
ChatGPT 结果： 

  

Accumulating evidence indicates that macrophage polarization is closely associated 

with the initiation and progression of pulmonary fibrosis. Although the conventional 

M1/M2 classification represents a simplified framework for the spectrum of 

macrophage activation states observed in vivo, classically activated M1 macrophages 

are generally associated with pro-inflammatory responses, whereas alternatively 

activated M2 macrophages exhibit reparative and, under persistent injury, profibrotic 

properties [1,2]. In fibrotic lungs, macrophage populations progressively acquire 

M2-like features, characterized by increased expression of markers such as CD206 

and arginase-1 (Arg1), and experimental studies have demonstrated prominent 

infiltration and accumulation of M2 macrophages during the fibrotic phase following 

bleomycin-induced lung injury [3–5]. Consistently, alveolar macrophages from 

patients with fibrotic interstitial lung diseases display increased CD206 expression 

and enhanced production of M2-associated chemokines, including CCL17, CCL18, 

and CCL22 [6]. Functionally, M2-polarized macrophages can promote fibroblast 

activation, myofibroblast differentiation, extracellular matrix deposition, and tissue 

remodeling through the release of profibrotic mediators such as transforming growth 

factor-β1 (TGF-β1), interleukin-13 (IL-13), and other growth factors [3–5,7]. 

Moreover, single-cell transcriptomic analyses of human idiopathic pulmonary fibrosis 

(IPF) lungs have revealed distinct profibrotic macrophage populations enriched for 

SPP1 and extracellular-matrix-remodeling genes, underscoring that 

fibrosis-associated macrophages encompass heterogeneous activation states extending 

beyond the classical M1/M2 dichotomy [8]. Collectively, these findings support a 

close relationship between sustained M2-like macrophage infiltration, aberrant 

macrophage–stromal cell communication, and pathological tissue remodeling during 

pulmonary fibrosis. 
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