
Natl. Inst. Radiol. Sci. Ann. Rept.(NIRS-45, 2006)4
3. Research Center for Radiation Safety

Outline of Research Career:Dr. Hayata worked at Roswell Park Memorial Institute in New York State as a research fellow for three years (1972-1975). He finished the doctoral course and received a D.Sc. from the Faculty of Science, Hokkaido University in 1976 for his cytogenetic study on the genesis of human chronic myelocytic leukemia. He started to work at NIRS in 1976. He was in the Department of Protection, Atomic Energy Commission, Fontenay-aux-Roses, France from 1981 to 1982. His major work areas at NIRS are 1) Cytogenetical studies on the genesis of radiation-induced mouse leukemias, 2) Development of cytogenetical methods and of automated systems to detect the effect of low dose radiation, 3) International collaborative studies on chromosome aberrations induced by natural radiation, 4) Multidisciplinary research and management of work under the Nuclear Cross-over Research Project in collaboration with six other national institutes, 5) Biodosimetry of persons who are accidentally exposed to radiation such as those in the JCO Tokaimura criticality accident, and 6) Networking of a chromosome analysis group on a national basis for emergency.

Isamu Hayata, Ph.D.Supervisory Director

Objectives:The Research Center for Radiation Safety covers a wide range of research fields: environmental, biological, and medical aspects of radiation hazards and safety.  The final goal of the Center is to provide a scientific basis for the secured utilization of ionizing radiation.  Toward this goal, aims of the Center include (1) to understand mechanisms underlying the radiation effects on humans and other living organisms, and (2) to estimate risks from low dose radiation.   Development of advanced technologies related to this field, such as development of genetically manipulated laboratory animals and implementation of advanced technology for radiation measurement, is also an important objective of the Center. The Center will also provide, based on its research activities, support for regulatory authorities, governmental committees, and international organizations related to radiation safety and radiological protection. 

Overview:In the fiscal year 2005 (FY2005), the last year of the 5-year mid-term plan, the Research Center for Radiation Safety performed all its research activities very smoothly; the research projects were completed by the end of this year. In addition to many oral and poster presentations in domestic and international meetings, 145 original papers, of which 105 were of principal contribution and 40 supportive, were published.  Some of its activities were presented in newspapers and other media to inform the public of the research outcome.  At the Presentation of Achievements during the First 5-year plan (FY2001-FY2005) of NIRS, a lecture open to the public was given to summarize the research findings of the Center.The Center consists of 2 project research teams, 8 fundamental research groups, 2 research promotion sections, and the Nakaminato Laboratory for marine radioecology. The project teams are PR-1) Low dose radiation effects research and PR-2) Biological and physical protection of man from space radiation. The fundamental research groups are FR-1) Establishment of an environmental radiation protection system against radioactive materials released into the environment, FR-2) Research on environmental and toxicological science, FR-3) Research on environmental radon and its biological effects, FR-4) Research on redox regulation against radiation, FR-5) Basic study of radiation hazards, FR-6) Analysis of gene networks in response to ionizing radiation, FR-7) Development of experimental animals for research on the biological effects of radiation, and FR-8) Studies on 
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experimental carcinogenesis induced by plutonium compounds and Studies on changes and mechanisms of radioactive substances in the ocean and their environmental pollution assessment. In some research projects the Center collaborated with the Research Center for Radiation Emergency Medicine and Research Center for Charged Particle Therapy.In FY 2005, we promoted feasibility studies following a research strategy for the next five-year plan.  Studies on the following subjects have been initiated: (1) age dependency of radiation carcinogenesis, (2) biological effects of 2 MeV neutrons, (3) radiological protection of non-human biota, and (4) protection from naturally occurring radioactive materials (NORM).  These research studies of the Center were supported by the Nuclear Safety Commission, the Ministry of Education, Culture, Sports, Science and Technology, Ministry of Environment, Agency for Natural Resources and Energy, and several foundations.Regarding personnel, 80 permanent researchers, 10 post doctoral fellows, 39 temporary staff members, and 86 part time assistants contributed to the research of the Center this fiscal year.  Supervisory Director, Dr. Hayata retired on March 31, 2006.  The Center promoted international research collaboration with some overseas institutions, and cooperation with international organizations, including UNSCEAR, IAEA, OECD/NEA and ISO.  Especially, in FY 2005, NIRS was designated as Collaborating Center of the IAEA in the field of research on low-dose radiation effects which has a close relationship with radiation biology and radiation ecology.  We celebrated this designation that recognizes the Center is an important research center from the global viewpoint of nuclear safety research regulations.
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3.1. Low Dose Radiation Effects Research Project

Outline of Research Career:Dr. Shimada received a Ph.D. in 1985 from University of Tokyo.  At Mizuo Biohoronics Project of JST (1985-1987) and at Tokyo Metropolitan Institute of Gerontology (1987-1989), he worked on innate immunity in cancer and aging, respectively.  Since 1989 at NIRS, he has focused on molecular and cellular mechanisms of T-cell lymphomagenesis and mammary carcinogenesis. 
Contact point: y_shimad@nirs.go.jp

Yoshiya Shimada, Ph.D.Director, Low Dose Radiation Effect Research Project
Objectives:The overall objective of this research project is to provide basic information on the risk of cancer induction and genetic effects from low dose ionizing radiation for radiation protection. This project is classified into three studies: the biological effects of neutrons; cancer risks of low dose radiation; and the hereditary effects of low dose radiation. Data not available from epidemiological studies are obtained using animal models. For the neutron study, the final goal is to determine the energy dependence of the carcinogenic effects and to provide the RBE value. For the cancer risk assessment, the objective focuses on the dose-response modifying factor, which influences the effects of low dose radiation, i.e., the co-existence of environmental chemicals and genetic background. In studying the hereditary effect, a mega-sized DNA sequencing method is used to determine events and the frequency of mutations in offspring after paternal irradiation. 

Progress of Research:1) Biological Effects of NeutronsAfter the criticality accident in Tokai-mura in 1999, the cancer risks and fetal effects of low doses of neutrons were matters of concern. The aim of this program is to investigate the biological effects of neutrons and determine the value of relative biological effectiveness (RBE) for leukemia and for fetal effects, and thereby to assess risks of neutrons.  Cyclotron 10 MeV neutrons were first used in this program. About 2660 male C3H/HeNrs mice, a strain susceptible to radiation-induced myeloid leukemia, were divided into 13 groups; one control group, 6 dose-groups (0.05－2 Gy) for neutrons, and 6 dose-groups (0.2－4 Gy) for γ-rays. All animals were observed throughout their life, and dead or moribund mice were pathologically examined. The results indicated that a life-shortening effect was significant at more than 1 Gy of γ-rays, and at more than 0.2 Gy of neutrons. The RBE was calculated to be 3.3. The incidence of myeloid leukemia increased in a dose dependent manner. The RBE was calculated to be 0.94-1.56 depending upon the mathematical model used. The RBE of Harderian gland tumor was calculated to be about 5-7. Recently it has been reported that radiation-induced murine myeloid leukemias frequently harbor a partial allelic loss of chromosome 2 (del2).  PU.1, which is located within this common deletion region, is proposed as a causative gene of myeloid leukemia. We, therefore, examined del2 and mutation analysis of PU.1 in 13 γ-ray-induced and 9 neutron-induced leukemias. Del2, determined by FISH method, was observed in 11/13 γ-ray samples, and 9/9 neutron samples. Point mutations in DNA binding region of PU.1 were observed in 
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more than 80 % of leukemia with del2 regardless of the radiation sources. These results suggested that PU.1 is a common target for both γ-ray- and neutron-induced leukemogenesis, which is inactivated by point mutation and loss of wild type allele.
2) Cancer Risk-Combined Effect of Radiation with ChemicalsWe are living in an environment filled with numerous natural and man-made chemicals. Radiation carcinogenesis in humans should be considered a result of interactions of these chemicals. The aim of this study is to determine the mode and mechanism of the combined effects of chemicals with radiation. TL was induced in B6C3F1 mice by weekly exposure to X-rays for 4 weeks or by being administered an ethyl-nitrosourea (ENU) for 4 weeks. The low dose radiation (less than 0.4Gy) showed an antagonistic effect when combined with ENU (X-rays串ENU), while that greater than 0.8Gy exhibited a synergistic effect.  Ikaros is one important tumor suppressor gene in lymphomagenesis.  Frequent Ikaros mutation was found in TL induced by combined treatment, and was predominantly point mutation.  Aberrant splicing or transcriptional silencing was rarely observed.  The spectrum was similar to that of ENU-induced TL. Point mutations in TL after combined treatment were G>T and T>A in addition to G>A, which was predominant for X-ray-induced TL and T>C, which was predominant for ENU-induced TL.  The reverse sequence (ENU串X-rays) increased TL in an additive manner for a wide range of doses.  Interestingly, aberrant splicing and transcriptional silencing were frequently observed.  Taken together, the mechanism of lymphomagenesis by combined exposures is dependent upon the dose and the sequence of the treatment.Female rats were treated either with γ-rays (0.2-2 Gy), methylnitrosourea (MNU; 20-40 mg/kg), PhIP (40mg/kg), or combinations thereof to induce mammary tumors.  Generally, the combined effect of low dose radiation (<0.5 Gy) with chemicals elicited more than an additive (multiplicative) effect, while that of high dose radiation (>0.5 Gy) was an additive or sub-additive effect.  Frequency of H-ras mutation increased to 78% in the tumors induced by combined exposure of MNU and radiation compared to 54% in MNU-induced tumors.  Frequency of LOH, however, decreased in tumors by combined exposure of PhIP and radiation compared to that in PhIP-induced tumors.  These results suggest that radiation plays a different role in the carcinogenesis in combined exposure depending on the combined counterpart.

3) Cancer Risks of Genetically Susceptible MiceWe have analyzed the pathway for the development of thymic lymphomas using scid, Rag2-/-, and Rag2-/-scid mice and have obtained results showing that thymic lymphomas were induced by γ-rays in these mice at a similar frequency. We have identified two pathways, the illegitimate V(D)J recombination and the microhomology-mediated end joining, for the deletion formation of Notch1, which is a major oncogene responsible for the development of thymic lymphomas. The illegitimate V(D)J recombination might occur via misrecognition and cleavage of cryptic recombination signal sequence-like sequence in the Notch1 locus by the Rag complex and end ligation by the V(D)J recombination machinery. The microhomology-mediated nonhomologous end joining might be end joining of DNA double strand break via the pairing of short sequences of homology that emerged during end processing of broken DNA. Based on the pathways, the previous result indicates the preferential operation of the microhomology-mediated pathway for the Notch1 deletion under the deficient condition of V(D)J recombination in scid mice. In the present study, we examined the induction of thymic lymphomas in Rag2-/-, Atm-/-, and Rag2-/-Atm-/- mice to elucidate the effect of Atm deficiency on thymic lymphoma induction. Atm protein is known to function in nonhomologous end joining repair of double strand break and to regulate V(D)J recombination. Atm-/- mice were remarkably susceptible to spontaneous and radiation-induced thymic lymphomas as reported by others. Unexpectedly, thymic lymphomas developed spontaneously at a relatively high frequency in Rag2-/- mice and were induced by radiation at a high frequency. The high susceptibility of Rag2-/- mice to the development of thymic lymphomas may be associated with differentiation arrest of thymocytes due to the absence of V(D)J recombination. In contrast to the case of scid mice, the Rag2-/-Atm-/- mice exhibited reduced frequencies of spontaneous and radiation-induced thymic lymphomas as compared to those in Atm-/- mice. This indicates that V(D)J recombination-mediated event has a role in thymic lymphomagenesis in Atm-/- mice. Thus there are Rag-dependent and Rag-independent pathways for the development of thymic lymphomas. In scid mice, the Rag-independent pathway is the main route, while both pathways are involved in Atm-/- mice. 
4) Hereditary Effects of Low-dose Radiation:To investigate the hereditary effects of ionizing radiation, mutational events and their frequency in 
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mouse germ cells were analyzed by detecting changes in nucleotide sequences at a specific genomic locus and 150 STS in mouse offspring. Male mice irradiated with or without γ rays at 1- 3 Gy were mated with intact females two weeks later.  This procedure could determine the genetic effects of radiation at the spermatid stage. 5x106bp of DNA from the offspring were analyzed. A mutation was detected in the offspring from the male mice exposed to 3 Gy γ rays, while spontaneous mutation was not detected (<1x10-6). Mutation was not detected in offspring derived from male mice irradiated with 1 Gy of γ rays. Similar nucleotide sequence analysis of offspring derived from mouse spermatid exposed to 3 Gy of X-rays was performed at the adenine phosphoribosyl transferase gene locus (3088bp/locus, 537 mice), but no new mutation was detected. The dynamic mutation at the hyper-variable Ms6-hm tandem repeat was also analyzed in offspring derived from spermatid exposed to 1-3 Gy of X-rays. Dynamic mutation was observed in 5-10 percent of these, according to irradiation dose. However, dynamic mutation was not detected in the offspring in which the above mutation was detected. Thus, the occurrence of the dynamic mutation at the hyper-variable Ms6-hm did not correspond to the occurrence of classic mutations at the ordinary genomic loci.
5) Radiation Effects on Germ Cells In this fiscal year, we have carried out mutation assays in germ cells from transgenic mice after irradiation of various doses of ionizing radiation at the post-meiotic spermatid stage, to learn the difference in sensitivity to ionizing radiation in mutation induction among somatic cells and male germ cells (pre-meiotic spermatogonial stem cell and post-meiotic spermatid stage). The transgenic mice used for the assay are the gpt-delta mouse strain, which carries about 80 copies of the bacterial gpt gene per cell as targets for mutagenesis. To measure the induced mutation frequencies in male germ cells (spermatid stage), sperms were extracted at the 14th day after irradiation of 2.5 or 5 Gy of X rays, corresponding to the spermatid stage at the time of treatment. The spontaneous gpt gene mutation frequency in male germ cells was 0.36 x 10-5. The mutation frequencies in male germ cells irradiated with 2.5 or 5 Gy of X rays at the spermatid stage were 0.60 or 1.03 x 10-5, respectively. The induced mutation frequencies in male germ cells irradiated at the spermatid stage were nearly the same as those irradiated at the spermatogonial stem cell stage (0.53 or 1.05 x 10-5 for 2.5 or 5 Gy of X-ray-treatment, 

