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Significance of Cancer Cytogenetics

Amveta o wejst slnatma
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A finding of importance in the understanding of
cancer biology was presented in 1914 by Theoder
Boveri in his famous book “on the problem of the
origin of malignant tumors”. According to Boveri's
hypothesis, chromosome abnormalities were the cel-
lular changes causing the transition from normal to
malignant proliferation in a single cell.

The main hypothesis in Boveri’s reasoning could
not be tested. Technical difficulties prevented relia-
ble visualization of mammalian chromosome in both
normal and malignant conditions throughout the en-
tire first half of the 20th century.

In modern period, the many methodological imp-
rovenments ushered in a period wide expansion in
human cytogenetics, culminating in the description
of the correct chromosome number of man in 1956
by Tjio and Levan.

Around these period, two important technical imp-
rovements were done; the first was the finding that
phytohemagglutinin(PHA) had a mitogenic effect on
lymphocytes (Nowell 1960) and the second was the
using of hypotonic solution before cell fixation and
of colchicine treatment for metaphase fixation of the
cells (Levan and Hsu 1959).

The first spectacular success of cancer cytogenetics
came from Nowell and Hungerford in 1960.

They discovered a small karyotypic marker, the
philadelphia (Ph') chromosome in patients with ch-
ronic myeloid leukemia(CML). This was the first
consistent chromosome abnormality in a human can-
cer, and the discovery seemed to provide conclusive
verification of Boveri's idea.

Although their discovery greatly stimulated inte-
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rest in cancer cytogenetics, the significance attributed
to the Ph! chromosome changed with some reasons,
and indeed the very uniqueness of the marker came
to be regarded as a perplexing oddity.

The introduction of chromosome banding techni-
ques by Casspersson and Coworkers in 1970 comple-
tely revolutionized cytogenetic analysis. By their im-
provement banding technique, Rowley confirmed that
Ph chromosome was not a single deletion of chromo-
some 22 but a translocation type with chromosome
9 and chromosome 22 in 1973. Each chromosome
could now be precisely identified on the basis of
its unique banding pattern.

Nowadays, the karyotypic abnormalities in tumors
seemed to be of two kinds: nonrandom changes pre-
ferentially involving specific chromosomes, often
characteristic numberical or structural aberrations,
and a frequently more massive random or backg-
round variation affecting all chromosomes equally.
However, little progress was made in cancer cytoge-
netics now.

Meanwhile, the advent of molecular genetic tech-
niques{Mitelman 1984), in particular during the 1980
s, combined with rapid progress in other area of cell
and tumor biology, has further dramatically widened
our understanding of the molecular mechanisms im-
plicated in neoplastic initiation and progression. Cy-
togenetics and molecular genetics have converged
to yield qualitiatively improved information on the
genetic changes in malignancies.

It is both a clinical tool with which important infor-
mation can be gained about individual patients and

a methodology of value in basic cancer research.
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Tumor DNA Content Analysis by Flow Cytometry

Carl T Wittwer, MD, PhD University of Utah
Slat Lake City, UT USA

DNA content flow cytometry is a useful diagnostic
and prognostic tool(1, 2). Both proliferative activity(cell
cycle analysis) and the presence of abnormal amounts
of DNA(DNA content aneuploidy) often correlate with
tumor stage, histolotic grade, and prognosis(3, 4). In
some tumors, DNA content analysis provides indepen-
dent prognostic information not obtainable by other
means. Archival paraffin-embedded material can be
analyzed(5), making large retrospective studies possi-
ble. The DNA content of individual nuclei is stoichio-
metrically stained with a fluorescent dye and thousands
of cells analyzed in seconds. In this seminar, basic flow
cytometry theory and an overview of tumor DNA con-

tent analysis will be presented.
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(Involvement of MHC Antigens in Tumor Immunity)
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(Animal Models for the Study of Chemical Carcinogenesis)
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Target Species Agents Tumor type
Mouse, rat Nitrosamines, alkylating agents, Squamous cell and basal
aromatic amines, PAH cell carcinomas
Skin Hamster, DMBA Melanoma
guinea pig
Liver Mouse, rat Nitrosamines, aromatic amines, Hepatocellular carcinoma,
vinyl chloride, PAH angiosarcoma
Lung Mouse, rat, Nitrosamines, asbestora, PAH Adeno and squamous cell
hamster, dog carcinoma, mesothelioma
Breast Mouse, rat, NMU, aromatic amines, DMBA Adenocarcinoma
dog
Colon Mouse, rat Nitrosamines, DMH Adenocarcinoma
Pancreas Rat, hamster, Azaserine, nitrosamines Adenocarcinoma,
guinea pig ductal carcinoma
Bladder Mouse, rat, Aromatic amines, Urothelial carcinoma

hamster

nitrosamines
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Inhibition of Aflatoxin Induced Hepatocarcinogenesis by
Antioxidant, BHA

ARysta At Wsstaa

X| € H(Eun-Chung Jhee)

Aflatoxin which is widely distributed in the human
food supply is extremely potent animal toxins and
1s welknown hepatocarcinogen. Primary liver cancer
is not prevalent form of cancer in western countries,

however, there are certain geographical area where

the incidence is significantly elavated, namely sou-
theast Asia, China, southeastern India and subsaha-
ran Africa, where temperature and humidity would
favor contramination of human food stuffs. Epide-

miological study has revealed the incidence of liver
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cancer in these areas was a linear function of the
log of dietary aflatoxin intake.

