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Background: Ovarian cancer has the highest mortality of gynecological cancers worldwide. The aim of this study was to iden-
tify the role of tripterine against ovarian cancer.

Material/Methods: GSE18520 and GSE12470 data sets were downloaded from the GEO database. WGCNA was used to analyze
gene modules and hub genes related to ovarian cancer. These hub genes were intersected with tripterine tar-
gets, and GO and KEGG enrichment analyses were performed. HPA and GEPIA determined the expression of
tripterine anti-ovarian hub genes in tumor tissues. Kaplan-Meier plotter was used to explore the role of hub
genes in ovarian cancer prognosis. AutoDock was used to conduct molecular docking of tripterine and hub
genes to observe whether the combination was stable.

Results: By differential analysis of gene expression and the construction of WGCNA co-expression network, 5 hub genes,
ARHGAP11A, MUC1, HBB, RUNX1T1, and FUT8, were screened by module gene screening. Seven biological pro-
cesses and 20 KEGG-related pathways were obtained by gene enrichment. The expression of tripterine anti-
ovarian hub genes ARHGAP11A, MUC1, and FUT8 were obtained by HPA and GEPIA. Using Kaplan-Meier plotter,
the survival of ovarian cancer was negatively correlated with ARHGAP11A, MUC1, and FUT8. Molecular dock-
ing showed the combination of tripterine and FUT8 was most stable, having the greatest potential role.

Conclusions: Tripterine may be involved in megakaryocyte development and platelet production through potential genes
ARHGAP11A, MUC1, HBB, RUNX1T1, and FUT8 and may have an anti-ovarian cancer effect in immune factors
signaling, transporting and exchanging oxygen pathways, and autophagy pathways, through these 5 key genes.
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Background

Ovarian cancer is a common life-threatening tumor in women,
with clinical characteristics of invasion [1,2]. Epithelial ovarian
cancer is most common and includes serous, mucinous, endo-
metrioid, clear cell, and transitional cell tumors. The serous tu-
mor is the most common type of ovarian cancer, accounting
for 2.5% of all malignancies in women but 5% of female can-
cer deaths [3]. The disease typically presents at a late stage
when the 5-year relative survival rate is only 29%. Although
China has a relatively low incidence rate (4.1 per 100 000), ow-
ing to its large population size, 52 100 new cases and 22 500
related deaths were estimated in 2015 [4]. Early diagnosis
of ovarian cancer is currently difficult to make in clinical ex-
amination, and by the time the diagnosis is made, most tu-
mors have progressed to intermediate and advanced stages
with distant metastasis [5]. The current clinical treatments for
ovarian cancer include surgery, chemotherapy, and radiothera-
py, which have the limitations of producing tumor resistance,
easy recurrence, and insensitivity and survival rates that are
extremely low [6]. Therefore, it is extremely important to ex-
plore new drugs for ovarian cancer.

According to the clinical characteristics of ovarian cancer, it can
belong to the types of diseases categorized as “accumulation”
and “stone mass” in ancient books of traditional Chinese med-
icine. Ovarian cancer is a kind of gynecological malignant tu-
mor that is based on a deficiency in root, and its excess in su-
perficial [6]. It involves multiple viscera and bowel organs, such
as the liver, spleen, and kidneys, with a weakness of healthy
Qi and disorder of Qi movement as the basis of the disease.
Phlegm, stasis, toxins, and accumulation are important patho-
logical factors in the development of the disease [7]. Blood sta-
sis due to Qi stagnation and “stasis-toxin” due to “dampness-
heat” are the 2 most common syndromes of the disease [8].

