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Isorhapontigenin is an effective active ingredient in Rheum officinale, which has been reported to 
have anti-tumor effects. However, its effect and molecular mechanism on non-small cell lung cancer 
are still unclear. Firstly, potential therapeutic targets of Isorhapontigenin against non-small cell lung 
cancer were obtained through network pharmacology analysis. Secondly, bioinformatics analysis was 
conducted to identify key targets and potential signaling pathway mechanisms based on the obtained 
potential targets. Then, evaluated the binding ability between Isorhapontigenin and key targets by 
using molecular docking strategies. Finally, in vitro cell experiments were conducted to verify the 
effects and related targets of Isorhapontigenin on non-small cell lung cancer cells. 104 drug targets 
and 6688 disease targets were acquired from SwissTarget prediction, BATMAN-TCM, STITCH and 
Genecards databases.79 potential therapeutic targets were identified through analysis based on online 
Venn website and PPI interaction analysis was performed on these targets to ultimately obtain 55 
key targets. GO and KEGG analysis revealed that Isorhapontigenin targets non-small cell lung cancer 
mainly through regulation of cell proliferation, cell cycle dynamics, and the PI3K/RELA/cell cycle axis. 
Molecular docking confirmed that Isorhapontigenin can bind to cell proliferation, cycle related proteins 
(CCND1, CDK2, PIK3CA, RELA). CCK-8 detection revealed that Isorhapontigenin significantly inhibited 
the proliferation of PC9 lung cancer cells, Moreover, RT-qPCR detection showed that Isorhapontigenin 
downregulated the expression of CCND1, CDK2, PIK3CA and RELA genes. CCND1, CDK2, PIK3CA 
and RELA are highly expressed in NSCLC tissues. Overall survival analysis of patients indicated that 
key genes in the PIK3CA and NF-κBp65 signaling pathway significantly affected overall survival. Our 
research has found that Isorhapontigenin can effectively against non-small cell lung cancer, and this 
effect may be achieved by inhibiting cell proliferation and cycle progression mediated by the PIK3CA/
NF-KB signaling pathway. Isorhapontigenin is a new potential therapeutic agent for lung cancer.
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Lung cancer is one of the most aggressive malignancies in terms of incidence and mortality. According to the 
2022 global cancer burden statistics published in the authoritative international journal ‘CA: A Cancer Journal 
for Clinicians’ in April 2024, lung cancer accounted for approximately 2.5 million new cases and 1.8 million 
deaths in 20241. Non-small cell lung cancer (NSCLC) constitutes 85–90% of all lung cancer cases. Surgical 
resection remains the primary treatment for early- to mid-stage NSCLC in clinical practice. However, due to the 
insidious onset of lung cancer, most NSCLC patients are diagnosed at advanced stages, with over 81% missing 
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the window for surgical intervention and nearly 70% requiring adjuvant therapies such as chemotherapy, 
targeted therapy, or immunotherapy post-surgery2. Although adverse effects of platinum-based chemotherapy, 
targeted therapies, and immunotherapies are milder than before, they remain widespread and profound, 
including myelosuppression, immunodeficiency, chemoradiotherapy-induced pneumonitis and dermatitis, and 
gastrointestinal complications. These significantly impair patients’ survival outcomes and quality of life, with 
drug resistance inevitably emerging in later stages3. Therefore, developing more effective therapeutic strategies 
for NSCLC is urgently needed.

Traditional Chinese Medicine (TCM), with its unique theoretical framework and therapeutic approaches, has 
demonstrated distinctive advantages in cancer prevention and treatment. And there are more and more clinical 
evidences supporting the anti-cancer efficacy of TCM. In recent years, TCM has been widely reported to have 
good anti-cancer effects and has attracted increasing attention from researchers4. Some active ingredients in 
TCM such as quercetin, luteolin and kaempferol, have been shown to inhibit the growth of lung cancer cells5–7.