respectively), and about three to four times lower than those in somatic cells (2.43 or 3.46 x 10-5 for 2.5 or 5 Gy of X-ray-treatment, respectively). This difference between somatic and male germ cells in the mutation frequency would be mainly due to the high base excision repair activity in male germ cells.
Major publications: 1) Yuka Ishida, Yasushi Ohmachi, Yukiko Nakata, Takeshi Hiraoka, Tsuyoshi Hamano, Shinji Fushiki, Toshiaki Ogiu: Dose-Response and Large Relative Biological Effectiveness of Fast Neutrons with Regard to Mouse Fetal Cerebral Neuron Apoptosis. Journal of Radiation Research, 47(1), 41-47, 2006
 2) Tatsuhiko Imaoka, Mieko Okamoto, Mayumi Nishimura, Yukiko Nishimura, Masami Ootawara, Shizuko Kakinuma, Yutaka Tokairin, Yoshiya Shimada: Mammary tumorigenesis in ApcMin/+ mice is enhanced by X irradiation with a characteristic age dependence. Radiation Research, 165, 165-173, 2006
 3) Yutaka Tokairin, Shizuko Kakinuma, Masami Arai, Mayumi Nishimura, Mieko Okamoto, Makoto Akashi, Yoshio Miki, Tatsuyuki Kawano, Yoshiya Shimada: Accelerated growth of intestinal tumours after radiation exposure in Mlh1-knockout mice: evaluation of the late effect of radiation on a mouse model of HNPCC. International Journal of Experimental Pathology, 87, 89-99, 2006
 4) Jianyu Wu, Mitsuoki Morimyo, Etsuko Hongo, Tomoyasu Higashi, Masanori Okamoto, Akihiro Kawano, Yasushi Ohmachi: Radiation-induced germline mutations detected by a direct comparison of parents and first-generation offspring DNA sequences containing SNPs. Mutation Research, 596, 1-11, 2006
 5) Naoko Shiomi, Masahiko Mori, Seiji Kito, Yoshinobu Harada, Kiyoji Tanaka, Tadahiro Shiomi: Severe growth retardation and short life span of double-mutant mice lacking Xpa and exon 15 of Xpg. DNA Repair, 4, 351-357, 2005
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3.2. Project:“Biological and Physical Protection of Man from Space Radiation”

Outline of Research Career:Dr. Okayasu received his Ph.D. in radiation biology from Colorado State University, USA in 1987 and worked as a post-doctoral fellow at Thomas Jefferson University, Philadelphia, PA and MD Anderson Cancer Center, Houston, TX. Then he took a position at Columbia University as an associate research scientist and moved to the University of Texas Medical Branch at Galveston in 1995 as an Assistant Professor and then onto Colorado State University. In 2002，he moved back to Japan to become a team leader at International Space Radiation Laboratory (ISRL), NIRS and in 2005 he was appointed as Director of ISRL. 
Contact point: rokayasu@nirs.go.jp

Ryuichi Okayasu, Ph.D.Project Leader
Objectives:We have two teams focusing on physics (Team 1 and Team 2) and two teams focusing on biology (Team 3 and Team 4). The followings are the objectives from these four teams.
Team 1: In order to understand the radiation environment in space for spacecrafts and develop reliable and suitable radiation instruments, many passive detectors had been installed in space, and these detectors were investigated using artificial beams from accelerators. New neutron detectors and other detectors were developed for radiation measurements in spacecrafts and airplanes. Using commercial and developed radiation detectors, radiation measurements in airplanes have been performed.Team 2: Dosimetry of cosmic radiation exposure of aircraft crew and passengers were performed.  Effective doses on major routes of international flights from Japan were calculated with numerical models.  Based on the calculation results, target criteria for controlling cosmic radiation exposure have been presented.  Also, new small dosimeters suitable for individual monitoring in aircraft were developed; their responses to both ionizing and non-ionizing radiations have been investigated.Team 3: The focus of this team is to investigate the cellular and molecular effects caused by low levels of cosmic radiation and use the data to protect humans from ill effects which could be caused by exposure to space radiation. We used mammalian cell cultures and animal models for this purpose. We fully utilized the HIMAC irradiation facility in order to examine the significant biological effects caused by heavy ions such as iron beams.

Team 4: Our aim is to develop good radio-protectors for space radiation using animal models. We also contribute to preventive medicine for space travelers by studying the combined effects induced by minimal gravity and radiation. 
Progress of Research:Team 1 (Physics): Measurement of radiation doses in space environmentCosmic radiation levels in a Russian service module for the International Space Station were measured with several dosimeters, TLDs, OSLs, glass dosimeter and track-etch detectors and the data were analyzed. The measured dose levels were compared among several dosimeters installed by universities and institutes in Russia, USA and Austria and the results were published. Doses of heavy mass and energy ions were measured using several radiation instruments for radiation protection in the space station, and the measured values were compared at HIMAC in September 2005, as the 7th and 8th ICCHIBAN (project)s. We also organized the 10th Workshop for Radiation Monitoring in the International Space Station at NIRS. In this workshop, 40 researchers from foreign institutes and universities, and 40 scientists from Japan actively discussed the measurement of cosmic radiation; substantial amounts of data obtained in ICCHIBAN were discussed. The new detection technique of luminescence tracking was developed, and this will provide novel ways for radiation dosimeter development. In order to protect air crews, radiation doses encountered during long distance flights were measured at the Royal Military College of Canada. Based on the measurements, the calculation code of route doses, PCAIRE, was updated. The results from 
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these studies were presented in international conferences and published.
Team 2 (Physics): Protection from cosmic radiation Effective doses received on 63 international flight routes from Japan were calculated using CARI-6 code and the results are now available to the general public on the NIRS web site (http://www.nirs.go.jp/jiscard/index.htm) as “Japanese Internet System for Calculation of Route Doses (JISCARD)”.  This system has recorded more than 30,000 accesses in a half year. For improving the reliability of model calculations, the cascade energy peak of cosmic neutrons was simulated with precise transport codes.As candidates for the ESR dosimeter, radiation induced radicals of photochromic gel of titanium oxide and their stabilities at room temperature were examined with photons (ultraviolet radiation, gamma- and X-rays). The gel showed color changes for UV only, whereas ESR signals (electron or hole traps) were also observed for ionizing radiation.The team leader, Hiroshi Yasuda, has contributed to the standardization of dosimetry by cosmic radiation exposure of aircraft crews as a core member of the working group of the International Standards Organization.
Team 3 (Biology): Cellular and molecular effects by cosmic radiation in vivo and in vitroThe function of rat brain irradiated with carbon and iron ions was examined using a water maze up to two years post-irradiation. The brain function did not significantly change after the 20 week post-irradiation point. An LET dependent carcinogenic effect was found with a rat strain susceptible to renal carcinoma. The molecular analysis of the responsible gene (TSC2) was performed, and the genetic changes by iron irradiation were found to be very different from those by X-irradiation. Mutation induction at the HPRT locus in normal human cells after pre-treatment with very low doses of gamma-rays, neutrons, helium, and carbon ions was examined. After 1.5 Gy of X-rays, the mutation rate was significantly increased only in the cells pre-treated with carbon ions. We have summarized all the data for cell survival and mutation induction in normal human cells irradiated with various heavy ion particles and different LETs. A molecular analysis was also performed in the clones of mutated cells from the mutation experiments.Using DNA double strand break (DSB) repair proficient and deficient human cells irradiated with X-rays and high LET heavy ions, we found that non homologous end joining (NHEJ) type DSB 

repair pathway was predominantly affected by heavy ion irradiation. Further molecular analysis showed that the phosphorylation status of DNA-PKcs, an NHEJ repair protein, was significantly affected by high LET heavy ion irradiation when compared to low LET X-irradiation.
Team 4 (Biology): Combined effects by microgravity and radiation and preventive medicineThe following studies were performed. 1) The protective effects of Deferiprone (L1) clinically used for Thalassaemia disease for a free radical scavenger were examined using x-irradiated rats. Deferiprone were administered orally with doses of 200 and 400mg/kg, 30 min before and just after whole body irradiation. The data indicated that Deferiprone was not effective upon lethal dose exposure. 2) We examined the effects of a natural product, milk basic protein (MBP) using the rat model for synergic factors of radiation and weightlessness in a space environment. Rats received x-ray exposures (3, 6 Gy) to the whole body, immobilization treatment of one-side hind leg, or combinations of these. The animals of each group were given 1% MBP diet for 3 months. The bone mineral density (BMD) in the trabecular bone area of the tibia was decreased by radiation alone or immobilization alone, and the combined treatment caused synergic actions. Although, in the MBP-groups, the clear increase in BMD was not observed, the increases in alkalinephosphatase activity and BGP in serum as biochemical makers of bone formation were observed. The decrease in urine pyridinoline as a marker of bone resorption was observed, suggesting that BMD may be expected by long-term intake or for less radiation exposure. Also, improvement effects of MBP on the steopenia in aged beagle dogs after ovariectomy were observed. 3) In the life span study on the effects of heavy ion (carbon) and x-ray whole body exposures, increases of incidences of ovary, lung, spleen and mammary tumors in female rats were observed when exposed to doses of 0.5-1.0 Gy carbon ions at 12 months old. The incidence of mammary tumors in the heavy-ion exposed rats was observed in a dose-dependent manner. Also, the life span in both the heavy ion and x-ray exposed groups was shorter than that of the no irradiation group. Finally, the results of this experiment will be compared with the data that is obtained from another group exposed at 8 weeks old in order to clarify the long-term effects of heavy ion and x-ray exposures. 
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Major publications: 1) Ryuichi Okayasu, Maki Okada, Atsushi Okabe, Miho Noguchi, Kaoru Takakura, Sentaro Takahashi: Repair of DNA damage induced by accelerated heavy ions in mammalian cells proficient and deficient in the Non-homologous End-joining pathway. Radiation Research, 165, 59-67, 2006 2) Masao Suzuki, Chizuru Tsuruoka, Tatsuaki Kanai, Takeshi Kato, Fumio Yatagai, Masami Watanabe: Cellular and molecular effects for mutation induction in normal human cells irradiated with accelerated neon ions. Mutation Research, 594, 86-92, 2006 3) N. Yasuda, T. Konishi, K.Matsumoto, T. Yamauchi, T. Asuka, Y. Furusawa, Y. Sato, K. Oda, H. Tawara, K.Hieda: Dose distribution of carbon ions in air asesed using imaging plates and ionizing chamber. Radiation Measurement, 40, 384-388, 2005 4) Masashi Takada, Erika Mihara, Takashi Nakamura, Kazunobu Fujitaka, et al.　 Neutron irradiation field produced by 25 MeV deuterons bombarding on thick beryllium target for radiobiological study. Nuclear Instruments & Methods in Physics Research Section A, 545, 765-775, 2006 5) Hiroshi Yamaguchi, Yukio Uchihori, Nakahiiro Yasuda, Masashi Takada, Hisashi Kitamura: Estimation of yields of OH radicals in water irradiated by ionizing radiation. Journal of Radiation Research, 46, 333-341, 2005
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3.3. Office of Biospheric Assessment for Waste Disposal

Outline of Research Career:Dr. Uchida received his B.S., M.S. and Ph.D. degrees in Agricultural Science from Kyoto University. The title of his Ph.D. thesis was “Studies on radioiodine (129I) transfer paths to agricultural plants”. He has been interested in the behaviors of long-lived radionuclides in the environment, e.g., 63Ni, 79Se, 90Sr, 99Tc, 129I, 137Cs, Th and U. He has over twenty years’ experience in the fields of radioecology and environmental radiochemistry. Through his research, he has also improved models and parameters in soil-to-crop systems.
Contact point: s_uchida@nirs.go.jp

Shigeo Uchida, Ph.D.Head, Biospheric Assessment for Waste Disposal
Objectives:The biospheric assessment of radiation dose to human beings related to the releases of long-lived radionuclides from underground nuclear waste disposal sites is very important for the peaceful use of atomic energy. For this assessment, radioecological transfer models and transfer parameters are needed. Environmental conditions, such as climate, vegetation and soil, affect these parameters. Additionally, agricultural products and food customs in Japan differ from those in Europe and North America. Therefore, we need to have our own data in Japan.In this office, environmental transfer parameters, such as soil-to-crop transfer factors (TFs) and soil-soil solution distribution coefficients (Kds), have been collected throughout Japan. Analyses of stable isotopes and some natural radioisotopes in crops and their associated soils have been carried out in order to obtain TFs under equilibrium conditions, while radiotracer experiments have been applied for Kds in various soils. Since rivers are one of the most important paths of radionuclide transfer from waste disposal sites to agricultural fields, chemical components of major Japanese rivers have also been determined. In addition, the transfer model for predicting the radionuclide behavior in atmosphere-paddy soil-rice plant systems has been developed. 

