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Abstract

Background: Comprehensive bioinformatics analysis of the effective molecular screening of Podophyllum octagonal in
breast cancer treatment by using network pharmacology.

Methods: We collected the active ingredients and target genes of Chinese medicine octagonal lotus through the
Traditional Chinese Medicine System Pharmacology Analysis Platform (TCMSP); downloaded human protein annotation
information on the protein database Uniport; and collected data from five databases: GeneCards, OMIM, PharmGkb, TDD,
and DrugBank. Construct the practical ingredient-target gene data intersection to obtain the target gene-disease gene and
draw the Venn diagram. We use Cytoscape 3.8.0 software to construct the effective component-target gene-disease gene
network. The STRING database protein interaction (PPI) networks were erected, and we used Cytoscape 3.8.0 software to
screen out its core sub-networks and hub gene networks. Through survival analysis, core genes and hub genes were
screened to identify several key genes. We performed key target gene ontology (GO) analysis and gene interaction (KEGG)
analysis, which were followed by molecular docking of the key active ingredients in the star anise corresponding to several
key genes.

Results: 19 active ingredients, 444 drug targets, and 10,941 disease-related genes were obtained. The key active ingredient
was quercetin. GO analysis revealed 2471 affected biological processes, and 167 pathways were obtained in KEGG
enrichment analysis.

Conclusion: This study initially screened the key active ingredients of star aniseed lotus and analyzed key genes and several
essential pathways. Traditional Chinese medicine is expected to provide new evidence and research ideas to prevent and
treat breast cancer.
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Background it is a significant cause of cancer-related deaths among

women. The situation of breast cancer in China is not
Breast cancer (BC) is a pathological process in which  optimistic. More than 16,000 people are diagnosed with
breast epithelial cells proliferate out of control under the  preast cancer every year, and 12,000 people die from breast
action of a variety of carcinogens. The global incidence of  cancer. At present, the cause of breast cancer is not clear.
breast cancer has been on the rise since the late 1970s, and Studies have found that breast cancer incidence has a
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particular pattern, among which risk factors are more im-
portant. Most breast cancer patients’ risk factors are called
high-risk factors of breast cancer, including aging, family
history, reproductive factors (menarche, low age at first
pregnancy, late menopause, etc.), estrogen (endogenous and
exogenous estrogen), bad lifestyle habits, etc. Most of them
involve changes in the expression of certain genes, such as
microRNAs (miRNAs)." However, women with several of
the abovementioned high-risk factors do not necessarily
have breast cancer. It just means that their risk of breast
cancer is higher than ordinary people. More and more ev-
idence shows that IncRNA participates in the formation of
breast cancer by influencing Notch, Wnt/B-catenin, trans-
forming growth factor-p, and mitogen-activated protein
kinase pathways and this kind of participation has important
clinical diagnostic and prognostic value.> So far, significant
progress has been made in the clinical and theoretical re-
search of breast cancer. Current prevention methods include
screening, chemoprevention, and biological prevention,
which are more direct and effective than ever.

The mortality rate of breast cancer has decreased. How-
ever, breast cancer remains the leading cause of cancer death
among women. Therefore, more input is needed to study
breast cancer’s pathogenesis and prevention.'® Podophyllum
was first published in “Shen Nong’s Materia Medica.” The
octagonal genus lotus is a genus endemic to our country. It is
the rhizome of hexagonal lotus and octagonal lotus in the
Berberis family.” Its effects involve clearing heat and de-
toxification, removing phlegm, removing blood stasis, and
reducing swelling.® Modern pharmacological research shows
that star aniseed lotus is widely used in cancer treatment (such
as breast cancer, testicular cancer, etc.).7’8

In this article, network pharmacology is used to obtain
the targets and active ingredients of octagonal lotus from
the TCMSP database and obtain breast cancer disease—
related genes from GeneCards, OMIM, PharmGkb,
TDD, and DrugBank to establish a dynamic ingredient—
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target gene network. We establish the PPI network of the
octagonal lotus’ key targets through the STRING database,
and the core genes and pivot genes were screened for
survival analysis and verification. GO enrichment analysis
and KEGG pathway enrichment analysis were performed
on key targets. Finally, the selected essential genes are
molecularly docked with effective ingredients. In this
study, four key genes (MYC, CXCL10, CXCLI11, and
E2F1) affected by the octagonal lotus were Iinitially
screened. Quercetin is speculated to be the main effective
component of octagonal lotus to treat and prevent breast
cancer. Through GO enrichment analysis and KEGG
pathway enrichment analysis, we have obtained important
pathways of star aniseed lotus and discussed the rela-
tionship among key genes, active ingredients, pathways,
and breast cancer, which, to a certain extent, provide a
relevant reference to the prevention and treatment of breast
cancer with traditional Chinese medicine.

Material and methods

Acquisition of active ingredients and targets

We use the Traditional Chinese Medicine System Phar-
macology Database (TCMSP) (https://tcmspw.com/tcmsp.
php) to search for the dataset of the chemical constituents
and targets of octagonal lotus. We use drug-like properties
(DL) > 0.18 and bioavailability (OB) > 30% as the eval-
uation criteria to screen the effective ingredients in the
octagonal lotus, and obtain the target of the octagonal lotus,
and then use Strawberry Perl-5.30.0.1 to act on it. The
target is screened, and the target of the active ingredient is
obtained. The human protein annotation information is
obtained from the Uniprot website (https://www.uniprot.
org/) to convert the star aniseed lotus target (Annex.1).