Using aflatoxin binding to DNA as an indicator
of hepatocarcinogenesis of aflatoxin, the effect of an-
tioxidant,2(3) -tert-butyl-4-hydroxyanisole (BHA)
pretreatment was examined to see how this antioxi-
dant modulate the aflatoxin-DNA binding in hepato-
subcllular fractions, both in isolated hepatocytes and
in intact animals.

There were no significant differences either in mi-
crosomal cytochrome P-450 content or microsome-
mediated AFB; binding to exogenous DNA with cyto-
chrome P-450 from control or BHA treated rats but
there were large differences in GSH S-transferase
activity with treated cytosols showing 100% higher
activity than the controls. Kinetics of cytosolic inhibi-
tion of microsome-mediated AFB;-DNA binding and
formation of AFB-SG conjugate indicated that the
inhibition of AFB,-DNA binding was greater with cy-
tosols from BHA treated compared to the controls

with the concomitant formation of AFB,-SG conju-

gate. Reconstitution studies with intact nuclei, micro-
somes and cytosol indicated more AFB,;-DNA binding
with the control than with BHA-treated animals.

In isolated hepatocyte system, at various concent-
rations of AFB,(33nM, 2uM, and 10uM), AFB;-DNA
binding in BHA treated hepatocytes was 17—35%
of controls whereas thiol conjugation was 4—9 fold
higher in the treated than in control hepatocytes.
Addition of ImM styrene oxide caused 75— 100%
and and 4—8 fold increase in AFB,-DNA binding
in control and treated hepatocytes respectively with
corresponding decreases in thiol conjugation. In in-
tact rats BHA treatment reduced hepatic AFB;-DNA
binding to 15% controls with concomitant increase
in biliary excretion of AFB;-SG conjugate. These re-
sults indicate that the induced cysolic GSH S-transfe-
rases after BHA treatment of rats play a significant
role in injibiting hepatic AFB;-DNA binding and AFE,
hepatocarcinogenesis by inactivation of the reactive
AFB-epoxide.
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Transforming Gene in Radiation Carcinogenesis In Vitro
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The biological ettects of radiations are caused by
the absorption of the radiation energy in cells and
tissues. The absorption of thermal radiation energy
can cause a detectable rise in body temperature as
ionizing radiation composed of photons(X-and r-
rays) or particles(electrons, neutrons, protons, etc)
has sufficient energy to cause ionization, that is, to
remove orbitalelec otrons from the atoms of the ma-
terial through whch the radiation is travelling. The
most of the rediation eriergy will be involved in ioni-
zation and excitation of water molecules, because
the mammalian tissue is 70~90 percent water. This
radiation splitting of water produces chemical species

FATL PAYBEY

known as free radicals and these are primarily respo-
nsible for biochemical and ultimately, the biological
harmfulness of ionizing radiation®.

The response of a tissue to radiation is the sum-
mation of the sublethal and the lethal damage its
cell sustain coupled with their capacity to repair such
damage. Radiation-induced cell lethality is probably
to severe DNA damage such as rearrangement and
loss of chromosomal material. Radiation is also able
to induce sublethal gene and chromosomal mutations
and the increase in such damage is the basis of its
herediatary effect. Similar mutations induced in so-
matic cells probably form the basis of radiation carci-
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nogenesis. The somatic mutation theory of cancer
suggest that the DNA of a cell becomoes altered
or mutated so that its information content is changed.
In particular, recent advances in molecular biology
involving cellular transforming genes have enormou-
sly strengthened the theory that most cancers have
a mutational origin. But carcinogenesis is probably
a two-stage process consisting of an initiation and
promotion step and a recent hypothesis has sugges-
ted that mutagenesis is resporsible for the initision
phase and an epigenetic mechanism is the basis of
the reversible promotiion step. Information on radia-
tion-induced mutations in somatic cells is rudimen-
tary. There is even less knowledge of the molecular
lesions induced by radistion that transform a normal
cell into a cancer cell; suffice to say that radiation
seems to act as a complete carcinogen, i, e, it is both
an initistor and a promoter?’.

