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Background

o Well established that protons are the most 
abundant particles in space

o Astronauts on long duration missions could 
face unpredictable proton exposures due to 
solar particle events

o Little work has been done to address the 
biological consequences of whole body-
proton irradiation



Background

o We know that gamma irradiation causes a 
marked increase in apoptotic lesions in the 
small intestine

o These lesions peak between 3-6 hours post-
irradiation and follow a dose-dependent 
relationship

o The number of lesions present do not seem to 
follow a strictly linear relationship







Methods
o This project entailed the use of a BALB/C mouse 

model undergoing whole body exposure with 250 
MeV of proton radiation

o 4 groups of three mice each
• 0 Gy (sham)
• 0.1 Gy
• 1 Gy
• 2 Gy

o The small intestine was chosen as our organ of 
interest due to its radio-sensitivity



Methods
o Animals were sacrificed four hours post-

irradiation and the GI tract was isolated

o Tissue was fixed in formalin for histopathological
analysis

• samples were embedded in paraffin and sectioned for slides 
• standard H&E staining was used to observe any morphologic 

changes present

o Or snap-frozen in liquid N₂ for RNA isolation
• real-time PCR was used to look at gene expression changes in 

84 genes among various apoptotic pathways



Histopathology

• Apoptotic lesions in the 
duodenum of the small 
intestine were visually 
quantified on 20 crypts 
selected at random for each 
animal

• A lesion was identified using 
standard criteria: a cell 
undergoing pyknosis or 
karyorrhexis





Quantification of Lesions



Quantification of Lesions



Gene expression alterations



Gene expression alterations



Pathway Analysis



Pathway Analysis



Pathway Analysis



Conclusions
o Whole body exposure to protons in mice causes 

significant apoptosis in the crypts of the small 
intestine

o Increasing numbers of crypts contained more 
apoptotic lesions as the dose of exposure 
increased

o 16 genes associated with apoptotic pathways 
were shown to have significantly altered 
expression as compared to control samples for at 
least one of the doses of proton exposure

• 1 gene, Trp53inp1, was significantly up-regulated across 
all three doses.



Conclusions

o Those animals exposed to 0.1 Gy of proton 
irradiation showed  greater amounts of 
significant alterations in gene expression as 
compared to 1 Gy and 2 Gy exposures

o The differences in gene expression changes of 
low and high dose proton irradiated mice may 
offer insight into the molecular mechanisms of 
the possible high sensitivity at low proton 
doses



Conclusions

o RAIDD (CRADD) may be responsible for the 
hypersensitivity observed in the duodenum of 
mice exposed to low doses of protons

o Caspase-1 may also play a role in the 
hypersensitivity seen following proton 
irradiation at a dose of 0.1 Gy

o FOXO3A may be involved in the down-
regulation of GILZ observed at high doses of 
proton exposure



Future Study
o This work could have important health 

implications for astronauts on potential 
missions that would go beyond low Earth orbit

o The hypersensitivity seen here at low dose 
exposure to protons could play a role in future 
risk-assessment of long duration space travel

o Currently, IHC is being performed to confirm 
some of the up- and down- regulations found 
using real-time PCR



Future Study

o siRNA could be used to determine the 
importance of some of the genes 
hypothesized to play differing roles following 
low and high doses of proton exposures

• For example, ESR1 as it affects RAIDD

o We would like to continue this work with 
intentions of comparing damage and repair 
markers due to proton and gamma irradiation 
in a time-dependent manner
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