The collection of BC genes

We use “Breast Cancer” as a keyword in GeneCards (https://
www.genecards.org/), OMIM (https://omim.org/), PharmGkb
(https://www..pharmgkb.org/), TDD (http://db.idrblab.net/ttd/),
and DrugBank (https://go.drugbank.com/); these five disease
gene databases collect breast cancer—related genes. All genes
were integrated to remove duplicate data to obtain the set of
disease genes for breast cancer, and we use the software R
4.0.2 and its package (“Venn”) to draw the union Venn
diagram (Venn) (Figure 1(a)).

Dysosma Versipellis targets and construction of
BC-related gene network

We use the software R 4.0.2 to pair the targets corresponding
to the active ingredients of the octagonal lotus with the
collection of disease genes for breast cancer to obtain the
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Figure I. A: Dysosma Versipellis-BC Venn diagram. (a) is the Venn diagram of the breast cancer data set in the five gene databases of
GeneCards, OMIM, PharmGkb, TDD, and DrugBank, and (b) is the Venn diagram of the intersection of the target of the Dysosma
Versipellis active ingredient and the breast cancer data set. B: Dysosma Versipellis’s active ingredients in BC target gene network
diagram. The red node represents the affective component, and the blue node represents the target. The larger the node, the more
complex the connection relationship. C: Active ingredients-the top 10 active ingredients with the number of connections in the target

gene network diagram.

intersection genes of the two and use the R package (‘“Venn”) to
draw the Venn diagram (Venn) for the intersection (Figure 1(b)).
We then use Cytoscape 3.8.0 software to construct an effective
gene network of ingredient-target gene-disease (Figure 1(b)).

Construction of PPl network

We import the key target genes into the STRING database
(https://string-db.org/) to construct a protein interaction
network (PPI), select Homo sapiens as the research species,
set the required minimum interaction score as the highest
confidence degree [highest confidence (0.900)], and hide
disconnected nodes in the network. Other parameters are the
default values to obtain the protein interaction network of
octagonal lotus for breast cancer (Figure 2).

Screening of core genes and pivot genes

Screening of core genes: Import the data of the con-
structed protein interaction network (PPI) into Cyto-
scape 3.8.0, use the plug-in CytoNCA to filter the
network to obtain the first-level sub-network, then filter
the first-level sub-network to get the second-level sub-
network (Figure 3(a)), and select genes in the first-level sub-
network as core genes. Screening of hub genes: Import the
protein interaction network (PPI) data into Cytoscape 3.8.0 and
use the plug-in CytoHubba to screen the hubs. Here, three
scores of Degree, MCC, and Bottle Neck are used as the
screening basis; the top 20 hubs are selected; genes were
screened for three scores; and three pivot gene groups were

obtained (Figure 3(b)).
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Figure 2. Dysosma Versipellis-BC protein interaction network diagram.

Survival analysis and verification of core genes and enter the core genes to draw a survival analysis chart, and
pivot genes keep genes with a log-rank p-value <0.05. According to

the hazard ratio (HR), 95% confidence interval (95% CI),
Go to the Kaplan—Meier plotter website (https://kmplot.  and the survival prognosis forest map and survival curves,
com/analysis/), select “Start KM Plotter for breast cancer,”  the analysis’s genes are shown. The genes on the Y-axis’s
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Figure 3. A: Dysosma Versipellis-breast cancer protein network diagram (a) is the protein network diagram, b is the first-level sub-
network diagram of the core network, and c is the second-level sub-network diagram of the core network. B: Dysosma Versipellis-BC
hub gene network diagram (a) is the Degree scoring hub gene network diagram, (b) is the MCC scoring hub gene network diagram, c is

the Bottle Neck scoring hub gene network diagram.

right side are the key genes. The cancer genomics visu-
alization tool is used to visually summarize several genes
(cBioPortal) (https://www.cbioportal.org/) whose loga-
rithmic rank p-value is less than 0.05. We use the GEPIA2
online database (http://gepia.cancer-pku.cn/index.html) to
verify genes with p-value <0.05, select boxplot to add
dataset BRCA, set |[Log2FC| cutoff values and p-value
cutoff value to the default values of one, and set 0.01 for
gene analysis. We use GEPIA2 online database (http://
gepia.cancer-pku.cn/index.html) to verify genes with p-
value <0.05, select boxplot to add dataset BRCA, set |
Log2FC]| cutoff values and p-value cutoff value as default
values of one, set 0.01 to analyze the genes, select stage plot
to add the dataset BRCA, and then analyze to get the analysis
of the genes. The survival analysis and verification of the
three pivot gene groups were carried out in the same way.