Isorhapontigenin, a stilbenoid compound, exhibits anti-inflammatory, antioxidant, and antitumor activities. 
Modern studies have demonstrated its potent anticancer effects against various malignancies, including bladder 
cancer8–11, prostate cancer12, colorectal cancer13, breast cancer14, and glioblastoma15. For instance, Zhang 
et al. revealed that Isorhapontigenin suppresses bladder cancer cell migration and invasion by upregulating 
METTL14 expression to reduce vimentin protein levels, thereby inhibiting epithelial-mesenchymal transition 
(EMT)11. Fang et al. reported that Isorhapontigenin inhibits specific protein 1 (SP1)-mediated transcriptional 
activation, downregulates cyclin D1 expression in bladder cancer cells, induces G0-G1 phase cell cycle arrest, 
and suppresses anchorage-independent cancer cell growth16. Zhu et al. demonstrated through in vitro and in 
vivo experiments that Isorhapontigenin significantly inhibits cell proliferation and induces apoptosis in prostate 
cancer by targeting EGFR and its downstream signaling pathways, including the EGFR-PI3K-Akt and EGFR-
Erk1/2 axes, while exerting minimal effects on normal prostate cells12. However, whether Isorhapontigenin 
exhibits therapeutic potential against NSCLC and its underlying molecular mechanisms remain unexplored.

Network pharmacology is a systematic pharmacology method, which is widely used in the study of TCM and 
their components’ mechanisms of action17. By utilizing various databases of TCM and chemical components, 
network pharmacology can quickly identify potential targets and pathways of TCM against diseases and saving 
researchers or institutions a lot of experimental funds and valuable research time. At the same time, it also 
provides theoretical basis for subsequent in vitro and in vivo experiments. Molecular docking strategy is a 
computer simulation method that widely used in new drug development research18. With the help of molecular 
docking strategy, the binding possibility of drugs and their targets can be preliminarily determined, laying 
foundation for determining drug targets. In recent years, with the development of traditional Chinese medicine 
databases and computational biology, network pharmacology and molecular docking strategies have often been 
integrated for drug research.

In this study, we first used databases to obtain the therapeutic targets of Isorhapontigenin and NSCLC and 
further obtained the therapeutic targets of Isorhapontigenin through network pharmacology strategies. Then, we 
conducted bioinformatics analysis of key therapeutic targets, preliminarily validated some key targets through 
molecular docking strategies, and finally verified the efficacy and mechanism of Isorhapontigenin in treating 
NSCLC through in vitro cell experiments.

In summary, this study utilized network pharmacology analysis, in vitro experiments, and molecular docking 
to demonstrate that Isorhapontigenin effectively suppresses the progression of NSCLC cells. The underlying 
mechanism likely involves inhibition of the PIK3CA/NF-κB signaling pathway and its mediated cell proliferation 
and cell cycle. This research provides robust experimental evidence and theoretical support for Isorhapontigenin 
as a potential therapeutic agent for NSCLC. To our knowledge, this is the first study to report the therapeutic 
benefits of Isorhapontigenin in human NSCLC, significantly addressing a research gap in its application for lung 
cancer treatment.

The entire research process was shown in Fig. 1.

Materials and methods
Collection of Isorhapontigenin and NSCLC targets
The “Canonical SMILES” format of Isorhapontigenin was obtained by searching Isorhapontigenin in the 
PubChem database (https://pubchem.ncbi.nlm.nih.gov/), then it was inputted into the Swiss target prediction 
database for get potential targets. What is more, BATMAN-TCM (http://bionet.ncpsb.org.cn/batman-tcm/) and 
STITCH database (http://stitch-beta.embl.de/) were also used to acquire its potential targets. Finally, all targets 
of Isorhapontigenin obtained were consolidated in Excel, with duplicated genes removed. The targets related to 
NSCLC were obtained by searching the human gene database Genecards (https://www.genecards.org/).

Targets of Isorhapontigenin against NSCLC
The online Venn website (http://bioinformatics.psb.ugent.be/webtools/Venn/) was used to obtain potential 
targets for the treatment of NSCLC with Isorhapontigenin. The parameter conditions were set according to the 
default conditions of the website. After uploading drugs and disease targets, the website is run for online analysis 
to obtain online Venn map and potential target files.

