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Introduction. Hypoxia is a hallmark of the solid tumor microenvironment (TME), leading to stabilization of hypoxia-inducible factor-1α (HIF-1α), which dimerizes with constitutively expressed HIF-1β to regulate metabolic reprogramming as an adaptive response. Previous studies have shown that the vitamin D receptor (VDR; 1,25-dihydroxyvitamin D₃ receptor), a ligand-dependent transcription factor involved in metabolic regulation and endoplasmic reticulum (ER) stress, interacts with peroxisome proliferator-activated receptor delta (PPARδ/PPARD) to influence mitochondrial biogenesis in cancer cells.

Aims. To examine whether loss of HIF-1α-mediated metabolic responses by VDR-overexpressed block gastric cancer peritoneal metastasis.
Methods. We employed genetic manipulation (PPARD knockdown and overexpression), hypoxic cell culture, and serial metabolomics analysis to investigate the role of VDR in regulating HIF-1α stability, glycolytic metabolism, and BNIP3-mediated autophagy in gastric cancer cells.
Results. VDR overexpression impedes HIF-1α accumulation in hypoxic gastric cancer cells and subsequently suppresses hypoxia-inducible expression of glucose transporter 1 (GLUT1) and key glycolytic enzymes, including hexokinase 2 (HK2), pyruvate dehydrogenase kinase 1 (PDK1), and lactate dehydrogenase A (LDHA). Mechanistically, HIF-1α dysregulation in VDR-overexpressing cells was associated with inhibition of PPARD. Knockdown of PPARD blocked HIF-1α accumulation and reduced the expression of glycolytic enzymes, whereas PPARD upregulation in VDR-overexpressing cells restored HIF-1α stabilization. Serial metabolomics analysis further revealed that hypoxia increased the levels of glycolytic and pentose phosphate pathway (PPP) metabolites in control cells, while these elevations were markedly attenuated in VDR-overexpressing cells. Notably, hypoxic exposure elevated amino acid levels, reflecting a shift toward catabolic metabolism; these increases were more pronounced in control cells than in VDR-overexpressing cells. In parallel, hypoxia activated BNIP3 (BCL2 interacting protein 3)–mediated autophagy in control cells, and PPARD was found to play an essential role in this autophagy activation.
Discussion. These results indicate that VDR overexpression disrupts PPARD-mediated HIF-1α stabilization, thereby impairing metabolic reprogramming and autophagy under hypoxia, and highlight the VDR–PPARD–HIF-1α axis as a potential therapeutic target for preventing gastric cancer progression and peritoneal metastasis
