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ABSTRACT
Background/Aim: Non-small cell lung cancer (NSCLC) accounts for most lung cancer cases 
and remains a major health burden. Many elderly patients cannot tolerate targeted or immune 
therapies, or develop resistance, underscoring the need for alternative strategies. This study 
evaluated the synergistic effects of Xing Xia Di Tan Decoction (XXDTD), a Traditional Chinese 
Medicine (TCM) formula, with microwave ablation (MWA) and chemotherapy, and explored its 
molecular mechanisms. Materials and Methods: Network pharmacology was used to identify 
active compounds and potential targets of XXDTD, followed by pathway enrichment analysis. 
Experimental validation in A549 NSCLC cells included apoptosis detection (flow cytometry), 
BAX mitochondrial translocation (Western blot), RXRA expression (qPCR), and proliferation 
assays (CCK8). RXRA knockdown was performed using siRNA. Results: Network pharmacology 
identified RXRA, BAX, and CASP3 as key targets involved in apoptosis and chemoresistance 
pathways. XXDTD treatment increased apoptosis in a dose-dependent manner, promoted 
BAX mitochondrial translocation, and significantly upregulated RXRA expression. Silencing 
RXRA reversed XXDTD’s inhibitory effects on cell proliferation and its synergy with cisplatin. 
The combination of XXDTD and cisplatin showed stronger antiproliferative activity compared 
with cisplatin alone. Conclusion: XXDTD enhances the efficacy of MWA and chemotherapy in 
NSCLC by activating BAX-mediated apoptosis and upregulating RXRA, thereby overcoming 
chemoresistance. These findings support the clinical potential of XXDTD as an adjunct therapy 
for elderly patients with advanced lung cancer.

Keywords: Lung cancer, Xing Xia Di Tan Decoction, Microwave ablation, Chemotherapy, Network 
pharmacology, RXRA, BAX.

INTRODUCTION

Lung cancer is the most common malignancy with the highest 
incidence and mortality rates worldwide. Non-Small Cell Lung 
Cancer (NSCLC) constitutes 80% to 85% of all lung cancer 
cases.1,2 Despite recent advances in targeted therapy and Immune 
Checkpoint Inhibitors (ICIs) that have significantly improved 
patient survival rates, many elderly patients with advanced 
NSCLC are unable to tolerate these therapies due to their physical 
condition or adverse reactions, or they develop drug resistance, 
leading to treatment failure.3-5 Therefore, exploring new and 

effective treatment strategies for elderly patients with advanced 
lung cancer is of great clinical significance.

Currently, the treatment of lung cancer involves a combination 
of surgical resection, radiotherapy, chemotherapy, molecular 
targeted therapy, immunotherapy, and Traditional Chinese 
Medicine (TCM).6-10 TCM has demonstrated efficacy in inhibiting 
tumor progression, alleviating symptoms, and improving 
patients' quality of life.11-13 Xing Xia Di Tan Decoction (XXDTD), 
a TCM formula derived from the extensive clinical experience 
of Professor Zhou Daihan, has shown promising results in the 
treatment of lung cancer. This formula is composed of multiple 
herbs, including Aconiti Lateralis Praeparatus, Pinelliae Rhizoma 
Praeparatum, Gecko, Coicis Semen, Houttuyniae Herba, Herba 
Hieracii, Platycodonis Radix, Armeniacae Semen Amarum, 
Trichosanthis Fructus, and Fritillariae Cirrhosae Bulbus. It 
follows the TCM principle of "treating phlegm" as the core, 
aiming to resolve phlegm and detoxify, disperse stasis and 
nodules, and strengthen the spleen and dry dampness. In clinical 
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practice, XXDTD has been used to treat patients with lung 
cancer, particularly those with phlegm-dampness and blood 
stasis syndrome, and has achieved positive therapeutic effects 
in improving symptoms, reducing tumor size, and enhancing 
patients' quality of life.

