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Integrating Network Pharmacology and in Vitro Experiments to Explore the
Potential Mechanisms of Dianthus Caryophyllus Methanolic Extract
in Inhibiting the Proliferation of Triple-Negative Breast Cancer Cells
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Abstract TNBC (triple-negative breast cancer), characterized by the absence of ER (estrogen receptor),
PR (progesterone receptor), and human HER2 (epidermal growth factor receptor 2) expression, exhibits high ag-
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gressiveness, limited therapeutic options, and poor prognosis. Although Dianthus caryophyllus L. possesses antican-
cer potential, its anti-TNBC mechanisms remain incompletely elucidated. This study integrated network pharmacol-
ogy, molecular docking, and in vitro validation to investigate the mechanism of carnation methanolic extract against
TNBC. A total of 883 secondary metabolites were identified in carnation using HPLC-MS, and 140 bioactive
components were selected through the CTD (comparative toxicogenomics database). By intersecting TNBC-related
targets from GeneCards and OMIM databases, 82 potential therapeutic targets were identified. GO (Gene Ontology)
and KEGG (Kyoto Encyclopedia of Genes and Genomes) pathway analyses revealed that oxidative stress levels
and the PI3K/AKT and FoxO signaling pathways were key regulatory axes for the anticancer effects of carnation
against TNBC. Based on the STRING database, a PPI network was constructed, 10 core target genes were screened
out, and a prognostic risk model was established. Molecular docking showed that the main bioactive components of
carnation (e.g., betulinic acid and kaempferol) have significant binding activity with the core target genes. Further
in vitro experiments demonstrated that the carnation methanolic extract significantly inhibited the proliferation of
MDA-MB-231 and MDA-MB-468 cells in a concentration- and time-dependent manner. Additionally, it signifi-
cantly increased intracellular ROS levels and downregulated the expression of key proteins in the PI3K/AKT and
FoxO signaling pathways. These results are consistent with the predictions from network pharmacology and mo-
lecular docking analyses. In summary, through a multidimensional validation of “components-targets-pathways-
experiments,” this study elucidated that the carnation methanolic extract exerts anticancer effects against TNBC by
modulating oxidative stress and the PI3K/AKT-FoxO signaling axis. These findings provide experimental evidence
for the development of carnation as a potential adjuvant therapeutic agent for TNBC.

Keywords carnations; triple-negative breast cancer; network pharmacology; signaling pathway; molecular
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Fig.1 Workflow diagram of network pharmacology analysis
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A: venn diagram of potential target genes constructed using GeneCards, OMIM and CTD databases; B: effective component-target-disease interaction

network of TNBC and Dianthus caryophyllus L. methanolic extract.
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Fig.2 Screening and network construction of common targets between Dianthus caryophyllus L. and TNBC
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Fig.3 Enrichment analysis of GO and KEGG
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A: ERAPPPIM S K FEME R, 17 SR, B B4A PR RT IO SRR . BREA SRR B 5 M (R AH DG, TR AL (L3RR T AR OG
A: PPI network diagram in Fig.2A. The higher the degree value is, the larger the node size; B: The top 10 genes in Fig.4A. The color indicates the cor-
relations of ingredients and pathways, deep color with red means a high degree of correlation.
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Fig.4 Protein-protein interaction network analysis
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Survival analysis based on the LASSO-derived risk scorein TNBC
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Fig.6 Survival analysis of LASSO risk score
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Table 1 Molecular docking results of core genes and active components of Dianthus caryophyllus L.

BE K 2 FR TE VR 2R X #2478 /kcal mol™
Gene name Active ingredient name Docking score /kcal-mol™!
P53 Betulinic acid -7.70
TP53 2,2-dimethylsuccinic acid —6.84
TP53 Malonic acid -6.35
TP53 Citraconic acid -6.22
TP53 Terephthalic acid —6.14
AKTI Betulinic acid -9.17
AKTI Kaempferol -7.25
AKTI Pyridoxal -4.52
AKTI Tryptophan -4.35
AKTI Phenylpyruvic acid -3.78
PTPRC Betulinic acid -8.11
PTPRC Pimaric acid -7.53
PTPRC Uridine diphosphate xylose —6.47
PTPRC Nicotinamide mononucleotide -5.95
PTPRC Riboflavin -5.67
PIK3CA Betulinic acid -9.69
PIK3CA NADP -8.14
PIK3CA Rutin -7.92
PIK3CA Baicalin -7.55
PIK3CA Kaempferol 3-O-sophoroside -7.17
NELFB Betulinic acid -9.90
NELFB Uridine diphosphate xylose -9.29
NELFB Pimaric acid —7.47
NELFB Kaempferol 3-O-sophoroside -7.28
NELFB Riboflavin -7.16
ILIB Betulinic acid -8.16
1LIB Pimaric acid -6.71
ILIB Baicalin -5.06
1LIB 5-methoxyindoleacetic acid -5.02
1LIB 5-hydroxytryptophan -5.00
BRCAI Phloretic acid -4.44
BRCAI 4-nitrophenol -4.27
BRCAI Picolinic acid -3.72
BRCAI 5’-methylthioadenosine -3.42
BRCAI Pyridoxic acid -3.35
HRAS Phthalic anhydride -4.87
HRAS 3-hydroxybenzaldehyde -4.09
HRAS Nicotinamide mononucleotide -3.77
HRAS Beta-hydroxyisovaleric acid -3.62
HRAS Sucrose -3.47
ESRI Methyl caffeate -4.62
ESRI 3-hydroxybenzoic acid —4.48
ESRI Histamine —4.42
ESRI Pantothenic acid -4.30
ESRI Arginine -3.89
CTNNBI 2,6-di-tert-butylphenol —1.44
CTNNBI 2,2-dimethylsuccinic acid -1.30
CTNNBI Anthranilic acid -1.22
CTNNBI Vanillic acid -1.22
CTNNBI Piperidine -1.09
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AC: positive control; n=3). D,E: Dianthus caryophyllus L. methanolic extract regulates TNBC progression through the PI3K/AKT and FoxO signaling
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Fig.7 In vitro experiments validate the results of network pharmacology analysis
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