Tripterine is a monomer component of Tripterygium wilfordii.
It is reported that it can inhibit the growth of various types of
tumor cells by interfering with the function of mitochondria [9].
In addition, Zhao et al incorporated tripterine, brucei oil, and
glycyrrhizin into a microemulsion system, dual-modified with
transferrin and SA-R6H4, a drug-delivery system that has a
very good tumor-targeting and anti-cancer effects [10]. Several
studies and experiments have shown that tripterine has good
anti-ovarian cancer effects [5,11-13], but its specific mecha-
nism is unknown. Weighted gene co-expression network anal-
ysis (WGCNA) is an important systems biology algorithm that
can identify gene modules and key genes for phenotypic traits.
WGCNA has been used in the analysis of breast cancer, lung
cancer, colorectal cancer, and other malignant tumors [14-21].

Therefore, the purpose of this study was to adopt WGCNA to
identify gene modules that are highly associated with ovarian

Long X. et al:
Tripterine anti-ovarian cancer effects
© Med Sci Monit, 2022; 28: €932139

cancer. We selected the hub genes from the modules to ex-
plore their role in ovarian cancer. Also, we studied the process
and specific mechanism of tripterine inhibition of cell invasion
and metastasis in detail. This study can provide an important
theoretical foundation for ovarian cancer treatment and fresh
ideas for the development of new drugs.

Material and Methods

Collection of Targets for the Action of Tripterine

This study was conducted on the Traditional Chinese Medicine
System Pharmacology Analysis Platform (TCMSP, http://lsp.nwu.
edu.cn/tcmspsearch.php), the Comparative Toxicogenomics
Database (CTD, http://ctdbase.org/), and the BATMAN-TCM
platform (http://bionet.ncpsb.org/batman-tcm/). We used the
keyword “tripterine” to search and collect its targets. We down-
loaded the mol2 format of tripterine via TCMSP and imported it
into the Swiss Target Prediction platform (http://www.swisstar-
getprediction.ch/) and Pharm Mapper platform (http://www.li-
lab-ecust.cn/pharmmapper/submitfile.ntml) for target predic-
tion and reverse docking. The repetitive collected targets were
removed, and the rest were imported into the STRING 11.0 plat-
form (https://string-db.org/). The species “Homo sapiens” was
selected, and then the protein interaction network of the tar-
get was obtained. The results were imported into Cytoscape
(Version 3.4.0, http://www.cytoscape.org) for visualization.

Sources of Ovarian Cancer Clinical Data

The Gene Expression Omnibus (GEO) database on the PubMed
platform was searched with the keyword “ovarian cancer”. The
inclusion criteria were as follows: (1) the sample size must
be greater than 50, and (2) the sample contains normal tis-
sues and tumor tissues. Finally, the data sets GSE18520 and
GSE12470 were obtained. A larger sample size can usually
make data analysis more accurate and reliable. The differen-
tial genes expressed in normal tissues and tumor tissues were
analyzed. The selected data set was retrieved in the Sangerbox
platform, downloaded and standardized, and used as an ex-
pression matrix file for gene expression differential analysis.

Construction of the Gene Co-Expression Network Module

The expression matrix file was uploaded on the Sangerbox plat-
form, the significance threshold was set to 0.05, and the fold-
change was set to 2.00 to obtain the differentially expressed
genes. After analyzing the difference between the data sets
GSE18520 and GSE12470, the differentially expressed genes
were obtained. The differentially expressed genes of the 2 data
sets were crossed to obtain the final differentially expressed
genes in ovarian cancer, and a gene co-expression network
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module was constructed. After importing the differentially ex-
pressed gene data of the GSE18520 dataset into the Sangerbox
platform, the sample-clustering dendrogram was obtained to
observe whether there were outliers, and the co-expression
network type was selected as “unsigned” to obtain the soft
threshold of the non-scale topology network distribution. By
setting the sensitivity to 2.00, the sensitivity represented the
degree of distinction between genes. The module-merge thresh-
old, hub-correlation threshold, and network-weight threshold
were set as the default values. The network-weight threshold
represented the correlation between genes, and the higher
the value, the more demanding was the relationship between
the 2 genes. The cluster tree diagram between genes was ob-
tained after the minimum number of genes in the module was
30. Each branch of the clustered tree represented a different
module and was distinguished by a different color. A topolog-
ical-overlap matrix was constructed from this.

