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that this symposium will be found interesting and instructive by all of the audience, whether 

they be geneticists or physicians. 

S I-1. Sister Chromatid Exchange: Its Formation and Relations to Human Environ- 

ment and Health Situations: Kanehisa MOR1MOTO (Dept. Public Health, Univ. 

Tokyo, Tokyo) 

Sister ehromatid exchange (SCE) is a reciprocal exchange of DNA double strands con- 

tained in sister chromatids at apparently homologous sites. I will review available in- 

formation as to the agents causing SCE and their categorization, and propose possible 

molecular mechanisms of SCE formation. I will also introduce the results in my recent 

study on possible correlations between SCE frequency in peripheral lymphocytes and ways 

of living (life style) and health situations in individuals who received a health examination 

at a health center in the Tokyo area. 

In spite of intensive proposals of molecular mechanisms of SCE formation, there is no 

definite experimental evidence for the proposed mechanisms of SCE formation. It appears 

that SCEs take place through several different molecular processes, mainly depending on 

the types of causative damage. Recent studies have clearly shown that the many-fold 

higher frequency of baseline SCEs in cells from patients with Bloom's syndrome is due to 

their abnormal hypersensitivity to the incorporated BrdUrd. Because the baseline SCE 

frequencies are about the same in repair-deficient cells (except the cells from the patient 

with Bloom's syndrome) as in normal cells, it is likely that SCE formation is a surviving- 

rescue process from lethal and inappropriate cellular damage that is completely different 

from the known repair processes. 

Many studies have shown that SCEs can be caused by DNA damaging agents, agents 

that cause conformational changes in chromatin structure, metabolic inhibitors such as 

DNA or protein synthesis inhibitors, hypo- and hyper-thermia etc., besides their sponta- 

neous occurrence. Tumor promotors have also been shown to cause SCEs. These agents 

are mutagenic and carcinogenic in many test systems. Thus SCEs are considered to be 

a good test system for detecting mutagens and carcinogens in the environment. In the 

recent surveillance on the correlations between in vitro SCE induction and rnutagenicity 

and carcinogenicity, which I did as a member of the JETOC committee, it has been shown 

that the induction of SCEs has a good positive correlation with both mutagenicity (Ames 

test) and carcinogenicity (IARC) as with chromosomal aberrations. Since the SCE test is 

simpler in scoring than the chromosomal aberration test, the SCE test will be recommended 

in the future as a second screening method using mammalian and human cells. 

The method of differential staining of sister chromatids is also used to distinguish between 

cells that have undergone different numbers of cell divisions in culture, and to investigate 
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cell cycle kinetics of proliferating cells. The frequency of chromosomal aberrations de- 

creases through each mitosis by more than 50 %. We obtained a real dose-response curve 

of induced chromosome aberrations only by scoring on the first-division cells in fluorescence- 

plus-Giemsa (FPG)-stained slides. 

I have recently performed an experimental surveillance to examine the relation between 

SCE frequencies in peripheral lymphocytes and human health situations, ways of living 

and blood biochemical data in healthy people. All the subjects had received a health 

examination at a health center in the Tokyo area. Cigarette smoking and alcohol drinking 

habits were found to have a positive correlation with SCE frequencies in peripheral lym- 

phocytes. There was also a positive correlation between cigarette smoking and alcohol 

drinking. Furthermore, the data have shown that SCE increases by one SCE per 20 ciga- 

rettes smoked in a day. Alcohol drinking itself has a little effect on SCE frequency, but 

interacts synergistically with cigarette smoking in inducing SCEs. 

Finally, a chemical stress method in the SCE study may be used to detect some individ- 

uals with diseases such as senile dementia of Alzheimer type (SDAT). I found abnormal 

responses in the induction of SCEs by mitomycin-C or 4-nitroquinoline-N-oxide in periph- 

eral lymphocytes from SDAT patients. Using this chemical stress method, individuals in 

the prepathogenic period may possibly be diagnosed before the development of some 

genetic diseases. 

