Bergamot-derived formulation potentiates immune checkpoint inhibitor efficacy in NSCLC
Valeria Mazza1, Rosamaria Caminiti1, Maria Serra1, Saverio Nucera1, Rocco Mollace2, Luigi Tucci1, Sara Ilari3, Lucia Carmela Passacatini3, Roberta Macrì1, Carmen Altomare1, Maria Cristina Caroleo1, Jessica Maiuolo1, Agnese Gagliardi1, Annalisa Tocci4, Nicla Porciello4, Paola Nisticò4, Vincenzo Mollace1, Carolina Muscoli1

1. Institute of Research for Food Safety &amp; Health (IRC_FSH), University Magna Graecia of Catanzaro, Catanzaro, Italy

2. Department of Systems Medicine, University of Rome Tor Vergata, MedSystem, Catanzaro, Italy

3. IRCCS San Raffaele Roma, Rome, Italy
4. Tumor of Immunology and Immunotherapy Unit, IRCCS Regina Elena National Cancer Institute, Roma, Italy

Introduction. Non-small cell lung cancer (NSCLC) represents approximately 85% of lung malignancies and remains the leading cause of cancer-related mortality worldwide. NSCLC cells exhibit chronic oxidative stress and rely on adaptive antioxidant systems to maintain redox homeostasis, which contributes to tumor progression and therapeutic resistance. Targeting redox vulnerability has emerged as a promising pharmacological strategy. Natural polyphenols can exert context-dependent pro-oxidant activity in cancer cells, shifting the redox balance toward cytotoxic oxidative stress.
Aims. This study aimed to investigate the selective cytotoxic effects of a standardized bergamot polyphenolic fraction (BPF) across different tumor histotypes and to elucidate the role of reactive oxygen species (ROS) in mediating BPF-induced apoptosis in NSCLC cells.

Methods. Human cancer cell lines including CaCo-2 (colorectal), HepG2 (hepatic), SH-SY5Y (neuroblastoma), U3 (non-pulmonary tumor line), and two NSCLC lines (Calu-3 and H16) were treated with increasing concentrations of BPF (0–200 μg/mL). Cell viability was assessed by MTT assay. Intracellular ROS generation was quantified using DCFH-DA fluorescence. Apoptotic cell death was evaluated by TUNEL assay to detect DNA fragmentation.

Results. BPF induced a significant, dose- and time-dependent reduction in viability selectively in NSCLC cell lines (p < 0.001), whereas non-pulmonary tumor cells exhibited minimal cytotoxicity at equivalent concentrations. In NSCLC cells, BPF treatment markedly increased intracellular ROS levels, accompanied by significant DNA fragmentation, indicating activation of apoptotic pathways. The selective susceptibility of NSCLC cells suggests an inability to compensate for BPF-induced oxidative overload, consistent with the exploitation of tumor-specific redox imbalance.

Discussion. These findings demonstrate that BPF selectively targets NSCLC cells by amplifying intrinsic oxidative stress beyond the cytotoxic threshold, leading to ROS-mediated apoptosis. The ability of bergamot-derived polyphenols to exploit redox vulnerabilities highlights their potential as adjunctive redox-modulating agents in lung cancer therapy. Further studies are warranted to define the molecular pathways involved and to evaluate translational applicability in preclinical models.

