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Abstract

Keiichi Oono

In recent years, cancer is the most reading cause of death in Japan, and its incidence is steadily
increasing. The establishment of therapeutic strategy of cancer is one of the urgent issues.

Current advances in medical care developed the new therapy of cancer including molecular
targeted drugs. Although it brought much benefits to the patient with cancer, and in parallel
increased health care costs. The dirvect cost of cancer therapy is very high and the first place in all
diseases, leading bankruptey of national health insurance system as a basis of Japanese medical
system. Cancer therapy is confronting the turning point from the viewpoint of health cave costs.

In this study, we focused our attention to the effects of n-3 polyunsaturated fatty acids (n-3 PUFA),
especially eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) on prostatic cancer cells.
EPA and DHA are classified as supplements, switch OTC and prescription drugs in the medical field.
In recent years, anticancer effects of EPA and DHA on several types of cancers have been reported.
In this study, I choosed prostate cancer cell as a target of KPA and DHA. Although prostate cancer
responds to anti-androgen therapy in the beginning of treatment, the cancer becomes resistant to
anti-androgen therapy after several vears, and the cancer with the resistance called
castration-resistant prostate cancer (CRPC). Currently, there are few drugs available for CRPC, and
the prostate cancer with metastasis is poor prognosis. I searched for the possibility that EPA, DHA
could lead to new therapeutic strategy of CRPC.

In the first chapter, I examined whether EPA or DHA suppresses proliferation, metastasis and
invasion of PC3 cells characterized by CRPC. As a result, TTPA and DHA alone reduced
concentration-dependently the number of viable cells. The minimal effective concentrations of EPA
and DHA was ~500 4 M, and the concentration is physiclogically available by regular taking of
n-3 PUFA tablets. I also observed the effects of EPA and DHA on migration and invasion of PC3
cells. BPA and DHA suppressed both metastasis and invasion of PC3 cells in the concentration
range that does not affect the number of viable cells. Therefore, these results showed that EPA and
DHA have the suppressive effects on proliferation, metastasis and invasion of PC3 cells.

In the second chapter, I searched for drugs that showed anticancer effects on CRPC, and
examined the combination effects of these drugs with EPA or DHA. The anticancer drugs used in
these examinations were 5-FU, Doxorubicin, Etoposide, Cyclophosphamide and Paclitaxel.
Although the minimal effective concentrations were different, each drug showed the anticancer
effects on PC3 cells. Furfhermore, in combination experiments of these drugs with EPA and DHA,
the possibility of enhancing the action of anticancer drugs was demonstrated by the combinations in
the most cases. These results were evaluated using calculated Combination Index (CI).Although the
antagonistic effect was observed in a very few cases of combinations from the CI results, moderate
or prominent synergistic effects were recognized in most cases. Next, I compared the anticancer

effect induced by the maximal concentration of each drug and the anticancer effect induced by the



combination each drug at lower concentration combined with EPA or DHA. The results showed that
the anticancer effeets indueed by combination of a drug with EPA or DHA at 50 1 M exceeded the
maximal effects of single anticancer drug treatments at the highest concentrations used in the
experiments. Therefore, combination use of n-3 PUFAs for the freatment of malignant disease including
CRPC could reduce the dose of anticancer drug without the reduction of anticancer effects.

In the third chapter, I investigated the mechanisms of anticancer effects of EPA on PC3 cells. At
first I observed the effects of EPA on PC3 cells in serum-free medium for 24 h for removing the effect
of cell cycle, and detected the time course of the anticancer effects. I used two kinds of antibody
arrays, apoptosis array and phosphor-kinase protein array. The results from the apoptosis array
suggested that EPA did not increase the expression level of caspase 3. Then it may be speculated
that ROS induced cell death via a pathway independent of caspase-induced apoptosis may be
involved. We next analyzed the contribution of ROS to the effects of EPA on PC3 cell survival, and
found that the treatment with both EPA and a ROS eliminator, N-acetyl cysteine(NAC) restored the
survival rate to the control level. Thus, NAC abrogated the anticancer effect of EPA on PC3 cells.
Then existence of ROS induced by EPA is an important factor for inducing anticancer effect of EPA.

We also investigated the contribution of cell proliferation pathways to the anticancer effects of
EPA using a phosphokinase antibody array. The results showed the change of expression levels of
many phosphokinase proteins relating the stimulation and inhibition of cell proliferation. I focused
the attention to the most suppressed phosphorylated protein, Pyk2 and Pyk2-Src-ERK pathway,
and confirmed the effect of EPA on the phosphorylation of Pyk2 and ERK. Western blotting showed
that phosphorylation of Pyk 2 was suppressed from 0.5 to 4 hours, whereas the changing of the
phosphorylation levels of KRK was complex between 0.5~4 h. The antibody used in this experiment
detected phosphorylated tyrosine 402 of Pyk2, which is necessary for Src activation. It was revealed
that activation of this phosphorylation site was suppressed by EPA. As phosphorylation of Src is
also suppressed in the result of the antibody array, it may be speculated that the suppression of
activation of Pyk 2 leads to suppression of phosphorylation of Sre and ERK. Furthermore, treatment
of NAC for excluding ROS did not affect the inhibitory effect of BPA on Pyk2 phosphorylation.

The results suggested that the inhibitory effect of EPA on Pyk2 phosphorylation was independent of
levels of ROS in PC3 cells. The present study suggests the possibility that the dose of anticancer drugs can be
reduced co-using n-3 PUFAs, and side effects of cancer chemotherapy could be decreased.

In conclusion, our results demonsirate that EPA induced cell death by stimulating ROS
production in PC3 cells, and suppressed Pyk2-Src-ERK system induced inhibition of cell
proliferation, migration, and invasion. These findings provide a basis for the development of novel
therapeutics with low cost and adverse effects forthe treatment of CRPC.
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