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Discovery and identification of key driver cell types in idiopathic pulmonary
fibrosis based on single-cell sequencing technology

MA Bo-Yuan, WANG Zhi-Bin, LU Xiu-Li"

(School of Life Sciences, Liaoning University, Shenyang 110036, China)

Abstract: Idiopathic pulmonary fibrosis (IPF) is a chronic, progressive, and ultimately fatal fibrosing interstitial lung disease of
unknown etiology, pathologically defined as usual interstitial lung disease, with a persistently dismal prognosis. Currently
approved antifibrotic agents (nintedanib and pirfenidone) only attenuate disease progression rather than halt or reverse fibrotic
remodeling, leaving a critical unmet clinical need for curative therapeutic targets and strategies. The formidable challenges in
IPF research stem from the extraordinary complexity of its pathobiology: profound cellular heterogeneity in fibrotic lungs that
undergo dynamic lineage reprogramming with disease progression, dysregulated immune microenvironment, and maladaptive
intercellular crosstalk that drives the self-sustaining fibrogenic cascade. Unlike bulk RNA sequencing that masks cell-type-
specific transcriptomic signatures, single-cell RNA sequencing (scRNA-seq) enables unbiased, high-resolution transcriptomic
profiling of individual cells, offering an unparalleled tool to decode cellular heterogeneity and the complex tissue
microenvironment in IPF. This review systematically synthesizes the cutting-edge breakthroughs of scRNA-seq in IPF research
in recent years. We focus on elaborating newly identified, functionally non-redundant cell subpopulations that act as core drivers
of IPF progression, including heterogeneous profibrotic myofibroblast subsets and aberrantly reprogrammed alveolar epithelial
cell populations. Meanwhile, we summarize scRNA-seq-derived insights into immune microenvironment dysregulation, as well
as the pathogenic roles of non-classical effector cells including pericytes, endothelial cells and mesothelial cells during
fibrogenesis, with clarification of their lineage origin, functional characteristics and pathological mechanisms. Finally, we
propose that scRNA-seq will continue to transform IPF research by identifying novel cell-type-specific therapeutic targets and
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predictive biomarkers. We further recommend that integrating scRNA-seq with spatial multi-omics and in vitro functional

verification will be indispensable to translate these discoveries into clinical practice, ultimately accelerating the development of

disease-modifying therapies for IPF.

SCRNA-seq Reveals Key Driver Cells & Interactions in Idiopathic Pulmonary Fibrosis (IPF) Pathology.

-
Single-cell RNA Sequencing (scRNA-seq) Analysis
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Figure 1 Timeline of the development of single-cell RNA sequencing technology
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Table 1 Single-cell RNA sequencing studies included in this review
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