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[Abstract] Aging can induce age-related bone diseases such as osteoporosis. DNA methylation, a core epigenetic
regulatory mechanism, participate in the pathological process of aging-induced bone metabolism imbalance by
modulating gene expression at the epigenetic level. Using S-adenosylmethionine as a methyl donor, it exhibits
characteristics of hypomethylation in genomic repetitive regions and abnormal methylation in CpG islands of promoters
of key bone metabolism genes with advancing age. The "epigenetic clock” constructed based on these features can
accurately predict an individual's biological age. In bone metabolism, DNA methylation disrupts the osteoblast-osteoclast
balance by targeting key factors. Such abnormalities are driven by aging-related inflammation and oxidative stress, while
bone loss feedback exacerbates epigenetic disorders, forming a vicious cycle. Targeted intervention strategies have
demonstrated significant potential in addressing bone metabolism-related issues. Low-dose DNA methyltransferase
inhibitors can improve bone metabolism; nutrients such as folate and cobalamin maintain methylation homeostasis by
optimizing one-carbon metabolism pathways; while CRISPR/dCas technology enables precise regulation in the cellular
and animal levels, thereby affecting bone metabolism. However, existing strategies still face challenges such as off-target
effects and low delivery efficiency. Future research needs to deepen mechanistic studies, optimize intervention methods,
and promote their translation into clinical prevention and treatment of osteoporosis.
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Fig 1 Methylation modifications and methylation clock during aging
SAM: s-adenosylmethionine; Me: methylation.
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Fig 2 Schematic diagram of DNA methylation regulating DNA methylation on the dynamic balance between bone formation and resorption.

PRCI: polycomb repressive complex 1; Bmi-1: B cell-specific Maloney murine leukemia virus insertion region 1; RING1B: ring finger protein 1B; DNMT3A: DNA

methyltransferases 3A; TET: ten-eleven translocation; RUNX2: runt-related transcription factor 2; KDM4A: lysine-specific demethylase 4A; RANKL: receptor activator of

nuclear factor-k B ligand; OSX: osterix; OPG: osteoprotegerin; SOST: sclerostin.
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