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Abstract 
Statement of the Problem: Osteoarthritis (OA) is a prevalent and debilitating chronic disease for which no approved disease-modifying osteoarthritis drugs (DMOADs) are currently available. Although mesenchymal stem cells (MSCs) have emerged as promising therapeutic candidates, their clinical application is limited by inconsistent in vivo efficacy and an incomplete understanding of the pathological mechanisms and therapeutic targets underlying OA. This study aimed to develop a novel MSC-based therapeutic strategy capable of simultaneously targeting metabolic dysfunction, mitochondrial abnormalities, and immune dysregulation in OA.
Methodology and Theoretical Orientation: We developed mesenchymal stem cells conjugated with steroid-loaded gold nanostars (MSC-Au-Steroid) and evaluated their therapeutic effects using chondrocytes and peripheral blood mononuclear cells (PBMCs) derived from patients with OA, together with a monosodium iodoacetate (MIA)-induced mouse model of OA. Anti-inflammatory activity, glycolysis and oxidative phosphorylation, mitochondrial function, reactive oxygen species (ROS) production, mTOR signaling, cartilage regeneration, and immunomodulatory effects on Th1, Th17, and regulatory T cells (Tregs) were assessed.
Findings: MSC-Au-Steroid exerted potent anti-inflammatory effects in OA chondrocytes, promoted cartilage regeneration, and restored dysregulated metabolic profiles under inflammatory conditions. Treatment improved mitochondrial function and reduced excessive ROS production through regulation of mTOR signaling. In the MIA-induced OA model, MSC-Au-Steroid attenuated disease severity and preserved cartilage integrity. Moreover, MSC-Au-Steroid modulated immune responses in both mice and patient-derived PBMCs by suppressing Th1 and Th17 responses while promoting Treg induction, thereby contributing to restoration of immune homeostasis.
Conclusion & Significance: MSC-Au-Steroid represents a promising multifactorial therapeutic strategy for OA by simultaneously targeting metabolic dysfunction and immune dysregulation. These findings support its potential as a disease-modifying therapeutic approach capable of addressing multiple pathological mechanisms involved in OA progression and provide a rationale for the further development of engineered MSC-based regenerative therapies.
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About Research Topic
Osteoarthritis (OA) is a chronic degenerative joint disease characterized by progressive cartilage destruction, inflammation, metabolic dysregulation, and mitochondrial dysfunction. Mesenchymal stem cells (MSCs) have attracted considerable attention as regenerative and immunomodulatory therapeutic candidates for OA; however, their therapeutic efficacy remains variable. The present research focuses on enhancing MSC-based therapy through conjugation with steroid-loaded gold nanostars. This engineered MSC platform is designed to simultaneously regulate inflammatory responses, cellular metabolism, mitochondrial function, and immune homeostasis. Particular emphasis is placed on metabolic reprogramming of chondrocytes, regulation of mTOR signaling, suppression of mitochondrial reactive oxygen species, and modulation of Th1, Th17, and regulatory T-cell responses. This integrated approach aims to promote cartilage regeneration and provide a disease-modifying therapeutic strategy for osteoarthritis.
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