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Abstract

Chronic pulmonary diseases, including chronic obstructive pulmonary disease, asthma, pulmonary
fibrosis, and pulmonary hypertension, are characterized by persistent inflammation, oxidative stress,
epithelial barrier injury, and progressive tissue remodeling. Ferroptosis is a regulated cell death
program driven by iron-dependent lipid peroxidation and governed by iron dyshomeostasis, dis-
ruption of the System Xc-/glutathione/glutathione peroxidase 4 axis, oxidation of polyunsaturated
fatty acid-containing phospholipids, mitochondrial dysfunction, and impaired antioxidant defense.
The lung is particularly vulnerable to ferroptosis because it is continuously exposed to high oxygen
tension, cigarette smoke, particulate matter, pathogens, and inflammatory mediators. These insults
may sensitize airway epithelial cells, alveolar epithelial cells, macrophages, fibroblasts, and pulmo-
nary vascular cells to ferroptotic damage. Emerging evidence links ferroptosis to epithelial injury
and emphysema in chronic obstructive pulmonary disease, aberrant epithelial repair and collagen
deposition in pulmonary fibrosis, epithelial barrier dysfunction in asthma, and vascular remodeling
in pulmonary hypertension. Ferroptosis-related biomarkers may improve disease stratification
and prediction of therapeutic response, while interventions targeting iron handling, lipid peroxida-
tion, or antioxidant pathways may offer new treatment strategies. Nevertheless, the field is con-
strained by inconsistent diagnostic criteria, limited cell type-specific mechanistic data, and insuffi-
cient clinical validation. Future studies should combine standardized ferroptosis assays with single-
cell and spatial omics and longitudinal patient cohorts to define the spatiotemporal functions and
translational potential of ferroptosis in chronic pulmonary diseases.
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1 (GCHL)-VUS A= Py e v (BHA) 3 i )3 is A o B 48 A 0 B g = S8 401 Bk AE T2 [12] - NRF2 T] 4% SLCTALL,
GPX4. #kFE A EAE 1 (FTHL). BREALICJEEE 1 (NQOL) AL AL & N4 1 (HO-1)253E K, (5 HO-1 it i
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BRI, b sgma i iR gy SR TRRE AN AR AH SGH7 s 1T BT 24 240 i BV R 2T 44 240 i ks 2k A T
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UL R ARG A0 S 5 A T PR BEAS [27] 0 [RIE, RDE T T 3 SV UF 6 3t 80 B Ik v, 9 dn e S 4
NAEAE SRR TR . 8 S AL G 58 B GPXA/SLCTALL il 32 45IE 4 1 F g, 171 A% BTG 1 ek i s 5 28
FHATIRGRENIRYT o RAT KA R AR I . A0 BRRr S AL ZH ORI IR SR AL . 24543 18 R0 Tl
WESE G, A REAERAPPAN BR AL T AL 18 I Ml B8 0 o R0 B 3L, R sl He RS HE 29T 48 s e 1k .
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