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Abstract 

Background  DET has a significant inhibitory activity against a range of cancer cells; however, its specific effects 
and underlying mechanisms in Non-Small Cell Lung Cancer (NSCLC) remain to be fully elucidated. This study aimed 
to investigate the potential mechanisms through which DET exerts its anti-neoplastic effects on NSCLC.

Method  Targets of DET were predicted using the SwissTargetPrediction database. Disease targets for NSCLC were 
obtained from the GeneCards database, and the intersection between drug targets and disease targets was deter-
mined. The STRING database was then employed to construct a protein–protein interaction (PPI) network and ana-
lyze target interactions. Additionally, Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG)
enrichment analyses were conducted to investigate their biological functions. Molecular docking simulations were 
conducted using AutoDock software to analyze the binding interactions between DET and key target proteins. Sub-
sequently, both in vitro and in vivo experiments were carried out to evaluate the anticancer effects of DET, with altera-
tions in key gene expression levels assessed through RT-qPCR and Western blot analyses.

Results  A total of 52 potential targets were discovered for DET and NSCLC. The PPI analysis revealed 5 hub targets, 
including CASP3, PTGS2, TNFα, ICAM1 and JUN. GO analysis identified 164 biological processes, 44 molecular func-
tions and 40 cellular components. KEGG analysis revealed that DET anticancer effects were mediated through mul-
tiple pathways, primarily the AGE-RAGE and TNF signaling pathways. Experimental results demonstrated that DET 
inhibited the proliferation and migration of H460 cells and induced apoptosis in vitro. RT-qPCR and WB indicated 
that DET up regulated Bax and CASP3 while down regulating Bcl2, JUN, TNFα, NF-κB, ICAM1 and PTGS2.

Conclusion  This study aims to investigate the inhibitory effect of DET on NSCLC by combining network pharmacol-
ogy and experimental methods. The results demonstrate that DET effectively inhibited the proliferation of H460 cells 
and induced apoptosis, with significant involvement of the AGE-RAGE and TNF signaling pathways, suggesting its 
potential as a therapeutic intervention for NSCLC.
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Introduction
Lung cancer (LC) remains a malignancy characterized 
by high incidence and mortality rates. Globally, approxi-
mately 2.2 million new cases of LC are diagnosed annu-
ally, with over 80% of affected individuals succumbing 
within five years of diagnosis [1, 2]. LC-related deaths 
account for approximately 18% of total cancer mortal-
ity [1]. Based on cellular characteristics, LC is primarily 
classified into two main categories: small cell lung cancer 
(SCLC), which represents about 15% of cases, and non-
small cell lung cancer (NSCLC), which comprises the 
remaining 85% [3].

In recent years, treatments such as surgery, chemother-
apy, and other therapy have notably enhanced the 5-year 
survival rates for lung cancer (LC) [4, 5], However, chal-
lenges such as significant side effects and the potential 
for drug resistance persist [6, 7]. Thus, there is a press-
ing need to discover novel drugs that are efficacious, 
processes well-defined mechanisms, and exhibit favora-
ble safety profiles. Natural anti-cancer compounds hold 
promise for tumor treatment due to their superior effi-
cacy, reduced side effects, and lower toxicity [7, 8]. Such 
as sijunzi decoction [9], osthole [10] and aloin [11].

Natural phytochemicals, regarded as promising anti-
tumor agents, have garnered significant interest from 
researchers. Sesquiterpene lactones, which are bioac-
tive compounds found in nature, have demonstrated 
both anti-tumor and anti-inflammatory properties [12, 
13]. Deoxyelephantopin (DET), a sesquiterpene lactone 
compound extracted from the Elephantopus scaber, has 
been employed for its anti-inflammatory, antibacterial, 
antioxidant, and immunomodulatory effects [14]. An 
increasing amount of research has revealed the pharma-
cological effects of DET in the treatment of cancer [15]. Ji 
et al. reported that DET induced colon cancer cell arrest 
in G2/M phasecell cycle arrest and promoted apoptosis 
in colon cancer cells, thereby inhibiting their growth. It 
can also synergize with chemotherapeutic agent 5-Fluo-
rouracil (5-FU) to improve the anti-cancer effect [16]. Ji 
et  al. discovered that DET suppresses the proliferation 
and migration of pancreatic cancer cells by modulating 
the linc00511/miR- 370 - 5p/p21 promoter axis, as well 
as inhibiting the growth of mice bearing pancreatic can-
cer tumors [17]. However, there are limited reports about 
DET in the treatment of LC, and these primarily focus 
on cellular-level studies [18–20]. Therefore, the precise 

function and molecular mechanisms of DET in lung can-
cer treatment still warrant further investigation.

