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INTRODUCTION  
 

According to the International Agency for Research on 

Cancer, female breast cancer (BC) has surpassed lung 

cancer as the most frequently diagnosed cancer, and an 

estimated 2,261,419 new cases and 684,996 related 

deaths were recorded worldwide in 2020 [1]. Although 

the survival rates of BC patients have improved with 

early screening and standard of care, BC mortality rates 

remain high. The 5-year overall survival (OS) rate of 

patients with metastasis-free breast cancer is higher than 

80%, but the 5-year survival rate of patients with 

metastatic BC at the time of diagnosis decreases sharply 

to approximately 10ï33% [2]. BC remains a primary 

cause of cancer-related death in females. 

 

Depending on the clinical tumor subtype, the mainstay 

of BC treatment includes endocrine therapy, anti-
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ABSTRACT 
 

Traditional Chinese medicine (TCM) is a promising strategy for effectively treating cancer by inducing cellular 
senescence with minimal side effects. Si-Wu-Tang (SWT) is a TCM composed of four herbs that is commonly 
used in China for the treatment of gynecological diseases; SWT can prevent breast cancer (BC), but the 
molecular mechanism by which SWT induces cellular senescence and its clinical application value remain 
unknown. We identified 335 differentially expressed genes (DEGs) in SWT-treated MCF-7 cells through Gene 
Expression Omnibus (GEO) dataset analysis. Gene Ontology (GO) and Kyoto Encyclopedia of Genes and 
Genomes (KEGG) analyses revealed the enrichment of biological processes and key signaling pathways 
including cellular senescence, the cell cycle, the MAPK signaling pathway, and the p53 signaling pathway. 
Additionally, SWT induced BC cell senescence by upregulating the expression of 33 aging/senescence-induced 
genes (ASIGs). According to LASSO regression analysis, NDRG1, ERRFI1, SOCS1, IRS2, IGFBP4, and BIRC3 levels 
were associated with BC prognosis and were used to develop risk scores. ERRFI1, SOCS1, IRS2, IGFBP4, and 
BIRC3 were identified as protective factors (P < 0.05, HR < 1), while NDRG1 was identified as a risk factor (P < 
0.05, HR > 1). Notably, patients with low risk scores had increased senescence-associated secretory phenotypes 
(SASPs) and immune cell infiltration.  Overall, we systematically integrated biological databases and 
biocomputational methods to reveal the mechanisms by which SWT induces senescence in breast cancer and its 
clinical value. 
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HER2-targeted therapy, radiotherapy, and chemo-

therapy. While these therapeutic approaches have 

prolonged patient survival, substantial issues, including 

relapse after an objective response to chemotherapy, 

drug-induced side effects, and drug resistance, remain 

unresolved; these issues ultimately lead to relapse or the 

development of advanced primary and metastatic 

tumors [3ï5]. In recent years, a promising strategy, 

namely, the regulation of cellular senescence, has 

emerged; cellular senescence 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 of a proinflammatory phenotype known  

as the senescence-associated 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 

cancer [7, 8]. In recent years, many studies have shown 

that TCM induces cell senescence by inhibiting 

telomerase activity, inducing DNA damage, inducing 

SASP development, and activating or inactivating 

oncogene expression, thereby inhibiting the occurrence 

and development of tumors [9]. Compared with other 

antitumor strategies, the process of senescence induced 

by TCM is relatively slow and has the strong 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. 

 

Si-Wu-Tang (SWT), which consists of four herbs, 

namely, Radix Paeoniae Alba (Bai Shao), Radix 

Angelicae sinensis (Dang Gui), Rhizoma Chuanxiong 
(Chuan Xiong), and Radix Rehmanniae Preparata (Shu 

Di Huang), has been widely used in East Asia as a 

traditional formulation for treating gynecological 

diseases for over 1000 years [10]. In the clinic, SWT is 

often used to relieve menstrual discomfort, peri- or 

postmenopausal syndromes, climacteric syndrome, and 

other estrogen-related diseases. A study by Zhining 

Wen et al. [11] showed that the characteristics of SWT-

treated MCF-7 cells closely matched those of estradiol 

(E2)-treated MCF-7 cells, which is consistent with the 

use of SWT to treat diseases that arise specifically in 

women, and revealed the estrogen-like effects of SWT. 