S I-2. Perspectives on the Study of Heritable Fragile Sites on Human Chromosomes: 

Tada-aki HORI (Div. Genet., Natl. Inst. Radio1. Sci., Chiba) 

Heritable fragile sites are specific points on chromosomes which usually exhibit non- 

staining gaps or breaks at that point in certain in vitro physiological conditions and are 

inherited in a Mendelian codominant fashion. Presently, 21 fragile sites have been iden- 

tified on human chromosomes and classified into four groups. The fragile X chromosome 

is known to be associated with one form of X-linked mental retardation. The clinical 

significance of the autosomal fragile sites is not known, although recent findings of a cor- 

relation between fragile sites and breakpoints involved in structural rearrangements in some 

neoplasias suggest that the fragile sites are unique sites susceptible to rearrangement under 

in vivo physiological conditions. 

Little is known about the molecular basis of the fragile sites and their expression. Fifteen 

of 21 known fragile sites, including fragile X site, are classified in the folate-sensitive group 

and expressed under conditions of thymidylate stress. In both prokaryotes and eukaryotes, 

conditions which result in thymidylate stress are lethal and the death are called thymineless 

death. More important, however, the conditions are mutagenic and recombinagenic in 

the surviving cells. In thymidylate synthase-negative mutants of mouse cells, it has been 
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demonstrated that thymidine starvation results in thymineless death via induction of DNA 

double strand breaks, leading to chromosome breakages. In addition, the most sensitive 

sites t o  the chromosome-damaging condition are those which have replicated just prior to 

thymidine starvation. How thymidylate stress induces the expression of a fragile site is 

not clear. One possibility is that the DNA replication process at the site might be pref- 

erentially affected by imbalance in nucleotide pools, probably due to genetic alteration in 

chromatin structure. This question will be resolved by the isolation of fragile chromosomes 

and subsequent analysis of the DNA sequence responsible for the fragile site. In order to 

obtain cell materials suitable for such studies, we have constructed human-mouse somatic 

cell hybrids between human skin fibroblasts derived from a male patient with fragile X- 

linked mental retardation and thymidylate synthase-negative mouse mutant cells. Thy- 

midine-prototrophic hybrid cells expressed the fragile X chromosome under conditions of 

thymidylate stress caused by FUdR treatment. Furthermore, in a thymidine-auxotrophic 

hybrid clone, the expression of the fragile site was induced by thymidine starvation. These 

data provide evidence that expression of the fragile X site is dependent upon lowered pools 

of thymidylate in somatic cell hybrids. 

The thymidine-auxotrophic hybrid cells described here should facilitate further investiga- 

tions into cellular and molecular basis of fragile X syndrome. Similar cellular systems 

developed for other autosomal fragile sites should also be useful for studying possible 

roles of fragile sites as predisposing factors for chromosomal rearrangements in human 

neoplasias. 

S 1-3. Analyses of Chromosome Abnormality and Developmental Potency in Early 

Embryos Using Translocation Heterozygous System: Shin-ichi SONTA (Dept. 

Genet., Inst. Develop. Res., Aichi Pref. Colony, Kasugai) 

According to the mechanism of induction of aneuploidy, the primary ratio of trisomy to 

monosomy on each chromosome is expected to be 1 : I. On the other hand, chromosome 

abnormalities actually encountered in human newborns and spontaneous abortions are 

virtually limited to trisomy. This fact suggests possible elimination of certain types of 

genome imbalance in the early zygotic stages prior to recognition of conception as well as 

in the gametic stages. It is, however, almost impossible to investigate the actual state and 

selection of genome imbalance during the early zygotic period in man. Thus the author 

observed directly chromosomes of zygotic populations from the translocation heterozygous 

system of the Chinese hamster, and obtained cytological evidence for selective elimination 

of genome imbalance in the early cleavage stages. 

In translocation heterozygotes, gametes with various chromosome constitutions are pro- 

duced by segregation o f  the quadrivalent at meiosis I. By crossing heterozygous males 
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for reciprocal translocation with karyotypically normal females, therefore, one can obtain 

zygotes with limited kinds of karyotypes with a constant frequency. Eight Chinese hamster 

strains heterozygous for different reciprocal translocations were used in this experiment. 

