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

they be geneticists or physicians.

S1I-1. Sister Chromatid Exchange: Its Formation and Relations to Human Environ-
ment and Health Situations: Kanehisa MORIMOTO (Dept. Public Health, Univ.
Tokyo, Tokyo)

Sister chromatid 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 ezc., 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 iz virro SCE induction and mutagenicity
and carcinogenicity, which I did as a member of the JETOC commiittee, 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 509,. 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.

1 have recently performed an experimenta! 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.

SI-2. Perspectives on the Study of Heritable Fragile Sites on Human Chromosomes:
Tada-aki HORI (Div. Genet., Natl. Inst. Radiol. Sci., Chiba)

Heritable fragile sites are specific points on chromosomes which usually exhibit non-
staining gaps or breaks at that point in certain in vifro 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 to 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.

S1-3. 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 : 1. 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 of 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)31dr heterozygous males and normal females,
the chromosomal constitution of embryos was analyzed at various cleavage stages (Sonta
er-al., 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 ir 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 climination 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.

S1I-4. Application of Develepmental Biotechnology to Chromosomal Study of Human
Spermatozoa: Yujirch 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, DNA 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 iz 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 109 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 409 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 vifro 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 rad 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 vifro appli-
cation of pronuclear stimulating factors. Such factors have been recently shown to be

present in the cytoplasm of mammalian oocytes.

S 1-5. 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 $-, y-, 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-
jent cells such as rodent cells. In this system, whole chromosomes are taken up into the
recipient cells by endocytosis. The donor chromosomes 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 H-1. BIEFOHFHIRIELBERS | REFRSE LK - E - £1{L). Molecular Defects
of the Genes in Hereditary Diseases: Y. FUKUMAKI (Dept. Biochem., Kyushu
Univ. Sch. Med., Fukuoka)

& OEBHOBREF L, ERTEHOENRECESIBEL, ENERCES{(BALLX
HTEnLEZ LMD, TORBELENTTE, WEZCoWTz vA2{bB2NFELHAVWRET e
—F WA TH B, BECOWTIE, FOT7T Fe—FLBLALENTHS. 2T DNA #Hi
Z BRI X 2 BRETOFMIPILEC 5. bhbhil, BERBETIREROFAL LT/ e vEE
RECESS BEHEEMEY S I 72 LD BF, 0 e e vERTFOSFRRELZ BHTLTH
3.

BETFOERZZOME, BERI Y, ERTERACHAR <2 VEETORE, SEEYOS
vy vy, ZTLTEROWINACEEXOER 2T, SEIL, IALORBEREI L whbhbh
BRWE L /e € vEGBTOERELYHETS. SORYLHCINACEELFIR L2 ko
RALDOWTERT 5.

EPHEEVSAVOBEETCH LN, ATEEHED fryr5e 7 (BERDD SEOEELTD L) L
B INCHBADEMTHS. BEOKBAMEE DNA 25 -7/ r e vEEFL 7 e vikL,
SAERIFIRE Uiz, FORKE, B0 L WERECHER ATAbox RICERNL bhi: (ATAAA
—GTAAA). o7 —x & COS filax B Wi BETRECENERN L, REMATREEHROE
FORd, b HEOBEENMETLTWELDEEL ik,

W, EEEHD ey v 7B I0EROBEEDCHATH B, EHL, f-rowi 7LBE3H
RHPEATHS. -7 e VBEGRTREETSE, By 2E0s - veE, HEOLEERIL
WELR. ETHEIO/7 e—VvER4ALLBED T FYICAEEDREDS R DRI, & ObHELE
DR, SOBBRERFIE= FvaRE LS. —F, H207e— v TRz 0FRITR <, B2NER
FD 654 ZFEDEEC N TRELL T, Z0kd, ZOMEL AAG/GTAA L\ 52754
v 70 donor site B LB FIZBR EN D Z Edibm ot LicdioT, ZORFINA S5 A
v v 7 ORE, ARO donor site L EET BN, EERATSSA VY IRBELYRIT AL 0 L HAT
i DbEid, KEGMTAEERED -7 €37 (BHEOEER T -1 Eb) BETFE,
CoT HER%LD o2 TRETFO~NTrBEAETHLLEL DR

