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Fig S1. Quality control and validation of single-cell transcriptome analysis in neuroblastoma. (A) Overview of the 60,969 high-quality cells selected after rigorous quality control, displayed by sample origin. (B) Principal component analysis (PCA) plot showing no discernible cell cycle differences among analyzed cells. (C) t-SNE plot displaying distribution of cells from different samples across clusters consistently, indicating minimal batch effects. (D) Expression of canonical neuroblastoma marker genes (MYCN, CHGB, PHOX2B, and TH), validating the identity of tumor cells in seurat clusters 4 and 5. (E) High expression of key lactate metabolism genes (PKM, LDHA, and HDAC2) in high-lactylation-AUC cells, confirming the reliability of AUCell scoring for lactylation activity.

Figure S2
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Fig. S2. Validation of the Lactylation-Related Gene (LRG) Signature Across Multiple Datasets. (A) Survival analysis in the SEQC cohort showing that all seven genes in the LRGs model (UBC, KLHL32, CNR1, KCNK2, MT1B, BDNF and EEF1A2) are significantly associated with prognosis. (B) Kaplan–Meier survival curve demonstrating that high-risk patients have significantly worse OS than low-risk patients based on median risk scores in the SEQC cohort. (C, D) Validation of the LRGs risk model in the GSE120572 and GSE45547, showing that higher risk scores are consistently associated with disease progression(p = 8.7 × 10-4) and mortality(p = 1.1 × 10-6). Statistical significance: *p < 0.05, **p < 0.01, ***p < 0.001.

Figure S3
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Fig. S3. Validation of LRGs Expression and Pathway Enrichment Analysis.
(A) The single-cell expression patterns of LRGs across different cell types within the neuroblastoma tumor microenvironment. (B) KEGG pathway enrichment analysis of DEGs in the high-risk group, highlighting pathways such as "cAMP signaling pathway" and "carbohydrate digestion and absorption." (C) Gene Set Enrichment Analysis (GSEA) plot indicating significant enrichment of "glycolysis" in the high-risk group. (D) GSEA plot showing the enrichment of "fatty acid metabolism" in the high-risk group. (E) Oncoplot illustrating the mutation frequency of key neuroblastoma driver genes, including ALK, in the high- and low-risk groups, revealing a higher prevalence of ALK mutations in the high-risk group. 

Figure S4
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Fig. S4. Correlation of LRGs expression with Immune Microenvironment Scores.
The correlation of LRGs expression levels with TIDE (Tumor Immune Dysfunction and Exclusion) score, exclusion score, and cancer-associated fibroblast (CAF) score, as calculated by the TIDE algorithm. 

Figure S5
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Fig. S5. Heatmap of hazard ratios of 7 genes in LRGs model in pan-cancer analysis..
Heatmap of hazard ratios of the 7 genes. Blue indicates a hazard ratio less than 1, and red color indicates a hazard ratio more than 1. The bold square frame indicates statistical significance (p < 0.05).

Figure S6
[image: ]
Fig. S6. T cell chemotaxis and M1 polarization of Macrophages are modulated by KLHL32.
(A) T-cell chemotaxis toward conditioned media (CM) from KLHL32-overexpressing versus control neuroblastoma cells, showing a modest increase with KLHL32-CM (p = 0.025); CXCL9 (p = 0.021) and CXCL10 (p = 0.012) levels are shown alongside. (B) qPCR readouts in PMA-primed THP-1–derived macrophages exposed to KLHL32-CM versus control CM, showing directionally consistent shifts in M1/M2 markers without statistical significance.
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