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NOTE: End date changed to 5/31/2022 per NSSC information (Ed., 3/3/2020)

April 2020 report: Dr. Thamm has completed his role on the NSCOR. April 2019 report: Dr. Robert L Ullrich has
transitioned from NSCOR Co-Director to Consultant ; Dr. Michael D. Story now serves as the Co-Director.
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The proposed Carcinogenesis NASA Specialized Center of Research (NSCOR) addresses several key questions for the
assessment of radiation risk. The NSCOR consists of four interrelated projects. Project 1 is a biomarker discovery study
using integrative “omics” approaches over multiple levels of biological organization and involving multiple species.
Biomarkers predictive of the outcomes of HZE (high energy) ion exposures can be used to extrapolate findings in mice
to other species, including humans, that are most relevant to NASA’s exploratory missions. The biomarkers are also
critical for understanding underlying carcinogenic mechanisms, early disease detection, and subsequent countermeasure
development. Project 2 investigates qualitative differences in tumor progression and metastasis between HZE ion- and
gamma ray-induced tumors. Project 3 examines the critical question of risk from protracted exposures to high LET
(linear energy transfer) radiation at low doses and dose rates. To estimate the carcinogenic effects of these scenarios, we
will use chronic exposures to high LET associated neutron radiation as a surrogate for conditions of space-relevant
fluence rates and total doses. Project 4 utilizes the resources (irradiated mice and “omics” results) generated in the first
three projects to study the neurobehavioral consequences of HZE ion and neutron exposures and whether they are
related to tumorigenesis-related outcome measures and predicted by the same or distinct biomarkers.

Two addenda were added to the NSCOR in the April 2017 — March 2018 reporting period. The first was designed to
determine if a low dose aspirin regimen could be an effective countermeasure to high LET radiation-induced
hepatocellular carcinoma. Two exposure conditions are included, and acute exposure to 0.2 Gy 300 MeV 28Si ions and
a chronic exposure to 0.4 Gy of 252Cf neutrons. The second was designed to compare fractioned exposures to a
simulated GCR (galactic cosmic radiation) beam to an acute exposure for the induction of hepatocellular carcinoma.

Accurately determining the cancer risk from high energy, charged particle radiation exposure is of great importance for
designing human spaceflight missions, but it is becoming increasingly important for cancer radiotherapy as well.
Radiation oncology appears poised to transition to charged particle radiotherapy in the form of proton therapy and
carbon ion therapy. However, one of the risks of treating cancer with charged particle radiation is that the treatment itself
can result in a new cancers, known as a second malignant neoplasms (SMN) (commonly used photon radiotherapy also
increases SMN risk). The radiotherapy equipment and the patient treatment plans are designed to minimize SMN, but the
models to predict risks from various exposures rest on some of the same assumptions about how charged particle
radiation causes cancer that are being tested in this NSCOR grant. The results obtained in this program can be used to
improve the design of treatment protocols and thus reduce the risks of SMN in radiotherapy patients.

In Project 1, we found significant overlap of circulating miRNA markers associated with hepatocellular carcinoma
(HCC) in humans and mice which supports the feasibility of using the C3H mouse model to develop markers for human
disease. Our results from assaying these circulating miRNA markers in a precancerous stage of radiation-induced HCC
suggest that they can be used to monitor potential cancer risk during or after spaceflight. Furthermore, they may also be
used to monitor high risk individuals for HCC. The integrated transcriptome analysis of mouse HCC samples suggests
that high-LET and low-LET radiation induced different molecular subtypes of HCC. These can be correlated with
distinct subtypes of human HCCs that have significant differences in clinical outcome. These results have been accepted
for publication in Scientific Reports (Ed. note 7/25/21: now published--see Bibliography for Ding et al.).

In Project 2, we found no evidence that high LET radiation exposure leads to enhanced metastatic potential in ether of
the two model systems tested. However, we did identify serum biomarkers for preclinical detection of hepatocellular
carcinoma. These results have been published online in the International Journal of Radiation Biology (see Bibliography
section for Udho et al.).

In Project 3, we calculated survival data for C3H male and BALB/c female mice that received acute exposures to 0.4 Gy
of neutrons and compared those results to mice of the same strain and sex irradiated with 0.4 Gy of neutrons at low

dose rate (ImGy/day). Acute exposure led to considerable life shortening in female BALB/c mice with a small
improvement in survival if the same dose is delivered at low dose rate. In male C3H mice there is also considerable life
shortening from the acute exposure, but low dose rate sparing is substantial. Whether the greater detrimental effect of
the low dose rate exposure in BALB/c female mice compared to male C3H mice is due to the strain difference or the
sex difference is unknown. Note that these results are for overall survival out to 800 days of age; histopathology review
of the tumors that arose in these groups is in progress.

In Project 4, Drs. Raber, Emmett, and computational expert Jessica Minnier focused on analyzing the lipid data sets
which had been recompiled with a s/n of 5:1. Drs. Emmett and Yu (University of Texas Medical Branch-UTMB) then
assigned lipid i.d.s to the significant m/z values identified by computational analysis. Further correlations were made
between the behavioral data (Dr. Raber), the miRNA data (Dr. Story), and the lipid data (Dr. Emmett). At this point,
biological correlations between all data sets were assigned. The results were reported in the manuscript entitled:
"Associations between lipids in selected brain regions, plasma miRNA, and behavioral and cognitive measures
following 28Si ion irradiation," which has been published online in Scientific Reports (see Bibliography section for
Minnier et al.).

Two Addenda were in progress during the period covered by this report: a study of low dose aspirin as a radiation
countermeasure and a comparison of the effects of acute exposure and fractionated exposure to GCRsim. We observed
no difference in survival between male C3H mice that received acute GCRsim exposures and those that received
fractionated exposures.
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