbonic anhydrase 12 respectively (the
binding energy was <-5 kJ/mol). The main active compounds of the Fengcheng Jixueteng can act on many
disease targets. It participates in the regulation of multiple signaling pathways such as pathways in cancer and
phosphoinositide-3-kinase/protein kinase signaling pathway to play an anti-endometrial cancer role.
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Endometrial Cancer (EC) is a malignant tumor
originating from the endometrial epithelium!!.
The main symptoms of EC are vaginal bleeding
and menstrual disorders, which are more common
in perimenopausal and postmenopausal women.
The molecular pathogenesis of EC involves
various genes and signaling pathway abnormalities
such as microsatellite instability, tumor protein
p53 gene mutation, abnormal Liver Kinase Bl1-
Adenosine Monophosphate-activated Protein
Kinase-mammalian Target of Rapamycin (LKBI-
AMPK-mTOR) signaling pathway and abnormal
Phosphoinositide-3-kinase-Protein kinase B-mTOR
(PI3K-Akt-mTOR) signaling pathway, etc.’*! and
many mechanisms remain unclear. At present,
the commonly used drugs for the treatment of EC
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in Western medicine include hormone therapy,
chemotherapy drugs and targeted drugs!”). However,
due to the multi-drug resistance and strong side
effects of western medicine, the therapeutic effect
of EC is limited. In recent years, with the discovery
of more and more EC therapeutic targets, major
breakthroughs have been made in targeted therapy.
However, the current clinical application of targeted
therapy in EC is not widespread and there are still
many potential targets that have not been discovered.
Therefore, the development of new natural
compounds and the search for new EC therapeutic
targets are current research hotspots.

Callerya nitida Benth. var. hirsutissima Z. Wei
(Fengcheng Jixueteng in Chinese) is derived from
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the dried canes of legumes. It has the functions
of invigorating blood, activating meridians and
collaterals. It is mainly used for limb numbness,
paralysis, waist and knee pain, irregular menstruation
and anemia. Modern medicine shows that it has
good anti-cancer and anti-viral activities®. At
present, about 70 compounds have been isolated and
identified in Fengcheng Jixueteng, which are mainly
flavonoids, followed by triterpenoids and others
contain lignin and phenolic acids®. Flavonoids
have a variety of pharmacological activities. The
anti-tumor mechanisms of flavonoids include,
inhibiting tumor cell proliferation, promoting
tumor cell apoptosis, interfering with cell signaling
and regulating the relationship between tumor
suppressor genes and oncogenes!!”. The current
research was based on Network Pharmacology (NP)
and Molecular Docking (MD) technology, which
can predict the molecular targets and potential
mechanisms of Fengcheng Jixueteng in the treatment
of breast carcinomal'!l. Based on this study, it can be
speculated that Fengcheng Jixueteng has the potential
to become an EC therapeutic drug, but the target
and molecular mechanism of Fengcheng Jixueteng
as anti-EC are still unclear. Therefore, on the basis
of previous scientific research achievements, this
study intends to analyze for the first time, the
mechanism of Fengcheng Jixueteng in the treatment
of EC based on NP and MD technology. Based on
the NP method, the targets and signal pathways of
Fengcheng Jixueteng in the treatment of EC are
studied. The MD technology was used to verify the
binding force between components and targets. The
significance of this study lies in preliminary research
on the mechanism of action of Fengcheng Jixueteng
on EC treatment and to provide a new way for EC
treatment.