Progress of Research:1) Transfer factors of stable elements and natural radioisotopesIn order to obtain local transfer factors (TFs) of long-lived radionuclides under natural/equilibrium conditions for assessment of radioactive waste disposal, global fallout isotopes such as 90Sr and 137Cs are good tracers. However, their radioactivity levels in plants are extremely low so that TF data observed under equilibrium conditions have been limited. To close the information gap, analyses of stable isotopes and natural radioisotopes in rice and wheat grains and their associated soils collected throughout Japan were carried out. We focused on rice and wheat, because the consumption of cereals is very high in Japan and other Asian countries. About 40-50 elements such as Cs, Sr, Th and U in plant and soil samples were measured by ICP-MS and ICP-OES.The TF is defined as the concentration of an isotope in a crop (in Bq kg-1 or mg kg-1 dry weight [DW]) divided by the concentration of the isotope in soil (in Bq kg-1 or mg kg-1 DW). Figure 1 shows the results of TFs (geometric mean) for 23 elements. Some elements showed TF values higher than 0.1: Mg, K, Mo and Cd for wheat; Mg, K, Zn and Mo for brown rice; and Zn and Mo for polished rice. The TFs of Th and U were also of interest: the values for brown rice were 0.0001 and 0.00005; those for polished rice were 0.00015 and 0.0002; and those for husked wheat were 0.0008 and 0.0002, respectively. Except for several trace elements, TFs were usually highest in wheat followed by brown rice and then polished rice. Radium-226 and 228 are in the U and Th decay series, respectively, and these naturally occurring 
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radium isotopes are widely distributed in environmental materials, such as in rock, soil and plant materials. Ra-226, an alpha emitter with a half-life of about 1600 y, is of special interest because it is one of the important radionuclides for the assessment of radioactive waste disposal. Once Ra is taken into the human body by ingestion of food and water or inhalation, it can distribute on bone so it has a long biological half-life; exposure to Ra can cause cancers and other body disorders. Therefore its long-term management is required and understanding of Ra behavior in the environment is important. Measurement of Ra-226 concentration in compartments of the environment gives us useful information for this purpose. However, because Ra-226 concentrations in many environmental materials are extremely low, it is difficult to measure the radionuclide without chemical separations from sample matrices, especially for plant samples. Subsequently, soil-to-plant TF data are limited. Concentrations of Ra-226 under natural environmental conditions were determined in rice grains and associated paddy soils collected from 11 locations throughout Japan.The radioactivity was measured with a Ge detector system for soil samples and a liquid scintillation counting system for brown rice after radiochemical separation. The recoveries of Ba, used as a chemical yield tracer for Ra, were more than 97% for all the samples. The concentrations of Ra-226 in paddy soil samples ranged from 20 to 65 Bq/kg崖dry soil, and those in the brown rice samples ranged from 8 to 65 mBq/kg-dry except for two samples (<DL). Using the data, TFs were calculated and the average TF of Ra-226 from the paddy soil to the rice (brown rice) was 6.8E-4. This value was close to the TFs for maize reported in the IAEA Technical Reports Series No. 364. 
2) Distribution coefficients (Kds) of elements and their behavior in soilsFrom the viewpoint of nuclear waste management, 125Sb (half life: 2.76 y) is of interest because it is a fission product of 235U and is found in nuclear wastes. Mobility of antimony (Sb) in Japanese agricultural soils was observed using the soil-soil solution distribution coefficients (Kds). The Kds of Sb were measured for 110 soil samples (59 upland and 51 paddy samples) which were collected throughout Japan. These samples were taken from the surface layer (0-20 cm depth). Kd was measured for the soil samples by the batch technique using 124Sb (chemical form: SbCl3, half life: 60.2 d) as a tracer. The Kd measurements for all samples were triplicated.

The Kd-Sb values are listed in Table 1, and the values ranged from 1 to 2065 L kg-1. The geometric mean value (excluding the one extremely high value of 2065 L kg-1) was 62 L kg-1, that is, 86% of the added Sb was sorbed onto the soils. From the soil pH and Eh, Sb form in the soil solution was regarded as an anion (SbO3-), and the Sb mobility was the same level as that for selenite (SeO32-). Among soil groups, the Regosol group had the lowest average Kds. For other soil groups, the Kd-Sb ranges were similar, and  no significant Kd-Sb difference between upland and paddy soils was found.Experimental measurement of Kds showed a decrease with both increasing pH and increasing phosphate concentration. The latter suggested that one aspect of the Sb sorption phenomena in Japanese soil was influenced by specific adsorption of anions such as phosphate. However, other aspects could not be explained by this specific adsorption mechanism, because only 20-40% of soil-sorbed Sb could be extracted by phosphate solution.
3) Determination of As and Se concentrations in major rivers in JapanAmong selenium (Se) radioisotopes, Se-79 (half life: 65000 y) is of interest because it is a fission product of uranium and present in spent nuclear fuel and the wastes resulting from reprocessing this fuel, thus, Se should be controlled in the natural environment. Moreover, in the national and international guidelines for drinking water quality, it is recommended that arsenic (As) and Se concentrations in drinking water do not exceed 0.01 mg L-1. Since As and Se concentrations are thought to be lower than 1/10 of the recommended values in >90% of surface river waters, it is difficult to describe nationwide As and Se concentration levels in Japan. The recently developed octapole reaction system for inductively coupled plasma mass spectrometry (ORS-ICP-MS) could achieve low detection limits for As and Se compared to atomic absorption spectrometry and ICP optical emission spectrometry. Thus, direct measurement of trace levels of As and Se in river water for 25 major rivers, 10 samplings per river, were carried out using ORS-ICP-MS.The concentrations of As and Se were determined in more than 95% of the samples, and the cumulative probability distributions of these elements were on log-normal lines. Their respective geometric mean concentrations were calculated as 0.68 µg L-1 (range: 0.08-12.8 µg L-1) for As and 0.062 µg L-1 (range: <0.01-1.17 µg L-1) for Se, respectively, and these values were lower than the recommended 
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ones. The concentration ranges of these elements in ten samples collected from the upper stream to the river mouth were usually narrow. Possibly, the observed concentrations originated from weathering of bedrock. 

Major publications: 1) Uchida, S., Tagami, K., Tabei, K.: Comparison of alkaline fusion and acid digestion methods for the determination of rhenium in rock and soil samples by ICP-MS, Analytica Chimica Acta 535, 317-323, 2005. 2) Ishii, N., Uchida, S.: Gram-negative bacteria responsible for insoluble technetium formation and the fate of insoluble Tc in the water column above flooded paddy soil, Chemosphere 60, 157-163, 2005. 3) Tagami, K., Uchida, S.: A comparison of concentration ratios for technetium and nutrient uptake by three plant species, Chemosphere 60, 714-717, 2005. 4) Nakamaru, Y., Tagami, K., Uchida, S.: Depletion of selenium in soil solution due to its enhanced sorption in the rhizosphere of soybean, Plant and Soil 278, 293-301, 2005. 5) Tagami, K., Uchida, S.: Sample storage conditions and holding times for the determination of total iodine in natural water samples by ICP-MS, Atomic Scpectroscopy 26, 209-214, 2005.
Fig 1. Geometric means of TFs (dry weight basis) for wheat, brown rice and polished rice. Both ends of bar show maximum and minimum TF values.

Table 1. Chemical characteristics and the Kd-Sb values of each soil group and land use.
Kd-SbTotal SbTotal CActive-FeActive-AlCation exchangecapacitypHSoil groups
(L kg-1)(mg kg-1)(%)(g kg-1)(g kg-1)(cmolc kg-1)(H2O) 1020.65.217.329.1176.1MeanaAndosol (n=33) 530.81.87.12.4136.0MeanaFluvisol (n=53) 650.91.26.23.1126.2MeanaCambisol (n=21) 2.60.20.10.80.416.7MeanaRegosol (n=3) 570.72.08.77.0136.2MeanaAll upland soils 5051.910.976.396.2388.3Max.(n=59) 10.20.00.40.314.7Min. 670.72.28.43.5146.0MeanaAll paddy soils 20652.18.536.065.1437.7Max.(n=51) 80.40.32.30.974.8Min. 620.72.18.55.1146.1MeanaAll samples 20652.110.976.396.2438.3Max.(n=110) 10.20.00.40.314.7Min.

a Mean indicates geometric mean of samples. The arithmetic mean was used only for pH values. For Kd-Sb, the geometric mean values were calculated without the value 2065 (L kg-1).
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3.4. Evaluation of Radiation Protection System againstRadioactive Materials Released into the Environment

Outline of Research Career: Dr Nishimura received a Ph.D. from the University of Tokyo in 1984 for his study on the biokinetics of radiocobalt in rats. He has 30 years of experience in research on biokinetics of radionuclides in experimental animals. He also studies how to reduce radionuclide concentrations in animals and humans using natural chelating agents such as chitin and chitosan. Since April 2005 he has been a group leader of the Environmental Radiation Protection Research Group. 
Contact point: y_nishim@nirs.go.jp 

Yoshikazu Nishimura, D.V.M., Ph.D., Director, Environmental Radiation Protection Research Group
Objective:The more than 50 nuclear power plants operating in Japan provide about 34% of the country's total electricity supply. To establish a nuclear fuel cycle, which is a fundamental energy policy of the government, a commercial-based uranium enrichment plant is operating at Rokkasho-mura and a huge reprocessing plant is under construction. Nowadays, radionuclides are used extensively in the fields of science, engineering, agriculture and medicine. There is a potential risk for radiation exposure with these applications. Therefore, exposures should be controlled so that the doses and risks to individuals do not exceed levels acceptable for the human population. The objective of this research is to obtain scientific information needed to protect the human body from radiation and radioactive materials released into the environment from nuclear and radiation facilities by clarifying the amount and behavior of radioactive materials in the environment, the intake of the materials by the human body, their behavior within the human body, the doses to the human body and low-dose risk assessment by epidemiologic studies. Our research group conducts marine studies at the Nakaminato Laboratory for Marine Radioecology and half of the research group members serve at the Research Center for Radiation Emergency Medicine, where they are responsible for studies on dose assessment of exposed patients as well as ongoing practical activities in an emergency.  

