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Figure S1. Single-cell transcriptomic analysis in PDAC tissues. 

(A) The UMAP plot showing the distribution of cell populations, color-coded by cluster. UMAP uniform manifold 
approximation and projection. 

(B) The UMAP plots showing the distribution of cell populations, according to cancer stage (left) and patient 
sample (right). 

(C) Heatmap presenting the expression levels of top 5 cell type-specific genes among cell populations. 

(D) The UMAP plot showing annotation of 6 cell types.

(E-H) The violin plots demonstrating the identity of each cluster through analyzing the expression of known cell 
type specific markers. Specifically, E for PDAC I, F for PDAC II, G for PDAC III, and H for PDAC IV.
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Figure S2. The distribution of specific genes and Pseudotime analysis.
(A) The feature plots showing the expression of SOX9 and EPCAM.
(B) The violin plots demonstrating that late PDAC had significantly higher expression levels of mesenchymal 
and CSC markers, and EPCAM (ductal cell marker) confirming their ductal cell identity.
(C-F) Pseudotime analysis exploring the development trajectories of CAFs. 
(G) The UMAP plot showing the expression levels of marker genes for Treg/exhausted T cell subpopulations.
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Figure S3. Relevant analysis of fibroblast and T cell subpopulations.
(A) Heatmap presenting the expression levels of top 5 cell type-specific genes among CAF subpopulations. 
(B) The violin plots demonstrating the identity of each CAF subcluster, including pan-CAF common 
markers (top left), cCAFs markers (top right), csCAFs markers (bottom left), PSCs markers (bottom right). 
(C) Heatmap comparing the expression levels of top 5 cell type-specific genes among T cell subclusters, 
each column and row represented a single cell and gene respectively. 
(D) The UMAP plots showing the expression level of specific T cell subsets marker gene. 
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Figure S4. Relevant analysis of macrophage subsets and B cell subsets.
(A) Heatmap of macrophage subclusters and top 5 specific marker genes. 
(B) The DEGs between late PDAC (PDAC II, III and IV) and early PDAC (PDAC I) in macrophage 
subcluster analysis shown by volcano plot, red and blue dots represented the genes upregulated 
and downregulated respectively (PDAC II, III and IV vs PDAC I). 
(C-D) GO analysis revealing the biological processes and molecular functions enriched by upregulated 
genes in macrophages in late PDAC. 
(E) Heatmap of B cell subclusters and related marker genes. 
(F-H) GO analysis revealing the biological processes enriched by upregulated genes in B cells across 
PDAC stages II, III, and IV.
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Figure S5. Analysis of intercellular interactions across different stages of PDAC.
(A) Comparison of cellular communication between PDAC I and PDAC II. 
(B) Comparison of cellular communication between PDAC II and PDAC III. 
(C) Comparison of cellular communication between PDAC III and PDAC IV.
(D-G) The left panel displays a network diagram illustrating the interaction network of the signaling pathway, 
the middle panel features a violin plot showcasing the expression of signaling pathway-related genes, and 
the right panel illustrates the incoming and outgoing strength of the signaling pathway.
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