MATERIALS AND METHODS

Screening the active compounds and related targets
of Fengcheng Jixueteng:

Screening the active compounds of Fengcheng
Jixueteng was done by mining literature and various
databases. The active compounds in Fengcheng
Jixueteng were retrieved using the Traditional
Chinese Medicine Systems Pharmacology Database
and Analysis Platform (TCMSP, https://old.tcmsp-e.
com/tcmsp.php). Oral Bioavailability (OB)>30
% and Drug-Likeness (DL)>0.18 % were used as
screening conditions. The Simplified Molecular
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Input Line Entry System (SMILES) number or two
Dimensional (2D) structure of compounds obtained
in the PubChem websites (https://pubchem.ncbi.nlm.
nih.gov/) was put into the SwissTargetPrediction
websites (http://www.swisstargetprediction.ch/),
set the species to "Homo sapiens" and contained
active ingredient targets with probability>0.1. In the
TCMSP websites, the chemical composition-related
target information of the Fengcheng Jixueteng
was retrieved. The chemical composition-related
target information of Fengcheng Jixueteng in the
SwissTargetPrediction website and the TCMSP
website were integrated. Finally, the drug targets
were imported into the Universal Protein Resource
(UniProt) website (https://www.uniprot.org) to query
the standard gene names of proteins and finally a
data set of Fengcheng Jixueteng target genes was
obtained.

Screening of disease-related targets in EC:

In the GeneCards website (https://www.genecards.
org/) and the Online Mendelian Inheritance in
Man website (OMIM, https://www.omim.org/), we
searched the relevant targets and gene sets of EC
diseases with the keyword "Endometrial cancer".

Screening common targets for drugs and diseases:

Intersection analysis of Fengcheng Jixueteng-
related targets and EC disease-related targets was
performed. The drug target dataset and disease target
dataset were simultaneously imported into the online
Venn analysis tool (http://bioinformatics.psb.ugent.
be/webtools/Venn/) and finally the common drug-
disease targets were obtained.

Construction of "drug-active compounds-targets-
diseases' network:

The  "drug-active  compounds-targets-diseases"
network model was established by Cytoscape
v3.9.1. The nodes in the network represent the drug
(Fengcheng Jixueteng), potential active compound,
disease (EC) and the common target, respectively.
The edges represent the connection between drugs-
active compounds-targets-diseases.

Construction of the network and core target
screening of Fengcheng Jixueteng:

The intersection targets were imported into the Search
Tool for the Retrieval of Interacting Genes/Proteins
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(STRING) websites (https://cn.string-db.org/) to
create the Protein-Protein Interaction (PPI) Network.
Adjust the highest confidence to >0.9 to remove
independent genes. Export the Tab-Separated Values
(TSV) file of the PPI relationship and finally obtain
the PPI network diagram. The TSV file was put into
Cytoscape v3.9.1 and the network analyzer function
was used to screen out the top targets according to
the degree value of the node.

Functional enrichment analysis:

The Database for Annotation, Visualization and
Integrated Discovery (DAVID) websites (https://
david.nciferf.gov/summary.jsp) was used to conduct
Gene Ontology (GO) and Kyoto Encyclopedia of
Genes and Genomes (KEGG) pathway enrichment
analysis on the common targets of Fengcheng
Jixueteng. According to the degree of enrichment
and significance, the main 20 KEGG pathways were
screened. In the results of GO functional analysis,
the top 10 cell Biological Process (BP), Cellular
Components (CC) and Molecular Functions (MF)
with the largest number of genes and p<0.05 were
screened according to the enriched result. Finally,
the GO and KEGG results were visualized by bar
graphs and bubble graphs through the bioinformatics
website (http://www.bioinformatics.com.cn/).

MD study:

The 2D structures of the compounds were obtained
from the PubChem websites, then converted to three
Dimensional (3D) structures by Chem3D software
and saved in MOL2 format. The compound in MOL2
format was imported into AutoDock Tools v1.5.7
and the operations of add atomic charge, assign
atomic type and all flexible bonds can be rotated
by default were performed on the compound and
saved it in Protein Data Bank, Partial Charge (Q) and
Atom Type (T) (PDBQT) format. The 3D structure
Protein Data Bank (PDB) files of the core targets
were downloaded from the PDB websites (http://
www.rcsb.org/). The PDB file was imported into
the PyMOL software and the commands remove
solvent and remove organic were entered to remove
water and ligands, saving it in PDB format. The core
target PDB file after dewatering and deligation was
imported into AutoDock Tools v1.5.7 and the non-
polar hydrogen addition operation and Gasteiger
charge were calculated and it was saved in PDBQT
format. MD analysis was performed using AutoDock
Tools v1.5.7 and the docking results were visualized
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using PyMOL software. Molecular binding energy is
used to assess the ability of a compound molecule
to bind to a target. Binding energies<O klJ/mol
were considered spontaneous binding and binding
energies<-5 kJ/mol were considered well bound.