Construction of PPI network and identification of key targets
In order to obtain the protein–protein interaction network (PPI) and core targets, potential therapeutic targets 
will be imported into the STRING database (https://www.string-db.org/) for protein–protein interaction 
analysis, with the species set as human and other parameter conditions set as default. Obtain a preliminary PPI 
file, then use the highest PPI score (confidence from 0.4 to 0.7) and remove disconnected targets in the network, 
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and to obtain PPI of the core target. Finally, running the sorting script that installed in R software 4.0.2 to obtain 
sorting information for different core target based on network connectivity.

GO and KEGG enrichment analysis
The Metascape platform (https://metascape.org/) was used to analyze the final core therapeutic targets. The steps 
are briefly as follows. First, input the core targets into the gene list column of Metascape, then set the species 
as “Homo sapiens” with a P-value < 0.01, performing GO and KEGG enrichment analysis based on the core 
target. The data were sorted by p-value in ascending order, the top 10 entries were selected as significant terms, 
and the resulting image files were downloaded. Pathway analysis was conducted using the KEGG database19–21, 
following the citation guidelines provided at http://www.kegg.jp/kegg/kegg1.html. GO enrichment analysis 
includes Biological Process (BP), Cellular Component (CC), Molecular Function (MF).

Molecular docking
Select core proteins from the core targets and key signaling pathways for molecular docking to preliminarily 
validate the core functional targets of Isorhapontigenin. As mentioned above, Retrieve Isorhapontigenin in the 
Pubchem database and download small molecule ligand 3D structures (3D Conformers) with SDF format, then 
using open babel 3.1.1 to convert the SDF format of small molecule ligands to mol2 format. Obtain the protein 
3D structure in the RCSBPDB database (https://www.uniprot.org/), the limiting condition was set to human 
protein and small molecule ligand information in the structural complex. After downloading the PDB format, 
remove water molecules and small molecule ligands using Pymol 2.4.0 software and save the PDB format as the 
receptor protein. Perform hydrogenation and other processing on protein receptors and small molecule ligands 
in Autodock 1.5.6 software, save them as PDBQT format files, set appropriate docking boxes and parameters, 
use Autodock Vina 1.1.2 for molecular docking, save the results, and select some results for visual analysis in 
Pymol. If the binding energy score is less than or equal -5, it indicates that the ligand and receptor can bind well.

Cell experiments
CCK-8 assay
Isorhapontigenin (98% purity HPLC) was purchased from Alfa Biotechnology Co.Ltd (Chengdu,China). It was 
dissolved in DMSO (Sigma,USA) to a concentration of 100 mM/L mother liquor for later use. PC9 lung cancer 
cells were purchased from Noble Biological Products Co.Ltd (Nobcell 0415, Hangzhou, China). PC9 cells were 
cultured in DMEM medium containing 10% FBS, penicillin (100  U/mL) and streptomycin (0.1  mg/mL) in 
an incubator at 37  °C and 5% CO2. The medium was changed every 2–3  days, and passage was performed 
when the cell fusion reached 90%. After the cells were fully grown, they were seeded and cultured in a 96-
well cell culture plate with approximately 8000 cells per well. After 24 h of cell adhesion, they were observed 
under microscope. Then different concentrations of drugs were used to intervene in the cells for 24 and 48 h. 
After intervention, the culture medium was discarded and 110 ul culture medium (containing 10 ul of CCK-8 
solution, fetal bovine serum free) was added to each well. CCK-8 reagent was purchased from Suzhou Xinsaimei 

Fig. 1.  This study first employed a network pharmacology approach to identify therapeutic targets for NSCLC 
and Isorhapontigenin. Key targets were then subjected to bioinformatics analyses, including KEGG and GO 
enrichment analyses, protein–protein interaction (PPI) network construction, and molecular docking, along 
with preliminary validation through immunohistochemistry and patient overall survival analysis. Finally, in 
vitro cellular experiments such as CCK-8 and RT-qPCR were performed to further validate the efficacy and 
mechanisms of Isorhapontigenin in NSCLC treatment.
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Biotechnology Co., Ltd. After incubating CCK-8 for 1 h, the OD value was detected at 450 nm by microplate 
reader (Thermo Fisher,USA), the drug concentration that meets the IC50 condition is considered for subsequent 
cell experiments.The IC50 value of Isorhapontigenin was calculated using GraphPad Prism 9.0 software. Drug 
concentrations and their corresponding relative cell viability values were imported into the software. The analysis 
was performed by selecting "[inhibitor] vs. Normalized Response—Variable slope" under "Nonlinear regression 
(curve fit)", and the IC50 value was subsequently determined.