Network pharmacology represents an advanced 
method that employs systems biology and bioinformat-
ics to elucidate the complex mechanisms of drug action. 
This methodology offers a theoretical foundation for the 
continued exploration of natural products [21, 22]. Con-
sequently, we utilized network pharmacology analysis to 
pinpoint the potential targets of DET and reveal its intri-
cate mechanisms in the treatment of NSCLC. Molecular 
docking, a computational method, simulates interactions 
at the atomic level between molecules and proteins, pre-
dicts the conformations of ligand-receptor complexes, 
and calculates binding affinities, which are essential for 
evaluating molecular compatibility. This approach is pre-
cise and cost-effective, primarily applied in drug design 
and the study of biochemical pathways [23].

In our research, we employed network pharmacology 
to investigate the anti-tumor mechanisms of DET and 
validated our results through in vitro and in vivo experi-
ments, providing experimental reference data for the 
potential use of DET in NSCLC intervention. The proto-
col of our study on DET anti-NSCLC procedures is illus-
trated in Fig. 1.

Material and methods
Targets Collection
The 2 dimensional (2D) molecular structure of DET was 
obtained from ChemSpider (https://​www.​chems​pider.​
com/). The potential targets of DET were identified using 
the SwissTargetPrediction (http://​swiss​targe​tpred​iction.​
ch/). The targets associated with NSCLC were sourced 
from the GeneCards (https://​www.​genec​ards.​org/). Sub-
sequently, the Venny tool (https://​bioin​fogp.​cnb.​csic.​es/​
tools/​venny/) was employed to identify and visualize the 
overlapping genes between NSCLC and DET.

PPI network construction
The overlapping genes between DET and NSCLC were 
inputted into the STRING (https://​cn.​string-​db.​org/), 
with Homo sapiens specified as the organism. A mini-
mum confidence level of 0.4 was set to create the PPI net-
work. The resulting network was visualized by Cytoscape 
v3.9.0 and the network analysis module was employed 
to perform topological analysis. The color depth and 
shape size of the nodes were adjusted according to the 
size of the degree (DC). The DC in the PPI network were 
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arranged from the largest to the smallest, and the top 7 
target were selected as the hub targets.

Enrichment analysis
To investigate the GO and KEGG enrichment func-
tions associated with the role of DET in the treatment 
of NSCLC, we imported the intersection targets of DET 
and NSCLC into the DAVID database (https://​david.​
ncifc​rf.​gov/), specifying Homo sapiens as the species for 
the enrichment analysis. The GO analysis was primarily 
focused on elucidating the functions of gene products 
across three categories: biological processes (BP), cellular 

components (CC), and molecular functions (MF). Con-
currently, the KEGG pathway enrichment analysis was 
conducted to identify key pathways and potential biologi-
cal mechanisms relevant to NSCLC treatment. A P-value 
less than 0.05 was deemed statistically significant for the 
enrichment results. The resulting GO and KEGG enrich-
ment diagrams were created using an online plotting 
platform (http://​www.​bioin​forma​tics.​com.​cn/).

Molecular docking
Molecular docking was employed to investigate 
the binding affinities of DET to target proteins. The 

Fig. 1  Flow diagram of the research
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three-dimensional (3D) structures of hub target proteins 
were sourced from Protein Data Bank (PDB) (https://​
www.​rcsb.​org/) and processed using PyMOL (https://​
pymol.​org/2/) by removing water molecules and organic 
ligands. The resulting structures were saved in PDBQT 
format. Hydrogen atoms were subsequently added to 
the target protein, which was designated as the receptor, 
using the AutoDock v1.5.7 software. The 3D structure 
of DET was acquired from PubChem (https://​pubch​em.​
ncbi.​nlm.​nih.​gov/) and prepared using AutoDock v1.5.7, 
including the addition of hydrogen atoms and the detec-
tion of rotatable bonds, with DET selected as the ligand 
molecule. After adjusting the docking box parameters 
and completing the settings, the docking process was 
executed, and the results were visualized using PyMOL. 
The protein and drug ligand were presented in white and 
yellow, respectively, while the amino acids interacting 
with the target protein were highlighted in green.

Cells Lines and reagents
Both the NSCLC cell line H460 and the normal human 
lung epithelial cell line BEAS- 2B were sourced from 
the Shanghai Institute of Cell Biology, Chinese Acad-
emy of Sciences (Shanghai, China). Deoxyelephanto-
pin (DET) (purity ≥ 98%, AB2225) was purchased from 
Chengdu Alfa Biotechnology Co., Ltd (Chengdu, China). 
Fetal bovine serum (FBS) was bought from (Biological 
Industries, USA). Dulbecco’s modified Eagle’s medium 
(DMEM)/high glucose, 4% paraformaldehyde and Phos-
phate buffered saline (PBS) were bought from Servicebio 
Co., Ltd (Wuhan, China). penicillin–streptomycin (PS) 
was bought from Boster Co., Ltd (Wuhan, China). MTT 
was obtained from sigma (USA). Dimethyl sulfoxide 
(DMSO) was bought from Beyotime Co., Ltd (Shanghai, 
China). Primary antibodies against Bax, Bcl2, CASP3, 
Ki67, E-cadherin (E-cad), GAPDH and Secondary Anti-
bodies were obtained from Servicebio Co., Ltd (Wuhan, 
China). Primary antibodies against NF-κB(p65) and 
p-p65 was bought from Boster Co., Ltd (Wuhan, China). 
RT-qPCR primers were purchased by the Shanghai San-
gon Biotech Co., Ltd (Shanghai, China).

