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Risk of colorectal cancer (CRC) increases after exposure to ionizing radiation (IR). However, CRC risk prediction following 
heavy ion space radiation exposure is hindered due to scarcity of in vivo mechanistic understanding. Therefore, intestinal 

tumorigenesis and mechanisms of tumorigenesis were studied after 1.6 Gy of 56Fe radiation (energy: 1000 MeV/nucleon) exposure 
in APCMin/+ and wild type C57BL/6J mice (n=20; 6 to 8 wks old; female) and results were compared to equitoxic 2 Gy γ radiation. 
For tumorigenesis study, APCMin/+ mice were humanely sacrificed between 100 and 110 days after radiation exposure, intestine 
surgically removed, lumen washed and cut open along the length, tumors counted, and tissues preserved for molecular analysis. 
Because chronic oxidative stress is implicated in carcinogenesis, we also assessed reactive oxygen species, mitochondrial status, 
and antioxidant activity in wild type mouse intestine 1-year after radiation exposure. In APCMin/+ mice, relative to controls and 
γ-rays, intestinal tumor frequency was higher after 56Fe. Staining for phospho-histone H3 indicating proliferation was more and 
alcian blue staining indicating differentiation was less in 56Fe than γ tumors. Activation of β-catenin was more in 56Fe-irradiated 
normal and tumor tissues. When considered with higher levels of cyclin-D1, we concluded that relative to γ radiation high-energy 
56Fe irradiation led to higher intestinal tumorigenesis, tumor proliferative index, and reduced tumor cell differentiation due to 
preferentially greater activation of β-catenin and its downstream effectors. In wild type mice, long-term functional dysregulation 
of mitochondria and increased NADPH oxidase activity are major contributing factors towards heavy ion radiation-induced 
persistent oxidative stress in IEC with potential for neoplastic transformation.
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