Other modern pharmacological studies have shown that 
SWT exerts a regulatory effect on the proliferation of 

BC cells by regulating HER-2, PI3K/AKT, and MAPK 

signaling [12]. However, few studies have explored the 

molecular mechanism by which 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 

techniques, the emergence of network pharmacology 

has provided opportunities for breakthroughs in TCM 

research [13]. 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 MCF-7 cells with SWT using an open-

source database. We then explored the key targets and 

pharmacological mechanisms underlying the effects of 

SWT from the perspective of TCM-induced 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, namely, Radix 

Angelicae sinensis, Rhizoma Chuanxiong, Radix 
Paeoniae Alba, and Radix Rehmanniae Preparata, in 

equal proportions. According to the two criteria of drug 

likeness (DL) Ó0.18 and oral bioavailability (OB) Ó 

30%, a total of 20 active components of SWT were 

identified in the TCMSP (Supplementary Table 1). 

Radix Angelicae sinensis, Rhizoma Chuanxiong, Radix 

Paeoniae Alba, and Radix Rehmanniae Preparata in 

SWT contain 2, 7, 13, and 2 active ingredients, 

respectively. A network diagram of the active 

compounds of these herbs is shown in Figure 2A. Radix 
Angelicae sinensis and Radix Paeoniae Alba all contain 

beta-sitosterol, Radix Angelicae sinensis and Radix 

Rehmanniae Preparata contain stigmasterol, and Radix 
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Paeoniae Alba, Rhizoma Chuanxiong and Radix 
Rehmanniae Preparata all contain 3-epi-beta-sitosterol. 

The chemical structures of these active compounds are 

shown in Figure 2B. 

 

Identification of DEGs in SWT-treated MCF-7 cells 

 

The Gene Expression Omnibus (GEO) dataset 

GSE23610 was analyzed to identify DEGs between 

DMSO-treated MCF-7 cells and 2.56 mg/mL SWT-

treated MCF-7 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 (Figure 3A, Supplementary 

Table 2). In addition, the top 20 up- and downregulated 

DEGs are shown in subsets in heatmaps (Figure 3B). 

The results showed that after SWT treatment, the 

expression levels of PPP1R15A, HMOX1, FOSB, 

PMAIP1, EGR4, ATF3, FOSL1, FOS, HSPA6, DUSP5, 

and other genes were significantly upregulated and the

 

 
 

Figure 1. Flowchart of the analytical procedures of the study. 

 

 

 

Figure 2. Identification of 20 active components of SWT. (A) Herb-active component network. (B) Chemical structures of 3 key active 

compounds. 
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expression levels of SLCO4C1, IKZF2, FUT9, MMP16, 

DIO2, STON1, and other genes were significantly 

downregulated in MCF-7 cells (P < 0.05). 

 

Proteinïprotein interaction network, module, and 

hub gene analysis of DEGs in SWT-treated MCF-7 

cells 

 

We used the Metascape online database to construct 

proteinïprotein interaction (PPI) networks of 335 

DEGs, which contained 218 nodes and 507 edges 

(Figure 3C). Then, seven hub subnetworks of the PPI 

network were filtered through the MCODE plug-in 

(Figure 3D). Among them, MCODE 1 contained the 

FOS, FOSL1, FOSL2, MYC, ATF3, DDIT3, SKP2, 

SOCS1, UNKL, FBXO30, KLHL21, and RNF144B 

genes. MCODE 2 contained CDK6, CDKN1A, MYB, 

PIM1, DBP, CEBPG, ADORA2B, ADM, 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 3E). 