bbb T T AREREED -5 THEE 9 KL, 2 BDOXAFED -5+ 31 7TEEDOR
MaRi w5, BEDLIAFMLUL 4 BEREELIIZ C-T BEOLTHS. LichisT,
IRLOERRBACKEVCRAWET I LR BEREF LEER YLD, £ 2 CERE 2 BOFRER
RIEFREHE LT 19 EEERDOR 7 v F VE2ERL, Ihe e~y R ILTCEE = ¥ vBEF
BIVOH I I 7EEFO v =754 7)) v FUREORWCEEYRETS 2 225
KTz,
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SI-2. BROMRBEOE &LBAER: HiXkEZ (EX-E- /5. Alterations in
Enzymes after Translation and Genetic Diseases: Y. SUZUKI (Dept. Pediatr.,
Sch. Med., Univ. Tokyo, Tokyo)

b FOBEROENT, BEBEBOELS, MRARBEBORE LR - THbbh%HEE, £XR
HRHEELERIND. 2ORESE, BEOHAEEOELVWETHSVIEIRBLLTELLD
nA. ABETE, COWHPAERRBLVIHSY, BESTEEORBEV I 2E1 LIS T
Ltz

BEEASTFIL, BEBEROBRC I VERINGN, T0 T EOBHT, BEHLXBEHTIHIT
. BESTEE, 400 TRBHYRT, LoFRoFEHOHRIZEh, REORELD
HEERR L0, SROCERL LTOREI M EEIRS. BERL LTOBRSTORR, ARES
WOAT VAR L VRS, EAMEE UTOBZMNED 0.

FeERTE I, 1 BET 1 B -1 A (one gene-one enzyme-one disease) b5 HEIC X
D, EREREEE AR Thhi. Lrl, BE: LTOBRoBE R, WEE
LTOBTHEOBRS IR UES L, BRERELVY FRRER £5EtlinI iibbs
.

WG KRS AREBEORITE, T ol Bl kBfiics T, BEEBEROZLIEI T
VAR BT, Btk B—oBERBLLTERIRDZLFDD. EhkdoBERS
FRAERIR TV B0 5F, FRABRNMEETRIIIERT, TRBEOMEOLDE, b
BVHERSTAESHCAHSATLE > edie, BT ciEsahd, MRoBiERE, |
BOBRERBE LS DD, 0L CHRLEALERCOPT R LY, MR sT 58
EAHTOEENNEBRONES, ZBLVESY LT

BRBREZDL 5 TS, ErF 1Y V— a0 (lysosomopathy) ~DHFHIT 7 =
— LD, ABNRBCET ABREESEAR IO FOHMBF e EET AL EENELT K
RN R & v k LSS BB T - T\ 5. COFANOWEL LD, EEEMRHE
BOABOREL, BEE, EOE~OENHT o055, AERLAL LT, keljE #7271
YT F—v R, QMg V7V F v F—v A, B o A a7 4= EREVDT, Th7Z
NORE BT ABESTFOHBNSBE 0B LD, BREYML THI.

SI-3. ZREBEOREE(LFNET & EM (FEX-E- £L). Immunochemi-
cal Analysis of Mutant Enzymes: M. MORI (Dept. Biochem., Chiba Univ. Sch.

Med., Chiba)

BRRTECRT SERRAEOWRL, BEROREROEN T EOBREL Y 1 TOFCE Y
EHT RS, L LEBESNGERWAREE SN TELEATLII L L), BREAE VA
ADORENE DR, IO invitto BEER L AERNFEREAELEBLELID A vV Yy
— RNA (mRNA) E#OWMERTHE LD, FTFv<r0& oF@rfohs. 4H, bhbh
BEB LAV =2F VT YARI LA 5—¥ (0TC) REFEOBETAE P LIBENT 5.

