
P2.119: COPD-Associated Airway Transcriptional Programs Reveal Oncogenic Selection 
Beyond Inflammation in Non-Small Cell Lung Cancer

INTRODUCTION

METHODS

DISCUSSION AND CONCLUSION

• COPD airway biology extends beyond 
inflammation: proliferative and transcriptional 
programs were preserved across LUSC and LUAD. 

• Network analysis reveals coordinated cancer-
relevant biology beyond individual-gene 
dysregulation. 

• These conserved airway programs may represent 
candidate molecular signals of lung cancer risk 
warranting further investigation. 

Future Direction for Research

• Determine epithelial origin of preserved programs 
using single-cell deconvolution to distinguish 
epithelial signals from immune and stromal 
contributions.

• Test program preservation in premalignant lung 
lesions to determine whether these programs are 
present before invasive cancer.

• Validate preserved programs as biomarkers of lung 
cancer susceptibility and their potential to improve 
risk stratification. 

• Confirm findings in additional cohorts.

Katya H. Bénard1*, Vanessa G. P. Souza1, Greg L. Stewart1, Wan L. Lam1,2

1British Columbia Cancer Research Institute, Vancouver, BC V5Z 1L3, Canada
2Department of Pathology and Laboratory Medicine, University of British Columbia, Vancouver, BC V6T 1Z7, Canada 
*Correspondence: kbenard@bccrc.ca

RESULTS

REFERENCES & ACKNOWLEDGEMENTS

References
1. World Health Organization. Chronic obstructive pulmonary disease (COPD). Fact sheet, updated 

November 2024. who.int/news-room/fact-sheets/detail/chronic-obstructive-pulmonary-disease-(copd)
2. Young RP, Hopkins RJ, Christmas T, Black PN, Metcalf P, Gamble GD. COPD prevalence is increased 

in lung cancer, independent of age, sex and smoking history. Eur Respir J. 2009;34(2):380-6. 
doi:10.1183/09031936.00144208. PMID: 19196816.

3. Forder A, Zhuang R, Souza VGP, Brockley LJ, Pewarchuk ME, Telkar N, Stewart GL, Benard K, 
Marshall EA, Reis PP, Lam WL. Mechanisms Contributing to the Comorbidity of COPD and Lung 
Cancer. Int J Mol Sci. 2023;24(3):2859. doi:10.3390/ijms24032859. PMID: 36769181.

4. Zhang B, Horvath S. A general framework for weighted gene co-expression network analysis. Stat 
Appl Genet Mol Biol. 2005;4:Article17. doi:10.2202/1544-6115.1128. PMID: 16646834.

5. Steiling K, van den Berge M, Hijazi K, et al. A dynamic bronchial airway gene expression signature of 
chronic obstructive pulmonary disease and lung function impairment. Am J Respir Crit Care Med. 
2013;187(9):933-942. doi:10.1164/rccm.201208-1449OC. PMID: 23471465.

6. Langfelder P, Horvath S. WGCNA: an R package for weighted correlation network analysis. BMC 
Bioinformatics. 2008;9:559. doi:10.1186/1471-2105-9-559.

1. Airway epithelium (AE) cohort and preprocessing
• Analyzed 232 AE transcriptomes5.
• Clinical traits: COPD status, FEV₁, and FEV₁/FVC.

2. Weighted gene co-expression network analysis (WGCNA) 
construction
• Co-expression networks were built using WGCNA4,6.
• Soft-thresholding power = 15 (R² > 0.85).

• The programs were identified by dynamic tree cutting.

3. Program-trait association
• Program eigengenes were correlated with COPD, FEV₁, 

and FEV₁/FVC using Spearman correlation.
• kME values were used to assess gene connectivity and 

COPD relevance.
4. Functional enrichment

• Pathway enrichment for GO Biological Process and 
Reactome terms performed with g:Profiler (FDR-
adjusted).