Gene copy number variation rate

The METABRIC data in cBioportal (https://www.cbioportal.
org/study/summary?id=brca_metabric) were used to perform
gene copy number variation rate analysis (CNA) on the
screened core genes and pivot genes. Several evaluations of
genes were carried out through the CNA genome group: @
Survival analysis of multiple genes in the total breast patient
population, @ survival analysis of multiple genes in breast

cancer patients without recurrence, @ age at diagnosis, @
Nottingham prognostic index, & integrative cluster, ©) pa-
tient’s vital status, and (D tumor and other histologic subtype.

Key gene ontology (GO) analysis and gene
interaction (KEGG) pathway analysis

ERINT3

We first prepare packages such as “colorspace,” “stringi,”
“ggplot2,” “BiocManager,” “DOSE,” “clusterProfiler,”
“enrichplot,” “org.Hs.eg.db,” and “pathview”; then we use
R 4.0.2 and reference packages such as “clusterProfiler,”
“org.Hs.eg.db,” “enrichplot,” and “ggplot2” to perform GO
enrichment analysis on key genes; and use packages such as
“clusterProfiler,” “org.Hs.eg.db,” “enrichplot,” “ggplot2,”
and “pathview” for KEGG pathway enrichment analysis; the
results are shown in Figure 7(b) (Annex.2).

EEINT3

Molecular docking with key active ingredients

The key genes are converted into key active ingredients
in the active ingredient-target gene-disease gene net-
work. Preparation of small molecule ligand: Collect the
small molecule ligand 2D structure of the key active
ingredient in PubChem database (https://pubchem.ncbi.
nlm.nih.gov/) and import the small molecule ligand 2D
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Figure 4. A: (a) is a forest map of 16 core genes, (b)-(q) is a survival analysis map of |16 core genes. B: (a) is the forest plot of the pivot
gene’s degree score, and (b)-(k) is the survival analysis plot of the degree score of the pivot gene. C: a is the forest plot of the pivot gene
MCC score, (b)-(k) is the survival analysis plot of the pivot gene MCC score of the pivot genes. D: (a) is the forest plot of the Hub gene
Bottle Neck score, (b)-(h) is the survival analysis plot of the Bottle Neck score of the pivot genes.

structure of Chem3D to calculate the 3D structure from
which its minimum free energy is derived. Preparation of
protein receptor: Find the human protein ID corresponding to
the key gene in Uniprot, enter the protein ID in the PDB
database (http://www.rcsb.org/) to search for the corresponding
protein receptor, and use PyMOL to remove the protein receptor
water molecules and small molecule ligands. Determine the
activity pocket: Use the software AutoDockTools-1.5.6 to de-
termine the activity range of the protein receptor. Molecular
docking: Use vina for molecular docking; then, the docking

results are imported into PyMOL to get the effect picture of
molecular docking (Figure 7(c)).

Verification of the differential gene in the
TIMER database

Enter the TIMER database (Tumor Immune Estimation
Resource) (https://cistrome.shinyapps.io/timer/), search for
the differential expression of key genes (MYC, CXCL10,
CXCL11, and E2F1) in different tumor tissues, and verify
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Figure 5. A. Visual summary and overview of 22 significant genes. (a) is a visual summary diagram of 22 significant genes in the survival
analysis, (b) is a summary diagram of changes in 22 significant genes. B. The expression level of hub gene in BC tissues and normal tissues
of patients (a)-(p) is the expression level of core genes (p<0.01 is considered statistically significant). C. The expression level of hub gene
in BC tissues and normal tissues of patients (a)-(j) are the expression levels of the degree score of the pivot gene (p<0.01 is considered
statistically significant). D. The expression level of hub gene in BC tissues and normal tissues of patients. (a)-(j) are the expression
levels of the pivot gene MCC score (p<0.01 is considered statistically significant). E. The expression level of hub gene in BC tissues and
normal tissues of patients. (a)-(g) are the expression levels of the hub gene Bottle Neck score (p<0.01 is considered statistically

significant).

the copy number of key genes. The correlation between
changes and the abundance of immune cells, to prove the
relationship between survival analysis and immune infiltra-
tion, and the correlation between TP53 gene mutation and
immune infiltration are as follows:

(1) Differential gene expression in different tumor
tissues (Figure 8(a));

(2) Correlation between differential gene copies
number changes and immune cell abundance
(Figures 8B and 8C);

(3) The relationship between survival analysis and
immunity infiltration (Figure 9); and

(4) The relationship between TP53 gene mutation
and immune infiltration which is shown in
Figure 10.



Screening of Dysosma Versipellis active ingredients
and targets

Search all the chemical components in Dysosma Versipellis
through the TCMSP database. And search for 22 effective
compounds with drug-like properties (DL) > 0.18 and
bioavailability (OB) > 30% as the screening thresholds,
then retrieve all the components corresponding to Dysosma
Versipellis through the TCMSP database, and then screen
the target points through Strawberry Perl-5.30.0.1; finally,
443 target points corresponding to 22 active ingredients

8 International Journal of Immunopathology and Pharmacology
Dysosma versipellis
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Go and KEGG analysis N
Molecular docking
Verification of the differential gene in the TIMER database
Results were obtained. Then, obtain 20,386 human protein anno-

tation pieces of information from the Uniprot database, use
Strawberry Perl-5.30.0.1 to convert 443 Dysosma Versi-
pellis targets with the target names corresponding to the
Uniprot database, and merge and delete duplicates to obtain
348 target genes.

