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Lung adenocarcinoma (LUAD) is the most common subtype of lung cancer and remains a leading 

cause of cancer-related mortality worldwide due to its strong invasive and metastatic potential.

Tumor hypoxia is a hallmark of the LUAD microenvironment and plays a critical role in promoting 

tumor progression, therapeutic resistance, and metastatic dissemination. Increasing evidence 

suggests that hypoxia promotes epithelial–mesenchymal transition (EMT), a cellular 

reprogramming process that enables epithelial tumor cells to acquire migratory and invasive 

properties. 

However, the transcriptional mechanisms by which hypoxia drives EMT-mediated invasion in 

LUAD remain incompletely characterized. Here, an in vitro LUAD hypoxia model was established 

to investigate the transcriptional mechanisms by which hypoxic stress activates EMT-associated 

programs that facilitate the transition of LUAD cells from epithelial states toward invasive 

phenotypes, thereby initiating metastatic progression.

❖ These findings demonstrate that hypoxia induces coordinated transcriptional activation of EMT-

associated pathways in LUAD cells, supporting a mechanistic role for hypoxia in initiating tumor 

invasion and metastatic progression. 

❖ This study also provides a robust in vitro hypoxia model of LUAD that may be useful for anti-

tumor drug screening and therapeutic development.

1. Raw reads were quality-assessed with FastQC/MultiQC, then trimmed of adapters and low-quality 

bases using fastp before alignment to the human reference genome GRCh38/hg19 with STAR; 

gene-level counts were quantified using featureCounts. 

2. Counts were normalized with calcNormFactors (edgeR). 

3. DEGs between hypoxic and normoxic conditions were called at FDR ≤ 0.01 and log₂FC > 0.5, 

then classified as upregulated or downregulated. DEG heatmaps and curated hypoxia-, 

angiogenesis-, and glycolysis-related gene panels were visualized using pheatmap, with violin plots 

generated in ggplot2; all analyses were performed in RStudio. 

4. Pathway characterization combined formal GO enrichment analysis (biological process, cellular 

component, molecular function) with targeted heatmap visualization of curated hypoxia-responsive, 

angiogenic, and glycolytic gene sets.

This study aimed to characterize how hypoxic stress activates epithelial-to-mesenchymal 

transition (EMT) programs in LUAD cells, driving their transition from an epithelial to an invasive, 

mesenchymal phenotype. To do this, an in vitro LUAD hypoxia model was established, comparing 

normoxic and hypoxic culture conditions to capture hypoxia-induced transcriptional changes via 

bulk RNA sequencing.

✓ A key limitation of this study is that invasive behavior was inferred from transcriptional changes 

alone, without direct functional evidence that hypoxia-exposed LUAD cells acquire migratory or 

invasive capacity. 

✓ Future work should incorporate transwell invasion assays, wound-healing assays, or 3D 

spheroid models to test whether hypoxic cells show increased migration and invasion relative 

to normoxic controls. Pairing this with targeted knockdown of key EMT transcription factors 

identified here, such as TWIST1 or SNAI1, would clarify whether these genes are required for 

the invasive phenotype, not just correlated with it. 

✓ This would move the study from a descriptive signature toward a mechanistically validated 

model of hypoxia-driven invasion in LUAD.

1. Principal Component Analysis (PCA) of RNA-seq Data

The PCA plot (Fig. 1) showed clear separation between H1437 LUAD cells cultured under normoxic conditions (21% O₂; blue) and hypoxic conditions 

(1% O₂; red), demonstrating that hypoxia induced substantial changes in the global transcriptomic profile.

Figure 2. Differential gene expressions (DEGs) in H1437 LUAD cells following hypoxic exposure.

2. Hypoxic exposure for 24 hours induced extensive transcriptomic remodeling in H1437 LUAD cells, with 3,504 genes 

significantly upregulated and 3,634 genes significantly downregulated, demonstrating a broad transcriptional response to hypoxia
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4. Hypoxia significantly upregulated canonical hypoxia-responsive regulators 

Figure 1. The Principal component analysis (PCA) 
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5. Hypoxia significantly upregulated glycolytic pathway genes
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6. Hypoxic conditions induced robust activation of EMT-associated transcription 

factors

7. Hypoxic conditions increased the expression of mesenchymal markers (A.) and epithelial marker (B.)

3. Hypoxia activated extracellular matrix remodeling, angiogenic, migration, and EMT-related pathways, accompanied by changes in hypoxia-inducible transcription factors associated with invasive tumor 

progression
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(A) Volcano plot showing 3,504 upregulated genes, 3,634 downregulated genes, and 4,097 non-significantly changed genes in H1437 LUAD cells after 24 hours of hypoxia compared with normoxic controls. (B) Heatmaps showing the expression 

patterns of significantly upregulated and downregulated DEGs induced by hypoxia.

Figure 3. Gene Ontology (GO) pathway analysis of the DEGs in H1437 LUAD cells following hypoxic exposure.

(A.-B.) The biological process (BP) pathways of the up-regulated (A.) and down regulated (B.) DEGs; (C.-D.) The cellular components (CC) pathways of the up-regulated (C.) and the down-regulated DEGs; (E.-F.) The molecular component 

(MF) pathways of the up-regulated (E.) and the down-regulated (F.) DEGs
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Conclusion

➢ Hypoxia induced extensive transcriptional reprogramming in LUAD cells, with 3,504 genes 

upregulated and 3,634 genes downregulated. 

➢ Increased expression of hypoxia-responsive genes (EPAS1, ARNT2, EGLN1, EGLN3, LDHA,

and SLC2A1) confirmed activation of hypoxic signaling, while induction of EMT-associated 

regulators (STAT3, NFKB2, and FOSL2) and mesenchymal genes (ITGA5, ITGB1, and FN1) 

supported a shift toward an invasive phenotype. 

➢ Enrichment of extracellular matrix remodeling, angiogenesis, and migration pathways further 

suggests that hypoxia promotes LUAD progression through coordinated metabolic and EMT-

related transcriptional changes.
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