Cells culture and cytotoxic assay
H460 and BEAS- 2B cells were cultured in DMEM sup-
plemented with 10% FBS and 1% penicillin–strepto-
mycin (PS), and maintained in a humidified incubator 
at 37 °C with 5% CO2 to ensure optimal growth condi-
tions. DET powder was dissolved in DMSO and serially 
diluted in the culture medium to achieve a final DMSO 
concentration of 0.1%. The effect of DET on cell viability 
was assessed using the MTT assay. Cells were seeded in 
a 96-well plate and treated with various concentrations 
of DET for 24 h. Subsequently, MTT solution was added 

and incubated for 4 h. Following this, the culture medium 
was removed, and DMSO was added. The plate was 
shaken for 10 min, and the absorbance was detected at 
490 nm using a microplate reader (Thermo Fisher, USA). 
Each group of measurements was conducted in triplicate.

Cell colony formation assay
H460 cells were seeded in 6-well plates at a density of 
500 cells per well. Subsequently, cells were treated with 
various concentrations of DET. 5-FU (40 μM), a first-line 
chemotherapeutic agent, was selected as the positive 
control [24]. After 10 days, each well was washed gen-
tly with ice-cold PBS, fixed with 4% paraformaldehyde 
and then stained with crystal violet (Servicebio). Then, 
the culture plates were washed with PBS to remove the 
crystal violet stain until the cell colonies became clearly 
visible. Images were captured, and the colony formation 
rate was calculated [25]. Each group of data was repeated 
three times.

Wound healing assay [26]
In the wound healing research, H460 cells were seeded 
at a density of 5 × 105 cells per well in 6-well plates and 
allowed to grow until they uniformly covered the bottom 
of the plates before conducting experiments. Monolayer 
cells were evenly scratched in a straight line using a 200 
μL pipette tip and then treated with DET of different con-
centrations and cultured at 37℃ with 5% CO2. Following 
treatment, the healing of the cell scratches was observed 
through an microscope (Olympus, Japan) at 0 h and 24 h 
time points.

Apoptosis assay
Using the TUNEL apoptosis assay kit (Servicebio) to 
evaluate the apoptosis levels of H460 cells after treat-
ment with DET. H460 cells were seeded in plates and 
cultured overnight. After 24 h of exposure to various 
concentrations of DET, under room temperature condi-
tions, immerse in 4% paraformaldehyde for cell fixation, 
followed by washing with PBS. Then, add the permeable 
solution and incubate for 5 min. Add the TUNEL detec-
tion solution and incubate at 37 °C for 1 h. Remove the 
detection solution and wash 3 times with PBS. Then, 
add the DAPI staining solution and incubate for 3  min 
to stain the nucleus. Finally, the DAPI staining solution 
was washed away, and the samples were observed and 
photographed using a fluorescence microscope (Olym-
pus). Fluorescence counting was conducted using image 
J software.

RNA isolation and RT‑qPCR analysis
Total RNA was extracted from tumor cells and tissues 
samples according to the product instructions for TRIzol 

https://www.rcsb.org/
https://www.rcsb.org/
https://pymol.org/2/
https://pymol.org/2/
https://pubchem.ncbi.nlm.nih.gov/
https://pubchem.ncbi.nlm.nih.gov/
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(Servicebio) reagent. The concentration of the purified 
RNA samples was determined using a NanoDrop 2000 
(Thermo Fisher, USA). 800 ng of total RNA was obtained 
and reverse transcribed into complementary DNA 
(cDNA) using the First-generation reverse transcription 
kit (Servicebio). The resulting cDNA was diluted at a 
ratio of 1:4 to increase the sample volume. SYBR Green 
qPCR Mix (Servicebio) was used for RT-qPCR analy-
sis, and cDNA amplification was conducted using the 
7900HT real-time fluorescence quantitative system (Bio-
Rad, USA) to compare gene expression among different 
experimental groups. All reactions were conducted in 
triplicate. The data obtained from the experiments were 
analyzed using the 2−ΔΔCt method, and the expression 
differences among the groups were compared. The RT-
qPCR primers are shown in Table 1.

Western blotting analysis
Total proteins were extracted from tumor cell and tis-
sue samples, and the concentration was detected using 
a BCA protein assay kit (Servicebio). Proteins with dif-
ferent mass fractions were separated by electrophoresis 
and transferred to a PVDF membrane. The membrane 
was blocked with 5% non-fat milk at room temperature 
for 2  h. Subsequently, Bax, Bcl2, and CASP3 antibodies 
were diluted at 1:1000 and incubated overnight at 4  °C. 
The membrane was washed four times with TBST, fol-
lowed by incubation with a secondary antibody diluted 
to 1:4000 at room temperature for 1 h, and then washed 
four times with TBST again. Finally, the PVDF membrane 
was immersed in ECL luminescent reagent (Servicebio) 

for 2  min in the dark and detected using a gel imaging 
system (Alpha Innotech). Protein bands were evaluated 
and grayscale values determined using Image J software, 
with the ratio of the target protein to GAPDH indicating 
the relative expression level.

