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Chromosome Aberrations: Past, Present and Future
Natarajan AT

Leiden University Medical Centre, Wassenaarseweg 72, 2333

AL Leiden, The Netherlands


The significance of spontaneously occurring chromosome aberrations was recognized already in the beginning of the 20th century (e.g., mutations in Oenothera Lamarckiana, Boveri's theory on the origin of tumours). Most of the earlier studies on chromosomal aberrations were carried out in Drosophila and plants. The finding of Muller that X-rays induce genetic changes in Drosophila gave the impetus for a large number of studies in plants. The basics on the mechanics of chromosome aberration formation established in early 30's (Stadler, Sax) have not changed very much even today.


The chromosome breaking agents were classified as S dependent (UV, most of the chemicals) and S independent (Ionizing radiation and radiomimetic chemicals) in the 60's. For the formation of chromosome aberrations following X-rays, in addition to the "breakage first" hypothesis (Sax,1931) "exchange" hypothesis was proposed by Revell (1959) based on his data on the induction of chromatid aberrations in Vicia faba. These two concepts still hold true.


Chemically induced chromosomal aberrations were mainly studied using plant material, such as Allium (Levan), Vicia faba (Evans, Kihlman) in the 50's and 60's.

 
Though the occurrence of sister chromatid exchanges (SCEs) was first demonstrated by Taylor in 1959 by autoradiographic studies using tritiated thymidine, the real impact came in the 70's after the development of simple techniques to detect SCEs by fluorescence and Giemsa staining methods (Latt, Kato, Wolff and Parry).


The introduction of hypotonic treatment to spread metaphase chromosomes of mammalian cell (Hsu) made it easy to study chromosome aberrations in mammalian cells. With the advent of necessity of mutagenicity testing of chemicals in the 70's, "chromosome aberrations test" and "SCEs test" were standardized using either Chinese hamster cells or human lymphocytes.

 
A simple way to assess chromosome damage in vivo as micronucleus in bone marrow polychromatic erythrocytes was developed by Schmid in 1970 which has been widely used in genetic toxicology testing. An improvement on this method has been achieved by looking for micronuclei in blood erythrocytes following staining with acridine orange (Hayashi). The sensitivity of MN test using human lymphocytes was increased by introducing cytochalasin B technique by Fenech and Morely in 1980s and is being used extensively in biological monitoring studies. Introduction of FISH technique with centromere specific DNA probe allows discrimination between MN formed from acentric chromosome fragments and whole chromosome loss.


An unified model for the formation of chromosomal aberrations following ionizing radiation (IR) and chemicals was proposed by Bender and coworkers. In this KL-1

Natarajan AT

model, DNA double strand breaks (DSBs)induced by IR were implicated as the most important lesions for the formation of chromosome aberrations. This was experimentally validated by the introduction of Neurospora endonuclease into irradiated cells (thus converting single strand breaks into DSBs) by Natarajan and Obe in 1984, and by direct introduction of restriction endonucleases into cells by Bryant, Natarajan and Obe.


The availability of human chromosome specific painting probes followed by fluorescence in situ hybridization introduced by Pinkel and coworkers (1986)has increased the detection of chromosomal aberrations with greater accuracy. In human lymphocytes irradiated in G0 stage, it was found that in addition to reciprocal translocations, incomplete, interstitial and complex ones were found. Combination of centromeric probes, telomeric probes with chromosome painting probes, showed that the "true" incompleteness both in exchanges and fragments is very low. 


Combination of premature chromosome condensation with FISH has given insights into the time course of formation of exchange aberrations following irradiation. At low doses of X-rays (up to 2 Gy) the exchanges are formed immediately following exposure, whereas with higher doses as well as 1 MeV neutrons, there is a fast component followed by a slow component in the formation of exchanges.


Employing chromosome arm specific probes, it could be demonstrated that chromosome intrachanges (pericentric inversions) occur about 7 times more than interchanges, indicating the influence of the proximity effect in the formation of aberrations. Chromosome specific, arm specific and region specific probes allow studies on the heterogeneity of formation of aberrations between chromosomes and chromosome regions. Intercalary telomerein sequences in Chinese hamster cells also promotes formation of aberrations.


Future progress in investigations on chromosome aberrations will greatly depend on molecular cytogenetic techniques. How chromosomes and chromosome domains are organized in interphase cells, at different stages of cell cycle can be studied in fixed as well as living cells. This can give clues for the observed heterogeneity among the chromosomes for involvement aberrations. The type of DNA repair involved in the formation of aberrations can be resolved by studies using mutant cell lines with very defined defect in repair as well as transgenic mice (cell lines), which are deficient in specific repair pathways. Introduction of DNA DSB targeted specifically to different regions of the genome can give insights in to the repair/mis-repair of the lesion leading to specific chromosome changes. Region specific DNA probes will allow detection of intrachanges (paracentric inversions) as well as detection of aberrations in interphase nucleus. Many image analysis systems which allow analysis of whole genome with multi-colour FISH (M FISH,SKY, COBRA)will also increase the sensitivity of detection of aberrations.
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Spontaneous and Induced Aneuploidy, Considerations

Which May Influence Chromosome Malsegregation

Parry JM, Williamson J, Kayani M, Haddad F, Strefford J, and Parry EM

Centre for Molecular Genetics and Toxicology, University of Wales Swansea, 

Swansea SA2 8PP UK


Aneuploidy plays a major role in human birth defects and is becoming increasingly recognised as a critical event in the etiology of a wide range of human cancers. Thus, the detection of aneuploidy and the characterisation of the mechanisms which lead to chromosome malsegregation is an important area of genotoxicological research. As an aid to aneuploidy research methods have been developed to analyse mechanisms of chromosome malsegregation both in vitro and in vivo and in both somatic and germ cells.


The in vitro micronucleus assay it provides a powerful tool for analysing the potential of chemicals to induce aneuploidy and to characterise the segregational fidelity of cell cultures. We have shown that malsegregation frequencies can be influenced by culture conditions as illustrated by extended life-span human lymphocyte cultures where pH variations can dramatically influence the levels of chromosome loss and also the relative sensitivities of cultures to the aneugenic activity of spindle damaging agents such as colchicines. Modifications of segregational fidelity were also shown to occur in cell cultures carrying defective forms of the p53 tumour suppressor gene and DNA repair genes even in the absence of DNA reactive chemicals. Our analyses indicate that in the case of the p53 gene, the presence of mutant forms of the gene may lead to premature chromosome segregation leading to the elevated levels of aneuploidy observed.


The in vitro micronucleus assay in binucleate cells has been used to characterise the mechanisms of action of a diverse range of chemical types including both synthetic and natural hormones. The female hormone oestradiol induces micronuclei by a mechanism of whole chromosome loss, however in contrast to some reports oestradiol does not show synergism of action with alcohol. Alcohol alone predominantly induced aneuploidy in contrast to its metabolite acetaldehyde which induces micronuclei by a clastogenic mechanism. Characterisation of the mechanisms of aneugenic chemicals may have important consequences in terms of regulatory control of such chemicals.
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Radial Arrangements of Chromosome Territories in Chicken and 

Primate Cell Nuclei by Multicolor 3D-FISH: Evolutionary Considerations
Tanabe H1,2, Müller S2, Neusser M2, Habermann FA3, von Hase J4, Calcagno E4, Solovei I2, Cremer M2, Cremer C4, and Cremer T2

1Cell Bank Laboratory, Division of Genetics and Mutagenesis, National Institute of Health Sciences, Tokyo 158-8501, Japan, 

2Institute of Anthropology and Human Genetics, Ludwig Maximilians University, Munich, D-80333, München, Germany, 

3Chair of Animal Breeding, Technical University of Munich, D-85350, Freising-Weihenstephan, Germany, 

4Kirchhoff Institute of Physics, University of Heidelberg, D-69120, Heidelberg, Germany

In the vertebrate cell nucleus the individual chromosomes are discretely highly compartmentalized called “chromosome territories” that are essential components of the higher order chromatin architecture. Evolutionary conserved features that are maintained irrespective of divergent karyotypes may disclose functionally relevant principles of the nuclear architecture. Recent studies in mammals and non-mammalian vertebrates indicate that the radial position of a given chromosome territory is correlated with its size, its chromatin composition and replication timing. As a representative case, chicken cell nuclei show highly consistent radial chromatin arrangements: gene-rich, micro-chromosomes were clustered within the nuclear interior, while gene-poor, macro-chromosomes were preferentially located at the nuclear periphery. In humans, chromosomes 18 and 19 territories that are of similar size show a distinct position in cell nuclei of lymphocytes and lymphoblastoid cells: the gene-poor, late replicating chromosome 18 is preferentially located at the nuclear periphery, while the gene-rich and early replicating chromosome 19 is predominantly found close to the nuclear center. To clarify to what extent this topology is evolutionarily conserved among primates, we analyzed the intranuclear arrangements of primate chromosomes homologous to human chromosomes 18 and 19 in lymphoblastoid cell lines from great apes (chimpanzee, gorilla, orangutan), lesser apes (white-handed gibbon) and New World monkeys (cotton-top tamarin, common marmoset, squirrel monkey) by multicolor FISH in three-dimensionally (3D) preserved cell nuclei. We found nearly identical radial arrangements of the homologous chromosome segments in humans and seven primate species irrespective of the extent of chromosomal rearrangements. Our data provide further evidence that the radial arrangements of chromosome territories in cell nuclei depending on gene-density and replication timing have been highly conserved between primates and chickens during evolution over a period of more than 300 million years irrespective of the formation of highly divergent karyotypes.
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S 1-2
Spontaneous Loss of Heterozygosity (LOH) in Diploid Cells of Saccharomyces cerevisiae
Umezu K, Hirooka M, Watanabe K, Mori M, Yoshida J, Ajima J, Sakasai R and Maki H 
Graduate School of Biological Sciences, Nara Institute of Science and Technology (NAIST), Nara, Japan
We have analyzed spontaneous LOH events that lead to functional inactivation of the hemizygous URA3 marker placed at the center of the right arm of chromosome III in S. cerevisiae diploid cells. LOH occurred at a frequency of 1-2 x 10-4 by this assay. Analysis of a large number of LOH clones on their chromosome structure by PFGE and PCR showed that the major classes of the events were chromosome loss, allelic recombination and chromosome size-aberration. Sequencing of breakpoints of the aberrant chromosomes indicated that chromosome size-aberration occurred mainly through ectopic recombination between repetitive sequences, such as Ty1 elements. In addition, about 7% of allelic recombination was accompanied with loss of one chromosome III and thus a certain kind of chromosome loss appeared to occur as a result of homologous recombination. Thus, homologous recombination plays important roles in cellular processes leading to LOH. To investigate the roles of homologous recombination more precisely, we have examined LOH events occurring in strains completely defective for RAD50, RAD51 or RAD52 genes. In all the mutants, the frequency of LOH was significantly increased and the vast majority of the events was chromosome loss. These results indicate that recombinogenic DNA lesions are generated spontaneously during mitosis, and are repaired precisely, in most cases, through homologous recombination presumably between sister chromatids. Furthermore, in rad52 and rad51 mutants, the frequency of point mutation within the URA3 marker was increased 20-fold relative to the wild-type level and the majority of them was base substitutions. These results suggest that, if the major pathways of homologous recombination are not available, some of the lesions are repaired by "back up" pathways such as translesion DNA synthesis. We also analyzed the effects of mutations in SGS1 (a member of the RecQ helicase family) or MSH2 (a mismatch recognition factor) genes on LOH events. The frequency of LOH events was increased 15-fold in sgs1 mutants and slightly in msh2 mutants compared to the wild-type strain. In both sgs1 and msh2 mutants, the contribution of aberrant chromosomes and allelic recombination accompanied with chromosome loss was especially increased in LOH events. These results indicate that SGS1 and MSH2 suppress erroneous homologous recombination leading to aberrant chromosomes or chromosome loss. In addition, the SGS1 appeared to suppress the channeling of spontaneous lesions to recombination pathways. 
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Aneuploidy, Centrosome Activity and Chromosome Instability 
in Cells Deficient in Homologous Recombination Repair

