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Supplementary Figure 1. Identification of differentially expressed NK cell-related genes. (A, B) Boxplots of the merged datasets (GSE137268 and GSE76262) before (A) and after (B) batch correction. After correction, sample distributions became highly consistent, indicating effective integration of the two datasets. (C) Heatmap of differentially expressed genes between severe asthma and healthy control. Rows represent genes, columns represent samples, and color intensity indicates expression level (scaled by row). (D) Pathway activation map of natural killer cell mediated cytotoxicity in the merged cohort, generated using KEGG pathway analysis. Red indicates upregulation in severe asthma, while green means downregulation. 
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Supplementary Figure 2. Weighted gene co-expression network analysis of the training set. (A) Sample clustering tree based on gene expression, with a height threshold of 75 to detect outliers. (B) Sample dendrogram with a trait heatmap (healthy control vs. severe asthma). (C) Histogram of connectivity distribution (left) and scale-free topology fit (right). (D) Gene dendrogram with module colors before merging. (E) Module eigengene adjacency heatmap showing correlations between module eigengenes. (F) Topological overlap matrix (TOM) heatmap of 400 randomly selected genes.

[image: ]
Supplementary Figure 3. Identification and validation of significant genes. (A) Protein‑protein interaction network of the 12 overlapping genes constructed using the STRING database. (B-E) Boxplots and PCA plots of the validation datasets (GSE43696 and GSE67940) before (B, C) and (D, E) after batch correction. No apparent batch effects were observed.
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Supplementary Figure 4. Quality control, dimensional reduction, and cell type annotation of scRNA‑seq data from PBMCs. (A) Violin plots showing the distribution of nCount_RNA, nFeature_RNA, and mt_percent. Cells with 500 ≤ nCount_RNA ≤ 4000 and mt_percent ≤ 5% were retained for downstream analysis. (B) PCA plots of cells colored by cell cycle phases (G1, G2M, S), indicating no significant cell cycle bias in the dataset. (C) Elbow plot. The first 20 principal components were selected for subsequent analysis. (D) Heatmap of cell scores based on automatic annotation by SingleR. Each column represents an individual cell, and each row represents a reference cell type. The color gradient from yellow to blue indicates decreasing scores. The higher score indicates a higher probability of the corresponding cell type. (E, F) UMAP (E) and t‑SNE (F) plots of cells colored by the automatic annotation results of SingleR. (G) The heatmap shows the expression of known markers in identified cell types, verifying the accuracy of cell type annotation. Five major immune cell populations were identified: CD4⁺ T cells, CD8⁺ T cells, B cells, NK cells, and monocytes.
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Supplementary Figure 5. Immune infiltration analysis of induced sputum samples in training set. (A) Boxplots showing ssGSEA scores of 28 immune cell‑related gene sets. No significant difference was observed in the enrichment scores of NK cells between severe asthma and healthy control. (B) Violin plots displaying the proportions of 22 immune cell types estimated by CIBERSORT. The proportion of activated NK cells was significantly decreased in severe asthma, whereas resting NK cells showed no significant difference. (C) Correlation heatmap of the 22 immune cell types based on CIBERSORT results. Color intensity and values indicate Spearman correlation coefficients.
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