Supplement materials: Fig S1. (A) The nFeature_RNA, nCount_RNA, and percent_MT before quality control. (B) Elbow plot for determining the optimal number of principal components (PCs=30) for clustering. (C) Cluster dendrogram displaying the 13 identified cell clusters. (D) UMAP plot showing the expression of the marker gene in 13 cell clusters. Fig S2. (A) UMAP visualization of key technical metrics (nCount_RNA and nFeature_RNA) across cell subpopulations. (B) Volcano plot identifying differential genes in the MEC0, MEC1, MEC2, and MEC4 subpopulations. (C) Word cloud showing the specific biological processes corresponding to the highly enriched genes in the MEC0, MEC1, MEC2, and MEC4 subpopulations. Larger font sizes indicate a greater number of enriched genes in that biological process, while darker colors indicate a higher enrichment score for the genes. (D) GSEA plots displaying the most significantly enriched pathways in the MEC0, MEC1, MEC2, and MEC4 subpopulations. (E) Heatmap integrating gene expression patterns of each MEC subpopulation with their top five associated GO BP. Fig S3. (A) KM survival curves showing the survival differences between different risk groups in the validation set samples. (B) Heatmaps depicting prognostic gene expression profiles across risk groups within the validation cohort. (C) Comparison of model-derived risk scores between high- and low-risk patients in the validation set. (D) Comparison of survival status among patients with different risk levels in the validation set. Table S1. The list of ac4C modification -related genes (acRGs). Table S2. The list of genes obtained from LASSO regression, SVM, XGBoost, and RF.

