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Radiation therapy (RT) is a common cancer treatment that is broadly applied to cancer patients for

its advantages such as non-invasive anti-cancer activity and the coverage of radiation to tumor tissues

with spatial control. However, ionizing radiation (IR)-induced DNA damages also take place in

normal cells, resulting in toxicity and acute side effects. Radioprotectors that protect normal tissues

from IR-induced injury are known as a tool for addressing this problem. To date, amifostine, a ROS

scavenger, has been approved as a radioprotector by the Food and Drug Administration (FDA) in the



US, while its clinical use is limited due to its side effects suph as severe nausea and vomiting.
Therefore, the development of new radioprotectors with a high radioprotective activity and low side
effects is a subject of considerable interest.

We previously reported that several compounds regulate p53 function and protect mice from IR-
induced injury. The p53 protein is activated by IR-induced genomic stress and plays a central role
in DNA damage response (DDR) including cell cycle arrest, DNA repair and apoptosis. Therefore,
the regulation of p53 signaling pathway is a potential strategy to reduce the side effects caused by
radiation. This background prompted us to search new p53-regulating radioprotectors and we
conducted phenotypic screening of 9600 compounds included in a chemical library of the Drug
Discovery Initiative at The University of Tokyo, using MOLT-4 cells that express wild-type p53 as a
model of normal cells.  Asaresult of the screening, a class of new radioprotective agents, 2-pyrrolone
compound, STK160830, was discovered.

In Chapter 2, we report on the design, synthesis and biological evaluation of STK 160830 and its
derivatives. The 2-pyrrolone derivatives that were synthesized in this study have two stereoisomers
for the exo-olefin part of the 2-pyrrolone core and we found that the Z-form compound was more
biologically active than the corresponding E-form compound. Radioprotective activity was
evaluated by dye exclusion assays using MOLT-4 cells, as a model of normal cells. The result of a
structure-activity relationships (SAR) study revealed the several structural requirements for

radioprotective activity. Regarding mechanistic studies, the expression level of p53 was confirmed



by Western blot analysis and the results indicated that the radioprotective activity is dependent on the

suppression of p53.

In Chapter 3, we report on the biological analysis of the mechanism of radioprotection by

STK160830. We initially found that STK 160830 acts on the upstream of the mitochondria or on the

mitochondria themselves by checking the percentage of cells losing the mitochondrial membrane

potential (4%,;). Then, we verified the p53-specificity of radioprotection of STK 160830 by checking

anti-apoptotic activity using several cell lines having pS3-mutation. As we expected, the anti-

apoptotic activity of STK160830 was shown in the cell lines bearing wild-type p53. To examine the

effect on p53, the expression level was confirmed by western blot analysis and the result suggested

that STK 160830 suppressed p53 accumulation upon the IR-irradiation. Further mechanistic study

revealed that STK160830 inhibited nascent mRNA synthesis of TP53, an encoding gene of p53,

without DNA -intercalation.

In conclusion, we report on the design, synthesis and the evaluation of radioprotective activity of

synthesized derivatives. We also report on the biological analysis of the radioprotective activity of

STK160830 and we found that STK160830 inhibited the p53 accumulation and the nascent TP53

synthesis without DNA intercalation. We believe that this information will be helpful for molecular

design of 2-pyrrolone derivatives and other types of derivatives and the understanding of the function

of p53 in cellular response to radiation.
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