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Immunohistochemistry (IHC) staining and Hematoxylin-eosin (H&E) staining
[bookmark: _GoBack]Tissue samples were fixed in 4% paraformaldehyde (P0099, Beyotime, China), embedded in paraffin, and sectioned into 5-μm slices. The slides were heated at 65 ℃ for 120 min, followed by deparaffinization, rehydration, antigen retrieval, and incubation overnight at 4 ℃ with the indicated primary antibodies. Anti-rabbit/mouse secondary antibodies (GK6005, GeneTech, Beijing, China) were applied for 60 min at 37 ℃. Signals were visualized using DAB substrate solution (GK6005, GeneTech, China). Slides were mounted with neutral resin and scanned using the VS200 imaging system (Olympus, Japan). Images were analyzed using ImageJ, and staining intensity was scored using a four-tier semi-quantitative scale as follows: 1 (negative), 2 (weakly positive), 3 (moderately positive), and 4 (strongly positive). The staining scores were used for statistical analysis.
For H&E staining, paraffin-embedded tissue sections were deparaffinized, rehydrated, and stained using an H&E staining kit (C0105S, Beyotime, China) according to the manufacturer’s instructions.

Drug treatment
Erastin was purchased from SparkJade (SJ-MX0039; Jinan, China). Ferrostatin-1 (Fer-1; IF04309), Z-VAD(OMe)-FMK (IZ00501), and necrosulfonamide (NSA; IN03701) were purchased from Solarbio (Beijing, China). Necrostatin 2 racemate (Nec-1s; SH3792), deferoxamine mesylate (DFO; SH5266), and oxaliplatin (SH0860) were purchased from Beyotime (Shanghai, China). Oxaliplatin was dissolved in sterile ddH2O and other reagents were dissolved in dimethyl sulfoxide (DMSO). The final concentration of DMSO in the culture medium did not exceed 0.1% (v/v) in all treatments.
For ferroptosis induction, AGS, MKN45, MKN74, and HGC-27 cells were treated with erastin (10 μM) for 24 h. For chemotherapy treatment, cells were exposed to oxaliplatin at 15 μM (AGS, MKN45, and MKN74) or 60 μM (HGC-27) for 24 h. To determine the mode of cell death, cells were pre-treated for 1 h with the following inhibitors prior to erastin or oxaliplatin exposure, and the inhibitors were maintained in the medium throughout the treatment period: Fer-1 (1 μM) and DFO (100 μM) for ferroptosis inhibition; Z-VAD(OMe)-FMK (20 μM) for apoptosis inhibition; Nec-1s (10 μM) and NSA (5 μM) for necroptosis inhibition.

CCK-8, EdU, and colony formation assays
Cell viability was assessed using a Cell Counting Kit-8 (CK04, Dojindo, Kumamoto, Japan). The CCK-8 reagent was diluted at a ratio of 1:10 in culture medium to prepare a working solution. For 96-well plates, 100 μL of working solution was added to each well and incubated at 37 °C for 2 h. Optical density (OD) values at 450 nm were measured using a microplate reader (ELx800, BioTek, Vermont, USA). For rescue experiments, cells were treated with the indicated inhibitors prior to viability measurement using the same protocol.
Cell proliferation was evaluated using an EdU assay kit (C0075L, Beyotime, China) according to the manufacturer’s instructions, followed by fluorescence detection under an immunofluorescence microscope.
For colony formation assays, MKN-45 and MKN-74 cells (600 cells/well) were seeded into 6-well plates. After 14 days of culture, cells were fixed with 4% paraformaldehyde and stained with 0.1% crystal violet (C0121, Beyotime, China). Colonies were counted under a microscope.

Wound healing assay and Transwell assay
For wound healing assays, cells were seeded at 8 × 105 cells/well in 6-well plates. After cell attachment, a wound was created using a sterile 200 μL pipette tip, and cells were subsequently cultured in serum-free medium. Images were captured at 0, 12, and 24 h under a microscope, and wound width was quantified using ImageJ.
For Transwell assays, GC cells (5000 cells/well) were seeded into the upper chamber of 24-well Transwell inserts with 8-μm pores (3374, Corning, New York, USA). For invasion assays, inserts were pre-coated with Matrigel (356237, BD Biosciences, New Jersey, USA), whereas inserts without Matrigel were used for migration assays. A total of 100 μL serum-free RPMI-1640 medium was added to the upper chamber, while 600 μL medium containing 10% FBS was added to the lower chamber. After incubation for 24 h (migration assay) or 36 h (invasion assay), cells remaining in the upper chamber were removed, whereas cells on the lower surface were fixed and stained with crystal violet. Migrated or invaded cells were counted in six randomly selected microscopic fields.