5. Preservation in NSCLC
• Preservation was tested in TCGA-LUSC tumors (n = 550) 

and TCGA-LUAD (n = 528) using Zsummary and 
MedianRank.
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COPD:

• COPD and lung cancer share chronic airway 
inflammation, but inflammation may not fully explain 
their molecular link3. 

• COPD-associated airway changes may encompass 
additional cancer-relevant transcriptional programs.

• Conventional differential expression identifies individual 
dysregulated genes but may miss coordinated biological 
programs linking COPD and lung cancer4.

leading cause of 
death worldwide1

rd3
3.4 million deaths 
globally in 20231

Elevates lung 
cancer risk 2-6x2

Hypothesis: We hypothesized that COPD-associated 
airway transcriptional programs provide insight into the 
molecular basis of lung cancer risk beyond inflammation.

Figure 1. Program-trait 
heatmap. 

Program–trait 
correlations, AE cohort 
(n=232). Programs 
ranked M1–M33 by 
COPD correlation, 
strongest positive to 
strongest negative. 
Cell text: FDR q-value.

Table 1. AE cohort characteristics.
p-values: Wilcoxon rank-sum test for continuous 
variables (age, pack-years, FEV1%, FEV1/FVC); chi-
squared test for categorical variables (sex, smoking 
status), COPD vs. non-COPD.

Airway epithelium profiling identifies 33 gene co-expression programs, 
13 of which are significantly and positively correlated with COPD.

Transcriptional 
Program

Genes COPD r
LUSC 
Zsum

LUAD 
Zsum

Representative Pathways

M7: Pro-Mitotic 78 0.23 41.6 40.5
Cell Cycle, Mitotic 
Prometaphase, M Phase

M10: Immune 
Activation

98 0.20 31.7 32.7
Interferon Signaling, 
Cytokine Signaling, 
Immune System

M12: 
Transcriptional 
Regulation

514 0.19 18.5 29.5
Chromatin Modifying 
Enzymes, Chromatin 
Organization

COPD-associated airway programs are strongly 
preserved in both LUSC and LUAD tumor tissue.

The top COPD-preserved program reflects pro-mitotic transcriptional activity.

Figure 2. Preservation of AE 
co-expression programs in 
TCGA-LUSC and  TCGA-
LUAD.
(A,C) Zsummary and (B,D) 
MedianRank vs. program 
size. Color denotes 
Zsummary ≥ 10 (strong 
preservation; red dashed line, 
A/C); triangles denote 
programs significantly 
associated with COPD 
(q<0.05). M-numbers rank 
programs by COPD 
correlation strength.

Figure 3. Representative pathways for the top three COPD-preserved 
programs. M7: Cell Cycle/Mitotic, p=1.6×10⁻²²; M10: Interferon Signaling, 
p=4.8×10⁻⁴²; M12: Chromatin organization, p=9.3×10⁻⁶; dashed line = FDR 0.05.

Figure 4. Hub genes for the top three COPD-preserved programs: program 
membership (kME) vs. gene-level COPD Spearman correlation. Fill = COPD 
correlation (rho); point size = −log₁₀(p); top 6 genes by |ρ| labeled per program.

Table 2. Summary table. 
Transcriptional programs, size, COPD correlation (AE), and 
Zsummary (LUSC, LUAD) for the top three COPD-
associated programs preserved in both tumor cohorts, with 
representative pathways.
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Trait
COPD
(n=85)

Non-COPD
(n=147)

p-value

Age, years (mean +/- SD) 65.1 +/- 6.1 64.2 +/- 5.7 0.21

Sex, Male (n, %) 50 (59%) 81 (55%) 0.68

Smoking status, current (n, %) 29 (34%) 67 (46%) 0.12

Pack-years (mean +/- SD) 51.3 +/- 24.9 46.7 +/- 19.1 0.21

FEV1% predicted (mean +/- SD) 61.1 +/- 12.7 92.9 +/- 13.1 < 0.0001

FEV1/FVC (mean +/- SD) 59.6 +/- 8.1 75.0 +/- 5.4 < 0.0001
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