Griffin CS, Deans B, and Thacker J 

Medical Research Council, Radiation and Genome Stability Unit, Harwell, OX11 0RD,UK.
We have found that hamster cell lines deficient in homologous recombination repair (HRR) genes XRCC2 and XRCC3 have an elevated frequency of aneuploidy compared with wild type cells and mutant cells transfected with the human genes. In addition XRCC2 and XRCC3 deficient hamster cell lines show a high level of chromosomal instability which includes multiple chromosome exchanges. However, the high frequency of interchromosomal exchanges observed in the HRR-deficient cell lines could not account for the chromosome loss and/or gain observed. When centrosomes and spindles were analysed in mitotic cells a high frequency of multiple centrosomes were observed generating multiple spindles. We have now examined chromosomal changes and centrosome activity in mouse embryonic fibroblasts (MEFs) from Xrcc2 -/- knockout mice and similar alterations have been observed. The mechanism by which the homologous recombination repair genes XRCC2 and XRCC3 may be involved in centrosome activity will be discussed

In order to investigate further the mechanism for the formation of chromosomal aberrations in the HRR deficient cells, we have examined the effects of ionising radiation (2Gy X-rays) on spontaneously transformed MEFs from Xrcc2 -/-, Xrcc2 +/-, Xrcc2+/+ 14d embryos. We observed a significant increase in specific chromosome aberration types in irradiated Xrcc2 -/- and Xrcc2 +/- MEFs compared to Xrcc2 +/+ MEFs. The role of alternate repair pathways in the formation of chromosomal aberrations in HRR deficient cells will also be discussed.
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S 1-4
DSB Repair and Chromosomal Aberrations

Pfeiffer P, Goedecke W, and Obe G 

Dept. of Genetics, University of Essen, Universitätsstr. 5, D-45117 Essen, Germany


DNA double-strand breaks (DSB) are considered the primary lesions in the process of chromosomal aberration (CA) formation. DSB form spontaneously at quite significant frequencies during several cellular activities but are also induced by a variety of DNA damaging agents.

The disruptive nature of DSB is confirmed by the fact that they lead to broken chromosomes and cell death, if left unrepaired, and to mutations, chromosome rearrangements, and oncogenic transformation, if repaired improperly. In all organisms, repair of DSB is achieved by at least three different mechanisms: (i) homologous recombination repair (HRR), a highly accurate process that usually restores precisely the original sequence at the break; (ii) single-strand annealing (SSA), a process that leads to the formation of deletions; and (iii) nonhomologous DNA end joining (NHEJ) that joins two broken ends directly and usually generates small scale alterations (base pair substitutions, insertions and deletions) at the break site. Although less accurate than HRR, NHEJ is considered the major pathway of DSB repair in mammalian cells. Recently, however, increasing evidence has emerged that mammalian cells are also quite proficient at HRR which is consistent with the increasing number of mammalian genes (e.g. XRCC2 and 3) found to be homologous to the members of the yeast Rad52 gene group. These results contrast the current dogma that only yeast but not mammalian cells are capable of repairing DSB efficiently by highly accurate HRR. Therefore, our picture of DSB repair in mammalian cells must be modified in that NHEJ appears to act mainly during G0, G1 and early S phase while the homology-dependent HRR pathway is likely to act in late S phase and G2 when two identical copies of DNA are available. 

While HRR and SSA involve the members of the Rad52 gene group and strictly require regions of extensive sequence homology, NHEJ depends on the products of the genes XRCC4-7 and can dispense with sequence homology. The essential requirement of HRR for sequence homology is reflected by the fact that it occurs preferentially between sister chromatids in mitosis or homologous chromosomes in meiosis. In addition to that, HRR can also occur between homologous DNA sequences on different chromosomes (ectopic HRR) which may lead to exchange type CA such as dicentrics and translocations. HRR is usually initiated by one single DSB to generate both, correct intra-chromosomal repair products, and incorrect exchange type CA. DSB occurring between two direct repeat sequences can be repaired by SSA which leads to the deletion of one repeat unit and the intervening sequence. Since NHEJ is able to rejoin DSB in the absence of extended sequence homology it is a universally applicable pathway for the repair of DSB occurring within chromosome regions exhibiting no sequence homology. Both, SSA and NHEJ are initiated by a single DSB to generate intra-chromosomal repair products but require two initial DSB to produce exchange type CA.
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In most cases, DSB are likely to be repaired correctly or lead to small scale alterations in DNA (in the range of bp or kb) which can only be resolved by restriction mapping or sequence analysis. In some cases, however, DSB lead to large scale alterations visible as CA in the microscope. In this sense, CA are not a special phenomenon resulting from specific cellular activities, but are just “the tip of the iceberg” of a wide spectrum of products generated by the different DSB repair mechanisms. 
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Effects of Inhibitors of DNA Topoisomerases on 
the Formation of Chromatid- and Chromosome-type Aberrations

Ishii Y1, and Ikushima T2
1Department of Medical Genetics, Graduate School of Medicine, Osaka University, Suita 565-0871, Japan, 

2Laboratory of Molecular Genetics, Biology Division, Kyoto University of Education, Kyoto 612-8522, Japan

DNA double-strand breaks (DSBs) are considered to be ultimate lesions to cause chromosomal aberrations. We have reported that post-treatment with wortmannin, an inhibitor of nonhomologous end-joining (NHEJ), in the G2 phase enhanced the yield of breakage-type chromatid aberrations induced by ultraviolet light B (UVB), while suppressing exchange-type ones in Chinese hamster V79 cells.

Post-treatment with nogalamycin, known as an inhibitor of DNA topoisomerase I, in the G2 phase drastically enhanced the yield of UVB-induced exchange-type chromatid aberrations, while showing little effect on breakage-type chromatid aberration formation. These results are comparable to those with ICRF-193, an inhibitor of topoisomerase II in respect of the effect on UVB-induced chromatid aberrations as we previously reported. Thus topoisomerases could suppress the formation of exchange-type chromatid aberrations in the G2 phase which might be the principal stage of the cell cycle for chromatid aberration formation. NHEJ pathway might be likely to be involved in this process.

In human lymphocytes irradiated with X-rays before phytohaemagglutinin (PHA) stimulation, post-treatment with nogalamycin through the whole cell cycle enhanced only the yield of dicentrics, while showing little effect on the yield of the other chromosome-type aberrations. Nogalamycin added 6 h after PHA stimulation to X-ray-irradiated cells also showed almost the same effects, whereas addition of nogalamycin 24 h after PHA stimulation showed no effect on X-ray-induced chromosome-type aberrations. These results suggest that X-ray-induced DNA damage might be transformed into chromosome-type aberrations before the start of the S phase and topoisomerase I could suppress the formation of dicentrics which are exchange-type chromosome aberrations. 
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Telomeres and Mechanisms of Chromosomal Aberrations

Slijepcevic P

Department of Biological Sciences, Uxbridge, Middlesex, UB8 3PH, UK

Telomeres are specialized structures at chromosome termini that protect chromosome stability and integrity. In recent years it became clear that telomeres are also involved in the repair of DNA double strand breaks (DSBs) in both lower eukaryote and mammalian cells. For example, we have shown strong telomere phenotypes in cells derived from mice deficient in various components of DSB repair machinery. The mechanisms by which telomeres affect DSB repair will be reviewed and the role of telomeres in the formation of spontaneous and radiation-induced chromosomal aberrations will be discussed.
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Impaired Telomeres in the Cancer-Prone Syndrome Fanconi Anemia

Surrallés J, Callén E, Ramírez MJ, Creus A, and Marcos R

1Group of Mutagenesis, Department of Genetics and Microbiology, Universitat Autònoma de Barcelona, 08193 Bellaterra, Barcelona, SPAIN.
Fanconi anemia is a cancer susceptibility syndrome characterised by progressive pancytopenia and spontaneous and induced chromosome fragility, especially after treatments with crosslinking agents. Telomeres are intimately related to chromosome stability and play an important role in organismal viability at the hematological level. Since previous works suggested an accelerated shortening of telomeres in FA, we have quantified several markers of telomere integrity and function in FA patients and age-matched controls to get insights in to the mechanisms and consequences of telomere erosion. Quantitative FISH analysis showed that the telomere length in FA patients was 0.7 Kb shorter than in age-matched controls. A higher frequency of chromosome ends with undetectable TTAGGG repeats and extra-telomeric TTAGGG signals was observed in FA cells suggesting intensive breakage at telomeric sequences. This was proven by measuring the frequency of excess of telomeric signals per cell, which was (3-fold higher in FA. Our data therefore suggest for the first time in a human syndrome that the apparent telomere erosion in FA is mainly caused by a higher rate of breakage at TTAGGG sequences in vivo, in addition to mere replicative shortening. Consistent with impaired telomeres, we also observed a (10-fold increase in chromosome end-fusions in FA. TRF2 is the major telomere binding protein protecting chromosomes from end-fusions. However, the high frequency of end-fusions in FA cells was independent of TRF2 since immunohistochemistry studies in FA cell lines and corrected counterparts by retrovirus-mediated FANCA and FANCD2 gene transfer showed that a functional FA pathway is not required for telomere binding of TRF2. 

