Identification of lysine methyltransferase METTL13 as a novel biomarker of osteoporosis by regulating BMSCs differentiation and senescence via Foxa1/HES-1 axis
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Background: Recent research suggests that the senescence of bone marrow mesenchymal stem cells (BMSCs) could impair adipo-osteogenic balance, possibly the primary cause of osteoporosis development. The long-term studies of our research group have confirmed that methyltransferase-related genes play important roles in osteoporosis. Methyltransferase like 13 (METTL13), a lysine methyltransferase of eEF1A protein, plays a critical role in cell fate and disease development. However, its function in osteoporosis progression remains unknown.
Methods: Bone formation was analyzed by Microcomputed tomography (μ-CT) and hematoxylin eosin (H&E) staining. Immunohistochemical (IHC) staining was used to detect the protein expression in bone tissues. The quantitative real time PCR (qRT-PCR) and western blotting were used to analyze mRNA and protein expressions. Senescent cells detected by β-galactosidase staining. Using alizarin red staining (ARS) and alkaline phosphatase (ALP) staining to explore the osteogenic differentiation. Lipid droplet formation was determined by oil red O staining. Co-immunoprecipitation (CO-IP) was used to detected the protein-protein binding. Protein-DNA interaction was determined by Chromatin Immunoprecipitation (CHIP) assay.
Results: Here, we demonstrated that METTL13 expression was significantly increased in ovariectomy-induced senescent bone or BMSCs. Knockdown of METTL13 remarkably reversed cellular senescence induced by etoposide. Meanwhile, elevated METTL13 expression promoted the preferential differentiation of BMSCs to adipocytes over osteocytes by binding to forkhead box protein A1 (Foxa1), a transcriptional factor. We further found that Foxa1 had opposite effects on BMSC differentiation compared to METTL13, further inhibiting its nuclear entry. Notably, the inhibition of Foxa1 nuclear import suppressed the transcriptional expression of HES-1 which further resulted in the promotion of adipogenic differentiation and the inhibition of osteogenic differentiation of BMSCs.
Conclusions: Our work elucidates a mechanism whereby METTL13 promotes BMSCs senescence and disturbs BMSC differentiation and identifies the METTL13-Foxa1-HES-1 axis as the potential therapeutic targets for osteoporosis.