OTCitfF: += v F ) 7RBEL, BEVA 7408 2 BORIGYMET 28R T, LOXZE
BE7 vE=ThE K Tuvhi, BEYIERE LAERECRERS LA AXUAHER
NETHD. BEWAT X-HEEEREOHAL LS. bhbhil, BEREREFEOMTLRDO LS IH

Jpn. J. Human Genet.



VVEYTA Symposium 91

BETToTWwh. 1) ABF 8B o TEBEREELEIEL, BECHT 2% Kn EXR
B pH 7 EEPEAND. 2) BERGRACTERBEAELYNEL, BNEER L BNRERNCHET
5. 3) REWEREE SDS FABEAEES JULBAERREE YRS S e, BREOHTESS
BELYANS. TRy VERKE THELAESEYL = b r el v - ABEREE (Western blot-
ting) L7ct%, BERAEEL L VERBAEYRHT 2 FENENTHB. 4 ENEEOSSR
1, AR L ABEE YRS B —FEE LT mRNA EEREIETS. FXDHEEL4e mRNA
%, UFRERFMREDEO EFRRTHEIN T ( VBEETC R 5. By AETEE
SDS # L BERETHMES, 744 r 757 4 —CHREL, EEEAECRY A REFEED D
mRNA ZHEET 5. ZOXSMiNict ), a) EUEERENEEERIEFLTW5 OTC k=
i (KR ofl, b) BEREE, BEREERE, mRNAFEEIRCET L, BEOARETIRIAE
B, o) BREELIERERIENCET L5, mRNA BERRBETFETHY, BEEHD
DROTESTES NP, d) OTC XETHTEOREVIIRGOW TARIh LB I ba vy
TRV AEFN THPERCERINDY, nviro BRER I D ATFEONI WEETEEIBRE
SRl EBRRVE SR

S LM LEET VL OERSARETH BN, BiEbhbhity v b OTC © cDNA
7 r—-VERERL, ToEERFLD OTC FgkEo27 3 VBEFIZRE L. ThiBEWTEE
FIURE OTC BETOBEEHOMNTT S L LR, OTC RTEDHEEEBWIES L O AR
ZWIEERERE L.

SI4. ZEBERLRFE : BE— GEAKX - E - /pF). Mutant Enzyme and Clinical
Heterogeneity: I. MATSUDA (Dept. Pediatr., Kumamoto Univ. Sch. Med.,
Kumamoto)

ERRBERELL S OBE, E—ER EOE OBEECI-TEI28EMERTHEIN, +
DEFFERIETEL GRTN X e~ d 0Tz, DLAEDES, ERE4I X )
RVERZLOLHDT EHBHH LT EL. —F, BHILY, REEEoFEC L BRSO R
kv, B—0ERERTLLOMBECERRDIBEADOI B bbb oTEl. ZOER, %
DERBRI BEECTOLRIESL O, FhlEFEEOBRLTAGNROLTRECE S Dk &
DHEEL R e - TE . IDRMRIZEOFHEL, FEBERETFS alledic 7y, ¥7:1% non allelic
By, RERMRCEEREL S D HEREEE LT L.

Lad, STEBFOESIRERET L0 L OOMITE T L, FVISEsi h LRSI
ZOWEEL LOIHEDES DNA 7 Lik mRNA O vl CEIc TR IR 230 & Bbh
5.
ERRNHEEELR TV BEEREC L - TOXRERERO—DI, 25 LTHLI L IR T ELEE
EEEERIREOZRL EORIET 20 E VISR AS. O LIXBECLBELS 3k
FERANERE S 5 ETL 5 5.

B VvHES Y ATE, MOMERLOBRATH s> T A—Frve y 7RE (MSUD), Pompe
W, AN=FYALAELNPTVRT 2 5—¥ (OTC) KIBERFICE b, HEEERERONE
BE LD

1) MSUD: MSUD s 5iml, EB w4 A& T Y VSRR A BT Ui 7 BER
TEAFREELHE, SIOEEHERO e A v VRSSELHRE~N, BELE055 - L2 BR LT
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(Hum. Genet. 65: 358-361, 1984). ¥ 72 5 Bre oW CHIAREE 2T\, A7 &b o0 HEERED
BB EwBIe (Hum. Genet., in press).