*Work supported by the Fanconi Anemia Research Fund (Oregon, USA) and the Fondo de Investigaciones Sanitarias, Spanish Ministry of Health, project number FIS99/1214 
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Complex Chromosomal Aberrations

Boei JJWA, Vermeulen S, Mullenders LHF, and Natarajan AT

MGC, Department of Radiation Genetics and Chemical Mutagenesis, Leiden University Medical Center, The Netherlands.

The chromosome-type exchange aberrations induced by ionizing radiation during the G0/G1 phase of the cell cycle are believed to be the result of illegitimate rejoining of chromosome breaks. From numerous studies using chromosome painting, it has emerged that even after a moderate dose of radiation a substantial fraction of these exchanges is complex. This means that often 3 or more breaks were close enough to one another to interact. Other studies have demonstrated that chromosomes occupy distinct territories in the interphase nucleus. It is therefore likely that after ionizing radiation many of the interacting breaks will be present within one chromosome or chromosome arm. Unfortunately, a large fraction of these intrachanges remains undetected, even when sophisticated molecular cytogenetic detection methods (i.e. mFISH) are applied. In the present paper we have evaluated the theoretical interaction schemes (from 2 breaks in one chromosome to 4 breaks in 4 chromosomes) for the formation of intrachanges. The outcome of this evaluation is compared with available data on intrachanges. Furthermore, the ability of new FISH techniques to improve the detection of intrachanges is discussed.
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Application of mFISH for Analysis of Chemically induced 

Chromosomal Aberrations：
A Model for the Formation of Triradial Chromosomes

Satoh T1, Hatanaka M1, Yamamoto K2, Kuro-o M3, Sofuni T1
1Life-science Technology Research Center, OLYMPUS Optical Co., Ltd., Tokyo 192-8512, Japan

2Department of Cell Biology, Tokyo Metropolitan Institute of Gerontology, Tokyo 173-0015, Japan 

3Department of Biofunctional Science, Faculty of Agriculture and Life Science, Hirosaki University, Aomori 036-8561, Japan
Fluorescence in situ hybridization (FISH) with whole chromosome painting probes has become a usual method to visualize chromosomal aberrations. Recently, a genome-wide screening technique, multicolor FISH (mFISH) has allowed the detection of translocations involving any two non-homologous chromosomes. On the other hand, there are still many unclear mechanisms for the formation of structural chromosomal aberrations induced by clastogens, when observed only with conventional Giemsa staining. If a method such as the mFISH can help our understanding of the generation of the aberrations, it will be more useful for environmental mutagenic studies. We therefore applied the mFISH to analyze chemically induced structural aberrations. 

In this study, we used a human lymphoblast cell line WTK1, and analyzed the chromatid exchanges induced by mitomycin C (MMC), focusing especially on the quadriradial and triradial chromosomes. The quadriradial chromosomes were symmetrical and asymmetrical configurations between two chromosomes with no site-specific relationship. In contrast, the triradial chromosomes were formed with a specific rearrangement, “recipient and donor” relationship. The exchange sites of the recipient chromosomes were on the interstitial, pericentromeric, and telomeric regions, and seemed to be so-called chromatid breaks. In counterpart, donor chromosomes exchanged on their telomeric (or subtelomeric) regions into the breaks of recipient chromosomes. More than 80 % of the scored triradial chromosomes were formed with such rearrangements, and no acentric chromosome fragment derived from the donor chromosomes could be detected in the metaphase spreads observed. 

We therefore propose a model that a chromatid breakage on the recipient chromosome (direct DNA-damaging chromatid break) and an isochromatid telomeric breakage on the donor chromosome (indirect DNA-damaging isochromatid break) are related to the formation of triradial chromosomes. 
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Persistence of Translocations Following Acute Exposure 
to Ionizing Radiation

Tucker JD, Gardner SN, Cofield JW, and Nelson DO

Biology and Biotechnology Research Program, PO Box 808, L-448, Lawrence Livermore National Laboratory, Livermore, CA 94550 USA.

Translocation frequencies have been used to provide retrospective estimates of radiation doses received many years previously. Dosimetry has relied on the assumption that translocations are not cell-lethal and that their frequency remains constant over time. However, recent evidence indicates translocation frequencies do decline over time, potentially leading to underestimates of dose. This decline might be explained by the co-occurrence of translocations in cells which also contain dicentrics, in which case translocations would be eliminated via selection against dicentrics. Alternatively, some translocations may themselves be lethal. To distinguish between these possibilities, and to enumerate translocation loss over a wide dose range, we exposed blood from two unrelated donors to 137Cs gamma at acute doses ranging up to 4 Gy. The persistence of reciprocal and non-reciprocal translocations and dicentrics was enumerated by chromosome painting 2-7 days following exposure and evaluated using regression analyses and mathematical models. The results indicate that in donor #2, the decline in translocation frequencies occurred as a byproduct of selection against dicentrics. However, in donor #1, whose cells were nearly twice as radiosensitive as donor #2, up to 40% of the nonreciprocal translocations may themselves be lethal, and reciprocal translocations did not cause mortality. Thus, there appears to be individual variation in the probability that translocations are lethal, and nonreciprocal translocations appear to be lethal more often than reciprocal translocations. These data indicate the importance of considering translocation loss when performing dosimetry long times after exposure. 
Work performed under the auspices of DOE by the University of California, LLNL under contract W-7405-ENG-48.
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Study on the Changes of Chromosomal Damages, 

Gene Mutation and DNA Breakages as Biological Indicators for the Nasopharynx Cancer Patients Receiving Radiation Therapy

Cao J, Sun H, Cheng G, Zhou Z

Hygiene Toxicology Department, Preventive Medicine College, Third Military Medical University, Chongqing 400038,P.R.of China

Nasopharynx cancer is a common disease in South part of China, now, its incidences are also increasing in the southwest part of China such as Chongqing in recent years. Radiation therapy is the main treatment method for nasopharynx cancer in China, but this method is always accompanied by some serious side-effects and genetic damages. In the clinic a good biological indicator for monitoring genetic damages has not been found until now. In this study, we selected randomly 9 nasopharynx cancer patients receiving radiation therapy (average age 36.1, male 6, female 3) as research group, a cluster genotoxical indicators such as chromosomal aberration (CA), buccal mucosa cells micronucleus assay (BMC-MNT), Cytokinesis-block micronucleus test (CB-MNT) in human lymphocytes, undivided lymphocyte micronucleus test (UL-MNT), hprt gene mutation analysis (HPRT) and Comet assay were used to monitor the genotoxicity of radiation therapy and calculated these indicators’ correlation with radiation dosages. The patients were selected as self-control before receiving radiation, then, we collected the buccal mucosa cells and blood samples when they were receiving 4,10,28,48,68 Gy accumulative dose. The results showed: all of these methods had some changes following the doses received, but they showed different sensitivities, the sequences of correlation with dose from high to low is as follows: CB-MNT (Rsq=0.973), CA (Rsq=0.958), HPRT (Rsq=0.909), Comet assay (Rsq=0.9), BMC-MNT (Rsq=0.758), and UL-MNT (Rsq=0.528), and of all the cubic regression curves were established. CB-MNT firstly showed significant increase at 4Gy when compared with untreated time point (p=0.001), the following significant changes were found for CA and HPRT at 10Gy (p=0.002; p=0.003). In comet assay and BMC-MNT a significant increase was found at 28 Gy (p=0.001; p=0.012), UL-MNT did not show significant increase in all dose groups if compared with untreated time point. So, our preliminary conclusion is that CB-MNT is the best biological indicator for radiation therapy patients, CA and HPRT are also good candidates.

S 2-5

Sasaki MS

S 2-5
DNA Damage Response Pathway in Radioadaptive Response

Sasaki MS1, Ejima Y1, Tachibana A1, Yamada T1, Ishizaki K2, Nomura T3, and Aizawa S4
1Radiation Biology Center, Kyoto University, Yoshida-konoecho, Sakyo-ku, Kyoto 606-8501;

2Labolatory of Experimental Radiology, Aichi Cancer Center Research Institute,

Kanokoden, Chikusa-ku, Nagoya 464-8681;

3Department of Radiation Biology, Faculty of Medicine, Osaka University,

Yamadaoka, Suita-shi, Osaka 565-0871;

4Depatment of Morphogenesis, Institute of Molecular Embryology and Genetics,

Kumamoto University School of Medicine, Honjo, Kumamoto 860-0811, Japan


Radioadaptive response is the acquirement of cellular resistance to the genotoxic effects of radiation by prior exposure to low-dose radiations. Its ubiquitous nature has long attracted attention in the context of a novel programmed genome response to low dose or low dose-rate exposure to radiation. However, its molecular mechanism remains largely unknown. We previously demonstrated that the dose recognition and adaptive response was mediated by a feedback signaling pathway involving protein kinase C and p38 mitogen-activated protein kinase with a possible bridging by phospholipase C. Further to elucidate the downstream effector molecules, we studied the X-ray-induced adaptive response in cultured mouse and human cells with different genetic background in the DNA damage response pathway. The results showed that p53 protein played a key role in the adaptive response while DNA-PKcs (mutated in SCID mice), ATM (mutated in ataxia telangiectasia) and FANCA (mutated in Fanconi anemia group A) were not responsible. Interestingly, a low but sufficiently cell-sensitizing dose of wortmannin, a selective inhibitor of PI-3 kinase, mimicked the effect of priming radiation in that the cells pre-treated with wortmannin alone became resistant against the induction of chromosome aberrations by the subsequent irradiation while they were sensitized toward the loss of clonogenic survival. The induction of adaptive response, whether it was induced by low dose X-rays or wortmannin, was associated with the reduction of apoptotic death by the challenge doses. These observations will be discussed in relation to the DNA damage response pathway. Briefly, the DNA double strand breaks are integral lesions for chromosome structural rearrangements and also provide signals to the apoptotic cells death. They are the subjects to be repaired through DNA-PK/KU-mediated end-joining, RAD50/MRE11/microhomology-mediated end-joining or homologous recombination. The adaptive response has been also found to enhance the efficiency and fidelity of the rejoining of DNA double strand breaks. The p53 protein may play a role in the activation of or steering to the error-free pathway and hence in reducing the signals to clastogenicity and apoptosis. 
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Importance of Detecting Aneuploidy/Polyploidy 
versus Chromosome Aberrations

Kirsch-Volders M, Vanhauwaert A, De Boeck M, and Decordier I

Vrije Universiteit Brussel, Laboratorium voor Cellulaire Genetica, Pleinlaan 2, 1050 Brussels, Belgium
The aim is to review briefly the key questions related to aneuploidy/polyploidy and to compare the advantages and disadvantages of the in vitro micronucleus test to assess aneuploidy/polyploidy in vitro. The key questions that will be addressed concern the importance of polyploidy for health, and cancer in particular, the mechanisms leading to aneuploidy and polyploidy, the survival of aneuploid/polyploid cells.

