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Case-control studies are known to possess many 
advantages when analyzing polymorphisms of genes, 
including single nucleotide polymorphisms. To apply 
case-control studies to revealing correlations between 
genomic variability and sensitivity to radiation, the 
characteristics and clinical details of 125 breast cancer 
patients were analyzed, and the associations between these 
factors and adverse effects on skin during radiotherapy 
were investigated. Patients were clinically scored by grade 
defined using RTOG/EORTC (Radiation Therapy 
Oncology Group and European Organization for Research 
and Treatment of Cancer) grading system, and classified 
into two or three groups according to maximum grade 
within 6 months. Factors were then compared. Use of 
multi-leaf collimators, immobilization devices and 
photon-linac 6 were significantly associated (p=0.008, 
0.008 and 0.020, respectively) with grouping as either 
radiosensitive or non-radiosensitive patients. Histological 
evaluation was significantly associated with classification 
as radioresistant or non-radioresistant (p=0.021). Use of 
multi-leaf collimators, immobilization devices and 
photon-linac 6 differed significantly between 

radiosensitive, radioresistant and control groups (p=0.028, 
0.029 and 0.037, respectively). Other factors, such as total 
dose, total fraction, total duration, displayed no significant 
associations. These findings suggest that genetic factors 
rather than clinical situations are important for regulating 
radiosensitivity or radioresistance. 
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A preliminary epidemiological study demonstrated that 
MDS has an excess relative risk per sievert of 13 in 
atomic bomb survivors in Hiroshima. MDS is the only 
other radiogenic blood disease apart from leukemia. 
Clinically, MDS involves dysplastic hematopoiesis and 
an increased risk of leukemic transformation. Because 
it is uncertain whether MDS pathogenesis affects 
lymphoid progenitor cells as well as myeloid 
progenitor cells, we investigated the karyotypes of 
bone marrow cells and the micronucleus (MN) 
frequency in peripheral T lymphocytes of atomic bomb 
survivors with MDS and normal healthy individuals. 
Aneuploidy was observed in 10 of 23 patients. 
Chromosome aberrations were observed in 3 of 12 
patients with mild symptoms, and 6 of 11 patients of 
severe symptoms. The spontaneous- and 
X-ray-induced-MN frequencies were significantly 
higher in MDS patients than in normal individuals. 
Interestingly, radiation sensitivity increased along with 
the severity of MDS clinical subtypes. Because many 
of the patients in this study had not been exposed to 
chemo- or radiation- therapy, their unusual 
radiosensitivity may be related to their chromosomal or 
genomic instability. Immortalized lymphoid cell lines 
were established from B-lymphocytes infected with 

Epstein-Barr virus in vitro and exposed to various 
doses of X rays. Immediately after EBV infection, 
EBNA-2 and EBNA-LP proteins are produced in host 
cells. EBNA-LP protein binds to the p53 and RB 
proteins and inactivates them. Because the G1 arrest in 
irradiated cells is controlled by p53, the G1 arrest is not 
observed in the EBV-infected normal B lymphoid cells. 
However, since p53 protein is not involved in the 
G2/M checkpoint, the cells arrested in G2/M phase can 
be observed in normal B lymphoid cells. The 
accumulation of cells in G2/M phase was larger in the 
irradiated normal B lymphoid cells than in the 
irradiated MDS B lymphoid cells.  
Phosphorylation on serine 10 and serine 28 of histone 3 
(H3) is an essential step for chromosome condensation 
at mitosis. Therefore, the cells with the phosphorylated 
H3 (P-H3) could be recognized as ones that are passed 
through the G2/M boundary. Cells with P-H3 could be 
detected with anti P-H3 antibody. Immediately after 
X-irradiations, decrease of the number of cells with 
P-H3 was observed in the normal B lymphoid cell 
population, but not in the MDS B lymphoid cell 
population. These results meant that the damaged 
MDS-B cells entered into the mitosis without delay at 
the G2/M boundary. Condensation of the damaged 
chromatin may cause various types of chromosome 
aberrations, such as acentric fragment, reciprocal 
translocation, dicentric chromosome etc. These 
chromosomal rearrangements may cause the 
unbalanced chromosomal segregation, leading to the 
chromosomal instability. Our data suggested that the 
control of chromosomal stability was impaired in 
pluripotent stem cells of MDS patients, and that the 
abrogated G2/M arrest may be involved in the 
pathophysiology of disease progression and the 
unusual radiation sensitivity of patients’ blood cells. 
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DNA double-strand breaks (DSBs) induced by 
ionizing radiation represent one of the most serious 
damages which can occur in living cells.  
Immediately after the DSB occurs, Ser-139 of histone 
H2AX in the vicinity of DSB is phosphorylated by the 
ATM kinase.  The phosphorylated H2AX (γH2AX) 
can be observed as a focus with an 
immunohistochemical staining using anti-γH2AX 
antibody.  It is also known that each focus 
corresponds to one DSB and remains until the DSB is 
rejoined.   