Real time fluorescence quantitative PCR assay
According to the CCK-8 results, the cell inoculation and intervention for RT-qPCR experiments were performed. 
After cell intervention, the culture medium was discarded and the cells were washed twice with PBS (Gibco, 
USA). Total RNA was extracted from cells using the Trizol reagent according to the manufacturer’s instructions. 
The purity and concentration of RNA were detected by a spectrophotometer (Thermo Fisher,USA). RNA with a 
purity of at least 1.7 was used for subsequent experiments. The obtained RNA was reverse transcribed into cDNA 
using reverse transcription kit (Takara,Japan). cDNA, SYBR Premix Ex TaqTM II (Tli RNaseH Plus)(Takara) and 
primers were added to 96-well well plates for amplification. RT-qPCR conditions were predenaturation at 95 °C 
for 10 min, denaturation at 95 °C for 15 s, annealing at 60 °C for 30 s, and a total of 40 cycles were performed. The 
relative expression of each gene was calculated by 2−ΔΔCT method. The relevant primer sequences are as shown 
in the Table 1 below.

Validation of key targets in HPA database
The protein expression and distribution of CCND1, CDK2, PIK3CA and RELA in normal lung and NSCLC 
tissues were searched in the HPA database (https://www.proteinatlas.org/).

Gene expression level analysis
Expression levels of the selected key genes are analyzed using the Gene Expression Profiling Interactive Analysis 
(GEPIA) database (http://gepia2.cancer-pku.cn/#survival). The “Gene Expression Profile” option is selected, 
with a Log2 FC cutoff of “1” and a p-value cutoff of “0.01,” choosing the disease type as “NSCLC” and selecting 
“Match TCGA normal and GTEx data” for Matched Normal data. The expression levels of the CCND1, CDK2, 
PIK3CA and RELA genes in NSCLC tissues compared to normal tissues are obtained and presented as Box Plots.

Overall survival analysis of patients
The overall survival of NSCLC patients is analyzed using the GEPIA database and the Kaplan–Meier Plotter 
(KM Plotter) database (https://kmplot.com/analysis/). Key genes are retrieved separately in both GEPIA and 
KM Plotter databases, with high and low expression rates set at 50% and the disease type selected as “NSCLC” 
Ultimately, survival curves for key genes in the CCND1, CDK2, PIK3CA and RELA signaling pathway among 
NSCLC patients are plotted.

Statistical analysis
Experimental data were analyzed using GraphPad Prism 9.0 software. Before performing ANOVA for multi-
group comparisons or t-tests for pairwise comparisons, normality and homogeneity of variance were tested. 
Only data meeting normality and homogeneity of variance criteria were subjected to ANOVA or t-tests. For 
multi-group comparisons violating homogeneity of variance, Brown-Forsythe test was used to assess overall 
differences, followed by Tamhane’s T2 post hoc test for pairwise comparisons. Statistical significance was 
denoted as: *(P < 0.05), **(P < 0.01), ***(P < 0.001), and ****(P < 0.0001). All experiments were repeated at least 
three times.

Results
Collection of targets for Isorhapontigenin and NSCLC
To obtain the therapeutic targets of NSCLC and Isorhapontigenin, we searched for potential targets of 
Isorhapontigenin from SwissTarget prediction, BATMAN-TCM, and STITCH databases, and obtained a total 
of 104 drug-related targets after deduplication. As shown in Fig. 2, the 2D structure of Isorhapontigenin from 
PubChem database. 6688 NSCLC related targets were obtained from the Genecards database.

