TGFβRI degradation via molecular glue-mediated Caveolin-1 stabilization to suppress metastasis
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Introduction. Metastasis remains the principal cause of cancer-related mortality, yet effective therapeutic strategies to combat it remain limited. TGF-β receptor I (TGFβRI) drive metastatic progression by inducing epithelial-mesenchymal transition (EMT). Molecular glues represent a paradigm shift in drug discovery. 
Aims. To redefine the mechanism of the oral anticoagulant dicoumarol (DIC) and evaluate its potential as a novel, anti-metastatic molecular glue.
Methods. Metastasis was evaluated in vivo using a zebrafish xenograft model. In vitro biochemical and cellular assays (western blot, immunofluorescence, qPCR, co-IP) assessed EMT markers and canonical TGF-β/SMAD pathway. Protein stability, trafficking, and ubiquitination were examined via cycloheximide chase, lipid raft fractionation, and ubiquitination assays. Direct target engagement of DIC was identified by LC-MS/MS and validated by CETSA and DARTS, with function confirmed through structure-activity relationship studies.
Results. DIC suppressed lung cancer metastasis in zebrafish xenograft model and reversed TGFβ1-induced EMT by blocking Smad2/3 phosphorylation without altering TGFβRI/II kinase activity. DIC acted as a direct molecular glue, binding and stabilizing Caveolin-1 (CAV1). Mechanistically, DIC bridged CAV1 and the deubiquitinase USP10, inhibiting CAV1 ubiquitination. This stabilized CAV1 escorted TGFβRI into lipid rafts for lysosomal degradation. The hydroxyl group of DIC was critical for this glue function.
Discussion. The findings reveal that repurposing DIC as a molecular glue suppresses lung cancer metastasis through the USP10–CAV1–TGFβRI axis. This work not only elucidates a previously unrecognized model of molecular glue action but also proposes a promising precision therapeutic strategy against metastasis.
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