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論  文  内  容  の  要  旨  

氏  名  （  稲 井 瑞 穂 ）

論文題名 
Cytotoxic mechanism of membrane targeting photosensitizer-incorporated HVJ-E in prostate cancer   
(膜を標的とした光感受性薬剤含有HVJ-Eの前立腺がんにおける細胞障害機構) 

論文内容の要旨 

  Development of prostate specific antigen screening has resulted in dramatic reduction in overall prostate cancer mortality. 

Survival improvement of advanced-stage cancer patients, however, is still limited and the establishment of effective modality is 

eagerly awaited. To tackle this problem, photodynamic therapy (PDT), which bases on light absorption and photochemistry, has 

emerged as a potential treatment that results in malignant prostatic tissue eradication. PDT has an advantage of high selectivity, 

yet its limited treatment depth hinders this method to become an integral part of clinical practice. Thus, more potent agents that 

allow induction of multiple cell death pathways are needed to enhance treatment outcome. 

  In the previous study, novel photosensitizer named porphyrus envelope (PE) was established by inserting lipidated 

protoporphyrin IX (PpIX lipid) into the replication-deficient viral particle, hemagglutinating virus of Japan envelope (HVJ-E). 

Drug release mechanism and its efficacy over conventional photosensitizer 5-aminolevulinic acid (5-ALA) have already been 

confirmed. This study focuses on uncovering cellular localization of PE and characterizing its ability to induce multiple anti-

tumor effects in vitro to investigate the effectiveness of PE-mediated PDT against malignant prostate cancer.  

  Localization and cellular uptake of PE in cells were confirmed via confocal laser scanning microscope and a cell-based 

fluorescent assay. As well, the effect of direct cytotoxic effect induced by PE was confirmed through analyzing wound-healing 

ability and colony-forming activity of prostate cancer cells. The effect of PE-mediated PDT was investigated by observing 

generated reactive oxygen species (ROS) and induced cell death pathway. The combination index (CI) was also calculated to 

confirm the synergistic activity of HVJ-E and PE-mediated PDT. The results have shown how PE rapidly localizes to the cell 

membrane after 10 min incubation while ensuring selective uptake of a photosensitizing agent in cancer cells. Direct cytotoxicity 

induced by PE largely inhibited wound healing and colony-forming activity in all conditions. Furthermore, time-dependent 

increase in ROS production was observed, and induction of both apoptotic and necrotic cell death pathways was confirmed. PE-

mediated PDT was most effective in 5 h sample, which exhibited high fluorescence intensity for ROS. Besides, it is notable that 

treatment with PE-mediated PDT could result in more rapid cell death than HVJ-E or PpIX lipid alone, suggesting the enhanced 

therapeutic outcome of PE-mediated PDT. The synergistic activity of HVJ-E and PE-mediated PDT was confirmed with CI of 

<1. 

  In all, these results demonstrate the high therapeutic efficacy of PE-mediated PDT with rapid drug delivery to cell membrane 

and induction of cell death via multiple pathways. Synergistic effect of HVJ-E and photodynamic reactions represents a 

promising treatment for advanced and metastatic prostate cancer. 