Analysis of Association of Modules and Clinical Features

To understand the correlation between modules and clinical
features, first, this study analyzed which gene clusters in mod-
ules were more clinically relevant as measured by Pearson’s
correlation coefficient, where a higher correlation coefficient
represented a higher correlation between modules and clinical
features. Second, gene significance was used to reflect the re-
lationship between gene expression levels and clinical features.

Hub Gene Identification of Anti-Ovarian Cancer Targets of
Tripterine

Through the analysis, the hub modules that were most rele-
vant to clinical characteristics were obtained. The genes in the
module were obtained, and they were crossed with the target
of tripterine on the VENNY2.1 (https://bioinfogp.cnb.csic.es/
tools/venny/index.html) website, and, finally, the key genes of
tripterine against ovarian cancer were obtained.

Gene Ontology Functional Annotation and Kyoto
Encyclopedia of Genes and Genomes Enrichment Analysis

To further understand the function of the key genes selected
above and their role in signaling pathways, the analyzed target
proteins were imported into the WebGestalt database (http://
www.webgestalt.org/). The species was selected as Homo sa-
piens, and a threshold false discovery rate <0.05 was set. After
performing Gene Ontology (GO) function annotation, Kyoto
Encyclopedia of Genes and Genomes (KEGG) pathway enrich-
ment analysis was performed on the hub genes obtained from
the above analysis through the Reactome database (https://re-
actome.org) to understand the role of the target proteins ob-
tained from the analysis in the signaling pathway and intui-
tively obtain the anti-ovarian cancer pathway of tripterine. The
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enrichment analysis results were then visualized by Omicshare
software (http://www.omicshare.com/tools/index.php).

Immunohistochemical Verification of Protein Expression
and Gene Expression Analysis

The Human Protein Atlas (HPA) database (http://www.protein-
atlas.org) was used to analyze the protein expression level of
hub genes in tumor tissues and adjacent tissues. After enter-
ing the gene name, “tissue” or “pathology” was selected to re-
trieve the typical map of the genes in normal tissues or tumor
tissues. According to the staining intensity of the protein in
the tissue and the percentage of stained cells, the differences
in protein expression between normal tissues and tumor tis-
sues were compared. Through the Gene Expression Profiling
Interactive Analysis (GEPIA) website (http://gepia.cancer-pku.
cn/), the relative gene expression levels of hub targets in tu-
mor tissues and adjacent tissues were analyzed.

Molecular Docking of Hub Genes to Tripterine and
Assessment of the Clinical Prognostic Value

The 3D structure of the key target was downloaded using the
Protein Data Bank (PDB) database (https://www.rcsb.org/) in
*PDB format, and then the tripterine*mol2 format was ob-
tained by TCMSP collection and analysis. PyMOL software was
used to perform dehydration and hydrogenation of the target
protein, and AutoDock software was used to convert the com-
pound and target protein format to *pdbqt format and was
then docked. Binding energy less than 0 indicated that ligand
molecules could spontaneously bind to the receptor. The dock-
ing results were imported into PyMOL for visualization. The
Kaplan-Meier plotter (http://www.kmplot.com/) can be used
to assess the impact of genes on overall survival benefit and
prognostic value. After obtaining the key target through analy-
sis, “Kaplan-Meier plotter” was entered for retrieval. The “ovar-
ian cancer” database was selected. After genes were input, the
“split patients by median” and “probe set options” were set
to “user-selected probe set”, and “histology” was set to “all”.
The remaining options were set to default to get the results.