RESULTS AND DISCUSSION

Active components and targets of Fengcheng
Jixueteng were described here. By mining literature
and various databases, a total of 62 active components
of Fengcheng Jixueteng were preliminarily
retrieved. 23 active ingredients of Fengcheng
Jixueteng were finally obtained after screening
from SwissTargetPrediction websites and TCMSP
websites, merging and deduplication. However, one
of them has no predicted target information, so it
was deleted and 22 active ingredients were finally
obtained, as shown in Table 1.

Intersection results of drug target datasets and
disease target datasets were represented in fig. 1.
A total of 165 targets related to active compounds
of Fengcheng Jixueteng were collected from
the SwissTargetPrediction websites and TCMSP
websites. There are 4377 EC disease targets collected
from GeneCards websites and OMIM websites.
There are a total of 113 intersection targets in the two
datasets. The 113 intersection targets were initially
used as potential targets for the treatment of EC by
Fengcheng Jixueteng.

Drug-ingredient-target-disease network construction
was shown in fig. 2. There are a total of 1122
edges between 22 drug active ingredients and 113
disease targets in the network, in which the green
triangle represents the Fengcheng Jixueteng, the
blue circle represents the main active ingredient
of Fengcheng Jixueteng and the yellow circle
represents intersection target, as shown in fig. 2.
List of 20 potential targets of Fengcheng Jixueteng
against EC was shown in Table 2. The node degree
value and proximity centrality degree reflect the
core degree of nodes in the network. The degree
value and betweenness centrality value were sorted
by size to screen the top 5 core components and
targets. The results showed that compounds such as
butein, 3',4',7-trihydroxyflavone, isoformononetin,
genistein, isoliquiritigenin and Epidermal Growth
Factor Receptor (EGFR), Xanthine Dehydrogenase
(XDH), 17-beta-Hydroxysteroid Dehydrogenase type
1 (HSD17B1) and targets such as Estrogen Receptor
2 (ESR2) and Carbonic Anhydrase 12 (CA12) were
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the core nodes of the network. These nodes may be
the key compounds or targets for the treatment of
EC by Fengcheng Jixueteng. The specific results are
shown in Table 3.

PPI network and core targets were shown in fig. 3.
113 intersecting targets were put into the STRING
websites and the output was PPI network. There
were 113 nodes and 167 edges involved in the PPI
of Fengcheng Jixueteng in the treatment of EC, with
an average degree of 2.96. The node degree was used
as an evaluation parameter. The core target screening
condition was set to a degree greater than 5.92 and a
total of 21 targets were obtained. For example, Proto-
Oncogene Tyrosine-Protein kinase Src (SRC), Heat
Shock Protein 90-alpha member A1 (HSP90AAL1),
Estrogen Receptor 1 (ESR1) and Cyclin-Dependent
Kinase 4 (CDK4) were the top 4 nodes with the largest
correlation value. These 4 nodes may be potentially
important targets for Fengcheng Jixueteng treatment
of EC.

