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Human Biomonitoring to Carcinogen Exposure—An Overview

Dr. R. C. Garner

Jack Birch Unit for Environmental Carcinogenesis, Department of Biology,
University of York, Heslington, York YO1 5DD,
United Kingdom

Classically, agents that cause human cancer have been identified either through an alert
clinician noticing clusters of cancer cases as with bladder cancer and the dyestuffs industry,
or as the result of epidemiological studies which examine the links between a particular ex-
posure and disease incidence as with cigarette smoking and lung cancers. This approach has
been able to link some forty different chemical exposures and human cancer but we still do
not know for the majority of cancers what are the causative agents. We see on the one
hand, human exposures to a vast number of chemical mutagens, both natural and man made
and on the other hand a great deal of difficulty linking these exposures with cancer incidence.
Even more baffling is the large number of chemicals that cause cancer in experimental animals
and for which there is no evidence of human carcinogenicity. One could take the view that
all these chemicals are potential human carcinogens and thus all must be regulated or the
more scientific view that if we could understand mechanisms and species differences we could
make more rational decisions.

The aim of human biomonitoring is to provide a mechanistic link between classical epi-
demiological studies and molecular biology. We know a great deal about mechanisms of
carcinogenesis in an experimental situation, but very little about what goes on in man. In
my view the aim of human biomonitoring is to identify cancer risk factors at a molecular
level and hence establish which exposures are important and which less so. How can we
determine the relevance to man of the potent carcinogenicity of dioxin in mice or the induction
of rodent liver cancers induced by the peroxisome proliferators?

Mechanistically we would like to relate DNA damage (adducts) to a molecular event
(mutation) with the subsequent biological effect (cancer). The level of DNA damage will be
determined by host factors such as repair rates, metabolic activation and detoxification proc-
esses, distribution of adducts in the genome, neighbouring base effects etc etc. In the human
situation one cannot easily remove samples of target organs for analysis and therefore surro-
gate dose monitors of exposure need to be identified. These will need calibrating and relating
to target and non-target tissues. In addition studies over time will need to be preformed.
A single analysis will only provide a snapshot of the overall process. Do steady state levels
apply to the physico-chemical or biological end-points?

This workshop is intended to examine effects at the DNA level in man using some of
the more sensitive methods now becoming available. These include (1) the use of antibodies
and physicochemical procedures to measure DNA damage at 1 adduct/10® nucleic acid bases
to (2) protein adduct measurements able to detect picograms of adduct to (3) measuring mu-
tations at the 1/10° level biologically to (4) measuring DNA base changes at the 1/10° nucleic
acid bases. Finally how these type of measurements will be incorporated into properly con-
structed epidemiological studies will also be presented.
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The Use of Mass Spectroscopic Methods for Human
Carcinogen Adduct Analysis

P. B. Farmer

MRC Toxicology Unit, Woodmansterne Road,
Carshalton, Surrey SMS5 4EF, UK

In vivo exposure to alkylating carcinogens may be monitored by measurement of the
covalently bound adducts that these compounds form with nucleophilic sites in nucleic acids
and proteins. The analytical methods required to detect these adducts have to be of excep-
tional sensitivity. One technique which is applicable is mass spectrometry (MS) which can
detect and quantify ions derived from the adduct molecule at low pg (107! g) levels per sample.

DNA adducts may be monitored by gas chromatography (GC)-MS of DNA repair products,
such as N-7-alkylated guanines or N-3-alkylated adenines, that are excreted in urine. Alter-
natively DNA may be isolated from, for example, lymphocytes or placenta, and chemically
hydrolysed to release carcinogen residues, which may be extracted and analysed by GC-MS.
This latter procedure is especially appropriate for polycyclic aromatic hydrocarbon adducts.

Protein adducts are generally analysed using haemoglobin (Hb). Since, for a variety of
compounds, the extent of Hb-adduct formation relates quantitatively with that of DNA-
adducts, measurement of the former indicates the biologically-effective dose of the compound
received. Monitoring procedures have been developed using capillary GC-MS for determining
exposure to several carcinogens (e.g. methylating, ethylating, hydroxyethylating, hydroxy-
propylating agents) through determination of their adducts with cysteine and histidine in Hb.

