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Supplementary Figure 1. Single-cell clustering and intercellular communication networks in LUAD.
(A) A total of 24 cell clusters were identified.  (B) Overview of signaling interactions among the 10 cell types. 
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[bookmark: OLE_LINK3]Supplementary Figure 2. Pseudotime dynamics of CD8⁺ T-cell subsets and exhaustion-related features.
(A) Distribution of cell types across different pseudotime states. (B, D) Dynamic expression patterns of IL7R and LAG3 along pseudotime. (C) GSEA of exhaustion-related gene signatures comparing State 2 versus State 3.
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Supplementary Figure 3A. Bubble plot showing the expression of the HLA-E–NKG2A receptor–ligand pair across cell clusters.
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Supplementary Figure 4A. Top 10 hub genes for each hdWGCNA-derived module.
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[bookmark: OLE_LINK1]Supplementary Figure 5A. Distribution of GSVA scores in bulk RNA-seq.
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Supplementary Figure 6. Analysis of NFKBID and related immunoregulatory genes in immunotherapy response.
(A) NFKBID expression levels in the Responder and Non-responder groups of the GSE126044 dataset. (B) Correlation between NFKBID expression and CTLA4, IL10, and TGFβ1. (C–F) Comparison of TIDE, Dysfunction, and Exclusion scores between high- and low-expression groups of PNRC1, NR4A2, GPR183, and TNFAIP3. (G) LAG3, HAVCR2, PDCD1, and NFKBID correlate with immune infiltration estimated by QuanTIseq.
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