In vivo experiment [27]
The male Balb/c nude mice (5-week-old) utilized in the 
animal experiments were acquired from GemPharmat-
ech Co., Ltd (Jiangsu, China) and were kept in the Lab-
oratory Animal Center at Fuyang Normal University. 
After obtaining the BALB/c mice and keeping them for 
a week, their health was verified to be satisfactory. Then, 
H460 cells were collected and inoculated into the right 
axilla of the mice via subcutaneous implantation. Using 
a caliper to measure the length and width of the tumor, 
the tumor volume is calculated using the formula (Length 
× Width2)/2. when the tumor volume reached 125 mm3, 
the mice were randomly divided into four groups. the 
negative control group received 0.1 ml of PBS contain-
ing 0.5% CMC-Na, while those in the DET group were 
treated with 20 and 40 mg/kg (with DET dissolved in 0.1 
ml PBS containing 0.5% CMC-Na at a concentration of 
1 μg/μL) and the positive control group received 5-FU at 
25 mg/kg. All groups were administered medication via 
gavage every two days for a total of 16 days. Every three 
days, the weight and tumor volume of the mice were 
measured. After the experiment was completed, the mice 
were euthanized by cervical dislocation to obtain the 
tumor tissues. Collect tumor samples and divide them 
into two portions with a blade. One portion is rapidly 
immersed in liquid nitrogen and stored at − 80 °C for RT-
qPCR and WB analysis, while the other portion is fixed in 
4% paraformaldehyde for morphological studies.

Hematoxylin–eosin staining and immunohistochemistry
Tumor tissue was immersed in 4% paraformaldehyde 
for 24 h, dehydrated, and embedded in paraffin. It was 
then sectioned into 4-micron thin slices, stained using 
a Hematoxylin and Eosin Staining Kit (Servicebio), and 
observed and photographed under a fluorescence micro-
scope (Olympus). In the immunohistochemistry experi-
ment, the sections were dewaxed and then immersed in 
3% H2O2 at room temperature for 30 min. The sections 
were washed with PBS and blocked with serum at room 
temperature for 30 min, followed by overnight incuba-
tion with the primary antibody at 4 °C. Subsequently, the 
sections were incubated with the secondary antibody at 
room temperature for 30 min. Finally, the sections were 
observed and photographed using a fluorescence micro-
scope (Olympus).

Table 1  The RT-qPCR primers

Primer Length direction Sequence (5’ → 3’)

GAPDH 136 bp Forward AAC​TTT​GGT​ATC​GTG​GAA​GGA​CTC​

Reverse CAG​TAG​AGG​CAG​GGA​TGA​TGTTC​

Bax 88 bp Forward ACC​AAG​AAG​CTG​AGC​GAG​TGTC​

Reverse TGT​CCA​CGG​CGG​CAA​TCA​TC

CASP3 137 bp Forward AAC​AAA​TGG​ACC​TGT​TGA​CC

Reverse CTG​TCT​CAA​TGC​CAC​AGT​CC

Bcl2 113 bp Forward ATG​AAA​TGA​GGC​GTT​GTC​ACT​GTG​

Reverse CCA​GGT​CTT​GAT​TCT​CGG​TCT​TCC​

PTGS2 94 bp Forward AAG​TCC​CTG​AGC​ATC​TAC​GGT​TTG​

Reverse TGT​TCC​CGC​AGC​CAG​ATT​GTG​

ICAM1 119 bp Forward TCA​CCT​ATG​GCA​ACG​ACT​CCTTC​

Reverse CAG​TGT​CTC​CTG​GCT​CTG​GTTC​

JUN 97 bp Forward AGA​ACT​CGG​ACC​TCC​TCA​CCTC​

Reverse ATG​TGC​CCG​TTG​CTG​GAC​TG

TNF-α 128 bp Forward GGC​GTG​GAG​CTG​AGA​GAT​AACC​

Reverse CGG​CTG​ATG​GTG​TGG​GTG​AG
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Statistical analysis
Each data was obtained independently three times. The 
data for each group are presented as mean ± standard 
deviation. A one or two way ANOVA were applied to 
assess differences between groups. The P value less than 
0.05 is considered statistically significant. Visualization 
and significance analysis were carried out using Graph 
Pad Prism.

Results
Targets prediction
The 2D structure of DET is displayed in Fig.  2A. Swis-
sTargetPrediction identified a total of 98 potential targets 
for DET, while 5710 targets associated with NSCLC were 
obtained from the GeneCards database. Intersection 
analysis revealed 52 overlapping targets between DET 
and NSCLC, as illustrated in the Venn diagram in Fig. 2B. 