The functional enrichment analysis results showed a
total of 111 related signaling pathways which were
screened out by KEGG pathway enrichment (p<0.05)
and the top 20 pathways with the smallest p value
were selected. It is involved in multiple pathways,
such as pathways in cancer, PI3K-Akt signaling
pathway, micro Ribonucleic acids (miRNAs) in
cancer, proteoglycans in cancer, prostate cancer,
etc. as shown in fig. 4. In the GO analysis, there are

369 items for BP, 70 items for CC and 109 items
for MF. The top 10 items of BP, CC and MF with
the smallest ranking were screened out according to
the significance of p<0.05. The main BPs involved
includes signal transduction, protein phosphorylation
and negative regulation of apoptotic process, etc.
The main CCs involved include nucleus, cytosol and
nucleoplasm, etc. The main MF involved includes,
protein kinase activity, Adenosine Triphosphate
(ATP) binding and protein serine/threonine kinase
activity, etc. as shown in fig. 5. This indicates that
Fengcheng Jixueteng affects EC cell apoptosis,
protein phosphorylation and ATP binding through
multiple signaling pathways.

MD results were explained here. In this study,
MD of the core components was carried out. The
results indicated that the binding energy of the core
components of Fengcheng Jixueteng and the target
protein was <-5 kJ/mol, their structure was stable and
the binding activity was high. The binding energy
of butein-HSD17B1 is -8.1 kJ/mol and the binding
energy of butein-CA12 is -6.8 kJ/mol. The binding
energy of genistein-CA12 is -9.5 kJ/mol and the
binding energy of isoliquiritigenin-CA12 is -8.6 kJ/
mol. The binding energies of isoformononetin-XDH
and isoformononetin-CA12 are -6.8 kJ/mol and -9.4
kJ/mol respectively, as shown in Table 4. Among
them, 6 MD modes can be combined by hydrogen
bonding, as shown in fig. 6.

TABLE 1: RESULTS OF FENGCHENG JIXUETENG COMPOUND ANALYSIS

Identifier (ID)

Chemical name

Molecular formula

FC1 5,7-dihydroxy-3’,4"-dimethoxyiso-flavone C,,H,.0,
FC2 Prunetin C,H,,04
FC3 Genistein C,;H,,04
FC4 Biochanin A C,H,,0,
FC5 5,7-dihydroxy-3’,5"-dimethoxyisoflavone C,,H,.0,
FCé6 Ononin C,,H,,0,
FC7 Isoformononetin C,H,,0,
FC8 Catechin C,H,.0,
FC9 Formononetin C,H,,0,
FC10 Calycosin C,H,,0
FC11 8-methylretusin C,,H,..0,
FC12 Astragaluquinone C,,H,0,
FC12 Salicylic acid C,H,O,
FC14 3',4',7-Trihydroxyflavone C,;H,,04
FC15 Butein C,sH,,0,
FC16 Isoliquiritigenin C,H,,0,
FC17 Retusin 8-methyl ether C,,H,0
FC18 7-hydroxy-4',6-dimethoxyisoflavone C,,H,.0,
FC19 Biochanin C,H,,0
FC20 Daidzein C,;H,,0,
FC21 Afromosin C,,H,0,
FC22 3'-0-methylorobol C,H,.0,
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Fig. 1: Venn diagram of intersection targets
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Drug

WEE1 CCNB3 NOX4 MMP9 CYP1B1 SRC PDGFRADYRK1A CBR1 MMP1
MCL1 RAF1 STS ABCG2 IGFBP6 ESRRA ALOX5 CHEK1 PDPK1 PARP1
ESRRB MAOA CDC25B MMP8 MMP7 CSNK2A1GSK3A ABCB1 MAPK14 MMP2
PTGS1 TOP1 EZR BAD 1SP90AB1TLR9 PDK1 ADAM17IGFBP3 MIF
RET RPS6KB1 ALPG BMP1 CYP19A1 CDK2 IGFBP2 PON1 UGCG EPHB4
CA9 AURKA F3 SLC6A2HSD17B1 EGFR PLAT  TNF HDAC1 FLT1
TNKS2 AURKB MMP12 CFTR KIT PTGS2 NCOR2 TTR  ABL1 GLO1
APP AKR1B10MAP2K1 HCK CD38 IL2 GSK3B TYR CCND3 PPARA
CRHR1 CDC25A PTPN1 PI4KB SNCA ESR2 HSD17B2ERCC5 EPHB2 IGFBP5
ABCC1 CDK6 HDAC6 XDH MGMT IGFBP4 PFKFB3 CA12 ESR1 KDM1A

