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Objective: The formulation of precision treatment strategies and the analysis 
of drug-resistance mechanisms for lung adenocarcinoma are highly dependent 
on in vitro models that can faithfully reflect tumor heterogeneity, dynamic 
drug responses, and tumor-stroma interactions. While existing preclinical 
models, such as two-dimensional (2D) adherent models and animal models, 
are widely used, their limitations in accurately recapitulating patient-
specific microenvironments and the evolution of drug-resistant clones under 
chemotherapeutic pressure significantly restrict the reliability of treatment 
predictions.
Methods: The study utilized a three-dimensional (3D) organoid model, a 2D 
adherent model, and an animal model constructed from the A549 cell line 
to dynamically monitor drug responses to chemotherapeutic treatments. We 
analyzed cell cycle arrest, proliferation inhibition, and the invasive regulatory 
features mediated by the human epidermal growth factor receptor 2(HER-2) 
mediated invasive regulatory features. The evolution of the resistance mutation 
spectrum was tracked through dynamic gene sequencing and compared 
with clinical resistance samples. Comparisons between two groups were 
performed using t-tests, while comparisons involving three or more groups were 
conducted using one-way analysis of variance (ANOVA).
Results: In studies of four chemotherapy regimens (etoposide, paclitaxel, 
cisplatin, and carboplatin), organoid models showed a pharmacodynamic profile 
highly consistent with animal models. For drug-induced cell cycle block, the 
organoid model accurately replicated the animal model’s G2/M phase block. 
Analysis showed similar in vitro IC50 values for etoposide and carboplatin. Their 
tumor suppression rates in animal models also didn’t differ significantly (P > 0.05). 
The organoid model matched the animal model for Ki-67-mediated proliferation 
dynamics, HER2-mediated invasive phenotype, and early apoptosis (P > 0.05). 
Drug resistance analysis confirmed that Epidermal Growth Factor Receptor
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(EGFR)/HER2 mutations in the organoid model closely matched clinical 
resistance samples.
Conclusion: The lung adenocarcinoma organoid model accurately simulates 
drug sensitivity and the evolution of drug resistance, providing a highly predictive
in vitro platform for optimizing individualized chemotherapy regimens. This 
model is anticipated to reduce the costs associated with trial-and-error in 
clinical settings and to advance the development of precision tumor therapies. 
Keywords Lung Cancer, Organoid Model, Chemotherapy Response, Resistance 
Evolution, Clinical Prediction, Precision Oncology.
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1 Introduction

  

  

  

  

  

  

Abbreviations: 2D, Two-dimensional; 3D, Three-dimensional; TKI, 
Tyrosine Kinase Inhibitor; EGFR, Epidermal Growth Factor Receptor; PFA, 
Paraformaldehyde; IHC, Immunohistochemical; HE, Hematoxylin and Eosin; 
FBS, Fetal Bovine Serum; CSCs, Cancer Stem Cells; ECM, Extracellular Matrix; 
NSCLC, Non-Small Cell Lung Cancer; SCLC, Small-Cell Lung Cancer; SCC, 
Squamous Cell Carcinoma; LCNEC, Large Cell Neuroendocrine Carcinoma; 
HIF, Hypoxia-Inducible Factor; HIF-1 , Hypoxia-Inducible Factor 1 Alpha 
Subunit; PI3K, Phosphatidylinositol 3-Kinase; AKT, Protein Kinase B; HER-2, 
Human epidermal growth factor receptor 2; PDO, Patient-derived organoid; 
NEG, Non-enzymatic glycation; AGE, advanced glycation end product; 
c-FLIP , Cellular FLICE-like inhibitory protein; ITCH , E3 ubiquitin ligase; 
GSK3 , Glycogen synthase kinase 3 ; CK, Cytokeratin.
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TABLE 1  Cell cycle phase distribution comparison across groups (n = 3).

Cell cycle G1 S G2
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2 Methods

2.1 Cell culture

 

2.2 Organoid culture

  

2.3 Transmission of organoids

 

2.4 Animal models

 

2.5 Histology and immunohistochemistry
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2.6 TUNEL fluorescence staining

   

2.7 Drug configuration

 

2.8 Drug sensitivity experiment

  

2.9 Cell cycle analysis

  

2.10 Screening of drug-resistant cells

   

2.11 Drug-resistant cell gene detection
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2.12 Statistical analyses

  

3 Results

3.1 The organoid model demonstrates 
advantages in simulating 3d spatial 
structure and morpho function

 

3.2 Organoids mimic chemotherapy-driven 
cell cycle arrest in lung adenocarcinoma

   

 

3.3 Organoid-based drug screening to 
predicted chemotherapeutic drugs 
response 

  