In recent years, Microwave Ablation (MWA) has emerged as a 
promising minimally invasive therapeutic technique for lung 
tumors.14,15 It works by inducing cancer cell apoptosis through 
heat-induced Reactive Oxygen Species (ROS) upregulation 
and endoplasmic reticulum stress or mitochondrial apoptosis 
pathways.16 Combining TCM with MWA may enhance 
therapeutic efficacy and reduce adverse effects.17

This study aims to investigate the clinical efficacy of XXDTD 
combined with MWA and chemotherapy in elderly patients 
with advanced lung cancer. We will also explore the underlying 
molecular mechanisms used in vitro experiments. Our findings 
may provide new insights into the treatment of advanced lung 
cancer in elderly patients and offer a theoretical basis for the 
clinical application of XXDTD.

MATERIALS AND METHODS

Network Pharmacology Analysis
Network Enrichment Analysis of Active Components in 
Traditional Chinese Medicine

The chemical components of each herb in the Xingxia Ditanchen 
Decoction were retrieved from the Herb Group Identification 
database (http://herb.ac.cn/).18 Cytoscape software was used 
to construct a "Traditional Chinese Medicine - Component" 
network for each herb and its components. The cytoHubba 
plugin was employed to analyze the network, and the top twenty 
key components were selected based on Radiality as the main 
components of the prescription.

Active Components - Gene Network Analysis

For each component, the corresponding target genes were retrieved 
from the Herb Group Identification (http://herb.ac.cn/) database. 
Cytoscape was used to construct the network visualization 
of active components and potential targets. On the STRING 
platform, the species was limited to human (Homo sapiens), and 
the confidence threshold for protein-protein interactions was set 
to medium confidence (0.4), with other parameters set to default, 
to generate the target protein interaction network.18

Active Components - Gene Network Enrichment 
Analysis

Subsequently, the Network Analyzer tool was employed to 
analyze the topological characteristics of the gene network.18 
With the Radiality score as the screening criterion, the top twenty 
key nodes were selected to screen the core active components and 
key target genes.

Pathway Enrichment Analysis

The Database for Annotation, Visualization, and Integrated 
Discovery (DAVID) were employed for Gene Ontology (GO) and 
Kyoto Encyclopedia of Genes and Genomes (KEGG).18,19

Experimental Validation
Cell Culture and Drug Preparation

Cell Line

The human non-small cell lung cancer cell line A549 was 
procured from the Chinese Academy of Sciences Cell Bank. Cells 
were cultured in RPMI-1640 medium supplemented with 10% 
Fetal Bovine Serum (FBS) and 1% penicillin-streptomycin and 
maintained at 37°C in a 5% CO₂ humidified incubator.

Drug Preparation

The herbal formulation (Rhizoma Arisaematis 15 g, Pinelliae 
Rhizoma Praeparatum 15 g, Gecko 5 g, Coix seed 30 g, Houttuynia 
cordata 30 g, Schizophylla 30 g, Prunella vulgaris 15 g, Platycodon 
radix 10 g, Prunus dulcis Batsch 10 g, whole Trichosanthis fructus 
15 g, Panax notoginseng 5 g, Fritillaria zhejiang-fritillary 15 g) 
was decocted twice in distilled water (1 hr per cycle), filtered, and 
lyophilized. The resulting powder was dissolved in PBS to a stock 
concentration of 20 mg/mL, sterile-filtered (0.22 μm), and stored 
at –80°C. Quality control was performed via HPLC.

