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Supplementary Figure 1. Composite contribution scores identifying fibroblasts as the 
primary cellular substrate of neurogenesis mimicry.
(A) Stacked bar plot of composite contribution scores from three independent methods.









Supplementary Figure 2
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Supplementary Figure2. Stemness, Hallmark pathway and metabolic reprogramming 
associated with neurogenesis status.
(A) UMAP visualization of CytoTRACE stemness scores.
(B) Violin plots of CytoTRACE scores by cell type. 
(C) Heatmap of KEGG and Reactome metabolic pathway activities across cell types.











Supplementary Figure 3
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Supplementary Figure3. Clinical, functional and immune characterization of the three 
consensus molecular subtypes defined by the fibroblast‑derived neurogenesis 
signature.
(A) Heatmap of top 25 signature genes with clinical annotation bars. 
(B) Box plots of CancerSEA functional state scores across subtypes. 
(C) Box plots of stemness scores across subtypes.
(D) Comprehensive heatmap of immune cell estimates from seven algorithms across subtypes. *p < 0.05, **p < 0.01, ***p < 0.001.
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Supplementary Figure4. Multi‑cohort univariate Cox regression forest plots of the top 
prognostic risk genes.
(A- D) Forest plots of the top univariate Cox regression risk genes in the TCGA, GSE26901, 
GSE62254, and merged cohorts. HR, hazard ratio; CI, confidence interval.
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Supplementary Figure5. Multivariate Cox regression analysis identifies the risk score as 
an independent prognostic factor.
(A) Forest plot of multivariate Cox regression analysis incorporating the risk score, age, gender and stage variables. Related genomic and functional analyses are presented in Supplementary Figure 7. HR, hazard ratio; CI, confidence interval. *p < 0.05, **p < 0.01, ***p < 0.001.











