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Abstract

This study aims to investigate the key bioactive compounds, potential targets,
and molecular mechanisms of Trichosanthes-Angelica sinensis-Frankincense-Myrrh
(TAFM) in the treatment of breast cancer using network pharmacology and molecular
docking methods. The chemical constituents and related targets of TAFM were
obtained using the Traditional Chinese Medicine Systems Pharmacology Database and
Analysis Platform (TCMSP) database. GeneCards, Online Mendelian Inheritance in
Man (OMIM), Drugbank, and Therapeutic Target Database (TTD) databases were used
to identify breast cancer-related targets. Cytoscape 3.9.1 software and the STRING
(Search Tool for the Retrieval of Interaction Gene/Proteins) database were used to
visualize the drug component-target-disease and protein interaction networks before
screening the core components and key targets. Gene Ontology (GO) and Kyoto
Encyclopedia of Genes and Genomes (KEGG) analyses were performed using the
DAVID (Database for Annotation, Visualization and Integrated Discovery) database, and
molecular docking was performed using AutoDock and PyMOL software. We found that
the key active ingredients of TAFM in the treatment of breast cancer include /3-sitosterol,
stigmasterol, ellagic acid, pelargonidin, and petunidin. A total of 38 key targets and
hub genes, including ESRI, VEGFA, PTGS2, HSP90AA1, and CASP3, were identified.
Molecular docking results confirmed that stigmasterol and Caspase 3 (CASP3) were the
most closely related targets. GO enrichment analysis demonstrated that the biological
processes involved mainly included drug response, positive apoptosis process regulation,
and two-way gene expression regulation. KEGG pathway analysis revealed the
involvement of pathways related to cancer, inflammation, and infection-related diseases.
The study results provide supportive evidence that 3-sitosterol, stigmasterol, ellagic acid,
pelargonidin, and petunidin represent the key bioactive ingredients of TAFM that exhibit
anti-breast cancer activity through the regulation of estrogen receptor alpha (ESR1),
vascular endothelial growth factor A (VEGFA), prostaglandin-endoperoxide synthase
2 (PTGS2), heat shock protein 90 alpha (HSP90AAT1), and CASP3 in the treatment of
breast cancer.
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1. Introduction

Although cancer-related research has made great progress,
breast cancer remains the most common cancer affecting the
health of women worldwide. Breast cancer is the leading cause
of cancer deaths, accounting for 25% of cancer diagnoses and
15% of female cancer deaths [1, 2]. Although breast cancer
can be comprehensively treated by surgery, radiotherapy and
chemotherapy, immunotherapy, hormones, and targeted ther-
apy, which has improved the prognosis of patients with breast
cancer, many deficiencies remain, and a high probability of

recurrence and metastasis is noted [2]. Therefore, there is an
urgent need to identify more effective treatment measures and
reveal their underlying antitumour mechanisms to provide new
insights into breast cancer treatment.

Numerous experiments and clinical studies have demon-
strated the beneficial treatment effects of traditional Chinese
medicine on breast cancer based on syndrome differentiation,
especially in the treatment of postoperative radiotherapy and
chemotherapy patients [3—6]. Traditional Chinese medicine
can effectively inhibit tumour recurrence and metastasis, pro-
mote postoperative rehabilitation, and enhance the quality of
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life of patients [3, 7]. The Trichosanthes-Angelica sinensis-
Frankincense-Myrrh (TAFM) Chinese herb combination is de-
rived from the classic prescription book “Liang Fu Fang” from
the Song Dynasty. This agent is currently commonly and
effectively used in the clinical treatment of breast carbuncles,
breast cancer, and diarrhoea. In the system of traditional Chi-
nese medicine, Trichosanthes (Gua Lou) is applied to eliminate
phlegm and promote blood circulation. In addition, Angelica
sinensis (Dang Gui) can replenish blood circulation, whereas
frankincense (Ru Xiang) and myrrh (Mo Yao) both regulate qi
and activate blood circulation. All the drugs are used together
to soothe the liver, relieve depression, dissipate knots, and
eliminate symptoms closely associated with the pathogenesis
of breast cancer according to the classical theory of traditional
Chinese medicine. However, there is no systematic research
or clear explanation of the mechanisms associated with this
prescription in the treatment of breast cancer.

