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ABSTRACT

Traditional Chinesemedicine (TCM)is a promising strategy for effectively treating cancerby inducing cellula
senescencavith minimal side effects. SiWu-Tang(SWT)is a TCMcomposedof four herbs that is commonly
used in Chinafor the treatment of gynecologicaldiseases;SWT can prevent breast cancer (BC), but the
molecular mechanismby which SWTinduces cellular senescenceand its clinical application value remain
unknown. We identified 335 differentially expressedgenes(DEGs)n SWFreated MCF7 cells through Gene
ExpressionOmnibus (GEO)dataset analysis. Gene Ontology (GO) and Kyoto Encyclopediaof Genesand
Genomes (KEGG)analyses revealed the enrichment of biological processesand key signaling pathways
including cellular senescencethe cell cycle, the MAPK signaling pathway, and the p53 signaling pathway.
Additionally, SWTinduced BCcell senescencédy upregulatingthe expressionof 33 aging/senescencénducec
genes(ASIGs)Accordingto LASSQ@egressionanalysis,NDRG1ERRFIISOCS1RS2 |GFBP4and BIRC3evels
were associatedwith BCprognosisand were usedto develop risk scores.ERRFIISOCS1RS2,|GFBP4and
BIRC3were identified as protective factors (P < 0.05,HR< 1), while NDRG1was identified as a risk factor (P <
0.05,HR>1). Notably, patients with low risk scoreshad increasedsenescenceassociatedsecretoryphenotypes
(SASPs)and immune cell infiltration. Overall, we systematically integrated biological databases and
biocomputationalmethodsto revealthe mechanismsby which SWTinducessenescencén breastcancerand its
clinicalvalue.

INTRODUCTION remain high. The Jear overall survival (OS) rate of
patients with metastasfeee breast cancer is higher than

According to thelnternational Agency for Research on 80%, but the Hear survival rate of pants with

Cancer, female breast cancer (BC) has surpassed lung metastatic BC at the time of diagnosis decreases sharply

cancer as the most frequently diagnosed cancer, and an to approximately 1083% [2]. BC remains a primary

estimated 2,261,419 new cases and 684,996 related cause of canceelated death in females.

deaths were recorded worldwide in 2029 Although

the surwal rates of BC patients have improved with Depending on the clinical tumor subtype, the mainstay

early screening and standard of care, BC mortality rates of BC treatment includesndocrine therapy, anti
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HER2targeted therapy, radiotherapy, and chemo
therapy. While these therapeutic approaches have
prolonged patient survival, substantial issues, including
relapse after an objective response to chemotherapy,
druginduced side effectsand drug resistance, remain
unresolved; these issues ultimately lead to relapse or the
development of advanced primary and metastatic
tumors [35]. In recent years, a promising strategy,
namely, the regulation of cellular senescence, has
emerged; cellulasenescence permanently inhibits the
proliferative capacity of cells, inducing irreversible cell
cycle arrest. Senescent cells are characterized by
morphological and metabolic changes, chromatin
remodeling, changes in gene expression, and the
appearance foa proinflammatory phenotype known
as the senescenessociated secretory phenotype
(SASP)[6].

Traditional Chinese medicine (TCM) has been used in
clinics in Asia for thousands of years. Many modern
pharmacological studies have shown that TCM alone or
as an adjunct to conventional chemotherapy is effective
in the clinical treatment of cancer, including breast
cancer7, 8]. In recent years, many studies have shown
that TCM induces cell senescence by inhibiting
telomerase activity, inducing DNA damageducing
SASP development, and activating or inactivating
oncogene expression, thereby inhibiting the occurrence
and development of tumof9]. Compared with other
antitumor strategies, the process of senescence induced
by TCM is relatively slow and has tls¢rong advantage
that it does not cause extensive damage to surrounding
tissues or skin. Due to its remarkable efficiency and
minimal side effects, TCM is considered a promising
strategy for treating cancer via the induction of cellular
senescence.

SiFWu-Tang (SWT), which consists of four herbs,
namely, Radix Paeoniae Alba(Bai Shao), Radix
Angelicae sinensigDang Gui), Rhizoma Chuanxiong
(Chuan Xiong), andRadix Rehmanniae Preparaf&hu

Di Huang), has been widely used in East Asia as a
traditional fornulation for treating gynecological
diseases for over 1000 yet®)]. In the clinic, SWT is
often used to relieve menstrual discomfort, peni
postmenopausal syndromes, climacteric syndrome, and
other estrogemelated diseases. A study by Zhining
Wen et al. [11] showed that the characteristics of SWT
treated MCF7 cells closely matched those of estradiol
(E2)-treated MCF7 cells, which is consistent with the
use of SWT to treat diseases that arise specifically in
women, and revealed the estrodie effects of SWT.
Other modern pharmacological studies have shown that
SWT exerts a regulatory effect on the proliferation of
BC cells by regulating HER, PISK/AKT, and MAPK
signaling[12]. However, few studies have explored the

molecular mechanism by hich SWT affects breast
cancer from the perspective of cellular senescence
induction.