Adducts at the N-terminal valine of hemoglobin may be determined by GC-MS measure-
ments of pentafluorophenylthiohydantoin derivatives prepared by a modified Edman degradation
procedure. This procedure has been used for example to measure N-hydroxyethylvaline in
Hb of smokers, of workers exposed to ethylene oxide and of cancer patients treated with
chloroethylnitrosoureas. Exposure to aromatic amines results in the formation of sulphinamide
adducts with cysteine residues in hemoglobin which may be determined by GC-MS following
hydrolysis to the free amines.

Examples of the application of all of these adduct measuring techniques to human samples
will be presented.

Human and Experimental Biomonitoring using **P-Postlabelling

D. H. Phillips
Haddow Laboratories, Institute of Cancer Research, Sutton, UK

As many chemical carcinogens exert their biological effects through the formation of
chemically-stable covalent bonds with cellular DNA, the detection of these DNA modifications
(adducts) in human DNA can provide evidence of prior exposure to environmental or occu-
pational carcinogens and lead, through characterisation of the adducts. to the identification of
previously unknown human carcinogens. Additionally, molecular dosimetry of DNA adducts
in human tissues can provide data essential to reliable quantitative risk assessment of exposure
to known carcinogens.
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32P_Postlabelling analysis involves the following steps: a sample of DNA that contains
adducts is digested enzymically to deoxyribonucleoside 3’-monophosphates by micrococcal
nuclease and spleen phosphodiesterase. The DNA digest is then incubated with [r-**P]JATP in
the presence of T4 polynucleotide kinase to yield [5/-**P]deoxyribonucleoside 3’,5’-bisphosphates.
The 32P-labelled adducts are then separated from the normal nucleotides and resolved chroma-
tographically and detected by monitoring their radioactive decay. Depending on the type of
DNA damage under investigation, various enhancement procedures can be employed that allow
adducts to be detected in microgram quantities of DNA at frequencies as low as 1 adduct/10°
nucleotides. It can be applied to the detection of adducts varying from those formed by small
aliphatic compounds to bulky aromatics. The method does not require prior characterisation
of an adduct in order to detect it, and is readily applicable to the study of DNA adduct
forming ability of complex mixtures.

Studies on the presence of DNA adducts in the human respiratory tract have shown a
strong correlation with exposure to tobacco smoke. Similarly, **P-postlabelling analysis of
DNA from white blood cells of workers occupationally exposed to carcinogenic polycyclic
aromatic hydrocarbons in iron foundries, coke oven plants and aluminium production plants
have revealed elevated levels of DNA damage compared to levels in unexposed controls.

Selected references

Phillips, Modern methods of DNA adduct determination. In: Chemical Carcinogenesis and Mutagenesis
I, Cooper, C.S. and Grover, P. L., eds., Berlin, Springer-Verlag, pp. 503-546 (1990).

Hemminki et al., DNA adducts in humans environmentally exposed to aromatic compounds in an
industrial area of Poland. Carcinogenesis, 11, 1229-1231 (1990).

Phillips et al., Influence of cigarette smoking on the levels of DNA adducts in human bronchial
epithelium and white blood cells. Int. J. Cancer, 46, 569-575 (1990).

Schoket et al., **P-Postlabelling detection of aromatic DNA adducts in peripheral blood lymphocytes
from aluminium production plant workers. Mutation Res., 260, 89-98 (1991).