Dysosma Versipellis ingredients improve the
prediction of potential targets for breast cancer

We use “Breast Cancer” as a keyword to search in five
databases: GeneCards, OMIM, PharmGkb, TDD, and
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Figure 6. (a) is Survival analysis in the overall breast patient population; (b) is Survival analysis in recurrence-free breast cancer patients;

(c) is Age distribution is diagnosed in each gene; (d) is Nottingham

prognostic index; (e) is Heat map of gene copy number variation

rate; (f) is Patient’s Vital Status; (g) is Tumor Other Histologic Subtype.

DrugBank. The disease targets obtained from the five
databases are integrated, and duplicate data are removed
to obtain 10,941 targets compared with those obtained in
2.1. The intersection of 348 targets accepts 158 inter-
section targets (Figures 1(a) and (b)).

Active ingredient-target gene network

The active ingredient-target gene network was constructed
by using Cytoscape 3.8.0 software. A network containing
177 nodes (19 effective component nodes and 158 target
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Table I. Top six biological functions according to the ranking (Count) in GO enrichment analysis.

Description genelD

Count

Response to lipopolysaccharide

PTGS2/RELA/MAPK3/MAPK1/MAPKS/IL | B/OPRM I/CASP9/CASP3/CASP8/PRKCA/ 37

CXCL8/GSTPI/TBXA2R/NOS2/AKT I/PPARGCIA/CYPIA2/CYPIAI/ICAMI/SELE/
SLPI/MAOB/FOS/NFKBIA/GJA1/NOS3/THBD/SERPINEI/ILIA/MpO/CXCLI 1/CXCL2/

PPARD/HSF|/CXCL10/CHUK
PTGS2/RELA/MAPK3/MAPK /MAPKS/IL 1 B/OPRMI/CASP9/CASP3/CASP8/PRKCA/ 37
CXCL8/GSTPI/TBXA2R/NOS2/AKT I/PPARGCIA/CYPIA2/CYPIAI/ICAMI/SELE/

Response to molecule of
bacterial origin

SLPI/MAOB/FOS/NFKBIA/GJA1/NOS3/THBD/SERPINEI/ILI A/IMpO/CXCLI | /ICXCL2/

PPARD/HSF1/CXCLI10/CHUK
KCNH2/PTGS2/NCOAI|/RELA/ILI B/PDE3A/ADRAI|A/SLC6A4/BCL2/CASP3/POR/SODI/ 37

Response to drug

CAT/TBXA2R/NOS2/SLC6A2/STAT I/PPARGCIA/CYPIA2/CYPIAI/ICAMI/NRI12/
PPP3CA/MAOB/EGFR/CCND I/FOS/TP53/TOPI/MYC/CCNBI/COLIAI/NFE2L2/

CHEK?2/HSFI/CHUK/NKX3-|
PTGS2/NCOAI|/RELA/MAPK3/MAPK 1/MAPK8/ADRB2/SLC6A4/OPRMI/BCL2/JUN/ 37

Response to nutrient levels

PONI/POR/SOD I/CAT/HMGCR/GSTPI/TBXA2R/AKT I /STAT I/PPARGCIA/HMOXI/
CYPIAI/ICAMI/AKRIC3/EGFR/CCND I/TP53/COLIAI/MPO/NFE2L2/NQOI/
PPARA/PPARD/HSFI/CXCLI0/SPPI

Response to metal ion

PTGS2/MMP9/MAPK3/MAPK1/MAPK8/SCN5A/BCL2/CASP9/JUN/CASP3/CASP8/SODI/ 36

CAT/ALOXSAP/AKT I/PPARGCIA/HMOXI/CYPIA2/CYPIAI/ICAMI/PPP3CA/
AKRIC3/MAOB/EGFR/CCND I/FOS/HIFIA/CAVI/CCNBI/ILIA/NCFI/NFE2L2/

NQOI/PARPI/HSFI/CHUK
Response to oxidative stress

PTGSI/PTGS2/RELA/MMP2/MMP9/MAPK3/MAPK | /MAPK8/BCL2/JUN/CASP3/SODI/ 36

CAT/GSTPI/AKTI/STATI/PPARGCIA/HMOXI/CYPIBI/AKRIC3/MMP3/EGFR/FOS/
TP53/HIFIA/DUOX2/NOS3/HSPBI/COLIAI/MPO/NCFI/NFE2L2/NQO | /PARPI1/

HSF1/CHUK

nodes) and 328 connections (i.e., the connection between
the effective component and the target) is obtained (Figure
1B). The Degree value is used as main reference basis for
the active ingredient-target gene network diagram in the
topological analysis; the top 10 active ingredients in the
order of the number of connections, namely, quercetin,
kaempferol, beta-sitosterol, Rutin, Sitogluside, etc., are
docked with 136,53,29,20, and 16 targets, respectively, (for
details see Figure 1C). This analysis shows the mechanism
of Dysosma Versipellis’s multi-component multi-target
effect on breast cancer.