Results

Collection of Targets for the Action of Tripterine

A total of 27, 147, 16, 100, and 300 targets of action of
Tripterygium wilfordii were collected by the TCMSP database,
CTD database, Batman-TCM database, Swiss Target Prediction
database, and Pharm Mapper reversed docking, respectively.
The final results were obtained from the protein interactions
of the 327 targets (Figure 1).
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Figure 1. The targets of tripterine.
Sources of Clinical Data on Ovarian Cancer

The data sets GSE18520 and GSE12470 were retrieved from
the GEO database. Then, through the Sangerbox platform,
the following settings were made: “exported data column” of
GSE18520 and GSE12470 as log2 processing and standardiza-
tion processing, “exported data ID” as the gene name, and “cal-
culation method” as the mean value. GSE18520 is a data set
containing 63 samples with the title “whole-genome oligonu-
cleotide expression analysis of papillary serous ovarian adeno-
carcinomas” [22]. The data set contains 53 tumor tissue sam-
ples and 10 control normal tissue samples. The data set was
published on October 17, 2009, and its latest update was on
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March 25, 2019. This data set contains the clinical features of
survival data, tumor grade, tissue, and tumor stage. Data set
GSE12470 contains 53 samples [23]. Its title is “gene expression
profiles of serous ovarian cancer samples”. It was published on
July 19, 2009, and the last update was on December 6, 2012.
It contains clinical features of stage, tissue, and sex. Two ex-
pression profile matrices were obtained after the data export.

Construction of Gene Co-Expression Network Module
The gene expression difference analysis of GSE12470 and

GSE18520 showed that there were 4702 differentially ex-
pressed genes in the data set GSE12470 and 2873 differentially
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Figure 2. Determination of soft threshold () for WGCNA analysis. (A) This diagram was used to identify significant outliers.
(B) Analysis of the scale-free fit index for various soft-thresholding powers (). (C) Analysis of the mean connectivity for
various soft-thresholding powers.

expressed genes in GSE18520, with 854 common differen- values between genes into a topological-overlap matrix to re-
tially expressed genes from the intersection of GSE12470 duce noise and false correlation. The topological-overlap-ma-
and GSE18520. The differentially expressed genes obtained trix heat map determined the independent existence of each
in the GSE18520 data set were screened and analyzed. After module (Figure 3B).

the data were preprocessed, the sample cluster map was ob-

tained through analysis of the Sangerbox platform, and no Analysis of the Association of Modules with Clinical

obvious outlier samples were found. A  value of 12 was se- Characteristics

lected as the soft threshold to construct a co-expression net-

work (Figure 2) when the scale-free fitting index was great- Through the correlation analysis of the clinical characteris-
er than 0.8 and the average connectivity of the network was tics of each module and sample, we found that the turquoise
good, and the network conformed to the non-scale topologi- module was highly correlated with the clinical characteristics

cal network distribution. Module identification was performed of tissue, tumor stage, and tumor grade (cor=0.86, P=7.5e-69),
by the dynamic tree-cutting algorithm and merging of similar and the green module was also highly correlated with the clin-
modules. The gene sets within the modules were highly relat- ical characteristics of tissue and tumor stage and tumor grade
ed genes. Six modules were eventually obtained (Figure 3A). (cor=0.4, P=2.7e-13), as shown in Figure 3D. Through the anal-
The new distance matrix was obtained by transforming the ysis of the clinical characteristics of tumor staging (Figure 3C),
adjacency matrix composed of genes and weighted correlation it was also seen that the clinical characteristic of tissue had
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high positive genetic significance with the turquoise module
and a negative genetic significance with the green module.
Therefore, the turquoise and green modules and clinical fea-
ture tissue were selected as the modules and clinical features
for screening key genes.

Hub Genes of Tripterine Against Ovarian Cancer
Identification

By matching and screening the genes in the 2 modules that
were most relevant to tumor staging in the target of tripter-
ine and ovarian cancer through the Venn diagram, we ob-
tained the 5 key genes involved in the effect of tripterine on
ovarian cancer: ARHGAP11A, MUC1, HBB, RUNX1T1, and FUTS8
(Figure 4A). Among them, HBB and RUNX1T1 were positively
related genes, and ARHGAP11A, MUC1, and FUT8 were nega-
tively related genes.