The Use of Immunological Methods for DNA Adduct Analysis

Dr. R. C. Garner

The Jack Birch Unit for Environmental Carcinogenesis, Dept of
Biology, University of York, Heslington, York YO1 5DD, UK

The majority of human organic chemical carcinogens are thought to exert their biological
effects through interaction with DNA. These interaction products, known as DNA adducts,
are likely to be the pre-mutagenic lesions which give rise to base-pair substitution or deletion
mutations. Much research has been spent chemically characterising these interaction products,
establishing what metabolic transformation processes are involved in their formation and what
cellular events are associated with their processing. In addition, experimental studies have
looked at the biological consequences of carcinogen-nucleic acid base interactions, such as
mispairing, alteration in helical structure, neighbouring base effects, etc. In an experimental
situation, such studies can be performed because radiolabelled carcinogens can be used. In a
human situation this is not possible and, therefore, methods need to be devised which enable
one to examine numbers of adducts down to the level of 10°-10'° nucleic acid bases.

Immunoassay is known to be one of the most sensitive methods for measuring analytes
at low concentration. Immunoassay is commonly used in clinical chemistry; it is much less
used in the field of DNA adduct analysis. This stems partly from the difficulty in raising
antibodies to adducts and partly through the suspicion that antibody methods are unreliable.
To generate antibodies, either polyclonal or monoclonal, thought should be given as to the
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type of adduct it is wished to analyse and in what situation, ie in the test tube, on isolated
purified DNA or in tissue sections using immunohistochemistry. Qur laboratory has concen-
trated over the years on using a rabbit polyclonal antibody against benzo(a)pyrene-diol-epoxide-
DNA and a mouse monoclonal antibody against aflatoxin for aflatoxin-adduct characterisation.

For immunoassay, attention needs to be paid as to whether it is desired to measure a
variety of adducts of related structure, eg polycyclic aromatic hydrocarbon adducts, or a single
adduct such as that produced by aflatoxin. In other words, is one looking for a class-specific
antibody, or one that recognises a single adduct? We have used the antibodies that we have
generated in a number of ways: (1) conventionally for immunoassay—here one takes isolated,
purified DNA and performs a classical competitive inhibitor ELISA; (2) binding the anti-adduct
antibodies to a solid support to make immunoaffinity columns: adducts are concentrated by
application to the immunoaffinity column and subsequently eluted for analysis by immunoassay
or **P-postlabelling; (3) a novel approach in which DNA containing adduct is co-incubated
with anti-adduct antibodies: the bound antibodies protect the DNA around the adduct from
digestion with nucleases—the resulting protected oligonucleotides can then be end-labelled with
32P-ATP and polynucleotide kinase, run out on agarose gels and visualised by autoradiography.
Protected DNA sequences therefore certain adducts.

The above approaches can be used for studies of DNA adducts in human tissues from
autopsy, surgical or biopsy specimens. They can be used in case-control studies or other
epidemiological programmes to examine exposures and DNA adduct levels. Immunological
methods will be reviewed and data presented showing their utility in human biomonitoring.

Reference

Human carcinogen exposure-biomonitoring and risk assessment (1991), eds Garner, R.C., Farmer,
P.B., Steel, G.S. and Wright, A.S. IRL Press, Oxford, United Kingdom.

Biomonitoring: Genetic Endpoints

C.F. Arlett

MRC Cell Mutation Unit, University of Sussex
Falmer, Brighton BN1 9RR, UK

Blood-derived cells are the obvious choice for human population monitoring using genetic
endpoints. T-lymphocytes can now be cloned reliably and with high efficiency. This has
made it possible to measure their mutant frequency to 6-thioguanine resistance which is a
consequence of loss of or alteration in the gene coding for the enzyme hypoxanthine/guanine
phosphoribosyltransferase. Since the gene is recessive and X-linked and subject to inactivation
in females, all members of the population are informative. This system has been studied in
enough detail to give us some indication of the complexity of population monitoring. The
major features of the system are (i) that there is an age-related response; (ii) smoking (in our
hands) has a profound influence on mutant frequency giving a 30-40% enhancement over
age-matched controls; (iii) blood from DNA repair defective, cancer-prone, individuals with
xeroderma pigmentosum or ataxia-telangiectasia show elevated mutant frequencies, The system
can be used to monitor populations exposed to hazardous working environments, but the
effect of smoking habit is so substantial that it is likely to obliterate anything but the most
dramatic effects unless compensated for by a rigorous experimental design.