 

Enrichment analysis of the DEGs in SWT-treated 

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

 

 
 

Figure 3. Differential gene expression patterns and network analysis of SWT-treated MCF7 cells. (A) Volcano plot (left) showing 

the gene expression patterns of SWT-treated MCF-7 samples. Red and blue represent upregulated ƎŜƴŜǎ όƭƻƎC/ җ мύ ŀƴŘ downregulated 
genes (logFC Җ -1), respectively, while gray indicates genes with no significant difference in expression. In addition, the respective numbers 
of significantly regulated genes are presented in histograms (right). (B) Heatmap analysis of the top 20 up- or downregulated DEGs. (C) PPI 
network analysis of DEGs. (D) MCODE module for gene clustering analysis. (E) Hub gene analysis of DEGs. 
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DEGs that are involved in the effect of SWT on breast 

cancer. The 335 DEGs identified in this study were 

associated with 1849 GO terms and 59 KEGG pathways 

(Supplementary Tables 3 and 4). 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 outcome 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 

higher the value is, the higher the number of 

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 enrichment analysis results revealed that 

these DEGs were mainly enriched in the following 

biological processes (Figure 4A): ñpositive regulation of 

cellular process (GO:0048522)ò, ñpositive regulation of 

cellular metabolic process (GO:0031325)ò, ñpositive 

regulation of biological process (GO:0048518)ò, 

ñpositive regulation of metabolic process 

(GO:0009893)ò, and ñpositive regulation of macro- 

 

 
 

Figure 4. Enrichment analysis of the DEGs in SWT-treated MCF-7 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 corresponding GO or KEGG result is. 
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 higher the value is, the higher 
the number of 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. (C) Secondary classification of the top 20 KEGG pathways. (D) Secondary 
classification of all KEGG pathways. (E) GSEA of the DEGs. 
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molecule metabolic process (GO:0010604)ò. In the 

KEGG pathway enrichment analysis, the results showed 

that SWT mainly exerts its effects on BC through the 

following pathways: ñApoptosis (ko04210, P value = 

5.17E-07)ò, ñMAPK signaling pathway (ko04010, P 

value = 1.53E-05ò, ñFoxO signaling pathway (ko04068, 

P value = 2.37E-05)ò, ñp53 signaling pathway 

(ko04115, P value = 2.83E-05)ò, ñNF-kappa B 

signaling pathway (ko04064, P value = 0.000912974)ò, 

ñCell cycle (ko04110, P value = 0.00159648)ò, and 

ñCellular senescence (ko04218, P value = 

0.002102546)ò. The top 20 KEGG pathways are 

presented with bubble graphs (Figure 4B). 

 

These 20 KEGG pathways were mainly divided into 4 

categories, including environmental information 

processing, cellular processes, organismal systems, and 

human diseases (Figure 4C). Next, we conducted a 

secondary classification of all KEGG pathways, and the 

results are shown in Figure 4D. In the category of 

cellular process, the KEGG pathways were mainly 

enriched in cell growth and death, cellular community-

eukaryotes, transport and catabolism, and cell motility. 

SWT mainly regulates cellular processes via the 

following KEGG pathways: ñApoptosis (ko04210, P 

value = 5.17E-07)ò, ñp53 signaling pathway (ko04115, 

P value = 2.83E-05)ò, ñCell cycle (ko04110, P value = 

0.00159648)ò, and ñCellular senescence (ko04218, P 

value = 0.002102546)ò. Moreover, we performed 

GSEA on these DEGs to screen significantly enriched 

pathways based on the hallmark gene set background. 

The results showed that DEGs were enriched in 5 

significant pathways, including TNFŬ signaling via NF-

kappa B, the p53 pathway, the early estrogen response 

pathway, hypoxia, and apoptosis (P < 0.05, Figure 4E). 

 

Identification of aging/senescence-induced genes and 

enrichment analysis 

 

As shown in Figure 5A, 1535 aging/senescence-induced 

genes (ASIGs) were identified in 17 databases or 

studies, and a total of 1153 genes remained after 

deduplication. Enrichment analysis was performed to 

further investigate the GO and KEGG pathways 

 

 
 

Figure 5. Venn diagram, network, and enrichment analyses of cellular aging/senescence-induced genes in SWT-treated 
MCF7 cells. (A) Bar graph representing 1153 aging/senescence-induced genes identified in 17 databases or studies. (B) Venn diagram and 

heatmap analysis of 33 ASIGs that were significantly upregulated by SWT. (C) PPI network analysis of 33 ASI-related DEGs. (D) Top 20 
enriched terms associated with 33 ASI-related DEGs by Metascape database. (E) Top 20 KEGG pathways associated with 33 ASI-related DEGs. 