The potential of radiation to induce tumors in vivo
is well recognized, but the molecular mechanisms
are poorly understood. Cell cultures provide power-
ful models for investigation the process of radiation-
induced malignant transformation under conditions
free from host-mediated effects. To examine how
radiation can transform the cells, we have use CSH
mouse embryo-derived 10T1/2 cell lines which offer
several advantages like high PE and high-density
cultures over other in vitro radiation transformation
systems. In transformation experiments, the irradia-

ted cells are seeded at low density in multiple, repli-

cats dishes. After 10~14 days during which time
the cells multiply to confluent phase, maintenance
for 5 weeks allow foci of morphologically transformed
cells to appear. The frequency of transformation is
independent of initial cell density, instead there are
the same number of transformed foci in each dish.
An increased trasformation frequencies occurred
with doses of up to 600 rads of x-radiation. Three
different types of morphologically altered foci were

observed in irradiated cultures. Cells comprising
both type 2 and 8 foci showed marked increases in
N/C ratios with marked variations in the staining
propertied and they were scored as transformants.
No transformants occurred in unirradiated control
cultures.” When a phorbol ester promoting agent,
12-0-tetradecanoyl phorbol-13-acetate, are added in
complete media throughout the experiments, trans-
formations are enhanced. Amphotericin B are exami-
ned about its suppressive effects by the same proce-
dures. DNAs form three kinds of cells are transfeced
into C3H 10T1/2 cells transmitting their phenotype.
Treatment of the DNA with restriction endonuclea-
ses prior to transfection indicates that the same tran-
sforming genes are present in each of the transfor-
med cells. RNA dot blot analysis using myc, Ha-ras,
fps oncogene probes is also done. These works are
undertaken to establish whether mammalian cells
transformed in vitro by x-i, rrdiation into malignant
cells contain detectable transforming genes is their
DNA and now the oncogenic sequences that arose

in the cells are to be identified*.
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Expression of Insulin-Like Growth Factor II(IGF-1I) in
Hepatocellular Carcinoma

Genetic Engineering Center, KAIST.

LEE, YOUNG IK

Insulin like growth factor IT(IGF-II) is a highly
mitogenic fetal growth factor suspected of regulating
the growth of wide spectrum of tissues via an autoc-
rine or paracrrine mode of action or both. The IGF-
II gone is located on chromosome 11p15 and is tran-
scriptionally activated in Wilm’s tumurs.

High steady-state level of IGF-TT RNA were detec-
ted in many of hepatocellular carcinomas{ HCCs) ari-
sing from woodchuck livers with persistent wood-
chuck hepatilis virus(WHY) infection. Integrated

WHV DNA and viral DNA replicating forms were
present in WC HCCs,

The chromosomal mapping of Host-virus junction
region shows that there were gross host chromoso-
mal changes in HCC. Proliferation of a population
of oval cells, which arise from portal tract regions
in the liver, proceded the development of HCC and
was prominant feature of livers from which tumors

with high levels of IGF-1I occurred.

Oncogenes and Their Expression in Human Cancer

Hiroshi shiku, MD Professor,

Department of Oncology Nagasaki University School of Medicine 12— 4 Sakamoto-machi

Cellular oncogenes originally identified as viral on-
cogenes with transforming activities in experimental
animals are now activation of these genes is often
observed in various human tumors by analyzing their
DNA and RNA with the corresponding molecular
probes. A variety of mechanisms result in either the
increased production of normal gene products of the
production of aberrant gene products. These may
include gene amplification, translocation, mutation,
and rearrangement. Gene products thus abnormally
expressed in a cells may eventually lead to the estah-
lishment of cancer. Under the physiological condition,
however, levels of their transcripts and products are
also known to vary depending on the cell growth
and differentiation.

These general backgrounds prompted us to dissect

detailed profiles of oncogene expression at the cellu-

lar levels. We analyzed expression of 12 oncogenes
in 43 cases of non-Hodgkin's lvmphoma(NHL) and
in 11 cases of non-malignant lymphoid tissues by
means of in situ hybridization. Biotinylated DNA pro-
bes were utilized. Three nuclear related oncogenes,
fos, myc and myb, and two src related oncogenes,
abl and mos were expressed in about 70—80% of
NHL cases. Three ras, and two other src related
genes, erbB and src, were expressed in more limited
numbers of NHL ranging from 9% to 50%. There
was no NHL case positive for fps or yes expression,
All oncogenes were diffusely expressed, whenever
a positive reaction was observed, in virtually all cells
with no particular localization indicating the constitu-
tive expression of oncogenes. Expression of these
oncogenes was much less frequent in nonmalignant

lymphoid tissues. No particular close association bet-
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ween oncogene expression and histopathologic clas-
sification of lymphomas was observed. Expression
of Ki-ras genes in NHL, however, may have some
significance for determining prognosis of NHL.

I will also present our data on c-ras mutations
observed in various human cancers such as gastro-
intestinal cancer, pancreas cancer, ladder cancer, kid-

ney cancer and NHL.