Network pharmacology has made great progress in the past
decade. This methodology is efficiently used to study the
interactions among drugs, targets, and diseases and can be
employed to screen the effective components and targets of
herbal medicine. In this study, we used network pharmacology
and molecular docking methods to construct a drug-target-
disease network to reveal the potential mechanisms of the
combination of TAFM in the treatment of breast cancer as
displayed in Fig. 1. This study provides a reference for further
experimental research on the treatment of breast cancer using
TAFM.

2. Methods

2.1 Collection of the active extracts and
targets of TAFM

The components of Trichosanthes, Angelica sinensis,
Frankincense, and Myrrh from the TCMSP (Traditional
Chinese Medicine Systems Pharmacology Database and
Analysis Platform, https://old.tcmsp-e.com/tcmsp.php) were
collected [8] and selected according to the following screening
criteria: oral bioavailability (OB) >30% and drug-likeness
(DL) >0.18. The OB describes the percentage of the oral
drug absorbed by the gastrointestinal tract that reaches the
systemic circulation through the liver. DL refers to the
structural similarity between herbal ingredients and known
drugs. The targets were transformed into standard gene
names using the UniProt database (Unified Protein Database,
https://www.uniprot.org/uploadlists/). Verified protein data
were selected, and the species source was set as human.

2.2 Acquisition of breast cancer targets

Breast cancer-related targets were acquired from the
GeneCards  (https://www.genecards.org/) [9], OMIM
(https://www.omim.org/) [10], TTD (http://db.idrblab.net/ttd/)
[11], and DrugBank (https://go.drugbank.com) [12] databases.
We used the Venny 2.1 online tool to determine the intersection
of TAFM and breast cancer-related targets by creating a Venn
diagram.

2.3 Drug-target-disease network

We imported the active ingredients and action targets of TAFM
into Cytoscape 3.9.1 software (National Institute of General
Medical Sciences, USA) and generated the network diagram
of “drugs-active ingredients-targets-diseases”. The nodes rep-
resent the acting drugs, active ingredients, targets, and breast
cancer, and the edges represent the interactions among the
nodes. In addition, the importance of degree centrality (degree
value) was determined for the response nodes.

2.4 Protein-protein interaction (PPI)
network

We input the targets overlapping between TAFM and breast
cancer into the STRING database (https://string-db.org/) [13],
selected the species as human, and set the maximum confi-
dence level to >0.7. Furthermore, we used Cytoscape 3.9.1
to visualize and analyse the PPI network and chose the degree
parameter as the screening condition of the core node. The
node with a degree value greater than twice the median value
was regarded as the core node in the network.

2.5 Gene Ontology (GO) and Kyoto
Encyclopedia of Genes and Genomes (KEGG)
enrichment analysis

We used the DAVID database (https://david.ncifcrf.gov/) [14]
to upload the intersection target, defined the species as Homo
sapiens, and conducted GO and KEGG functional enrichment
analyses, including molecular function (MF), biological pro-
cess (BP), and cellular component (CC) analyses. Then, we
identified potential biological processes and signalling path-
ways involved in TAFM against breast cancer based on a p
value < 0.05.

2.6 Molecular docking

We used the molecular docking method to verify the
correlation between the main active components of TAFM
and core target proteins. The 3D structure of the target protein
was obtained from the Protein Data Bank (PDB) database
(https://www.rcsb.org/) [15], and that of the key compound
was obtained from the TCMSP and PubChem databases
(https://pubchem.ncbi.nlm.nih.gov/) [16] and converted to
the PDB format using PyMOL 2.5 software (San Carlos,
CA, USA). PyMOL software was used to remove water from
the target protein and the additional ligand structure, and
then Autodock 1.5.7 software (Scripps Research, La Jolla,
CA, USA) was used to add hydrogen atoms to the active
ingredients and target protein, combine nonpolar hydrogen
atoms, calculate the charge number, build docking pockets,
and verify the molecular docking. Finally, the docking results
were graphed using PyMOL software. The study showed that
the binding energy was less than —4.25 kcal/mol, indicating
that the compound exhibited good binding to the target [17].

3. Results
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TABLE 1. Active ingredients of Trichosanthes-Angelica sinensis-Frankincense-Myrrh (TAFM).