3.4 The organoid model accurately 
simulated drug-induced proliferation
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FIGURE 1
The Organoid Model Demonstrates Advantages in Simulating 3D Spatial Structure and Morpho Function. (A) Phase-contrast microscopy images show 
that the organoid diameter increased with culture time, reaching 100–200 m by day 7 (20×, scale bar: 100 m). (B) Representative HE and 
immunohistochemical CK7 staining for the organoid model, animal model, and adherent model. The organoid model preserved the adenomatous 
structure of lung adenocarcinoma and exhibited strong CK7 expression (20×, scale bar: 100 m). (C) Growth cycles of models based on the A549 cell 
line. The organoid model completed functional construction within 9 days.
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FIGURE 2
Organoids Mimic Chemotherapy-Driven Cell Cycle Arrest in Lung Adenocarcinoma. (A–E) Cell cycle changes in the adherent model after 24 h of 
treatment with 0.9% saline, etoposide (10 µM), paclitaxel (10 µM), cisplatin (10 µM), or carboplatin (10 µM),which induced obvious cell cycle disorders. 
Etoposide and paclitaxel predominantly caused S and G2 phase blockade. (F–J) The organoid model showed similar S and G2 phase cycle changes to 
the animal model after 24h treatment with the same chemotherapeutic agents. (K–O) Animal model cell cycle changes after 24h peri-tumor treatment, 
mainly manifesting in S and G2 phase alterations. (P–S) Histograms of cell cycle distributions under four chemotherapeutic agents across three models.
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FIGURE 3
Organoid-Based drug screening to predicted chemotherapeutic drugs response in Vivo. (A,B) Phase-contrast microscopy images of organoids 
subjected to treatment with etoposide/carboplatin (0–100  M) for a duration of 72 h (10×, scale bar: 100  m). The disintegration of organoids was 
observed to correlate with increasing concentrations of the drugs. (C) Dose-response curves for etoposide and carboplatin in organoids. (D) Tumor 
xenograft volumes following a 14-day treatment regimen with saline, etoposide (10  M), or carboplatin (10  M) (n = 12/group). The groups treated with 
chemotherapeutic drugs demonstrated a significant reduction in tumor volume compared to the control group ( P < 0.0001, one-way ANOVA). (E)
Time-dependent changes in tumor volume in mice treated with etoposide/carboplatin over periods of 3, 7, and 14 days.
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3.5 HER-2 stability in organoids supported 
their use as a preferred platform for 
targeted therapies

  

 

 

3.6 Organoid models accurately simulated 
the spatiotemporal apoptosis pattern of 
clinical chemotherapeutic drugs

  

3.7 Organoid modeling recapitulated the 
mutation profile of genes associated with 
clinical drug resistance in lung 
adenocarcinoma
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FIGURE 4
The organoid model accurately simulated drug-Induced proliferation. (A–C) Representative immunohistochemical images show Ki-67 staining in 
animal models, organoid models, and adherent models after 1 and 3 days of treatment with etoposide (10  M), paclitaxel (10  M), cisplatin (10  M), and 
carboplatin (10  M) (40x; scale bar: 100 µm). (D–G) Quantitative analysis revealed that the Ki-67+ proliferative area exhibited a time-dependent 
reduction across all models. Notably, organoid models demonstrated proliferation inhibition dynamics that were most closely aligned with animal 
models (P > 0.05, one-way ANOVA). In contrast, adherent models showed statistically significant differences ( P < 0.05,  P < 0.01,  P < 0.001, 
one-way ANOVA).
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FIGURE 5
HER-2 stability in organoids supported their use as a preferred platform for targeted therapies. (A–C) Animal models, organoid models, and adherent 
models, as determined by immunohistochemical staining (40×, scale bar: 100  m) following treatments with etoposide (10  M), paclitaxel (10  M), 
cisplatin (10  M), and carboplatin (10  M) over periods of 1 day and 3 days. (D–G) Reveal that adherent models exhibited a significant downregulation 
of HER-2 in response to chemotherapeutic agents ( P < 0.0001, one-way ANOVA), while organoid models maintained HER-2 membrane integrity 
comparable to that observed in animal models (P > 0.05, one-way ANOVA).
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FIGURE 6
Organoid models accurately simulated the spatiotemporal apoptosis pattern of clinical chemotherapeutic drugs, (A–C) Representative TUNEL (green) 
+ DAPI (blue) staining images of the animal model, organoid model, and adherent model after 24 h treatment with etoposide (10  M), paclitaxel 
(10  M), cisplatin (10  M), carboplatin (10  M), or 0.9% saline (40×, scale bar: 100  m). (D) Apoptosis rates in the adherent model were significantly 
higher than in the organoid and animal models after 24 h drug treatment ( P < 0.001, and  P < 0.0001, one-way ANOVA). No difference was 
observed between organoid and animal models (P > 0.05).
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4 Discussion
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FIGURE 7
Organoid modeling recapitulated the mutation profile of genes associated with clinical drug resistance in lung adenocarcinoma. (A,B) Representative 
images (40x, scale bar: 100 µm) of TUNEL (green) and DAPI (blue) staining after administration of chemotherapeutic drugs (10 µM) to drug-resistant 
cells derived from organoid models and adherent models for 24 h. (C) Organoid model, adherent model, and apoptosis of drug-resistant types of cells 
in the organoid model and adherent model were significantly lower than that in the wild-type cell after screening for drug-resistant cells with 10  M 
drug concentration of chemotherapeutic drugs.  P < 0.05,  P < 0.01,  P < 0.001, T-test analysis. (D) Heatmap of gene mutations in drug-resistant 
cells in the animal model, organoid model, and adherent model, (E) CT values of intrinsic KRAS gene mutations in the animal model, organoid model, 
and adherent model, and CT values in the organoid model were significantly lower than those in the remaining two models.  P < 0.05,  P < 0.01, 
one-way ANOVA; (F) Heatmap of gene mutation co-occurrence in the animal model and organoid model, with 0 representing no mutation in the 
gene, and 1 representing a mutation in the gene; and (G) gene mutation common to the animal model and organoid model.
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5 Summary
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