Arsenic trioxide synergizes with Ginsenoside Rg3 to inhibit osteosarcoma via ROS-mediated PANoptosis
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Introduction. Osteosarcoma (OS) is the most common malignant bone tumor in adolescents, marked by aggressiveness, early metastasis, chemoresistance, and stagnant survival rates. Arsenic trioxide (ATO) has antitumor effects but is limited by toxicity. Ginsenoside Rg3 is safe but poorly effective alone.
Aims. This study aimed to evaluate whether ATO combined with Rg3 enhances anti-OS efficacy and reduces ATO toxicity, and explored the role of oxidative stress and PANoptosis.
Methods. In vitro studies were conducted using 143B and U2OS OS cell lines. Cell viability, proliferation, invasion, migration, and intracellular ROS levels were assessed via CCK-8, EdU, Transwell, and DCFH-DA assays. PANoptosis was assessed by TUNEL, TEM, western blot, and flow cytometry. RNA-seq identified DEGs. In vivo efficacy and safety were evaluated in 143B xenografts using H&E, biochemistry, and IHC. Clinical relevance was analyzed via GEO dataset.
Results. Combined ATO (2 μM) and Rg3 (20 μM) suppressed OS cell viability/proliferation more than doxorubicin, increased ROS, induced mitochondrial damage and PANoptosis, all reversed by NAC. RNA-seq linked DEGs to inflammation/cell death pathways. In vivo, the combination inhibited tumors and reduced ATO toxicity. High-risk patients with oxidative stress/RIP kinase signatures had better survival.
Discussion. The synergistic effect of ATO and Rg3 appears to be mediated through ROS-driven PANoptosis. The addition of Rg3 not only enhanced antitumor activity but also attenuated ATO-related organ damage. These findings suggest that combination therapy may offer a safer, more effective alternative to conventional chemotherapy in OS. Future studies should focus on clinical translation and biomarker-driven patient selection.
