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Introduction. Asthma, a heterogeneous chronic airway disease, lacks molecular-specific biomarkers for precision management despite advances in therapeutic strategies. 
Aims. This study aims to identify novel biomarkers and validate their causal relationships with asthma pathogenesis.

Methods. We integrated transcriptomic (bulk and single-cell), GWAS summary statistics, and plasma proteomics pQTL data. Machine learning was employed for biomarker selection. Mendelian randomization (MR) analysis validated causal associations, while molecular docking predicted therapeutic compounds. To investigate drug effects on asthma-related inflammation, we established a cellular injury model by treating human bronchial epithelial cells with lipopolysaccharide (LPS).
Results. Eight asthma-related biomarkers (VNN3, TNFAIP2, CRABP2, MPDU1, DQX1, DNAJC1, KIT, PER2) were identified. SHAP analysis revealed KIT as a risk factor and CRABP2/PER2 as protective factors. Single-cell analysis revealed CRABP2 enrichment in bronchial epithelial cells. Molecular docking predicted therapeutic compounds, including FDA-approved imatinib for KIT, two potential agonists-Ellipticine and Tretinoin for CRABP2. And tretinoin significantly upregulated CRABP2 expression and attenuated LPS-induced release of pro-inflammatory cytokines .
Discussion. This study establishes CRABP2 as a causally validated protective biomarker for asthma, with KIT showing therapeutic promise. The multi-omics framework and machine learning model provide a foundation for precision asthma diagnostics and drug development for clinical translation of these biomarkers.
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