Source

Trichosanthes
Trichosanthes
Trichosanthes
Trichosanthes
Trichosanthes
Trichosanthes
Trichosanthes
Trichosanthes
Trichosanthes
Trichosanthes

Trichosanthes

Angelica sinensis

Angelica sinensis &

Myrrh
Frankincense
Frankincense
Frankincense
Frankincense
Frankincense
Frankincense
Frankincense
Frankincense
Myrrh
Myrrh
Myrrh
Myrrh
Myrrh
Myrrh
Myrrh

Myrrh
Myrrh

Myrrh
Myrrh
Myrrh

Myrrh
Myrrh
Myrrh
Myrrh

MOLID
MOLO007180
MOLO004355
MOLO006756
MOL001494
MOLO007179
MOLO007175
MOL005530
MOLO002881
MOLO007172
MOLO007171
MOLO007165
MOLO000358
MOL000449

MOLO001272
MOLO001295
MOLO001265
MOLO001241
MOLO001215
MOLO001255
MOLO001243
MOL001263
MOL001001
MOL001002
MOLO001004
MOLO001006
MOL001009
MOLO001013
MOLO001019

MOLO001021
MOL001022

MOLO001026
MOL001027
MOL001028

MOL001029
MOL001031
MOLO001033
MOL001040

Active component
Vitamin E
Spinasterol
Schottenol
Mandenol

Linolenic acid ethyl ester
Karounidiol 3-o-benzoate
Hydroxygenkwanin
Diosmetin
7-Oxo0-dihydrokaro-unidiol
5-Dehydrokarounidiol
10a-Cucurbita-5, 24-diene-33-ol
Beta-sitosterol

Stigmasterol

Incensole
Phyllocladene
Acetyl-alpha-boswellic acid
O-acetyl-a-boswellic acid
Tirucallol
Boswellic acid
3a-Hydroxy-olean-12-en-24-oic-acid
3-Oxo-tirucallic, acid
Quercetin-3-0-3-D-glucuronide
Ellagic acid
Pelargonidin
Poriferasta-7, 22 E-dien-33-ol
Guggulsterol-VI
Mansumbinoic acid

(7S, 8R, 9S8, 10R, 135, 148,
17Z)-17-Ethylidene-7-hydroxy-10, 13-dimethyl-1, 2,
6,7,8,9,11, 12, 14, 15-Decahydrocyclopenta (a)
phenanthrene-3, 16-dione

78, 158-Dihydroxypregn-4-ene-3,16-dione

11a-Hydroxypregna-4, 17(20)-trans-diene-3,
16-dione

Myrrhanol C
Myrrhanone A

(8R)-3-Ox0-8-hydroxy-polypoda -13E, 17E,
21-triene

Myrrhanones B
Epimansumbinol
Diayangambin

(2R)-5, 7-Dihydroxy-2-(4-hydroxyphenyl)
chroman-4-one

OB
32.29
42.98
37.42
42.00
46.10
43.99
36.47
31.14
36.85
30.23
44.02
36.91
43.83

45.59
334
42.73
42.73
42.12
39.55
39.32
42.86
30.66
43.06
37.99
42.98
54.72
48.10
35.75

43.11
36.62

39.96
40.25
44.83

34.39
61.81
63.84
42.36

DL
0.70
0.76
0.75
0.19
0.20
0.50
0.27
0.27
0.75
0.77
0.74
0.75
0.76

0.22
0.27
0.70
0.70
0.75
0.75
0.75
0.81
0.74
0.43
0.21
0.76
0.43
0.32
0.48

0.51
0.47

0.58
0.63
0.59

0.67
0.40
0.81
0.21
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Source
Myrrh

Myrrh

Myrrh
Myrrh
Myrrh
Myrrh
Myrrh
Myrrh
Myrrh
Myrrh

Myrrh
Myrrh
Myrrh

Myrrh
Myrrh
Myrrh

Myrrh

Myrrh
Myrrh
Myrrh
Myrrh

Myrrh
Myrrh
Myrrh
Myrrh
Myrrh
Myrrh
Myrrh

MOLID
MOLO001045

MOLO001046

MOL001049
MOL001052
MOL001061
MOL001062
MOL001063
MOLO001069
MOLO001088
MOL001092

MOL001093
MOLO001095
MOLO001126

MOLO001131
MOLO001138
MOLO001145

MOLO001146

MOLO001147
MOLO001148
MOLO001156
MOLO001164

MOLO001175
MOL000490
MOLO000979
MOLO000988
MOL000996
MOL001093
MOLO001095

TABLE 1. Continued.
Active component

(13E, 17E, 21E)-8-Hydroxypolypodo-13, 17,
21-trien-3-one
(13E, 17E, 21E)-Polypodo-13, 17, 21-triene-3,
18-diol
16-Hydroperoxymansumbin-13 (17)-en-3 3-ol
Mansumbin-13 (17)-en-3, 16-dione
(16S, 20R)-Dihydroxydammar-24-en-3-one
15a-Hydroxymansumbinone
28-Acetoxy-15a-hydroxymansumbinone
33-Acetoxy-16/3, 20(R)-dihydroxydammar-24-ene

