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Task Description:

The health risks to astronauts exposed to space radiation include cognitive deficits and possibly accelerated aging. While the pathogenesis of radiation-induced cognitive dysfunction remains largely uncharacterized, it
is thought to include loss of neural progenitors from the brain. Understanding of the molecular and cellular bases underlying neuronal loss and/or dysfunction is absolutely required for the development of counter
measures before, during and possibly after space missions. Since experiments in humans are not possible, studies in this direction will benefit from appropriate biological model systems. The neurodegenerative effects
of space radiation are likely to derive from DNA damage in the central nervous system (CNS). Therefore, research involving repair of this type of DNA lesions is critical for the development of new neuroprotective
countermeasures. In the present proposal, we introduce an in vitro model of neural progenitors (neurospheres), which is derive from the brain of mouse embryo from neurodegenerative transgenic mice to study the
detrimental effects of space radiation at the mechanistic level. Using this biological model, we will study DNA damage repair and apoptosis of proliferating and differentiated neural progenitor exposed to low dose of
high charge and energy nuclei and protons. The proposed studies will provide novel insights into the molecular and cellular mechanisms underlying CNS risks from space radiation and will help to predict and
countermeasure health risks from space radiation particularly with regard to effects on the CNS. 
  

Rationale for HRP Directed Research:   

Research Impact/Earth Benefits:
This proposal will study the mechanism of DNA damage and oxidative stress in neuronal cells induced by high energy particle, iron, and protons, compared to X-ray. This study will provide possible ways to develop
accurate quantitative estimates to the risk of the central nervous system (CNS) from galactic cosmic ray (GCR) and solar particles events following long-term space travel. 
  

Task Progress:

The health and performance risks to astronauts exposed to space radiation from galactic cosmic rays (GCR) and solar particle events (SPEs) during space missions are still uncertain. Acute and late radiation damage to
the central nervous system (CNS) may lead to changes in motor function and behavior, or neurological disorders. Evidence of space radiation risk to the CNS has been accumulated and reported. However, the
pathogenesis of space radiation-induced cognitive dysfunction remains largely uncharacterized. The neurodegenerative effects of space radiation are likely to be derived from DNA damage in the central nervous
system (CNS). In this project we used an in vitro system based on cultures of mouse embryo neuronal progenitor cells (neurospheres) to study the function of PARP-1 in the induction of clustered DNA damage after
low LET an high LET radiation as well as molecular basis of DNA repair. Space radiation induced clustered DNA damage including oxidized base damage, DNA single-strand breaks and double-strand breaks were
detected by a modified single cell electrophoresis, and immunodetection of 8-oxo-dG, in neurospheres and PARP-1 proficient and deficient cells. We found that Poly(ADP-ribose) Polymerase 1 (PARP-1) inhibitor
induce more DNA damage in neuronal progenitor cells following 56Fe particle and proton irradiation. PARP-1 inhibition also delayed the decay of gamma H2AX foci and the residual foci associated with new
replicated DNA. The level of ATM (Ataxia Telangiectasia Mutated) phosphorylations was increased in neurospheres after treatment with PARP-1 inhibitor and following irradiation. Mutation of PARP-1 in MEF cells
dramatically decrease DNA damage repair. We observed that PARP-1 and PAR formed a foci track and colocalized with phosphorylated ATM and MRE11. Inhibition of Cyclin-dependent kinase 5 (CDK5) and
glycogen synthase kinase 3 (GSK3) protect neuronal cells from high LET radiation. Here, we investigated the DNA damage complex formation and apoptosis in hippocampal neuronal cells exposed to iron particles
using a novel approach to live imaging DNA damage track with fluorescent tagged DNA repair proteins (GFP-PARP-1, mCherry-53BP1 and YFP-MRE11) and live imaging caspase activity in single cell. We found
that Mre11, PARP-1 and 53BP1 protein colocalized in DNA damage tracks. Less than one track was formed in each cell exposed 0.1 Gy of 56Fe (1 GeV/u) particle. Inhibition of PARP-1 reduced MRE11 track
formation. This suggests that PARP-1 mediates Mre11 complex to DNA damage tracks in hippocampal neurons exposed to high LET radiation. In another study, we investigated the role of a purified component
(amentoflavone) from plant extracts in radiation response in hippocampal neurons (HT22) and glioblastoma cells (U87 MG) following exposure to high linear transfer (LET) radiation and low LET radiation. We found
that amentoflavone protects hippocampal neurons from radiation and enhances radiosensitivity of glioblastoma cells. Treatment of amentoflavone increased survival fractions in hippocampal neuronal cells following
exposure to X-Ray radiation and 56Fe particles, though amentoflavone enhanced radiosensitivity of glioblastoma cells. Amentoflavone attenuated reactive oxygen species (ROS) and DNA damage in irradiated
hippocampal neurons, and increased DNA repair activity and superoxide dismutase 1 (SOD1) expression. Pretreament of amentoflavone also increased the survival rate of mice from whole body gamma irradiation. This
suggests that amentoflavone may have a potential function on cancer chemo- radiotherapy and radiation protection. 
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International Journal of Radiation Oncology * Biology * Physics. 2011 Oct;81(2 Suppl):S713. Proceedings of the 53rd Annual ASTRO Meeting. The American Society for Radiation Oncology, 2011 Annual
Meeting/53rd ASTRO Annual Meeting, Miami, Florida, October 2011. http://dx.doi.org/10.1016/j.ijrobp.2011.06.1265 and click on Full Text. , Oct-2011   
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