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Figure S1. Distribution of different cell types in ICC
(A-C) Quality control metrics for scRNA-seq data across different cell types identified in the ICC TME.
(D) t-SNE plot for classifying cell types based on the expression levels of typical marker genes.
(E) Boxplot of ROGUE scores representing the purity of different endothelial cell subpopulations. 
(F) Dot plot showing the expression of three key genes (CLCA1, TCF7L2, SYNPO) across different cell types.
(G) The violin plot illustrates a comparison of the combined expression levels of CXCL12, TCF7L2, and SYNPO across different cell types.
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Figure S2. Relationship between the TEC score, survival time, and clinical characteristics
(A) Diagram depicting the relationships between risk factors in the training set, including ranked plot showing the high and low distribution of TEC scores, scatter plots of the distribution of patient survival, and heatmaps showing changes in gene expression levels with TEC scores.
(B) Time-dependent ROC curve of TEC scores, with an AUC value of 0.75 (1 year) and 0.79 (3 years).
(C) A comparison of survival curves between high and low TEC score groups in the GSE89749 dataset, demonstrated using Kaplan-Meier curves showing a poorer prognosis for the high TEC score group.
(D) Time-dependent ROC curve of TEC scores in the GSE89749 dataset, with an AUC value of 0.57 (1 year) and 0.65 (3 years).
(E) Correlation between TEC scores and CEA levels, demonstrated using a scatter plot showing the positive correlation between the two (R=0.2135, P=0.0008).
(F) Correlation between TEC scores and CA19-9 levels, demonstrated using a scatter plot showing the positive correlation between the two (R=0.3295, P<0.0001).
(G) Forest plot of the HR and p-value between different clinical characteristic groups, with Cox univariate regression analysis demonstrating how significant clinical factors affect ICC patient prognosis.
(H) Cox multivariate regression analysis further confirmed the independent risk factors affecting ICC patient prognosis.
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Figure S3. GSEA of the high TEC score group
(A) Enrichment plot demonstrating significant enrichment of the high TEC score group in the inflammatory response pathway.
(B) Enrichment plot highlighting significant enrichment of the high TEC score group in the IL6/JAK/STAT3 signaling pathway.
(C) Enrichment plot demonstrating significant enrichment of the high TEC score group in the TGF-β signaling pathway.
(D) Enrichment plot revealing significant enrichment of the high TEC score group in the TNFα/NF-κB signaling pathway.
(E-F) It illustrates the relationship between neutrophil infiltration and iDC infiltration with the expression levels of immunosuppressive genes in the TME of ICC.
(G) Correlation heatmap showing the relationships between CXCL12 expression, TEC score, and the expression of the three genes constituting TEC.Sig (CXCL12, TCF7L2, SYNPO).
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Figure S4. Impact of different gene mutation statuses on the TEC score and patient prognosis
(A) Impact of BAP1 mutations on the survival time, demonstrated using Kaplan-Meier curves showing the differences in survival between patients with BAP1 mutations and wild-type genes.
(B) Comparison of TEC scores between patients with BAP1 and KRAS mutations, presented as a bar graph showing significantly higher TEC scores in patients with KRAS mutations, compared to those with BAP1 mutations.
(C) GSEA enrichment analysis demonstrating differential pathway enrichment in patients with KRAS and BAP1 mutations.
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Figure S5. CXCL12 expression and spatial distribution in TECs
(A) Violin plot demonstrating high CXCL12 expression in endothelial cells compared to other cell types.
(B) Correlation heatmap illustrating the associations between TEC abundance and other cell types in the TME
(C) Spatial transcriptomics map revealing the distribution of different cell types in tissue sections, with all cells segregating into five clusters.
(D) Spatial expression map of CXCL12 within the TME.
(E) In the multiplex immunofluorescence staining experiment, the analysis showed a positive correlation trend between CXCL12 and CD8 expression (R = 0.6666, P = 0.1482).
(F) In the multiplex immunofluorescence staining experiment, a significant positive correlation was observed between CXCL12 and CD79 expression (R = 0.8212, P = 0.0451).
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Figure S6. ROC curves of TEC.Sig for predicting immunotherapy responses in different datasets
(A) ROC curve of TEC.Sig in the GSE202069 dataset, with an AUC value of 0.96.
(B) ROC curve of TEC.Sig in the MGSP dataset, with an AUC value of 0.78.
(C) ROC curve of TEC.Sig in the IMvigor210 dataset, with an AUC value of 0.73.
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