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Abstract

Bone marrow mesenchymal stem cells (BMSCs) are adult stem cells of mesodermal origin with self-
renewal capacity and multipotent differentiation potential. They can differentiate into osteoblasts,
chondrocytes, adipocytes, and various other mesenchymal lineage cells, making them highly valua-
ble in tissue repair, immunoregulation, and regenerative medicine. The biological behavior of
BMSCs is highly dependent on their microenvironment, and changes in external conditions can sig-
nificantly influence their proliferation, migration, differentiation, paracrine activity, and survival.
At high altitudes, multiple environmental factors—including reduced oxygen pressure, lower tem-
peratures, increased ultraviolet (UV) radiation, and altered gravitational load—interact to produce
complex effects on BMSC function. Current studies indicate that hypoxia can, within certain limits,
enhance BMSC proliferation, migration, osteogenic and chondrogenic differentiation, as well as im-
prove paracrine function and pro-angiogenic capacity. Low temperatures generally suppress cellu-
lar metabolism, proliferation, and certain differentiation functions but may increase tolerance to
adverse conditions. UV exposure exhibits dose-dependent effects: low doses minimally affect basic
phenotypes, whereas higher doses can impact migration, adhesion, and cellular senescence. Re-
duced gravity or simulated microgravity can remodel the cytoskeleton and regulate stemness-re-
lated signaling pathways, altering differentiation patterns and osteogenic potential. This review
systematically summarizes the effects of high-altitude environmental factors on BMSC biological
characteristics, aiming to provide insights for stem cell research and regenerative medicine appli-
cations in high-altitude conditions.
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