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Radiation-induced apoptosis enhanced by 6-formylpterin via increase of the production of

intracellular hydrogen peroxide

Zheng-Guo Cui,1 Takashi  Kondo,1 Ryohei  Ogawa,1 Loreto B. Feril , JR.,1 Qing-Li  Zhao,1 Shigehi to

Wada,2 Toshiyuki Arai,3 and Keisuke Makino4

1Department of Radiological Sciences, 2Department of Oral  and Maxi llofacial  Surgery, Faculty of

Medicine, Toyama Medical and Pharmaceutical  University, 3Department of Anesthesia, Kyoto

University Hospi tal, 4Institute of Advanced Energy, Kyoto University

Reactive oxygen species (ROS) are associated with many forms of apoptosis, and as a common

mediator, oxidative stress plays a pivotal role in ROS-related apoptosis. Hydrogen peroxide (H2O2),

as a species of ROS, is able to induce apoptosis in several types of cells leading to further

investigation of extracellular H2O2 as an apoptosis inducer. A metabol ite of folic acid, 6-

formylpterin (6-FP), which is able to induces production of intracellular hydrogen peroxide (H2O2).

A high concentration of 6-FP generates intracellular H2O2, which induces apoptosis of HL-60 cells

and suppresses proli feration of PanC-1 cells. Here, we veri fy if it can enhance radiation-induced

apoptosis in human myelomonocytic lymphoma U937 cells, and its underlying molecular

mechanism was investigated. When the cells were treated with 6-FP at a nontoxic concentration of

300 µM, and then exposed to X-rays at a dose of 10 Gy, significant enhancement of radiation-

induced apoptosis was observed as determined by nuclear morphological change,

phosphatidylserine external ization and DNA fragmentation. Flow cytometry for hydrogen peroxide

(H2O2) generation revealed that ei ther X-ray or 6-FP increased the formation of intracellular H2O2,

which further increased when the cells were combine treated with both X-ray and 6-FP. Decrease of

mi tochondria trans-membrane potential, release of cytochrome c from mi tochondria, and activation

of caspace-3 were enhanced after the combined treatment. Remarkable activation of protein kinase

C del ta (PKC del ta) and its translocation from cytosol  to mi tochondria were detected in combined

treatment. Bid was noted in the cells treated with radiation but significant decrease was observed in

the combined treatment, while no changes in the expression of Bcl -2 and Bax were observed. In

addi tion, more increase in intracellular Ca2+ concentrations was also observed in the combined

treatment. However, c-Jun NH2-terminal kinase (JNK) activation was not enhanced in the combined

treatment; and the sign of caspase-independent pathway protein, apoptosis inducing factor (AIF)

remained unchanged even after 3 hr. These results indicate that intracellular H2O2 generated by 6-

FP enhances radiation-induced apoptosis via the mi tochondria-mediated caspase-dependent

pathway, with the active involvement of PKC del ta.

Reference

Zheng-Guo Cui et al . “ Enhancement of radiation-induced apoptosis by 6-formylpterin”, Free Radic.

Res. (in press)
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Apoptosis induced by low intensity non-thermal  ultrasound: Its enhancement by hyperthermia,

hypotonia or echo-contrast agents (ECAs)

Loreto B. Feril , Jr., Takashi  Kondo, Qing-Li  Zhao, Ryohei  Ogawa and Zheng-Guo Cui

Department of Radiological Sciences, Toyama Medical and Pharmaceutical  University, Toyama

930-0194, JAPAN

Therapeutic ultrasound has been in use for therapy mainly for its abi lity to generate heat in a target

tissue. High intensity ultrasound is needed for such purpose. On the other hand, low intensity

ultrasound has been found to induce some biological effects, especial ly apoptosis, both in vitro and

in vivo. However its limited apoptosis-inducing abi lity made it less useful in therapy. In here, we

aimed to enhance the ultrasound-induced apoptosis by combining ultrasound with other methods.

We used ei ther hyperthermia at 44_ for 10 min, hypotonia by adding equal volume of disti lled

water to the cul ture medium or ECAs (Levovist, 2mg/ml; YM454, 1 _l/ml or Optison, 1 _l/ml).

Some degree of enhancement was observed in any of the combined treatments. Wi th hyperthermia,

2 times increase of apoptosis at 0.5 W/cm2 ultrasound was noted compared to the apoptosis of the

two methods combined (Feri l et al. Cancer Lett, 178, 63, 2002). Hypotonia, which did not induce

apoptosis by itself, increased the apoptosis induced by 1.0 W/cm2 ultrasound by about 3 times

(Feri l et al. Int Radiat Biol, in press). On the use of ECAs, Optison and YM454 moderately

enhanced the ultrasound-induced apoptosis at the intensity 2.0 W/cm2 while minimal increase was

noted at 1.0 W/cm2 with Levovist (Feri l et al. Ultrasound Med Biol, 29, 331, 2003). Generally,

apoptosis predominates at lower intensities while cell lysis is more common at higher intensities

and was also enhanced in any of the combined treatments. The different methods used to combine

with ultrasound were described to have distinct mechanism of action in enhancing the ultrasound-

induced apoptosis. Hyperthermia exerts its effect as a thermal  stress both on the physical and

chemical micro-envi ronment of the cells, while hypotonia puts a physical burden on the cell

membrane making it susceptible to mechanic damage and at the same time inhibiting the repair

mechanism of the cells. ECAs, however, enhances the effects of ultrasound by augmenting the

cavitation activi ties associated with sonication. Each speci fic method could therefore be used to

tailor a particular need to enhance the apoptosis. These findings suggest that ultrasound can induce

greater apoptosis when combined with other methods thus raising its value in therapy that requi res

apoptosis induction as in cancer therapy.
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p53
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我々は、この事実をふまえて従来のニトロイミダゾール基単独の増感効果に加えて別の抗

がん機能を備えたバイファンクショナルな増感剤の開発を検討してきた。その一つとして、

正常細胞（もしくは正常型 p53 をもつ腫瘍細胞）の p53 機能を阻害することで正常細胞へ

のダメージを軽減（もしくは腫瘍細胞の p53 による保護機能を阻害）し、より効果的な放

射線治療が可能となるという仮説を立て、これに基づき TX-2004を分子設計・合成した。

TX-2004 は，p53 阻害剤 pifi thrin-αと 2-ニトロイミダゾール基を分子軌道計算法を利用し

て融合させたバイファンクショナル分子であり、これまでに低酸素腫瘍細胞に対する高い

増感効果を示すことを見出している。今回は，温熱における p53 阻害作用について検討し

た結果について報告したい。
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3. H. Matsumoto et al., Radiat. Res., 155: 387-396, 2001.

4. H. Matsumoto et al., Methods Enzymol., 359: 280-286, 2002.
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