Potential targets and PPI network of Isorhapontigenin against NSCLC
We identified the shared therapeutic targets between NSCLC and Isorhapontigenin. With the help of the online 
Venn analysis website, drug and disease-related targets were analyzed, as shown in Fig. 3, a total of 79 potential 

Primers Forward Reverse

Human GAPDH ​C​C​A​G​C​A​A​G​A​G​C​A​C​A​A​G​A​G​G​A ​T​G​A​G​G​A​G​G​G​G​A​G​A​T​T​C​A​G​T​G​T

Human CCND1 ​T​G​A​G​G​G​A​C​G​C​T​T​T​G​T​C​T​G​T​C ​C​T​T​C​T​G​C​T​G​G​A​A​A​C​A​T​G​C​C​G

Human CDK2 ​G​A​C​A​C​G​C​T​G​C​T​G​G​A​T​G​T​C​A ​G​A​G​G​A​C​C​C​G​A​T​G​A​G​A​A​T​G​G​C

Human PIK3CA ​A​A​G​A​G​C​C​C​C​G​A​G​C​G​T​T​T ​A​C​T​A​G​G​A​T​T​C​T​T​G​G​G​G​G​C​A​T

Human RELA ​C​C​T​T​C​C​A​A​G​A​A​G​A​G​C​A​G​C​G​T​G ​C​T​G​C​C​A​G​A​G​T​T​T​C​G​G​T​T​C​A​C

Table 1.  Primer sequences.
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targets were obtained by taking intersection. The 79 target proteins were imported into the STRING database to 
obtain protein- protein interaction network, as shown in Fig. 4.

Key targets and PPI network of Isorhapontigenin against NSCLC
In order to further screen the core target proteins, the STRING database function module was used to set the 
highest confidence level (0.7) and hide the disconnected targets. Finally, 55 key target proteins were obtained and 
their PPI network were plotted, as shown in Fig. 5. Based on network connectivity, R software was performed to 
sort targets in network, as shown in Fig. 6, the key targets such as SRC, STAT3, PIK3CA, ESR1, IGF1R, CDK1, 
CDK 2, BCL2, RELA were finally identified.

GO enrichment analysis of key targets
GO enrichment analysis was performed by Metascape platform, as shown in Figs. 7, 8 and 9. The biological 
processes involved in the enrichment of 55 key genes are as follows: response to xenobiotic stimulus, oxidative 
stress, regulation of inflammatory response, cell population proliferation, etc. Gene products are mainly 
enriched in nuclear envelope, cell body, membrane raft, receptor complex, etc. Molecular functions mainly 
focus on protein kinase activity, heme binding, protein domain specific binding, protein tyrosine kinase 
activity, etc. NSCLC exhibits close associations with biological processes, molecular functions, and cellular 
components identified through GO enrichment analysis: Activation of xenobiotic metabolic genes (e.g., 
cytochrome P450) may drive chemoresistance, while oxidative stress promotes tumor progression via ROS-
mediated DNA damage and KRAS/EGFR mutations. Chronic inflammation (IL-6/STAT3 and TNF-α/NF-κB 
pathways) and dysregulated proliferative signaling (EGFR/ALK/PI3K pathways) synergistically drive malignant 
transformation and metastasis. Among critical cellular components, aberrant nuclear envelope proteins (e.g., 
Lamin A/C) compromise DNA repair, whereas membrane raft-enriched receptors (EGFR, HER2) and mutant 
receptor complexes (e.g., EGFR-L858R) sustain activation of downstream kinase signaling (MAPK/ERK). 

Fig. 3.  79 potential targets of Isorhapontigenin against NSCLC were identified by online Venn website.

 

Fig. 2.  the 2D structure of Isorhapontigenin, CAS number 32507-66-7.
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At the molecular functional level, abnormal activation of protein kinases (EGFR, ALK) and heme-binding 
proteins (HO-1) respectively constitute focal targets for tyrosine kinase inhibitors (TKIs) and antioxidant-based 
therapeutic interventions.

KEGG enrichment analysis of key targets
KEGG enrichment analysis was also based on the Metascape platform. As shown in Fig. 10, KEGG enrichment 
analysis, found that the 55 potential key targets of Isorhapontigenin against NSCLC were mainly enriched in the 
cancer pathway, PI3K/AKT signaling pathway, cell cycle pathway, NF-κB signaling pathway.