Using the immunohistochemical method, we 
compared the amount of γH2AX at various times after 
X-irradiation among cell lines with different radiation 
sensitivities.  Foci appeared in less than 3 min after 
2Gy-irradiation. The number of foci reached the 
maximum at 30-60 min after irradiations.  However, 
there was a clear difference in the reduction speed of 
foci between the radiosensitive cells and the 
radioresistant cells.  Disappearance of foci in the 
radioresistant cell lines was faster than that in the 
radiosensitive ones.  At 12 h after X-irradiation, few 
foci were observed in the radioresistant cells, while 
many foci remained in the radiosensitive cells.  
HCC1937 cells have mutations in BRCA1, and AT 
cells, in ATM.  Ligase IV is defective in 180BR cells.  
BRCA1, ATM and ligase IV each play a key role in the 
repair pathways on DSBs.  Therefore, these three cell 

lines have an unusual radiosensitivity.  γH2AX study 
demonstrated that the DSB rejoining activity in these 
cell lines was lower than that in the normal human cells.  
We found that one of 32 esophagus cancer cell lines 
had an unusual radiosensitivity and reduced rejoining 
activity.  Our preliminary data suggested that 
DNA-PKcs of this radiosensitive cell line might have 
genetic or epigenetic alteration.  Our data suggested 
that the rejoining activity on DSBs roughly correlated 
with the cellular radiosensitivities.  To predict the 
cellular radiosensitivity more precisely, we are trying to 
establish the method to quantitatively measure the 
amount of γH2AX.   
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   It is well known that there is an interindividual 
difference in radiosusceptivity caused by genetic factors 
and side effects of radiotherapy are due to this difference. 
Analysis of murine strain differences might provide an 
alternative tool to reveal the mechanism of interindividual 
radiosensitivity.  
   Here we analyzed large-scale gene expression profiling 
of lung to reveal transcriptional regulation following 
irradiation. Three strains of A/J, C3H/HeMs (C3H) and 
C57BL/6J (B6) mice were irradiated in their thorax and 
transcriptome analysis of lung was performed at three 
time-points by means of cDNA microarray. Ratio of 
expression level between strains was calculated from the 
array result. 131 genes for C3H:B6 and 115 for A/J:B6 
meet our screening criteria. It is interesting that there are 
some genes related to immune response or muscle fiber. 
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   The arylhydrocarbon receptor (AhR) regulates the 
expression of cytochrome P450 (CYP)-1 gene family 
members which catalyse xenobiotic Phase I metabolism, 
while Nrf2 exerts the concerted regulation of Phase II 
enzyme genes.  We generated AhR and Nrf2 compound 
null mutant mice to examine the integrated function of 
AhR- and Nrf2-regulated enzymes in detoxification.  
Furthermore, we used this mouse model, by administering 
three different classes of chemical inducers, to examine 
how xenobiotic metabolism may be influenced in the 
absence of signals transduced by AhR or Nrf2.  The 
compound mutant mice responded only weakly to AhR 
ligand or Phase II inducer, while they displayed a clear 
response to phenobarbital, an inducer of the CYP2B family 
through another, unrelated transcription factor.  Here, we 
report an initial characterization of the AhR-Nrf2 double 
mutant mice, which may serve as a simplified bioassay 
system to evaluate xenobiotic toxicity and metabolic 
biotransformation of various drugs and environmental 
chemicals.  
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When chromosomes or acentric chromosome 

fragments fail to be incorporated into the daughter 

nuclei during mitosis, they form micronuclei in the 

cytoplasm after one cell division. To discriminate the 

dividing cells and nondividing cells, the 

cytokinesis-blocked micronucleus (CBMN) assay was 

established by Fenech et al. The CBMN assay has been 

extensively used to evaluate the radiation sensitivity of 

human individuals. Using the CBMN assay, Scott et al. 
demonstrated that the radiation sensitivity of a fraction 

of breast cancer patients was higher than that of normal 

individual population. However, Vral et al. were very 

skeptical about the findings of Scott et al. The purpose 

of this work is to test the hypotheses that the 

chromosomal instability in cancer patients’ cells is 

higher than that in healthy individuals’ cells, and that 

the population of cancer patients may include more 

radiosensitive individuals than a general population. 

With the approval from the ethical committee of NIRS, 

peripheral blood was obtained from 46 normal healthy 

females (age; 21-58), 131 breast cancer patients (age; 

28-74), 32 cervical cancer patients (age; 39-80) and 7 

female head & neck cancer patients (age; 51-69). 