HSPY0AA1CDK4 HSP90B1 HAS2 PLAU BRAF IGFBP1 F10 ROCK1 FEN1

Fig. 2: Drug-active compound-target-disease network

PIM2 ALDH2 AKR1B1

TABLE 2: POTENTIAL TARGETS OF FENGCHENG JIXUETENG AGAINST EC

endometrial cancer

Serial number Gene ID
1 MMP2
2 ERCC5
3 XDH

4 MMP7
5 CDC25B
6 NCOR2
7 CD38
8 MAOA
9 CYP19A1
10 TNKS2
11 CA9
12 IGFBP2
13 SNCA
14 ESRRB
15 GSK3B
16 MMP1
17 CA12
18 CRHR1
19 MMP8
20 EGFR
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TABLE 3: KEY NODES OF DRUG-ACTIVE INGREDIENT-TARGET-DISEASE NETWORK

Name Type Degree Betweenness centrality
Butein mol 96 0.174
3,4',7-trihydroxyflavone mol 95 0.17
Isoformononetin mol 90 0.147
Genistein mol 89 0.086
Isoliquiritigenin mol 67 0.071
EGFR Target 18 0.014
XDH Target 17 0.011
HSD17B1 Target 15 0.009
ESR2 Target 13 0.008
CA12 Target 12 0.007
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Fig. 3: PPI network diagram
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TABLE 4: BINDING ENERGIES OF CORE COMPOUNDS AND CORE TARGET PROTEINS OF FENGCHENG

JIXUETENG
Compound Target PDB ID Binding energy (kJ/mol)
HSD17B1 3km0 -8.1
Butein
CA12 7puw -6.8
Genistein CA12 7puw -9.5
XDH 3osi -6.8
Isoformononetin
CA12 7puw -9.4
CA12 7puw -8.6
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Fig. 6: MD diagram of the core components of Fengcheng Jixueteng and the core target

Note: Docking diagram of (A) Butein and HSD17B1; (B) Butein and CA12; (C) Genistein and CA12; (D) Isoformononetin and XDH; (E) Isofor-

mononetin and CA12 and (F) Isoliquiritigenin and CA12
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EC is the fourth most familiar malignant tumor in
females and the most familiar gynecological diseases
in developed countries, which is mostly attributed to
tumor metastasist'>!3l. Of these, type 1 (endometrioid
carcinoma) was associated with asignificantincidence
of Catenin Beta 1 (CTNNBI), Kirsten Rat Sarcoma
virus (KRAS) and Deoxyribonucleic Acid (DNA)
Polymerase Epsilon (POLE) oncogene mutations.
Type 2 (serous or clear cell carcinoma) associated with
Tumor Protein 53 (TP53) mutation and Erythroblastic
Oncogene B-2 (ERBB-2) overexpression!'y. The
most commonly altered pathway in EC is the PI3K/
Akt/mTOR pathway, which can be used to regulate
cell growth and survival. Dysregulation will result in
the inactivation of Phosphatase and Tensin homolog
(PTEN) or mutations in Phosphatidylinositol-4,5-
bisphosphate 3-Kinase Catalytic subunit Alpha
(PI3K3CA) and KRAS. Loss of PTEN expression is
common in EC with good prognosis and PI3K3CA
mutations are often associated with higher tumor
grades. At present, clinically targeted drugs for EC
are often divided into four categories. They are
mTOR inhibitors, PI3K inhibitors, mTOR/PI3K dual
inhibitors and Akt inhibitors!!. It can effectively
induce EC cell apoptosis and has achieved initial
results in the treatment of advanced or recurrent ECI'61.
At present, the research of Fengcheng Jixueteng is
mainly concentrated in China. The research on the
chemicals of Fengcheng Jixueteng is not perfect,
the types of chemical components contained in
Fengcheng Jixueteng is still limited and the research
reports on its pharmacological activity are also few.
Few researchers have extracted and isolated the
flavonoids of Fengcheng Jixueteng, which mainly
contains flavonoids, phenols, triterpenes and sterols
and found that it has antitumor effect.