2) Pompe i : AIRE, SRE, RAHDEHEHLT>OFHEMRCOWTEHE~ALT—ARHE
EL, 3bke MFRBE~L T —AFEEREDY, BREQERLYRE L. bhbhofA iy v v
TRRNEB~ATF—ADBERIH TR o, HlE~lF—R DM BEGENEE SR
(J. Neuro Sci., in press).

3) OTCHRIE: % 3 A, B 1 ADBEDITE T OTC E#: X Hi v FIF OTC #Hifk (C.C.A.
134: 155-166, 1983) AW THEREYNE L, FE L BTFEREE O ERLBRITD bhi:.
OTC BEFELR I FERFOMERC VT LEKRE S - T\ 5 (Jpn. J. Human Genet., in press).

Sympesium III: Tumors and Genes

SIi-1. src gene family LHWRBEFL 74— :1UAx M GEX - BB - §52.
The erbB Gene, a Member of the sre Gene Family, Is Derived from the EGF
Receptor Gene: T. YAMAMOTO (Inst. Med. Sci., Univ. Tokyo, Tokyo)

RNA BEE T4 AR, BRAEAMCERCEEL2{%b0L, RWEBRPOD LBELRLX
RAHLOD 2 FBERED. HBORATDYAAREF 7 A LCHERET (v-onc: viral oncogene)
FELTVE. BEIY vAREnERY 4 2 (LLV) CRE3h, vone Lk, ZhETR
¥ 20 O voone RREIRTRD, vone ZE PR FnEEOBEEE EE .

v-onc X ToEMIEEETF (conc: cellular oncogene) W HEETAEETTH Y, LLV BRY-cEN E
TAE, Thifilaftsbo cone 28 LLY 2 2B RAEhA %2 bR TW5%. conc DF
ETESIN e t2Sid bR B EHREYE, TLThrTh cras BETFOBHIE, - & TER
B THLERCLBWEERET L b, cone ORI, BE 2L TEsORBEINE
b THANLRELR- LWL O LRt 5.

BETHBEDOEN, S one W or0BETHEAE CER L Lbh o TERL. KELERET
FEO—DIL sre BETHLD D, ThLBTLBRETOER Y e BEREDF » v v T —EEEY
o P24 vD7 : JBEFAIZEELTCW5. bhbitd, 'IERFERELAERZIIEEC T
RNA [EE 7 4 VA DFEEET erbB oW CENEMED TELH, COEERFLIRELTT I/
BETIRHE L oA, abB bk e BETHCBT A LAHLNE o —F, LEH
BRBET ¥« 7/ %— (BEGFR) 4 vl vIe7z—El, Fryvdr—¥Ekirioc
ERHILRTED, hb)e7x—BETFL e BEFRLOBHIBEORE TH 1. BER
#r T Waterfield 50 70— 7%, 38 EGFR 07 3 7 BEFIDO@EH = EGFR BET D cDNA 7
v —VOENH ST A L AED erbB B/ETH EGFR BETRARTHZ LERLE. bhbhid
erbB BB, EGFR © EGF &A1 2 PuE L XS Linya, EGFR 00X —Eigkk%
05 MR TGA L IRET 2 b, erbB BHEIL EGFR © % — EiEER Y3
B rum L. sre BETHRCETA VA AVAEEBEETO S O fins 532 2EEED erbBE
HERE SRESREAE AL LEEIRTEKY, Fry v r—¥EELI2WThAD Y &
T E— L OBEHENTEIN T VD, ZOMD sre BIRTHECB T HEEETIOVWTHEE L.