KEGG Enrichment Analysis and GO Functional Annotation
A KEGG pathway enrichment screen yielded the following 10

signaling pathways (P<0.05): factors involved in megakaryo-
cyte development and platelet production, interleukin (IL)-4
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and IL-13 signaling, erythrocytes oxygen uptake and carbon
dioxide release, defective GALNT12 causing colorectal cancer
1, defective GALNT3 causing familial hyperphosphatemic tu-
moral calcinosis, defective CIGALT1C1 causing Tn polyagglu-
tination syndrome, chaperone-mediated autophagy, eryth-
rocytes carbon dioxide uptake and oxygen release, oxygen/
carbon dioxide exchange in erythrocytes, and termination of
0-glycan biosynthesis (Figure 4B).

The hub genes of tripterine against ovarian cancer were an-
notated with GO functions and pathway analysis using the
WebGestalt and Reactome for pathway databases. GO func-
tional annotation is the annotation and classification of ge-
nomes by biological processes, cell components, and molecular
function (Figure 4C), where the height of the bars represents
the number of overlapping annotated genes in each category.
Biological processes include biological regulation, response to
stimulus, metabolic process, cell communication, cellular com-
ponent organization, multicellular organismal process, and lo-
calization. Cellular components include cytosol, extracellular
space, endomembrane system, membrane-enclosed lumen, ves-
icle, nucleus, Golgi apparatus, membrane, chromosome, pro-
tein-containing complex, and developmental process. Molecular
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0.9 —

0.8 —

Height

0.7 —

0.6 —

Dynamic module

Merged module

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

€932139-6



Long X. et al:
Tripterine anti-ovarian cancer effects
© Med Sci Monit, 2022; 28: €932139

DATABASE ANALYSIS

B Networh heatmap plot, all genes

C Module-trait relationships
Pink = 05
Turquoise L
0.0
Black A=
Green ot 05
Grey e 10

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
e932139-7 [ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)




Long X. et al:
Tripterine anti-ovarian cancer effects
© Med Sci Monit, 2022; 28: €932139

DATABASE ANALYSIS

D cor=0.46, p=0.0022 cor=0.86, p=7.5e-69
0.55 1 « °
. ¢ 09 1
. 050 : - .
g . . g 08 A
=3 . =3
£ " £
2 0457 et 8 2 97 A
= .~ . . =
5 0.40 4 . o . =] 0.6
K] b :° o K] 05 .
035 - . . ’
: * ) 04 - .
0304 : . .
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.5 0.6 0.7 0.8 0.9
Module member ship in grey module Module member ship in turquoise module
cor=0.77, p=1.6e-07 cor=0.4, p=2.7e-13
0.8
@ L 5 ’ . @
g 0.7 e e* . %’
E . e E
g 06 . g
= . =
S ¢ *% S
g 05 . 8
0.4
065 070 075 0.80 085 090 0.95 0.5 0.6 0.7 0.8 0.9
Module member ship in pink module Module member ship in green module
cor=0.59, p=7e-07 cor=-0.067, p=0.37
. . 0.8 1 . % . %°
0.7 P . L . .... .
. v . L 07 1 R T
E . [ .,(’, E '..o. ::' **
€ 061 . i g .. Ty s
5 . . et s 06 b S E R
% =g ’,:/ “e % --------- "-—.——~:'_-_'_ s e
& . e . = o .- ‘-';-.'—‘.M"'
§ 0.5 G 5\ 05 1. o e * . 3 o’..
o ’ e (’:: o« ® o . o . ° ‘- ‘. 'J *
3 B 3 0 ot ot eet
" . . . .c . .l.‘
0.4 J " = *% .
" 03 .
065 070 075 080 085 090 095 0.4 0.5 0.6 0.7 0.8 0.9 1.9
Module member ship in red module Module member ship in black module
Figure 3. (A) Gene-clustering dendrogram. Each end of the clustering dendrogram corresponds to a gene, and different colors