In the backcrossing experiment with T(2 ;10)3Idr heterozygous males and normal females, 

the chromosomal constitution of embryos was analyzed at various cleavage stages (Sonta 

e ta l . ,  1984). First, three karyotypes with a partial deficiency in chromosome 2, observed 

at the first cleavage metaphase, were no longer seen after the second cleavage metaphase. 

The frequency of zygotes with these karyotypes at the first cleavage metaphase was nearly 

consistent with the rate of 2-cell embryos observed at the time corresponding to the 4-cell, 

8-cell and early blastocyst stages of normal embryos. These findings indicate that embryos 

with specific karyotypes having a partial deficiency in chromosome 2 arrest at the 2-cell 

stage and hence are eliminated before implantation. Second, among day 4 embryos, some 

of the chromosomally unbalanced ones (mainly with a deficiency of other segments of 

chromosomes 2 and 10) had fewer blastomeres than chromosomally normal embryos. This 

finding suggests that cleavage of these embryos are retarded by day 4 of gestation. 

In backcrossing of animals heterozygous for other reciprocal translocations, embryos 

with monosomy or trisomy of various chromosomes were obtained. Some of these em- 

bryos showed developmental arrest and delayed cleavage during the preimplantation period. 

The chromosomal abnormality in these embryos was mainly monosomy. On the other 

hand, most embryos with other abnormal karyotypes observed at the blastocyst stage were 

not seen at day 10 of gestation. Since it is impossible to observe the exact state of embryos 

at the stage just after implantation, the relationship between morphological changes and 

chromosomal abnormalities during this period was analyzed in vitro by the embryo. 

Embryos with the specific chromosome abnormality showed morphologically abnormal 

changes in vitro. 

These data suggest that embryos with specific chromosome abnormalities suffer develop- 

mental arrest at a certain stage and that developmental potency of the embryos is impaired 

even in the early cleavage stages by some types of chromosome abnormalities. Chromo- 

somes related to the elimination of abnormal embryos at early stages seem to be indis- 

pensable to the progress of embryogenesis and the duplication and deficiency of these 

chromosomes present an obstacle to the survival and the fundamental ongoing development 

of the embryos. It is important to identify which chromosomes are essential to early embryo- 

genesis as an initial step to determine the specific genes governing early embryogenesis. 

S I-4. Application of Developmental Biotechnology to Chromosomal Study of Human 

Spermatozoa: Yujiroh KAMIGUCHI and Kazuya MIKAMO (Dept. Biol. Sci., 

Asahikawa Med. Coll., Asahikawa) 

Chromosomes of the spermatozoon can be analyzed only after~ fertilization, more pre- 
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cisely, only after they replicate and condense in the ovum as male pronuclear chromosomes. 

Therefore, human oocytes are indispensable for analyzing chromosomes of human gametes 

from both sexes. Unfortunately, however, it is extremely difficult to obtain a number of 

human oocytes only for the purpose of karyotyping human gametes. This has long been 

a severe limitation on the chromosomal study of human gametes. On the other hand, in 

studies using gametes of experimental animals information has been steadily accumulating 

concerning the causal mechanisms of chromosome aberrations and the effects of mutagens 

on chromosomes. Some of these findings have been shown to be common to various 

mammalian species, but others are markedly different among species. Naturally, extra- 

polation from experimental animals to humans is not easy in the latter case. Thus, the 

necessity of direct study with human gametes has become clear. 

Thanks to recent advances in biotechnology, it has been found that oocytes from certain 

mammalian species can be fertilized in vitro by sperms of some other species. Among 

them, golden hamster oocytes are proven to be the only ones which allow human sperms to 

penetrate (Yanagimachi, 1984). When the oocytes are freed from the zona pellucida and 

the sperms are adequately capacitated, this interspecific in vitro fertilization can proceed to 

the first cleavage division through the normal course of pronuclear formation, D N A  replica- 

tion, chromosomal condensation, syngamy, and first cleavage spindle formation. Besides 

this method, several other attempts have been made to devise a method for human sperm 

chromosome analysis: (1) cell fusion between somatic cells and human spermatozoa, (2) 

microinjection of human spermatozoa into non-human eggs, and (3) activation of human 