Progress of Research:1) Behavior of radionuclides in the environment Uranium isotopic compositions determined in soil samples in the Chernobyl exclusion zone showed significant deviation from natural uranium. The 236U/238U ratio could be determined in the samples and used as a finger-print to differentiate between contamination or a natural source. Enrichment of 235U was noticeable for soil as well as ground water samples. Iodine concentrations in the topsoil layer of the exclusion zone varied from 1.1 to 3.6 ppm depending on the soil types.  Also, ca. 400 diet samples were collected by the duplicate portion method from all 25 regions in Ukraine. About 20 elements in the diet were analyzed. The Ukrainian element intakes were compared with those of worldwide reported values. Especially dietary iodine intake (40µg) in Ukrainians was lower than the level of the RDI (150 µg). Intakes of essential microelements (Mn, Cu, and Zn) were also lower than worldwide mean values. The results should be a useful database in future work, e.g., determining countermeasures after accidents, doing nutrition and health studies and so on in Ukraine.
2) Behavior of radionuclides within the body To investigate the precise tissue distribution of elements, such as Sn, U, Cs, and Mo, whose minor signals are interfered with by endogenous major elements, such as Ca and K,   we tried to use high-energy incident X-rays for detecting major signals of these elements by synchrotron radiation X-ray fluorescence (SR-XRF) analysis.  XRF spot analysis with a microprobe was employed for testicular 
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sections of rats exposed to tributyltin chloride, an environmental pollutant.  Sn was detected in the spermatozoa of the testis.  Embryo development of natural plants is susceptible to radioactive contamination of the environment. In pre-embryogenic cells of Japanese cedar, the proliferation was inhibited by dose rates for chronic irradiation as low as 5 mGy / h. The radio-sensitiveness in early stages of embryo development was also analyzed with in vitro cultures of tobacco embryos.
3) Internal dosimetry for radiological protection We measured the BOMAB phantoms by using a whole body counter and compared results with the data measured in the former Japan Atomic Energy Institute Tokai Laboratory and Japan Nuclear Cycle Development Institute Tokai Branch (now united into the Japan Atomic Energy Agency). The results were consistent with each other. Furthermore, similar measurements were  done in three local radiation emergency medical organs. And we studied standardization of whole body counting.We verified the program and database of MONDAL3(monitoring to dose calculation Ver.3) which was last year. We can easily calculate the equivalent dose of each organ or tissue from monitoring data by using this software. CD-ROMs were made and distributed to the public by NIRS free of charge. We are making an effort to diffuse this version now. We analyzed and processed MRI images which were taken of a volunteer to make a mathematical phantom. And we partially outlined the lung and rib bones.
4) Radiation epidemiology and risk assessment Further analysis of 1969-98 mortality data for the radiological technologist cohort suggested an increase for lymphoid/ haematopoietic tissues and prostate cancers among early sub-cohort. Computational simulations to estimate occupational exposure showed that the dose was from several to several tens of μSv per one procedure of X-ray photograph and that the important factors for the variation were tube voltage and target material. Research on potential radiation risks in areas with a nuclear power plant (NPP) based on ecological 1972-97 mortality data from two cancer combined groups (lymphoid/ haematopoietic tissues and non-digestive solid cancers) showed a relatively constant standardized mortality ratio by six blocks through Japan over the long period. Analysis of 100 selected municipalities noted a superficial increase or decrease for these cancers in 20 municipalities with 

an NPP in adulthood, especially in females and indicated that the confounding was likely to be caused by temporal changes of age specific mortality and of the number of cancer deaths in the elderly. Furthermore, epidemiologic reviews were conducted with respect to lifetime risk of radiation (including fallout), indoor radon and cosmic radiation exposure among aircrews. As well, cooperation with other research institutes in Japan and abroad has continued for occupational exposures such as experienced by nuclear industry workers.
5) Distribution of radionuclides in the ocean Plutonium activities and 240Pu/239Pu ratios in the East China Sea and Okinawa Trough sediment cores were determined by isotopic dilution inductively coupled plasma mass spectrometry (ID-ICP-MS). The results showed that 240Pu/239Pu ratios in the East China Sea and Okinawa sediments were much higher than the reported value of global fallout. The highest 240Pu/239Pu ratios (0.32-0.33) were observed in the deepest Okinawa sediment samples. These ratios suggested the US nuclear weapons tests in the early 1950s at the Pacific Proving Grounds in the Marshall Islands were a major source of Pu in the East China Sea and Okinawa Trough sediments, in addition to the global fallout source. It was proposed that close-in fallout Pu was delivered from the Pacific Proving Grounds test sites via early direct tropospheric fallout and continued releases by the North Pacific Equatorial Circulation system and Kuroshio Current into the Okinawa Trough and East China Sea. The total 239+240Pu inventories in the sediment cores were about 150-200 % of that expected from direct global fallout, among them, about 46-67 % of the total inventories were delivered from the Pacific Proving Grounds. Much higher 239+240Pu inventories were observed in the East China Sea sediments than in sediments of the Okinawa Trough, because in the open oceans, part of the 239+240Pu was still retained in the water column, and continued Pu scavenging was higher over the margin than the trough. The vertical distributions of 239+240Pu activities and 240Pu/239Pu ratios in these cores showed that sediment mixing was the dominant process in controlling profiles of Pu in this area. Faster mixing in the coastal samples has homogenized the entire 240Pu/239Pu ratio record today; slightly slower mixing and less scavenging in the Okinawa Trough has left the surface sediment ratios closer to the modern North Pacific water end member and with higher ratios at the bottom of the cores.
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6) Mechanism of accumulation of radioisotopes by marine organisms The bioaccumulation mechanisms of radioisotopes in aquatic organisms (algae, planktons, invertebrates and fishes) were examined by RI tracer experiments and elemental analyses. Although freshwater fishes had several times higher concentration factors than seawater fishes, it was found by constructing an imitating ecosystem in the laboratory that the major reason for this resulted from the difference in contribution of sediments between freshwater fishes and seawater fishes. As a result of application of 99Tc analytical procedures developed by our team to marine environmental samples, the concentrations of 99Tc in marine organisms in Japan were found to be very low, compared with marine organisms in the Atlantic Ocean. For example, the concentration of 99Tc in a green alga Bryopsis maxima showing the highest concentration among Japanese marine algae was 1/136,000 of that of a brown algae Fucus vesiculosus collected at the Sellafield area in UK. The biological behavior of Tc was similar to Re belonging to the same group in the periodic table. But chemical behaviors of  99Tc were not completely like to those of Re.
7) Assessing the impact of radioactive substances released into the marine environmentRadioactivity and mineral composition were determined for several species of marine algae and mollusks with special regard to exploring candidate organisms for a biological monitor to use in environmental monitoring.  In general, algae were characterized by the presence of 214Bi and 228Ac on a gamma spectrum measured using a Ge semiconductor detector, which revealed that algae accumulated their ancestor radionuclides, 226Ra and 228Ra, respectively.  A genus of green algae, Bryopsis, most effectively accumulates Ra isotopes and could be applied to monitoring for evaluating load of naturally occurring radionuclides in the marine environment.  On the other hand, mollusks were characterized by the presence of 108mAg in their viscera and its radioactivity concentration was higher in the viscera of snails than in those of cephalopods, whereas 137Cs concentration was higher in cephalopods than in snails.  Marine snails are likely to have properties appropriate for the biological monitor.  The concentration of elements in each group of organisms would not differ very much from one species to another and the values were expected to be distributed around the arithmetic mean values with some variation.  Marine organisms sometimes showed an extremely high concentration, however, the concentration was 

specific both to species of organisms and to species of elements.  An extremely high concentration of element could be identified as an ‘outlier’ statistically by Smirnov’s examination.  Manganese concentration in a species of bivalves, Cyclosunetta menstrualis, could be identified as a typical example of outlier, which was possibly used as a biological monitor for surveying the release of 54Mn from nuclear facilities.  An extremely high concentration of alkaline earth metals including Sr and Ba was also observed in the above mentioned green algae, which would be most useful in the case of 90Sr and 140Ba-140La contamination, although relatively high concentrations of alkaline earth metals were generally observed in common algae, especially in species of brown algae.
Major Publications:  1) Shiraishi, K., Ko, S., Sahoo, S.K., Muramatsu, Y., Los, Y.P., Korzun, V.N., Tsignakov, N. Y., Zamostyan, P. V. : Dietary iodine intake in residents of Northwestern regions of Ukraine contaminated by the Chernobyl accident. Health Physics, 90, 11-15, 2006. 2) Homma-Takeda,S, Nishimura, Y., Watanabe, Y., Imaseki, H., Yukawa, M.: Tin accumulation in spermatozoa of the rats exposed to tributyltin chloride by synchrotoron radiation X-ray fluorescence (SR-XRF) analysis with microprobe.  Nuclear Instruments & Methods in Physics Research Section B, 231, 333-337, 2005. 3) Aono, T., Yamada, M., Kudo, I., Imai, K., Nojiri, Y. and Tsuda, A.: Export fluxes of particulate organic carbon estimated from 234Th/238U disequilibrium during the Subarctic Pacific Iron Experiment for Ecosystem Dynamics Study (SEEDS 2001). Prog. Oceanogr., 64, 263-282 , 2005. 4) Zheng, J., and Yamada, M.: Determination of U isotope ratios in sediments using ICP-QMS after sample cleanup with anion-exchange and extraction chromatography. Talanta, 68, 932-939, 2006.
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3.5. Environmental and Toxicological Sciences Research Group

Outline of Research Career:Education: 1983, Yokohama National University (BE in safety engineering); 1985, Tokyo Institute of Technology (ME in environmental chemistry); 1989, Tokyo Institute of Technology (PhD in environmental chemistry)Professional Activities: 1989-present, National Institute of Radiological SciencesResearch Interests: Environmental chemistry, geochemistry, and radioecology.・Behavior of radionuclides and related stable elements in ecosystems, with special emphasis on the role of biological activities.
Contact point: s_yoshid@nirs.go.jp

Satoshi Yoshida, Ph.D.Director, Environmental and Toxicological Sciences Research Group
Objectives:The recent rapid progress in technology and industry has led to the release of a variety of toxic substances which harm the environment and have adverse effects on human health. This research group aims to develop scientific methods for assessing and comparing the impacts of radioactive substances and other environmental toxicants, and to create a safe environment, under the “Comparative Study of the Effect of Radiation and Other Environmental Risk Sources on People and Ecosystems”. These activities also provide basic information on environmental radiation protection, which is increasingly becoming a worldwide concern. The group consists of four research teams: Environmental Behavior Research Team, Experimental Model Ecosystem Research Team, Environmental Toxicology Research Team, and Numerical Analysis and Computer Simulation Research Team. The following describes the progress of each of these teams during fiscal year 2005. 

Progress of Research:1) Environmental Behavior Research TeamThis team investigates the levels and behavior of environmental toxicants in natural and semi-natural ecosystems, such as forests and farmland. To obtain the parameters which will enable the behavior of radionuclides and other environmental toxicants such as heavy metals to be compared, environmental samples (e.g., soils, plants, mushrooms, and earthworms) are being analyzed for more than 40 elements, as well as for radionuclides. The role of biological activities on the behavior of radionuclides and related stable elements in ecosystems is one of the primary concerns. This team is also developing simple, accurate methods for analyzing long-lived radionuclides, such as Tc, Pu and U, in environmental samples.Determination of isotopic composition gives useful information on the source term and the behavior of radionuclides including Pu in the environment. However, there is only a limited volume of quality data available on the levels and distributions of 239Pu and 240Pu isotopes in the environment. The team successfully determined Pu isotopes in environmental samples by double focusing sector field inductively coupled plasma mass spectrometry. Several sample introducing systems were used to improve detection limit and precision of the isotope ratio. A method for sample preparation was also improved by using a microwave decomposition system with an acid mixture followed by coprecipitation and ion-exchange separation. The 240Pu/239Pu atom ratios observed in Japanese soils were usually in the range of global fallout (0.17 - 0.19), except for very low ratios found in Nishiyama area, Nagasaki Prefecture. The low ratios (minimum 0.032) observed in the 
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Nishiyama area indicated the remaining Pu contamination from the atomic bombing in 1945. Since the area is contaminated also by global fallout, the 240Pu/239Pu atom ratio can be more sensitive indicator of bomb-derived Pu than Pu activity concentration.In order to make an environmental safety assessment for 129I, it is necessary to obtain information about the pathways of iodine transfer in the environment. The team has demonstrated that some filamentous fungi have a significant ability to volatilize iodine from the medium into the atmosphere and also to accumulate iodine in mycelia. Five strains of basidiomycetes, one strain of ascomycete and six strains of imperfect fungi were cultured in a liquid medium containing a radioactive iodine tracer (125I), and were tested for their abilities to volatilize or accumulate iodine. Most of the fungal strains tested volatilized a considerable amount of iodine, with Lentinula edodes showing the highest volatilization rate of 3.4%. The volatile organic iodine species emitted from fungi cultures was identified as methyl iodide (CH3I). Six fungal strains accumulated a considerable amount of iodine from the medium. Especially, Alternaria alternata and Cladosporium cladosporioides showed high concentration factors of 22 and 18, respectively. Considering their great biomass in soils, filamentous fungi may contribute to the global circulation of stable iodine and also the long-lived radioiodine, 129I (half-life: 1.6 x 107 y), released from nuclear facilities into the environment.
2) Experimental Model Ecosystem Research TeamThis team has already proposed an index for the holistic evaluation of effects on various ecological parameters, such as sizes of population or community. This ecological effect index (EEI) represents differences in values of applicable parameters between exposed and control ecosystems by the Euclidean distance function weighted by the ecological importance of each parameter. The usefulness of the index was demonstrated in previous studies by using the data on the effects of various toxicants on a microcosm, i.e., an experimental model ecosystem consisting of Euglena, Tetrahymena and Escherichia coli. The EEI was positively correlated with doses of each toxic agent, and the relationship between them could be fitted by a sigmoid curve. From this curve, a 50-percent effective dose (ED50), at which the EEI became 50 percent, could be obtained for each toxic agent. The ED50 was used to evaluate quantitatively the ecological toxicity of each toxicant. This result 

