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ABSTRACT Obijective: To discuss the mechanism of salidroside in the treatment of triple negative breast
cancer (TNBC) by using the bioinformatics and network pharmacology methods, and to clarify the main
targets and signaling pathways involved in the therapeutic effect. Methods: The dataset GSE45827 was
obtained from the Gene Expression Omnibus (GEO) database; the gene set enrichment analysis (GSEA)
was performed by using the R software package GSEABase; the differentially expressed genes (DEGs)
between the adjacent normal tissue and TNBC tissue were identified by limma R software package; the
Gene Ontology (GO) functional enrichment analysis and Kyoto Encyclopedia of Genes and Genomes
(KEGG) signaling pathway enrichment analysis were performed on the DEGs, and the DEGs were
integrated with the drug targets to import into gene/protein interaction retrieval tool String database, and
the protein-protein interaction (PPI) networks were constructed ; the functional module screening of the PPI
network was conducted by MCODE plugin, and the top 2 modules ranked by SCORE value were further
subjected to GO functional enrichment analysis and KEGG signaling pathway analysis. The pathways
obtained from the two rounds of KEGG enrichment analysis were intersected with the results of GSEA
enrichment analysis to identify the pathways involved in the therapeutic effect of salidroside on TNBC. The
top 10 key node genes in the highest scoring module determined by the maximum clique centrality (MCC)
score caculated by CytoHubba plugi were considered as the core genes; the molecular docking was
performed by AutoDock Vinal. 1.2 and PyMOLZ2. 3. 0 Software. Results: The intersection of KEGG and
GSEA enrichment analysis results showed 13 singaling pathways, including the cell cycle, cellular
senescence, and p53 signaling pathways, and so on. The biological processes involved in the GO functional
analysis, such as mitosis, nuclear division, and sister chromatid separation, were closely related to the cell
cycle and consistented with the results of the KEGG signaling pathway enrichment analysis. The top ranked
module based on the SCORE value contained 5 drug target genes of Rhodiola glycoside, such as cyclin A2
(CCNAZ2), checkpoint kinase 1 (CHEKI1 ), kinesin family member 11 (KIF11), DNA topoisomerase
2-alpha (TOP2A), and thymidylate synthase (TYMS). The molecular docking results demonstrated strong
binding affinities between the above proteins and Rhodiola glycoside (binding energy<C—7.0 kcal-mol™").
Conclusion: The tightly binding target of salidroside is located in the key functional modules of DEGs of
TNBC, which can directly regulate by binding with CCNAZ2 and protein, and indirectly regulate the key
differentially genes of TNBC by binding with KIF11, TOPA2, CHEKI1 and TYMS proteins. Therefore,
salidroside may be a potential clinical therapeutic drug for TNBC.
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Fig. 1 Venn diagram of action targets of salidroside
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Tab. 1 Shared genes obtained from intersection of salidroside

targets and DEGs

Abbreviation
of gene Full name of gene

ALB Albumin

AKRIC1 Aldo-keto reductase family 1 member C1

SOD2 Superoxide dismutase 2

PCK1 Phosphoenolpyruvate carboxykinase 1

AKRI1C2 Aldo-keto reductase family 1 member C2

MME membrane metallo endopeptidase

UCK2 Uridine-cytidine kinase 2

AR Androgen receptor

PIK3R1 Phosphatidylinositol 3-kinase regulatory subunit alpha

KIT Mast/stem cell growth factor receptor Kit

THRB Thyroid hormone receptor beta

CCNA2 Cyclin A2

ADAMS3 Disintegrin and metalloproteinase domain-containing
protein 33

Bel-2 B cell lymphoma-2

DDIT4 DNA damage-inducible transcript 4

TGFB1 Transforming growth factor beta-1

FN1 Fibronectin

PRKAR?E cAMP-dependent protein kinase type Il -beta
regulatory subunit

CA4 Carbonic anhydrase 4

PNP Purine nucleoside phosphorylase

SLC40A1 Solute carrier family 40 member 1

HPRTI1 Hypoxanthine-guanine phosphoribosyltransferase

CXCR4 C-X-C chemokine receptor type 4

NR3C2 Mineralocorticoid receptor

CDKNIC Cyclin-dependent kinase inhibitor 1C

F13A1 Coagulation factor Ml A chain

THRA Thyroid hormone receptor alpha

SCN3A Sodium channel protein type 3 subunit alpha

PRMTI1 Protein arginine N-methyltransferase 1
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associated protein 5, DLGAP5) . W .0k & H 55
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% WE ¥ B R a4 )5 7 2 M2 (ribonucleoside-
diphosphate reductase subunit M2, RRM2) . 4ff jg
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Tab. 2 Molecular docking results

Target gene PDB ID Binding energy(kcal-mol™")
CCNA2 4EOP —7.0
CHEKI 7SUF —7.3
KIF1I 6TIW —8.0
TOPA2 IZXM —8.2
TYMS 6QXH —7.4
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2D interaction diagrams.
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