Peripheral Mu Opioid Receptor Expression on B Cells as a Potential Biomarker of Chronic Pain in End-Stage Knee Osteoarthritis
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Introduction. Osteoarthritis (OA) is one of the most prevalent causes of chronic pain and disability worldwide and frequently progresses to total knee arthroplasty (TKA). Despite surgery, approximately 20% of patients continue to experience persistent chronic pain after TKA. Growing evidence highlights the crucial role of immune–nervous system interactions in the modulation and maintenance of OA-related pain. Our previous findings identified the percentage of Mu opioid receptor (Mu+) B lymphocytes as a potential objective biomarker of chronic pain in patients with OA and fibromyalgia. A reduced proportion of Mu+ B cells may reflect decreased peripheral opioid receptor availability, potentially impairing endogenous immune-mediated analgesia. 
Aims. This study aims to evaluate the expression of the Mu opioid receptor on B cells as a diagnostic marker of pain chronicization in patients with end-stage knee OA undergoing TKA, with the ultimate goal of supporting personalized rehabilitation and therapeutic strategies.
Methods. Patients with end-stage knee osteoarthritis scheduled for total knee arthroplasty after failure of conservative treatment were enrolled, along with age-matched pain-free controls. Peripheral blood samples were collected to quantify the percentage of Mu-positive B cells using flow cytometry with a specific anti–Mu opioid receptor antibody. Pain intensity and characteristics were assessed to explore possible correlations with Mu receptor expression on B cells. The evaluation tools included: The 11-point Numerical Rating Scale (NRS); The Italian versions of the Brief Pain Inventory (BPI) and the Neuropathic Pain Symptom Inventory (I-NPSI); The Italian Knee Injury and Osteoarthritis Outcome Score (I-KOOS). Clinical data were recorded in a dedicated Case Report Form (CRF), including demographic information, clinical characteristics, and pharmacological history.
Results. Eligible patients were aged between 60 and 75 years and reported moderate (NRS 4–6) to severe (NRS 7–10) pain intensity. Flow cytometry analysis showed homogeneous results within each group and a significantly lower percentage of Mu+ B cells in OA patients compared with pain-free controls. No statistically significant differences were observed between moderate and severe pain subgroups. Furthermore, OA patients exhibited increased circulating levels of 8-hydroxy-2′-deoxyguanosine (8-OHdG), a marker of oxidative stress, compared with controls.
Discussion. The identification of reliable biomarkers capable of predicting chronic pain persistence after TKA would significantly enhance personalized care, improving clinical outcomes while reducing unnecessary suffering and healthcare costs. In this study, patients with end-stage knee OA undergoing TKA after failed conservative treatment demonstrated a significantly lower percentage of Mu+ B cells compared with pain-free controls. Stratification by pain intensity confirmed reduced Mu receptor expression in patients reporting moderate to severe pain on the NRS. The proposed Mu-Lympho-Marker (MLM), measurable through a simple peripheral blood test and associated with a defined pain phenotype, represents a promising tool to guide individualized rehabilitation and pharmacological strategies.