correspond to the different modules in which genes are clustered, and some modules which need to be merged are highly
similar. (B) Topological-overlap matrix graph, each row and column represents a module and the genes of the module. This
diagram shows the degree of correlation within the module. (C) Module-trait relationship. Each row corresponds to a module,
and each column corresponds to a clinical trait. Each cell contains a corresponding correlation. (D) Module membership in

each module.
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Figure 4. (A) Determination of anti-ovarian cancer targets of tripterine. Venn diagram of modules and compound-predicted targets.
(B) Kyoto Encyclopedia of Genes and Genomes-enriched pathways. (C) Gene Ontology functional analysis.
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Figure 5. (A-J) The expression of 5 hub genes in the adjacent tissues and tumor tissues in the Human Protein Atlas database.

function includes protein binding, protein binding, nucleic acid
binding, ion binding, enzyme regulator activity, antioxidant ac-
tivity, oxygen binding, and transferase activity.

Immunohistochemical Verification of Protein Expression
and Gene Expression Analysis

Through immunohistochemical verification of protein expression
analysis (Figure 5), it was seen that the antibody CAB017129
showed no detectable staining on the target FUT8 in normal
colon tissues, while it showed high-intensity staining in ovar-
ian cancer tissues, and the proportion of stained cells was
greater than 75%. The antibody HPA07951 was found in nor-
mal colon tissues. The target ARHGAP11A in the tissue showed
no detectable staining, while it showed low-intensity staining
in ovarian cancer tissues, and the proportion of stained cells
was less than 25%. The antibody CAB009526 showed unde-
tectable staining in the target HBB in normal colon tissue but
in the ovarian cancer tissue, it was stained with low intensi-
ty, and the proportion of stained cells was 25% to 75%. The
antibody CAB000036 showed undetectable staining in the
target MUC1 in normal colon tissues but showed high-inten-
sity staining in ovarian cancer tissues, with the proportion
of stained cells greater than 75%. The antibody HPA066481
showed undetectable staining in normal colon tissues, the
target RUNX1T1, but showed high-intensity staining in ovar-
ian cancer tissues, with the percentage of stained cells rang-
ing from 25% to 75%. Through the analysis of the expression
of hub genes (Figure 6), it can be concluded that the expres-
sion of ARHGAP11A, MUC1, and FUT8 genes in ovarian can-
cer tissues was significantly higher than that in adjacent tis-
sues (P<0.05).

Key Target Docked to the Tripterine Molecule and
Evaluation of Clinical Prognostic Value

Through WGCNA analysis combined with immunohistochem-
ical verification of protein expression and gene expression
analysis, ARHGAP11A, MUC1, and FUT8, which had higher ex-
pression in tumor tissues, were screened out. The evaluation
and analysis results of the overall survival rate of the hub
genes (Figure 7) showed that the target proteins ARHGAP11A
(HR=1.18, P=0.048), MUC1 (HR=1.17, P=0.037), and FUT8
(HR=1.27, P=0.034) were negatively correlated with survival
prognosis, and high-level gene expression affected the prog-
nosis. The results of molecular docking showed that the dock-
ing affinity of tripterine to the hub gene molecule was less
than 0 kJ/mol. It is generally believed that the lower the en-
ergy, the more stable the conformation of the ligand and the
receptor, and the greater the possibility of the effect. This in-
dicated that tripterine had a good binding activity to the hub
gene. The analysis of molecular docking results revealed that
the binding energy of tripterine to MUC1 was -3.26 kl/mol, its
docking site was DT13,and the binding energy to FUT8 was
-4.07 kJ/mol, indicating that the ligand and the receptor had
the binding energy of -4.07 kJ/mol, and its docking site was
ARG549. The conformation was stable. The specific docking
site for the docking results of tripterine and the hub gene mol-
ecule is shown in Figure 8. However, since ARHGAP11A could
not be pre-treated, the docking site could not be obtained.

