CCuCS@CBD suppresses osteosarcoma and promotes bone regeneration via DNA repair impairment
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Introduction. Osteosarcoma is an aggressive bone tumor with high metastatic propensity. Conventional treatments frequently induce drug resistance, necessitating novel approaches. CCuCS@CBD is a multifunctional hydrogel loaded with cannabidiol (CBD), integrating nanomaterial-based ROS effects with sustained drug release for local antitumor therapy and bone regeneration.
Aims. This study aimed to evaluate the dual efficacy of CCuCS@CBD against osteosarcoma and in promoting bone repair, and to elucidate underlying mechanisms involving DNA damage and repair pathways.
Methods. CCuCS@CBD was prepared by incorporating β-cyclodextrin-coated cuprous oxide into a sericin/carboxymethyl cellulose hydrogel, followed by CBD loading. Anti-osteosarcoma activity was assessed in 143B and U2OS cells via multiple functional assays. In vivo antitumor efficacy was evaluated in a xenograft model, and bone regeneration in a cranial defect model using microCT and histology. Transcriptome sequencing, qRT-PCR, western blot, and ELISA identified and validated key pathways.
Results. CCuCS hydrogel exhibited favorable physicochemical properties and peroxidase-like activity. In vitro, CCuCS@CBD reduced viability, colony formation, invasion and migration of OS cells. Transcriptomic analysis implicated base excision repair (BER) pathway, with western blot confirming decreased expression of BER-related proteins. In vivo, CCuCS@CBD suppressed tumor growth with favorable biosafety. In the cranial defect model, enhanced bone formation was observed, with BMSCs showing increased osteogenic differentiation.
Discussion. CCuCS@CBD exerts anti-osteosarcoma effects primarily through impairing BER pathway, leading to accumulated DNA damage. Its peroxidase-like activity generates •OH, contributing to oxidative stress. Concurrently, the hydrogel supports bone regeneration via biocompatible matrix and sustained release. This dual functionality positions CCuCS@CBD as a promising local therapy for osteosarcoma-related bone defects.