Due to the complexity of the components and targets of
TCM and the pathological mechanism of breast cancer,
it is difficult to efficiently and comprehensively explore
the molecular mechanism underlying the antitumor
effects of TCM in a single experiment, and this
difficulty increases the gap in research on Chinese and
Western medicine. With the rapid development of
systems biology and integrative pharmacology
technigues,the emergence of network pharmacology
has provided opportunities for breakthroughs in TCM
research13]. This method has been successfully used
to elucidate the multitarget effects of TCM in various
diseases, effectively bridging the gap between research
on Western and Chinese medicine [14, 15].

In this study, we explored the active components of
SWT and investigated data on gene transcription after
treatment of MCF7 cells with SWT using an open
source database. We then explored the key targets and
pharmaological mechanisms underlying the effects of
SWT from the perspective of TCGiiduced cellular
senescence using various biological databases and
biocomputational methods. The clinical prognosis and
characteristics associated with these key targets were
further explored to reveal the value of the clinical
application of SWT for the prevention or treatment of
breast cancer. Finally, the SASP and immune
infiltration were analyzed together to explore whether
SWT could be developed for use in combination with
immunotherapy. The research results provide new
information for the development and application of
SWT. The overall study flowchart is shown in Figure 1.

RESULTS
Active components of SWT

SWT is produced by mixing four herbs, namddadix
Angelicae sinesis Rhizoma Chuanxiong Radix
Paeoniae Albaand Radix Rehmanniae Preparata
equal proportions. According to the two criteria of drug
|l i keness (DL) O0.18 and
30%, a total of 20 active components of SWT were
identified in the TCMSP Supplementary Table )1
Radix Angelicae sinensi®hizoma Chuanxiondradix
Paeoniae Alba and Radix Rehmanniae Preparata
SWT contain 2, 7, 13and 2 active ingredients,
respectively. A network diagram of the active
compounds of these herbs i®#/n inFigure 2A Radix
Angelicae sinensiandRadix Paeoniae Alball contain
betasitosterol, Radix Angelicae sinensiand Radix
Rehmanniae Preparateontain stigmasterol, ari@adix
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Paeoniae Alba Rhizoma Chuanxiongand Radix
Rehmanniae Preparatall contain 3epibetasitosterol.

The chemical structures of these active compounds are
shown inFigure 2B

Identification of DEGs in SWT-treated MCF-7 cells
The Gene Expression Omnibus (GEO) dataset

GSE23610 was analyzed to identiEGs between
DMSO-treated MCF7 cells and 2.56 mg/mL SWT

Alba

Radix Pagoniae

Radix Rehmanniae Preparata

2.56 mg/mL SWT  DMSO

Radix Angeficae sinensis
OB = 30%
DLz0.18

Rhizoma Chuanxiong

TCMSP

20 active components

GSE23610

Screening of DEGs

1w 1 Jon

33 Aging/senescence-induced

treated MCF7 cells. The results are shown as a volcano
plot and histogram. After SWT treatment, there were
335 DEGs, of which 234 were upregulated and 101
were downregulated F{gure 3A, Supplementary
Table2). In addition, the top 20 u@nd downregulated
DEGs are shown in subsets in heatmdggure 3B.

The results showed that after SWT treatment, the
expression levels of PPP1R15A, HMOX1, FOSB,
PMAIP1, EGR4, ATF3, FOSL1, FOS, HSPABUSPS5,

and other genes were significantly upregulated and the
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expression levels of SLCO4C1, IKZF2, FUT9, MMP186,
DIO2, STON1, and other genes were significantly
downregulated in MCH cells P < 0.05).

Proteini protein interaction network, module, and
hub gene analysis of DEGs in SWFtreated MCF-7
cells

We used the Metascape online database to construct
proteiri protein interaction (PPI) networks of 335
DEGs, which contained 218 nodes and 507 edges
(Figure 3G. Then, seven hub subnetworkstbé PPI
network were filtered through the MCODE pluyg
(Figure 3D. Among them, MCODE 1 contained the
FOS, FOSL1, FOSL2, MYC, ATF3, DDIT3, SKP2,

A
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genes. MCODE 2 contained CDK6, CDKN1A, MYB,
PIM1, DBP, CEBPG, ADORA2BADM, RAMP3, and
CALCR. Furthermore, we screened the top 20 hub
genes and performed a topological analysis of this PPI
network, and the results showed that CDKN1A, PIM1,
SKP2, CXCL8, SOCS1, and CDK6 play key roles in
this network Figure 3B.

