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Pathobiology and Pathophysiology

• Inflammatory changes 

• Structural changes 

• Airflow obstruction and gas trapping 

• Pulmonary gas exchange abnormalities 

• Pulmonary hypertension

• Exacerbations

• Multi-morbidity 
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Pathogenesis 
• Mechanisms of Oxidant Injury and Antioxidants 

• Smoking-induced Epigenetic Reprogramming of the Airway Epithelium

• Small Airway Remodeling and Matrix Damage 

• Proteases/Antiproteases

• Innate Cellular Responses

• Mediators of Inflammation and of its Resolution

• Pulmonary Microvascular Changes Induced by Oxidant Injury

• COPD as a Disease of Accelerated Aging

• Adaptive Immune Inflammation and Autoimmunity

Murray & Nadel’s Textbook of Respiratory Medicine, Seventh Edition



Lange P, et al. N Eng J Med. 2015



Lopez-Otin C., et al. Cell 2013



□ Inflammatory changes / Structural changes 

□ Abnormal lung development 

□ Rapid decline 

□ Genetic variants 



Michael E. Wechsler, et al. ERJ Open Res. 2024



· Exposure to cigarette smoke and other inhaled particles has three major sequelae. – inflammation, protease-antiprotease 

imbalance and oxidative stress.

· Protease-antiprotease imbalance : Increase in proteases and a decrease in antiprotease activity. 

· Pathologic triads – goblet cell hyperplasia, mucus hypersecretion, alveolar wall destruction, and small airway 

inflammation and fibrosis.

· Structural changes result in increased airway resistance, airway trapping and progressive airflow obstruction. 







Bradley W. Richmond, et al. Am J Respir Crit Care Med. Jan 2024



· Loss or impairment of multi-ciliated cells (MCC) may contribute to inadequate mucociliary clearance and mucus 

plugging in COPD. 

· p73 (tumor protein 73) is expressed in MCCs and is required for MCC development.

· Loss of p73 in the airways results in loss of MCCs, neutrophilic inflammation and emphysema like lung remodeling.

· p73 is suppressed by cigarette smoke and is reduced in the airways of smokers and patients with COPD. 

· Loss of secretory cells and secretory cell products is an important contributor to COPD pathology. 







Sofia K.Mettler, et al. CHEST. Nov 2024



· Airway mucus plugs are frequently identified on CT scans of patients with COPD with a smoking history without 

mucus-related symptoms. 

· Risk factors of silent mucus plugs were older age, female, and Black race. 

· Silent mucus plugs are associated with worse functional, structural, and clinical measures of disease.

· Participants with silent mucus plugs had greater emphysema, and thicker airway walls and higher odds of having 

severe exacerbations. 





Min Hyung Ryu, et al. CHEST, Apr 2024



· Increase of PM2.5 and NO2 concentration increases the risk of COPD hospitalization and ED visits.

· Long term exposure to air pollution (PM2.5, NO2 and ozone) was positively associated with a higher incidence of 

COPD.

· Exposure to diesel exhaust was associated with an increase in neutrophil extracellular traps (NETs).

· Higher level of daily PM2.5 was associated with increased inflammation biomarkers.

· Airway wall thickening and loss of parenchyma elasticity resulted in airflow limitation .





Oliver W. Meldrum, et al. Am J Respir Crit Care Med. Aug 2024



· Mucus hypersecretion and altered inflammation predispose to microbial colonization, infection and exacerbations in 

COPD.

· MUC5AC (mucin 5AC) and MUC5B (mucin 5B) are elevated in COPD. 

· Increases in percentage mucus solids, total mucin concentration, MUC5AC, MUC5B concentration and

MUC5AC/MUC5B ratio was observed in the accelerated decline group. None-decline group had much higher baseline 

values. 

· Achromobacter, Klebsiella and Bordetalla were increased in the accelerated decline group. Gemella and Veillonella

were elevated in the non-decline group.  

· Close links between mucus and microbes in the COPD airway were observed. 







Tangedal S, et al. Throax Feb 2024



· Lower airway microbiota has been suggested to contribute to the development and progression of several lung diseases.

· Bronchoalveolar lavages samples were paired-end sequenced with the Illuimina MiseQ System.  

· Alpha-diversity was lower in COPD compared with controls. Beta-diversity did not differ significantly between 

patients with COPD and controls. 

· Firmicutes were enriched in patients with COPD while Bacteroidota were enriched in controls. 

· The lower airway microbiota is equal in richness in patients with COPD to controls, but less even. 

· Remodeling in COPD airways can create an environment in which certain bacteria thrive. Overgrowth of pathogenic 

bacteria could contribute to the remodeling seen in COPD. 





David J. Martino, et al. Am J Respir Crit Care Med. Nov 2023



· Quantified 787,111 DNA methylation markers and 4,456,571 SNPs. 

· High-risk trajectories were 1) early below-average lung function 2) persistently low and 3) early below-average lung 

function with accelerated decline. 

· DNA methylation changes at 55 differentially methylated regions (DMRs) containing 73 unique genes and 6 non-

coding regions between the control group and the high-risk trajectory group. 

· Current COPD or current asthma explained 17-30% of methylation differences across the DMRs. 

· Molecular risk factors are unique across different lifetime lung function trajectories. 





Sang Hyuk Kim, et al. J Korean Med Sci. Nov 2024



· A genome-wide association analysis of the rapid decline in FEV1 (≥60mL/year) identified 15 associated signals. 

· Among the 15 nucleotide variants, rs9833533 and rs1496255 have been previously reported to be associated with lung 

function development. 

· rs16951883 was the most significant SNP associated with rapid decline in FEV1 among never smokers. 

· rs10959478 was the most significant SNP among ever smokers. 





Jung-Kyu Lee, et al. Tuberc Respir Dis. Feb 2024



· Clonal hematopoiesis of indeterminate potential (CHIP) : somatic mutations in hematopoietic stem cells -> clonal    

outgrowth of a mutant population of blood cells without hematologic malignancy. 

· Higher prevalence of CHIP was observed in COPD patients compared to non-COPD patients. 

· CHIP in the DTP and DNMT3A genes were significantly associated with current smoking. 

· Smoking has a causal association with mosaic chromosomal alterations and this can lead to the subsequent 

accumulation of other gene mutations. 





Summary 

• Inflammatory changes 

- loss of p73 expression

- silent mucus plug 

• Microbiome

- Microbiome diversity and composition 

• Genetics 

- DNA methylation, SNP and CHIP


	슬라이드 1: COPD : Year in Review 2024   COPD 원인과 발병 기전
	슬라이드 2: Pathobiology and Pathophysiology
	슬라이드 3
	슬라이드 4: Pathogenesis 
	슬라이드 5
	슬라이드 6
	슬라이드 7
	슬라이드 8
	슬라이드 9
	슬라이드 10
	슬라이드 11
	슬라이드 12
	슬라이드 13
	슬라이드 14
	슬라이드 15
	슬라이드 16
	슬라이드 17
	슬라이드 18
	슬라이드 19
	슬라이드 20
	슬라이드 21
	슬라이드 22
	슬라이드 23
	슬라이드 24
	슬라이드 25
	슬라이드 26
	슬라이드 27
	슬라이드 28
	슬라이드 29
	슬라이드 30
	슬라이드 31
	슬라이드 32
	슬라이드 33
	슬라이드 34
	슬라이드 35
	슬라이드 36
	슬라이드 37
	슬라이드 38: Summary 