Construction and analysis of PPl network

To further study how the mechanism of Dysosma Versipellis
prevents and treats breast cancer, this study introduced 158
key targets of Dysosma Versipellis to the STRING database
platform (https://string-db.org/) to predict protein interaction
relationships and draw protein relationship network diagrams
and set the minimum interaction score required to be the
highest confidence level [highest confidence (0.900)]. The
research species is limited to “humans” (“Homo sapiens”).
Hide the unconnected nodes in the network and keep the
remaining parameters at the default settings. Get Dysosma
Versipellis and the PPI networks acting on breast cancer
(Figure 2). As shown in Figure 2, the Dysosma Versipellis
targets protein PPI network which has 470 interaction lines,

of which there are 157 nodes (1 target protein is not in-
volved in the interaction between proteins).

The light blue line represents the protein—protein in-
teractions obtained in the database, and the purple line
represents the protein—protein interactions that have been
experimentally verified.

Survival analysis and verification of core genes and
pivot genes

Survival analysis of core genes and hub genes obtained in 1.5
showed that 16 of the 32 core genes were significantly related
to breast cancer (log-rank p<0.05) (Figure 4A). In the three
hub gene groups (Degree, MCC, and Bottle Neck), there are
10, 10, and seven genes significantly related in each of 20
genes in Bottle Neck and Bottle Neck (Figures 4B-4D), and
there are 22 genes to remove duplicate values: MYC, TP53,
RELA (NFKB3), FOS, MAPKS, EGF, PRKCA, RXRA,
NCOA2, NCOA1l (RIP160), PPARA, E2F1, VEGFA,
CASP3 (apopain), RB1, IL1B, BCL2, CCL25, CXCL10,
CXCLI1 (SCYB9B), OPRMI1, and PTGER3, of which
there are seven highly expressed genes: VEGFA, E2F1,
RB1, CXCL10, CXCL11 (SCYB9B), MYC, and CASP3
(apopain). The mutation information about 22 genes is
shown in Figure SA. In 2173 cases (50%) of patients or
samples, mutations in central genes occurred. MYC, TP53,
PRKCA, and NCOA2 were most frequently mutated (25%,
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34%, 8%, 16%, respectively). These mutations include
inframe mutation, missense mutation, splice mutation,
truncating mutation, amplification, and deep deletion.
Among different types of mutations, multiple mutations
account for the highest percentage. The GEPIA2 da-
tabase was used to verify the expression levels of 22
genes in tumors and normal tissues. According to the
Tumor Genome Atlas (TCGA) gene expression pro-
file and Genotype-Tissue Expression (GTex) project,
there are 22 genes in breast cancer tissues, and seven
genes in normal tissues (MYC, FOS, E2FI1, ILI1B,
CXCL10, SCYBY9B, and the expression level of
PTGER3) were statistically significant (p<0.01) (Figures
5B-5E).

Gene copy number variation rate

The analysis of six genes VEGFA, E2F1, RB1, CXCL11,
CASP3, and MYC (CXCL10 is not in groups from CNA
genes) for gene copy number variation rate analysis
(CNA): @ The survival analysis of multiple genes in the
total breast patient population, with a p-value of 0.502
(Figure 6(a)). @ The Survival analysis of multiple genes in
breast cancer patients without recurrence, and the p-value is
0.852 (Figure 6(b)). @ Age at diagnosis, the diagnosis of
patients is mainly concentrated on those between 50 and 70
years old (Figure 6(c)). @ Nottingham prognostic index,
the overall index is relatively high (Figure 6(d)). ®The
resulting integrated cluster p-value is less than one bil-
lionth. The heat map of gene copy number variation rate is
shown in Figure 6(¢). € Patient’s vital status, the percentage
of patients who died of breast cancer is relatively large
(Figure 6(f)). @ Tumor and other histologic subtypes, there

are more subtypes regulated by MYC (Figure 6(g)). This
analysis shows that VEGFA, E2F1, RB1, CXCL11, CASP3,
and MYC play a certain role in regulating breast cancer.

GO enrichment analysis

GO enrichment analysis of 158 key target genes of
Dysosma Versipellis in breast cancer treatment showed
that 2471 biological processes were affected. According
to the ranking (Count), the top six biological functions
(Table 1) are for lipopolysaccharide reaction to the bac-
teria originating molecule, the reaction to the drug, the
reaction to the nutrient level, the response to the metal ion,
the reaction to the oxidative stress, and the analysis results
(Figure 7A(a)).

KEGG enrichment pathway analysis

KEGG pathway enrichment analysis was performed on the
158 key target genes of Dysosma Versipellis for breast
cancer treatment. A total of 167 pathways were obtained.
The top six pathways were ranked according to the Gene
Count (Table 2) and the analysis results (Figure 7A(b)). The
results show that key targets are mainly enriched in fluid
shear stress and atherosclerosis, Kaposi sarcoma—associated
herpesvirus infection, human cytomegalovirus infection,
MAPK signaling pathway, hepatitis B, and PI3K-Akt sig-
naling pathway wait. Figure 7B(a) shows the fluid shear
stress and atherosclerosis pathway and Figure 7B(b) shows
the breast cancer pathway. KEGG pathway enrichment
analysis shows that Dysosma Versipellis exerts an effect on
BC through multiple signaling pathways.

Table.2. The top six pathways were ranked according to the ranking (Count) in the enrichment analysis of the KEGG pathway.

