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Fig. S1. Stepwise framework for identifying PCEs through integration of prostate cancer patient cohorts and prostate cell lines. A Schematic overview of the PCE identification by integrating patient cohorts and prostate cell lines. H3K27ac ChIP-seq datasets from multiple prostate cancer patient cohorts (GSE130408, GSE161948, and GSE120738) and prostate cell lines were analyzed to identify consensus putative enhancer regions. Stepwise prioritization was applied as follows: (1) identification of consensus peaks across prostate tumor samples; (2) refinement using consensus peaks from prostate cancer cell lines; (3) selection of regions enriched in prostate tumor tissue samples relative to normal prostate tissue samples; (4) further filtering based on enrichment in prostate cancer versus normal cell lines; (5) exclusion of promoter-proximal regions (+/-2 kb from transcription start sites) to retain distal regulatory elements; and (6) prioritization of regions enriched in 22Rv1 relative to RWPE-1 cells. The number of regions retained at each step is indicated. B Heatmap of H3K27ac signals across PCEs (n = 3,216) between 22Rv1 cell line and representative prostate tumor tissues. 
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Fig. S2. A subset of PCEs is clustered within TADs. A Histogram bar plot showing the frequency of TADs based on the number of PCEs in each cytoband. The number of PCEs found in each cytoband is labeled above the bar. B Differential heatmap showing the FitHiC FDR of top 300 E/P interactions in RWPE-1 cells and 22Rv1 cells in three categories: common interactions, normal-specific interactions, and cancer-specific interactions. C Genome-wide ranking of TADs based on the Impact Score (Fig. 1I), where TADs with the top 20 significantly upregulated genes in 22Rv1 cells compared to RWPE-1 cells are shown in purple. Among them, those that have been associated with prostate cancer are annotated with their cytoband location. D Genome-wide tile plot showing the distribution of PCEs, upregulated genes in 22Rv1 cells compared to RWPE-1 cells, cancer-specific E/P interactions, and TAD Impact Scores across chromosomes in 22Rv1 cells. The genome is binned according to TADs. Each bin is colored according to PCE count (brown scale), the number of significantly upregulated genes (green scale), the number of cancer-specific E/P interactions (red scale), and Impact Score (blue scale) in 22Rv1 cells compared to RWPE-1 cells. A PCE cluster at chr6q24.1 is highlighted with a red arrow.
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Fig. S3. The chr6q24.1 PCE hub exhibits elevated enhancer activity and gene expression in prostate cancer. A Scatter plot showing the changes in H3K27ac ChIP-seq signals across putative enhancer regions near the chr6q24.1 PCE hub in 22Rv1 cells compared to RWPE-1 cells. B Scatter plot showing changes in gene expression near the chr6q24.1 PCE hub in 22Rv1 cells compared to RWPE-1 cells. C Chromatin contact map comparison between RCMC and Hi-C in 22Rv1 cells and RWPE-1 cells at the chr6q24.1 PCE hub at 1kb resolution. New chromatin interactions identified by RCMC in 22Rv1 cells but not in RWPE-1 cells are highlighted with black arrows. D Differential RCMC chromatin contact map between 22Rv1 cells and RWPE-1 cells at chr6:138,000,000-139,500,000. CTCF ChIP-seq tracks for RWPE-1 cells and 22Rv1 cells are shown, with significantly changed peaks (FDR < 0.05) highlighted in grey. The relative fold change of CTCF ChIP-seq signals in 22Rv1 cells compared to RWPE-1 cells is shown, where red indicates increased signals in 22Rv1 cells and blue indicates decreased signals. RefSeq gene annotations are shown at the bottom.
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Fig. S4. cPCE deletion led to a reduction in the activity of other PCEs and their chromatin interactions. A Scatter plot showing the changes in H3K27ac ChIP-seq signals across PCEs near the chr6q24.1 PCE hub in cPCE∆ 22Rv1 cells compared to NTC 22Rv1 cells. B Differential RCMC chromatin contact map between cPCE∆ 22Rv1 cells and NTC 22Rv1 cells at chr6:138,171,140-138,586,762 (blue indicates decreased interactions, red indicates increased interactions). H3K27ac ChIP-seq tracks are shown below with annotation of PCEs and RefSeq gene annotation track. C Comparison of chromatin contact strength between PCEs and gene promoters in cPCE∆ 22Rv1 cells versus NTC 22Rv1 cells. The change in chromatin contact counts is shown by the size of the dot, and the direction is indicated by color (blue: decreased). D Bar plots comparing relative gene expression of SMIM28, HEBP2, and NHSL1 in cPCE∆ 22Rv1 cells versus NTC 22Rv1 cells. Relative gene expression was from RT-qPCR results after normalized to GAPDH. Student t-test P values are indicated as *** P < 0.001.