siRNA Transfection Protocol

Cells were seeded in a 24-well plate at a density of 250,000 cells 
per well in 500 μL of antibiotic-free RPMI-1640 medium with 
10% FBS. After 24 hr, cells reached 30-50% confluency. For each 
well, 1.25 μL of RXRA siRNA (20 μM stock) was diluted in 100 μL 
of Opti-MEM culture medium (Invitrogen, 31985070) to achieve 
a final concentration of 50 nM. Lipofectamine 2000 (Invitrogen, 
11668019) was diluted in 100 μL of Opti-MEM. The siRNA 
and Lipofectamine 2000 solutions were mixed and incubated 
at room temperature for 20 min. The mixture was then added 
dropwise to the cells. After 6 hr of incubation at 37°C in a 5% 
CO₂ incubator, the medium was replaced with fresh RPMI-1640 
medium containing 10% FBS. Transfection efficiency was verified 
by qPCR after 48 hr. The siRNA sequences used in this study are 
listed below:

siRNA NC forward: 5’-UUCUCCGAACGUGUCACGU-3’,

siRNA NC reverse: 5’-ACGUGACACGUUCGGAGAA-3’;

RXRA siRNA 1 forward: 
5’-AGUUAUCUUUGGAAAAAGGGG-3’,

RXRA siRNA 1 reverse: 5’-CCUUUUUCCAAAGAUAACUCA-3’;

RXRA siRNA 2 forward: 5’-UAGUAACAGAAAUAAGGAGGG-3’,

RXRA siRNA 2 reverse: 5’-CUCCUUAUUUCUGUUACUACU-3’;
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RXRA siRNA 3 forward: 
5’-UGAAGAAGAAGAGAUGUUCCA-3’,

RXRA siRNA 3 reverse: 5’-GAACAUCUCUUCUUCUUCAAG-3’;

Detection Methods

Flow Cytometry for Apoptosis Detection: Cells were harvested, 
washed with cold PBS, and resuspended in binding buffer. Annexin 
V-FITC and Propidium Iodide (PI) were added according to the 
manufacturer’s instructions (KeyGen Biotech, KGA106). Samples 
were analyzed using a BD Calibur flow cytometer, and data were 
processed with CellQuest software.

Western Blot for BAX Mitochondrial Translocation: 
Mitochondrial and cytoplasmic fractions were isolated using a 
cell mitochondria isolation kit (Beyotime, C3601). Proteins were 
separated by SDS-PAGE, transferred to PVDF membranes, and 
probed with primary antibodies against BAX (Rabbit Anti-Mouse 
IgG, 1:1000, Abcam, ab32503) and COXIV (Rabbit Anti-Mouse 
IgG, 1:1000, Abcam, ab202554). Secondary antibodies were 
conjugated to horseradish peroxidase, and bands were visualized 
using an Electrochemiluminescence (ECL) detection system.

qPCR for RXRA Expression

Total RNA was extracted using Trizol reagent (Invitrogen, 
15596026), and cDNA was synthesized with a PrimeScript II 
1st Strand cDNA Synthesis Kit (TaKaRa, 6210A). qPCR was 
performed using TB Green® Premix Ex Taq™ (TaKaRa, RR420A) 
on an ABI VII a7 Real-Time PCR System. Primer sequences were 
as follows:

RXRA forward: 5’-GCCTACTGCAAGCACAAGTA-3’,

RXRA reverse: 5’-GAAGGTGTCAATGGGTGTGT-3’;

GAPDH forward: 5’-AACGGATTTGGTCGTATTGGG-3’,

GAPDH reverse: 5’-CCTGGAAGATGGTGATGGGAT-3’.

CCK8 Assay for Cell Proliferation

Cells were seeded in 96-well plates and treated with various 
concentrations of XXDTD. After 24 hr, CCK8 solution (Beyotime, 
C0037) was added, and absorbance was measured at 450 nm after 

4 hr of incubation. The proliferation rate was calculated using the 
formula: Proliferation rate = (mean OD value at other time points 
÷ mean OD value at 0 hr - 1) × 100% (for the same sample).