The recently recognised contribution of numerical chromosome changes to carcinogenesis triggered the development and the implementation of tests specifically aiming at the detection of aneugens in the test battery for mutagenicity and carcinogenicity. The validation of the in vitro micronucleus test in combination with the identification of divided cells with the cytokinesis-block methodology and of chromosomes with pancentromeric or chromosome specific centromeric probe (Fluorescence In Situ Hybridisation) provides a sensitive, easy to score and powerful test which allows the discrimination between chromosome breaks, chromosome loss and chromosome non-disjunction and polyploidy. Moreover classic histology permits the estimation of necrosis and apoptosis on the same slide. This methodology has also shown to be capable of identifying threshold values for the induction of chromosome loss and/or non-disjunction by microtubule inhibitors, data which are particularly important for risk calculations. Similar approaches were conducted in vivo on bone marrow in mice and rats (except for identification of chromosome non-disjunction), and are in development for gut in mice.
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Structural Chromosomal Aberrations in Human Spermatozoa

Kamiguchi Y

Department of Biological Sciences, Asahikawa Medical College, Asahikawa 078-8510, Japan

Direct analysis of human sperm chromosomes has become possible, owing to the development of interspecific in vitro fertilization system between zona-free hamster oocytes and human spermatozoa. Using this method, we assessed the clastogenic effects of radiation and chemicals on human sperm chromosomes.

1. Effects of radiation

The effects of five kinds of radiations were studied, i.e., 137Cs gamma-rays (0.0~4.23 Gy), 60Co gamma-rays (~2.0Gy), X-rays (~1.82 Gy), 3H beta-rays (~1.93 Gy) and 252Cf fission neutrons (~1.0 Gy). The incidence of spermatozoa with 137Cs gamma-ray-induced structural chromosome aberrations increased exponentially with dose. Within the low dose area, however, the dose- dependent increase was approximately expressed by a linear equation. The slope of dose-effect equation was nearly the same among gamma-rays, X-rays and beta-rays, showing RBE (relative biological effectiveness) values of approximately 1. In neutrons, however, the slope was steeper, showing RBE value of 1.6. Breakage-type aberrations occurred far more frequently than exchange-type aberrations in all of radioactive rays examined. The former showed a linear increase with increasing dosage, whereas the latter showed a quadratic increase. RBE values estimated with these two indices were similar to the values obtained with the incidence of chromosomally abnormal spermatozoa. Human spermatozoa showed about 1.5- to 3-fold higher radiosensitivity than those of golden hamster, Chinese hamster and mouse spermatozoa. The incidence of micronuclei (MN) was examined in 2-cell embryos after in vitro fertilization of hamster oocytes with gamma-irradiated human spermatozoa. The incidence of MN coincided well with the incidence of chromosomal breaks and fragments, indicating that MN test is useful as a simple and rapid method for assessing chromosomal damage in human spermatozoa.

2. Effects of chemicals

 
Clastogenic effects of chemicals were also studied in vitro by using human sperm-hamster oocyte fertilization system. A significant increase of structural chromosome aberrations was found in N-methyl-N’-nitro-N-nitrosoguanidine (1.0 µg/ml) and 5 kinds of antineoplastic agents, i.e., bleomycin (50 µg/ml), daunomycin (0.1 µg/ml), methymethanesulfonate (100 µg/ml), triethylenemelamine (0.1 µg/ml) and neocarzinostatin (2.0 µg/ml). On the other hand, no positive result was found in urethane (1.0 mg/ml), nitrobenzene (500 µg/ml) and 2,3,7,8-tetrachloro-dibenzo-p-dioxin (5.0 µg/ml). In order to know the effects of chemical metabolites, human spermatozoa were S 
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exposed in vitro to some chemicals along with S9 (rat liver microsomal fraction). In the absence of S9 (-S9), none of cyclophosphamide (CP, 20 µg/ml), benzo[a]pyrene (BP, 200 µg/ml) and N-nitrosodimethylamine (NDMA, 20 mg/ml) induced structural chromosome aberrations, showing nearly the same aberration frequencies as in the non-treated controls. In +S9 group, however, a significant increase of chromosome aberrations was observed in CP and BP groups. But, no increase was found in NDMA, although a positive result has been reported in somatic cells. In the experiment with mitomycin C (5.0 µg/ml), both the chemical itself and its metabolites induced a significant increase of chromosome aberrations, the latter showing a much stronger effect.

 
We found that human spermatozoa retained a high fertilizing ability even after a high dose exposure to radiation and some chemicals. This suggests that structural chromosome aberrations thereby induced in human spermatozoa may be transmitted to the next generation without being selected at fertilization, so far as above-mentioned mutagens concerned.
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Induction of Aneuploidy in Mammalian Male Germ Cells 
Using the Sperm-FISH Assay

Adler I-D, Schmid TE, and Baumgartner A

GSF-Institute of Experimental Genetics, D-85758 Neuherberg, Germany [adler@gsf.de]
Multicolour fluorescence in situ hybridization (FISH) with chromosome-specific DNA-probes can be used to assess aneuploidy (disomy) and diploidy in sperm of any species provided the DNA-probes are available. In the present EU research project, DNA-probes for mouse chromosomes 8, X and Y were employed each labelled with different colours (Schmid et al., 1999). Male mice were treated with the test chemicals and sperm were sampled from the Caudae epididymes 22-24 days later to allow spermatocytes exposed during meiosis to develop into mature sperm. At present, the data base comprises 10 chemicals: acrylamide (AA), carbendazim (CB), colchicine (COL), diazepam (DZ), griseofulvin (GF), omeprazole (OM), taxol (TX), thiobendazole (TB), trichlorfon (TF) and vinblastine (VBL). Of these, COL and TF induced disomic sperm only (Schmid et al, 1999; Sun et al., 2000). DZ and GF induced disomic and diploid sperm (Shi et al., 1999; Schmid et al, 1999) while CB and TB induced diploid sperm only (Adler et al., 2001; Schmid et al., 1999). VBL gave contradicting results in repeated experiments in an inter-laboratory comparison (Schmid et al., 2001). The induction of aneuploidy by DZ was also tested in humans (Baumgartner et al., 2001). Sperm samples from patients after attempted suicide and from patients with chronic Valium( abuse were evaluated using human DNA-probes specific for chromosomes 13, 21, X and Y. A quantitative comparison between mouse and man indicates that male meiosis in humans is 10-100 times more sensitive than in mice to aneuploidy induction by DZ. The positive response of mice to TF supports the hypothesis by Czeizel et al. (1993) that TF may be causally related to the occurrence of congenital abnormality clusters in a Hungarian village. 

Supported by the EU contracts ENV4-CT97-0471 and QLK4-2000-00058
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Transmission of Structurally Abnormal Chromosomes: 

Meiotic Segregation and the Fate of Unbalanced Gametes in Mammals

Sonta S

Department of Genetics, Institute for Developmental Research, Aichi Human Service Center, Kasugai, Aichi, Japan

In studies using mice, which are widely used as experimental mammals but have uniform chromosomes, there are only limited reports of direct chromosomal observations during the meiotic and early developmental stages. On the other hand, the Chinese hamster has comparatively morphological chromosome characteristics. We proceeded with our research using Chinese hamsters as experimental animals having advantages for cytogenetic study. From the inbred strain of this animal, a number of lines with various balanced chromosomal rearrangements were produced by X-irradiation. The balanced rearrangements were mainly reciprocal translocations and inversions. Using animals heterozygous for structural abnormality, we examined various problems as follows: (1) The behavior of the structurally abnormal chromosomes during meiosis, (2) The fertilization of unbalanced gametes, and (3) The fate of unbalanced gametes and zygotes derived from abnormal rearrangements. From these analyses, precious information about segregation and interchromosomal effects at meiosis, the participation of chromosomally unbalanced gametes in fertilization, the selective elimination of unbalanced embryos at early cleavage stages, and so on was obtained. Through the results of these studies, the transmission of structurally abnormal chromosomes in humans can be considered. 
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Delayed Chromosomal Instability: The Role of DNA Damage, 
Bystander Effects, and Recombination Mediated Processes
Morgan WF

Radiation Oncology Research Laboratory, University of Maryland, Baltimore, MD 21201-1559, USA
Delayed chromosomal instability is a frequent event occurring in the progeny of cells surviving exposure to ionizing radiation. We are investigating this endpoint of genomic instability using a hamster – human hybrid cell line containing a single copy of human chromosome 4. Delayed chromosomal instability is monitored by fluorescence in situ hybridization of probes against this human chromosome and manifests as the dynamic production of novel chromosomal rearrangements during clonal expansion of irradiated cells. We have demonstrated that radiation induced chromosomal instability occurs in a dose dependent manner with approximately 33% of cells surviving exposure to 10Gy demonstrating instability. The frequency with which delayed chromosomal instability is observed suggests that radiation induced gene mutation is insufficient to account for this high frequency phenotype. Furthermore, cytogenetic analysis indicates that in many of these unstable clones, chromosomal rearrangements involve recombination events apparently mediated by interstitial telomere-repeat-like sequences present in the hamster chromosomes. What initiates these recombination events in cells after irradiation is presently unclear, but studies using restriction endonucleases and 125Iodine labeled deoxyuridine indicate that DNA double-strand breakage does not stimulate this process.

Our working hypothesis for the induction of radiation induced chromosomal instability is that exposure of cells to ionizing radiation induces an imbalance in cellular homeostasis. As a result of this imbalance the cell responds by altering patterns of gene expression and evidence for these changes in gene expression as determined by differential display analysis and micro array analysis will be presented. Altered gene expression in turn results in the activation of signaling pathways which stimulate “bystander effects” in neighboring cells and induce conditions and/or factors that stimulate the production of reactive oxygen species. These reactive intermediates then contribute to a chronic prooxidant environment that cycles over multiple generations, promoting chromosomal recombination and other endpoints defining genomic instability. In this presentation new results supporting this hypothesis will be described with emphasis on how cells may continue to generate chromosome rearrangements multiple generations after exposure to a DNA damaging agent.