sperm nuclei in the homogenate of non-human eggs. Until now, however, these approaches 

have not been successful. Thus, at present in vitro fertilization with zona-free golden hamster 

ova is the only method available for human sperm chromosome analysis. Since Rudak 

et al. (1978) first described this method, several experiments have been carried out in order 

to assess the spontaneous incidence of chromosome aberrations in human spermatozoa and 

to analyze the chromosomal constitution of spermatozoa from males heterozygous for a re- 

ciprocal translocation. Unfortunately, however, the success rates of chromosome analysis in 

these studies were very poor. In only about 5 to 10~o of the eggs used, were male pro- 

nuclear chromosomes successfully analyzed. The method should be improved to 

the extent that it becomes reliable as a practical method for clinical and epidemiological 

studies. 

We were able to improve several fundamental steps in in vitro interspecific fertilization, 

i.e. capacitation of human spermatozoa, insemination, culture of fertilized ova, blockage 

of both syngamy and spindle formation, and the preparation of chromosome slides. Thus 

our method is much better than previous ones both in the quality of chromosomal fixation 

and spreading and in the successs rate of karyotyping (about 60 ~ of the eggs used, ranging 

between 40 700 and 80 %). 
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Using this method, we studied the spontaneous incidence of chromosome aberration. A 

total of 1,092 spermatozoa obtained from 4 donors were successfully karyotyped. The 

incidence of aneuploidy (0.9 %) was lower than those reported previously (1.5 to 7.5 %) and 

the incidence of structural anomalies (13.1%) was much higher than previous reports (1.7 

to 6.5 %). These discrepancies between the previous studies and ours must be partly due 

to individual differences among the donors of the sperm samples, but the technical differ- 

ences between the two studies may be more important. 

Our improved method is applicable to the chromosomal study of spermatozoa from 

infertile male patients, from males exposed to various environmental mutagens, and from 

males heterozygous for a reciprocal translocation. It is also useful for epidemiologic 

surveys of the effects of mutagens on chromosomes and for in vitro assessment of the 

effects of mutagens on human spermatozoa. No such study has been reported to date. 

Therefore, our in vitro study on the effects of X-irradiation on human sperm chromosomes 

is the first trial aimed at obtaining evidence for the direct effect of mutagens on human 

spermatozoa. The ejaculated semen samples were exposed to X-rays, and 334 and 495 

spermatozoa were analyzed in 100 rad and 200 tad irradiation groups, respectively. The 

incidences of spermatozoa with structural aberrations were 44.5 % and 72.7 %, respectively, 

showing a linear dose-response relationship. Comparison of these results with the data 

from similar studies using sperms of several other mammalian species revealed that human 

spermatozoa have 1.7- and 2.5-fold the radiosensitivity of golden hamster and mouse 

spermatozoa, respectively. Similarly, the sensitivity of  human spermatozoa was 5 times 

that of Chinese hamster spermatozoa. The recognition of such unexpectedly high radio- 

sensitivity of human spermatozoa stresses further the importance of direct assessment of 

mutagenicity with human gametes because the same may be true of other mutagens. 

We were able to establish a practically useful method for karyotyping human sperm 

chromosomes using zona-free hamster eggs. Nevertheless, this work is still time-consum- 

ing and largely depends upon the skillful hands of specialists. It is desirable to simplify 

the technical procedures by utilizing advanced biotechnological tools such as in vitro appli- 

cation of pronuclear stimulating factors. Such factors have been recently shown to be 

present in the cytoplasm of mammalian oocytes. 

S I-5. Flow Karyotype Analysis by Cell Sorter and Developments for Chromosome 

Engineering: Zen-ichi OGITA, Keiko MOMOI and Yoshinori KUMURA (Dept. 

Pathol. Biochem., Res. Inst. Oriental Med., Toyama Med. Pharm. Univ., To- 

yama) 

In human genetics, a variety of methods have been used to assign human genes to specific 

chromosomes or specific portions thereof. The attempt to construct human chromosome 
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map was begun by investigation of segregation patterns in pedigrees. It have permitted 

assingment of over 100 X-linked genes. Subsequently, in the field of somatic cell genetics 

using somatic cell hybridyzation, the assingment of genes to specific chromosomes or to 

specific regions of chromosomes has been performed by correlating a particular donor gene 

or its product with a specific donor chromosome or a subchromosomal fragment. More 

than 250 human genes have been assigned to particular chromosomes or particular chromo- 

somal regions by this method. 

