Aging-associated Epigenomic Reprogramming Promotes Inflammatory and Catabolic Responses in Tenocytes
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INTRODUCTION: Tendon pathologies, including acute rupture and degenerative conditions such as tendinopathy, disproportionately affect the aging
population and represent a major clinical burden [1]. Although tendon damage is readily healed in younger individuals, instances of microdamage in aged
patients will quickly develop into larger lesions due to their limited healing capacity [2]. These conditions are characterized by elevated inflammatory signaling,
which disrupts cellular composition and function within the tendon [3]. However, the impact of aging on the inflammatory response of tendon-resident cells
(i.e., tenocytes) and its contribution to the impaired healing process remain poorly
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RESULTS: RNA-seq and ATAC-seq results revealed extensive age-related differences in tenocytes. TNFa stimulation induced inflammatory gene expression
in both age groups; however, Mature cells exhibited a greater magnitude of change across multiple inflammatory pathways identified by GSEA interaction
analysis, including immune cell invasion, cytokine production, and damage response (Fig. 1A). Matrix degradation was markedly elevated in Mature tenocytes,
with strong upregulation of matrix metalloproteases (e.g., MMP-12) and coordinated activation of multiple catabolic processes (Fig. 1B, C). Integrated RNA-
seq and ATAC-seq analyses further identified Mature-specific pathways governing immune activation and invasion (Fig. 1D). Chromatin accessibility analysis
via ATAC-seq revealed distinct TF regulation between groups: Young tenocytes significantly downregulated multiple pro-inflammatory RFX-family TFs,
whereas Mature cells significantly increased accessibility of pro-inflammatory IRF-family TFs (Fig. 2A). De novo motif enrichment analysis revealed
significant downregulation of mechanoregulatory TFs, including TEAD in Mature cells, suggesting a potential loss of mechanical homeostasis with age (Fig.
2B, C). Associated ontology analysis of ATAC-seq data confirmed that inflammatory signal propagation occurred acutely in Mature cells.

DISCUSSION: In this study, we demonstrated that Mature tenocytes exhibited exaggerated pro-inflammatory gene expression compared to Young tenocytes,
suggesting a feed-forward loop of inflammation and matrix degradation that may lead to impaired healing in aged tendon tissue. Elevated catabolic activity
compromises tissue structure and function, consistent with clinical
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