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Fig.S1 Analysis of tumor purity in RNA-seq sequencing samples.
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Fig.S2 Identification of hub genes using weighted gene co-expression network analysis (WGCNA) and validation through public databases. (A) Co-expression module analysis of proteins via WGCNA. (B-C) Heatmap showing phenotypic module associations for mRNA (B) and protein (C). (D–E) Core gene network diagrams for mRNA (D) and protein (E) module. (F) Venn diagram illustrating the overlap of mRNA and protein expression identified in this study, along with data from the CPTAC2 and GEPIA2 databases.
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Fig.S3 Integrated multi-omics analysis reveals distinct expression patterns and functional interactions among lncRNAs, metabolites, mRNAs, and proteins in CRC. (A) Volcano plot illustrating the differential expression profile of lncRNAs. (B-C) Heatmap-based correlation analyses that delineate the relationships between the differentially expressed lncRNAs and corresponding mRNA/protein profiles. (D) Volcano plot showcasing the differential expression of metabolites identified through metabolomic profiling. (E) KEGG pathway enrichment analysis highlighting the biological pathways associated with the identified metabolites. (F) Application of the STAMP method to pinpoint the top 30 candidate differential metabolites. (G-H) Heatmap correlation analyses demonstrating the associations between differential metabolites and mRNA/protein expression levels. 
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Fig.S4 Experimental validation of CAP2 and GNAO1 mRNA expression levels. (A-B) qRT-PCR analysis was performed to quantify CAP2 and GNAO1 mRNA expression in CRC cell lines (DLD1, HCT8, and SW480) compared with the normal colon cell line NCM460. (C) qRT-PCR validation of CAP2 expression in 12 paired colorectal cancer tumor samples and their corresponding normal tissues. (D) qRT-PCR validation of GNAO1 expression in the same tissue pairs. NS indicates not significant (t test); **P < 0.05 and ***P < 0.01 (t test).
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Fig.S5  Impact of calcium signaling pathways and protein kinase C in CRC progression. Impact of calcium signaling pathways and protein kinase C on CRC progression. (A) KEGG pathway analysis of PLCD4 illustrating its involvement in calcium-mediated signaling and its potential association with protein kinase C activation. (B) Immunohistochemical analysis of PIP2, IP3, and PKC protein levels in CRC cell lines (DLD1, HCT8, SW480) compared to the normal human colon epithelial cell line NCM460.
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Fig.S6 Molecular and functional effects of lncRNA 60967.1 on CRC cell apoptosis, cell proliferation, IFNGR1/IFNGR2 expression. (A) DLD1 cells transfected with lncRNA: panel A1 shows baseline apoptosis in DLD1-Lnc cells, and panel A2 shows apoptosis after IFN-γ stimulation. (B) DLD1 cells expressing GFP: panel B1 displays baseline apoptosis, and panel B2 shows apoptosis in DLD1 cells expressing GEP following IFN-γ stimulation. (C) HCT8 cells transfected with lncRNA: panel C1 shows baseline apoptosis, and panel C2 shows apoptosis after IFN-γ stimulation. (D) HCT8 cells expressing GFP: panel D1 displays apoptosis in HCT8-GFP cells, and panel D2 shows apoptosis in HCT8 cells expressing GEP following IFN-γ stimulation. (E) SW480 cells transfected with lncRNA: panel E1 shows baseline apoptosis, and panel E2 shows apoptosis after IFN-γ stimulation. (F) SW480 cells expressing GFP: panel F1 displays apoptosis in SW480-GFP cells, and panel F2 shows apoptosis in SW480 cells expressing GEP following IFN-γ stimulation. (G) CCK-8 assay for CRC cell proliferation (DLD1, HCT8, SW480) transfected with GFP vector, followed by IFN-γ stimulation. (H) qRT-PCR analysis of IFNGR1/IFNGR2 mRNA in CRC cells (DLD1, HCT8, and SW480) and normal colon cell line (NCM460). (I) Western blot analysis of IFN-γRa protein in CRC cells and normal colon cell line (NCM460).
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Fig.S7 PLCD4 plays a crucial role in remodeling the CRC TME. (A) Principal component analysis (PCA) of the mRNA expression matrices from TCGA-COAD and TCGA-READ was performed using the "draw_pca" function from the "tinyarray" R package. (B) The correlation between PLCD4 mRNA expression and ImmuneScore, StromalScore, and Tumor Purity was calculated using the ESTIMATE algorithm. (C) The correlation between PLCD4 mRNA expression and ImmuneScore, StromalScore, and Tumor Purity was also assessed using the xCell algorithm.
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