la-Acetoxy-9, 19-cyclolanost-24-en-33-ol

((3R, 5R, 8R, 9R, 10R, 13R, 14R, 17S)-17-((2S, 55)-
5-(2-Hydroxypropan-2-yl)-2-methyloxolan-2-yl)-4,
4, 8, 10, 14-pentamethyl-2, 3, 5,6, 7,9, 11, 12, 13,
15, 16, 17-dodecahydro-1H-cyclopenta (a)
phenanthren-3-yl) acetate

Cabraleone
Isofouquierone

((5a8, 8aR, 9R)-8-0x0-9-(3, 4,
5-Trimethoxyphenyl)-5, 5a, 6,
9-tetrahydroisobenzofurano (6, 5-f) (1, 3)
benzodioxol-8a-yl) acetate

Phellamurin-qt
(3R, 20S)-3, 20-Dihydroxydammar-24-ene

(20S5)-35-Acetoxy-1213, 1643,
25-tetrahydroxydammar-23-ene

(2OS)'3/8’ 126: 165;
25-Pentahydroxydammar-23-ene

(20R)-3 B-Acetoxy-163-dihydroxydammar-24-ene
35-Hydroxydammar-24-ene
3-Methoxyfuranoguaia-9-en-8-one

((5S, 6R, 8R, 97)-8-Methoxy-3, 6,
10-trimethyl-4-0x0-6, 7, 8,
11-tetrahydro-5H-cyclodeca (b) furan-5-yl) acetate

Guggulsterone
Petunidin
2-Methoxyfuranoguaia-9-ene-8-one
4, 17(20)-(cis)-Pregnadiene-3, 16-dione
Guggulsterol IV
Cabraleone

Isofouquierone

OB, oral bioavailability;, DL, drug-like; MOL ID: molecular ID.

OB
44.34

39.96

41.05
41.78
37.34
37.51
41.85
38.72
44.4
33.07

36.21
40.95
44.08

56.60
37.49
34.89

37.94

40.36
40.27
35.15
34.76

42.45
30.05
66.18
51.42
33.59
36.21
40.95

DL
0.58

0.58

0.49
0.45
0.78
0.44
0.67
0.81
0.78
0.80

0.82
0.78
0.90

0.39
0.75
0.82

0.75

0.82
0.82
0.18
0.25

0.44
0.31
0.18
0.48
0.74
0.82
0.78
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Genecards, OMIM,
TCMSP TTD&DrugBank
Collection of 65 bioactive 1388 breast cancer related
compounds targets

l

Overlap analysis between Drug targets and breast
cancer targets

l

Networks construction and analysis

v

GO function analysis KEGG analysis PPI network analysis

|

Molecular docking

!

FIGURE 1. Workflow of the study. TCMSP: Traditional Chinese Medicine Systems Pharmacology Database and Analysis
Platform; GO: Gene Ontology; KEGG: Kyoto Encyclopedia of Genes and Genomes; OMIM: Online Mendelian Inheritance in
Man; TTD: Therapeutic Target Database; PPI: Protein-protein interaction.

3.1 Active components and action targets removing the duplicate items, 65 active components and 91
of TAFM targets were screened (Table 1). Stigmasterol is the common

The active components of TAFM were searched in the TCMSP active ingredient of Angelica sinensis and myrrh.

according to the search conditions described above. After
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3.2 Search for potential targets of TAFM in
the treatment of breast cancer

A total of 1388 breast cancer-related targets were obtained
by merging the targets from the GeneCards, OMIM, TTD,
and Drugbank databases and deleting duplicates. In total,
806 potential targets of breast cancer were obtained from the
GeneCards database with a relevance score >20 according to
the median relevance score setting, 535 targets were obtained
from the OMIM database, 102 targets were obtained from the
Drugbank database, and 138 targets were obtained from the
TTD database. We then used a Venn diagram to identify the
intersection between TAFM and related breast cancer targets.
Finally, 38 potential targets of TAFM for breast cancer treat-
ment were obtained (Fig. 2).

