Supplementary Figures
Figure S1
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Figure S1: Characterization of CTHRC+ fibroblasts. (A) Violin plot indicating that CTHRC1 is a stromal-specific marker in CRC. (B) Feature plot showing that CTHRC1 is primarily expressed in CTHRC+ fibroblasts. (C) GSEA of angiogenesis pathway between CTHRC+ fibroblasts and other fibroblasts. (D) Violin plots showing the differentiation scores of various fibroblast subtypes predicted by CytoTRACE. (E) t-SNE plot illustrating the predicted differentiation potential and distribution of fibroblasts using CytoTRACE.
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Figure S2
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Figure S2: Characterization of malignant EPC_1. (A) Bar charts highlighting the clinical characteristics of each malignant cell subtype. (B) Dot plot illustrating the specific expression of KLK10 and CDA in malignant EPC_1. (C) Kaplan–Meier curves showing overall survival analysis of CRC patients with low and high CDA expression. (D) Kaplan–Meier curves showing the favorable survival impact of malignant EPC_6 in CRC patients. (E) Heatmap showing the mean activity of the top differentially activated regulons in each fibroblast subtype inferred by pySCENIC.
Figure S3
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Figure S3: Close localization of CTHRC1+ fibroblasts and malignant EPC_1. (A) The unsupervised clustering analysis of ST in colorectal cancer. (B) Mapping of spatial niches in CRC samples. (C) Deconvoluted abundance of malignant EPC_1 and CTHRC+ fibroblasts in a CRC sample. (D) Heatmap illustrating the median standardized importance scores of malignant epithelial cell subtype abundances in predicting fibroblast subtypes within both the immediate (upper part) and extended (lower part) neighborhoods. (E) Representative IF staining of human CRC tissues. DAPI (blue), CTHRC1 (red), KLK10 (green) and EPCAM (yellow) are shown in individual and merged channels. Bar, 100 μm. The experiment was conducted on samples from three independent patients. (F) The correlation between the ssGSEA score of CTHRC1+ fibroblasts and T-cell exclusion and dysfunction scores in the TCGA-CRC and GSE39582 cohorts.   
Figure S4
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Figure S4: Communication network analysis in spatial niche_4. (A) Heatmap showing the outgoing communication patterns of cell subtypes in spatial niche_4. (B) Dotplots showing the expression distribution of WNT5A in the CRC TME. (C) Heatmap displaying the primary senders, receivers, mediators, and influencers involved in WNT and non-canonical WNT signaling pathways in CRC. (D) Circle plots visualizing the network of WNT and non-canonical WNT signaling pathways. 
Figure S5
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Figure S5: WNT5A derived from CTHRC1+CAF can upregulate MSLN expression in CRC cells. (A) Immunofluorescence staining of α-SMA in CAFs. Scale bar = 100 μm. (B) The correlation between CTHRC1 and WNT5A expression levels in CRC patients from the TCGA database. (C) Detection of CTHRC1 transfection efficiency in primary CAFs using qRT-PCR and western blot. (D) Effect of CTHRC1 knockdown and overexpression in primary CAFs on WNT5A protein expression and secretion levels. (E) During co-culture of CRC cells with CAFs, the WNT5A inhibitor Box5 reversed the effect of CAFs-CTHRC1 on MSLN expression in HCT116 cells, while the addition of rhWNT5A reversed the effect of CAFs-shCTHRC1 on MSLN expression in DLD-1 cells. (F) Schematic representation showing the establishment of the transwell coculture system. (G) Schematic representation showing that fibroblastic conditioned medium was added to CRC cells in wound healing assays. All data are presented as the means ± SDs of at least three independent experiments. **p < 0.01, and ***p < 0.001.


Figure S6
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Figure S6: MSLN is correlated with the clinical stage of CRC patients and contributes to the proliferation of CRC cells. (A) Violin plot showing the H-score of MSLN in CRC samples across different stages. (B) Relative expression of MSLN in CRC cell lines and the normal epithelial colon cell line NCM460, detected by qRT-PCR and western blotting. (C) Detection of MSLN transfection efficiency in DLD-1 and HCT-116 cells using qRT-PCR and western blot. (D) GSEA enrichment analysis of Hallmark pathways between patients with high and low MSLN expression. (E) CCK-8 assays were used to determine the growth curves of MSLN knockdown or overexpression cells. (F, G) Colony formation assays were conducted to assess the proliferation of CRC cells. (H) Representative images of subcutaneous xenograft tumors (n=5 for each group). Tumor size and average weight were observed. All data are presented as the means ± SDs of at least three independent experiments. **p < 0.01, and ***p < 0.001. 
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