Discussion

Ovarian cancer is one of the most common malignant tu-
mors in gynecology. At present, conventional medicine is the
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Figure 6. (A-E) The expression of 5 hub genes in the adjacent tissues and tumor tissues in the Gene Expression Profiling Interactive

Analysis database.

mainstream treatment of ovarian cancer, and comprehensive
treatment, such as surgery and chemotherapy, is most com-
mon [24]. However, the toxic adverse effects of conventional
medicine can be painful, and patients can develop drug resis-
tance [24]. According to ancient Chinese medical texts, ovarian

cancer belongs to the categories “abdominal mass” and “ac-

cumulation-gathering”, and the main treatment is to activate
blood and move Qi. Tripterine is an active ingredient isolated
from tripterinerdii. It has been found that it has a significant
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inhibitory effect on ovarian cancer SKOV3/DDP cells [11], and
has an effect on ovarian cancer cell proliferation and apoptosis
[25]. Therefore, it is of great clinical value to explore the targets
of the molecular action of tripterine on ovarian cancer-relat-
ed molecules and to develop effective therapeutics and drugs.

WGCNA is an algorithm for gene-network construction based

on the similarity of expression between genes consider-
ing biological function as a whole, and is commonly used to
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Figure 7. (A-C) The survival analysis of ARHGAP11A, MUC1, and FUT8 genes in the Kaplan-Meier plotter database. The patients were
stratified into a high-level group or a low-level group according to the median expression.

identify functionally related or similarly expressed genes in
high-throughput data to explore the complex relationships
between genes and phenotypes [21,26]. In addition, the abil-
ity to correlate clinical information with modules allows re-
searchers to further access biomarkers or targets associated
with clinical features, key disease drivers, and drug mecha-
nisms of action [27,28].

From the analysis of the WGCNA, it was concluded that the genes
ARHGAP11A, MUC1, HBB, RUNX1T1, and FUT8 are hub genes
of tripterine for the treatment of ovarian cancer. All of these
genes play important roles in the treatment of ovarian cancer

with tripterine. ARHGAP11A, MUC1, and FUT8 come from the
turquoise module and HBB and RUNX1T1 are from the green
module, and these modules are positively and negatively cor-
related with tumor staging, respectively, which was consistent
with the verification results. ARHGAP11A, an oncogene, has a
role in promoting breast cancer growth, metastasis, and prolifer-
ation through the Rho-A-dependent pathway [29]. ARHGAP11A
was also been found to be a key gene of endometrial cancer
in the comprehensive network analysis analyzed by WGCNA,
which can affect the cell cycle and function of DNA replication
[29]. MUC1 is a transmembrane protein with a highly glycosyl-
ated extracellular domain. When abnormal glycosylation occurs,
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Figure 8. The docking diagram of FUT8 and MUC1 with tripterine. The picture on the left is an enlarged version of the picture on the

right.

it can cause cancer [30]. MUC1 plays an important role in can-
cer proliferation, metabolism, invasion, and metastasis. MUC1
can mediate the production of growth factors to promote can-
cer cell proliferation, and can also enhance glucose uptake and
metabolic pathways to promote cancer cell metabolism. The
abnormal expression of MUC1 can lead to instability of ad-
hesion junctions, rearrange the cytoskeleton, reduce the con-
tact between cancer cells, and promote the invasion of cancer
cells [30]. The HBB gene was downregulated in patients with
ovarian cancer in this study, which is consistent with other re-
ports in the literature [31]. Although HBB is downregulated in
patients with cancer, it still plays a key role in the progression