Breast cancer Drug targets

FIGURE 2. Venn diagram of the targets of the active
ingredients of TAFM and breast cancer-related targets.

3.3 Protein-protein interaction network and
hub genes

To explore which key drug targets played a major role, we
built a PPI network by uploading overlapping targets of TAFM
and breast cancer from the STRING database (Fig. 3A), and
Cytoscape 3.9.1 software was used to visualise the interactions.
There were 38 targets and 281 edges. We then ran the cytoHub
app to further identify the hub genes (Fig. 3B), which appeared
as red nodes in the network. The top five targets according to
degree value ranking include estrogen receptor alpha (ESR1),
vascular endothelial growth factor A (VEGFA), pros-taglandin-
endoperoxide synthase 2 (PTGS?2), heat shock protein 90 alpha
(HSP90AAI), and Caspase 3 (CASP3) which may play impor-
tant regulatory roles in the treatment of breast cancer.

3.4 KEGG and GO function analysis

To reveal the potential mechanism of TAFM in breast cancer
treatment, we performed KEGG and GO functional analyses.
The GO function enrichment results revealed the involvement
of 326 biological processes, including 238 biological processes
(BP), 27 cell component expression processes (CC), and 61
molecular function-related processes (MF) (p < 0.05). The top
ten items of BP, CC and MF are displayed in the enrichment

analysis bubble chart. The targets generally consist of the
positive regulation of drug response, apoptosis process, and
two-way regulation of gene expression (BP); cytoplasm, nu-
cleus, mitochondria (CC); and enzyme binding, same protein
binding, steroid binding (MF) (Fig. 4A). The KEGG results
demonstrated the involvement of 103 signalling pathways, in-
cluding hepatitis B, lipid and atherosclerosis, Kaposi sarcoma-
associated herpesvirus infection, IL-17 signalling pathway,
and chemical carcinogenesis-receptor activation (Fig. 4B).

3.5 Network of traditional Chinese
medicine-active
ingredients-targets-diseases

We used Cytoscape 3.9.1 software to generate the traditional
Chinese medicine-active ingredients-targets-diseases network
(Fig. 5). The network of 38 overlapping targets was composed
of 82 nodes and 191 edges. TAFM exerts anti-breast cancer
effects through multiple components and targets. The cytonca
plug-in was used to obtain the components with the highest
degree values. The results indicated that [3-sitosterol, stig-
masterol, ellagic acid, pelargonidin, and petunidin potentially
represent the key active ingredients of TAFM in the treatment
of breast cancer (Table 2).

3.6 Molecular docking

It is widely believed that an absolute binding energy of >4.25
kcal/mol indicates an interaction between molecules and the
target activity, and a strong binding activity is noted for values
of >7.0 kcal/mol, which indicates that the ligand and protein
can form a stable structure [17]. Molecular docking results
suggest the possibility of binding between all key ingredients
and core proteins encoded by hub genes (Table 3). In partic-
ular, stigmasterol potentially stably binds to ESR1 (PDB ID:
1GWQ), VEGFA (PDB ID: 4KZN), CASP3 (PDB ID: 3DEI),
and HSP90AA1 (PDB ID: 1BYQ) with binding energies was
less than —7.0 kcal/mol. Similarly, CASP3 and j-sitosterol,
ESR1, PTGS2 (PDB ID: 5F19), ellagic acid, PTGS2, and
pelargonidin pigment also exhibit stable binding. The stable
bindings were visualized using PyMOL software (Fig. 6A-E).