Ferroptosis-associated assays
Following experimental treatments, lipid ROS levels in GC cells were measured using an Lipid Peroxide Detection kit (L248, Dojindo, Japan). Briefly, cells were washed once with Hank’s Balanced Salt Solution (HBSS, C0218, Beyotime, China) and incubated with 10 μM Liperfluo working solution for 30 min at 37 °C. After two additional washes with HBSS, cells were collected and resuspended in PBS. Fluorescence intensity was analyzed by flow cytometry using the appropriate fluorescence channel.
Intracellular reactive oxygen species (ROS) levels were measured using a ROS assay kit (S0033S, Beyotime, China). After treatment, cells were incubated with 10 μM DCFH-DA (diluted 1:1000 from stock solution) in serum-free medium at 37 °C for 30 min in the dark. Following three washes with HBSS, fluorescence intensity was immediately quantified using a BD FACS Celesta flow cytometer (BD Biosciences, USA).
Malondialdehyde (MDA) levels were measured using a lipid peroxidation MDA assay kit (S0131M, Beyotime, China) according to the manufacturer's instructions. Glutathione (GSH) levels were measured using a GSH / Glutathione disulfide (GSSG) assay kit (S0053, Beyotime, China) according to the manufacturer's instructions.
Pretreated GC cells were fixed with electron microscopy fixative at room temperature for 5 min, gently scraped from the culture plates and collected by centrifugation (1000 rpm, 5 min). After resuspension in fresh fixative for 30 min at room temperature in the dark, samples were further processed by Servicebio (Wuhan, China) for standard transmission electron microscopy (TEM) preparation, including osmium tetroxide post-fixation, dehydration, resin embedding, ultrathin sectioning, and imaging.

Co-immunoprecipitation (Co-IP) 
For endogenous Co-IP, GC cells were lysed using an Immunoprecipitation Kit (P2179, Beyotime, China). For exogenous Co-IP, HEK293T cells were transfected with the indicated plasmids for 48 h prior to lysis. Following centrifugation (14,000 × g, 15 min, 4 °C), the supernatants were pre-cleared with Protein A/G beads for 1 h. An aliquot of each lysate was reserved as the input control, while the remaining lysates were divided into IP and IgG groups. The IP samples were incubated overnight at 4 °C with the indicated antibodies, whereas the IgG samples were incubated with control IgG. Protein A/G beads were subsequently added and incubated for 2 h. Beads were washed with lysis buffer, and bound proteins were eluted in SDS-PAGE loading buffer for western blot analysis. Input lysates were mixed with SDS-PAGE loading buffer, boiled at 95 °C for 5 min, and stored at -80 °C until analysis.

Dual‑luciferase reporter assay
Dual-luciferase reporter assays were performed to evaluate the transcriptional regulation of PCK2 and SLC7A11 by YY1. Luciferase reporter constructs containing the wild-type promoters of PCK2 or SLC7A11 were generated by cloning the corresponding promoter fragments into the pGL3-Basic vector. Site-directed mutagenesis was performed to generate the indicated mutant reporter constructs by disrupting the predicted YY1-binding sites. HEK293T cells were seeded into 24-well plates and co-transfected with the indicated luciferase reporter plasmids, YY1 overexpression plasmids, and a Renilla luciferase plasmid using Lipofectamine 3000. After 48 h, firefly and Renilla luciferase activities were measured using the Dual-Luciferase Reporter Gene Assay Kit (11402ES60, Yeasen, Shanghai, China) according to the manufacturer’s instructions. Relative luciferase activity was normalized to Renilla luciferase activity.

Chromatin immunoprecipitation (ChIP) assay 
Chromatin immunoprecipitation (ChIP) assays were performed using the Pierce™ Magnetic ChIP Kit (Thermo Fisher Scientific, USA) according to the manufacturer's instructions. Briefly, cells were cross-linked with 1% formaldehyde, and the reaction was quenched with glycine. Cells were harvested and lysed, and chromatin was sheared into 200-500 bp fragments by sonication. A portion of the sheared chromatin was reserved as the input control, while the remaining chromatin was incubated overnight at 4 °C with the indicated antibodies or normal rabbit IgG as a negative control. Immune complexes were captured using magnetic Protein A/G beads, washed sequentially according to the manufacturer's protocol, and eluted. Cross-links were reversed, followed by Proteinase K digestion and DNA purification. Purified DNA was subjected to quantitative PCR using primers specific for the promoter regions of PCK2 and SLC7A11. ChIP enrichment was normalized to the input control and presented relative to the IgG control.
