Peripheral μ-Opioid Receptor in NK Cells as Biomarker for Chronic Pain Rehabilitation
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Introduction.
Chronic pain represents a social, clinical, and economic burden worldwide. However, one of the most challenging aspects of pain assessment remains its intrinsic subjectivity, as each patient uniquely perceives and describes their suffering, encompassing both sensory and affective components. Rehabilitation programs have demonstrated both safety and efficacy in the management of chronic pain. Natural killer (NK) cells are key components of the innate immune system, characterized by cytotoxic activity that does not require prior antigen sensitization. Recent studies have demonstrated μ-opioid receptor (MOR) expression on B lymphocytes and natural killer (NK) cells, suggesting their potential role as biomarkers of pain. In this study, we investigated opioid receptor expression on NK cells as a potential biomarker of pain severity.
Aims.
The aims of this study were to evaluate μ-opioid receptor (MOR) expression in NK cells and NK cell receptor profiles in natural killer (NK) cells, and to investigate their association with pain severity, psychological outcomes, and response to rehabilitation in patients with chronic pain.
Methods. 
Patients were assigned to an experimental group or a healthy control group. Participants in the experimental group underwent blood sampling at three time points—enrollment (T0), mid-program (T1), and program completion (T2)—to evaluate the percentage of μ-opioid receptor (MOR)-positive natural killer (NK) cells and their modulation during rehabilitation. Psychological assessments included questionnaires on quality of life, depression, anxiety, and pain catastrophizing scale. Unstained peripheral blood cells were used to discriminate doublets and LIVE/DEAD Aqua (Invitrogen) to discriminate alive from dead cells. Peripheral blood samples were stained with following antibodies: APC-H7- FVS780, CD45 (CCR4)- BV480, CD56- RB780, CD3-BV786, CD16- R718, NKG2D -PE CF94, NKp46- BV711, CCR2- BB700, NKG2A- BV650, KIR2DL2-BV421, CD57- BV605, MOR-APC, DOR-PE, KOR- AF488, in combination with anti-Mu Opioid Receptors (MOR), for 20 minutes at 4°C. After the incubation, the samples were analyzed using a Fortessa LSR X flow cytometer, and the data were analyzed with FlowJo version 10.09. MOR localization in NK cells was analyzed using confocal microscopy. Nuclei were stained with DAPI (blue).
Results. 
Flow cytometry analysis demonstrated modulation of μ-opioid receptor (MOR) expression in NK cells, which was closely associated with patients’ reported pain intensity. Specifically, individuals experiencing high pain levels (NRS > 5) revealed a pronounced modulation in the frequency of MOR-positive NK cells compared with those reporting moderate pain (NRS < 5), with values resembling those observed in healthy controls. Notably, similar modulatory patterns were evident across all NK cell receptors assessed in the panel. Confocal microscopy further highlighted MOR internalization within NK cells from patients with high pain, in contrast to the predominantly membrane-bound localization observed in healthy individuals and patients with moderate pain.
Discussion. 
The μ-opioid receptor (MOR) may serve as a valuable biomarker for pain, reflecting both disease severity and treatment response. Rehabilitation remains a cornerstone of chronic pain management, aiming not only to alleviate pain but also to improve physical, emotional, and social functioning, thereby enhancing overall quality of life. Incorporating the therapeutic strategies explored in this study into multidisciplinary rehabilitation programs could support more comprehensive and long-lasting benefits. Future investigations, including Western blot analyses, may help to further elucidate the role of MOR modulation, particularly in older patients experiencing chronic pain.
Funding: PRIN PNRR-P2022FAS5R “Employment of Mu-Lympho-Marker as an innovative candidate diagnostic tool to ameliorate the efficacy of the analgesic program in a pain suffering patient-oriented strategy” by Unione Europea Next Generation EU; Italian Ministry of Health grant SG-2021-1237555
