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1. Cell lines and cell culture
TPC-1 and HEK-293T cells were cultured in DMEM (Gibco) with 10% FBS (Gibco) and 1% penicillin-streptomycin (Invitrogen). KTC-1 and Nthy-ori-3-1 cells were cultured in RPMI-1640 (Gibco) with the same supplements. Cells were maintained at 37°C in a humidified incubator with 5% CO₂. Cell line identity was authenticated through short tandem repeat (STR) profiling. All cells are routinely detected to be free of mycoplasma.
2. Plasmid construction
The FUCCI construct pBOB-EF1-FastFUCCI-Puro was a gift from Kevin Brindle & Duncan Jodrell (Addgene plasmid # 86849). The eGFP-luciferase-C1 plasmid, a gift from Thomas Weber (Addgene plasmid #163523), was used to construct the reporter cell lines. The lenti-CRISPRi plasmid was constructed by combing the backbone of lentiCRISPR v2 (a gift from Feng Zhang, Addgene plasmid # 52961; PCR amplified with primer 5’-CATGGTGGCAGCGCTCTAGA-3’ and 5’-GCAACAAACTTCTCTCTGCTG-3’) and the expression cascade dCas9-KRAB-MeCP2 from the plasmid lenti_dCas9-KRAB-MeCP2 (a gift from Andrea Califano, Addgene plasmid # 122205; PCR amplified with primer 5’- TCTAGAGCGCTGCCACCATGGACAAGAAGTACAGCATCGG-3’ and 5’-GAAGTTTGTTGCGCCGGATCCTGAGACTCTCTCAGTCACGG-3’) by In-fusion cloning (Takara Bio). The sgRNA for CRISPRi knock-down of DLL4 and HNRNPU gene was designed with the online tool CRISPick (GPP sgRNA Designer). sgRNAs was cloned into the lentiCRISPRi plasmid by the Golden Gate Assembly following the protocol provided by Dr. F Zhang1. The plasmid for enChIP, pZLCv2-3xFLAG-dCas9-HA-2xNLS, was a gift from Stephen Tapscott (Addgene plasmid # 106357), the methods for the design and cloning of sgRNA was the same as aforementioned. The sequence for cloning these sgRNAs are listed in the Supplementary Table S3.
3. Lentivirus Production and Transfection
Lentiviral vectors for gene knockdown and overexpression were constructed using standard molecular cloning techniques. HEK-293T cells were transfected with lentiviral plasmids along with packaging plasmids (pSPAX2 and pMD2.G) using Lipofectamine™ 3000 (Invitrogen), following the manufacturer’s protocol. Viral supernatants were collected 48 hours post-transfection, filtered through a 0.45 µm membrane, and concentrated via ultracentrifugation at 65,000g for 2 hours. Target cells were transduced with lentiviral particles in the presence of 8 µg/ml polybrene (Beyotime) to enhance transduction efficiency. Transduced cells were selected using 1 µg/ml puromycin to ensure stable integration.
4. RNA Extraction and RT-qPCR
Total RNA was extracted using TRIzol reagent (Thermo Fisher Scientific), and cDNA synthesis was performed using the PrimeScript™ RT Reagent Kit (Takara). RT-qPCR was carried out using SYBR® Premix Ex Taq™ (Takara) on the LightCycler® 480 II system (Roche). Gene expression levels were normalized to GAPDH. Primer sequences used for qRT-PCR are listed in Supplementary Table S1.
5. Western Blotting
Protein lysates were prepared using RIPA buffer supplemented with protease and phosphatase inhibitors, and the concentrations were determined by BCA assay. Samples were resolved by SDS-PAGE and transferred onto PVDF membranes. The membranes were incubated with primary antibodies overnight at 4°C, followed by incubation with HRP-conjugated secondary antibodies for 1 hour. Protein bands were visualized using the ECL system (Bio-Rad) and imaged using a chemiluminescent platform. Details of the primary and secondary antibodies used for Western blotting can be found in Supplementary Table S4.
6. Flow Cytometry and Cell Sorting
Cells were trypsinized, washed twice with PBS, and resuspended in staining buffer (BD Biosciences). Approximately 500,000 cells were incubated with the primary DLL4 antibody for 30 minutes at 4°C in the dark. Cells were then incubated with a Alexa fluorescence-labelled secondary antibodies (Invitrogen) for 30 minutes at 4°C in the dark. After two additional washes, the stained cells were analyzed using a BD FACSCanto™ II flow cytometer (BD Biosciences), and data analysis was performed using CytExpert™ software. To isolate GFP-expressing reporter cells from the co-culture system for subsequent mRNA and protein level analysis, we used the BD FACSAria™ III cell sorter with the FITC channel for precise sorting of the reporter cells.
7. RNA Sequencing
RNA sequencing (RNA-seq) was performed on dying tumor cells generated after heat treatment and reporter cells isolated via FACS from the co-culture system. RNA-seq was conducted at Majorbio Bio-pharm Biotechnology Co., Ltd. (Shanghai, China), using the Illumina NovaSeq 6000 platform. A total of 6 GB of clean data were collected per sample. The clean reads were aligned to the human genome (hg19) using HISAT2, and downstream pathway analyses, including KEGG and GO enrichment, were performed based on RNA-seq data.
8. EdU Assay
Cell proliferation was assessed using the EdU (5-ethynyl-2'-deoxyuridine) incorporation assay according to the manufacturer's instructions (C0078S, Beyotime). Briefly, cells were incubated with EdU for 2 hours, followed by fixation with 4% paraformaldehyde and permeabilization with 0.5% Triton X-100. EdU incorporation was detected using a fluorescent azide. 
9. Immunofluorescence
Cells were seeded on glass coverslips, fixed with 4% paraformaldehyde for 15 minutes, and permeabilized with 0.1% Triton X-100 for 10 minutes. After blocking with 5% BSA for 1 hour, cells were incubated with primary antibodies overnight at 4°C. Cells were then incubated with fluorescently labeled secondary antibodies for 1 hour at room temperature in the dark. Nuclei were stained with DAPI, and images were captured using a Nikon ECLIPSE Ti2 fluorescence microscope.
10. Hematoxylin and Eosin (H&E) Staining and Immuno-histochemistry (IHC) and Multiplex IHC (mIHC)
Tumor tissues were fixed in 10% formalin, embedded in paraffin, and sectioned at 5 µm. Sections were processed for H&E staining, IHC and mIHC. For H&E, sections were stained with hematoxylin and eosin. For IHC and mIHC, sections underwent antigen retrieval with EDTA buffer (pH 9.0), blocked with 3% BSA, and incubated with primary antibodies overnight at 4°C. HRP-conjugated secondary antibodies and DAB or TSA were used for signal amplification. The process was repeated for multiplex staining, and sections were counterstained with DAPI. Images were captured using a digital slide scanner (KF-PRO-005, Ningbo Jiangfeng). For the evaluation of Ki-67 expression, after excluding non-tumor areas by experienced pathologists, hotspot regions within the tumor area of each patient's slide (where Ki-67 positive cells were abundant and evenly distributed) were selected for assessment. The percentage of Ki-67 positive cells was quantified using ImageJ software, as previously described in our protocol2. 
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