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Spaceflight results in increased fat infiltration into bone marrow, decreased hematopoiesis, and bone loss. The
mechanisms leading to these detrimental changes are incompletely understood. We recently demonstrated increased
non-shivering thermogenesis in brown adipose tissue (BAT) in mice sacrificed aboard International Space Station (ISS)
following exposure to microgravity for 37 days. Thermo-regulation is critically important to maintain core body
temperature within a narrow range. The sympathetic and sensory nervous systems regulate nonshivering thermogenesis
in BAT. Chronic increases in non-shivering thermogenesis in response to increased sympathetic outflow from the
hypothalamus lead to replacement of hematopoietic tissue in bone marrow with white adipose tissue (WAT) as well as
bone loss. Based on these observations, we propose the novel hypothesis that increased non-shivering thermogenesis
induced by elevated sympathetic signaling contributes to increased bone marrow adiposity, decreased hematopoiesis,
and bone loss in mice during spaceflight.

If increased non-shivering thermogenesis in mice plays a role in spaceflight-induced infiltration of bone marrow by fat
and bone loss, there should be a strong post-landing association between restoration of normal thermoregulation and
bone recovery. The rodent experiment design for the BION-M2 mission would provide an excellent platform for
comprehensive analysis of relevant pathways regulating thermoregulation and bone metabolism and how these change
during spaceflight and post-flight re-adaptation. To test our hypothesis we propose four Specific Aims.

Specific Aim 1. Hypothalamus: Determine the effects of spaceflight and re-adaptation on expression of genes related to
sympathetic outflow.

Specific Aim 2. Brown adipose tissue (BAT): Determine the effects of spaceflight and re-adaptation on BAT histology
and expression of genes related to non-shivering thermogenesis.

Specific Aim 3. White adipose tissue (WAT): Determine the effects of spaceflight and re-adaptation on WAT histology
and expression of genes related to WAT turnover.

Specific Aim 4. Marrow adipose tissue (MAT): Determine the effects of spaceflight and re-adaptation on bone and
MAT histology, lipid composition of bone marrow, and expression of genes related to bone cell and adipocyte
turnover, and hematopoiesis. We will also characterize associations between changes in MAT, bone cells, and bone
microarchitecture. We anticipate increased non-shivering thermogenesis in BAT as well as bone loss following
spaceflight. Increased thermogenesis will be associated with increased sympathetic outflow from hypothalamus and
WAT turnover. Bone loss will be associated with increased MAT, increased osteoclasts, and decreased hematopoiesis.
During re-adaptation, we anticipate normalization of thermogenesis to occur prior to normalization of bone metabolism.
Our analyses of histology, lipid composition of MAT, gene expression, and bone microarchitecture will provide insight
into the specific pathways by which altered thermogenesis influences bone metabolism during spaceflight and during
re-adaptation.

The proposed research is relevant to NASA because it will contribute to a mechanistic understanding of bone loss during
spacetlight.

New project for FY2020.
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