Supplementary Figure 6
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Supplementary Figure6. Virtual knockout of key genes in fibroblasts reveals global 
transcriptomic perturbation and convergent pathway effects.
(A–J) Volcano plots of differentially regulated genes following scTenifoldKnk virtual knockout of each of the ten key genes. The knocked-out gene is excluded. 
(K–T) KEGG pathway enrichment bubble plots for differentially regulated genes following each virtual knockout.
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Supplementary Figure 7. Genomic, mutational and functional state differences between high‑ and low‑risk gastric cancer groups.
(A)Mutation waterfall plot of the high‑risk group (n = 95, 71.50% altered) from TCGA‑STAD, showing the most frequently mutated genes (TTN, TP53, MUC16, LRP1B, SYNE1, CSMD3, etc.).
(B)Mutation waterfall plot of the low‑risk group (n = 246, 82.93% altered), indicating an overall higher mutation frequency. 
(C)Forest plot of differentially mutated genes between high‑ and low‑risk groups (Fisher’s exact test). Genes such as ANK1, CACNA1H, ZNF462, EP400 and KMT2D are significantly more mutated in the low‑risk group. 
(D) Scatter plot showing a significant negative correlation between TMB (tumour mutational burden) and risk score (Pearson r = –0.15, p = 0.0042). 
(E) Waterfall plot of overall survival according to TMB and risk group. 
(F) Box plot comparing TMB between high‑ and low‑risk groups; low‑risk tumours have significantly higher TMB (p). 
(G) Scatter plot showing a significant negative correlation between MSI (microsatellite instability) score and risk score (Pearson r = –0.15, p = 0.0061). 
(H) Waterfall plot of overall survival according to MSI and risk group. 
(I) Box plot comparing MSI scores; low‑risk tumours have significantly higher MSI (p). 
(J) Box plots of stemness scores derived from 26 independent stem cell gene sets (StemChecker). Most stemness signatures are significantly lower in the high‑risk group. 
(K) Box plots of CancerSEA functional state scores. High‑risk tumours show significantly elevated EMT, invasion, angiogenesis and metastasis scores, while DNA damage, DNA repair and differentiation scores are higher in the low‑risk group.
Abbreviations: TMB, tumour mutational burden; MSI, microsatellite instability; EMT, epithelial‑mesenchymal transition. Statistical tests: Wilcoxon rank‑sum test for box plots; Fisher’s exact test for mutation frequencies. *p < 0.05, **p < 0.01, ***p < 0.001. 
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Supplementary Figure 8. Pharmacogenomic profiling and drug sensitivity predictions between high‑ and low‑risk groups.
(A) Waterfall plot of mean IC50 differences (high‑risk minus low‑risk) for drugs with significant differential sensitivity (FDR < 0.05). Positive values (red) indicate higher IC50 (lower sensitivity) in high‑risk tumours; negative values (blue) indicate lower IC50 (higher sensitivity) in high‑risk tumours.
(B) Forest plot of the top 20 drugs with the most significant IC50 differences. Dasatinib, BMS‑754807 and dihydrorotenone show lower IC50 (favourable) in the high‑risk group. 
(C‑G) Scatter plots of IC50 values for representative drugs (lapatinib, acetalax, afatinib, dasatinib, gefitinib) versus risk score, coloured by risk group. Lapatinib, acetalax, afatinib and gefitinib show significant positive Spearman correlations with risk score, whereas dasatinib shows a significant negative correlation. 
(H) Scatter plot of BMS‑754807 IC50 versus risk score, demonstrating a significant negative correlation (Spearman r = –0.43), indicating that high‑risk tumours may be more sensitive to this agent.
Abbreviations: IC50, half‑maximal inhibitory concentration; FDR, false discovery rate; MCE, MedChemExpress; TCM, traditional Chinese medicine. Statistical significance: FDR < 0.05 for drug selection; Spearman correlation p‑values are indicated in each panel.
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Supplementary Figure 9. Pharmacological and upstream regulatory landscape of the key prognostic genes.
 (A–E) Top upregulating and downregulating compounds (MCE and TCM) for individual key genes from the CIGS database. (F) Circular layout of the upstream regulatory network; red edges denote activation, blue edges denote inhibition. (G) Ranked list of top upstream regulators for each key gene. (H) Gradient-edge layout of the downstream target gene network. (I) Top downstream target genes for key genes with available GPSA data.
Supplementary Figure 10
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Supplementary Figure 10. Identification of predominant VCAN isoforms in primary CAFs and functional validation of endogenous VCAN knockout and rescue in driving gastric cancer cell proliferation and invasion.
(A) RT-qPCR quantification of the relative mRNA abundance of VCAN splice isoforms (V0, V1, V2, V3) in primary High-NM CAFs, identifying V1 as the predominant transcript.
(B) Western blot confirmation of CRISPR-Cas9-mediated double-guide RNA knockout (sgVCAN-1, sgVCAN-2) and guide-resistant V1 rescue (sgRes-VCAN1) in three independent patient-derived primary High-NM CAF isolates (CAF1, CAF2, CAF3). 
(C, D) Functional validation of VCAN depletion and rescue in CAFs by RT-qPCR (C) and ELISA quantification of secreted VCAN in conditioned media (D).  
(E–G) Western blot analysis of total AKT, p-AKT, proNGF, proBDNF, total ERK, and p-ERK in AGS (E), MKN-45 (F), and HGC-27 (G) cells treated with CM from Low-NM CAFs, High-NM CAFs, VCAN-KO CAFs, or VCAN-Rescue CAFs. 
(H) CCK-8 cell proliferation growth curves of gastric cancer cells treated with CM from Low-NM, High-NM, VCAN-KO, and VCAN-Rescue CAFs at 24, 48, and 72 h. 
(I, J) Transwell Matrigel invasion assays of gastric cancer cells exposed to the indicated CAF CM. (I) Representative micrographs of invaded cells (scale bar: 100μm). (J) Quantification of invading cell counts per microscopic field (200×).  
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Supplementary Figure 11. Evaluation of predictive calibration, clinical net benefit, and feature stability for the Random Survival Forest (RSF) model.
（A） One-year survival calibration profile in the combined gastric cancer validation cohort.
（B） One-year decision curve analysis (DCA) benchmarking net clinical benefit.
（C） Three-year survival calibration profile evaluating predicted versus observed outcomes.
（D） Three-year decision curve analysis (DCA) across clinical risk thresholds.
（E） Five-year survival calibration profile validating long-term prognostic accuracy.
（F） Five-year decision curve analysis (DCA) establishing clinical utility utility spectrums.
（G） Multivariable Cox proportional hazards analysis adjusting for core clinical covariates.
（H） Bootstrap LASSO-Cox resampling frequencies for the 21-gene prognostic signature.









Supplementary Figure 12
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Supplementary Figure 12. Short-term kinetic cascade activation of the Integrin β1–FAK/SRC–MEK/ERK and AKT signaling axes in multiple molecularly distinct gastric cancer cell lines.
(A–C) Time-course Western blot profiling of phosphorylation kinetics for key signaling nodes in AGS (A), MKN-45 (B), and HGC-27 (C) cells. Serum-starved wild-type cells were stimulated with High-NM CAF CM for 0, 5, 15, 30, 60, and 120 min, in parallel with ITGB1-knockout cells stimulated for 15 min (ITGB1-KO 15 min). Blots were probed for p-AKT, p-FAK, p-SRC, p-MEK, p-ERK, total ERK, and GAPDH.