Molecular docking analysis
Molecular docking was performed using Autodock Vina 1.1.2 software. PIK3CA, CDK2, RELA, and the cell 
proliferation-related protein CCND1 were selected as molecular docking targets based on their critical roles in 
the protein–protein interaction (PPI) network, KEGG enrichment analysis results, and cell proliferation cycle 
phenotypes. As demonstrated in Table 2, the binding energy scores indicate that all four proteins exhibit favorable 
binding affinities with Isorhapontigenin, with particularly significant interactions observed for PIK3CA and 
CDK2 proteins. Detailed molecular docking visualization results for these four targets are presented in Figs. 11, 
12, 13 and 14.

Isohesperidin significantly inhibited the proliferation activity of PC9 cells
As demonstrated in Fig. 15, PC9 cells treated with varying concentrations of Isorhapontigenin for 24 and 48 h 
exhibited concentration- and time-dependent inhibition of cell proliferation. The calculated IC50 value was 
75.84 μM. The most potent inhibitory effect was observed at 100 μM, with approximately 50% inhibition achieved 
after 48 h of treatment. Based on the concentration gradient design and to ensure experimental consistency 

Fig. 4.  PPI network of 79 targets protein that Isorhapontigenin against NSCLC. Each circular dot represents 
a node, denoting a protein, while the connecting lines indicate the interaction relationships between proteins, 
with different colors corresponding to distinct types of interactions.
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and facilitate subsequent data analysis, 100 μM combined with a 48-h treatment duration was selected as the 
standardized experimental condition for further investigations.

Isohesperidin may induce proliferation inhibition and cell cycle arrest of PC9 cells by 
inhibiting the PI3K/NF-κB signaling pathway
After 48 h of drug intervention in PC9 cells, RT-qPCR analysis showed that (as shown in Fig. 16), the expression 
levels of key genes of cell proliferation and cycle (CCND1, CDK2) were significantly downregulated, and the 
expression levels of key genes in the PI3K/NF-KB signaling pathway (PIK3CA, RELA) of NSCLC cell proliferation 
were also significantly downregulated **P < 0.01, The difference was statistically significant.

Immunohistochemical staining was performed for key genes of CCND1, CDK2, PIK3CA and 
RELA based on HPA database
To investigate the immunohistochemical staining profiles of CCND1, CDK2, PIK3CA, and RELA genes in 
NSCLC, we utilized the HPA database. In the HPA database, gene expression analysis revealed the following: 
CCND1 was evaluated in 17 patient samples (14 lung cancer tissues vs. 3 normal lung tissues); CDK2 was 
analyzed in 14 samples (11 lung cancer tissues vs. 3 normal lung tissues); PIK3CA was assessed in 15 samples 
(12 lung cancer tissues vs. 3 normal lung tissues); RELA was examined in 15 samples (12 lung cancer tissues vs. 
3 normal lung tissues). The results demonstrated a statistically significant increase in the expression levels of 
CCND1, CDK2, PIK3CA, and RELA in NSCLC tissues compared to normal lung tissues (Fig. 17).

Differences in the expression of CCND1, CDK2, PIK3CA and RELA genes in lung cancer tissues 
and normal lung tissues and their effects on overall survival of patients
To investigate the expression levels of key genes in the PIK3CA and NF-kB p65 (encoded by the RELA gene) 
signaling pathways in NSCLC patients and their impact on overall survival, we analyzed the expression levels of 
CCND1, CDK2, PIK3CA, and RELA in NSCLC tissues and normal lung tissues using the GEPIA and Kaplan–
Meier databases. We further examined the overall survival of NSCLC patients under high and low expression 
conditions (50% each) for CCND1, CDK2, PIK3CA, and RELA (Figs.  18 and 19). The results showed that, 
compared to normal tissues, the expression of CCND1, CDK2, PIK3CA, and RELA was higher in NSCLC tissues. 
Additionally, NSCLC patients with lower expression levels of CCND1, CDK2, PIK3CA, and RELA exhibited 

Fig. 5.  PPI network of key targets protein that Isorhapontigenin against NSCLC (hide disconnected targets). 
Each circular node represents a protein, with connecting lines indicating protein–protein interaction 
relationships, where distinct colors correspond to different types of interaction mechanisms.
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longer overall survival compared to the control group. This suggests that these targets may play a critical role in 
extending the overall survival of NSCLC patients.