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Fig. S5. cPCE deletion slightly increased CTCF-mediated chromatin organization. A Differential RCMC chromatin contact map between cPCE∆ 22Rv1 cells and NTC 22Rv1 cells at chr6:138,000,000-139,500,000. CTCF ChIP-seq tracks for NTC 22Rv1 cells and cPCE∆ 22Rv1 cells are shown. Deletion of cPCE is highlighted in the red box. CTCF anchors with significant interaction increase (FDR <0.05) are highlighted in green boxes. The relative fold change of CTCF ChIP-seq signals in cPCE∆ 22Rv1 cells compared to NTC 22Rv1 cells is shown, where red indicates increased signals in cPCE∆ 22Rv1 cells and blue indicates decreased signals. RefSeq gene annotations (black) are shown at the bottom. B Schematics illustrating CTCF binding and interaction increase upon deletion of cPCE.

[image: ]
Fig. S6. rPCE deletion did not result in dramatic changes in enhancer activity and chromatin looping. A Scatter plot showing the changes in H3K27ac ChIP-seq signals near the chr6q24.1 PCE hub in rPCE∆ 22Rv1 cells compared to NTC 22Rv1 cells.  B Differential RCMC chromatin contact map between rPCE∆ 22Rv1 cells and NTC 22Rv1 cells at chr6:138,000,000-139,500,000. CTCF ChIP-seq tracks for NTC 22Rv1 cells and rPCE∆ 22Rv1 cells are shown. Deletion of rPCE is highlighted in the blue box. The relative fold change of CTCF ChIP-seq signals in rPCE∆ 22Rv1 cells compared to NTC 22Rv1 cells is shown, where red indicates increased signals in cPCE∆ 22Rv1 cells and blue indicates decreased signals. RefSeq gene annotations (black) are shown at the bottom.  C Bar plots comparing relative gene expression of SMIM28, HEBP2, and NHSL1 in rPCE∆ 22Rv1 cells versus NTC 22Rv1 cells. Relative gene expression was from RT-qPCR results after normalized to GAPDH. Student t-test P values are indicated as *** P < 0.001.
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Fig. S7. Deletion of resPCE led to a reduction in the activity of other PCEs. A Comparison of H3K27ac ChIP-seq signals near the chr6q24.1 PCE hub. H3K27ac ChIP-seq tracks of NTC 22Rv1 cells (dark gray) and resPCE deletion (resPCE∆) 22Rv1 cells (green) are shown with RefSeq gene annotations. The bottom track shows the relative fold change of H3K27ac ChIP-seq signals in resPCE∆ 22Rv1 compared to NTC 22Rv1 cells, where red indicates increased signals in resPCE∆ 22Rv1 cells and blue indicates decreased signals. B Zoomed-in comparison of H3K27ac ChIP-seq signals at chr6:138,174,936-138,537,612. ChIP-seq tracks of NTC 22Rv1 cells (dark gray) and resPCE∆ 22Rv1 cells (green) are shown with locations of other PCEs. The deleted PCE, resPCE, is annotated with a scissor icon, while other PCEs with decreased H3K27ac signals are annotated with blue downward arrows. C Bar plots comparing relative gene expression of SMIM28, HEBP2, and NHSL1 after 24 hours of siRNA treatment from RNA-seq results. D IPA analysis results of upregulated and downregulated genes in cPCE∆ 22Rv1 cells and resPCE∆ 22Rv1 cells compared to NTC 22Rv1 cells. Gene ratio is annotated by the dot size, and significance rank is annotated by the color (white: low; black: high).
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Fig. S8. Pioneer TF FOXA1 differentially regulates distinct enhancer classes. A Zoomed-in comparison of H3K27ac ChIP-seq signals (orange), ATAC-seq signals (blue), and FOXA1 ChIP-seq signals (purple) at chr6:138,186,315-138,419,600 in NTC 22Rv1 cells (gray) and rPCE∆ 22Rv1 cells (blue). The deleted PCE, rPCE, is annotated with a scissor icon, while PCEs with increased signals are annotated with arrows, with arrow size representing the fold change of FOXA1 ChIP-seq signal between rPCE∆ 22Rv1 and NTC 22Rv1 cells. B Schematics illustrating the compensatory rewiring upon deletion of rPCE by resPCE via FOXA1 binding. C Top 2 FOXA1 motif sequences identified in cPCE, rPCE, and resPCE. FOXA1 motif scores were calculated using the JASPAR database [81]. D Representative H3K27ac and FOXA1 ChIP-seq profiles at cPCE (chr6:138,387,105-138,388,805), rPCE (chr6:138,226,800-138,228,300), and resPCE (chr6:138,257,100-138,258,600) regions across prostate tissue samples from prostate cancer patients (DF2030, DF2087, and NKI1). H3K27ac signals are shown in normal (green) and tumor (magenta) tissues at the top, along with FOXA1 signals in tumor tissues in magenta. The highest ranking FOXA1 motifs are shown at the bottom, along with their corresponding motif scores. 
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