Anti-inflammatory and osteogenic roles of tonsil mesenchymal stem cell-derived exosomes
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Introduction. Periodontitis is characterized by chronic inflammation and impaired osteogenesis of periodontal ligament cells. Exosomes derived from mesenchymal stem cells (MSCs) have emerged as potential therapeutics via paracrine signaling. However, the role of tonsil MSC-derived exosomes (TMSC-Exo) in periodontal inflammation and regeneration remains unclear.

Aims. The objective of this study was to determine the capacity of TMSC-Exo to counteract lipopolysaccharide (LPS)-induced inflammation and to promote osteogenic potential in human periodontal ligament fibroblasts (hPDLFs). 

Methods. TMSC-Exo were isolated by ultracentrifugation and characterized by transmission electron microscopy (TEM), nanoparticle tracking analysis (NTA), and Western blotting. hPDLFs were exposed to LPS to induce an inflammatory environment and then treated with TMSC-Exo. Cell proliferation and migration were assessed. Expression of inflammation-related genes and proteins was measured by quantitative real-time polymerase chain reaction (qRT-PCR) and Western blot analysis. Additionally, osteogenesis was assessed by alkaline phosphatase (ALP) staining/activity, Alizarin Red S staining, and qRT-PCR.

Results. TMSC-Exo significantly promoted the proliferation and cell migration of hPDLFs. TMSC-Exo effectively suppressed the expression of pro-inflammatory cytokines such as IL-8, IL-6, IFN-γ, and IL-1β in LPS-induced inflammatory conditions. In addition, TMSC-Exo has been demonstrated to reduce the phosphorylation of ERK and JNK, down-regulate AP-1 components (c-Jun, c-Fos) and NF-κB, and decrease JAK2/STAT3 activation, which are central to inflammatory signaling pathway. In regard to osteogenesis, TMSC-Exo markedly enhanced ALP activity and calcium deposition. The qPCR results showed that TMSC-Exo significantly increased the mRNA expression of osteogenic markers, including ALP, OCN, BSP, Sost, and OPN. 

Discussion. These findings suggest that TMSC-Exo may have therapeutic potential for the treatment of periodontitis by modulating inflammation and enhancing periodontal regeneration. 

