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Abstract: Osteoarthritis (OA) represents a globally prevalent joint disorder affecting more than 654 million individuals, and
its pathological essence has been reconceptualized from a mere mechanical degenerative disease of cartilage to a chronic
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immune mediated metabolic disorder featured by persistent lowgrade inflammation. As the most numerous and functionally
plastic innate immune cells in the synovium, macrophages serve as a pivotal regulatory hub in the onset and progression of
OA, thereby offering a promising target for developing disease modifying therapeutic interventions. This review is designed
to systematically synthesize recent advances in macrophage targeted strategies for OA prophylaxis and treatment, dissect the
core regulatory mechanisms, and address translational challenges and future perspectives. The review first delineates the
ontogeny and phenotypic heterogeneity of articular macrophages, which encompass embryo-derived resident tissue
macrophages and bone marrow recruited monocytes that infiltrate into synovium during inflammatory conditions. It
highlights that macrophage polarization follows a continuous phenotypic spectrum rather than a simplistic M1/M2 dichotomy,
and is dynamically modulated by damage associated molecular patterns, metabolites, mechanical stress, and paracrine or
autocrine signaling networks. Pathologically, polarization imbalance, aberrant pyroptosis, defective efferocytosis, and
uncontrolled activation of macrophages collectively trigger and sustain synovial inflammation, accelerate extracellular matrix
degradation, impair tissue regeneration, and thereby promote OA progression. Furthermore, the review summarizes five major
interventional approaches targeting macrophages: reprogramming macrophage polarization toward an anti-inflammatory and
reparative phenotype; selectively eliminating proinflammatory macrophage subsets to avoid global immunosuppression;
restraining caspasel/GSDMD dependent macrophage pyroptosis to mitigate inflammatory cascades; enhancing efferocytotic
capacity to clear apoptotic debris and resolve chronic inflammation; and inhibiting abnormal macrophage activation to
alleviate cartilage and subchondral lesions. Promising preclinical evidence has been obtained using nanocarriers, injectable
hydrogels, stem cell secretomes, small molecular compounds, and targeted biological agents. In conclusion, although
macrophage targeted therapy has demonstrated considerable potential, its clinical translation is hindered by cellular
heterogeneity, spatiotemporal variability, and limited targeting specificity. Future investigations should prioritize high
resolution macrophage subpopulation mapping, stimuli responsive intelligent delivery systems, metabolic and epigenetic
modulation, and subtype stratified personalized regimens. Harnessing macrophages to restore immune homeostasis represents
a fundamental paradigm shift in OA management and may ultimately achieve durable disease modification.
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Table 1 Factors and molecular mechanisms regulating phenotypic conversion of synovial macrophages
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