Discussion
NSCLC has influenced a large number of patients and poses a great threat to them, seriously reduce the quality 
of life of patients and increasing the burden of social medical care. To date, effective drugs for treating NSCLC 
remain limited. TCM has shown growing promise in tumor non-surgical treatment. Recent large-scale clinical 
studies on specific TCM prescriptions have significantly advanced cancer drug research22.

Fig. 7.  BP Results from GO Enrichment Analysis of the 55 Key Targets.

 

Fig. 6.  the rank of key targets protein that Isorhapontigenin against NSCLC based on network connectivity. 
Using the R programming language, the genes in the PPI network were sorted in ascending order based on 
their node centrality metrics.
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Modern pharmacological evidence confirms Isorhapontigenin possess notable anticancer properties23,24. In 
this study, we combined network pharmacology, bioinformatics, molecular docking, and in vitro experiments to 
investigate Isorhapontigenin’s anti-NSCLC mechanisms.

Our integrated methodology offers distinct advantages for drug discovery. Through network pharmacology 
databases, we identified 104 Isorhapontigenin targets and 6688 NSCLC-related targets, ultimately pinpointing 
55 key therapeutic targets. Notably, STAT3, ESR1, SRC and EGFR among them are well-documented in NSCLC 
pathogenesis25–28. Subsequent molecular docking revealed strong binding affinity between Isorhapontigenin 
and critical proteins: cell cycle regulators (CCND1, CDK2) and signaling molecules (PIK3CA, NF-κBp65/RELA). 
These findings suggest Isorhapontigenin may inhibit NSCLC proliferation through cell cycle arrest and PI3K/
NF-κB pathway modulation.

The PI3K/Akt/NF-κB signaling pathway is a key focus in cancer research29,30 and plays a significant role 
in NSCLC. PI3K, an intracellular phosphatidylinositol kinase, comprises a regulatory subunit (p85) and a 
catalytic subunit (p110). Upon ligand binding to membrane receptors, the receptor activates p85, recruiting 
p110 to catalyze the conversion of phosphatidylinositol 4,5-bisphosphate (PIP2) to phosphatidylinositol 
3,4,5-trisphosphate (PIP3) on the inner membrane surface, thereby activating Akt. Activated Akt translocates 
to the cytoplasm and nucleus, where it is phosphorylated to regulate downstream targets, modulating diverse 
cellular functions. Notably, PIK3CA encodes the p110 catalytic subunit of PI3K and is a critical kinase in the 

Fig. 9.  MF Results from GO Enrichment Analysis of the 55 Key Targets.

 

Fig. 8.  CC Results from GO Enrichment Analysis of the 55 Key Targets.
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Fig. 11.  Visualization diagram of molecular docking between Isorhapontigenin and CCND1.

 

Drug Protein ID Resolution ratio Ligand Binding energy(kj/mol) RMSD

Isorhapontigenin CCND1 6P8E 2.3 A – − 6.3 0.744

Isorhapontigenin CDK2 3PXQ 1.9 A – − 8.0 0.692

Isorhapontigenin PIK3CA 7R9V 2.69 A – − 8.6 0.683

Isorhapontigenin RELA 9BDV 1.9 A – − 7 0.81

Table 2.  The molecular binding energy between Isorhapontigenin and CCND1, CDK2, PIK3CA, and RELA.

 

Fig. 10.  Results of KEGG Enrichment Analysis for the 55 Key Targets. The bar length represents the number 
of targets enriched in each signaling pathway, while the color gradient of the bars (from light yellow to dark 
brown) corresponds to the magnitude of the P-value, with lighter shades indicating lower P-values and darker 
shades indicating higher significance. The KEGG images were constructed as per the citation guidelines: www.
kegg.jp/kegg/kegg1.html.
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Fig. 13.  Visualization diagram of molecular docking between Isorhapontigenin and PIK3CA.

 

Fig. 12.  Visualization diagram of molecular docking between Isorhapontigenin and CDK2.
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PI3K/Akt pathway31–33. Studies indicate that PI3K activation in NSCLC induces Akt phosphorylation, which 
promotes the degradation of IκB, enabling nuclear translocation of NF-κB and subsequent transcription of pro-
survival target genes (Fig. 1). NF-κB activation further upregulates intercellular adhesion molecule-1 (ICAM-1) 
and induces matrix metalloproteinase-9 (MMP-9) expression, driving tumor proliferation and invasion34.