RESULTS

Network Pharmacology Prediction

The network pharmacology analysis revealed key components 
and targets of XXDTD. The "Traditional Chinese Medicine - 
Component" network was constructed, and the top twenty key 
components were identified based on Radiality scores. The main 
active components included Quercetin, Beta-sitosterol, and others 
(Table 1, Figure 1A). The target genes for each component were 
retrieved, and the network visualization of active components and 
potential targets was constructed. The analysis revealed key targets 
including RXRA, BAX, CASP3, and others (Figure 1B). The core 
active components and key target genes were identified based on 
the Radiality score. GO and KEGG pathway enrichment analysis 
showed that the predicted targets are significantly involved in cell 
apoptosis (p=1.2E-8) and chemoresistance (p=4.5E-6) pathways. 
TCGA database analysis indicated that high expression of RXRA 
is associated with poor prognosis in patients with lung squamous 
cell carcinoma (HR=1.5, p=0.004; Figure 1C).

XXDTD Promotes Apoptosis in A549 Cells

Flow cytometry results showed that XXDTD significantly 
increased the apoptosis rate of A549 cells in a dose-dependent 
manner. The apoptosis rate in the XXDTD 20 mg/mL group 
was significantly higher than that in the control group (p<0.001; 
Figures 1D-I). The XXDTD treatment group showed a significant 
increase in early apoptotic cells and late apoptotic cells compared 
to the control group.

XXDTD Facilitates BAX Translocation to Mitochondria

Western blot analysis demonstrated that XXDTD treatment 
increased the level of BAX protein in the mitochondrial fraction 
of A549 cells. The results indicated that XXDTD promotes the 
translocation of BAX to mitochondria. The BAX protein level in 
the mitochondrial fraction of the XXDTD group was significantly 
higher than that in the control group (Figure 2A).

ID Ingredient Name CAS ID PubChem ID
HBIN041495 Quercetin 117-39-5 5280343
HBIN018278 Beta-sitosterol 83-46-5 222284
HBIN044730 Stearic acid 57-11-4 5281
HBIN038680 Palmitic acid 67701-02-4 985
HBIN044918 Stigmasterol 83-48-7 5280794
HBIN025965 Ethylpalmitate 628-97-7 12366
HBIN038026 Oleic acid 112-80-1 445639
HBIN044152 Sitogluside 474-58-8 5742590

Table 1:  Major Bioactive Components of Xingxia Tanqin Decoction.
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XXDTD Upregulates RXRA Expression

qPCR results showed that XXDTD treatment significantly 

upregulated the expression of RXRA mRNA in A549 cells. The 

expression level of RXRA in the XXDTD group was 2.3 times 

higher than that in the control group (p<0.01; Figure 2B). The 

upregulation of RXRA expression suggests that XXDTD may 

enhance the chemosensitivity of lung cancer cells.

RXRA siRNA Reverses the Chemotherapeutic Effects 
of XXDTD

qPCR verified the transfection efficiency of RXRA siRNA. The 
results showed that RXRA siRNA significantly reduced the 
expression of RXRA in A549 cells. Among the three RXRA 
siRNAs, RXRA siRNA3 showed the highest transfection 
efficiency, significantly reducing RXRA expression and reversing 
the inhibitory effect of XXDTD on cell proliferation. Therefore, 
RXRA siRNA3 was selected for subsequent experiments (Figure 
3A).