Description genelD

Count

Fluid shear stress and atherosclerosis

KDR/CALML3/RELA/MMP2/MMP9/VEGFA/MAPKS/ILIB/BCL2/JUN/GSTPI/IKBKB/ 31

AKTI/HMOXI/ICAMI/SELE/VCAMI/GSTMI/GSTM2/FOS/TP53/CAVI/NOS3/
PLAT/THBD/IFNG/ILI A/NCFI/NFE2L2/NQO | /CHUK

Kaposi sarcoma—associated
herpesvirus infection

PTGS2/CALML3/RELA/MAPK3/MAPK | /VEGFA/MAPK8/BAX/CASP9/JUN/CASP3/ 31
CASP8/IL6ST/CXCL8/IKBKB/AKT I/STAT I/ICAMI/PPP3CA/CCND | /[FOS/RBI/

TP53/NFKBIA/RAFI/HIFI A/IMYC/CXCL2/CHUK/E2F I /E2F2

Human cytomegalovirus infection

PTGS2/CALML3/RELA/MAPK3/MAPKI/VEGFA/IL1B/BAX/CASP9/CASP3/CASP8/ 29

PRKCA/CXCL8/PRKCB/IKBKB/AKT I/PPP3CA/EGFR/CCND I/RBI/TP53/ELK 1/
NFKBIA/RAFI/MYC/PTGER3/CHUK/E2F I/E2F2

MAPK signaling pathway

KDR/RELA/MAPK3/MAPK I /VEGFA/IGF I R/MAPKS/IL | B/JUN/CASP3/PRKCA/PRKCB/ 29

IKBKB/AKT I/PPP3CA/EGFR/FOS/EGF/TP53/ELKI/RAFI/ERBB2/MYC/HSPBI/ILIA/

CHUK/IGF2/ERBB3/RASAI
RELA/MMP9/MAPK3/MAPK I/MAPK8/BCL2/BAX/CASP9/JUN/CASP3/CASP8/PRKCA/ 28

Hepatitis B

CXCL8/PRKCB/IKBKB/AKT I/STAT I/FOS/RBI/TP53/ELK I/NFKBIA/RAFI/MYC/

BIRC5/CHUK/E2FI/E2F2
PI3K-Akt signaling pathway

KDR/RELA/MAPK3/MAPK I /VEGFA/IGFIR/CHRMI/RXRA/BCL2/CASP9/PRKCA/ 28

IKBKB/AKT I/EGFR/CCND I/BCL2L | /EGF/TP53/RAFI/ERBB2/MYC/NOS3/IL2RA/
COLIAI/CHUK/SpP1/IGF2/ERBB3
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Docking analysis of key targets and key
active molecules

The quercetin was docked with MYC, CXCL10, CXCLI11,
and E2F1, respectively, and the results are as follows
(Figure 7C): @ MYC score was —7.7kcal/mol, and the
binding force was relatively poor (—7.7kcal/mol>—40kcal/
mol). @ The score of CXCL10 is —6.1kcal/mol, and the

binding force is rather poor (—6.1kcal/mol>-40kcal/mol).
(3 The score of CXCL11 is —6.4kcal/mol, and the pressing
force is relatively poor (—6.4kcal/mol>-40kcal/mol). @
The score of E2F1 is —8.1kcal/mol and the binding energy
is rather poor (—8.1kcal/mol>-40kcal/mol). The molecules
of'the four receptors are small. The hydrophobic interaction
area is small, the Van der Waals force is small, the elec-
trostatic force is weak, and the binding energy lacks; this
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Figure 7. A. Dysosma Versipellis-pathway analysis of breast cancer. (a) is a histogram of key gene ontology (GO) analysis of Dysosma
Versipellis action, (b) is a bubble chart of gene interaction (KEGG) pathway analysis. B. KEGG pathway diagram (a) is a diagram of fluid
shear stress and atherosclerosis, (b) is a diagram of the breast cancer pathway. C. The docking of quercetin and gene molecules (a) is the
molecular docking diagram of MYC and Quercetin, (b) is the molecular docking diagram of CXCL 10 and Quercetin, (c) is the molecular
docking diagram of CXCLI | and Quercetin, (d) is the molecular docking diagram of E2FI and Quercetin.
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requires preparations to strengthen the binding capacity of
ligands and receptors to prevent and treat BC.

Verification of the differential genes in the
TIMER database

MYC, CXCL10, CXCLI11, and E2F1 have different expres-
sions in different cancer types, and * indicates a very significant
difference in expression (Figure 8A). MYC, CXCLI0,
CXCL11, and E2F1 gene copy number changes are correlated
with immune abundance (Figure 8B), and * indicates that the
gene copy number has a significant correlation with the im-
mune microenvironment. For the correlation between MYC,
CXCL10, CXCLI11, and E2F1 gene expression and the
abundance of immune cells (Figure 8C), * indicates that gene
expression has a significant correlation with the immune mi-
croenvironment. For the correlation between MYC, CXCL10,

CXCL11, and E2F1 gene expression and immune cell survival
analysis (Figure 9), the correlation between TP53 gene mu-
tation, and immune infiltration (Figure 10), * indicates that
TP53 gene mutation is highly correlated with immune cells.

