[bookmark: _Hlk102663267][bookmark: OLE_LINK41][bookmark: _Hlk102826918]Tumor Oxygenation Nanoliposome Synergistic Hypoxia-Inducible-Factor-1 Inhibitor Enhanced Iodine-125 Seed Brachytherapy for Esophageal Cancer
Shuting Lu, Cheng Feng, Hang Li, Qi Chen, Jian Lu, Jinhe Guo
Center of Interventional Radiology and Vascular Surgery, Department of Radiology, Zhongda Hospital, Medical School, Southeast University, Nanjing 210009, P. R. China.
Abstract
[bookmark: _Hlk99129981]Iodine-125 (125I) brachytherapy has become one of the most effective palliative treatment options for advanced esophageal cancer. However, resistance toward 125I brachytherapy caused by pre-existing tumor hypoxia and hypoxia-inducible factor 1α (HIF-1α) signaling pathway activation represents a significant limitation in cancer treatment. Acriflavine (ACF), as a small molecular HIF-1 functional inhibitor, was a U.S. Food and Drug Administration (FDA)-approved drug for antibacterial therapy [23, 24]. Specifically, ACF can prevent HIF-1α/β dimerization via binding to HIF-1α and has been proved to be an effective radiosensitizer [25]. Here, CAT, an enzyme to catalyze endogenous H2O2 to generate oxygen and H2O, and ACF, a HIF-1α inhibitor to interfere HIF-1α function were employed to enhance 125I seed radiosensitivity and suppress the radioresistance. However, ACF and CAT would be quickly eliminated via intravenous injection with a short pharmacokinetic half-life and poor tumor accumulation. Hence, an effective drug delivery system for co-encapsulating CAT and ACF is necessary to develop. To circumvent these problems, herein, we proposed an innovative strategy to alleviate radioresistance of brachytherapy by co-encapsulating catalase (CAT) and HIF-1 inhibitor-acriflavine (ACF) into the hydrophilic cavities of liposome, termed as ACF-CAT@Lipo. Under overexpressed H2O2 stimulation in the tumor region, the fabricated ACF-CAT@Lipo can generate an amount of O2 and alleviate tumor hypoxia in vitro and in vivo. Furthermore, cooperating with ACF, the expression of hypoxia-related protein (e.g. HIF-1α, VEGF, MMP-2) are obviously decreased, which increased 125I-induced damage. Additionally, the transcriptomic analysis results demonstrated that the theraptic efficacy of 125I brachytherapy can be enhanced promptly with the aid of HIF-1 inhibition and O2 supply. The oxygen enrichment and HIF-1 inhibition function of ACF-CAT@Lipo provides a new strategy to overcome the brachytherapy resistance of esophageal cancer therapy.
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