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Abstract-Breast cancer remains one of the leading causes of cancer-related morbidity and mortality worldwide, 
necessitating the development of effective and targeted therapeutic strategies. Flavonoids, a diverse group of 
naturally occurring polyphenolic compounds, have gained significant attention due to their potent anticancer 
properties and low toxicity. This study integrates network pharmacology and molecular docking approaches to 
elucidate the underlying mechanisms of flavonoids in the treatment of breast cancer. Initially, bioactive flavonoids 
such as apigenin, luteolin, kaempferol, chlorogenic acid, and caffeic acid were screened, and their potential targets 
were identified using public databases. A compound–target–pathway network was constructed to reveal the multi-
target interactions, highlighting key proteins including CDK6, JUN, TNF, STAT3, ESR2, and MMPs. Pathway 
enrichment analysis indicated that these targets are mainly involved in critical signaling pathways such as 
pathways in cancer, JAK-STAT signaling, and hormone-related pathways. 
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Introduction: Breast cancer is one of the most 
common malignancies affecting women worldwide 
and remains a leading cause of cancer-related 
mortality. Despite advances in surgery, 
chemotherapy, radiotherapy, and targeted therapy, 
challenges such as drug resistance, toxicity, and 
tumor heterogeneity limit successful treatment 
outcomes. This has led to increasing interest in 
natural bioactive compounds, particularly 
flavonoids, as potential therapeutic agents. 
Flavonoids are a diverse group of plant-derived 
polyphenolic compounds found in fruits, vegetables, 
and medicinal herbs. Compounds such as apigenin, 
quercetin, kaempferol, and genistein have 
demonstrated significant anticancer activities, 
including inhibition of cell proliferation, induction 
of apoptosis, suppression of metastasis, and 
modulation of hormone-dependent pathways in 
breast cancer.Traditional pharmacology follows a 
“one drug–one target” approach, which is often 
inadequate for complex diseases like cancer. In 

contrast, network pharmacology is an emerging 
systems biology-based approach that explores the 
multi-target, multi-pathway interactions of drugs 
within biological networks. It integrates data from 
genomics, proteomics, and bioinformatics to 
identify key molecular targets and signaling 
pathways involved in disease progression and drug 
action.Complementing this, molecular docking is a 
computational technique used to predict the binding 
interaction between flavonoids (ligands) and 
specific breast cancer-related proteins (targets) such 
as estrogen receptors (ER), HER2, EGFR, and 
AKT1. Docking studies help in understanding the 
binding affinity, stability, and mode of interaction, 
thereby providing insights into the potential 
therapeutic efficacy of flavonoids.The integration of 
network pharmacology and molecular docking 
offers a powerful strategy to uncover the 
mechanisms of action of flavonoids in breast cancer 
treatment, enabling the identification of key targets, 
pathways, and lead compounds. This combined 
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approach not only accelerates drug discovery but 
also supports the development of multi-targeted, 
safer, and more effective anticancer therapies. 
 
Stages of breast cancer: 

 
 

 
 
 
 Breast cancer is a malignant disease in 
which abnormal cells in the breast, typically arising 
from the ducts or lobules, grow uncontrollably and 
may spread to other parts of the body. Its progression 
is classified using the TNM staging system based on 
tumor size, lymph node involvement, and 
metastasis, and is divided into stages 0 to IV. Stage 
0, or carcinoma in situ, is non-invasive and confined 

within the ducts or lobules; Stage I is an early 
invasive stage with a small tumor (≤2 cm) and little 
or no lymph node involvement; Stage II involves a 
larger tumor (2–5 cm) with spread to nearby lymph 
nodes; Stage III is a locally advanced stage 
characterized by a large tumor, extensive lymph 
node involvement, and possible spread to the chest 
wall or skin, and Stage IV is the metastatic stage 
where cancer spreads to distant organs such as the 
bones, liver, lungs, or brain. Early detection 
significantly improves prognosis, while advanced 
stages require more aggressive treatment and have 
reduced survival rates 
 
Materials and Methods 
Selection of Flavonoids 
Common flavonoids such as apigenin, quercetin, 
kaempferol, and genistein were selected based on 
literature reports of anticancer activity. 
Target Identification 
Targets of flavonoids were predicted using 
databases such as SwissTargetPrediction and 
TCMSP 
Breast cancer-related targets were obtained from 
GeneCards and OMIM 
Network Construction 
Common targets between flavonoids and breast 
cancer were identified 
Protein–Protein Interaction (PPI) network 
constructed using STRING database 
Visualization performed using Cytoscape software 
Enrichment Analysis 
Gene Ontology (GO) analysis for biological 
processes 
KEGG pathway analysis to identify key signaling 
pathways 
Molecular Docking 
Protein structures obtained from Protein Data Bank 
(PDB) 
Docking performed using AutoDock/PyRx 
Binding affinity (kcal/mol) used to evaluate 
interactions  
Network Pharmacology studies  
After decent studies, we get some chemical 
constituents of flavonoids and their smile structures. 
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Network pharmacology is a systems biology–based 
approach that evaluates how bioactive compounds 
interact with multiple molecular targets and 
signaling pathways simultaneously, making it 
particularly suitable for studying complex diseases 
like breast cancer. Unlike traditional “one drug–one 
target” strategies, network pharmacology integrates 
bioinformatics databases, protein–protein 
interaction (PPI) networks, and pathway enrichment 
analyses (such as GO and KEGG) to identify the 
interconnected mechanisms underlying disease 

progression and therapy. In breast cancer, this 
approach helps uncover key targets such as AKT1, 
TP53, EGFR, and VEGFA, which are involved in 
critical processes like cell proliferation, apoptosis, 
angiogenesis, and metastasis. By mapping flavonoid 
compounds to these targets, researchers can better 
understand their therapeutic potential and multi-
target actions. 
 