Recently, human mitotic chromosomes have been directly sorted by cell sorter. Chro- 

mosome isolation and sorting have been used for karyotype analysis, gene mapping, and 

construction of chromosome-specific recombinant DNA libraries. 

Flow karyotype. Histogram of chromosomes obtained using cell sorter, flow karyotype 

has been shown to have great potential for automated analysis of the human karyotype. 

The development of such an approach could offer clinicians an objective assessment of 

chromosome abnormalities, thus complementing the more traditional methods for karyo- 

type analysis. Significant and reproducible differences in flow karyotypes among different 

healthy individuals have been detected and correlated with individual differences in the 

centric heterochromatin of certain chromosomes. 

Gene mapping. To localize a unique gene or gene family to a specific chromosome re- 

gion, chromosome sorting can be utilized. In this procedure, the DNA extracted from 

the sorted chromosomes are hybridized with a specific gene probe. Using this procedure, 

insulin and 3-, 7% and &globin genes have been localized to the short arm of chromosome 

11. 

Chromosome-specific DNA libraries. Chromosome-specific DNA sequences can be rap- 

idly identified with DNA libraries constructed from sorted chromosomes. Chromosome- 

specific DNA libraries will become useful for the study of genetic diseases, cancer, and 

chromosomal rearrangements. Up to the present, 1, 2, 6, 19, 20, 21, 22, X, and Y chro- 

mosome-specific DNA libraries have been constructed. 

Chromosome-mediated gene transfer. Cell-free preparations of donor human chromo- 

somes sorted by cell sorter can be used for chromosome-mediated gene transfer into recip- 

ient cells such as rodent cells. In this system, whole chromosomes are taken up into the 

recipient cells by endocytosis. The donor clv'omosomes then remain intact or are degraded 

into subchromosomal fragments in recipient cells. The assignment of a specific gene to a 

specific transferred chromosome can be done by the identification of particular gene products 

such as enzyme, structural protein or surface antigen in recipient cells. In the near future, 

a new method for gene assignment in which chromosome-mediated gene transfer and 

chromosome cloning by cell sorter are used will be developed. 
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Symposium II: New Analytic Methods for Human Genetic Diseases 

S II-1. ~ = ~ O ) ~ } ~ & ~  : ~ t ~  (JL)~ �9 [~ �9 &~L). Molecular Defects 

of the Genes in Hereditary Diseases: Y. F U K U M A K I  (Dept. Biochem., Kyushu 

Univ. Seh. Med., Fukuoka) 
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Enzymes after Translation and Genetic Diseases: Y. SUZUKI (Dept. Pediatr., 

Sch. Med., Univ. Tokyo, Tokyo) 
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S II-3. ~ _ ~ � 9  : ~ I E ~  (--P~::~" 1~" ~ { ~ ) .  Immtmochemi- 

cal Analysis of Mutant Enzymes: M. MORI (Dept. Biochem., Chiba Univ. Sch. 

Med., Chiba) 
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S 11-4. ~ & r  : ~'2[~--l~g ( ~ * y ~  �9 [~ �9 dJl~).  Mutant Enzyme and Clinical 

Heterogeneity: I. MATSUDA (Dept. Pediatr., Kumamoto Univ. Sch. Med., 

Kumamoto) 
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(Hum. Genet. 65: 358-361, 1984). ~fc  5 ~ m . 9 ~ , , ~ , ~ i ~ # . ~ b , ,  ~'72 < ~ %--oO~O 

;6 C s " ~ ' c  (Hum. Genet., in press). 

2) Pompe ~ : ~L~%~, :]~, ~ J v _ ~ _ ~ O ~ [ ~ : ~ o O ~ , E ' ~ ? s  

(J. Neuro Sci., in press). 

