Supplementary Information figure legends:
Figure S1: PFKFB4 gene mutation landscape in LIHC. A. Overview of PFKFB4 genetic alterations in liver hepatocellular carcinoma. Different alteration types, including missense mutation, amplification, deep deletion, and no alteration, are indicated. B. Distribution of mutation sites of the PFKFB4 protein. C. Frequency and types of PFKFB4 genetic alterations across multiple cancer types in TCGA. Bar plots display the proportion of mutation, amplification, and deep deletion in each tumor type. D. Waterfall plots showing the top 20 frequently mutated genes in PFKFB4 high-expression and low-expression groups in LIHC. Patients were stratified into high and low expression groups according to the median expression level of PFKFB4. Different colors represent distinct mutation types, including missense mutation, nonsense mutation, splice site, and frameshift mutations.

Figure S2: Analysis of PFKFB4-associated DNA methylation sites in LIHC. A. Distribution and correlation analysis of DNA methylation sites in the PFKFB4 gene in liver hepatocellular carcinoma.   The genomic locations of CpG sites within the PFKFB4 region are shown, including CpG dinucleotides, CpG islands, gene regions, and transcripts. The association between PFKFB4 expression levels and methylation levels at individual CpG sites was evaluated using correlation analysis, and the corresponding correlation coefficients (r) and p values are indicated. B. Radar plots showing the correlation between methylation levels at specific CpG sites and PFKFB4 expression in LIHC. Each axis represents an individual CpG site, and the plots display the correlation coefficients and corresponding p values for each site.

Figure S3: Analysis of the correlation between PFKFB4 and macrophages. A. Analysis of PFKFB4 expression and immune cell distribution in liver hepatocellular carcinoma based on GEO single-cell RNA sequencing datasets. The heatmap shows the relative expression levels of PFKFB4 across different immune cell types. t-SNE plots illustrate the distribution of cell populations, with highlighted regions indicating monocytes/macrophages with enriched PFKFB4 expression. B. Correlation analysis between PFKFB4 expression and M2 macrophage markers (CD163, IL10, MS4A4A, VEGFA, and VSIG4) across multiple cancer types and specifically in LIHC. The heatmap shows Spearman correlation coefficients, with crossed squares indicating p > 0.05 and filled squares indicating p≤0.05. Scatter plots depict the correlation between PFKFB4 expression and individual M2 macrophage markers in LIHC, with each dot representing an individual sample. Correlation coefficients (rho) and corresponding p values are shown in each panel.

Figure S4: Correlation analysis between PFKFB4 expression and immune checkpoint-related genes across multiple cancer types. The heatmap displays the Spearman correlation coefficients between PFKFB4 and immune checkpoint genes.

Figure S5: Analysis of PFKFB4 expression and clinical relevance. A. Receiver operating characteristic (ROC) curve analysis of PFKFB4 expression. The area under the curve (AUC) are shown. Time-dependent ROC curves were used to evaluate the predictive accuracy of PFKFB4 for 1-, 3-, and 5-year overall survival in LIHC patients. B. Nomogram for predicting overall survival probability of LIHC patients based on PFKFB4 expression and clinicopathological parameters, including pathologic T stage, N stage, M stage, and tumor status. The total points correspond to predicted probabilities of 1-, 3-, and 5-year survival.

Figure S6: Knockdown efficiency of PFKFB4 and GFP expression in Hepa1-6 cells. Data are presented as mean ± SD from three independent experiments. Statistical significance was determined using Student’s t test. *P < 0.05, **P < 0.01, ***P < 0.001. A. Quantitative real-time PCR (qRT-PCR) analysis of PFKFB4 knockdown efficiency in Hepa1-6 cells transfected with si-PFKFB4 or negative control siRNA (si-NC). Relative PFKFB4 mRNA expression levels were normalized to GAPDH and calculated using the 2⁻ΔΔCt method. B. Representative images of GFP expression in Hepa1-6 cells following transfection with si-NC or si-PFKFB4.  

Figure S7: Effects of PFKFB4 knockdown on transfection efficiency and M2 macrophage marker expression in BMDMs. Data are presented as mean ± SD from three independent experiments.   Statistical significance was determined using Student’s t test. *P < 0.05, **P < 0.01; ns, not significant. A. Quantitative real-time PCR (qRT-PCR) analysis of PFKFB4 knockdown efficiency in bone marrow–derived macrophages (BMDMs) transfected with si-PFKFB4 or negative control siRNA (si-NC). Relative PFKFB4 mRNA expression levels were normalized to GAPDH and calculated using the 2⁻ΔΔCt method. B. Representative images of GFP fluorescence in BMDMs following transfection with si-NC or si-PFKFB4. C. Flow cytometry analysis of CD206 expression in BMDMs after PFKFB4 knockdown. Representative histograms (left) and quantitative analysis of mean fluorescence intensity (MFI) (right) are shown.

Supplementary Table: Table S1: Association between PFKFB4 expression and clinicopathological characteristics in LIHC patients. Clinicopathological data of liver hepatocellular carcinoma (LIHC) patients were obtained from TCGA datasets. Patients were divided into high- and low-expression groups based on the median expression level of PFKFB4. The distribution of clinical characteristics, including pathologic T stage, overall stage, histological grade, body weight, and tumor status, was compared between the two groups. Data are presented as number of cases (n). Statistical significance was determined using the chi-square test or Fisher’s exact test, as appropriate. *P < 0.05 was considered statistically significant. Table S2: The sequence of the primers.