Enrichment analysis of the DEGs in SWHreated
MCF-7 cells

We performed Gene Ontology (GO) and Kyoto
Encyclopedia of Genes and Genomes (KEGG) pathway
analyses to explore the functions and pathways of the
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DEGs that are involved in the effect of SWT on breast
cancer. The 335 DEGs identified in this study were
associatd with 1849 GO terms and 59 KEGG pathways
(Supplementary Talée3 and4). We used a bubble plot
to display the top 20 GO/KEGG enrichment analysis
results. The larger the ordinate value in the bubble
chart, the more significant the corresponding
GO/KEGG oucome was. The abscissa represents the
normalized upregulation and downregulation value (the
ratio of the difference between the number of
upregulated genes and the number of downregulated
genes to the total number of differential genes). The

upregulated genes enriched in the GO/KEGG pathway
results; conversely, the lower the value is, the higher the
number of downregulated genes enriched in the
GO/KEGG pathway results.

The top 20 GO eichment analysis results revealed that
these DEGs were mainly enriched in the following
biological processe$-{gure 4A : Apositive

higher the vhie is, the higher the numberf o
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Fgure 4. Enrichment analysis of the DEGs in SWéated MCF7 cells (A and B) Bubble plot showing the top 20 GO and KEGG
enrichment analysis results. The larger the ordinate value in the bubble chart, the more significant the correspondin{EGG oesult is.
The abscissa represents the normalized upregulation and downregulatibre (the ratio of the difference between the number of
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downregulatedgenes enriched in the GO/KE@&hway results (O Secondary classification of the top 20 KEGG pathwBySgcondary

classification of all KEGG pathways.GSEA of thDEGs.
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mol ecul e met abolic mrtieec e s sukafyddes, tréndSpdrOadid catibolism, and cell motility.
KEGG pathway enrichment analysis, the results showed SWT mainly regulates cellular processes via the

that SWT mainly exerts its effects on Bfrough the foll owi ng KEGG pat hwayPs: i A
foll owing pathways P valuAp o p tvalsei=$5.1780k70)004,2 1fi0p,53 si gnad i ng
5170 7) o, sigmaliRgK pathway (ko0401@R Pvalue=283E0 5) 0, ACel | PogliekEe ( ki
value=153E050, AFoxO signalingOpadohwagda8kop4@amnd, ACelPl ul ar
P value = 2370 5) 0, Ap53 signavalnge p=at OwadyY2102546) 0. Mo r
(ko04115, P value = 2.83E) 5) 0, -kappaN B GSEA on these DEGs to screen significantly enriched
signaling pathway (ko0406#v al ue = 0. 0 0 0 pathw®Ragsrbasedagn the hallmark gene set backdroun
AnCel | cyclRvaek=®0 DDN1®,9 6 4 8) dhe resuftsd showed that DEGs were enriched in 5
ACel |l ul ar senes ®Pewvaue = ( koDi4dnli8f,i cant pat hways, Fncl uc
0.002102546) o. The top 2 kappK B, &6 p53ppathwayy they early estrogen response
presented with bubble graptisdure 4B. pathway, hypoxia, and apoptosis< 0.05,Figure 48.

These 20 KEGG pathways were mainly divided into 4  Identification of aging/senescencénduced genes and
categories, including environmental information enrichment analysis
processinggcellular processes, organismal systems, and

human diseasesFigure 4Q. Next, we conducted a As shown inFigure 5A 1535 aging/senescentwluced
secondary classification of all KEGG pathways, and the genes (ASIGs) were identified in 17 databases or
results are shown irfrigure 4D In the category of studies, and a total of 1153 genes remained after

cellular process, the KEGG pathways were mainly deduplication. Enrichment analysis was perfednto
enriched in cell growth and death, cellular community further investigate the GO and KEGG pathways

Fgure 5. Venndiagram network, and enrichmentanalysesof cellular aging/senescencmduced genes in SWifeated
MCF7cells (A) Bar graph representing 1153 aging/senescendeced genes identifieth 17 databases or studies)(Venndiagramand
heatmap analysis of 33 ASIGs that were significamthegulatedby SWT. @ PPl network analysis of 33 A8kted DEGs.0) Top 20
enriched terms associated with 33 A8lated DEGs by Metascape databa&pTop 20 KEGathwaysassociated with 33 A®tlated DEGs.
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