Vanilla stem extract modulates autophagy and transcriptome in pancreatic ductal adenocarcinoma cells
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Introduction. Pancreatic ductal adenocarcinoma (PDAC) is among the deadliest solid tumors and shows limited responsiveness to current systemic therapies. Natural products represent an important source of anticancer agents, yet their molecular actions in PDAC remain insufficiently characterized.
Aims. This study investigated the antitumor effects of an ethanol extract from Vanilla planifolia stems (VAS) in PDAC cells and explored the transcriptomic networks underlying its cytotoxic activity.
Methods. The antitumor effects of VAS were evaluated using cell viability and clonogenic assays in human PDAC cell lines. Autophagy induction was assessed by MAP1LC3 processing and pharmacological inhibition. Global gene expression changes were analyzed by RNA sequencing, followed by pathway enrichment, protein–protein interaction network analysis, and qPCR validation of selected hub genes.
Results. VAS significantly inhibited PDAC cell proliferation while exerting minimal effects on non-malignant pancreatic epithelial cells. VAS treatment induced robust autophagy, which functionally contributed to reduced cell viability. Transcriptomic analysis revealed widespread gene expression reprogramming, with significant enrichment of pathways related to autophagy, lysosomal activity, ribosome function, and cell cycle control. Network analysis identified clusters of downregulated genes associated with tumor progression and inflammatory signaling, as well as upregulated genes involved in stress responses, apoptosis, and autophagy regulation. These transcriptional changes were consistently validated across PDAC cell models.
Discussion. These findings indicate that VAS exerts multifaceted antitumor effects in PDAC through the induction of autophagy and coordinated transcriptomic remodeling. The modulation of oncogenic, stress-responsive, and cell death–related gene networks supports the potential of VAS as a promising source for developing novel therapeutic strategies against PDAC.
