Glutamine-driven upregulation of NPDC1 promotes colorectal cancer progression through PI3K/AKT signaling
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[image: ]sFig 1 KRAS mutant-mediated glutamine metabolism upregulates the expression of NPDC1 in CRC cells
(A) Comparison of somatic mutations between different NPDC1 groups in the TCGA-COAD cohort. Oncoprint visualization of the top 20 most frequently mutated genes in the NPDC1-low group (top). Oncoprint visualization of the top 20 most frequently mutated genes in the NPDC1-high group (bottom)
(B) Relative NPDC1 mRNA levels in MC38 cells under stress conditions for 48 h and 72 h: glutamine (200μM), hypoxia (1% O₂), and lactate (5 mM) were determined via quantitative PCR with reverse transcription (RT–qPCR; n = 4 for each group).
(C) Representative western blots of NPDC1 expression in MC38 cells treated as described in (B).
(D) Real-time PCR quantification of NPDC1 mRNA levels in the MC38 cells treated with V-9302 at gradient concentrations for 48h.
(E) CCK-8 assay of MC38 cells treated with V-9302 at 20μM(n = 5 per group).
(F) Representative western blot showing NPDC1 protein levels in the sh-NPDC1 MC38 cells treated with glutamine at 200μM for 48h.
[bookmark: _Hlk212937975](G) Validation of KRASWT and KRASG12D overexpression in MC38 cells by anti-Flag western blotting.
(H) CCK-8 assay of KRASG12D MC38 cells treated with V-9302 at 20μM. MC38 cells were seeded at 1×10³ cells/well following transfected with KRASG12D plasmids for 20h (n = 5 per group).
(I) Real-time PCR quantification of JUND mRNA levels in the MC38 cells treating with glutamine for the indicated time points.
Data are presented as mean±SD (**p < 0.01, ***p < 0.001, and ns, not significant; SD, standard deviation; Student’s t test).
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sFig 2 NPDC1 drives cell proliferation via the PI3K/AKT pathway
(A) CCK-8 proliferation assay of OE-NPDC1 MC38 cells treated with MYC inhibitor(10058-F4). Vector and OE-NPDC1 MC38 cells were seeded at 1×10³ cells/well and treated with 10058-F4 (10μM) (n = 5 per group).
(B) CCK-8 proliferation assay of OE-NPDC1 MC38 cells treated with RAS inhibitor (RMC-9799). Vector and OE-NPDC1 MC38 cells were seeded at 1×10³ cells/well and treated with RMC-9799 (1μM) (n = 5 per group).
(C) CCK-8 proliferation assay of OE-NPDC1 MC38 cells with NOTCH inhibitor (Limantrafin). Vector and OE-NPDC1 MC38 cells were seeded at 1×10³ cells/well and treated with the Limantrafin (10μM) (n = 5 per group).
(D) EdU incorporation assay of OE-NPDC1 MC38 cells with PI3K inhibitors (Alpelisib) (n = 3 per group).
(E) KEGG pathway analysis of epithelial cells from KRAS mutant samples (n=3,645 cells) versus those from wild-type samples (n= 36,768 cells) via integrated scRNA-seq (Figure 5A). Differentially expressed genes (DEGs) were identified via Seurat v4 (log2FC > 0.25, FDR < 0.05), and KEGG enrichment was performed via the gseKEGG function of the ClusterProfiler package.
(F)Table showing the binding energies between NPDC1 and p110α (catalytic subunit of PI3K) and p85α (regulatory subunit of PI3K), and AKT, calculated via PDBePISA.
Data are presented as mean±SD (**p < 0.01, ***p < 0.001, and ns, not significant; SD, standard deviation; Student’s t test).
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sFig 3 NPDC1 does not alter the CRC immune landscape in the spleen
(A) Strategies for FACS analysis of tumor and splenic T lymphocytes. After the particles, cell debris, and adherent cells were removed, the T lymphocytes were analyzed as CD45+CD3+ cells. CD8+ T cells were identified as CD45+CD3+CD8+CD4−, whereas CD4+ T cells were identified as CD45+CD3+CD8−CD4+. IFNγ+, TNFα+, TIM3+, and GZMB+ T cells were considered CD45+CD3+ IFNγ+, TNFα +, TIM3+, and GZMB+ T cells, respectively.
(B-G) The proportions of T lymphocytes, CD4⁺ T cells, CD8⁺ T cells, IFN-γ⁺ T cells, GZMB⁺ T cells, TIM3⁺ T cells and TNFα⁺ T cells in spleen tissue (n = 4). 6-8-week-old male C57BL/6 mice were subcutaneously injected with MC38 cells (NC or sh-NPDC1), and the percentages of T lymphocytes in tumors were subsequently analyzed via flow cytometry on day 14. Each sample represents an individual mouse (n = 4 per group).
(H) Strategies for FACS analysis of tumor and splenic macrophages and MDSCs. Following the removal of particles, cell debris, and adherent cells, the macrophages were analyzed for CD45⁺F4/80⁺. M1-like macrophages were further identified as CD45⁺F4/80⁺CD11c⁺CD206⁻, whereas M2-like macrophages were identified as CD45⁺F4/80⁺CD11c⁻CD206⁺. MDSCs were gated as CD45⁺CD11b⁺Gr-1⁺, PMN-MDSCs were characterized as CD45⁺CD11b⁺Gr-1⁺Ly6G⁺Ly6C⁻, and M-MDSCs were characterized as CD45⁺CD11b⁺Gr-1⁺Ly6G⁻Ly6C⁺.
(I-M) Proportion of macrophages, M1-like macrophages, M2-like macrophages, MDSCs, PMN-MDSCs, and M-MDSCs in spleen tissues (n = 4), as described above in (B).
Data are presented as mean±SD (*p < 0.05 and ns, not significant; SD, standard deviation; Student’s t test).
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