Discussion

Active ingredient-target gene network

In this study, we constructed a network of key active
components of Dysosma Versipellis and breast cancer
through the TCMSP database, quercetin was selected
through five disease gene databases (GeneCards, OMIM,
PharmGkb, TDD, and DrugBank), and bioinformatics
methods and quercetin were screened out: quercetin,
kaempferol, beta-sitosterol, rutin, and other active ingre-
dients (degree scores decrease in order). O Quercetin is

()

U T

MYG Exprassion Lovel (g2 TPM)

CHCLIO Expression Lavel (g2 TPA)

Infilration Lovel

TG

CXCL11 Exprassion Lavel log2 TPM)

E2F1 Exprossion Lavel (og2 TPM)

Figure 8. A.Differences in gene expression in different tumor tissues. B. Correlation between gene copy number changes and immune
abundance (a) is the correlation between the copy number change of gene MYC and the abundance of immune cells, (b) is the
correlation between the copy number change of gene CXCL10 and the abundance of immune cells, (c) is the correlation between the
copy number change of gene CXCLI | and the abundance of immune cells, (d) is The correlation between the copy number of gene E2F|
and the abundance of immune cells. C. Correlation between screening genes and abundance of immune cells.
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widely distributed in the plant kingdom and is a flavonol
compound with multiple biological activities. Studies have
shown that quercetin inhibits tumor cell proliferation, can
induce apoptosis and cell death, and has anti-inflammatory
and anti-oxidant effects. Quercetin can also regulate a
variety of pathways to slow down the progression of
cancer. Eating flavonoids and canceler risk is positively
correlated, but its intrinsic activity is low, water solubility is
poor, metabolic rate is high, and oral bioavailability and
absorption are poor. To improve its intrinsic activity, oral
bioavailability, and absorption rate, people have begun
scientific research using biodegradable and biocompatible
carriers as delivery systems, including liposomes, PLGA,
PLA, chitosan, and silica. Quercetin’s delivery system will
effectively improve quercetin’s effect in breast cancer
treatment.”'® @Kaempferol is a class of flavonoids, which
can inhibit proliferation and induce cell cycle and arrest
apoptosis and DNA damage of breast cancer cells.
Kaempferol can effectively inhibit triple-negative breast
cancer (TNBC) MDA-MB-231 cells. Proliferation and the
inhibitory effect of kaempferol on the proliferation of triple-
negative breast cancer cells are stronger than that of the
estrogen receptor-positive BT474 cell line.'" 3 B-sitosterol
is a plant sterol that can induce apoptosis of breast cancer
cells, and it has a certain effect on the two pathways leading
to apoptosis; according to the location of the signal triggered
by the pathway, it is divided into the external pathway and
the internal pathway. Caspases eight and nine catalyze the
external and internal pathways, respectively, which can lead
to caspase 3.'* Studies have also shown that -sitosterol can
enhance tamoxifen’s effectiveness on breast cancer cells by
affecting ceramide metabolism. SIT effectively activates
MCF-7 and MDA-MB-231De Novo CER synthesis in cells
by stimulating serine palmitoyltransferase activity in cells;
TAM promotes CER accumulation in both cells by inhibiting
CER glycosylation."> @ Rutin is a common flavonoid
compound with anti-oxidation, anti-inflammatory, anti-
diabetic, and anti-adipogenic effects."* Studies have found
that rutin is an inhibitor of breast cancer resistance protein
(BCRP) transporter and can be used as an oral bioavailability
enhancer for drugs such as diclofenac,'® which can prevent
and control c-Met-dependent breast malignancies.'®

GO enrichment analysis

From the GO enrichment analysis results, Dysosma Ver-
sipellis uses multiple biological processes to prevent and
treat breast cancer. The more robust biological processes
are the response to lipopolysaccharides, the response to
bacteria originating in molecules, the response to drugs and
these nutritional level responses, the answer to metal ions,
the response to oxidative stress, etc.; this one corresponds
to the risk factors of breast cancer.