This work was supported by NIH award CA73924
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Folic Acid Deficiency Induces Micronuclei, 
Nuceloplasmic Bridges and Nuclear Buds in Human Lymphocytes in vitro – Evidence for Breakage-Fusion-Bridge Cycle
Fenech M and Crott JW 

CSIRO Health Sciences and Nutrition, PO Box 10041 Adelaide BC, SA 5000, Australia.

We performed a comprehensive study on the genotoxic and cytotoxic effects of in vitro folic acid deficiency on primary human lymphocytes. Lymphocytes from 20 subjects were cultured in medium containing 12 - 120 nM folic acid for nine days in a novel cytokinesis-block micronucleus (CBMN) assay system. Cells were scored for micronuclei, apoptosis, necrosis, nucleoplasmic bridges and nuclear budding. The latter two are novel biomarkers indicative of chromosome rearrangements (dicentric chromosome formation) and gene amplification respectively and to the best of our knowledge this is the first report of their association with folic acid concentration. Folic acid concentration correlated significantly (P< 0.0001) and negatively (r= -0.63 to -0.74) with all markers of chromosome damage, which were minimised at 60 - 120 nM folic acid, much greater than concentrations assumed ‘normal’, but not necessarily optimal in plasma. The strong correlation between micronucleus formation, nuclear budding and nucleoplasmic bridges (r = 0.75-0.77, P < 0.001) is supportive of the generation of breakage-fusion-bridge cycles as a mechanism of genomic instability and gene amplification caused by folic acid deficiency. The results from this study also validate the inclusion of nucleoplasmic bridges and nuclear buds within the comprehensive CBMN assay. The CBMN assay can now be used to measure simultaneously, chromosome breakage, chromosome loss, gene amplification, chromosome rearrangement, necrosis, apoptosis as well as cytostatic effects. 
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The Nature and Incidence of Cytogenetically Aberrant “Rogue Cells” 
in the Lymphocytes of the Newborns.

 Cheriyan VD, Kurien CJ, Ramachandran EN, Karuppasamy CV, Koya PKM, Das B, George KP, Rajan VK1, Thampi MV, and Chauhan PS*
Cell Biology Division, Bhabha Atomic Research Centre, Mumbai-400 085
1D H S, Government of Kerala, Thiruvananthapuram – 695 037, India

Cytogenetic monitoring of newborns in the South West coast of India, is a part of studies on evaluation of health effects of naturally occurring high back ground radiation on human population. In this programme, studies using cord blood samples have been going on to determine the frequency of numerical and structural chromosomal aberrations and establish the incidence of constitutional chromosomal anomalies in the newborns. During the period from 1986 to 2000, a total of 18,124 newborns have been screened using standard metaphase analysis in lymphocytes grown as whole blood cultures (Cheriyan et al., Rad Res 52, S154 - 158, 1999). Interestingly, a total of 32 cells with multiple aberrations such as quadricentrcs, tricentrics, dicentrics, double minutes etc, designated as “Rogue Cells” have been recorded among 32 newborns (1,120,290 cells), comprising 17 males and 15 females. Cells with two or more exchange type chromosome aberrations with fragments and double minutes were considered as aberrant cells. Among these 24 cells, conformed to the classical “Rogues” as defined by late Prof James Neel, viz. cells with five or more chromosomal rearrangements. The analysis revealed that dicentrics were present among all the Rogues, except one, which exhibited one quadricentric and three tricentric chromosomes. One of the cells was also a polyploid. One newborn was born of consanguineous parentage. The relative frequency of stable aberrations and chromosome breaks in non-rogue cells of newborns exhibiting rogue cells was higher (P<0.05) compared to those who showed no rogue cells. The least frequent aberrations seen among rogue cells were the inversions and rings. Double minutes and centric fragments constituted about 66% of the aberrations observed in rogue cells. On an average, one amongst 597 newborns carried a multiple aberrant cells, with a frequency of about 0.285 per 10,000 cells. Lack of any association with background radiation, maternal age, ethnicity, geographical locations, religion, gender of the newborns indicated a randomness of their occurrence. While, other studies have reported the occurrence of rogue cells in adult human populations, to our knowledge, this is the first report on the presence of rogue cells in the newborns. Along with rogue cells, data on numerical and structural chromosomal aberrations will also be discussed.
*Present address : Emeritus Medical Scientist (Indian Council of Medical Research)
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Frequencies of X-Ray-Induced Chromosome Aberrations in 
Early- and Late-Arising Metaphases in Human Lymphocyte Cultures
Hoffmann GR1, Littlefield LG2, Sayer AM2
1Department of Biology, Holy Cross College, Worcester, MA 01610, USA; 
2Medical Sciences Division, Oak Ridge Institute for Science and Education, Oak Ridge, TN 37831, USA.


Human peripheral lymphocytes were exposed to x rays (1.5 and 3.0 Gy) and then stimulated to divide with the mitogen PHA. Cultures contained BUdR so that differential chromatid labeling could be used to determine whether each metaphase represented a first, second, or third mitotic division. Cells were harvested after 48, 70, and 94 hours, and slides were stained by FISH for chromosomes 1, 2, and 4. We reported earlier on the aberrations induced and their change in frequency through divisions (Hoffmann et al., Environ. Mol. Mutagen. 33: 94, 1999). We have extended this analysis by tabulating aberrations in first-division metaphases at each culture time and compared the data to frequencies of aberrations for the entire genome determined by conventional scoring of Giemsa-stained slides. Although overall aberration frequencies decline with culture time as expected when unstable aberrations are lost in mitosis, the frequency of aberrant first-division metaphases is higher at the later harvest times. Data from FISH and conventional metaphase analysis are consistent in showing more aberrations in late-arising first-division metaphases than in those arising earlier. The findings could be explained by aberrant metaphases being delayed in mitogenic response, their progressing more slowly through mitotic divisions, or there being heterogeneity in the lymphocyte population with respect to radiation sensitivity and culture kinetics. Our data permit speculation but no clear differentiation among these hypotheses. They do, however, argue against the common assumption that all first-division cells are equivalent as indicators of radiation-induced chromosome aberrations.
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Evidence of Genetic Instability in 3Gy X-Ray-Induced Mouse Leukaemias and 3 Gy X-Irradiated Haemopoietic Stem Cells
Kadhim M1, MacDonald D1, Boulton E1, Pocock D1, Goodhead D1 and Plumb M1,2
1MRC Radiation and Genome Stability Unit, Chilton, Didcot, OXON OX11 ORD, U.K.

2Communicating author; present address: Department of Genetics, University of Leicester, Leicester LE1 7RH, U.K.

This study is aimed to test the hypothesis that radiation-induced genetic instability( RIGI ) is causal in radiation carcinogenesis. For that RIGI should be detectable in the irradiated target untransformed cell, and evidence of genetic instability detected in the clonal radiation-induced malignancy. Fluorescence in situ hybridisation (FISH) has been employed to screen mouse 3 Gy X-ray-induced acute myeloid leukaemias (r-AML) and the clonal descendents of 3 Gy X-irradiated haemopoietic stem cells for chromosomal aberrations.

High levels of clonal non-specific chromosomal aberrations were detected in the r-AMLs (~4-5 aberrations/r-AML), and ongoing chromosomal instability as defined by subclonal variants detected in 5/10 r-AMLs. A similar analysis of the clonal descendents of single 3 Gy X-irradiated haemopoietic stem cells was performed using an in vitro clonogenic colony assay and three colour FISH. Whereas clonal chromosomal aberrations were detected in 2.7% of irradiated colonies (0% in controls), 22% of the irradiated colonies (2% in controls) exhibited ongoing genetic instability as defined by non-clonal chromosomal aberrations. Overall, 6% of the irradiated cells scored were aberrant (0.05% in controls) of which ~2/3 were subclonal. However, no one cell exhibited aberrations on more than one of the three chromosomes painted. 

The high levels of non-specific genetic damage observed in the r-AMLs is therefore attributed to the accumulation of genetic lesions in the target haemopoietic stem cell over a longer time-scale after exposure than assessed in the in vitro clonogenic assay. This is consistent with the long latency of the multi-stage radiation leukaemogenic process, and a role for radiation-induced genetic instability is inferred.
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Radiation-Induced Delayed Chromosome Aberrations
Mediated by Telonomic Instability

Kodama S1, Tamaki T1, Yamauchi K1, Urushibara A1, Suzuki K1, Oshimura M2, and Watanabe M1
1Laboratory of Radiation and Life Science, School of Pharmaceutical Sciences, Nagasaki University, Nagasaki 852-8521, Japan, 
2Department of Molecular and Cell Genetics, School of Life Sciences, Faculty of Medicine, Tottori University, Tottori 683-8503, Japan
Radiation induces delayed chromosome aberrations in the descendants of surviving cells. We recently demonstrated that radiosensitive scid mouse cells are more susceptible to induction of delayed chromosome aberrations than wild-type cells when they are exposed to an equivalent 10% survival dose. This suggests that a low fidelity of repair of DNA double strand breaks contributes to the induction of delayed chromosome aberrations. Interestingly, we also found more positive signals by telomere FISH at a fused position of delayed dicentrics in irradiated cells than unirradiated cells, suggesting that radiation may inactivate telomere function that normally prevents chromosome fusions. Therefore, we hypothesize that radiation induces telonomic instability that is involved in the induction of delayed chromosome aberrations. 

We examined this hypothesis using a microcell-mediated chromosome transfer technique in the present study. Mouse A9 cells containing a human chromosome 11 were used as chromosome donor cells. The cells were irradiated with 6 Gy or 15 Gy of X-rays, and then a human chromosome 11 was transferred into unirradiated mouse m5S cells using the microcell-mediated chromosome transfer. Aberrations occurred in human chromosome 11 in unirradiated mouse m5S cells were analyzed by whole chromosome painting specific for human chromosome 11. 

In the m5S cells transferred with 15 Gy-irradiated chromosome 11, all chromosomes 11 were fragmented and 45% of the chromosomes was further rearranged after chromosome transfer, indicating that the irradiated chromosome per se possesses unstable nature. Similarly, in the cells transferred with 6 Gy-irradiated chromosome 11, 25% and 46% of them were rearranged to form rings and telomeric-fusion chromosomes, respectively, suggesting that telonomic instability induced by radiation is possibly involved in the induction of delayed chromosome aberrations.