of ovarian cancer. Studies have shown that HBB is downregu-
lated in the serum of rats with ovarian cancer, indicating that
it can be used as a biomarker and therapeutic target for early
cancer [32]. RUNX1T1 was first discovered in the fusion tran-
script AML1/ETO in acute myeloid leukemia [33]. The present
study also showed low expression in patients with ovarian
cancer. Studies have shown that the upregulation of RUNX1T1
can inhibit the proliferation, migration, and invasion of ovari-
an cancer [34]. Another study found that RUNX1T1 is highly ex-
pressed in non-small cell lung cancer through in situ hybridiza-
tion [35]. Further research is needed to determine the role of
this gene in cancer. Abnormal glycosylation is closely related to
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the occurrence and development of cancer. FUT8 is 1 of the 2
genes related to glycosylation among the 5 key genes we dis-
covered. In addition, it can also regulate programmed cell death
protein 1, growth factors, and antibody-dependent cytotoxicity
to promote the occurrence and development of cancer [36-38].
The lower the binding energy, the more likely the drug will work.
From the present molecular docking results, FUT8 had the low-
est docking fraction and the most stable binding to tripterine.
Tripterine may act as a FUT8 inhibitor to inhibit tumor growth.

According to the enrichment pathway analysis of hub genes,
the genes were enriched in immune cells and blood cells, im-
mune factors signaling, including IL-4 and IL-13 signaling, ox-
ygen transporting and exchanging pathways, and autophagy
pathways. HBB is a hemoglobin-related gene that can regu-
late oxygen transport by regulating hemoglobin or red blood
cells. HBB can also regulate the hypoxia gene Hif-a to regu-
late tumor metabolism; therefore, HBB may be very important
for the transport of tumor oxygen. It has been documented
that tripterine has a significant role in the proliferation and
autophagy of ovarian cancer cells, but its specific mechanism
is unknown [5,17]. The above analysis shows that tripterine
may play an anti-ovarian cancer role in autophagy, activation
of immune system and function, and transportation of oxygen
to a tumor through the above targets and related pathways.

Traditional Chinese medicine emphasizes holism when diag-
nosing and treating diseases, coinciding with the systematic
analysis of network pharmacology, which asserts that drugs
treat diseases through multiple targets and multiple pathways.
In modern research, some references reflect the importance
and practicability of network pharmacology [39,40]. Through
network pharmacology, Qian [41] found the potential im-
mune-related targets and mechanisms of the Qingyihuaji for-
mula against pancreatic cancer through network pharmacolo-
gy and WGCNA, and Zhou [40] verified the mechanism of the
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injection of the compound Kushen in treating esophageal can-
cer, also through network pharmacology combined with WGCNA.
Network pharmacology can often identify the direction of our
research, thereby reducing the ambiguity of the research di-
rection and the waste of manpower and material resources.
Nevertheless, there are some limitations in the research of net-
work pharmacology. First, the research of network pharmacol-
ogy is based on the premise of a big data network. The infor-
mation contained in different databases varies. To reduce the
error in data collection, we can study the joint use of multiple
databases. Second, the research of network pharmacology is
the process of collecting data through the network and then
analyzing the data. Obtaining actual evidence still requires ex-
perimental support, but in this research process, different da-
tabases are mutually verified from multiple methods and per-
spectives. This can also increase the credibility of the research.

Conclusions

In this study, the molecular mechanism of tripterine in the treat-
ment of ovarian cancer was investigated and analyzed based
on WGCNA and molecular docking. The results of the analy-
sis partially indicated that tripterine could exert anti-ovarian
cancer effects through the above targets, biological process-
es, and signaling pathways. This study provides a theoretical
basis for subsequent experimental studies on the mechanism
of the anti-ovarian cancer effect of tripterine, and also pro-
vides a research method for future discussions on the science
of traditional Chinese medicine.
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