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Abstract: Autoimmune diseases (ADs) represent a growing global health burden, characterized by aberrant immune
responses that attack self-tissues, leading to chronic inflammation and multi-organ damage. Conventional therapies,
including corticosteroids, immunosuppressants, and biologics, often exhibit limited efficacy and substantial adverse effects,
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highlighting the urgent need for innovative therapeutic strategies. Gingival mesenchymal stem cells (GMSCs) have
emerged as a promising candidate due to their ease of harvest, high proliferative capacity, and potent immunomodulatory
properties. This review systematically examines the therapeutic potential of GMSCs and their secreted exosomes (GMSCs-
Exo) in the context of ADs, with a focus on mechanistic insights, preclinical applications, and translational challenges.
GMSCs exert multi-targeted immunoregulatory effects by modulating both innate and adaptive immunity. They induce
macrophage polarization toward anti-inflammatory M2 phenotypes, inhibit pro-inflammatory dendritic cell and neutrophil
activity, and reestablish T and B cell homeostasis by promoting regulatory T cell (Treg) expansion and suppressing
pathogenic Th1/Th17 responses. Compared to conventional MSCs, GMSCs demonstrate superior immune suppression,
enhanced proliferative capacity, minimal ethical concerns, and safer clinical profiles, making them particularly attractive
for translational applications. GMSCs-Exo act as cell-free therapeutic vectors, delivering miRNAs, proteins, and other
bioactive molecules to replicate and even extend the immunoregulatory effects of parental cells while circumventing risks
associated with live cell transplantation. Preclinical studies indicate that GMSCs and GMSCs-Exo significantly ameliorate
diverse autoimmune pathologies, including systemic lupus erythematosus, rheumatoid arthritis, inflammatory bowel
disease, type 1 diabetes, psoriasis, and allergic asthma, by targeting disease-specific inflammatory pathways, restoring
immune tolerance, and promoting tissue repair. Nevertheless, clinical translation faces significant obstacles, such as donor
heterogeneity, scalable production of exosomes, targeted delivery efficiency, and comprehensive long-term safety
evaluation. Emerging interdisciplinary strategies, including engineered exosomes with surface modifications, intelligent
delivery systems, organoid-based disease models, high-throughput omics analyses, and Al-guided predictive platforms,
offer potential solutions to these challenges, advancing the field toward precision immunotherapy. In conclusion, GMSCs
and their exosomes provide a transformative paradigm for ADs treatment, bridging immune modulation and regenerative
therapy. Continued integration of bioengineering, computational biology, and translational medicine is essential to
overcome current bottlenecks, optimize therapeutic efficacy, and establish standardized, safe, and scalable protocols for
future clinical application. These advances may ultimately enable next-generation therapies that move from broad-spectrum
immune suppression to precise, personalized intervention, achieving both disease remission and tissue regeneration.
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Figure 1 Immunoregulatory network of GMSCs
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Table 1 Mechanistic differences between GMSCs and conventional MSCs
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Table 2 Key effector molecules carried by GMSCs-derived exosomes and their regulatory mechanisms
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