Using the STRING database, the PPI network for the 
52 intersecting targets was constructed, with the results 
illustrated in Fig. 2C. The top 10 target genes are shown 
in Fig. 2D.

Enrichment analysis
Enrichment analysis was performed using the DAVID 
database with the 52 overlapping targets of DET and 
NSCLC. The results revealed that these potential tar-
gets of DET in relation to NSCLC were enriched in 164 
biological processes (BP), primarily involving inflamma-
tory response and protein phosphorylation; 40 cellular 
components (CC), mainly including the cytoplasm and 
plasma membrane; and 44 molecular functions (MF), 
predominantly involving enzyme binding and protein 
kinase activity (Fig. 3A). Additionally, KEGG enrichment 
analysis identified 97 pathways associated with the anti-
NSCLC effects of DET. The functional enrichment results 

Fig. 2  The prediction of targets for DET against NSCLC. A The 2D chemical structure of DET. B Venn diagram of potential targets of DET 
against NSCLC. C The PPI network is constructed by Cytoscape. The node size and color stand for the size of the degree. Node size and color are 
proportional to its degree. D The bar chart of the top ten target genes arranged by degree
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indicated that the primary pathways were the AGE-
RAGE signaling pathway and the TNF signaling pathway 
(Fig. 3B), suggesting their critical roles in mediating the 
anti-NSCLC effects of DET. Notably, the significantly 
enriched genes from the AGE-RAGE and TNF pathways 
included CASP3, Bax, Bcl2, TNFα, JUN, ICAM1, and 
PTGS2. This finding suggests that DET exerts its anti-
NSCLC effects through modulation of multiple targets 
and pathways (Fig. 4).

Molecular docking
Following the PPI network results (Fig. 2B), we selected 
the top five targets for molecular docking: CASP3, JUN, 
ERBB2, PTGS2, and MAPK14. A binding energy below 
− 5 kcal/mol suggests strong binding activity; the greater 
the absolute value of the binding energy, the more effec-
tively DET binds to the targets [28, 29]. The binding ener-
gies between DET and the hub targets are presented in 
Table 2. Visualization of five target-DET pairs with bind-
ing energies below − 5 kcal/mol revealed that CASP3, 
JUN, ERBB2, PTGS2, and MAPK14 show significant 
potential for targeted NSCLC treatment (Fig. 5).

DET inhibits H460 cells proliferation
In the MTT assay, the NSCLC cell line H460 (logarith-
mic growth phase) and the normal human bronchial 
epithelial cell line BEAS- 2B were used. The results indi-
cated that DET exhibited a potent inhibitory effect on 
the proliferation of H460 cells, whereas BEAS- 2B cells 

exhibited lower sensitivity to DET compared to H460 
cells (Fig.  6A). Furthermore, colony formation assays 
are a crucial method for assessing cellular proliferation 
capacity. H460 cells were treated with various concentra-
tions of DET for 10 days to assess the size and number of 
the resulting cell colonies. The results demonstrated that 
both the number and size of cell colonies decreased with 
the increasing DET concentration. These findings con-
firm that DET can significantly inhibit the proliferation of 
H460 cells (Fig. 6B).

DET inhibits H460 cells migration
H460 cells were treated with different concentrations 
of DET to evaluate changes in cell migration rates. The 
results showed that DET significantly reduced the cell 
migration rate at a concentration of 10 μM compared to 
the control group (P < 0.05). Treatment with higher con-
centrations of DET (20 and 40 μM) resulted in a further, 
more pronounced reduction in H460 cell migration (P < 
0.01). These findings confirm that DET inhibits the lat-
eral migration capability of H460 cells (Fig. 6C).

DET induced apoptosis of H460 cells
The study investigated the induction of apoptosis in 
H460 cells following a 24-h treatment with DET. To 
evaluate the effect of DET on apoptosis, TUNEL and 
DAPI staining techniques were employed. TUNEL stain-
ing, a well-established method for detecting apoptotic 
cells, identifies cells undergoing apoptosis through the 

Fig. 3  Enrichment analysis of target genes of DET against NSCLC. A GO enrichment bubble diagram. Node color is displayed in a gradient from red 
to green in descending order of the P value. The size of the nodes is arranged in ascending order of the number of genes. B KEGG enrichment 
bar chart. The color of the bars is displayed in a gradient from red to blue, arranged in descending order of the P value
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terminal labeling of nucleic acid fragments, typically 
visualized as green fluorescent puncta. The results from 
TUNEL staining demonstrated that the apoptosis rates 
in H460 cells treated with 20 and 40 μM DET were sig-
nificantly higher compared to the DMSO control group 

(P < 0.05) (Fig. 6D). Furthermore, the analysis revealed a 
positive correlation between DET concentration and the 
number of TUNEL positive cells, indicating that the pro-
portion of apoptotic cells increases with increasing DET 
concentration.