KEGG pathway enrichment analysis

KEGG pathway enrichment analysis found that 158
targets were involved pathways which include fluid shear
stress and atherosclerosis (fluid shear stress and ath-
erosclerosis), Kaposi sarcoma—associated herpesvirus
infection (Kaposi sarcoma—associated herpesvirus in-
fection), human cytomegalovirus infection, MAPK sig-
naling pathway, hepatitis B, PI3K-Akt signaling
pathway, etc. @ Novak CM etal.'” designed and revealed
a bioreactor that can apply shear stress to cells in the 3D
extracellular matrix, and studied the effect of shear stress
on breast and lung pleural space by applying continuous
shear stress to breast cancer. Research results show that
pulsating shear stress promotes breast cancer cell pro-
liferation, invasion potential, chemoresistance, and
PLAU signaling. Atherosclerosis is a chronic inflam-
matory disease characterized by lipid accumulation,
smooth muscle cell proliferation, apoptosis, necrosis,
fibrosis, and local inflammation.'® Studies have shown
that breast cancer 1/2 (BRCA1/2) gene-invalid cells are
more sensitive to oxidative stress. Overexpression or
silencing of BRCA1 protects or amplifies endothelial cell
apoptosis induced by inflammation and DOX, respec-
tively,'"” which may be related to atherogenesis. @
Molecular epidemiological evidence shows an associa-
tion between human cytomegalovirus (HCMV) and
breast cancer. HCMV is a B-herpes virus that can affect
70-90% of the global population and cause general,
acute, persistent, or lifelong latent infections.?**' Gong
Yaya et al.>* detected HCMV protein and DNA in ductal
carcinoma in situ and invasive ductal carcinoma tissues
of the breast. They found that HCMV infection can in-
duce the secretion of inflammatory cells and growth
factors, thereby accelerating carcinogenesis. The tran-
scription factors produce tumor suppressor protein which
can control the cell cycle in normal physiological pro-
cesses and has the potential of tumor control. It promotes
the occurrence and development of tumors. 3 Breast
cancer patients will activate the hepatitis B virus (HBV)
during or after chemotherapy.”® The infection rate of HBV
in Chinese women with breast cancer is very high.>* Hu
N, Zhang J, and others®> found that miR-520b directly
targets the 3 untranslated region (3’UTR) of hepatitis B X
interacting protein (HBXIP) or interleukin-8 (IL-8),
which can help cell migration, and HBXIP is consid-
ered as a potential therapeutic target for breast cancer. @
Abnormal activation of PI3K pathway activity is often
observed in breast cancer, leading to uncontrolled tumor
cell growth and drug resistance.>® Rahmani F, Ferns GA,
etc.”’ believed that the uncontrolled activity of oncogenic
PI3K/AKT signals is related to the poor prognosis and
tumor metastasis of breast cancer patients.
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Survival analysis and verification of key genes

Through the establishment of a PPI network, screening of
core genes, pivot genes, and survival analysis and verifi-
cation, the results show that Dysosma Versipellis® key
target genes of breast cancer involve MYC, CXCL10,
CXCL11, E2F1, etc. @ Lourenco C and Kalkat M et al.?®
simulated the in vivo model of human diseases to verify
that MYC is out of control; ectopic expression of phos-
phoinositide 3-kinase pathway (PIK3CA H1047R) and
ectopic expression of common breast cancer mutations in
MCF10A cells lead to mouse tissues development of sex
acinar structure. Simultaneous expression (PIK3CA
H1047R) and dysregulation of MYC lead to the develop-
ment of invasive ductal carcinoma. Therefore, the uncon-
trolled expression of MY C will produce an MY C-dependent
normal-to-tumor transition, which can be measured in vivo.
These MYC-driven tumors show the classic hallmarks of
human breast cancer at both the pathological and molecular
levels. Liang ZR et al.*® found that the key oncogene protein
¢-MYC was significantly inhibited in estrogen receptor o
(ER-a)-positive breast cancer cells, but not in ER-a-negative
cells. @ CXCL10 and CXCLI11 (chemokines) are proteins
that induce chemotaxis, promote the differentiation of
immune cells, and cause tissue extravasation. They can
participate in the migration, differentiation, and acti-
vation of white blood cells, leading to tumor
suppression.’**' 3 E2F1 is a transcription factor in-
volved in cell cycle regulation and apoptosis.®* Studies
have found that E2F1 and EIF4A3 may promote the
expression of circSEPT9 and significantly inhibit the
proliferation, migration, and invasion of TNBC cells,
induce TNBC cell apoptosis and autophagy, and inhibit
the growth and metastasis of tumors in vivo.

Limitations

The article uses TCMSP (DL>0.18 and OB>30%) to screen
the chemical components of traditional Chinese medicine,
which can reflect the anti-cancer effect of the drug to a certain
extent. However, it is also possible to delete individual
chemical components with anti-tumor activity. The article
fully analyzes the anti-cancer mechanism of quercetin, but it
cannot explain that the traditional Chinese medicine oc-
tagonal lotus also has the same pharmacological effects. The
results of the article are obtained based on analyzing a large
amount of data, and necessary data verification has been
carried out. If we want to make the data more reliable, I think
we need to conduct experimental verification.

Conclusion

Dysosma Versipellis is used in breast cancer through
complex mechanisms such as multiple targets, multiple

biological processes, and multiple pathways. Through
analysis, we have obtained quercetin, a valuable compo-
nent in the prevention and treatment of breast cancer, and
several key genes: MYC, CXCL10, CXL11, and E2F1.
Many studies have shown that these genes play a role in
regulating breast cancer to a particular effect. This study
provides a reference for Dysosma Versipellis to prevent
and treat breast cancer to a certain extent. The common
genes are compared through the chemical composition
database and the breast cancer database, and the gene
sets with significant effects are screened out. And per-
form survival verification on the gene set pathway en-
richment analysis to screen out the key role pathways.
The critical gene is molecularly docked with the com-
pound quercetin to obtain a more stable binding mode.
Key genes have been fully verified in a variety of im-
mune microenvironments.

Due to incomplete information, incomplete retrieval,
unclear function mechanism, and incomplete analysis, the
research is limited to the research on the condition of
network database, hoping to combine network pharma-
cology with biological experiments and clinical data in
future research. We continue to explore the complex
mechanism of traditional Chinese medicine prevention and
treatment of diseases.
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