On the basis of these results, we propose the model for the induction of delayed chromosome aberrations mediated by telonomic instability as follows. Radiation induces dysfunction of telomere (telonomic instability) and this promotes intra- and inter chromosomal telomeric fusions. Some fused chromosomes are broken at anaphase to produce new chromosomes having sticky ends. Thus, telonomic instability induced by radiation is an important trigger to promote subsequent genomic rearrangements including delayed chromosome aberrations.
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Flow Cytometric Enumeration of Azidothymidine- and 
Diethylnitrosamine-Induced Cytogenetic Damage: An Evaluation of Murine Maternal and Fetal Peripheral Blood.

Dertinger S, Huther B, Gleason S, Torous D, Hall N, and Tometsko C
Litron Laboratories, Rochester, New York, USA
Experiments were performed to evaluate whether a flow cytometric-based system for measuring micronucleated mouse erythrocytes in peripheral blood (Dertinger et al., 1996) could be adapted to study transplacental genotoxicity. For these studies pregnant Balb/c mice were treated via intraperitoneal injection on gestational days 14, 15, 16 with one of two model clastogens: diethylnitrosamine (DEN) or 3’-azido-2’, 3’-dideoxythymadine (AZT). Other pregnant mice were treated with 0.9% saline (vehicle control). Approximately 24 hours after the last injection, peripheral blood was collected from pregnant mice and from up to five fetuses per litter. DEN was chosen as a test compound because of its unusual characteristic of being negative for MN-induction in adult mice but positive for this endpoint at certain stages of fetal development (Cole et al., 1982). AZT, a known clastogen (Phillips et al., 1991), was selected given the limited data on transplacental toxicities of this pharmaceutical, which is administered to HIV-infected pregnant women. Whole blood samples were fixed, incubated with anti-CD71- FITC/RNase solution, and then stained with propidium iodide as supplied in the Mouse Microflow( Plus kit. Together, the resulting data sets suggest that flow cytometric enumeration of genotoxin-induced MN in fetuses is possible with only slight modifications to the basic protocol established for adult mice. Furthermore, the transplacental genotoxicity data are rapidly collected with this system (average acquisition time is approximately thirty seconds per fetal blood sample). 
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Comparison of FISH and CGH Data in the Detection of Aneuploidy in Two Hyperploid Types of Thyroid Tumours

Corso C, Parry EM, and Parry JM

Centre for Molecular Genetics and Toxicology, School of Biological Sciences, University of Wales Swansea, SA2 8PP. UK.

The heterogeneous nature of genetic alterations in cancer cells handicaps the full characterization of its occurrence and the analysis of their molecular bases and relation to biological processes. Recent advances in the molecular biology of cancer, such as Fluorescence In Situ Hybridization (FISH) and the Comparative Genomic Hybridization (CGH) techniques, are providing new ways to study oncogenes and cellular pathways which are involved in the mechanism of viral, chemical, and physical carcinogenesis. In the present study CGH was evaluated for its employment and sensitivity in the analysis of polyploid tumours in comparison with FISH analysis. CGH data were analyzed in comparison with those obtained by chromosome painting that described the distribution range of chromosome copy numbers for both cell lines at the cellular level. Most of the CGH results are in agreement with the FISH data. From the analysis performed using whole chromosome probes it was clear that some chromosomes are present in more than two copies in a consistent manner and that some chromosomal aberrations are also relatively consistent, giving rise to marker chromosomes. By mean of CGH, it was possible to detect small copy number changes involving restricted chromosomal regions and entire chromosomes. However, combining the FISH results with the CGH ones, the additional information about small shifts of some chromosomes has been useful to determine the sensitivity limit of CGH in the analysis of polyploid samples. Furthermore, with this combined approach, it has been possible to attempt to pinpoint early rearrangements by reconstructing the sequence of chromosomal evolution. 
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The Rat as a Model Organism for Carcinogenicity and Mutagenicity: Development and Application of Molecular Cytogenetic Techniques 
for the Dissection of the Rat Genome.
Corso C and Parry JM

Centre for Molecular Genetics and Toxicology, University of Wales Swansea, SA2 8PP.UK.

A basic requirement for a biomedical model organism is that results can be extrapolated to humans. Some authors have postulated the conservation of synteny among rats and humans. The large number of inbred rats and the vast amount of data (physiological, biochemical, and toxicological, etc.) provide a superb platform on which to build the genetic and genomic tools and resources to delineate the connections between genes and biology. However, the amount of mapping data and genetic knowledge in the rat still lags behind that of the mouse and of the humans. 

The focal point of this study was based on the need for developing new strategies for the analysis of the rat genome. The assays have been developed and performed on rat cell lines, induced rat gastric tumours and transgenic rat models and were normal karyotyping, Micronucleus assay (MN), Fluorescence In Situ Hybridization (FISH), Primed In Situ DNA Synthesis (PRINS) and Comparative Genomic Hybridization (CGH). The combined use of these techniques allowed us to characterize two rat fibroblast cell lines carrying stable amplifications and translocations as well as the detection of telomeric sequences along the rat karyotype. In this study, we also demonstrated that an accurate characterization of tumour cells or cell lines might be achieved by the synergistic use of different molecular cytogenetic techniques. Finally, we are currently performing the FISH technique for the cytogenetic localization of the Egr-1 gene, in a novel transgenic rat model.
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Premature Centromere Division in p53 Modified Cell Lines
Strefford C, Parry EM, and Parry JM

Centre for Molecular Genetics and Toxicology, School of Biological Sciences, University of Wales Swansea, Singleton Park, Swansea SA2 8PP, UK.

The p53 tumour suppressor gene is commonly mutated in human cancer. Its role in the correct and sequential progression of a cell through its cycle of growth and division has been established and when lost or mutated, increased chromosome damage may occur. Premature centromeric division (PCD) has been observed in leukaemia, Burkitts lymphoma, bladder cancer, Fanconi’s anaemia and Ataxia Teleangiectasia cells. This study examined PCD in cell lines with modified p53 status. PCD was seen at elevated levels in p53-modified cells, in particular in those containing a p53 mutation at codon 143 (val-ala). This novel mechanism could result in chromosome malsegregation and aneuploidy, a common feature of tumourigenesis.

P-9

Moore SR

P-9
Hotspots for Instability-Associated Rearrangements 

in Human B-Lymphoblastoid Cells.

Moore SR, Gibbons CF, Parks KK, Ritter LE, and Grosovsky AJ
Department of Cell Biology and Neuroscience and Environmental Toxicology Graduate Program, University of California, Riverside, CA.

The current study was undertaken to investigate the hypothesis that genetic alterations associated with instability may be attributed to the generation of novel chromosomal breakage-prone sites, resulting in instability acting predominantly in cis. Several lines of evidence are presented. In a prospective analysis, hybrid CHO cells (AL; containing a single human chromosome 11) were transfected with heterochromatic alpha DNA repeats and clones were analyzed by chromosome 11 painting. Transfection with alpha DNA was associated with karyotypic heterogeneity in 40% of clones examined; control transfections with plasmid alone did not lead to karyotypic heterogeneity. Second, karyotypic analysis performed on a total of 457 independent clones included 189 rearrangements distributed among 101 separate unstable clones. Our results demonstrate that the breakpoints of chromosomal rearrangements in unstable clones are non-randomly distributed throughout the genome. This pattern is statistically significant, and incompatible with expectations for random breakage associated with loss or alteration of a trans-acting factor. Furthermore, specific chromosomal breakage hot spots associated with instability have been identified, occurring at interstitial sites as well as specific centromeric or telomeric heterochromatic regions. A statistically significant overall preference for rearrangements involving any centromeric or telomeric breakpoint, particularly in the form of telomeric fusions, was additionally observed. The non-random distribution of delayed chromosomal breaks occurring in unstable cells was also found to be distinct from the distribution of radiation-induced breaks occurring in first-division metaphases. Taken together, these results implicate a cis-driven model for the initiation and/or perpetuation of delayed genomic instability. 

P-10

Sakamoto-Hojo ET
P-10
Chromosomal Translocations in Cured ALL (Acute 
Lymphoblastic Leukemia) and Non-Hodgkin’s Lymphoma Patients: Evaluation of the Late Effects of Cancer Therapy.

Camparoto ML1, Brassesco MS1, D'Arce LPG1, Mello SS1, Tone LG2, Passos GAS1,3, and Sakamoto-Hojo ET1,4
1Depto Genetica e 2Depto Pediatria e Puericultura-HC, Faculdade de Medicina de Ribeirão Preto-USP; 3Faculdade de Odontologia de Ribeirao Preto-USP; 4Depto Biologia, Faculdade de Filosofia Ciencias e Letras de Ribeirao Preto-USP, Universidade de São Paulo, Ribeirao Preto, S.P., BRASIL
Recent advances in cytogenetic and molecular genetic analysis allow to identify an array of genomic abnormalities in cancer patients. The cure rates for childhood ALL (acute lymphoblastic leukemia) approach 80%, and in cured patients, the application of those methodologies is essential to monitor therapeutic results, to detect residual disease and to estimate the risk of relapse, or the development of secondary neoplasias. The diagnostic and prognostic significance of the translocations, including both the juxtaposition of genes by DNA rearrangements and gene fusions (such as bcr/abl), is already well established. The Ph chromosome translocation, t(9/22), has been observed in 25% of adults and 5% of children with ALL. The aim of the present work was to detect numerical and structural alterations (translocations) in lymphocytes from cured pediatric ALL and NHL (non Hodgkin's lymphoma) patients, by using the FISH (fluorescence in situ hybridisation) method. Cytogenetic analysis was performed for nine patients (2 NHL and 7 ALL) to determine the frequencies of bcr/abl fusion as a consequence of t(9;22), and extra signals for both genes. A variable number of nuclei and metaphases was analysed (200 to 800/individual) by image system (Axiovision, Zeiss). The frequencies of bcr/abl fusions varied from 0.34 to 3.76/ 100 cells and extra signals for both genes were in the range of zero to 2.25/100 cells. For those patients, the period after the conclusion of the therapy ranged from 18 to 115 months, but no correlation could be found with the frequencies of chromosomal alterations. Molecular analysis was also performed to detect hybrid genes formed by interloci recombination between T cell receptor (TCR-() joining (J) regions and TCR-( variable (V) regions. The results obtained for 29 ALL and LNH patients indicated that hybrid genes TCR(/( were detected in 50% of them. This study is still in progress to detect other types of rearrangements and evaluate the genomic instability by comparing the results obtained by cytogenetic and molecular analysis.
Research supported by FAPESP (Proc. nº 99/11.710-0), CNPq & CAPES, Brasil.
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Localization of Human Interstitial Telomere-Like Repeats: 
Comparison with Interstitial Sites of Chromosomal Breaks by Diverse Mutagens and Carcinogens.