indicates that the ED50 might be also a useful index for quantitative evaluation of effects on model ecosystems and on natural ecosystems.As a study on ecological effects of radiation, we had previously investigated effects of acute γ-irradiation on the microcosm. In this year, we studied effects of chronic γ-irradiation on this microcosm, which are more important in ecological risk assessment. Significant differences were not observed in cell densities of any species between control microcosm and irradiated microcosm at 1.2 Gy/d for 247 days. At 5 Gy/d, E. coli was decreased compared with control after day 127, though the other two species were not affected. Irradiation at 10 Gy/d did not have significant effects on any species. At 23 Gy/d, Euglena died out first, then Tetrahymena died out, and finally E. coli died out after day 127. Some of these effects were not dependent on dose rates, and E. coli was more radio-resistant than the other species at 23 Gy/d. These responses of the microcosm to chronic γ-irradiation were different from those to acute γ-irradiation, suggesting that it is not easy to predict ecological effects of chronic irradiation from those of acute irradiation.  Effects of chronic γ-irradiation at very low dose rate were also investigated in the pure-culture systems of Euglena constituting the microcosm. When Euglena was exposed at a dose rate of 0.5 mGy/day, the growth rate was higher than that of control at a dose rate of 0.02 mGy/day. The result suggests that Euglena may be stimulated by chronic irradiation at low dose rate. Stimulating effects of ionizing radiations on cell growth have been reported episodically in the literature; however, few efforts have been devoted to this problem because results were often conflicting and sometimes un-reproducible. For the evaluation of ecological toxicity of radionuclides released to aquatic environments, the stimulating effects by very low dose rate irradiation should be elucidated and the implication of low dose rate irradiation to the ecosystem should be assessed.     
3) Environmental Toxicology Research TeamThis team is comparing the relative risks of radiation and other environmental toxicants, using their ability to induce DNA damage as a toxicological index, because DNA damage is considered the most important cause in serious biological events such as mutation, cell death and cancer induction. DNA damage, particularly DNA double strand breaks, and colony-forming abilities in animal and human cells exposed to radiation and several environmental toxicants have been quantified. 
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Furthermore, gene expression analysis in cells has been performed to seek genes expressed in response to DNA damage.Gene expression analysis is one of the most useful means to detect biological responses. We applied a quantitative reverse transcription-PCR (RT-PCR) to measure the effect of ionizing radiation in human cells. The cells (HFLIII and MCF-7) were allowed to grow confluently before irradiation with X-rays (0 - 4 Gy). Total RNA was extracted 0, 2 and 4 hrs after the irradiation and subjected to expression profiling by RT-PCR. Comparison analyses were performed among the data from various challenges of dose and time courses. The expressions of the radio-responsive genes were found to be altered in a dose and time dependent manner. Those involved CDKN1A (p21Waf1/Cip1), Gadd45alpha, Mdm2, CyclinG, and XPC genes, for which expression increased at 2 hrs after the X-irradiation (2 - 4 Gy). The HFLIII cells were also exposed to arsenite (0.02 mM) and the total RNA was subjected to RT-PCR. The expression level of CDKN1A (p21Waf1/Cip1) was elevated up to 4-fold in a dose-dependent manner at 6 hrs after the treatment; this does not alter the cell survival in conventional colony formation assays. Thus, it was demonstrated that the RT-PCR is a sensitive strategy to measure environmental toxic reagents. In the most current study, the team compared cytotoxicity of irradiation, arsenite and paraquat, all of which are known to induce DNA damage, using their ability to induce the interphase apoptotic cell death in mouse peritoneal resident macrophages as a cytotoxic index. Typical apoptosis was induced by irradiation, the most representative DNA damaging agent; however arsenite induced apoptosis with a peculiar morphological feature possibly not mediated by DNA damage, and paraquat did not induce apoptosis, rather it suppressed apoptosis induced by irradiation. Therefore, it is concluded that DNA damaging ability predominates the toxicological consequence of some environmental toxicants but not others.
4) Numerical Analysis and Computer Simulation Research TeamThe behavior of environmental toxicants and their harmful influences on the sustainability of ecosystems are the latest topic for radiological protection of the environment. Since they are complicated and diverse issues, they cannot be fully understood by experimental studies or field surveys of natural ecosystems independently. This team is developing a computer simulation model based on accumulated experimental data of the behavior of 

toxicants in the environment, and their effects on the individual living organisms observed in experimental ecosystem studies and field surveys. The goal of the model is to estimate the potential impacts of radiation on the ecosystem by extrapolating from the umbrella effects at the individual level of environmental species. Another goal of the team is to contribute to the international trend to protect the environment from the effects of ionizing radiation, by developing a theoretical methodology for evaluating the radiation exposure of non-human species. It is also developing a mathematical model and computer simulation code to estimate impacts on the populations and communities of non-human biota to define the protocols to determine radiological harms that would threaten the whole species or create irreversible imbalances between species, and thereby affecting the sustainability of the ecosystem.The population dynamics, and mass and energy budgets, of an aquatic microbial ecosystem have been collected by other research teams, and they are being simulated as a computer simulation code. A particle-based model has been used to duplicate this microcosm’s self-organized, sustainable system of complexity, by simulating interactions among species, such as the predator-prey relationship, competition for common resources, autolysis of detritus and the detritus-grazing food chain, and interactions among organisms and habitats. Chronic, acute exposures to radiation and chemical toxicants by the microcosm are being observed experimentally, and the results will be reflected in modifications to the simulation model. Validity of the model is checked by using data from the microcosm experiments. In the analysis, the intrinsic parameters of umbrella endpoints (especially, acute lethality, impacts on morbidity, reproductive growth and mutation at the individual level). The simulation results are implemented to determine the population-level, community-level, and ecosystem-level disorders of ecologically crucial parameters (e.g., intrinsic growth rate, carrying capacity, variation, etc.), that relate to the probability of extinctions of the microorganisms. Numerical analysis and computer simulations will help us to compare the effects of various environmental toxicants, and to develop and implement measures to protect the environment. 
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Major Publications: 1) K. Yamamoto, T. Sakashita, K. Miyamoto: Development and validation of an atmospheric dispersion model for tritium using the IAEA BIOMASS scenario, Fusion Science and Technology, 48, 500-503, 2005. 2) D. Galeriu, H. Takeda, A. Melintescu: Energy metabolism and human dosimetry of tritium, Fusion Science and Technology, 48, 795-798, 2005.　 3) Y. Kubota, S. Takahashi, H. Sato, K. Suetomi: Radiation-induced apoptosis in peritoneal resident macrophages of C3H mice: selective involvement of superoxide anion, but not other reactive oxygen species, International Journal of Radiation Biology, 81, 459-472, 2005. 4) T. Ban-nai, S. Yoshida, Y. Muramatsu, A. Suzuki: Uptake of radiocesium by hypha of basidiomycetes -radiotracer experiments-, Journal of Nuclear and Radiochemical Sciences, 6, 111-113, 2005. 5) S. Yoshida, Y. Muramatsu, W. Peijnenburg: Multi-element analyses of earthworms for radioecology and ecotoxicology, Radioprotection, 40, 491-495, 2005. 6) M. Doi, I. Kawaguchi, N. Tanaka, S. Fuma, N. Ishii, K. Miyamoto, H. Takeda, Z. Kawabata: Model ecosystem approach to estimate community level effects of radiation, Radioprotection, 40, 913-919, 2005.
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3.6. Studies on Environmental Radon and Its Biological Effects

Outline of Research Career:Dr. Yamada received a Ph.D from Nagoya University in 1989 for his study on collection performance of high efficiency particulate air filter. He has had 26 years of experience in research on radioactive aerosol and its internal exposure at NIRS. Between 1986 and 1987 he was at the Inhalation Toxicology Research Institute (ITRI) of Lovelace Foundation, USA as a visiting scientist where he studied aerosol deposition within respiratory tracts using a cast model. He was honored for studies on air filter by Japan Health Physics Society in 1986 and Japan Association of Aerosol Science and Technology in 1997.
Contact Point: yj_yamad@nirs.go.jp

Yuji Yamada, Ph.D.Director, Radon Research Group
Objectives:Radon is a radioactive gas emanated from soil, water and building materials. Radon and its decay products in the air are inhaled into the human respiratory system where their further decay results in exposure. The alpha radiation, emitted from the decay products, has the potential to damage DNA of respiratory tissues, which would be the first step to cancer. It is well known that exposure to high radon concentration causes lung cancer from the results of many epidemiological and experimental studies. However, it has not been clear whether long-term exposure to environmental radon causes similar health effects. The radon levels in most homes are much lower than those in most uranium mines.Among sources of natural radiations, radon and its decay products contribute the largest percentage to the total average annual effective dose to the public. There are two different ways to estimate dose from radon exposure; the epidemiological approach and the dosimetric approach. Currently, there is a large difference by a factor of 3 in exposure dose. The data on behavior in the environments and dose estimation for thoron, one of the radon isotopes, are very limited.The aims of this research are to investigate the behavior of radon and thoron in the environments discriminatively, and to re-characterize their decay products for dose evaluation. This information would lead to a solution of the problems in risk estimation from exposure to radon and help to re-evaluate the dose conversion factor (DCF) from exposure concentration to exposure dose.
 

Progress of Research:Main subjects of studies carried out this year are summarized below.1) Thoron in the living environment of JapaneseAdditional study concerning the behavior of the thoron in the living environment was carried out. While thoron concentrations have been found to show a large spatial distribution, information for spatial distribution of thoron decay products in the living environment has not been reported. The study for thoron focused on the investigation of spatial distribution of thoron decay products using a deposition monitor (Fig.2). The uniform distribution that was logically expected was not found.  This result might be caused by the low concentration of the decay products and measurement error due to the large variation of deposition velocity with small movement of the ambient air. Very high thoron concentrations were found in various indoor locations in Japan and dose estimates due to inhalation of the decay products become more important. It is necessary to accumulate evidence and to find the cause of the variation to obtain accurate dose estimation from inhalation of thoron decay products.2) A comparison of dose conversion factor for radon/thoron decay productsThe dose due to short-lived thoron decay products was calculated using a dosimetric approach. The calculations were based on a computer program LUDEP, which implements the ICRP 66 respiratory tract model. The dose per equilibrium equivalent concentration for thoron (EETC) was calculated with respect to: (1) equivalent dose to each region of the lung tissues (bronchial, bronchiolar and alveolar); (2) weighted equivalent dose to organs other than lung; 
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and (3) effective dose.The calculations indicated that: (1) the most exposed region of the lung tissues was the bronchial for unattached fraction and the bronchiolar for attached fraction; (2) the contribution to effective dose mostly resulted from the lung dose; and (3) the effective dose per EETC was about four times larger than the effective dose per equilibrium equivalent concentration for radon (EERC).The calculated dose conversion factors were applied to comparative dosimetry for some thoron-enhanced areas where EERC and EETC were measured. In the case of a spa in Japan, the dose from thoron decay products was larger than the dose from radon decay products.3) Particle size distribution of radon/thoron decay productsSizing method of radon/thoron decay products using GSA technique was optimized. The sampling period ranged from 5 min to 30 min, and it depended on the concentrations of radon/thoron decay products. Even in the mixed area of radon and thoron, 5-min sampling was enough time to measure size distribution of radon decay products. For thoron decay products, 30-min sampling was necessary when EETC was about 5 Bq m-3. The longer sampling was not always good for size measurements. For the same carrier aerosol, no differences were observed in size distribution between radon and thoron decay products.4) Biological effects due to radon/thoron exposureThe micronuclei for rat tracheal epithelial cells (RTE cells) were examined by in vitro exposure to radon and thoron. The rat tracheal epithelial cells were exposed in air-liquid interface culture, which was developed for the purpose of simulating in vivo conditions. As a result, the micronucleus induction 

gradually increased when the dose rate was over 1 mGy h-1. This dose rate was equal to the dose rate for the indoor condition which radon concentration was 105 Bq m-3.  This result indicated that micronucleus induction was not affected by short-period exposure when radon concentration was quite high.To examine the molecular basis of the biological effect caused by radon and its short-lived decay products, an attempt was made to establish a new experimental system using mouse FM3A cells to simulate the condition of epithelial cells being exposed to environmental stress. The 6-TG resistant phenotype was used for detecting the genetic effect of radon. As a result, the frequency of 6-TG resistant colonies increased 100 times higher than that of control at more than 300 mGy exposure. On the other hand, no increasing was observed at less than 10 mGy exposure. As a result of PCR analysis, significant increasing was observed at less than 1mGy exposure. More consideration is needed to determine the low-dose radiation effects.
Major publications: 1) J. Chen, S. Yoshinaga, S. Tokonami, H. Yonehara, Y. Yamada: Japanese individual risks of radon induced lung cancer for different exposure profiles. J. Health Phys., 40 (3), 285-294, 2005 2) Y. Yamada, Q. Sun, S. Tokonami, S. Akiba, W. Zhuo, S. Zhang, T. Ishikawa, M. Furukawa, K. Fukutsu, H. Yonehara: Radon-thoron discriminative measurements in Gansu province, China, and its implication for dose estimates. Journal of Toxicology and Environmental Health. Part A, 69 (7-8), 723-734, 2005. 3) Y. Yamada, A. Koizumi, K. Ishikawa, Y. Hishinuma, K. Tatenuma: Development of a radon trap device using a corona discharge. Radiation Protection Dosimetry, 117 (4), 414-418, 2005. 4) S. Tokonami, H. Takahashi, Y. Kobayashi, W. Zhuo: Up-to-date radon-thoron discriminative detector for a large scale survey. Review of Scientific Instruments, 76 (1), - , 2005 (in press). 5) T. Ishikawa, S. Tokonami, S. Yoshinaga, Y. Narazaki: Airborne and waterborne radon concentrations in areas with use of groundwater supplies. Journal of Radioanalytical and Nuclear Chemistry, 267 (1), 85-88, 2006.

