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Executive Summary

In order to address the potential injury to the central nervous system by charged particles found in space, the workshop participants were asked to give a short presentation on topics relevant to CNS injury in the broad context.  Discussions following presentations focused on the implications for space radiation exposures.  A few unifying themes emerged from the discussions.  First, the participants felt strongly that high LET radiation had the potential to create unique classes of lesions not seen by exposures to other environmental agents.  The main argument was that the highly ordered structure of the CNS would interact with the track of ionization to produced lesions organized along a linear zone that might inactivate or significantly functionally perturb the collective activity of the interconnected cell group(s).   Second, it has recently been appreciated that stem cell populations in the brain, especially in areas lining the ventricles or near the dentate gyrus and the subependymal plate, can migrate to sites of damage and participate in the repair of injury.  This compliments the restoration of function by connectivity changes.  Such stem cells are more sensitive to radiation than differentiated neurons and may represent a critical at risk population.  Third, it has been shown in humans treated with radiation for cancer (body sites as well as head) that behavioral changes occur such as chronic fatigue and depression not seen with other treatment modalities, including chemotherapy.  Fourth, the participants felt that radiation definitely could constitute a Type I risk (cf. NASA critical path roadmap) at some level of exposure.  However, the lack of data for charged particle radiation prevents accurate estimation of the exposure levels likely to be significant.  Fifth, the participants expressed the view that based on current knowledge, it is not expected that acute neurological deficits would occur following space radiation exposures.  However, the exacerbation of neurodegenerative disorders or the shortening of latency times to their onset were considered likely.  Finally, it was suggested that biomarkers of susceptibility could be used in a countermeasure context for crew selection.  In addition to well-known DNA repair defective syndromes (e.g., Fanconi anemia, Bloom’s syndrome, Aaxia telangiectasia and Xeroderma pigmentosum) the apolipoprotein ApoE4 allele was considered highly significant as a predisposing health risk.  

The organization of the report begins with a set of initial questions that were distributed to participants prior to the workshop.  These were based on NASA’s critical path roadmap and other strategic planning documents and were meant to focus the presentations that followed.  The initial presentations outlined space radiation environments, risk assessment issues and reviewed special features of charged particle radiation that dominate the space environment.  The participant presentations follow and address CNS biology in response to radiation from a variety of perspectives.  The latter portion of the report attempts to synthesize the thinking of the workshop participants and ends by re-evaluating the initial questions and posing several new questions that integrate issues brought up during the general discussion.  Suggestions for future research strategies are formulated by this question/issue set.

Introduction to the Neuroscience and Radiation Biology Working Group Workshop

Astronauts are unavoidably exposed to ionizing radiation in space.  The composition of the space radiation environment is primarily high-energy (a few MeV to tens of GeV) charged particles with protons and even atomic number ions through iron dominant.  The sources of the radiation are galactic cosmic rays, trapped radiation belts and the sun. Neutrons and other nuclear fragmentation products often dominate exposures inside spacecraft and deep tissues. Chronic exposures are about 0.1 to 1 milliGray per day vs. 1 microGray per day for earth surface exposures.  Superimposed on the chronic exposures are highly variable solar particle events (mostly protons) that may produce an exposure of 1 to 3 Gray over a few hours to a few days.

Because of this occupational exposure NASA must manage the health risks of astronauts and counsel them so that they can enter into an informed risk agreement.  Biological countermeasures are of interest for reducing the possible health effects from space radiation exposures. To establish and manage the health risks their scientific basis must be established.  NASA provides funds for research into the biological effects of charged particle radiation and maintains facilities for simulating space radiation fields.  Much of previous work has been devoted to establishing the risk of excess cancer, cataracts and loss of fertility or transmission of genetic damage.  One area of increasing concern is the risk to the central nervous system.  Late effects of radiation exposure might lead to early onset of neurodegenerative disorders while acute effects might lead to performance decrements that affect mission outcome and safety (e.g. inability to operate space vehicle).

NASA has endeavored in the past to establish critical questions that must be addressed to guide research proposal solicitations, prioritize research and frame the scientific basis for risks.  Prioritized questions have been established for carcinogenesis and other endpoints but CNS effects still require examination.  To address this problem a workshop was convened in December 2000 by NASA and Loma Linda University under the auspices of the Cooperative Research Agreement in Proton Space Radiation.  Universities Space Research Association served as the meeting organizer and the workshop was held at the Center for Advanced Space Studies in Houston, Texas on December 5-6, 2000.  Professor Philip Tofilon, previously of the University of Texas M.D. Anderson Cancer Center and now of the National Cancer Institute, was the meeting chairman and Professor Gregory Nelson of Loma Linda University was the co-chairman.

Meeting participants were selected from various clinical and basic research backgrounds and were asked to provide their insight into the potential damage to the central nervous system by the unique radiation fields of space and to identify elements of a research strategy that would inform NASA in its deliberations on research strategies.  The principal product of the workshop is this report, which includes the presentations by participants, supporting references, and a summary of prioritized critical scientific questions.  The answers to these questions will enable informed assessment of the risks of space radiation exposure to the CNS and the development possible countermeasures. 

Charge to the Neuroscience and Radiation Working Group

Astronauts are unavoidably exposed to ionizing radiation in space.  The composition of the space radiation environment is primarily high-energy (a few MeV to tens of GeV) charged particles with protons and even atomic number ions through iron dominant.  The sources of the radiation are galactic cosmic rays, trapped radiation belts and the sun. Neutrons and other nuclear fragmentation products often dominate exposures inside spacecraft and deep tissues. Chronic exposures are about 0.1 to 1 milliGray per day vs. 1 microGray per day for earth surface exposures.  Superimposed on the chronic exposures are highly variable solar particle events (mostly protons) that may produce an exposure of 1 to 3 Gray over a few hours to a few days.

Because of this occupational exposure NASA must manage the health risks of astronauts and counsel them so that they enter into an informed risk agreement.  Biological countermeasures are of interest for reducing the possible health effects from space radiation exposures. To establish and manage the health risks their scientific basis must be established.  NASA provides funds for research into the biological effects of charged particle radiation and maintains facilities for simulating space radiation fields.  Much of previous work has been devoted to establishing the risk of excess cancer, cataracts and loss of fertility or transmission of genetic damage.  One area of increasing concern is the risk to the central nervous system.  Late effects of radiation exposure might lead to early onset of neurodegenerative disorders while acute effects might lead to performance decrements that affect mission outcome and safety (e.g. inability to operate space vehicle).

NASA has endeavored in the past to establish critical questions that must be addressed to guide research proposal solicitations, prioritize research and frame the scientific basis for risks.  Prioritized questions have been established for carcinogenesis and other endpoints but CNS effects still require examination.  The charge to this workshop therefore is to: (1) identify the critical scientific questions that will enable informed assessment of the risks of space radiation exposure to the CNS, the development of a quantitative model for CNS risks for differential mission scenarios, and possible biological countermeasures (2) prioritize the questions, and (3) recommend research opportunities and strategies to most efficiently acquire needed data.  In order to meet a 2016 or 2023 favorable launch opportunity for a Mars mission the uncertainty in health risks must be reduced to acceptable levels within the next 10 years.