Figure 1:   Integrated pharmacological analysis and experimental validation of the anti-lung cancer mechanism of Xingxia Tanqin Decoction (XXDTD). 
(A) Compound interaction network of XXDTD. The network illustrates interactions among herbal compounds, with node size representing the Radiality score 
of each component. (B) Compound-target network and Protein-Protein Interactions (PPI). Active compounds (green squares) and their corresponding target 
genes (blue circles) are displayed, with key targets (e.g., RXRA, BAX, CASP3) highlighted in orange. Node size corresponds to the Radiality score. Networks (A) 
and (B) were constructed using Cytoscape. (C) Prognostic value of RXRA in lung squamous cell carcinoma. Kaplan–Meier survival curve based on TCGA data 
shows that high RXRA expression is significantly associated with worse overall survival (HR = 1.5, p = 0.004). (D–I) XXDTD induces apoptosis in A549 cells in a 
dose- and time-dependent manner. (D–H) Flow cytometry plots of A549 cells under different treatment conditions: (D) Control; (E) XXDTD (5 mg/mL, 24 hr); (F) 
XXDTD (20 mg/mL, 24 hr); (G) XXDTD (5 mg/mL, 48 hr); (H) XXDTD (20 mg/mL, 48 hr). Quadrant definitions: viable cells (Annexin V⁻/PI⁻, Q3), early apoptotic cells 
(Annexin V⁺/PI⁻, Q4), late apoptotic cells (Annexin V⁺/PI⁺, Q2), necrotic cells (Annexin V⁻/PI⁺, Q1). (I) Bar chart summarizing total apoptosis rates (Q2 + Q4) across 

treatment groups.
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XXDTD Inhibits A549 Cell Proliferation and 
Synergizes with Cisplatin

CCK8 assay results showed that XXDTD treatment significantly 
inhibited the proliferation of A549 cells. The proliferation rate 
of cells in the XXDTD group was lower than that in the control 
group. Additionally, the combination of XXDTD and cisplatin 
further reduced the proliferation rate of cells compared to 

cisplatin alone, indicating a synergistic effect between XXDTD 
and cisplatin (Figures 3B-C).

DISCUSSION

This study provides the first comprehensive insight into the dual 
role of XXDTD in potentiating both microwave ablation and 
chemotherapy through distinct yet synergistic mechanisms. By 
promoting BAX mitochondrial translocation, XXDTD synergizes 

Figure 2:  Effects of XXDTD on BAX Mitochondrial Translocation and RXRA Expression. 
(A) Quantification of BAX protein levels in the mitochondrial fraction of A549 cells 
treated with XXDTD at different concentrations and time points. Results are expressed 
as fold changes relative to the control group (Mean ± SD, n=3). (B) Representative 
Western blot images showing BAX and COXIV (mitochondrial marker) protein levels 
in A549 cells treated with XXDTD at various concentrations and time points. (C) RXRA 
mRNA expression levels in A549 cells treated with XXDTD (20 mg/mL, 24 hr) measured 
by qPCR. Results are expressed as fold changes relative to the control group (Mean ± 

SD, n=3, **p<0.01).

Figure 3: siRNA Screening and Cell Proliferation Assay. (A) qPCR results showing the screening of three RXRA siRNAs in A549 
cells. RXRA siRNA3 demonstrated the highest knockdown efficiency, leading to its selection for subsequent experiments (mean 
± SD, n=3, **p<0.01). (B) CCK8 assay results showing the OD450 values of A549 cells in different treatment groups: control 
group, cisplatin (20 μM), cisplatin + XXDTD (20 mg/mL), and cisplatin + XXDTD + RXRA siRNA. (C) Proliferation rates of A549 cells 
calculated from OD450 values, illustrating the inhibitory effect of XXDTD on cell proliferation and its reversal by RXRA siRNA 

(Mean ± SD, n=3, **p<0.01).
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with microwave ablation-induced heat stress to enhance 
apoptotic cell death. Additionally, XXDTD upregulates RXRA, a 
nuclear receptor with transcriptional activity, to reverse cisplatin 
resistance by activating downstream pathways like HtrA1.20