4. Discussion

Traditional Chinese medicine has been extensively researched
and is an important source of drugs for clinical use [18, 19].
However, the multicomponent and multitarget nature of tra-
ditional Chinese medicines, as well as the diverse regulatory
mechanisms involved in their activities, make it difficult to
identify the key components and complex interactions of these
formulas. Network pharmacology is an advanced, efficient,
and suitable method for systematically studying traditional
Chinese medicine compounds [20-22]. To the best of our
knowledge, the present study is the first to predict the potential
active molecules, targets, and mechanisms of traditional Chi-
nese medicine compounds (TAFM) acting on breast cancer by
constructing a traditional Chinese medicine-active ingredients-
targets-diseases network and performing molecular docking.
This study provides a new perspective for breast cancer treat-
ment and a research direction for the precise treatment of
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FIGURE 3. PPI network and hub genes of TAFM in breast cancer treatment. Each node represents a related target gene.
(A) PPI network of the common targets from the STRING database. (B) Hub genes were identified using Cytoscape software.
The degree of the green nodes (genes) was relatively lower, and the red nodes represent the hub genes with high degree values.
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cancer using traditional Chinese medicine compounds.

Molecular docking is an important technology that predicts
the binding mode and affinity of targets and candidate drugs to
realize structure-based drug design [23-25]. Our study showed
that the key active ingredients of TAFM, including 3-sitosterol,
stigmasterol, ellagic acid, pelargonidin, and petunidin, poten-
tially stably bind to core proteins encoded by hub genes and
confirmed that the potential active components identified from
extracts are reliable. In addition, molecular docking provides
a research direction for drug development and therapy targets.
Many studies have revealed that these key active molecules
exhibit anti-breast cancer activity. As an effective apoptosis
promoter, high 3-sitosterol concentrations significantly inhibit
the proliferation of human breast cancer T47D and MDA-MB-
231 cells [26-29]. Stigmasterol and [3-sitosterol are similar
to cholesterol in structure and are classified as phytosterols
[30]. Stigmasterol promotes cancer apoptosis by inducing
reactive oxygen species production and calcium overload and
activating the endoplasmic reticulum (ER)-mitochondrial axis
to induce cell death [30, 31]. Ellagic acid not only inhibits the
proliferation of MCF-7 human breast cancer cells by regulating

the transforming growth factor-3 (TGF-3)/Smad3 signalling
pathway and reducing Rb protein phosphorylation [32] but also
inhibits the growth of MDA-MB-231 cells by regulating p-
VEGFR2 (vascular endothelial growth factor receptor-2) ex-
pression by activating the VEGFR-2 signalling pathway [33].
As a well-known natural anthocyanin, pelargonidin exerts an
anti-effect on tumour transformation and apoptosis by inducing
Nrf2 signalling pathway activation [34] and inhibiting cyclin-
dependent kinase 1 (CDK1) activation [35]. Anthocyanins
achieve antitumour effects by suppressing cancer cell prolif-
eration, inducing cancer cell apoptosis, and subsequently pre-
venting the tumour cell invasion and the formation of distant
metastases [36, 37]. Petunia extract inhibit the growth of
53% of breast cancer cells when used at concentration of 200
pg/mL [37-39]. Therefore, traditional Chinese medicine is
an important source of drugs for clinical use [18, 19], even
when its multicomponent, multitarget, and diverse regulation
characteristics do not facilitate the identification of the key
compounds and complex interactions in the traditional Chinese
medicine formulas. On the other hand, network pharmacology
is an advanced, efficient, and suitable method to systemati-
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FIGURE 6. Schematic diagram of docking results. (A) CASP3-stigmasterol; (B) PTGS2-ellagic acid; (C) CASP3-sitosterol;

(D) ESR1-ellagic acid; and (E) ESR1-stigmasterol.

cally study traditional Chinese medicine compounds [20-22].
Here, we are the first to predict the potential active molecules,
targets, and mechanisms of TAFM in the treatment of breast
cancer by constructing a traditional Chinese medicine-active
ingredients-targets-diseases network and performing molecu-
lar docking. The information presented in this study provides
a new perspective for breast cancer treatment research and a
research direction for the precise treatment of cancer using
these compounds.

A total of 38 overlapping targets, including the hub genes
ESRI, VEGFA, PTGS2, HSP90AAI, and CASP3, were identi-
fied according to the Venn diagram. ESR/ encodes oestrogen
receptor alpha (ER), and it can transcriptionally regulate the
downstream roles of the oestrogen signalling pathway in breast
cancer [40]. ESRI mutation is the most common cause of
resistance to endocrine therapy, and high ESR/ expression

