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Little is known about the effects of spaceflight on articular cartilage health. Unlike bone and muscle, cartilage lacks the
ability to regenerate. Once a catabolic cascade is triggered, it usually results in osteoarthritis. Some studies have shown
degradation of the articular cartilage in response to unloading and prolonged bedrest. However, the underlying
molecular mechanisms of articular cartilage degradation in response to unloading are still elusive. The overall goal of
my research is to understand and elucidate key molecular mechanisms involved in response of cartilage to changes in
gravitational forces. The majority of my focus is at the cell level, with analyses of potential approaches to translate these
changes to tissue and joint level. To begin to address this problem, I investigated the effects of simulated microgravity
on chondrocytes using the rotating wall vessel (RWV) bioreactor. Also, in collaboration with Dr. Jeff Willey, I studied
the combined effects of radiation and simulated microgravity on articular cartilage health. I found that chondrocytes
exposed to simulated microgravity undergo morphological rearrangement of the actin cytoskeleton. This change was not
observed in irradiated cells; however, when cells were exposed to both radiation and simulated microgravity, they
developed long stress-like fibers, resembling a more fibroblast morphology as compared to the cortical control
chondrocytes. Gene expression analyses confirmed that cells exposed to both radiation and simulated microgravity
express more collagen I and less collagen II and aggrecan, which is characteristic for de-differentiated chondrocytes. We
also determined that irradiated chondrocytes upregulate R-spondinl. R-spondinl is a positive regular of Wnt signaling
that has been shown to protect against radiation-induced damage to the oral mucosa and intestine. R-spondinl has also
been shown to protect against inflammatory bone damage in a mouse model of arthritis. Our results are interesting given
R-spondinl is upregulated in response to radiation, but not radiation and microgravity. If chondrocytes in normal gravity
respond to radiation by producing "radioprotectant” genes, simulated microgravity is inhibiting that effect, making
cartilage cells more susceptible to radiation-induced damage in microgravity conditions. This data shows that
microgravity may inhibit the radio-protective mechanism of chondrocytes, suggesting a combined synergistic,
degradatory effect of simulated microgravity and radiation, which mimics the environment of spaceflight. The
mechanisms responsible for these morphological and signal transduction changes in response to simulated microgravity
and radiation are still under investigation. Another unexpected and compelling finding was that chondrocytes respond to
simulated microgravity by up-regulating sclerostin, an inhibitor of Wnt signaling known to induce bone density loss in
space. However, according to a recent study, sclerostin may prevent cartilage from further degradation by decreasing
production of matrix degrading genes, suggesting a chondro-protective role for sclerostin in this tissue. Therapeutic
treatments using an antibody against sclerostin have shown promising results to prevent bone density loss in unloading
conditions. However, the effects of blocking sclerostin on neighboring tissue, such as articular cartilage have not been
addressed and may have adverse effects. My goal for next year is to compare results of cells exposed to microgravity to
cells incubated in hydrostatic pressure, an environment known to induce expression of anabolic genes in articular
cartilage. In addition, I will investigate the role of primary cilia in microgravity, an important organelle involved in
mechanotransduction that has also been associated with the Wnt signaling pathway.

Astronauts are exposed to prolonged periods of microgravity during spaceflight. Lack of gravity is known to negatively
affect the musculoskeletal system, mainly bone and skeletal muscle, which are constantly exposed to mechanical loading
on Earth. However, another important component of the musculoskeletal system, the synovial joint, has not been fully
investigated in space-like conditions. Unlike bone and muscle, the articular cartilage of the synovial joint has limited
regenerative capacity, and has a relatively slow turn over compared to the fast remodeling of bone. Cartilage
degradation leads to a severe disease known as osteoarthritis (OA). OA is the leading cause of disability in the US, and
one of the few chronic diseases of aging without a cure. Little is known about the effects of microgravity on the synovial
joint and changes in cartilage homeostasis. Bone remodeling occurs much faster. This is the first study to use an in vitro
and ex vivo approach to understand the effects of reduced gravity on cartilage health and to elucidate the signaling
pathways responsive to changes in gravitational forces. Understanding changes in cartilage homeostasis and molecular
pathways in reduced gravity conditions, will help us elucidate the mechanisms involved in disuse OA here on Earth, and
develop novel therapeutic targets.

This is the first study to show cartilage degradation at both the cell and tissue level in response to simulated microgravity
via changes in gene expression, protein expression, and GAG (glycosaminoglycan) content. Although it appears that
cartilage degradation in response to microgravity may take longer than bone density loss and skeletal muscle atrophy,
cartilage tissue does not regenerate. Loss or degeneration of articular cartilage results in painful and debilitating joint
disease that can limit mobility of the affected joint. We also targeted a potential signaling pathway that responds to
mechanical unloading in chondrocytes. Active canonical Wnt signaling is essential in bone to maintain a balance
between osteoclast and osteoblast activity. Inhibition of Wnt signaling has been correlated with bone loss. We detected
inhibition of Wnt signaling in response to simulated microgravity in chondrocytes by up-regulation of sclerostin and
other Wnt inhibitors. However, in cartilage, Wnt inhibition has been reported to be a chondro-protective mechanism to
prevent further cartilage degradation, and canonical Wnt signaling has been associated with cartilage degradation and
OA. We showed in our chondrocyte cell line that up-regulation of catabolic genes in response to simulated microgravity
was similar to that of IL-18 treatment. However, when recombinant sclerostin was added to IL-18 treated cells, it
decreased MMP (matrix metalloproteinase) expression as previously suggested, providing supportive evidence of the
chondroprotective role of sclerostin in cartilage tissue. Therefore, it appears that sclerostin has opposite roles in these
two adjacent tissues, and therapeutic targets using a sclerostin antibody to reduce bone density loss in space and
osteoporosis need to be further evaluated given the potential of sclerostin inhibition resulting in the progression of OA.
Funding for this project has helped provide new evidence for another tissue potentially affected by lack of gravity.
Osteoarthritis and joint degradation may take longer than osteopenia or sarcopenia to develop, but unlike bone and
muscle, cartilage degradation is irreversible and therefore, should be taken into consideration as a possible risk during
prolonged spaceflight.
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