In NSCLC, cisplatin has been shown to activate Akt in A549 lung adenocarcinoma cells, and blocking the PI3K/
Akt pathway enhances cisplatin-induced apoptosis while reducing cell viability. NF-κB, a downstream effector of 
PI3K/Akt, is suppressed by baicalein, a flavonoid that sensitizes A549 cells to cisplatin by inhibiting the PI3K/Akt/
NF-κB axis35.

In conclusion, the PI3K/Akt/NF-κB pathway is pivotal in NSCLC progression and represents a therapeutic 
target. Its inhibition can counteract key oncogenic mechanisms, highlighting its potential in anti-cancer 
strategies.

In vitro validation demonstrated dose/time-dependent suppression of PC9 cell proliferation via CCK-8 assays. 
RT-qPCR confirmed Isorhapontigenin significantly downregulated CCND1, CDK2, PIK3CA and RELA expression, 

Fig. 15.  CCK-8 assay of PC9 cell viability after 24- and 48-h treatment with Isorhapontigenin (n = 4 biological 
replicates). Compared to the Control group, Isorhapontigenin exhibited concentration- and time-dependent 
inhibition of PC9 cell activity. * indicates P < 0.05, ** indicates P < 0.01, *** indicates P < 0.001, **** indicates 
P < 0.0001.

 

Fig. 14.  Visualization diagram of molecular docking between Isorhapontigenin and RELA.
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compared with the control group, ** denotes P < 0.01, indicating a statistically significant difference. These targets 
hold distinct pathological significance: CCND1/CDK2 regulate cell cycle progression36,37; PIK3CA activates PI3K/
AKT signaling32; RELA-encoded NF-κBp65 mediates both PI3K/AKT and NF-κB pathways, influencing tumor 
microenvironment38,39. HPA database pathological data corroborated their overexpression in NSCLC tissues. Survival 
analysis further indicated lower expression levels correlate with improved patient prognosis.

Our study has several limitations. First, the limited clinical sample size may restrict the generalizability of our 
findings. Additionally, further investigation is warranted to determine whether CCND1, CDK2, PIK3CA, and RELA 
directly regulate cell cycle progression in this context. The mechanisms by which Isorhapontigenin modulates the 

Fig. 17.  In the HPA database, we performed targeted queries for the CCND1 (n = 17), CDK2 (n = 14), PIK3CA 
(n = 15), and RELA (n = 15) genes to compare their expression levels and immunohistochemical staining 
intensity between normal lung tissues and NSCLC tissues.

 

Fig. 16.  RT-qPCR analysis of CCND1, CDK2, PIK3CA, and RELA gene expression levels in PC9 cells 
following 48-h treatment with Isorhapontigenin (n = 3 biological replicates). Compared to the Control group, 
the Isorhapontigenin-treated group exhibited decreased relative mRNA expression levels of all tested genes 
(CCND1, CDK2, PIK3CA, and RELA). * indicates P < 0.05, ** indicates P < 0.01, *** indicates P < 0.001, **** 
indicates P < 0.0001.
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PI3K/NF-κB signaling pathway—and whether it exerts anti-lung cancer effects through other pathways—require 
further mechanistic exploration.

Current experimental evidence suggests that isorhapontigenin may suppress lung cancer progression via 
inhibition of the PI3K/NF-κB axis, though its precise molecular targets and broader regulatory networks remain 
to be elucidated.

Data availability
The datasets presented in this study can be found in online repositories. The names of the repository/repositories 
and accession number(s) can be found in the article/supplementary material.
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Fig. 19.  In the GEPIA and KM Plotter databases, we analyzed differences in overall survival between high-
expression and low-expression groups (stratified by median expression values, each constituting 50% of the 
cohort) of the CCND1, CDK2, PIK3CA, and RELA genes in NSCLC patients.

 

Fig. 18.  In the GEPIA database, we conducted individual queries for CCND1, CDK2, PIK3CA, and RELA 
to compare their expression levels in NSCLC tumor tissues and normal lung tissues. Tumor tissues are 
represented in red and normal tissues in gray.
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