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Ambient PM on the adverse health effects based from laboratory evidence

Li T et al. Particle and Fibre Toxicology 2022



Adverse outcome pathways diagram related to PM associated respiratory toxicity
Li T et al. Particle and Fibre Toxicology 2022



Mechanisms by which PM air pollution affects the respiratory system

Robert B et al. J Clin Invest 2025



Oxidative Stress and Inflammation 

✓ PM metals and organic compounds generate reactive oxygen species (ROS) and inflammation 
in lung cells. 

✓ PM exposure induces pro-inflammatory cytokine production (IL-1β, IL-6, IL-8, TNF-α).

✓ PM activates MAPK and NF-κB signaling. 

✓ Ultrafine particulate pollutants induce mitochondrial damage.

Smith KR et al. Chem Res Toxicol 1997
Kumagai Y et al. Free Radic Biol Med 1997

Li N et al. Environ Health Perspect 2003

Becker S et al. Toxicol Appl Pharmacol 2005

Takizawa H et al. J Immunol 1999



Li N et al. Environ Health Perspect 2003



Nel AE et al. Curr Opin Pulm Med 2001 [Review]

Gonzalez-Flecha B et al. Mol Aspects Med 2004 [Review]

Oxidant mechanisms of ambient PM



Epithelial Barrier Dysfunction 

✓ DEP causes a reduction in epithelial barrier integrity through a reduction in the tight junction 
protein Tricellulin in the lungs.   

✓ DEP reduced TEER, induced junction disruption and impaired mucociliary clearance in Air-
liquid interface(ALI) airway models.

Smyth T et al. Particle Fibre Toxicol 2020



Smyth T et al. Particle and Fibre Toxicology 2020



Epithelial Barrier Dysfunction 

Aghapour M et al. European Respiratory Review 2022

✓ AhR-mediated increase in ROS by mitochondria

✓ EGFR & ERK or ROS-mediated increased in HMGB1

✓ ROS-mediated increase in autophagy in AECs

✓ AREG or ROS → EGFR activation → AJs disruption, TJs permeability 

increase

✓ ERK activation → HER2-mediated IL-6 increase → trigger barrier 

dysfunction 

Airway inflammation and remodeling: COPD, Asthma 



Air–Liquid Interface (ALI) Airway Models

✓ Primary human airway epithelial cells

✓ Differentiation into ciliated, club, goblet cells

✓ Widely used to study PM epithelial responses

Park S et al. Frontiers in Lab on a Chip Technologies  2024 Lan Y et al. Ecotoxicology and Environmental Safety  2022



Lung Epithelial Progenitors Injury and Epithelial plasticity

✓ PM2.5 disrupted AT2-to-AT1 differentiation by altering signaling pathways, including MAPK signaling, 
Wnt signaling, and pathways regulating the pluripotency of stem cells.

✓ DEP impaired lung organoid development and downregulated WNT/β-catenin signaling which is 
essential to promote epithelial repair. 

✓ PM exposure decreases ciliated and club cells. Also goblet cells expansion observed. These suggests 
epithelial plasticity* 

Wu X et al. Environ Pollution  2022

Yu H et al. Respiratory Research  2022

*Epithelial plasticity: ability of epithelial cells to reversibly change phenotype

Kayalar O et al. Frontiers in Immunology 2024 [REVIEW]
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Kayalar O et al. Frontiers in Immunology 2024 [REVIEW]



Heo et al. In preparation for submission



Heo et al. In preparation for submission



Schematic illustration of epithelial plasticity created by the author.



Cell Death Pathways

Schematic illustration of cell death pathways created by the author.



PM-Inflammasome

✓ NLRP3 inflammasome activation by PM in macrophages, lung epithelial cells

Caceres L et al. Environmental Pollution 2024

Lee C et al. Molecular Immunology 2019



Inflammasome-mediated pyroptosis

✓ PM2.5 and chromium(VI)-induced acute cytotoxicity in human airway epithelial cells via 
inflammasome-mediated pyroptosis*

Moonwiriyakit A et al. Environmental Toxicology and Pharmacology 2024

*Pyroptosis: programmed necrosis that is closely associated with inflammatory signaling through the activation of NLRP3 inflammasome



Ferroptosis 

✓ PM2.5 induced ferroptosis* in lung epithelial cells through Nrf2-PPAR-ferritinophagy signaling pathway.

✓ There is the link between ferroptosis and inflammasome induced by PM2.5 through iron-ROS axis in 
macrophages.

 

Wang Y et al. Free Radical Biology and Medicine 2022

Park M et al. Cell Death Discovery 2024

*Ferroptosis: non-apoptotic programmed cell death primarily dependent on intracellular iron overload and lipid peroxidation



PM-Ferroptosis and Inflammasome 

Park M et al. Cell Death Discovery 2024

Fig. 1 PM-induced cell deaths in macrophages 

Fig. 2 PM-induced inflammation, inflammasome 



Future Research Directions

✓ Single-cell approach

✓ Organoid-based toxicology

✓ Spatial transcriptomics

✓ Targeting inflammasome pathways

✓ Ferroptosis-based therapeutics
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