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Opverall hypothesis: Low-dose radiation induces molecular manifestations of a pro-inflammatory response as a function
of radiation type, radiation doses, doses rates, LET (linear energy transfer) value, and time. An oral available
anti-inflammatory countermeasure, already in human clinical trials with a good safety profile, will significantly reduce
proton and HZE-ion (high charge energy-ion) exposure associated tumor initiation and progression.

The overarching hypothesis for this project is that space radiation induces molecular manifestations of a
pro-inflammatory response as a function of radiation type, radiation doses, doses rates, LET value, and time. We are
testing if an oral available anti-oxidant and anti-inflammatory countermeasure, already in human clinical trials with a
good safety profile, CDDO, significantly reduces proton and HZE-ion exposure associated tumor initiation and
progression. Based on experiments conducted at the NASA Space Radiation Laboratory (Brookhaven, NY) we
demonstrate that HZE ion components of GCR (galactic cosmic radiation) result in persistent DNA damage and
inflammatory signaling, increased mutations in tumor suppressor genes, and higher rates of cancer initiation and
progression compared to that seen with similar doses of terrestrial radiation. While physical shielding may reduce some
of the risks of space radiation, there is substantial evidence that biological countermeasures will be required to ensure
that the established safety limits of increased lifetime fatal cancer risks are not exceeded. We are conducting GCR
simulations consisting of fast switching between protons, helium, and silicon using a dose rate of 0.5 cGy/min and a
total combined dose of between 27-30 cGy to more closely mimic the space environment on a trip to Mars and back.
Finally, we are conducting experiments with the official NASA GCRsim with acute and protracted mixed fields.
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Although radiation therapy is commonly used for treatment of many human diseases, including cancer, ionizing radiation
produces reactive oxygen species that can damage both cancer and healthy cells in tissues. We have demonstrated using
the biological countermeasure, CDDO, an anti-oxidant, anti-inflammatory modulator with a known mechanism of
action, a reduction in both cancer initiation and progression in mouse models after exposure to either terrestrial or space
radiation. We also demonstrated that CDDO can be used as a radioprotector in normal non cancerous human lung and
breast epithelial cells exposed to space and terrestrial irradiations while cancer cells were not protected. This suggests
the use of this oral available, non-toxic class of drug can protect non-cancerous healthy cells during radiotherapy,
resulting in better outcomes with less toxicity for patients. CDDO is currently in a phase 3 clinical trial for patients with
pulmonary arterial hypertension and Alport's syndrome. In preliminary experiments aspirin did not provide this
protection. Other potential countermeasures such as metformin continue to be tested and show radioprotective activity.
In the future, CDDO or metformin may be used to protect astronauts on long-term mission to Mars as well as patients
receiving radiotherapy on Earth. These radioprotectors may also have utility in protecting first responders to nuclear
accidents.

Per the Principal Investigator (PI): This project was initiated January 27, 2016 and is currently in a no cost extension due
to some delays associated with the COVID-19 pandemic. Our team participated in almost all NASA Space Radiation
Laboratory (NSRL) runs during the grant period, except during the pandemic, but due to help from the Brookhaven
National Laboratory (BNL) team, progress continued during the initial no cost extension (NCE) period. (Ed., 12/8/22).
Using a mouse model of lung cancer, we have tested the 33 beam GCRsim in a range of doses from 25 to 100 cGy. Mice
were exposed to GCRsim and one year later sacrificed to examine for advanced lung and other cancers. At doses below
75c¢Gy we did not observe an increase in advanced cancers. However, at 75c¢Gy provided acutely (over 2 hours) or
protracted (over 6 weeks) we did observe a significance increase in the appearance of invasive cancers. We next tested
CDDO and metformin as a radioprotector and experiments are ongoing.
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