levels are typically associated with a poor prognosis in patients
with ER-positive breast cancer [41, 42]. VEGFA is one of the
main factors promoting the expansion of the tumour vascular
bed, which can manifest as high vascular turnover, poor blood
perfusion, and increased leakage. To regulate angiogenesis and
vascular permeability, hypoxic tumours and endothelial cells
produce a large amount of VEGFA and rely on a variety of
signalling pathways, including the Phospholipase C extracellu-
lar regulated protein kinase (ERK) pathway, the SRC tyrosine
family kinase (SFKs) pathway, and the phosphatidylinositol-
3-kinase/protein kinase B (PI3K/Akt) pathway [43—45]. As
a cancer biomarker, HSP90OAA1 is highly expressed under
stimulating conditions, such as trauma, infection, and tumours,
and is involved in DNA damage regulation, gene expression,
and carcinogenesis [46]. A study discovered that the pres-
ence of HSP90AAI and other plasma markers could accurately
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Active Component Degree

Beta-sitosterol 16
Stigmasterol 16
Ellagic acid 14
Pelargonidin 7
Petunidin 6

TABLE 2. Key active component information.

CAS

83-46-5

83-48-7

476-66-4

7690-51-9

1429-30-7

CAS: Chemical Abstracts Service.

Structure

y—o0
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TABLE 3. Binding energy of active components and key targets.

Compounds
ESR1 VEGFA
(1GWQ) (4KZN)
Beta-sitosterol —5.03 —6.82
Stigmasterol —8.61 —7.18
Ellagic acid -8.17 —6.21
Pelargonidin —6.69 —5.86
Petunidin —6.33 —5.89

Binding energy/kcal-mol

PTGS2 HSP90AAL1 CASP3
(5F19) (IBYQ) (3DEI)
~4.18 -5.26 -8.53
~4.89 ~7.04 -8.86
-8.39 -5.21 ~6.65
~7.65 ~5.38 ~6.45
~6.94 ~4.82 -5.85

ESRI: estrogen receptor alpha; VEGFA: vascular endothelial growth factor A; PTGS2: prostaglandin-endoperoxide synthase 2;

HSP90AAI: heat shock protein 90 alpha; CASP3: Caspase 3.

predict the risk of breast cancer metastasis [47]. CASP3 is a
key protease involved in cell apoptosis; hence, it is frequently
used as a marker of therapeutic efficacy in cancer [48, 49].
Moreover, tumour cells produce effective growth stimula-
tion signals when activated during apoptosis, and activated
CASP3 is the key executor in cell apoptosis and participates
in growth stimulation [50]. The CASP3/PKC (protein ki-
nase C)/AKT/VEGF-a axis has been implicated in tumour
reconstruction, and CASP3 or CASP7 inactivation can weaken
colorectal tumour reconstruction and PKC signalling [51].
Altogether, the five hub genes are important in tumorigenesis
and the development of breast cancer.

GO analysis results revealed that the effects of TAFM treat-
ment on breast cancer involved multiple biological processes,
mainly including drug response, positive regulation of apop-
tosis, and bidirectional regulation of gene expression. KEGG
analysis implicated the following pathways, including cancer-,
inflammation-, and infection-related disease pathways. These
biological processes and metabolic pathways are closely re-
lated to tumour cell proliferation. Cytomegalovirus nucleic
acids and proteins play roles in many cancers, including col-
orectal, prostate, and breast cancers [52]. After 24, 48, and 72
h of human cytomegalovirus infection, the proliferation and
viability of HT29 and SW480 parent cells and stem cell-like
cells were significantly increased (p < 0.0001), and cell migra-
tion was promoted [53]. The growth factor IL-177 can directly
promote tumour growth and inhibit apoptosis of 4T1, MDA-
MB-231, and EM6 BC cell lines by targeting the immune
system [54]. These studies indicate that the efficacy of TAFM
was achieved through the synergy of multiple pathways.

5. Conclusion

In this study, we have provided supportive evidence that the
potential pharmacological mechanism of TAFM in the treat-
ment of breast cancer encompasses a variety of compounds,
multiple targets, and multiple signalling pathways. Among
them, the key bioactive agents, including [-sitosterol, stig-
masterol, ellagic acid, pelargonidin, and petunidin, potentially
exert anti-breast cancer effects by regulating core targets, in-
cluding the ESRI, VEGFA, PTGS2, HSP90AAI, and CASP3
genes. Although neither in vivo nor in vitro experiments
were conducted due to budget and time constraints, this study
provides a research direction for further studies on TAFM in

the treatment of breast cancer.
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