Radiosensitivity of T-lymphocyte was determined with 

an CBMN assay. Spontaneous MN frequencies in 

cancer patients were significantly higher than healthy 

individuals (p < 0.001). Radiation-induced MN 

frequencies of breast- and head & neck-cancer patients 

were significantly higher than normal individuals (p < 

0.001). However, the induced MN frequencies of 

cervical cancer patients were significantly lower than 

those of healthy individuals (p < 0.001), though the 

statistical power was very weak because of small 

number of cases. We are considering that the HPV 

infection lowered the radiation sensitivity of 

immune-responsible cells, because it is widely believed 

that one key mechanism which leads to spontaneous 

micronucleus formation involves an imbalance of 

chromosomal segregation. Our results suggested the 

radiation-induced chromosomal instability in cancer 

patients’ lymphocytes was greater than that in normal 

individuals’ lymphocytes. Recently, several reports 

suggesting that the SNPs on DNA double-strand break 

repair genes affect the cancer susceptibility or cancer 

proneness have been published. Kuschel et al 
demonstrated that the ratios in two SNPs on XRCC3 

were significantly different between cancer patients and 

healthy females. Then, we can suppose that the SNPs 

variation in radiation-related genes with low penetrance 

may enhance the risk of mammary- and head & 

neck-tumorigenesis and the radiation susceptibility of 

patients’ peripheral lymphocyte cells. 
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Inbred C57BL/6 strain of mice is the most widely used 

inbred strain of mice for medical research. 

Establishment of embryo manipulation of this strain is 

advantageous for transgenic technology i.e. production 

of gene-modified mice. In this study, developmental 

response of in vitro fertilized embryos to oxygen and 

amino acids were compared between in-house bred 

C57BL/6JNrs (Nrs) and commercially available 

C57BL/6JSlc (Slc) mice.  Under 20% oxygen, the 

percentage of embryos that developed to blastocysts 

and expanded blastocysts, and nuclear numbers were 

lower in Slc embryos than in Nrs embryos.  Moreover, 

the nuclear number did not increase in Slc embryos 

during 72-96 h culture.  Effects of amino acids were 

beneficial on development of Slc embryos under 20% 

oxygen, but inhibitory on blastocoel formation at 78 h 

under 5% oxygen.  On the other hand, effects of 

amino acids on Nrs embryos were observed in nuclear 

number at 72 and 78 h culture under 5% oxygen.  

Because the present study showed differences in 

sensitivity to culture conditions between the C57BL/6J 

substrains, care must be taken in embryo manipulation 

of this inbred strain in studies of embryo development 

or other studies. 
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Tubulin is one of the most widespread classes of 
multiprotein families and is well known to construct 
microtubules with two different subunits, α- and 
β-tubulin.  In the course of genome analysis of 
Bombyx mori, we have constructed an EST-database 
by large-scale sequencing of clones that were randomly 
selected from cDNA libraries of various tissues and 
organs belonging to different developmental stages.  
Using this EST-database, we have identified four types 
of β-tubulin gene and three types of α-tubulin gene.  
Based on the analysis of deduced amino acid 
sequences, we have determined the phylogenetic 
relationships of tubulins between Bombyx and 
Drosophila melanogaster as well as two other moth 
species, suggesting that each tubulin is classified into at 
least three distinct subfamilies: a ubiquitously 
expressed one, a developmentally regulated one and a 
testis specific one.   
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Mitotic recombination (MR) due to somatic 
crossing-over is a predominant mechanism for allelic losses 
in mammalian cells either spontaneous or radiation-induced.  
A selectable mutation assay accompanying real-time 
detection PCR was developed to analyze the second step in 
loss-of-function mutations, using a human lympho-blastoid 
cell line derived from an obligate heterozygote of 
2,8-dihydroxyadenine urolithiasis, 
adenine-phospho-ribosyltrans-ferase (APRT) deficiency 
with a nonsense mutation at exon 3 of the gene.  68 % of 
spontaneously arising 2,6-diaminopurine resistance (DAPr) 
mutant clones were associated with loss of heterozygosity 
(LOH), while 92 % of 2 Gy gamma-ray induced mutant 
clones were so associated.  Investigation of gene dosage 
revealed that about one half of the spontaneously arising 
mutant clones and two-thirds of those induced by 
gamma-rays showed reduction to homozygosity of the 
constitutionally inactivated APRT allele.  In an ataxia 
telangiectasia (AT) cell subline in which a new inactivation 
mutation had been introduced into one APRT allele by 
ICR-191, MR rarely occurred and deletion exclusively 

predominated in both spontaneous and X-ray induced DAPr 
with LOH.  A similar assay system was also developed 
with C3H mouse FM3A mammary tumor cells, SR-1, 
carrying a C->T transition at exon 5 of one APRT allele.  
In an XRCC7 (DNA-PK) deficient subline of SR-1, SX9, 
spontaneous mutation frequencies for the Aprt locus (8AAr) 
was 10-3, which was about 10 times higher than that in 
parental SR-1 cells.  Mutation frequencies induced by 
X-rays increased comparably in a dose-dependent manner 
for the Aprt locus in both cell lines.  Against our 
expectation, the lack of an NHEJ pathway for DNA double 
strand break repair caused a lower proportion (11.1 %) of 
MR with deletions (77.8 %) as the major molecular cause 
for 8AAr mutation, while virtually all 8AAr mutant clones 
were MR in the control SR-1 cells.  Factors influencing the 
mode and the proportion of MR together with their 
biologically purposeful regulations should be further 
pursued, since this type of genetic event can well be a 
rate-limiting step of radiation carcinogenesis. 