Fig 2. Thoron survey conducted in a traditional Japanese room.
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3.7. Research on Redox Regulation against Radiation

Outline of Research Career:Dr. Ikota was born in Saitama in 1947 and received B.S.(1971) and Ph.D.(1976) from University of Tokyo. After working as a postdoctoral fellow (1976-1978) at Cornell University, he joined the Faculty of Pharmaceutical Sciences, University of Tokyo as Assistant Professor in 1978. In 1982, he moved to NIRS. His research interest is the development of antioxidants and radioprotectors, and the elucidation of their defense mechanism.
Contact point: ikota@nirs.go.jp

Nobuo Ikota, Ph.D.Director, Redox Regulation Research Group
Objectives:The redox (reduction and oxidation or oxidoreduction ) processes have an important role in the physiological regulation of living organisms. Reactive oxygen species (ROS), reactive nitrogen species (RNS), and free radicals are produced in living organisms exposed to stresses from external factors such as radiation, ultraviolet light, metals, and toxic substances, and internal factors such as inflammation and ischemia-reperfusion. Living organisms usually maintain homeostasis through their own control systems to remove ROS, RNS, and free radicals. However, oxidative stresses arise from insufficient removal of these species and cause various diseases such as arteriosclerosis, cancers, and aging. Redox regulation protects the living organisms from various oxidative stresses and maintains homeostasis by controlling the redox states in vivo. The redox regulation research group consists of four teams which conduct studies on redox　regulation research for biochemical effects of living body from molecular, cellular, and tissue levels to the whole-body level through the participation of ROS, RNS, and free radicals generated by radiation. The research includes  studies on bioradicals (development of the method to detect radicals such as hydroxyl radical (・OH), peroxyl radicals (LOO・), and nitric oxide (NO) generated in vivo by radiation), studies on biological effects (detection of oxidative damages of DNA, protein, and lipid, and elucidation of regulatory mechanisms on self-mutagenic and inducible genes and dysfunction of proteins, and radiation effects on endocrine systems) caused by irradiation, and studies on redox regulation substances (development of antioxidants, radical scavengers, and radioprotectors 

from synthetic compounds, natural products, and medicines, and elucidation of their scavenging  mechanisms for ROS, RNS, and free radicals).
Progress of Research:1) Studies on bioradicals generated by radiationThis year further evaluation to improve the sensitivity of the ex vivo spin trapping method using N-tert-butyl-α-(4-pyridyl-1-oxide) nitrone (POBN) as a spin trapping reagent for detecting hydroxyl radical generation by X-ray irradiation of rat and evaluation of relationship between the generation of ROS by irradiation and damages of mouse skin, and evaluation of in vivo ESR images observed in X-ray irradiated living mice using acyl-protected hydroxyl amine probe (ACP) were performed.A spin trapping agent, POBN was tried instead of N-tert-butyl-α-phenylnitrone (PBN) to improve the sensitivity of the ex vivo spin trapping method for detecting in vivo hydroxyl radical generation by X-ray irradiation of rat.  Although the ESR signal intensity increased, it was not analogous to X-ray irradiation, indicating that POBN was not useful.  Formation of ascorbyl radical in the X-ray irradiated skin was observed and the time-dependent increase of the ascorbyl radical correlated with the increase of lipid peroxidation in the skin.  Generation of nitric oxide and hydroxyl radical by photo-irradiation was also evaluated.Acyl-protected hydroxyl amine probe (ACP) was incubated in liver homogenates prepared from X-ray irradiated and non-irradiated mice and the oxidation rate of CPH, the deacylated form of ACP, and reduction rate of CP, the oxidized form of CPH, were measured.  The irradiation decreased the reduction rate of CP whereas the oxidation rate of 
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CPH was not affected.  This finding suggested that the different intensity of in vivo ESR images observed in X-ray irradiated and non-irradiated living mice was due to the difference in reduction activity of liver for the nitroxyl probe.  Therefore, the ACP method might be applicable for in vivo evaluation of reduction activity of living animals.
2) Studies on regulatory mechanisms of self-mutagenic and inducible genes activated by radiation and fluctuation of cellular redox conditionsThis year molecular mechanisms of radiation-induced genetic instability mediated by endogeneous retrovirus and of activation of gene for enzyme to contribute to remove ROS were investigated.Endogenous retrovirus, intracisternal A-particle (IAP), is a construct of viral RNA and coat protein and ubiquitously present in normal mouse cells.  IAP is a potential mutagen since the complementary DNA molecule reverse-transcribed from IAP RNA can be integrated to the genomic DNA.  To investigate the radiation effect on the reverse transcription mechanism, we constructed a series of reporter plasmids that were designed to express IAP RNA by stable-　transfection in mouse cells.  To distinguish the nucleic acids of the transgene from endogenous nucleic acids derived from thousands of the IAP cDNA in normal mouse genome, oligonucleotide blocks with unique sequence were inserted in the plasmid.  Stable transformed lines with the cDNA-reporter plasmid in RAW264.7 mouse macrophage cells were established.  We succeeded in　constructing methodologies for the exact measurement of both RNA and cDNA of the transgene using real-time PCR.  In the transformants, the cDNA levels were increased following X-ray irradiation at the dose of 3Gy, suggesting that radiation enhanced reverse transcription of endogeneous retrovirus in the cells.  We also established a transgenic mouse with the cDNA-reporter gene to study behavior of IAP in various tissues following　radiation　(Fig.3 ). 

Fig 3. Activation of IAP cDNA synthesis by radiation.Two clones of RAW264.7 cells that possess transgene of the entire IAP element as cDNA- reporter gene were X-ray irradiated at 0, 2 or 3 Gy.  After incubation for 1 to 3 days, total DNA was prepared from the irradiated and non-irradiated cells and applied for semi- quantitative PCR amplification.  Aliquots isolated from each PCR cycle were electrophoresed and the ethidium bromide-stained DNA levels were measured by lasor scanning.  Levels of cDNA from transgene RNA were determined by the measurement of amplification of the unique structure generated specifically by retroviral reverse transcription.  As an internal standard, single copy gene for interleukin(IL)-1 beta was used for the simultaneous amplification.  Relative rates of transgene cDNA in irradiated cells per cDNA in the non-irradiated cells are shown in the graph.
Mammalian cells have a mechanism to activate genes encoding proteins that reduce damages by ROS.  Since hemeoxygenase-1 (HO-1) is a member of ROS-related metabolism, various derivatives of caffeic acid (CA) esters were compared on the effect to activate HO-1 gene in RAW264.7 cells.  Quantitative studies of mRNA level by real-time RT-PCR revealed that the drastic induction of  HO-1 mRNA of more than 30-fold was observed by the treatment with ethyl and phenthyl esters of CA.  In contrast, other CA esters did not give any effect on the expression of HO-1 gene.  Since all the CA esters have similar level of reducing activity, it was suggested that the drastic induction of HO-1 gene was driven by the chemical structure of the CAs rather than the effect of redox status in the cells.  We constructed reporter genes that possess different regions of HO-1 gene locus in mouse genome to use for future studies that reveal the regulation mechanism of the drastic level of induction.
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3) Radiation effects on endocrine systemsThis year an induction profile of iNOS  by radiation was investigated to explore the relationship between the doses of X-ray-exposure, the time for the induction of iNOS and the expression of iNOS protein. The effect of prolactin (PRL), a peptide hormone produced by the anterior pituitary gland and important in the breast development, on the expression of iNOS in the mammary gland was also investigated.Mammary gland well developed in pregnant or lactating rats exhibits a high susceptibility of tumorigenesis to ionizing radiation. Our previous reports have shown that inducible nitric oxide synthase (iNOS) is induced locally in rat mammary glands X-ray irradiated and in turn an excess amount of nitric oxide (NO) is produced in the glands, and that NO generated excessively in the mammary glands may correlate with mammary tumorigenesis induced by X-rays. The mammary glands were excised from Wistar-MS rats (11-week-old) primed by implantation with a pellet of estradiol, and cultured with 10% FCS-MEM including insulin, EGF and PRL. The cultured glands were then irradiated with different doses (~20 Gy, 1.1 Gy/min) of X-rays, and tissue homogenates were prepared for the immunoblot analysis of iNOS protein at various times after the X-ray exposure. The concentration of nitrite (NO2-) converted from NO produced and secreted by the glands into the conditioned culture medium was determined by Griess reagent to estimate the concentration of NO generated by them.Western blot analysis showed that an immunoreactive band of iNOS protein in the cultured mammary glands was slightly increased at 6 h after the X-ray irradiation (20 Gy) in comparison with non-irradiated control culture, and the iNOS expression further increased in a time- dependent manner up to 24 h after the X-ray exposure. This indicated that iNOS protein was still retained at a higher level in the mammary gland at 24 h after X-ray irradiation. An apparent increase of iNOS in the cultured mammary gland with X-ray irradiation (5 Gy) was detected at 24 h after the irradiation and the enhancement of iNOS induction was a dose-dependent manner up to 20 Gy at 24 h after the irradiation. In addition, nitrite concentration in the culture exposed to X-rays was enhanced with increasing iNOS expression. On the other hand, an addition of exogenous PRL to the culture enhanced iNOS expression in the rat mammary glands in a dose-dependent manner up to 2 μg/ml. This was consistent with our report indicating that a higher concentration of PRL during pregnancy or the 

lactating period may contribute to the induction of mammary tumors by irradiation. In any event, not only the high rate of DNA synthesis and mammary cell mitosis caused by PRL, but also NO generated by iNOS induced excessively in the mammary gland stimulated with PRL and ionizing radiation may be associated with the initiation and the high incidence of mammary tumors due to irradiation.
4) Studies on redox regulation substancesThis year evaluation of the radical scavenging mechanism for nitroxides was done and the development of new catechin derivatives as an antioxidant was studied based on the information for radical scavenging mechanism for natural phenol compounds previously explored by this team.The one-electron oxidation potentials of various nitroxyl radicals were compared in order to estimate their radical-scavenging ability as an antioxidant.  The reaction between 3-carbamoyl-2,2,5,5-tetramethylpyrrolidine-N-oxyl (3-carbamoyl-PROXYL; CP), a cyclic nitroxyl radical, and cumylperoxyl radical generated under irradiation of a propionitrile solution of cumene, di-tert-butyl peroxide, and molecular oxygen at -80℃ was examined by the electron spin resonance (ESR) technique.  The scavenging reaction of cumylperoxyl radical by CP was significantly accelerated by the presence of scandium ion, indicating that the reaction proceeded via an electron transfer from CP to cumylperoxyl radical rather than via a radical coupling reaction.Novel catechin derivatives, in which the catechol and chroman structure in (+)-catechin were constrained to be planar, was also synthesized based on previous mechanistic information about the radical-scavenging reactions by phenolic antioxidants, such as a vitamin E model and (+)-catechin.  The radical-scavenging activity of the planar catechin derivatives thus obtained was found to be 5-10 times higher than that of (+)-catechin. 
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Major Publications: 1) Nishizawa C., Takeshita K., Ueda J., Nakanishi I., Suzuki K., and Ozawa T.: Reaction of para-hydroxybenzoic acid esters with singlet oxygen in the presence of glutathione produces glutathione conjugates of hydroquinone, potent inducers of oxidative stress,  Free  Radical  Res., 40, 369-371, 2005． 2) Chi C., Tanaka R., Okuda Y., Ikota N., Yamamoto H., Urano S., Ozawa T., Anzai K.: Quantitative measurements of oxidative stress in mouse skin induced by X-ray irradiation, Chem. Pharm. Bull., 53, 1411-1415, (2005). 3) Nakanishi I., Nishizawa C., Ohkubo K., Takeshita K., Suzuki K. T., Ozawa T., Hech S. M., Tanno M., Sueyoshi S., Miyata N., Okuda H., Fukuzumi S., Ikota N., Fukuhara K.:  Hydroxyl Radical Generation via Photoreduction of a Simple Pyridine N-Oxide by an NADH Analogue,　Org. Biomol. Chem., 3, 3263-3265, 2005. 4) Fukuhara K., Nagakawa, M. Nakanishi I., Ohkubo K., Imai K., Urano S., Fukuzumi S., Ozawa T., Ikota N., Mochizuki M., Miyata N., Okuda H.: Structural Basis for DNA Cleaving-Activity of Resveratrol in the Presence of Cu(II), Bioorg. Med. Chem., 14, 1437-1443 , 2006. 5) Takeshita K., Chi C., Hirata H., Ono M., Ozawa T.: In vivo generation of free radicals in the skin of live mice under ultraviolet light, measured by L-band EPR spectroscopy,  Free Radic. Biol. Med., 40, 876-885, 2006.
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3.8. Basic Study of Radiation Hazards