Fig. 4  KEGG enrichment analysis of the 52 potential therapeutic targets. A AGE-RAGE signal pathway. B TNF signal pathway (red nodes represent 
overlapping targets in the pathway)
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Impact of DET on mRNA and protein levels of associated 
genes in vitro
The KEGG enrichment analysis results indicate that the 
AGE-RAGE and TNF signaling pathways are involved 
in the mechanism by which DET acts against NSCLC. 
mRNA expression levels of several targets, such as 
CASP3, Bax, Bcl2, JUN, PTGS2, and ICAM1, were meas-
ured using RT-qPCR. DET was found to decrease levels 
of Bcl2, JUN, TNFα, PTGS2 and ICAM1, and increase 
CASP3 and Bax levels. The results were shown in Fig. 7A 
(P < 0.05). meanwhile, the protein expression levels of 
CASP3, Bax, and Bcl2 showed a similar pattern to the 
mRNA levels (P < 0.05) (Fig. 7B).

Given that TNF-α activates adhesion molecules, such 
as ICAM1, via the NF-κB signaling pathway, and con-
sidering the close association between TNF-α secretion/
expression and NF-κB activation, we further investi-
gated the expression levels of NF-κB (p65) and its phos-
phorylated form (p-p65) [30]. Western blot analysis 

demonstrated that, after 24 h of DET treatment, the 
ratios of p-p65 to GAPDH and p-p65 to total p65 were 
significantly decreased in H460 cells (Fig. 7C) (P < 0.05). 
These findings suggest that DET effectively inhibits the 
phosphorylation of p65 in H460 cells.

DET inhibits tumor growth in vivo
We utilized H460 xenograft mice models to examine the 
impact of DET on tumor growth in  vivo. After tumor 
implantation, DET was administered to the H460 tumor-
bearing mice via gavage. The negative control group 
received PBS (0.5% CMC-Na), while the positive group 
was treated with 5-FU. The results indicate that 20 mg/kg 
DET significantly suppressed the growth of H460 tumors 
in mice compared to the negative control group (P < 
0.01) (Fig. 8A). No significant differences were observed 
among the other treatment groups. Compared to the 
control group, DET treatment did not significantly affect 
body weight, whereas 5-FU significantly reduced body 
weight (P < 0.05) (Fig.  8B). These findings suggest that 
DET exhibits minimal side effects in mice, with no signif-
icant differences observed compared to the model group 
(P > 0.05) (Fig. 8B). Following the final measurement, the 
mice were euthanized by cervical dislocation, and tumor 
tissues were promptly excised. The results demonstrated 
that both the DET group and the 5-FU group exhibited a 
significant reduction in tumor size and weight compared 
to the control group (P < 0.05) (Fig. 8C and D).

Table 2  Results of molecular docking between DET and hub 
target proteins

Target Affinity (kcal/mol) PDB ID

CASP3 − 6.7 1 NMS

JUN − 5.5 5 TO1

ERBB2 − 7.6 3PPO

PTGS2 − 7.1 5IKQ

MAPK14 − 7.7 3ZS5

Fig. 5  Molecular docking diagram of DET and hub target proteins
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In vivo mechanisms of tumor suppression by DET
HE staining revealed nuclear fragmentation following 
DET and 5-FU treatment. Subsequently, immunohisto-
chemical analysis was performed to assess the levels of 
cellular proliferation, migration, and apoptosis in tumor 
tissues by measuring the expression of Ki67, E-cad and 
CASP3 in tissue sections. The results indicated that the 
positive rates of E-cad and CASP3 in the 20 mg/kg DET 
group and the 5-FU treatment group were significantly 
higher than those in the control group. Conversely, the 

Ki67 positive rates in these two treatment groups were 
significantly lower (P < 0.05) (Fig. 9).

The expression levels of Bcl2, ICAM1, JUN, PTGS2 
and TNFα were decreased (P < 0.05). Concurrently, the 
levels of CASP3 and Bax proteins were increased fol-
lowing treatment with DET (Fig.  10) (P < 0.05). These 
results suggest that DET may inhibit tumor prolifera-
tion and promote apoptosis by modulating the targets 
associated with the AGE-RAGE and TNF signaling 
pathways.

Fig. 6  DET inhibits H460 cells proliferation, migration and induces cell apoptosis in vitro. A H460 and BEAS- 2B cells were exposed to a culture 
medium containing various concentrations of DET for 24 h. The cell viability was measured using the MTT assay. B Cell colony-forming growth 
assay detection of cell colony formation ability. The colonies were counted and captured. C The migration of H460 cells was determined using 
a wound-healing assay. Migrating H460 cells were determined after 24 h of DET treatment. The area filled with H460 cells that entered the middle 
blank fields was calculated. D DET induced apoptosis of H460 cells. The apoptosis-positive cells were stained with Tunel staining kit. All Data are 
represented as mean ± SD (n = 3). *P < 0.05, **P < 0.01, ***P < 0.001, ns = no significant differences versus the non-treated group
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Discussion
Traditional Chinese medicine (TCM) possesses nota-
ble advantages, including abundant natural resources, 
intrinsic purity, low toxicity, and high efficacy in disease 
treatment, which have garnered significant attention 
in recent years [31]. At present, nearly half of all cancer 
chemotherapeutic agents come from natural products 
[32]. Although previous research have explored the anti-
tumor effects of DET in breast cancer [20], colon cancer 
[16, 33], pancreatic cancer [17], its role in non-small cell 
lung cancer (NSCLC) remains relatively underexplored. 
The anticancer mechanism of DET is complex; therefore, 