3) OTC 9 < ~  : Jr 3 ]% ~ 1 ]<�9169 O T C N p A ~ a  b ~  OTC ~ /$  (C.C.A. 
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Symposium IIh Tumors and Genes 

S III-1. s r c  gene family &~l~-~-bSz '7~  - : II1~ ~ (~J~ " ~ q : -  ~]~).  

The e r b B  Gene, a Member of the s r c  Gene Family, Is Derived from the EGF 

Receptor Gene: T. YAMAMOTO (Inst. Med. Sci., Univ. Tokyo, Tokyo) 
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72r~]~,~.~70. ~ : ~ : ~ .  EGFR " . ' ~  ~ L ~ , , 7 ~  '~ b N l ~ � 9  L, c-erbB/EGFR 

S III-2. Detection of Human Transforming Genes Using DNA-Transfeetion: Kenji 

SHIMIZU, Yoshimichi NAKATSU, Mamoru OHUCHIDA and Mutsuo SEKI- 

GUCHI (Dept. Biol., Kyushu Univ., Fukuoka) 

DNA-mediated transformation of rodent cells have provided powerful means to detect 

dominantly acting transforming genes from DNAs of human tumors or tumor cell lines. 

Most of the transforming genes which have been detected with this method have now been 

identified as activated members of the ras gene family, Ha-, Ki- or N-ras. These activated 

ras genes result from single point mutations in the ras coding regions, at either the twelfth 

or the sixty-first codons. Another transforming gene, B-lyre, which has been isolated 

from human B-cell lymphoma, does not appear to be related to known viral oncogenes. 

Active transforming genes detected by this means in a variety of human tumors appear to 

be confined to these four genes to date. 

There has been little information about the nature of the oncogenes activated in human 

stomach cancer which occurs at the highest incidence in Japan. This led us to search for 

activated transforming genes in stomach cancer. We have found that one of the high 

molecular weight DNAs from surgically removed stomach cancers gave rise to foci of 

NIH3T3 cells upon D N A  transfection in a very low efficiency. D N A  obtained inde- 

pendently from five secondary transformants commonly retained six EcoRI fragments that 

contain human Alu repeating sequence. Summing up the size of each EcoRI fragment, 

we could estimate approximate size of this transforming sequence at about 50 kilobase 

pairs. The Southern blot hybridization profile enabled us to compare the structure of 

this gene with those of other active human transforming genes. This gene, tentatively 

called "X-2," is clearly different from 3 members of the human ras family and B-tyro, and 

Iu recently reported met, reef-2 and mcf-3. Furthermore, we isolated more than 70 

of this gene and used these portions as probe to test for the homology to known viral 

oncogenes. The gene appears to be unrelated to 14 v-onc genes tested. These include 

Ha-ras, Ki-ras, sre, yes, fps, abl, erb-A, erb-B, mos, myc, myb, sis, fgr and ros. We have 

not tested for raf,, ets, ski, rel, fos and frns. These results strongly suggest that the X-2 

gene is a novel active transforming gene of human. 

We have also performed quantitative analysis of DNAs of six cell lines established from 

stomach cancer. Specific gene amplification was observed; namely, 8-fold amplified c-Ki- 

ras-2 gene (1 case) and 20-fold amplified c-myc gene (l case). In addition, we found that 

a single 11 kbp EcoRI fragment, which has weak homology to Ki-ras probe, was amplified 

(5-10 fold) in three out of six stomach cancer cell lines. This 11 kbp fragment (X-l) seems 
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to be a distal member of the human ras gene family. When we used these cellular DNA 

as the donor for transfection, slowly growing loci appeared and cells from these foci seemed 

to carry a similar 11 kbp E c o R I  fragment. To characterize these t l  kbp E c o R I  fragments, 

molecular cloning of this fragment (X-l) is now underway. Morphologically transformed 

3T3 cells with either X-1 or X-2 gene can give rise to tumors upon subcutaneous injection 

into nude mice, in a long latency with X-1 but a very short latency with X-2. 

This is a collaborative work with Drs. Masaaki Terada and Takashi Sugimura of National Cancer 
Center Institute and with Drs. Keizo Hokamura, Katsuo Sueishi and Kenzo Tanaka of Medical 
School, Kyushu University. This work is supported in part by Gran-in-Aid for Special Project 
Research, Cancer Bioseience from the Ministry of Education, Science and Culture, Japan. 

