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SRC is a potential target of 
Arctigenin in treating 
triple-negative breast cancer: 
based on machine learning 
algorithms, molecular modeling 
and in Vitro test
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1Department of Pharmacy, West China Hospital, Sichuan University, Chengdu, China, 2Faculty of 
Applied Sciences, Centre for Artificial Intelligence Driven Drug Discovery, Macao Polytechnic 
University, Macao, China, 3Sichuan Kelun-Biotech Biopharmaceutical Co., Ltd., Chengdu, China

Introduction: This research explores the therapeutic potential of Arctigenin 
(AG) against triple-negative breast cancer (TNBC) and elucidates its underlying 
molecular mechanisms.
Methods: Potential targets of AG and TNBC-related genes were identified 
through public databases. By intersecting drug-specific and disease-related 
targets, key genes were selected for further analysis. Differential gene expression 
profiling and Weighted Gene Co-expression Network Analysis (WGCNA) 
were performed. Functional enrichment analysis was conducted using Gene 
Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG). 
Machine learning algorithms were employed to identify hub genes, followed 
by validation through molecular docking, molecular dynamics (MD) simulations, 
and surface plasmon resonance (SPR) assays. In vitro experiments including cell 
viability assays, cell cycle analysis, apoptosis detection, and Western blotting 
were performed on MDA-MB-453 and MDA-MB-231 cell lines.
Results: Our study identified 183 AG-related targets, 5,193 differentially 
expressed genes, and 6,173 co-expression module genes associated with TNBC. 
Machine learning algorithms pinpointed 4 hub genes from 28 intersecting 
targets. Molecular docking, Molecular dynamics (MD) and surface plasmon 
resonance (SPR) indicated a moderately strong interaction between AG 
and SRC kinase, where the oxygen atom of AG forms hydrogen bonds 
with the oxygen atom in M341 and the nitrogen atom in G344 of SRC. 
In vitro experiments confirmed that AG reduced the viability of MDA-
MB-453 and MDA-MB-231 cells in a concentration-and time-dependent 
manner, leading S phase arrest and apoptosis. Western blotting indicated 
that AG significantly reduced the levels of Bcl-2, caspase-3, and caspase-
9, as well as decreased SRC, p-PI3K-p85, p-AKT1, p-MEK1/2, and p-
ERK1/2 expression in TNBC cells in a concentration dependent manner.
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Conclusion: AG exerts anti-TNBC effects by directly binding to SRC kinase, 
concurrently inhibiting both PI3K/AKT and MEK/ERK signaling pathways, 
ultimately leading to cell cycle arrest and apoptosis.
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FIGURE 1
Flowchart of overall methodology used to predict the anti-cancer 
effect of AG for TNBC.

Acquisition of relevant targets of AG
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FIGURE 2
Construction of target network and acquisition of key genes. (a) Structural formula of AG. (b) Differential expression analysis of the TCGA dataset. (c)
Heatmap of DEGs showing the top 50 genes. (d) Scale independence and mean connectivity of WGCNA. (e) Cluster dendrogram and separation of 
gene modules of WGCNA. (f) Diagram of module-trait relationship for the 12 modules. (g) Scatterplot matrix of MM and GS. (h) catterplot of GS for 
TNBC vs. MM of the turquoise module. (i) Key genes for the action of AG.
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FIGURE 3
Functional enrichment analysis of key genes in TNBC. (a) Bar plot from the GO analysis. (b) Sankey-bubble plot from the KEGG analysis.
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FIGURE 4
Determining target hub genes through machine learning algorithms. (a) Error rate curves of 5-fold cross-validation of SVM-RFE algorithm. (b) Accuracy 
rate curves of 5-fold cross-validation of SVM-RFE algorithm. (c) Coefficients diagrams of Lasso analysis. (d) Cross validation curve for Lasso. (e) Error 
rate curve of RF method. (f) Variable importance value of RF method. (g) Hub genes identification from three machine learning algorithms. (h)
Expression analysis of the hub genes based on the TCGA dataset. (i) ROC curve of hub genes.
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FIGURE 5
Molecular docking interactions of AG with hub genes. (a) Molecular docking interaction between AG and CDC25. (b) Molecular docking interaction 
between AG and PLK1. (c) Molecular docking interaction between AG and SRC. (d) Molecular docking interaction between AG and AURKA.

TABLE 1  Molecular docking results of AG with hub genes (kcal/mol).

Proteins Docking score XP Gscore Glide gscore Glide emodel
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FIGURE 6
The binding mode of AG and SRC. (a) 3D binding mode of Arctigenin and 4MXO. (b) Analysis revealed specific key residues, per-residue contribution 
less than −1 kcal/mol. (c) RMSF analysis of AG with SRC. (d) Full SPR Sensorgrams of Src Protein Binding to AG. (e) Fitting Residuals of Src Protein 
Binding to AG.

TABLE 2  The contributions of each energy term to the binding energy of AG with SRC (kcal/mol).

Energy Component Evdw Eele Gpol,sol Gnpol,sol Ggas Gsol GMM/GBSA

TABLE 3  SPR kinetic parameters for the interaction between immobilized SRC and AG.

Immobilized ligand Injection variables 
Analyte 1 solution

Quality kinetics Chi2

(RU2)
1:1 binding ka (1/Ms) kd (1/s) KD (M)
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FIGURE 7
Effects of AG on the proliferation of MDA-MB-453 cells. (a) Cell viability was determined by CCK8 assay. (b) Cell cycle changes were analyzed by FACS 
based on PI staining. (c) Cells were incubated with various concentrations of Arctigenin for 48 h and tested the expression of CDK2, Cyclin A2, and P27 
by Western blot. (d) Expression of Cyclin E1 examined by Western blot. x ± s, n = 3, ,   and  indicate 0.01 < P < 0.05, P < 0.01 and P < 0.001 vs. 
untreated control.
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FIGURE 8
Effects of AG on the apoptosis of MDA-MB-453 cells. (a) Cells were incubated with various concentrations of AG for 48 h and stained with fluorescent 
dye. (b) MMP changes were analyzed by FACS based on JC-1 staining. (c) Apoptosis rate was analyzed by FACS based on Annexin-FITC/PI staining. (d)
Expression of Bax, Bcl-2, caspase-3, and caspase-9 using western blot. (e) Impact of AG on the expression of ERK1/2, p-ERK1/2, AKT, p-AKT and SRC.
(f) Impact of AG on the expression of PI3K, p-PI3K, MEK1/2 and p-MEK1/2. x ± s, n = 3,  ,   and  indicate 0.01 < P < 0.05, P < 0.01 and P < 0.001 vs. 
untreated control.
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