How do gene expression profiles differ in COPD

patients by disease severity and smoking >
exposure?

Annelieke Bos, Onoufrios Fragkioudakis, Robin van Nes, Rosa Rutte, Monique ter Schure, Terri Thahmaz

INTRODUCTION

Chronic obstructive pulmonary disease (COPD) is a prevalent disease, We utilized the transcriptome analyses data of lung tissues in 98 COPD patients with
causing about 3.5 million deaths worldwide in 2021 (Elflein, 2025). varied disease progression and 91 controls, as presented by Kim et al (2025), to study:

The main demographic affected is smokers, as 20% of smoking individuals will

eventually develop the disease (Terzikhan et al., 2016). e COPD vs Healthy controls: identification of significantly up-/down-regulated

genes in COPD patients compared to non-diseased individuals (Terri & Onoufrios)

The disease is characterized by chronic inflammation that leads to airway e COPD genes vs Grade of the disease: Explore differential gene expressions (DGE)
narrowing, limited airflow, and, in advanced stages, tissue destruction and with increased disease progression (Annelieke & Rosa)

eventual collapse of the respiratory system and death (Agarwal, Raja, & e COPD genes vs Pack Year: Assess the alteration caused by cumulative smoking
Brown, 2023). (pack years) on the gene expression landscape (Robin & Monique)

RESULTS: DGE CONTROL VS COPD RESULTS: DGE MILD VS MODERATE

Differential gene expression mild vs moderate COPD

Volcano Plot: COPD vs Control
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Figure 1. Differential Gene Expression Analysis of COPD Patients Compared to Healthy Controls. Figure 2. Differential gene expression in mild vs moderate COPD. In R, an MA plot was made, which shows
A volcano plot was created that displays differentially expressed genes between COPD patients the differential gene expression between mild and moderate COPD. Normalization was done with DESeq,.
and healthy controls. The Benjamini-Hochberg correction has been used due to multiple testing The X-axis shows the average gene expression of the samples on a logarithmic scale. The Y-axis shows the
in addition to the quasi-likelihood F-test (glmQLFTest) that determines significance. Grey points log fold change (moderate COPD/ mild COPD). A non-significant area was added between * 0.5 log fold
in the plot represent genes without significant differential expression between the two groups. change. Each dot represents a gene. The non-significant genes are grey, upregulated in moderate COPD are
Red points highlight genes that are significantly upregulated in COPD, while blue points indicate red, and downregulated in moderate COPD are blue. The genes with differential gene expression with a p-
genes significantly downregulated in COPD. The top three most statistically significant genes are value < 0.05 were annotated. These are the upregulated genes RN7SL472P and HSPA1B.

labeled, which are ANXA2P2, UBR4 and BCL6-AS1.

RESULTS: IMPACT OF SMOKING EXPOSURE ON COPD SEVERITY AND GENE EXPRESSION

PackYears per Disease Stage Volcano plot: PackYears-associated genes (corrected for Stage)
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Figure 3. Distribution of smoking exposure (PackYears) across COPD disease stages (stage 0-2). Figure 4: PackYears-associated genes, corrected for COPD disease stage. The x-axis represents the estimated

The x-axis represents the stage of disease. The y-axis represents the PackYears. Black dots log. fold change in gene expression per unit increase in PackYears. The y-axis represents the -logio of the
represent individual samples. Pairwise comparison between groups was performed using the  adjusted p-value (FDR). Red dots indicate significantly upregulated genes, and blue dots indicate significantly
Wilcoxon rank-sum test. Additionally, adjusted p-values (Benjamini—-Hochberg correction with a  downregulated genes (FDR < 0.05). Grey dots represent non-significant genes. Vertical dashed line denotes no
threshold of p < 0.05) are shown. Significant differences in PackYears were observed between the  change in expression (log.FC = O).

control group and both Stage 1 and Stage 2 COPD, whereas no significant difference was detected e Gene IGLV3-19 shows upregulation. Genes: ABCA4, EEF1A2, and CLDNZ2, show downregulation.

between Stage 1 and Stage 2.

UBR4 encodes a protein that is an E3 ubiquitin-protein ligase. It attaches to retinoblastoma-associated proteins and Our DGE ana[ysis revealed signiﬂeant[y expressed genes. Some of the observed genes

calcium-bound calmodulin (Dryer et al., 2025). It is also sigifnicantly expressed in COPD in the findings of Kim et al. . . . . . . .
(2025). ) ; Yo ; could directly affect COPD by influencing the lung tissues, air flow, or inflammation.

BCL6-AS1 is classified as a IncRNA, which is an immune regulator for T follicular cells differentiation (Dryer et al., 2025). Others, hOWGVGF, could be used as biomarkers or therapeutic targets.
BCLG is regulated during hypoxia-induced pulmonary hypertension, where it increases T follicular cell activity, disrupting . . . L. 5
R e o [ ety L oo Smoking exposure correlates with both COPD onset and distinct gene expression

HSPA1B is a heat shock protein, which are usually elevated in patients with COPD (Cappello et al., 2015). Changes associated With Smoke_ind uced COPD and inflammation. Futu re Studies Shou ld
EEF1A2 is an eukaryotic translation elongation factor found to be associated with smoke-induced COPD (Gao, 2023)

CLDN2 is a major integral membrane protein localized exclusively at tight junctions. Claudins are expressed in an organ- ~ dSSESS whether these molecular changes are reversible and if they can predict disease

specific manner and regulate tissue-specific physiologic properties of tight junctions (Elkouby-Naor, 2025). progression Additionally they should aim to reveal the exact mechanisms by which
IGLV3-19 enables antigen-binding activity and is predicted to be involved in the immune response. Active smoking ) ’ i ]
induced an adaptive immune response with relatively high levels of (class-switched) memory B-cells (Dryer et al., 2025). these genes affect COPD manifestation.
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