Sili-3. c - o n e  �9 I - ~ I N : ~ t N ~ L  ( ~ g T k ' N ' N @ ~ ) .  Human 

Chromosome Map for e-one: M. YOSHIDA (Chromosome Res. Unit, Fac. Sd., 

Hokkaido Univ., Sapporo) 
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3 RAF1 

4 RAF2 
5 FMS 
6 KRAS2, MYB, YES2 

7 ERBB1 
8 MOS, MYC 
9 ABL 

11 HRAS1 

12 KRAS2 
13 YES4 ? 

14 FOS 

15 FES 
17 ERBA1 
18 YES1 
19 YES3? 
20 SRC 
22 SIS 
X HRAS2 

Jpn. J. Human Genet. 
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~ B ~ k ~  14 ~ B ~ o ~ / ~  (t(8; ]4)) ~ b ,  ' ~ ' ~ @ ~ z ~  (CML) ~-~: Oh' (t(9: 22)) ~r~  

~[~,~@O"Y~ 0;0,~ ~, ,o  ?cP2j~,  c-one � 9  O ~  ~p~ 

~'~-~-~ '~  ~ b ~  ~' ;5 ~ I ~  0 ~.t~ ~ - ~ . ~ - ~  O ~ ~ g "  ;5 ~- 2 ~ o x: ~" f= 0 ~d'~ ;5. 

(BL) ~ ' b $ .  BL O @ ~ - @ ~ M ~ ' 2  b ~ t  t(8; 14) 7 ~ : ~ - ~ 5 7 o ~ ,  ~75~}:'~ t(2; 8) $;5~,, 

~ t(8; 22) ~:~;5.  No. 8 ~ O ~ ~  c-myc (MYC) ~ h ; ~ L ,  nos. 14, 2, 22 O ~  

,~ ~r  >'~@o'~I 'B.~ ;5 ~, qt.-'= : / --  : . , '~-  o D~'d'-rc o f~D./'B~'~ B ?c rp $ Z f c  k ~ Z  ~ Z ' ~  s,;5. 

~ / ~ _ ~ 0 : ~  L'd, ' L ~ , ~ @ ~ ( ~ . ~ I ' ~ A  rp~;5 Ph* ~ 1 ~  (t(9; 22)) O ~ / ~ . ~ b ~ ; 5  no. 9 2 0  

c-abl hZ no. 22 ~ .~ ,~  b : ~  Y~ ~ r ~) 7~i~l~z~fi3~ 0 ~ ,  ~s ~: L~ no. 22 _EO c-sis 0 no. 9 ~',0 

~ ,  ~?c, ~@~]~ l~I} r~o  t(15; 17) ~ - ~ ; 5  c-fes �9 no. 17 ~'.�9 t- 

O no. 17 O ~ J ~  ~{~:~-~ c-erbA h ~ j ~  b-d b,~5. 

~�9  c-one ~ ~JJ~J~,~O~O~-ob,~ ~t, c-fins, c-myh, c-re�9 c-yes1 ~.~ ~~ ,~d ~ ~k'~ ;5. 

S III-4. Human T-Celll leukemia Virus &~,A, T , ~ l ~  : ~ ] 5 ~  ( ' ~ : ~  

~:). Recent Advances in Molecular Biology of the Human T-Cell Leukemia Virus 

(HTLV): M. YOSHIDA (Dept. Viral Onc., Cancer Institute, Tokyo) 

Vol. 30, No. 2, 1985 
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~) 7 ~  . ~ ; 5  9 4" J~,~ ~ I~ 13~'~ .-'5 t ~ % ~ ~ 7 ~ -  b I : .  "~ ~ -  ATL ,~.,~�9 ~ r ~  

t~.?~: <, promoter insertion, #?~:~'~,  ~ 2 .  2~7k 9 4" ~ v ~ ( ~ : ~ � 9  cis-action ~_ Z 7 a ~ g ~ � 9  

Jpm J. Human Genet. 