Adekunle SSA
Biology Department, MSC 181, P. O. Box 179, Lincoln University, PA 19352, USA 
The Human Genome, like many other mammalian genomes, contain an array of interstitial telomere or telomere-like sequences. These arrays have been localized to many sites using various molecular cytogenetic methods. In a previous study, they were localized to 111 different sites in 21 subjects, each subject having between 4 and 18 different sites. A compilation of these sites with the sites reported by other workers in the literature was done and all sites were then compared with sites also published in the literature as chromosomal breakpoints by diverse mutagens and carcinogens. An association analysis was done after adjusting for the length of individual bands in the human genome at the 344 band level (ISCN 1981). The statistics indicates that the odds ratio of an interstitial telomeric site being also a mutagen or carcinogen sensitive site is 2.7 greater than that of non-interstitial telomeric site, suggesting that there is a significant association between the interstitial telomeric site and mutagen and carcinogenic sensitive sites. An hypothesis is proposed on how mutagenic and carcinogenic chemicals might interact with the telomeric sequence in causing chromosomal breaks and cancer.  
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High Susceptibility to the Induction of Genetic Instability 
by Radiation in DNA Repair Deficient Cells

Urushibara A1, Kodama S1, Suzuki K1, Kotobuki N2, Oshimura M2, Sonoda E3, and Watanabe M1 
1Laboratory of Radiation and Life Science, Department of Health Sciences, School of Pharmaceutical Sciences, Nagasaki University, 1-14 Bunkyo-machi, Nagasaki 852-8521, Japan, 
2Department of Molecular Cell Genetics, School of Life Science, Faculty of Medicine, Tottori University, 86 Nishi-machi, Yonago 683-8503, Japan, 
3Department of Radiation Genetics, Graduate School of Medicine, Kyoto University, Yoshida-Konoe-cho, Sakyo-ku, Kyoto 606-8501, Japan

Ionizing radiation induces genetic instability in the progeny of irradiated cells. There is accumulated evidence to suggest that DNA double-strand breaks (DSBs) and subsequent repair process are important in the induction of genetic instability. To know the effect of DNA repair defect on the induction of delayed chromosome aberrations, we used scid mouse cells defected in non-homologous end-joining (NHEJ) in the present study. Wild-type mouse cells and scid mouse cells were irradiated with an equivalent 10% survival dose of X-rays and delayed chromosome aberrations such as dicentrics and fragments were scored over 20 cell divisions postirradiation. The chromosome analysis indicated that radiosensitive scid mouse cells are more susceptible to the induction of delayed chromosome aberrations than wild-type mouse cells, suggesting that the defect in NHEJ promotes genetic instability. We are currently examining the impact of a defect in recombinational repair on chromosomal instability using hRAD54-knockout chicken DT40 cells.

To elucidate the mechanism for the formation of delayed dicentrics in mouse cells, we detected telomere sequences remained at the fused position of two chromosomes in the dicentrics using telomere-FISH technique. The result revealed that radiation increases the frequency of delayed dicentrics of which telomere sequences are retained at the fused position. This suggests that dysfunction of telomere, telonomic instability, is induced by radiation and that this instability might be involved in the formation of delayed chromosome aberrations. The telomere-FISH analysis also demonstrated that the scid mouse cells are more susceptible to telonomic instability, suggesting that DNA-PKcs might be involved in the maintenance of telomeres.
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Follow-Up Study of Chromosome Aberration 
in the Personnel of Cardiac Catheterization Laboratory 
with Chronic Low Dose X-Irradiation Exposure

Varzegar R, Zakeri F, Assaei R, and Heidary A

National Radiation Protection Department (NRPD), Iranian Nuclear Regulatory Authority (INRA), Tehran, Iran, P.O. Box: 14155-4492

Radiation safety guidelines and federal regulations require that radiation workers who are likely to receive above a certain percentage of effective dose equivalent limited be monitored and that exposure be maintained as low as reasonably achievable (ALARA). In this study chromosome analyses were carried out in the peripheral blood lymphocytes of 36 workers of cardiac catheterization laboratory of heart hospital who work with X-rays machine, with average age of 44 and work duration time of about 15 years. These personnel’s had received protracted low dose rate of X-irradiation. This group consist of physicians, nurses and technicians, of which physicians were directly involved with X-ray machine and the others were assistant physicians. The data compared with an age-matched group of non-exposed hospital workers. Chromosomal aberrations were classified in to two terms: acentric fragments (ac), and dicentrics (dic). Chromosomal aberrations frequencies in 10 of these workers were significantly higher than controls: (ac)=8.7±4.4/100 cells and (dic)=0.259±0.27/100 cells. The yields of chromosome aberrations in control group were: (ac)= 1.52/100 cells and (dic)=0/100 cells. We decided to follow-up these workers which consist of 3 physicians, 5 technicians and 2 nurses. The first follow-up was after 1 year. The results showed acentric aberrations (ac)=4.8 ±2.3/100 cells and (dic)=0.132 ±0.19/100cells, and after 2 years: (ac)=3.62±1.82 and (dic)=0.075±0.168. This follow-up shows decrease in their chromosomal aberrations, because of 6-12 months rest of work with radiation. However the yield of chromosomal aberrations showed, a gradual decrease with time. These results indicate the importance of monitoring the health status of radiation workers. 
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Assessment of the Mutagenicity and Clastogenicity 
of the IARC Known and Suspected Human Carcinogens

Stack HF1, Jackson MA1, and Waters MD2
1Alpha-Gamma Technologies, Inc., Raleigh, NC, USA. 
2US EPA, Research Triangle Park, NC, USA


Most of the chemicals classified by the International Agency for Research on Cancer (IARC) as human carcinogens are mutagenic across test systems, cf. <www.epa.gov/gapdb> and induce chromosome aberrations in human lymphocytes and tumors at multiple sites in rodent species. The 1992 Preamble to the IARC Monographs provides explicit guidelines for including genotoxicity in carcinogenicity evaluations. In subsequent Monographs genotoxicity and other relevant data have influenced the overall classification of at least 20 chemicals (Table 1). For example, the genetic activity profile of ethylene oxide (EO) shows clear evidence of mutagenicity in humans. EO consistently induces somatic cell mutations in rodents in vivo, and gene mutation, chromosomal aberrations, and SCEs in vitro. There is sufficient evidence of EO carcinogenicity in rodents and limited evidence in humans. This, coupled with the compelling genotoxicity that support a mutagenic mechanism of action, prompted the IARC to upgrade EO to a known human carcinogen. IARC recently re-evaluated 1,3-butadiene (BD) as a probable human carcinogen. Butadiene is carcinogenic in mice and to a lesser degree in rats. It is both mutagenic and clastogenic in numerous rodent studies, especially in mice. Positive results reported in three of eleven human epidemiological studies have indicated that BD may induce gene and/or chromosomal mutations in humans in vivo. We have reviewed the genotoxicity data for 1,3-butadiene and for the other IARC probable and possible human carcinogens, including some environmental agents (Tables 3 and 4). This assessment of the overall genotoxicity for such agents, particularly those with positive human in vivo data (Table 5), underscores a concern for the adequate protection of exposed humans. 
[This is an abstract of a proposed presentation and does not necessarily reflect EPA policy.]
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Enhanced Frequency of Chromosomal Aberrations 
in Different Groups of Workers Occupationally Exposed to Radiation

Zakeri F,Varzegar R, Assai R, and Heidary A

Radiobiology Division, National Radiation Protection Department (NRPD), Iranian Nuclear Regulatory Authority (INRA), Tehran, Iran. P.O. Box: 14155-4492 
A large scale cytogenetic study of the radiation damage in workers (450 individuals) was undertaken using the yield of chromosomal aberrations (CAs) analyzed in peripheral blood lymphocyte cultures. These occupationally exposed individuals consist of 4 different groups: industrial radiographers, personnel of nuclear research, medical diagnostic X-ray and nuclear medicine centers. At least 200 metaphases for each person were scored. The frequencies of acentric fragments and dicentrics were determined and compared with those obtained in a matched control group (58 individuals). The first group consisted of 92 industrial radiographers (male) with mean age and duration of employment of 32.8 ± 6.8 and 10.2 ± 5.3 years respectively. The frequency of acentrics (ac) and dicentrics (dic) were: (ac) : 3.74 ± 0.25 per 100 cells and (dic): 0.18 ± 0.5 per 100 cells. The second group consisted of 90 personnel of nuclear research center (71 males and 19 females) with mean age and duration of employment of 36.2 ±8.5 and 10.7± 7.3 years respectively and the yield of CAs were: (ac) : 3.0 ± 2.40 per 100 cells and (dic): 0.17 ± 0.35 per 100 cells. The third group consisted of 118 personnel of nuclear medicine centers with mean age and duration of employment of 33.5 ± 5.6 and 8.6 ± 4.2 years and the yield of CAs were: (ac) : 2.96 ± 0.18 per 100 cells and (dic): 0.21 ± 0.4 per 100 cells. The fourth group consisted of 150 workers of medical diagnostic X-ray centers (108 males and 42 females) with mean age and duration of employment of 34.2 ± 8.1 and 9.6 ± 6.7 years and the yield of CAs were: (ac) : 2.85 ± 0.34 per 100 cells and (dic): 0.103 ± 0.42 per 100 cells. The control group consisted of 58 matched blood donors (38 males and 20 females), healthy and without radiation history. The mean age for the control group was 35.6 ± 7.6 years and the yield of CAs were: (ac) : 1.12 ± 0.26 per 100 cells and (dic): 0.033 ± 0.25 per 100 cells. The results showed that the incidence of all types of CAs, were higher in workers than in the controls and in all groups, significant differences were found (P<0.05). The results will be discussed in view of the early damage detection from chronic exposures particularly related to biological controls and suggests that education and retraining of staff concerning radiation safety guidelines and regulations and the use of state-of-the-art equipment are major considerations in reducing worker radiation exposure.
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Cytogenetic Classification of DNA Damages 

from the Viewpoint of Induction of Chromosome Rearrangements 

After Inhibition of Repair Replication in G1 Phase
Kishi K and Sekizawa K
Department of Cytogenetics, School of Health Sciences, Kyorin University, Hachioji, Tokyo 192-8508, Japan.