LI AT erbB IRV RIEE DL BBETTHBHD, b POER LA o TWARES MIERE
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REEETH D, bhbiit EGFR &< EE LT3 e MERFEDOMIaKE B L, c-eabB/EGFR
BETFORAFR LML DCRESEO VA TEMLTED, ZORROWILERLT.

S I11-2. Detection of Human Transforming Genes Using DNA-Transfection: 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-Iym, 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 DNA transfection in a very low efficiency. DNA 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-lym, and
from recently reported met, mcf-2 and mef-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, src, ves, fps, ebl, erb-A, erb-B, mos, myc, myb, sis, fer and ros. We have
not tested for raf, ets, ski, rel, fos and fms. 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 (1 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-1) 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 foci appeared and cells from these foci seemed
fo carry a similar 11 kbp EcoRI fragment. To characterize these 11 kbp EcoRI fragments,
molecular cloning of this fragment (X-1) is now underway. Morphologically transformed
373 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 Bioscience from the Ministry of Education, Science and Culture, Japan.

SUI-3. conc Db PHRGEME: FEBA Lk - E - HYRAAET). Human
Chromosome Map for c-onc: M. YOSHIDA (Chromosome Res. Unit, Fac. Sci.,
Hokkaido Univ., Sapporo)

BN DL s A TRE LEET 00, TOBBERNCEORER IR TVS. BHB
WIEREBEC BT A REaEST L LO—2ThB. BORARHEOELILHE WA, BEOLREMAN
LSHABOEE SRS X 5ok, 1970 L%, ExoRafrESrdiilEiscLoT
X 5BAORBESPEOCREC L L, ThENOERBTEY ST 2 HENRAKEE N K~ &
BRI TETHE05THS. '

—7, RNARBEY 1 L ACEET 2REEOBETF (v-one) WEL LIBET (conc) &Mk
HOEFHRCAEET L EXBH MY, 20RALBLOBRIENEORERELEE
STETWA, DX REERT (Cone) WEBA,LAMI R0 EDL L, BEDLT
2, B30 BEEEALRTS. ThHOERETIL, MEMEEYRE vy ryey ME bW
. in sity S FEBTRERERID, Hroe bk bAFEIR TS, BELE, =7 1Y
BEY A L AD—2>THS Y13 FEFD v-yes IWHRIET S cyes 0T, e MRAEKE~Dwy
VIEFoTER., FOBRLINETCRERESN o~y €V /R CE 1 R BT, W

#z1 v b EEE0 cone

i th ¢ VEEET | ek e AT
1 BLYM, NRAS, SK, SRC | 12 KRAS2
2 NMYC 13 YES4?
3 RAF1 14 FOS
4 RAF2 15 FES
5 FMS 17 ERBALI
6 KRAS2, MYB, YES2 18 YES1
7 ERBB1 19 YES3?
8 MOS, MYC ‘ 20 SRC
9 ABL 2 SIS

1t HRASI X HRAS2

Jpn. J. Human Genet.



VR T A Symposium 95

BLAHRBEORBERENRSZ LI TV I b LT, BEDOBCEERREKRELLDRS
ZLBEROLERBELATED. ki, A—Fy b Y VAE BL DBLALEETE 8
Qufatk L8 14 ReafhoiEE (1(8; 14) 3£ L, BE-BHME AR (CML) Tk Ph! (t(5: 22)) 238
BEND. HEBCY o THERNREEKEENETE O, HHVILEEOEZ 5 UM ER RN
AT ETTE DN E oY, cone ODREEEONBESCMBORETOMEL DBEEMENLR
BLTLBZELX>T, BEOROARE LI OMBEIEOEERL N2 L LOBEIALIEWIEHED
Mo TEi. Tibd, BORGKRER, ChoBEETFEHE» (W RABM£THLH, b
CEEYEI LTWAENETOLGCEERETORMITFET LI EXbhoTELDOTHS.

