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To elucidate whether a carbon ion beam in combination with gemcitabine has
advantages over X-ray in targeting putative pancreatic cancer stem-like cells (CSCs) in vitro and in
vivo. The number of colonies and spheroids formed from CSCs after carbon ion beam was significantly
reduced compared to after X-ray irradiation, and they were extremely highly suppressed when carbon ion
beam combined with gemcitabine. Expressions of multiple cell death-related genes were remarkably highly
induced, and large numbers of y H2AX foci in CSCs were formed after carbon ion beam combined with
gemcitabine. The highly expressed CSC markers were significantly inhibited after 30 Gy of carbon ion beam
and almost lost after 25 Gy carbon ion beam combined with 50 mg/kg gemcitabine. In conclusion, a carbon
ion beam combined with gemcitabine has superior potential to kill pancreatic CSCs via irreparable
clustered DSB compared to a carbon ion alone or X-rays combined with gemcitabine.
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