It is well known that S-independent clastogens induce chromosome rearrangements (dicentric or ring chromosome) in the G1 phase of cell cycle. It has been also shown that cells pre-treated in their G0 phase with some of S-dependent clastogens produce chromosome rearrangements when their repair in the G1 phase is inhibited by inhibitors of DNA polymerase , , and/or , e.g. APC or ara C. he mechanism of induction of these rearrangements has been hypothesized as follows: if DNA repair replication during excision repair is inhibited, DNA strand breaks are accumulated, and the broken strands interact and become rearranged in the G1 phase to appear as dicentrics or rings at the following metaphase. Clastogens that have such effects are MMS and 4NQO. On the other hand, cells pre-treated with MMC or ACNU do not produce chromosome rearrangements even if their repair is inhibited by the same inhibitors in the G1 phase. 

To investigate the DNA lesion responsible for the induction of chromosome rearrangements by a combined treatment with S-dependent clastogens and APC, we have compared the frequencies of chromatid-type aberrations, SCEs, UDS and DNA strand breaks in lymphocytes pre-treated with MMS-type clastogens and those in lymphocytes pre-treated with MMC-type. Chromatid-type aberrations and SCEs were used as indices of long-lived DNA damages and UDS and DNA strand breaks were used as indices of short-lived DNA damages.

MMC-type clastogens, as already shown before, induced high frequencies of chromatid-type aberrations and SCEs. We also confirmed that they induced UDS that is suppressed by APC, and combined treatments with an MMC-type clastogen and APC induced DNA double strand breaks. The results showed that MMC-type clastogens gives cells short-lived DNA damages as well long-lived ones, and that there is no apparent correlation between chromosome rearrangements and short-lived DNA damages. We propose in the present study a hypothesis that there are at least two different repair processes for DNA strand breaks induced by an S-dependent clastogen and APC in G1 phase.

Abbreviations

ACNU: 1-(4-amino-2-methyl-pyrimidine-5-yl)methyl-3-(2-chloroethyl)-3-nitrosourea; APC: aphidicolin; ara C: 1--D-arabinofuranosyl cytosine; MMC: mitomycin C; MMS: methyl methanesulfonate; 4NQO: 4-nitroquinoline-1-oxide; UDS: unscheduled DNA synthesis.
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Retarded Recovery of DNA Replication in Bloom's Syndrome 

Fibroblasts Following Release from Inhibition by Hydroxyurea

Kurihara T1, Inoue M2, and Tatsumi K3
1Division of Basic Science and 2Division of Core Facility, Medical Research Institute, Kanazawa Medical University, 1-1 Daigaku, Uchinada, Kahoku, Ishikawa, 920-0293, 3Research Center for Radiation Safety, National Institute of Radiological Sciences, 4-9-1 Anagawa, Inage, Chiba, Chiba, 263-8555, Japan

Bloom's syndrome (BS) is a rare genetic disorder characterized by genomic instability. Affected individuals display an array of clinical features, including small stature, sun-sensitive facial erythema, immunodeficiency and a very high incidence of cancer. The poor growth of BS patients constitutes the most consistent and diagnostic clinical feature, while the neoplasia represents the most significant of the clinical findings. In the cells from BS patients, high frequencies of chromatid and chromosome breaks and an increased level of sister chromatid exchanges (SCEs) and symmetrical quadriradial chromosomes are common, and the SCEs are further stimulated by exposure to DNA damaging agents, in particular, ethylating agents. The BLM gene that is defective in BS encodes a member of the RecQ helicase family. Yeast cells bearing a mutation at SGS1, which encodes a helicase homologous to RecQ helicase, show an increased sensitivity to hydroxyurea (HU) in terms of the inhibition of cell growth. To examine the function of BLM helicase in human cells, cell growth and bromodeoxyuridine (BrdU) incorporation following release from the treatment with HU were compared between BS and normal fibroblast cell strains. BS cells showed an increased sensitivity to HU for cell growth inhibition, and the hypersensitivity of BS cells was conspicuous at low concentrations of HU and for a shorter HU exposure time. DNA replication was intrinsically slower in BS cells than that in normal cells throughout the S phase of the cell cycle. A short exposure to HU retarded the progression of DNA replication to a similar degree in both BS and normal cells. However, normal cells recovered the progression of DNA replication immediately after the release from HU inhibition, while BS cells did so much later. Supposing that BS cells suffer from a leaky defect in BLM helicase, we inferred that the substrates (e.g., aberrant DNA structures) for BLM helicase are spontaneously generated and further increased by HU during DNA replication. 
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Relationship between in vitro Clastogenicity and Cytotoxicity 
Considered from 98 Data of High Production Volume Industrial Chemicals
Yamakage K, Kusakabe H, Wakuri S, Sasaki K, Nakagawa Y, Watanabe M, and Tanaka N

Hatano Research Institute, Food and Drug Safety Center, 729-5 Ochiai, Hadano, Kanagawa 257-8523, Japan
During past 6 years (1991-1996), we have tested 98 industrial chemicals with high production volume (HPV) on the cytogenetic effects according to OECD HPV testing program and national program in Japan. Chinese hamster lung (CHL/IU) cells were treated with HPV chemicals for short-term (6 hr) with and without metabolic activation, and for 24 and 48 h continuously. 

Thirty-nine chemicals (39.8%) were induced CAs, structural CAs and/or polyploidy. Out of CA-positive chemicals, 16 chemicals such as anilines, aromatic sulfones or halides, and phenols induced structural CAs. Twelve chemicals induced both structural CAs and polyploid cells and half of them were methacrylate compounds. Three chemicals induced only polyploid cells. Eight chemicals induced mainly structural CAs, tests under un-physiological culture condition (lowering pH of medium) arisen from the chemical treatment.

Cytotoxicity of 28 CA-positive chemicals was compared with the results of Ames test. Nineteen chemicals (67.9%) induced CAs at doses manifesting weak (50% or less than 50 %) cytotoxicity, 3 out of them also induced gene mutations. Nine chemicals (32.1%) induced CAs at doses manifesting severe (over 50%) cytotoxicity, 3 were positive in Ames test. Thus, Ames-positive chemicals which were evidently direct DNA damages did not cause preferential CA-induction at weak cytotoxic doses, the percentage (6/22, 27.3%) of Ames-negative chemicals induced CAs at severe cytotoxic doses was not higher than that (16/52, 30.7%) of CA- and Ames-negative chemicals even at severe cytotoxic doses. These findings suggest that CA-induction by non-direct DNA damaging chemicals does not always relate with severe cytotoxicity.
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The Interaction of Radiation and Different anticancer drugs 
in Cultured CHO Cells Using Cytokinesis Micronucleus Assay and Cells Survival Fraction (A Comparative Study)
Heidary A, Assaei R, Zakeri F, Varzegar R
National Radiation Protection Department (NRPD), Iranin Nuclear Regulatory Authority (INRA), Atomic Energy Organization, P.O.Box 14155-4494, Tehran, IRAN
Mitomycin-C (MMC), 1-(2-chloroethyl)-3 cyclohexyl-1-nitrosourea (CCNU) and Cisplatin have been used as the anticancer drugs and are also known to be mutagen. The cytotoxic activities of the anticancer agents is usually believed to be correlated with its ability to introduce DNA damage. Micronuclei (MN) are formed from various types of chromosomal damages. To investigate the genotoxic effect of 3 different agents, the Chinese hamster ovary (CHO) cells were treated with different doses, which required to reduce and to be enable colony formation by 50% at 1h treatment (1D50) of each agent. We investigated the interaction of MMC (0, 0.1, 0.5, 1, and 10µg/ml/h), CCNU (0, 1, 5, 10, 20 and 50 µg/ml/h) and cisplatin (0, 0.5, 1, 5 and 10 µg/ml/h) and with single dose (4 Gy) from Co60 gamma rays in CHO cells. The effects were assessed using micronucleated binuclei test and we also applied clonogenic assay. This study deals with the comparison of the DNA damage induced by 3 chemicals drugs and gamma radiation in CHO cells. Our results show that at this selected doses, the frequencies of MN was significantly increased and dose concentrations dependently enhanced. These results suggest that cytotoxicity of MMC is more potent than cisplatin and CCNU. It was concluded that a closed relationship between the frequency of MN and colony forming ability were observed. In addition　the cell killing and MN formation were significantly increased by increasing the dose of chemical agent and gamma radiation. 
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Evidence for a Single Stem Cell in the Bone Marrow 
to Reconstitute Nearly One Half of the Total Lymphocyte Pool 
in One A-bomb Survivor

Kodama Y1, Nakano M1, Itho M1, Ohtaki K1, Kusunoki Y2, Nakamura N1

1Departments of. Genetics and 2Radiobiology, Radiation Effects Research Foundation, Hiroshima, 732-0815, Japan

Previous cytogenetic studies of blood lymphocytes from A-bomb survivors revealed that a substantial number of survivors carried clonal chromosome aberrations, defined as identical abnormalities found in at least three cells in the blood samples. Recently, we have encountered one survivor (estimated dose = 1.06 Sv) whose lymphocytes bore the same translocations in more than 40% of the cells. The same abnormality was frequently observed in naïve T cells (CD45RA+), memory T cells (CD45RO+), and EBV-transformed B cells as well, suggesting the origin in a bone marrow stem cell. Although it is generally thought that the clonal aberrations observed in A-bomb survivors were induced by A-bomb radiation, the results did not allow us to distinguish if the clone preexisted (i.e., as a mosaic individual) or was induced following radiation exposure. To discriminate these two possibilities, we applied 24-color FISH to detect additional non-clonal aberrations among the clonal cells. As this survivor showed various non-clonal translocations in about 30% of the lymphocytes without the clonal aberration, the rational is straightforward; if the clonal cells preexisted, we expected nearly 30% of additional but non-clonal aberrations among the clonal cells. By contrast, if the clone emerged following the A-bomb radiation exposure, we expected a minimum frequency of additional aberrations among the clonal cells (i.e., close to the background aberration frequency observed in non-exposed people). The results showed that 101 cells among 200 bore the clonal aberrations, and only three cells out of the 101 had additional translocations. Thus, the results clearly demonstrated that the clonal cells did not preexist and were produced as a result of extensive proliferation of a single stem cell following radiation exposure, which gave rise to comprise nearly one half of the total lymphocytes.
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