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Fatigued skeletal stem cells develop osteoporosis and delay fracture healing in old-

Cr women
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Abstract

In Japan’s super-aging society, it is projected that by 2065, approximately one in 2.6 individuals will be aged 65
or older, highlighting the urgent need to extend healthy life expectancy. Osteoporosis and its associated fractures
represent significant risk factors, often leading to prolonged immobility and contributing to reduced quality of
life. Postmenopausal women are particularly affected, with an incidence rate 2-3 times higher than men, making
osteoporosis a critical societal issue among elderly women. To address these challenges, this study aimed to elucidate
the mechanisms underlying bone aging and regeneration. Bone marrow stromal cells possess the ability to differentiate
into adipocytes or osteoblasts. Under physiological conditions, these cells maintain a balance that supports bone
homeostasis; however, this balance shifts during aging and regeneration. Using tamoxifen-inducible Cxcll2-CreER;
R26R“™™" mice, we tracked stromal cell lineages. In aged mice, increased bone marrow adipogenesis was observed,
with stromal cells preferentially differentiating into adipocytes, a phenomenon replicated under high-fat diet conditions.
Following bone marrow injury, stromal cells initially differentiated into osteoblasts, contributing to bone regeneration,
before reverting to stromal cells. However, repeated injuries disrupted this process, with stromal cells bypassing
osteoblast differentiation and directly transitioning into adipocytes. These results indicate that aged stromal cells exhibit
enhanced adipogenic properties and reduced regenerative capacity, which may underlie delayed or impaired fracture
healing in elderly individuals. This study provides novel insights into the biology of bone aging and identifies potential
targets for improving fracture healing in osteoporotic patients.