and a singular focus on isolated signaling pathways is 
insufficient to comprehensively elucidate its effects. To 
address this gap, the present study employed an inte-
grated approach combining network pharmacology with 
experimental validation to investigate the mechanisms 
and therapeutic potential of DET in NSCLC.

Network pharmacology provides a systematic frame-
work to bridge the connections between drugs, tar-
gets, and diseases, enabling a holistic exploration of the 
mechanisms underlying traditional Chinese medicine. 
Molecular docking, a computational technique, fur-
ther facilitates the identification of promising natural 

Fig. 7  mRNA and Protein expression in H460 cells after DET intervention in vitro. A RT-qPCR analysis of Bcl2, Bax, CASP3, ICAM1, JUN, PTGS2 
and TNFα mRNA expression in H460 cells after stimulation with DET (10, 20 and 40 μM) for 24 h. B Western blotting analysis of Bcl2, Bax and CASP3 
protein expression in H460 cells after stimulation with DET (10, 20 and 40 μM) for 24 h. C Western blotting analysis of p-p65 and NFκB(p65) protein 
expression in H460 cells after stimulation with DET (10, 20 and 40 μM) for 24 h.All Data are represented as mean ± SD (n = 3). *P < 0.05, **P < 0.01, 
***P < 0.001, ns = no significant differences versus the non-treated group
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compounds and predicts molecular interactions between 
ligands and their targets, thereby accelerating the drug 
discovery process [23].

In this research, we discovered 52 overlapping genes, 
and through PPI network analysis, we found 5 hub genes: 
CASP3, JUN, PTGS2, MAPK14, and ERBB2, which likely 
connect DET activity to effective NSCLC treatment. 
Additionally, GO analysis indicated that these candidate 
target genes are linked to enzyme activity, metabolism, 
and immune responses. Furthermore, KEGG enrich-
ment analysis revealed that DET is involved in regulating 
cancer-related signaling pathways, including AGE-RAGE 
and TNF. Previous studies have demonstrated that the 
AGE-RAGE and TNF pathways are closely associated 
with tumor proliferation, growth, and migration [34–36].

Finally, we confirmed the binding capability of the 5 
hub genes related to NSCLC and DET using molecular 
docking. The results demonstrated stable interactions 
between the ligands and proteins. Specifically, the bind-
ing energy values for DET with the target genes CASP3, 
JUN, PTGS2, MAPK14, and ERBB2 were all less than − 
5.5  kcal/mol, suggesting strong binding activity and the 
formation of a stable binding conformation.

The five hub genes were associated with the treatment 
of NSCLC. CASP3 serves as a primary executor of apop-
tosis, requiring conversion into its active form, cleaved 
CASP3, to effectively carry out the apoptotic process 
[37]. Remarkably, apoptosis induction is not solely con-
tingent upon CASP3 expression levels, but is also intri-
cately linked to the modulation of the Bcl2 family of 
apoptosis-regulating proteins [38]. Additionally, it has 
been demonstrated that DET activated both extrinsic and 
intrinsic apoptosis pathways in NSCLC (A549) cells [18]. 
Consequently, this investigation did not merely assess the 
mRNA and protein expression levels of CASP3 in cel-
lular and tissue samples; it also augmented the analysis 
by including the mRNA and protein expressions of Bcl2 
and Bax. The results showed that DET not only pro-
moted apoptosis of H460 cells at the cellular level, but 
also promoted apoptosis in the mouse model. Our study 
elucidates that DET considerably augments apoptosis in 
H460 cells via the regulation of CASP3 and Bcl2 family 
proteins, delivering substantial experimental evidence 
and promising therapeutic candidates for the develop-
ment of new NSCLC treatment paradigms. And also, this 

Fig. 8  DET inhibited tumor growth in vivo. A, C, D DET inhibited H460 mouse xenograft tumor growth. B DET had no effect on mouse weight. Data 
are represented as mean ± SD (n = 4). *P < 0.05, **P < 0.01
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research result is consistent with the conclusions of Vivek 
Pandey et al. [39].

JUN, a transcription factor with a leucine zipper motif, 
regulates cell proliferation, survival, and differentiation 
by forming heterodimeric activator protein- 1 (AP- 1) 
complexes with members of the Fos family [40]. AP- 1, 
in turn, activates downstream target genes such as cyc-
lin D1, which drives cell cycle progression and promotes 
cancer cell proliferation [41].

