μ-Opioid Receptor Expression in NK Cells as a Biomarker of Neuropathic Pain and Its Modulation by Bergamot Polyphenol Fraction
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Introduction.
Pain represents a significant global health issue, often hindered by inadequate diagnostic methods and suboptimal treatment options. Rehabilitation strategies have proven to be both safe and effective in the management of chronic pain. Natural killer (NK) cells are essential players in the innate immune system, capable of exerting cytotoxic effects without prior antigen exposure. Recent studies suggest that changes in μ-opioid receptor (MOR) expression on B cells and NK cells could act as biomarkers for pain. In this work, we examined MOR expression on NK cells in a murine model of chronic constriction injury (CCI) and assessed the immunomodulatory effects of a bergamot-derived polyphenolic fraction (BPF) alongside pregabalin as comparative therapeutic approaches.
Aims.
In this study, we aimed to investigate μ-opioid receptor (MOR) expression on NK cells in a murine chronic constriction injury (CCI) model and to evaluate the immunomodulatory effects of a bergamot-derived polyphenolic fraction (BPF) and pregabalin as comparative therapeutic interventions. We also assessed their impact on pain-related behaviors, including mechanical allodynia and thermal hyperalgesia.
Methods. 
Male C57BL/6 (B6) mice underwent chronic constriction injury (CCI) of the sciatic nerve in the right hind leg, performed according to the Bennett model. Nociceptive thresholds were assessed before surgery (day 0) and on days 3, 7, 10, 14, and 21 post-surgery. Mice were sacrificed 14 or 21 days after CCI or CCI combined with BPF injection (25mg/kg). Regarding the CD107a flow cytometric assay, we stained surface markers with following antibodies for NK: Ly49A-BV421, NK1.1-BV605, CD3-BV886, Ly49C/I BB700, CD107 PE. All cells were also stained in combination with anti-Mu Opioid Receptor (MOR). We analyzed data at LSR Fortessa X-20 flowcytometer, performed using FlowJo software. MOR localization in NK cells was analyzed using confocal microscopy.
Results. 
In this study, we found that CCI led to a marked decrease in both mechanical withdrawal thresholds and thermal withdrawal latencies in the ipsilateral hind paw, reflecting the development of mechanical allodynia and thermal hyperalgesia. These pain responses were assessed using the Von Frey and Hargreaves tests at 0, 3, 7, 10, 14, and 21 days following BPF administration. Flow cytometry analysis further showed that the observed allodynia and hyperalgesia in CCI mice were accompanied by changes in the proportion of μ-opioid receptor (MOR)-positive NK cells compared to sham controls. Additionally, CCI mice displayed NK cell degranulation, as indicated by the CD107a surface assay at 14 and 21 days post-injury, consistent with NK cell exhaustion. Confocal microscopy revealed that MOR was predominantly localized intracellularly in NK cells from CCI mice, in contrast to the primarily surface expression observed in sham controls.
Discussion. 
μ-Opioid receptor (MOR) expression on NK cells emerges as a promising candidate for objective monitoring of pain, offering a potential biomarker that reflects both disease state and response to therapy. Our findings in the CCI model demonstrate that alterations in MOR expression correlate with the development of mechanical allodynia and thermal hyperalgesia. Preclinical studies remain essential to dissect the molecular mechanisms regulating MOR expression in NK cells and to determine whether these changes might indicate an individual’s predisposition to pain. Moreover, our results indicate that antioxidant compounds, such as the BPF, may exert beneficial effects, reducing oxidative stress, and influencing inflammatory pathways implicated in chronic pain. Integrating such immunomodulatory strategies with conventional therapies, like pregabalin, within multidisciplinary pain management programs could enhance efficacy and promote more sustained improvements in patient outcomes. Future research, including protein-level analyses such as Western blotting and longitudinal studies in aged or vulnerable populations, will be critical to validate MOR as a clinically relevant biomarker and to optimize therapeutic interventions targeting immune-opioid pathways.