Supplementary Figure 13
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Supplementary Figure 13. High-NM CAFs induce a coordinated neuronal-like transcriptomic and functional program dependent on endogenous stromal VCAN.
(A-C) Western blot verification of neuronal markers (MAP2, NeuN, NSE) across three independent patient-derived primary CAF cultures (CAF1 (A), CAF2 (B), CAF3 (C)) under Control, Low-NM, High-NM, sg-VCAN1, sg-VCAN2, and sg-VCAN + VCAN-Res conditions. 
(D) Principal component analysis (PCA) of RNA-seq profiles demonstrating transcriptional segregation among Control, High-NM, VCAN-KO, and VCAN-Rescue CAF CM-treated gastric cancer cells. 
(E) Heatmap of row Z-score normalized expression across key modules: Axon Guidance, Synapse/Neurotransmitter machinery, EMT, Stemness, and Hypoxia/Stress response. 
(F-J) GSEA enrichment plots for Axon Guidance (F), Synapse/Neurotransmitter Signaling (G), Hypoxia/Stress (H), EMT (I), and Stemness (J) gene signatures in High-NM vs Control cells. 
(K-M) Quantitative module program scores for Neuronal-like Program (K), EMT (L), and Stemness (M) across treatment cohorts. 
(N) Real-time intracellular calcium (Ca2+) transient kinetics (Δ F/F$) over 30 s recorded by confocal imaging upon 60 mM KCl depolarization stimulation in gastric cancer cells preconditioned with Ctrl-CAFs CM, High-NM CAFs CM, VCAN-KO CAFs CM, or VCAN-Rescue CAFs CM. 

Supplementary Figure 14
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Supplementary Figure 14. Real-time live-cell confocal tracking of CD8⁺ T cell 3D matrix penetration, contact dynamics, and cytotoxic function in tumor spheroids co-embedded with distinct CAF subsets.
(A) Representative 3D live-cell confocal reconstruction micrographs tracking the spatiotemporal migration of activated CD8+ T cells (green) into gastric tumor spheroids (red) within Matrigel matrices across 24, 48, and 72 h in Ctrl-CAFs, High-NM CAFs, VCAN-KO CAFs, and VCAN-Rescue CAFs co-cultures. 
 (B, C) Quantification of CD8+ T cell migration depth in outer Matrigel matrix (B) and penetration depth within tumor spheroids (C) over time. 
(D, E) Kinetic quantification of total infiltrating CD8+ T cell counts (D) and CD8+ T cell density per mm2 (E) in tumor compartments. 
(F) Percentage spatial distribution of intratumoral CD8+ T cells across defined distance zones (0-25 μm, 25-50 μm, 50-75 μm, >75 μm from the spheroid boundary). 
(G, H) In vitro tumor spheroid killing efficiency quantified by Caspase-3+ apoptotic fractions (G) and total tumor cell apoptosis percentage (H). 
(I) Tumor cell fraction breakdown (viable vs early/late apoptotic cells) after 72 h co-culture. 
(J) Flow cytometric profiling and statistical quantification of cytotoxic degranulation and effector cytokines CD107a+, Granzyme B+, IFN-γ+, and Perforin+) in harvested CD8+ T cells across co-culture arms. 
Supplementary Figure 15
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Supplementary Figure 15. Flow cytometric quantification of functional cytotoxic activation and effector cytokine secretion in tumor-infiltrating CD8⁺ T lymphocytes from orthotopic syngeneic gastric tumors.
(A, B) Flow cytometric gating plots (A) and statistical quantification (B) of the proportion of CD8+ T cells among total tumor-infiltrating lymphocytes across Control, VCAN-Target, αPD-1, and αPD-1 + VCAN-Targetgroups.  
(C, D) Representative flow cytometric pseudo-color density plots (C) and statistical quantification (D) evaluating the fraction of polyfunctional double-positive IFN-γ+Granzyme B+CD8+ T cells across the four treatment cohorts.  
Supplementary Figure 16
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Supplementary Figure 17. Biochemical validation of canonical Wnt/β-catenin activation and matrix-remodeling signature expression in primary High-NM CAFs.
(A-C) Subcellular fractionation and Western blot analysis of β-catenin in cytoplasmic (GAPDH as cytoplasmic control) and nuclear fractions (Lamin B1 as nuclear control) isolated from Low-NM and High-NM CAFs from three patient isolates: CAF1 (A), CAF2 (B), and CAF3 (C).  
(D–F) Western blot detection of matrix-remodeling and structural markers (VCAN, POSTN, FAP, COL1A1, and COL1A2) in Low-NM versus High-NM CAFs across CAF1 (D), CAF2 (E), and CAF3 (F). GAPDH served as the internal loading control.
Supplementary Figure 17
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Supplementary Figure 17. Multiplex immunofluorescence imaging and microenvironmental spatial association analysis of VCAN+ cells.
(A) Multiplex immunofluorescence (mIF) revealing the microenvironmental physical barrier and immune vacuum zone constructed by the VCAN+ composite matrix wall. Representative mIF staining images of α-SMA (red), CD31 (green), CD8 (yellow), VCAN (cyan), and DAPI (blue) in tumor tissues.
(B) Spatial distance analysis. Spatial Euclidean distances (μm) from VCAN⁺α-SMA⁺ CAFs to their nearest CD31⁺ endothelial cells, and from CD31⁺ endothelial cells to their nearest CD8⁺ T cells, were quantified to evaluate microenvironmental spatial relationships.
(C) Spatial association analysis. Univariate logistic regression analysis with Z-score normalized distances was performed using R software to evaluate the spatial relationship between VCAN⁺α-SMA⁺ cells and nearest CD31⁺ endothelial cells, with the predictive probability curve and its 95% confidence band (semi-transparent pink area) plotted (two-sided P < 0.05).
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