In this study, through the NP method, the compounds,
core targets and pathways of Fengcheng Jixueteng in
the treatment of EC were screened in the websites.
MD technology was used to simulate its binding
activity to elucidate the mechanism of Fengcheng
Jixueteng in EC treatment. Finally, the main active
ingredients contained in Fengcheng Jixueteng were
butein, isoliquiritigenin, formononetin and so on.
Many studies have indicated that butein inhibits
EC cell viability and induces various tumor cell
death via PI3K/Akt/mTOR and Extracellular signal-
Regulated Kinase/p38 Mitogen-Activated Protein
Kinase (ERK/p38 MAPK) pathways!!'”. Studies
have indicated that isoliquiritigenin has antioxidant,
anti-inflammatory and antitumor effects, which can
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induce apoptosis, autophagy and inhibit the growth
of EC in micel". Isoliquiritigenin inhibits EC cell
invasion and migration mainly by targeting the
Transforming Growth Factor beta/Suppressor of
Mothers against Decapentaplegic (TGF-B/SMAD)
signaling pathway!"”. Formononetin can induce
apoptosis in various cancer cells by acting on PI3K/
Akt/mTOR signaling pathway which is activated in
a variety of malignant tumors®®. It is suggested that
these components may be the pharmacological basis
for the treatment of EC by Fengcheng Jixueteng.

In this study, a "drug-active compound-target-
disease" network based on Fengcheng Jixueteng
was constructed to screen the core targets such as
HSD17B1, CA12 and XDH. HSD17B1 is controlled
by estradiol, dihydrotestosterone and miRNAs and
is regulated by cancer-related genes?'. CA12 is a
transmembrane enzyme involved in the regulation
of extracellular pH and overexpression of CA12 can
promote tumor growth and metastasis®?. XDH is a
valuable prognostic biomarker in a variety of cancers
and it may play a role in tumor immunology!*.

The GO function and KEGG pathway enrichment
analysis was carried out through the DAVID
websites and a variety of signal transduction, protein
phosphorylation, nucleus, cytosol, protein kinase
activity and ATP binding biological pathways was
involved in the GO function. Pathways in cancer,
PI3K-Akt signaling pathway, microRNAs in cancer,
proteoglycans in cancer, prostate cancer and other
pathways are involved in KEGG enrichment analysis.
This suggests that Fengcheng Jixueteng is involved
in cancer-related pathways.

MD results indicated that the core effective
compounds of Fengcheng Jixueteng are butein,
isoliquiritigenin, isoformononetin, genistein and the
core targets are HSD17B1, CA12 and XDH were
all <-5 kJ/mol. The binding activity of the receptor
protein was high, which fully verified the results
obtained by NP.

In conclusion, this research used NP and MD
technology for the first time to explore the
pharmacodynamic components and mechanism
of Fengcheng Jixueteng in the treatment of EC.
The results showed that butein, isoliquiritigenin,
isoformononetin, genistein and other components
in Fengcheng Jixueteng may act on HSDI17Bl1,
CA12, XDH and other targets by playing a role
in inhibiting apoptosis and anti-inflammatory. It
shows that Fengcheng Jixueteng exerts its anti-
Special Issue 6, 2023
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EC efficacy through multi-component, multi-target
and multi-channel action, which provides ideas for
further research on the treatment of EC in the future.
However, this study has certain limitations, the data
is used only for analysis and relevant experiments
will be carried out to further verify the results of this
research which may offer a basis for the growing of
EC therapeutic drugs.
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