Flavonoids, a diverse class of natural polyphenolic 
compounds found in fruits, vegetables, and 
medicinal plants, have gained attention for their 
anticancer properties and low toxicity. Compounds 
such as quercetin, apigenin, kaempferol, and luteolin 
demonstrate significant activity against breast 
cancer through modulation of multiple signaling 
pathways. Network pharmacology studies reveal 
that these flavonoids influence major pathways, 
including PI3K/AKT, MAPK, p53, and estrogen 
signaling pathways. Through these interactions, 
flavonoids can induce apoptosis, inhibit tumor cell 
proliferation, suppress metastasis by regulating 
matrix metalloproteinases (MMPs), and reduce 
angiogenesis by targeting VEGF-mediated 
pathways. Molecular docking studies further support 
these findings by confirming strong binding 
affinities between flavonoids and key protein 
targets. 
Overall, network pharmacology provides a 
comprehensive framework to elucidate the multi-
target mechanisms of flavonoids in breast cancer 
treatment, bridging the gap between computational 
predictions and experimental validation. This 
approach not only accelerates drug discovery but 
also supports the development of combination 
therapies and precision medicine strategies. Despite 
promising results, challenges such as poor 
bioavailability of flavonoids and the need for 
clinical validation remain significant. Future 
research should focus on advanced delivery systems 
like nanoparticles, in vivo studies, and clinical trials 
to translate these findings into effective therapeutic 
interventions for breast cancer. 
Interaction between the compound gene and 
disease gene 
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Network pharmacology interaction map in 
breast cancer 

 
Protein–Protein Interaction (PPI) networks are  
typically generated using tools like STRING and 
visualized in Cytoscape. It shows how different 
cancer-related proteins interact with each other 
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Compound–Target–Pathway network, a core 
output in network pharmacology studies showing 
how phytochemicals interact with genes and 
biological pathways involved in diseases like 
breast cancer. 

 
 
It illustrates a compound–target–pathway 
interaction network in network pharmacology. It 
shows how bioactive phytochemicals such as 
apigenin, luteolin, caffeic acid, chlorogenic acid, 
eugenol, and thymol are connected to multiple 
protein targets, including CDK6, JUN, TNF, 
STAT3, ESR2, and ABC transporters. These targets 
are further linked to key biological pathways like 
pathways in cancer and proteoglycans in cancer, as 
well as diseases such as breast cancer and bladder 
cancer. The dense interconnections highlight a 
multi-component, multi-target, and multi-pathway 
mechanism, suggesting that these natural 
compounds may exert synergistic anticancer effects 
by modulating several molecular targets 
simultaneously. 
 
Docking Studies 

Protein 
(BRCA1) 

 

Ligand(AP
IGENIN) 

 

Interaction 

 
 
The molecular docking analysis of apigenin with the 
BRCA1 protein showed a binding energy of −8.9 
kcal/mol, indicating a strong and stable interaction. 
In docking studies, more negative binding energy 
values reflect higher binding affinity; therefore, this 
result suggests that apigenin can effectively bind to 
the active or functional site of BRCA1. The 
interaction may involve hydrogen bonding, 
hydrophobic interactions, and π–π stacking, which 
help stabilize the ligand–protein complex. Since 
BRCA1 plays a crucial role in DNA repair and 
tumor suppression, the binding of apigenin may 
influence its biological activity, potentially 
contributing to anticancer effects, particularly in 
breast cancer. The docking result demonstrates that 
apigenin exhibits strong binding affinity toward 
BRCA1 (−8.9 kcal/mol), suggesting its potential as 
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a bioactive compound capable of modulating 
BRCA1-mediated pathways in cancer. 
 
Conclusion: 
Network pharmacology and molecular docking 
analyses together provide a comprehensive 
understanding of how flavonoids exert therapeutic 
effects against breast cancer through a multi-target 
and multi-pathway approach. The network analysis 
revealed that key phytochemicals such as apigenin, 
luteolin, kaempferol, chlorogenic acid, and caffeic 
acid interact with several critical proteins, including 
CDK6, JUN, TNF, STAT3, ESR2, and MMPs, 
which are involved in essential cancer-related 
processes like cell proliferation, apoptosis, 
inflammation, metastasis, and hormone signaling. 
Pathway enrichment further highlighted their 
involvement in major signaling routes such as 
“pathways in cancer,” JAK-STAT signaling, and 
hormone-related pathways. Molecular docking 
studies supported these findings by demonstrating 
strong binding affinities between flavonoids and 
target proteins. For instance, apigenin showed a 
significant interaction with BRCA1 (binding energy 
≈ −8.9 kcal/mol), indicating stable ligand–protein 
complex formation and suggesting its potential to 
modulate DNA repair mechanisms. Such 
interactions validate the predicted targets from 
network pharmacology and strengthen the evidence 
for their biological relevance. Overall, this 
integrated approach confirms that flavonoids 
possess promising anticancer potential against 
breast cancer by simultaneously regulating multiple 
molecular targets and pathways. These findings 
support the concept of flavonoids as effective 
candidates for multi-component therapeutics, 
although further in vitro, in vivo, and clinical studies 
are necessary to validate their efficacy and safety. 
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