Our results confirm that XXDTD significantly increases apoptosis 
in A549 cells in a dose-dependent manner and promotes the 
translocation of BAX to the mitochondrial membrane. This BAX 
translocation is pivotal for mitochondrial apoptotic pathways, 
and when combined with the heat stress from microwave 
ablation, leads to a synergistic enhancement of apoptosis.21,22 This 
is supported by previous research showing that hyperthermia can 
sensitize cancer cells to apoptosis through the upregulation of heat 
shock proteins and the amplification of mitochondrial apoptotic 
signals.23,24 Furthermore, XXDTD markedly upregulates RXRA 
expression in A549 cells. RXRA, as a nuclear receptor, plays a 
crucial role in transcriptional regulation.25 The upregulation of 
RXRA by XXDTD is linked to the activation of downstream 
tumor-suppressive pathways. Specifically, RXRA enhances the 
transcription of HtrA1, which is known to be involved in the 
sensitization of cancer cells to chemotherapeutic agents like 
cisplatin.20 This finding aligns with the study by Wang et al., 
which demonstrated that RXRA activation can restore cisplatin 
sensitivity in non-small cell lung cancer cells.20

The study also highlights the innovative mechanism by which 
XXDTD induces BAX mitochondrial translocation to synergize 
with microwave ablation. This mechanism is consistent with 
the study by Kong et al., which showed that hyperthermia can 
promote the translocation of BAX to the mitochondria and 
enhance apoptosis.26 Our results further elaborate on how 
XXDTD can be used in combination with microwave ablation to 
improve therapeutic outcomes.

RXRA exhibits a "double-edged sword" characteristic.27,28 While 
this study shows that RXRA upregulation promotes apoptosis, it 
also indicates that RXRA might suppress the immune response. 
This discrepancy may be attributed to the context-dependent 
role of RXRA, suggesting that its effects could vary with dosage 
and cellular environment. Therefore, optimizing the dosage 
of XXDTD to achieve the desired therapeutic effect while 
minimizing potential adverse effects is essential.

CONCLUSION

Finally, this research provides a molecular basis for the combined 
use of XXDTD with microwave ablation and chemotherapy, 
offering a new treatment strategy for elderly patients with 
advanced lung cancer who may have limited tolerance for 
conventional therapies. The TCGA database analysis indicates 
that high expression of RXRA is associated with poor prognosis 
in patients with lung squamous cell carcinoma (Figure 3). This 
implies that targeting RXRA may improve survival outcomes, 
offering a promising direction for future clinical research. 
However, studying has several limitations. Crucially, while we 

identified RXRA as a prognostic biomarker, its potential role 
as a predictive biomarker for treatment response, particularly 
concerning the XXDTD-based combination therapy, was not 
explored. We did not investigate whether RXRA expression 
levels could be used to identify patient subgroups most likely to 
benefit from this specific therapeutic strategy, which is essential 
for translating this finding into precise clinical applications and 
improving treatment accuracy. Furthermore, the study is limited 
by the absence of in vivo experiments to further validate the 
findings. Future research should incorporate animal models 
to evaluate XXDTD’s therapeutic applicability across diverse 
populations (e.g., different age groups, NSCLC subtypes) in 
combination with microwave ablation and chemotherapy. 
Additionally, more in-depth studies are needed to explore the 
specific molecular mechanisms underlying the effects of XXDTD, 
particularly regarding the interaction between XXDTD and 
RXRA. Importantly, future work must also rigorously evaluate 
the clinical utility of RXRA, specifically its ability to predict 
response to the XXDTD combination therapy in prospective 
clinical cohorts.
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SUMMARY

Lung cancer is a major global health concern, with Non-Small 
Cell Lung Cancer (NSCLC) comprising 80–85% of all cases. 
Despite recent therapeutic advances, many elderly patients with 
advanced NSCLC cannot tolerate these treatments or develop 
resistance, necessitating novel strategies. This study investigates 
the synergistic effects of Xing Xia Di Tan Decoction (XXDTD), 
a Traditional Chinese Medicine (TCM) formula, in enhancing 
microwave ablation (MWA) and chemotherapy. Using network 
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pharmacology and experimental validation, we show that XXDTD 
promotes BAX mitochondrial translocation and upregulates 
RXRA expression, thereby overcoming chemoresistance. Our 
findings provide a molecular basis for the clinical use of XXDTD 
in elderly lung cancer patients, offering a promising new 
treatment strategy.
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