Supplementary Figure1. Identification and Validation of Immune-Related Inflammatory Genes
(A) Venn diagram illustrating the overlap between genes identified through WGCNA and inflammation-related gene sets obtained from multiple databases. A total of 36 key immune-related inflammatory genes were identified. These overlapping genes are not only highly correlated with WGCNA modules but also closely associated with inflammatory responses.
(B) Boxplots comparing the expression levels of the 36 key genes between the AKI group (red) and the control group (blue). Wilcoxon tests revealed that these genes were significantly upregulated in the AKI group, further confirming their potential involvement in the pathogenesis of acute kidney injury.
Supplementary Figure2. GSEA Enrichment Analysis Results
(A) Biological Process (BP) analysis revealed that the differentially expressed genes were significantly enriched in processes such as acute inflammatory response, neutrophil-mediated immune response, and positive regulation of inflammatory response.
(B) Cellular Component (CC) analysis indicated that these genes were associated with immune cell components such as neutrophils and eosinophils, highlighting the involvement of immune cells in AKI.
(C) Molecular Function (MF) analysis showed that the genes were related to immune molecule and cytokine binding, as well as Fc gamma receptor binding.
(D) KEGG pathway analysis demonstrated enrichment in pathways including cytokine–cytokine receptor interaction, glycolysis, and Toll-like receptor signaling pathway.
Note: GSEA, gene set enrichment analysis; BP, biological process; CC, cellular component; MF, molecular function; KEGG, Kyoto Encyclopedia of Genes and Genomes; AKI, acute kidney injury.

Supplementary Figure3. WGCNA Gene Set Enrichment Analysis
(A) BPanalysis revealed that the differentially expressed genes were significantly enriched in acute inflammatory response, immune cell chemotaxis, and cytokine production, indicating their important roles in regulating immune responses.
(B) MF analysis showed that these genes were primarily associated with cytokine activity, chemokine activity, and receptor binding, highlighting their key functions in immune cell activation and signal transduction.
(C) CC analysis indicated significant associations of the genes with immune cell-related components such as lysosomes and extracellular exosomes, underscoring the importance of these cellular structures in immune responses.
(D) KEGG pathway analysis demonstrated enrichment in cytokine–cytokine receptor interaction, Toll-like receptor signaling pathway, and Rap1 signaling pathway, emphasizing the central roles of these pathways in immune regulation.
Supplementary Figure 4. Venn diagram showing the intersection of genes selected by three algorithms: LASSO, SVM-RFE, and Random Forest.
Supplementary Figure 5. Correlation heatmap between the 5 characteristic genes and immune cells.*indicates p < 0.05, ** indicates p < 0.01, *** indicates p < 0.001, and **** indicates p < 0.0001
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