Outline of Research Career:Dr. Aizawa received his Ph.D. in 1976 for his study on in vitro spermatogenesis. He has had 28 years of experience in research on radiation immunology, hematology and carcinogenesis at NIRS. He served as a Director in the Office of Planning and Coordination between 2004 and 2005. Since July 2005, he has been a group leader of the Radiation Hazards Research Group.
Contact point: aizawa@nirs.go.jp

Shiro Aizawa, Ph.D.Director, Radiation Hazards Research Group
Objectives: The aim of this research group is to investigate radiation hazards overall at the levels of a molecule, cell, tissue, organ, and an individual. The group consists of four teams. Each team’s major subjects are: cytogenetics and cytometry (first team), hematology and teratology (second team), molecular biology (third team), and proliferation and differentiation (fourth team). Objectives are as follows.
1) First teamThe analysis of radiation-induced DNA damage, including chromosome aberrations, provides useful information about the effects of radiation on the human body as well as dose estimation. The first team has worked to establish accurate and speedy systems for chromosome analysis using up-to-date techniques of electronics and biotechnology. 2) Second teamThe second team has been analyzing effects of radiation in irradiated mouse fetuses and hematological change in irradiated mice. Radiation-induced teratogenetic effect on embryogenesis and its modification by priming low-dose irradiation or applications of chemicals are of great interest in radiation protection and novel bioresponse mechanisms. The most remarkable effects of radiation can be detected in the hematological tissues. As viruses are one of the common environmental factors for humans, study on the combined exposure with radiation and virus is with a critical impact on risk assessments.3) Third teamMolecular mechanisms underlying radiation hazards are analyzed, aiming at establishing the 

scientifically justified risk assessment of radiation as well as further advancement of radiation medicine.4) Fourth teamThe purpose of this team’s study is to elucidate the mechanism of the effects of radiations on the proliferation and differentiation of mammalian cells at cellular and molecular levels.
Progress of Research:1) First teamThere is an incentive to develop a culture system of mouse peripheral blood lymphocytes (PBLs) to serve as models for studying genotoxic effects in humans exposed to mutagens, including ionizing radiation. However, many past approaches have been laborious, complex and only partly reproducible.　Therefore, we established an improved culture system of mouse PBLs by removing blood and/or plasma, which was found to inhibit in vitro mitotic stimulation or proceeding cell cycles of lymphocytes. We compared the reactions of isolated PBLs to mitogens between the classical method and the present improved one.  As a result, the 42-h culture and the long-term treatment of colcemid at low concentration gave a maximal number of first in vitro metaphase cells and good morphology of chromosomes, which is suitable for conventional cytogenetic analysis.   Then, we applied this method to the cytogenetic analysis using chemically-induced premature chromosome condensation (PCC) as well as the conventional analysis, and demonstrated that the frequency of excess fragments observed in PCC cells might be useful to quantify the radiation-induced damages on chromosomes.  
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2) Second teamAfter exposure to a high dose of radiations in late organogenesis, radiation-induced Trp53-dependent apoptosis in cells in the predigital regions is responsible for final digital defects in fetal mice. Although single administration of pififthrin, a Trp53 inhibitor, or Z-VAD, pan-caspase inhibitor, suppressed the occurrence of apoptosis, no significant effect was observed on reduction of digital malformation. However, application of Na3VO4, an inhibitor that could block the upstream of Trp53 signal transduction, successfully led to reduction of radiation-induced apoptosis and digital malformation. Priming low-dose irradiation also showed a suppressive effect on induction of apoptosis and malformations by the high dose of irradiation. Life-long study on the mice that were survivors of the fetuses receiving a high dose of prenatal irradiation (5 Gy) due to an induced adaptive response by priming low-dose irradiation, showed high postnatal mortality (Figs. 4, 5), delayed neurophysiological development, increased malformations in main organs such as the brain, behavioral alterations, and shortening of life span. The results indicated that adaptive response could rescue some fetuses from the killing effects of high dose radiation, while the surviving animals were not healthy and did not develop normally. Exposure of C3H mice infected by Friend leukaemia virus to whole-body irradiation at a sublethal dose of 3 Gy caused a significant increase in mortality within 1 month post-irradiation. This acute radiation effect was attributed to haematopoietic death as most animals manifested a severe loss of cellularity in the spleen, bone marrow and peripheral blood 2 weeks after irradiation. Decreases of CFU-S and peripheral blood cells were almost to the same extent as those in the animals that received a lethal dose of radiation. This deleterious effect of virus infection was both Trp53- and mouse strain-dependent and was observed only when they were irradiated at around 1 week after virus inoculation. The results indicated that Friend leukaemia virus infection could enhance radiation sensitivity of haematopoietic cells in mice under certain restricted conditions.
3) Third teamGenome instability is involved in crucial biological effects caused by ionizing radiation.  To identify genes responsible for the maintenance of chromosome integrity, we previously isolated 25 temperature-sensitive CHO-K1 cell mutants exhibiting chromosome instability.  One of these mutants, tsTM18, exhibits chromosomal instability 

and cell cycle arrest at S and G2 phases with decreased DNA synthesis at the nonpermissive temperature, 39oC.  To identify the causative mutation, we fused tsTM18 cells with normal human cells to generate hybrids carrying fragments of human chromosomes.  Analysis of chromosome content of temperature-resistant transformants and introduction of a bacterial artificial chromosome containing part of human chromosome 9 led to isolation of the human SMU1 gene.  Comparison of sequences of the Smu1 gene from wild-type and mutant cells revealed that the mutant phenotype was caused by a G-to-A transition that yielded a gly-to-arg substitution at position 489 in hamster Smu1.  The substituted glycine was located in the WD-repeat domain of Smu1.  Single-stranded DNA accumulated in the nuclei of mutant cells at 39oC.  Furthermore, cdc2 kinase was not activated during G2 phase, and there was no chromosome segregation due to incomplete assembly of the spindle during M phase.  Thus, Smu1 appeared to be involved directly or indirectly in DNA replication, activation of cdc2 kinase, spindle assembly, and maintenance of chromosome integrity, reflecting the important roles of Smu1 in cellular function.　　
4) Fourth teamRepeated exposure to ultraviolet radiation (UVB) on the dorsal skin of hairless mice induced the development of pigmented spots long after its cessation. The proliferation and differentiation of epidermal melanocytes in UVB-induced pigmented spots were greatly increased, and those effects were regulated by keratinocytes rather than by melanocytes. Primary melanoblasts (ca. 80%) and melanocytes (ca. 20%) derived from epidermal cell suspensions of mouse skin were cultured in a medium supplemented with granulocyte-macrophage colony-stimulating factor (GMCSF). GMCSF induced the proliferation and differentiation of melanocytes in keratinocyte-depleted cultures. Moreover, an antibody to GMCSF inhibited the proliferation of melanoblasts and melanocytes from epidermal cell suspensions derived from the pigmented spots of UV-irradiated mice, but not from control mice. Further, the GMCSF antibody inhibited the proliferation and differentiation of melanocytes co-cultured with keratinocytes derived from UV-irradiated mice, but not from control mice. The quantity of GMCSF secreted from keratinocytes derived from the pigmented spots of UV-irradiated mice was much greater than that secreted from keratinocytes derived from control mice. Moreover, immunohistochemistry revealed the expression of GMCSF in keratinocytes derived from the pigmented spots of skin in UV-
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irradiated mice, but not from normal skin in control mice. Expression of mRNA of GMCSF gene in UVB-irradiated keratinocytes was greater than in control keratinocytes. These results suggested that GMCSF was one of the keratinocyte-derived factors involved in regulating the proliferation and differentiation of mouse epidermal melanocytes from UVB-induced pigmented spots. 

Major Publications: 1) Reiko Kanda, Yi Shang, Satsuki Tsuji, Kiyomi Eguchi-Kasai, Isamu Hayata: An improved culture system of mouse peripheral blood lymphocytes for analysis of radiation-induced chromosome aberrations. Bioscience Reports, 24, 641-650, 2004 2) Masahiro Murakami, Issay Narumi, Katsuya Satoh, Akira Furukawa, Isamu Hayata: Analysis of interaction between DNA and Deinococcus radiodurans PprA protein by Atomic force microscopy. Biochimica et Biophysica Acta. Proteins and Proteomics, 1764, 20-23, 2006 3) Bing Wang, Masahiro Murakami, Kiyomi Eguchi-Kasai, Kumie Nojima, Yi Shang, Kaoru Tanaka, Kazuko Fujita, Herv Coffigny and Isamu Hayata. Effects of Prenatal Irradiation with an Accelerated Heavy-Ion Beam on Postnatal Development in Rats: I. Neurophysiologic Alterations. Radiation Research, 164, 561-566, 2005. 4) Manabu Koike and Aki Koike: Ku70-binding site of Ku80 is required for the stabilization of Ku70 in the cytoplasm, for the nuclear translocation of Ku80, and for Ku80-dependent DNA repair.  Experimental Cell Research, 305, 266-276, 2005. 5) Kimihiko Sugaya, Etsuko Hongo and Hideo Tsuji: A temperature-sensitive mutation in the WD repeat-containing protein Smu1 is related to maintenance of chromosome integrity. Experimental Cell Research 306, 242-251, 2005.

Fig 4. Survival curve of the controls that received no prenatal irradiation (black circles), of those that received prenatally 0.3 Gy on E11 (blue circles), and of those survivors of 5 Gy on E12 with a priming dose of 0.3 Gy on E11 (red circles) in the male offspring mice.

Fig 5. Survival curve of the controls that received no prenatal irradiation (black circles), of those that received prenatally 0.3 Gy on E11 (blue circles), and of those survivors of 5 Gy on E12 with a priming dose of 0.3 Gy on E11 (red circles) in the female offspring mice.
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3.9. Study for Genes-expression Network in Response to Ionizing Radiation

Masumi Abe, Ph.D.Director, Transcriptome Profiling Research Group
Objectives:Long-range objectives (5-year project)To understand the mechanisms underlying the biological effect in response to ionizing radiation, we will develop a next-generation gene expression profiling technology. Next, with the new procedure we will seek the radio-responsive genes comprehensively and will obtain quantitative information in their expression. Lastly, we will prepare the cells, in which the gene of interest is disrupted, and try to elucidate the genes-expression network including the radio-responsive genes. 
Short-range objectives for 2005: 1) Cloning of IR-responsive transcripts, which was detected by HiCEP analysis, in ES cells. 2) Identifying IR-responsive transcripts in somatic cells. 3) Studying the RecQL4 using gene-expression profiling.  

