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Current Evidence 

Accumulating evidence demonstrates that macrophage M1/M2 polarization dynamics 

and M2 macrophage infiltration play central roles in the pathogenesis of pulmonary 

fibrosis by driving aberrant tissue remodeling and extracellular matrix (ECM) 

deposition. In the early inflammatory phase following alveolar epithelial injury, 

classically activated M1 macrophages predominate, secreting pro-inflammatory 

cytokines (TNF-α, IL-1β, IFN-γ) that initiate innate immune responses and tissue 

damage; however, as injury persists, a phenotypic shift toward alternatively activated 

M2 macrophages occurs, and these M2-polarized cells accumulate preferentially in 

fibrotic foci where they secrete potent profibrotic mediators including TGF-β, PDGF, 

IL-4, IL-13, and CTGF, which directly stimulate fibroblast proliferation, 

myofibroblast differentiation, and excessive collagen production, thereby perpetuating 

pathological tissue remodeling rather than physiological wound resolutionPMC. 

Single-cell transcriptomic and histopathological analyses of human idiopathic 

pulmonary fibrosis (IPF) lungs and murine bleomycin-induced fibrosis models have 

consistently confirmed that M2 macrophages, identified by markers such as CD206, 

Arg1, and Ym1, are the predominant macrophage subset in advanced fibrotic lesions, 

and their density correlates with disease severity and decline in pulmonary 

functionPMC. Notably, the M1-to-M2 transition is not merely a marker of disease 

progression but a pathogenic driver: experimental depletion of M2 macrophages or 

reprogramming of M2-biased polarization toward an M1 phenotype ameliorates 

fibrotic tissue remodeling in vivo, whereas adoptive transfer of M2 macrophages or 

factors that promote M2 polarization exacerbate fibrosisPMC. This body of work 

establishes dysregulated macrophage polarization as a critical mechanistic node 

linking chronic inflammation to progressive fibrotic tissue remodeling in the lung, 

positioning macrophage phenotypic modulation as a promising therapeutic strategy 

for pulmonary fibrosis. 

 

References 

1. Xie T, Wang Y, Deng J, et al. Macrophages: friend or foe in idiopathic 

pulmonary fibrosis? Cell Mol Biol Lett. 2018;23:50. 

doi:10.1186/s11658-018-00864-1. PMID: 30323885; PMCID: PMC6127991. 

2. Yang Y, Zhang Y, Wang X, et al. Roles of Macrophage Polarization and 

Macrophage-Derived miRNAs in Pulmonary Fibrosis. Front Immunol. 

2021;12:679325. doi:10.3389/fimmu.2021.679325. PMID: 34489932; PMCID: 

PMC8417529. 

WPS_1716949428
矩形

WPS_1716949428
矩形


WPS_1716949428
Instruct
具体科学论述仅标注

“PMC”，未注明对

应文献

WPS_1716949428
矩形


WPS_1716949428
矩形


WPS_1716949428
Instruct
正文仅以“PMC”标注来源，

与文末8篇References未建立

明确对应

WPS_1716949428
矩形

WPS_1716949428
Instruct
Reference信息错误：实际作者为Kishore & 

Petrek，Article No. 678457，DOI 10.3389

/fimmu.2021.678457



3. Peñaloza C, Valenzuela R, Torres D, et al. Is the Macrophage Phenotype 

Determinant for Fibrosis Development? Int J Mol Sci. 2021;22(24):13380. 

doi:10.3390/ijms222413380. PMID: 34948279; PMCID: PMC8698841. 

4. Li Q, Wang Y, Li Z, et al. CXCL11 reprograms M2-biased macrophage 

polarization to alleviate pulmonary fibrosis in mice. Int J Biol Sci. 

2024;20(7):1243-1258. doi:10.7150/ijbs.96212. PMID: 38524664; PMCID: 

PMC11566568. 

5. Murray PJ, Wynn TA. Protective and pathogenic functions of macrophage 

subsets. Nat Rev Immunol. 2011;11(11):723-737. doi:10.1038/nri3073. PMID: 

22012218. 

6. Kaletski R, Osterholzer JJ. Monocytes and macrophages: emerging 

mechanisms and novel therapeutic targets in pulmonary fibrosis. Am J Physiol 

Cell Physiol. 2023;325(5):C1287-C1302. doi:10.1152/ajpcell.00302.2023. 

PMID: 37695800. 

7. Yuan L, Li X, Wu L, et al. Ionizing Radiation Promotes 

Epithelial-to-Mesenchymal Transition in Lung Epithelial Cells by 

TGF-β-producing M2 Macrophages. Int J Med Sci. 2019;16(12):1595-1605. 

doi:10.7150/ijms.35678. PMID: 31849571; PMCID: PMC6899140. 

8. Wang X, Li X, Wang L, et al. Macrophages in organ fibrosis: from 

pathogenesis to therapeutic targets. Cell Death Discov. 2024;10(1):234. 

doi:10.1038/s41420-024-02247-1. PMID: 39085239. 

 

 

 

 

 

以上结果来自豆包 2.1 Turbo 

WPS_1716949428
矩形


WPS_1716949428
Instruct
Reference信息错配：该题名对应论文实际发表于Cell & Bioscience 14:140，作者、期刊及DOI等关键信息不符

WPS_1716949428
矩形


WPS_1716949428
Instruct
Reference信息错误：该DOI对应

Jiang et al.，Cell Death Discovery 

10:487，并非Wang et al., 10:234