BEERE L IERETE O EELL SV T - L S BIRAEATHEDE, A—Fvy b V&
(BL) T»%. BL DEREMBREMARE L LTILB; 14 REAENTHBH, B t2;8) HB v
W t(8: 22) b 5. No. 8 Befafk DEEEIAICIL c-mye (MYC) SBEF LB L, nos. 14, 2,22 0iF
S aE s e 7Y vBBEFREEL, BERLY, omyc BETHRE S v 7Y VEETERER
NEELTWBZ Edlblole, cnye BERAE SR T Y VEBETRELEE T LicL D, 2
re:VEBOBD B Em v AV OB TEOE LR oI EEL DR TS, F
BRzER, =YARLSy MEEAEECE N TIMbRT V5.

FUoBEE LT, BEBHESOFCAR bRE Pht Lafk ((9; 22)) DHER KT 5 no. 9 LD
c-abl 73 n0. 22 ~ABE)LEIES v 7Y VEETHEHEANDER, X no. 22 ko c-sis © no. 9 D
R, ¥, BIEEkAREO (155 17) KRS cfes © no. 17 ~OEBLR IR MbRTHW5. &
@ no. 17 DYIWIE AL c-erbA EFEL T W 5.

FD4l, ceonc kYA O—BI D WTIL, ofms, c-myh, c-mos, c-yes] fo P o THRbRA.

—7F, BEHRCRTIREARETOVTIRETRED bl 4,000 I WEC OV TH 3
&, 200 Dl EoREERERALREN, FOEEEEOUMEIH 70 BITEbhs L vbi T
5. ThABLOREBEBILORELE c-onc &L D1k BT, SEB LWL cone D=y B
BT DI ORTH LM - T B33 DL Bbh 5.

S II-4. Human T-Celll leukemia Virus & A T AN : SEXE (BHESE
BP). Recent Advances in Molecular Biclogy of the Human T-Cell Leukemia Virus
(HTLV): M. YOSHIDA (Dept. Viral Onc., Cancer Institute, Tokyo)

SHEE, VR UANRADSTHREGENHEIZEEE LSEHF L. V1LV ADEBRETFOREEHE
EHL, ThAEEMEBEARTH Y, SoEPELELLREESRCELEETT, EFRET
BELOBEZRLLTVREBT THHIEAE, RALEERZERY LD L. Z0OBE Mk
FOBERFEFENI2BETORE L 2O/ MBLEHB LS 2L w5 BFE-BEERITE
TEHRERETACED, ThRBExLTHShooR5 L 5BbIs. ThbDEL OWRLE
OV IRIANADHRICLEZ b2 EL DL, © rOBCHEETS Ve Y4 LADOREL L
D, BETLBLOBRIAESE L M T EITELLOLEEIS.

HAOHEEMFCERREET2RATHREEME (ATL) 2bbhbhick hoEhice by b
v 7 A A (ATLV, B7ecin HILY) OB, DX 5 hERYE- w3 L, ¥ ATL oFbf
EBERCEBRCX AR LS. bhbhll, 7 e— b3 hic Y4 A RBETFOEER A R
L, MENEERTEH AWV e AV ATHBEI XML THEART, ZovALA
CHARERT pX 2FHoc L vk Lic. FREAROHEBEHACREELTWE YA LAER, &
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Y TERRICRET 2V AL ALAUTH S L Wb Lic. Ebic ATL B0 [ T
AR ERIY 4 A DNA 248352 Lick b, HILV 13 ATL OFEY A LA THBE L
ERTZENTER. LL, YALABETOELIA TR LM DNA LoBinii—gokak
i%7s <, promoter insertion, J7gdb, AR E NI Y 1 4 AEET O cis-action & X % MiIFa D&
GFOBEEITS VLS RL MO ENE bt oot ZOKE, VAL ARETFOELIEAL,
THIERRAC T ORILCEET 2 TR R Sh AR Eo . AV VES Y ATR, AR<7F
FREIOCAKBEACHEELE DNA LI EDhLEH, ThbOHETR VYA A ABHOR
B BIOTROOME & CRBRLCEET 5 L E 2 bhb pX BETENORERETOR
AL oW THEIE L.
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