Progress and results of research:For 1): It has been demonstrated that HiCEP technology is useful for analyzing the gene expression change in response to most types of stress, because some of the changes in their gene expression are very small. We conducted an experiment to seek transcripts within embryonic stem (ES) cells in response to ionizing radiation, especially for very low dose. At 5cGy IR we identified transcripts: induced 20 and reduced 17. Further, at 2 cGy we detected two induced transcripts and 5 reduced transcripts. The transcript, which exhibited the biggest induction, was also induced by even 0.5 cGy. Currently we are performing an in vivo study. This is the first case that transcript, which responded to low doses of less than 10 mGy, was identified. Furthermore we demonstrated that the induction was ES specific and extremely low-dose IR specific.
For 2): With HiCEP analysis, Fujimori, Okayasu and Takahashi identified genes which responded to 1 cGy IR in human fibroblast cells.
For 3): RecqL4 is the responsible gene for RTS（Rothmund‐Thomson syndrome）and known to play a critical role in genome integrity. In order to reveal the genes that are governed by the RECQL4 we prepared two RecqL4 knockout ES cells and compared their transcriptomes and those of parent ES cell line, R1. As a result, we identified 44 and 4 of respectively induced and suppressed peaks by the disruption of RecqL4 gene. 
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Objectives: The purposes of this project are to develop new biotechnology to establish genetically modified animals for research on the biological effects of radiation, to produce animals highly sensitive to radiation, and to establish genetically and microbiologically controlled laboratory animal systems. The following are the specific objectives of this project. 
 1) To establish techniques for intracytoplasmic sperm injection (ICSI) which are applicable to production of transgenic mice and cryopreservation of sperm and to develop modified reproductive biotechnology such as in vitro fertilization and oocyte maturation using inbred mice. 2） To establish a method of mutagenesis in medaka and to produce at least one strain of radiation-sensitive medaka． 3） To improve the diagnostic technology for infectious diseases of laboratory animals including molecular biological methods, and to simultaneously collect and disseminate physiological and pathological data on newly and already established strains of laboratory animals．
 In order to accomplish these objectives, the following tasks were undertaken in 2005．  1) Establishment of methods to identify the estrus cycle for the study of rat embryo manipulation and application of the superovulation regimen by hormone injection. 2) Studying the effects of oxygen tension and 

bovine serum albumin (BSA) on in vitro development of rat 2-cell embryos. 3) Screening mutant medaka at the third generation and performing genetic studies on candidate mutant medaka strains for radiation sensitivity． 4) To examine subpopulation of lymphocytes in the affected lungs of BALB/c-nu/+ and A/J mice in order to clarify the pathology of CAR bacillus-infected mice.    5) To develop practical usage of materials and/or equipment in order to improve the quarantine system for small laboratory animals (rodents).
Progress of Research: Fiscal year 2005 was the last year in the Middle Range Research Plan; in its five years we have published 32 original papers and accomplished all project objectives in the Plan. The following are our research accomplishments in this year.
 1. At first, we tried to establish a method to identify the estrus cycle in naturally cycling rats.  Two methods, measurement of vaginal impedance and checking a vaginal smear, were compared.  Vaginal smear was more precise than measurement of impedance to identify proestrus stage for natural mating.  To determine breeding of rats for embryo research, the number of ovulated eggs were compared after natural mating between Slc:WI and Crlj:WI.  Crlj:WI rats ovulate more eggs (13.8 eggs/animal) than Slc:WI (9.7 eggs/animal).  Superovulation regimen was also examined in these two strains.  None of the Slc:WI females responded to 

3.10. Development of Experimental Animals for Research on the Biological Effects of Radiation
Outline of Research Career:Dr. Matsushita's studies are in the field of laboratory animal sciences. Major topics are research for infectious diseases of mice and rats, pathological and physiological research for already established and newly developed mouse and rat strains, and research for biological effects of radiation using laboratory animals. He also manages the laboratory animals and laboratory animal facilities; these tasks involve him in issues of animal welfare and protection as well as ethics for animal experimentation. D.V.M., Ph.D., Diplomate of the Japanese College of Laboratory Animal Medicine, Member of the Japanese College of Veterinary Pathologists
Contact Point: matu_sat@nirs.go.jp

Satoru Matsushita, D.V.M., Ph.D.Director, Laboratory Animal Development and Research Group
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hormonal treatment, while 5 out of 12 Crlj:WI females responded to hormonal treatment and ovulated 42.8 eggs per animal.  

 2. To improve rat development in vitro, effects of oxygen tension and BSA were studied using Slc:WI and Crlj:WI rats.  Developmental responses to blastocyst stage were different between the two strains; Slc:WI embryos were significantly sensitive to oxygen tension and Crlj:WI embryos were sensitive to BSA.  When nuclear numbers were compared, the highest numbers of nuclei were observed in the presence of 3mg/ml BSA under low oxygen tension (5%) in both strains.  However, these numbers were still significantly lower than in vivo produced blastocysts, indicating in vitro culture conditions were still suboptimal.  
 3. For the mutagenesis in medaka, male fish (F1) were treated with chlorambucil (0.2 mM) and the resultant mutations were recovered in the F3 progeny by the method of three-generation crosses. The mutations for radiation sensitivity were screened in the F3 progeny by exposing them to X-ray irradiation at the dose of 2Gy (no effect is found in normal medaka embryos at this exposure dose).  By screening of 160 pairs from 20 F1 families in total, we found two candidate mutant strains (802 and 1108) which had high sensitivities to radiation.  In order to examine inheritance of the trait in each strain, several single-pair crosses between siblings were performed, and the radiation sensitivity was examined again in the F4 progeny.  We confirmed that the trait, a high sensitivity for radiation, was genetically inherited in each strain.  
 4. In experimental infection of CAR bacillus, the qualitative analysis of the lymphocyte subpopulation of affected lungs was carried out using the immunohistochemical method. As a result, the same histopathological findings (peribronchial lymphoid hyperplasia) were observed in affected BALB/c-nu/+ and A/J mice after 21 days of infection. No differences in lymphocyte subpopulation (CD4, CD8) of BALB/c-nu/+ and A/J mice were observed. The numbers of CD4 positive cells were higher than those of CD8 in BALB/c-nu/+ and A/J mice. These results suggested that the resistance mechanism of the mucosa in the host cells was important for CAR bacillus infection.

 5. We improved the extraction material used for nasal swabs, which are applied for genetic testing of such things as respiratory tract infections. It was possible to collect nasal swab samples in live animals.  Moreover, we have developed a new type of cage lid which divides cages into two rearing spaces. We demonstrated that this type of cage lid was useful in quarantine of animals for infectious studies such as CAR bacillus infection.
 6. The identification of bacteria was performed by bacterial culture and PCR methods in the bacterial lines isolated from NIRS, ATCC12555, ATCC35149 and Pasteurella haemolytica. ATCC1255 and ATCC35149 are standardized bacterial lines of Pasteurella pneumotropica. As a result, bacterial lines isolated from NIRS had equivalent character to standardized P. pneumotropica.
 7. Collaborative studies with the Transcriptome Research Center and the Transcriptome Profiling Group were promoted this year.  Experiments for the production of gene-manipulated mice, in which new genes related to radiosensitivity and related traits were identified by studying their transcriptome profiles, were carried out.  We generated chimeric mice derived from embryonic stem (ES) cells, by manipulating three genes (Ra, Sn and Te ) using the aggregation method with ES (R1) cell- BDF2 embryo.  Aggregated embryos were transferred to the pseudopregnant recipients, and the percentage of chimeric mice among weanlings was 33.6% (113 chimeras/260 weanlings) in untreated controls.  The percentages of male chimeras among weanlings in the experiments of each gene were as follows: Ra, 43.5% (20/46); Sn, 75.0% (27/36); Te, 25.5% (13/51).  Successful chimera production of 60 totals was achieved for the three genes. Among these, three chimeras derived from Sn and Te genes were found to have germline transmission as a result of test cross.  The production of aggregation chimeras using the frozen-thawed host embryo was tested from last year.  The percentages of chimera production from non-frozen embryos in untreated controls and Ra, Te genes using frozen embryos were 55.8 and 8.3, 18.9%, respectively. We found that the frozen-thawed host embryo was suitable for producing chimeras by this method.  Resulting collaborative studies this year successfully produced gene-manipulated mice (+/-) of one strain originating in the Sn gene.
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 8. Regarding the collection of basic anatomical data on our inbred mice, six strains of mice were examined in collaboration with the Laboratory Animal Development and Management Office. The data on A/JNrs, BALB/c-nu/nu and BALB/c-nu/+ mice were released to the public.
 

Major Publications: 1) Y. Ishikawa, N. Yamamoto, M. Yoshimoto, T. Yasuda, K. Maruyama, T. Kage, H. Takeda, H. Itou: Developmental origin of diencephalic sensory relay nuclei in teleost. Brain, Behavior and Evolution, 69, 87-95, 2007. 2) S. Kito, Ohta, H. Medium effects on capacitation and sperm penetration through the zona pellucida in inbred BALB/c spermatozoa, Zygote, 13, 145-153, 2005. 3) J.Wu，M. Morimyo, E. Hongo, T. Higashi,  M. Okamoto, A. Kawano, Y. Ohmachi: Radiation-induced germline mutations detected by a direct comparison of parents and first-generation offspring DNA sequences containing SNPs. Mutation Research, 596, 1-11, 2006.
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3.11. Studies on Experimental Carcinogenesis Induced by Plutonium Compounds

Outline of Research Career:Dr. Yamada received a Ph.D. in Veterinary Medicine from Hokkaido University in 1988. He has conducted studies on biological effects of alpha emitters at NIRS. He was at the Life Sciences Division, Los Alamos National Laboratory, USA as a visiting scientist where he studied alpha particle-induced mutation in hprt locus from 1993 through 1995. He was at the Institute for Environmental Sciences as a senior scientist from 1999 through 2001.
Contact Point: yt_yamad@nirs.go.jp

Yutaka Yamada, D.V.M., Ph.D.Team Leader, Internal Radiation Effects Research Group
Objectives:The purpose of this research is to investigate the biological effects and cancer risks of internally deposited radionuclides, especially alpha-emitting plutonium compounds, by using experimental animals and in vitro alpha particle exposure systems. To clarify the cellular and molecular mechanism of high LET radiation-induced carcinogenesis, current studies include: 1) identifying target cells for the lung and bone tumors induced by inhalation and injection of plutonium, 2) establishing primary cell cultures of the target cells and cell lines from the tumor tissues, 3) analyzing radio sensitivity and biological effectiveness of alpha particle in the target cells, identifying gene mutations and chromosome abnormalities in bronchial and lung epithelial cells,  4) defining the role of genetic and epigenetic changes of oncogenes and tumor suppressor genes in the development of lung tumors and the influence of irradiation on targeted genes, and 5) determining variation in target cells for lung tumors as related to lung cancer susceptibility.
 

Progress of Research:Comparison of radiation sensitivity of rat respiratory tract epithelial cellsLung model of ICRP publication 66 describes that the cells at risk in respiratory tract tissues are secretory and basal cells in bronchial airways, and Clara and Type II cells in the alveolar interstitial region. Previous animal studies show that radiation-induced pulmonary adenomas and adenocarcinomas mostly originate from either alveolar Type II pneumocytes or bronchiolar Clara cells, while adenosquamous and squamous cell carcinomas may be derived from the other epithelial cell components. Histological examination reveals that most primary lung tumors are adenoma and adenocarcinoma in our experiments utilizing female Wistar rats. This phenomenon indicates that the susceptibility of radiation-induced carcinogenesis in lung is different in the respiratory tract region. It is, however, unclear whether there is a difference in radiation sensitivities between the target cells. The purpose of this study is to compare the dose-response relationships of radiation-induced cell death and transformation in primarily cultured rat tracheal epithelial (RTE) and rat lung epithelial (RLE) cells.The RLE cells were isolated from female Wistar rats (4-6-week-old) by enzyme digestion and gradient centrifugation. The RLE cells were recovered from Type II cell-rich fraction of density about 1.06 g/ml. Trachea were filled with enzyme solution, and then RTE cells were rinsed from inside the trachea. RLE (Fig. 6a) and RTE cells were cultured in serum free medium including epidermal growth factor and other necessary factors. The cells were replated in dishes with 4µm thick Mylar films serving as bottoms. The cells were 
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irradiated using an alpha source of 238Pu (3.6MeV, approximately 0.8Gy/min) or a gamma source of 137Cs (8.2Gy/min). The cytotoxic responses of the cells to irradiations were determined in colony formation assay. Transformants formed dense colonies in serum-containing and growth factor-free selective medium. Frequencies of transformation were calculated from the number of enhanced growth variant colonies (Fig. 6b). The irradiation caused a similar exponential decrease in survival in RLE and RTE cells, and the D37 of alpha particles and gamma rays were 0.65 Gy and 3.6 Gy, respectively. The RBE for cell killing was 5.5 in both types of cells. The transformation frequencies (TF) of RLE and RTE cells were 3.7x10-3 and 2.4x10-3 at 2 Gy of alpha 

particles, respectively. At 7.5 Gy of gamma rays, the TF for RLE and RTE increased to 8.0x10-3 and 7.1x10-3, respectively. The RBE for transformation of RLE was 1.7, and that of RTE was 1.3 (Table 2). These results indicate that there is no significant difference in radiation susceptibility between RLE and RTE cells. The dominance of adenoma and adenocarcinoma in the radiation-induced carcinogenesis of the Wistar rat lung may be due to the difference of target cell numbers and/or modification effects of the carcinogenesis, such as immune response. This primary epithelial cell culture system will be useful for analysis of radiation sensitivity among different target cells and mechanistic studies of early changes in the rat lung carcinogenesis induced by alpha-particles.

a) Primary cultured cells b) Transformants after alpha irradiationFig 6. Rat lung epithelial cells on culture dish
Table 2. Transformation frequencies and RBE of rat respiratory tract epithelial cells

RLERTE 0.3-1.0x10-40.3-1.0x10-40 Gy 3.7x10-32.4x10-32Gy Alpha 8.0x10-37.1x10-37.5Gy Gamma 1.71.3RBE




