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• Global burden: Chronic obstructive pulmonary 
disease (COPD) is the third leading cause of death 
worldwide, and lung cancer is the leading cause of 
cancer-related mortality.

• Independent risk: Tobacco smoking is the primary 
risk factor for both diseases; however, COPD confers 
a 2- to 6-fold increased risk of lung cancer, 
independent of smoking history1,2.

• Shared mechanisms: COPD and lung cancer share 
overlapping pathogenic mechanisms, including 
chronic inflammation, oxidative stress, epithelial-
mesenchymal transition, and genetic and epigenetic 
alterations3.

• Small Airways as Critical Site: Small airway 
epithelium (SAE) is central to airflow obstruction, 
field cancerization, and a promising source of early 
detection biomarkers.

• Hypothesis: We hypothesized that transcriptomic 
changes in COPD-affected small airways provide 
insights into the lung cancerization process.

A pro-mitotic transcriptional program links COPD and LUAD21
Cohort description

Figure 1. Transcriptional programs associated 
with COPD in small airway epithelium (SAE). (A) 
Module-trait heatmap showing Spearman 
correlations between 28 gene co-expression 
modules and clinical traits (CS, FEV₁%, FEV₁/FVC, 
COPD, age, pack-years). (B) Top 10 enriched 
pathways for the COPD-associated module (–
log₁₀ adj. p-value). (C) Module preservation in 
TCGA-LUAD: Z summary (left) and MedianRank 
(right). COPD-associated modules highlighted; Z 
> 10 indicates strong preservation.
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Overexpression of genes in the pro-mitotic transcriptional program induces chromosomal instability in airway and lung 

cancer cells
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Figure 2. (A) Scatter plot of module membership (MM) 
versus gene significance (GS) for COPD in the 
saddlebrown module. Point size indicates intra-module 
connectivity (kWithin). Genes with HubScore > 0 (red) are 
above the mean across MM, GS, and kWithin; those with 
HubScore ≤ 0 (grey) are below. (B) Schematic illustration 
of PLK4 function. (C) Boxplot showing PLK4 expression in 
small airway epithelium (SAE) (Wilcoxon test).

HBEC KT 53 cells H1299 cells

Figure 3. (A) Western blots confirming PLK4 overexpression in HBEC KT53 cells relative to LacZ controls. (B) Quantification of 
centrosome amplification (%CA); %CA was calculated by the proportion of total cells analyzed that had >2 centrosomes. Data 
represent 3-4 independent replicates scoring at least 150 cells per replicate. Asterisks indicate p-value significance for a Student’s t-test 
comparing CA in LacZ- and PLK4- expressing cells (***p < 0.001). (C) Representative HBEC immunofluorescence images showing 
DAPI-stained nuclei (blue) and Cep192-labelled centrosomes (orange). (D) Western blotting was used to confirm upregulation of PLK4 
in H1299 cells upon treatment with 500ng/mL doxycycline. (E) Quantification of %CA in H1299 cells. %CA was calculated as described 
in B. Bars show means ± SEM with significance by Student’s t-test (** p < 0.01, **** p < 0.0001). (F) Representative H1299 images as in 
(C), highlighting enlarged centrosomes upon PLK4 induction.
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A large cohort of precancerous lesions revealed marked nuclear irregularity and cellular aneuploidy in individuals with 

COPD, with these chromosomal instability metrics correlating with lung function and histological severity

• Cellular Aneuploidy Score: (n= 3270 
subjects),  a measure of the number of 
cytologically abnormal (aneuploid) cells 
detected in sputum samples, where 
higher scores indicate higher aneuploidy 
4

• Nuclear Irregularity Index: (n= 3258 
subjects), derived from nuclear 
morphometry measures of bronchial 
intraepithelial neoplasia biopsies, where 
higher MI scores correlate with increased 
pathology, genetic damage and LC risk 5

Proposed link between COPD and Lung Cancer (LC)

Left panel (COPD-related LC risks): Airway epithelial cells damaged by 
COPD and smoking are under constant proliferative pressure. These cells 
attempt to maintain tissue integrity by increasing DNA replication and DNA 
repair mechanisms. However, chronic injury and inflammation create a high 
baseline of DNA damage that the repair systems struggle to keep up with.

Right panel (Transformation): When repair pathways fail (such as with TP53 
mutations) cells continue through the G₂/M checkpoint, replicating DNA 
despite unresolved damage. This leads to:
• Sustained proliferative signaling (cells keep dividing despite injury).
• Genome instability and mutation (errors accumulate in the genome).
• Resistance to cell death (mutated cells bypass apoptosis).

Figure 4. Cross-sectional correlations between FEV₁% and instability metrics: FEV₁% vs 
Cellular Aneuploidy Score (A); FEV₁% vs Nuclear Irregularity Index (B). Dashed red lines 
indicate linear fits. (C) Nuclear Irregularity Index by histologic stage from normal → 
micro-invasive. Dashed red line, linear fit. (D) Cellular Aneuploidy Score across the same 
stages. 
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