PTGS2, also known as cyclooxygenase- 2 (COX- 2), 
operates as the pivotal rate-limiting enzyme in the 

enzymatic pathway that converts arachidonic acid into 
prostaglandins [42]. COX2 is found to be overexpressed 
in lung cancer and various other malignant tumors, 
where it plays a role in regulating tumor angiogenesis and 
enhancing the growth and migration of cancer cells [43].

It is noteworthy that the AGE-RAGE signaling pathway 
has an association with the expression of inflammatory 
factors like TNFα, and that elevated inflammatory factor 
release contribute to the development of cancer [44]. In 
tumor microenvironments, inflammatory markers such 
as TNF-α and ICAM1 are frequently overexpressed, and 

Fig. 9  DET inhibits tumor proliferation, migration and induces apoptosis in vivo. The expressions of Ki67, E-cad and CASP3 in tumor tissues were 
detected by immunohistochemistry. (400 ×)
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their dysregulation promotes tumor growth and metas-
tasis [45–47]. To further elucidate the anti-inflammatory 
effects of DET, we examined the expression levels of 
ICAM1 and TNF-α following DET treatment. Our data 
revealed a marked decline in the mRNA expression level 
of TNF-α within both tumor cells and tissues following 
DET exposure. This suggests that DET mitigates inflam-
mation within H460 cells and their associated tissues, 

thereby suppressing cancer cell proliferation and migra-
tion (Fig. 11).

Nuclear factor-kappa B (NF-κB) is a transcription fac-
tor composed of subunits such as p50, p65, and IκBα, 
which plays a pivotal role in various physiological pro-
cesses, including inflammation, cell proliferation, angio-
genesis, and tumorigenesis [48]. The activation of NF-κB 
is primarily mediated by the degradation of IκBα through 

Fig. 10  mRNA expression in vivo after DET treatment. RT-qPCR analysis of Bcl2, Bax, CASP3, ICAM1, JUN, PTGS2 and TNFα mRNA expression in H460 
tumor tissue after stimulation with DET (20 and 40 mg/Kg). Data are represented as mean ± SD (n = 3). *P < 0.05, **P < 0.01, ***P < 0.001, ns = no 
significant differences versus the non-treated group

Fig. 11  A schematic diagram of DET inhibits the proliferation, inflammation and induces apoptosis of NSCLC by suppressing TNF and AGE-RAGE 
signal pathway
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the IKK complex, leading to the release of p-p65 and its 
translocation into the nucleus, where it binds to DNA 
sequences to regulate the transcription of target genes 
such as ICAM1 [30, 49] (Fig. 12). NF-κB is constitutively 
activated in various cancers (e.g., lung cancer, breast can-
cer, prostate cancer), promoting tumor growth, metas-
tasis, and angiogenesis. Additionally, NF-κB is a major 
downstream target of the TNF-α signaling pathway, and 
inhibition of NF-κB activation can induce apoptosis and 
suppress the progression of inflammation-related dis-
eases, such as arthritis [50, 51]. Research on the NF-κB 
signaling pathway not only enhances our understanding 
of the mechanisms underlying tumorigenesis but also 
provides molecular biomarkers for early intervention and 
prognostic evaluation in diseases such as cancer [52].

In addition, interestingly, PPI results from network 
pharmacological analysis showed that DET may also 
affect the cell cycle process of lung cancer by regulat-
ing the expression levels of CDK1, CDK2 and MAPK14. 
Previous studies have reported that DET can block the 
cell cycle by regulating the expression of cyclins [14, 
53]. However, whether DET can block the cell cycle of 
NSCLC by regulating the mRNA and protein expression 
levels of CDK1, CDK2 and MAPK14 remains to be fur-
ther studied.

In summary, DET can exert antitumor activity on 
NSCLC cell line (H460) in vitro and in vivo by influenc-
ing the expression of CASP3, Bax, Bcl2, PTGS2, JUN, 
NF-κB, ICAM1 and TNF-α in AGE-RAGE and TNF 
signaling pathways. These findings provide compelling 

experimental evidence supporting DET’s therapeutic 
potential in NSCLC treatment.

Conclusion
In this pioneering study, we employed an integrated 
approach combining network pharmacology analysis 
with experimental validation to elucidate the molecu-
lar mechanisms underlying DET’s therapeutic effects 
against NSCLC. Our in  vitro and in  vivo experimen-
tal results demonstrate that DET can effectively inhibit 
the growth and migration of NSCLC cells and promote 
apoptosis. Notably, we identified that DET’s therapeutic 
efficacy is predominantly mediated through the modula-
tion of AGE-RAGE and TNF signaling pathways. These 
findings not only advance our understanding of DET’s 
mechanism of action but also provide compelling experi-
mental evidence supporting its potential development as 
a therapeutic agent for NSCLC treatment. This research 
establishes a robust foundation for future clinical inves-
tigations and therapeutic applications of DET in NSCLC 
management.
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