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Performance Goal Text:  

Task Description:

Skeletal muscles are dynamic mechanical and metabolic machines that drive body movement and energy expenditure.
Skeletal muscles are dynamic tissues that can adapt quickly to alterations in mechanical unloading by altering their mass
and muscle fiber cross-sectional area. Skeletal muscle strength and endurance are essential to the health, well-being,
and performance of astronauts during spaceflight and upon return to a gravitational environment. The mechanical
unloading due to the microgravity (µG) of spaceflight causes muscle fiber atrophy and fiber-type shift of postural
muscles in the lower extremities and flexors in the upper extremities. Microgravity also increases the risk of skeletal
muscle damage, weakness, and thus the risk of injury upon reloading (e.g., extravehicular activities, Mars). 
Mechanotransduction is the ability to sense and regulate adaptive responses to increased or decreased loading. New
paradigms have emerged from ground analogs of µG that have contributed to a leap of our understanding of
mechanotransduction and muscle atrophy. Specifically, the mu-splice variant of neuronal nitric oxide synthase (nNOSµ)
was discovered as causal in both muscle hypertrophy with overloading and atrophy with unloading. Our laboratory has
found that reactive oxygen species (ROS) directly contribute to both muscle fiber atrophy and fiber-type shift from slow
to fast. Pilot Data and cutting-edge research have identified mitochondria, the Nox2 isoform of NADPH oxidase, and
upstream angiotensin II receptor 1 (AT1R) as sources of ROS during mechanical unloading. Preliminary Data show that
inhibition of Nox2 translocation of nNOSµ away from the sarcolemma, muscle fiber atrophy, and fiber-type shift.
However, the upstream mechanisms that regulate Nox2 during µG are poorly understood, impeding progress in space
biology and novel countermeasure development. The lack of such knowledge impedes our development in
understanding the mechanisms that underlie redox regulation of mechanotransduction in skeletal muscle. This grant
application serves as a renewal and extension and Renewal of our research team's NNX13AE45G award, particularly
stretching our horizons in understanding how Nox2 assembly is enhanced during microgravity in skeletal muscle. 

New studies have identified novel inhibitors for proteins recently govern assembly of the Nox2 complex at the cell
membrane acid—sphingomyelinase (ASMase) and cyclophilin A. We hypothesize that the following novel
countermeasures will protect against nNOSµ translocation and the spaceflight phenotype— (a) the ASMase inhibitor
etidronate (Didronel) and (b) cyclophilin A inhibitor TMN-355. We further postulate that Nox2 is causal in
ROS-induced suppression of anabolic signaling. The efficacy and specificity of the above countermeasures will be
confirmed with gene knockdown experiments. Texas A&M is a rich research environment for NASA research, including
the Space Life Science Program. We will use the latest molecular and image analysis tools in the development of highly
novel countermeasures against spaceflight sarcopenia during microgravity. Dr. Lawler and Dr. Fluckey's laboratories
have continued to be supported by NASA, and are dedicated to finding targeted, antioxidant countermeasures against
spaceflight sarcopenia. The ground hindlimb unloading model will be used in short and long-term experiments. 

Our research will also directly translate to skeletal muscle wasting in clinical setting on Earth, an important mission of
the Space Biology program. For example, hospitalization, particularly in an ICU (intensive care unit) can reduce skeletal
muscle by 25%. Cast immobilization can decrease affected muscle mass by 30% as well. In addition, mechanical
unloading due to disuse (e.g., bedrest) and illness (e.g., sepsis, chronic obstructive pulmonary disease, chronic heart
failure) exacerbates atrophy, weakness, and impedes recovery. 

  

Rationale for HRP Directed Research:   

Research Impact/Earth Benefits:

Our research will also directly translate to skeletal muscle wasting in clinical setting on Earth, an important mission of
the Space Biology program. For example, hospitalization, particularly in an ICU (intensive care unit) can reduce skeletal
muscle mass by 25%. Cast immobilization can decrease affected muscle mass by 30% as well. In addition, mechanical
unloading due to disuse (e.g., bedrest) and illness (e.g., sepsis, chronic obstructive pulmonary disease, chronic heart
failure) exacerbates atrophy, weakness, and impedes recovery. 
  

Task Progress:

During this year, we settled into our Gilchrist Building laboratory facilities in the 3rd floor. We purchased a new Nikon
Ti2-A fluorescence microscope. We also have continued to manage and reboot operations during COVID waves. 
• We found that microgravity depresses protective proteins, i.e., heat shock protein 70 (HSP70), sirtuin-1 (SIRT1),
nuclear factor erythroid 2–related factor 2 (Nrf2), and Manganese – specific superoxide dismutase (MnSOD) were
depressed with 7 days of unloading, allowing excessive oxidative stress that led to muscle atrophy (Lawler 2021, 2022). 

• Mitigation of elevated assembly of the NADPH oxidase-2 complex by using the peptide inhibition of gp91ds-tat
significantly protected against unloading-induced reduction of HSP70 in skeletal muscle. 

• Nox2 was found to be causal in skeletal muscle atrophy associated with microgravity. 

• Nox2 peptide inhibition protected against loss of nNOS at the muscle cell membrane. 

• Angiotensin II receptor 1 (AT1R) inhibition protected against Nox2 elevation, oxidative stress, and loss of
sarcolemmal nNOS (Hord 2021). 

• Demonstrated development and proof of concept of a new Bioreactor to simulate overloading and microgravity in
skeletal muscle cells. 

• Translation to Duchenne muscular dystrophy (DMD): Nox2 was elevated in both Duchenne muscular dystrophy and
spaceflight, leading to skeletal muscle myopathy. 

• Mice with DMD had significant muscle damage and elevated levels of pro-inflammatory proteins RANKL,
Cyclophilin A, and Acid Sphingomyelinase compared with normal, healthy mice. 

• Inhibition of Nox2 protected against upregulation of RANKL in skeletal muscle of dystrophic mice. 

• Stress protective proteins SIRT1, HSP70, Nrf2, and MnSOD were depressed in mice with Duchenne muscular
dystrophy, similar to spaceflight -- thus contributing to oxidative stress and myopathy. 

• Our research team also found elevated levels of mRNA transcripts (gene expression) for Cyclophilin A and Acid
Sphingomyelinase in dystrophic muscle -- golden retriever muscular dystrophy (GRMD) muscle. 

• We demonstrated proof of concept of systemic AAV9 delivery to skeletal muscle and heart. This new technology
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development and application holds great promise for SAFE gene therapy against inflammation, oxidase stress, and
impaired stress proteins. 
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