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Astronauts exposed to long periods of unloading due to extended spaceflight experience on average a decrease in bone
strength at 2.0 — 2.5% per month. This sharp decline in bone strength can predispose astronauts to fragility fractures,
especially when re-entering a gravity-based loading environment due to extra-vehicular activities, extraterrestrial
exploration, off-nominal spacecraft landings, and or upon return to Earth. While emerging evidence suggests that
unloading, as would occur in microgravity during spaceflight, impairs fracture healing, the cellular and molecular
mechanisms by which this occurs largely remains unknown due to a lack of ground based rodent analog models
mimicking spaceflight conditions. Understanding the mechanisms underlying the microgravity induced impairment in
bone regeneration following fracture will lead to the development of new countermeasure targets. One potential
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countermeasure target is Connexin 43 (Cx43), the primary gap junction protein in bone. Gap junctions facilitate
intercellular communication between neighboring bone cells such as osteoblasts and osteocytes and have been strongly
implicated in bone fracture healing and bone adaptation to the mechanical environment.

In order to study how the duration of microgravity and Cx43 affect fracture healing outcomes, a novel murine healing
model undergoing different periods of unloading before and during fracture healing will be developed and
characterized. This model will be created by combining the ground-based microgravity analog, hindlimb unloading, in
conjunction with an established mouse endochondral bone healing model, the stabilized open surgical femoral fracture
model. Bone healing outcomes via molecular, histological, mechanical, and cellular techniques will be evaluated in
wildtype and Cx43 transgenic mice. Furthermore, biomarker characterization of healing progression will be evaluated.
The outcomes of this research will provide better mechanistic insight into how microgravity and gravitational reloading
such as that found during spaceflight and terrestrial exploration, respectively, affects bone healing. Furthermore, this
proposal will identify whether possible treatment strategies targeting Cx43 and or other biological targets is an
efficacious approach to augment bone healing during microgravity.

New project FY2020.
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