Because of the ability to grow the cells in culture, molecular analysis of the mutants is
practicable. By using probes for the T-cell receptor markers alpha, beta and gamma chains
together with other rearrangements, it is now possible to determine the time at which a par-
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ticular mutant was induced during haematopoesis and whether clonal expansion has occurred.
The HLA-A locus has also been suggested as a potentially useful system but it is only relevant
to those individuals heterozygous for the locus.

Two erythrocyte based systems are available, but should be regarded as methods for de-
tecting variants rather than mutants, since such cells cannot be propagated. The glycophorin
A locus depends upon the co-dominant expression of alleles on chromosome 4 and the
glycophorin loss assay utilizes antibodies for the different allelic forms in heterozygotes. It is
thus not of universal applicability. A second system, using monoclonal antibodies to detect
variant haemoglobin A, can be used in all individuals but it requires an extremely sophisticated
computer-based image analysis scoring system, and it is unlikely to be used widely.

Molecular Methods for Detecting Mutations for
Population Monitoring

A.R. Lehmann

MRC Cell Mutation Unit, University of Sussex
Falmer, Brighton BN1 9RR, UK

Circulating lymphocytes in humans contain cells mutated at the #&prr locus. The hAprt
mutant frequency is age-dependent, increasing at about 1.3% per year. These mutants are
detected by their resistance to the toxic analogue, 6-thioguanine. Exposure of a population
to an environmental mutagen/carcinogen will result in an increase in the frequency of Aprt
fnutants. Mutants are selected and expanded in the presence of 6-thioguanine and further
information on the nature of the mutations can be gained by identification of the mutation
at the nucleotide sequence level. RNA is extracted from a mutant clone and reverse tran-
scribed into cDNA. The Aiprt cDNA is then specifically amplified using the polymerase chain
reaction (PCR) with oligonucleotide primers flanking the Aprt gene. The amplified cDNA is
sequenced directly and compared with non-mutant cDNA to determine the base-change mutation
in the mutant cells. This information may help to identify the causative environmental
mutagen.

All existing mutation systems entail selection and outgrowth of the mutant population
(eg. in the presence of 6-thioguanine in the case of hprt mutants). In order to avoid this
step, we are trying to devise molecular methods to detect mutations at the DNA level with-
o.ut the need for selection. The technique we are using is termed the restriction site muta-
tion method. The mutation target is a sequence at the cutting site for a restriction enzyme.
A.mutation in this sequence will prevent the restriction enzyme from cutting the DNA at
this site. In order to detect such a mutation in a large population of wild-type DNA, DNA
from the total population of cells is first digested exhaustively with the restriction enzyme.
In principle only mutant DNA should survive this treatment. This DNA is then amplified
using PCR with primers flanking the DNA restriction site. Wild-type DNA which has been
cut at the restriction site will not be amplified. Only DNA which has not been cut can be
amplified. The amplified mutant DNA is characterised and quantified.
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Molecular Epidemiology

D. Coggan

MRC Environmental Epidemiology Unit, University of Southampton,
Southampton General Hospital, Southampton SO9 4XY

Much of epidemiology is concerned with assessing statistical associations between diseases
and their known or suspected causes. For ethical reasons, most studies are observational rather
than experimental. They are therefore liable to confounding effects. For example, an observed
association between lung cancer and occupation might be confounded by differences in smoking
habits between occupations.

Associations between exposure and disease may be assessed at the level of populations (eg
geographical correlations) or at the level of individuals, (cohort studies, case-control studies).
In a cohort study, individuals exposed to a known or suspected hazard are followed over time,
and their disease incidence is compared with that of controls who are unexposed or exposed
at a lower level. In a case-control study, cases of a disease are identified, and their past ex-
posure to known or suspected causes is compared with that of controls who do not have the
disease.

There are various ways in which biomonitoring of carcinogens might be applied using
these study designs.

1) It could provide better measures of exposure to carcinogens, leading to more reliable estimates

of risk.

2) It might allow the identification of people unusually susceptible to an environmental ex-
posure (for example, because of metabolic differences).

3) It might help in assessing the causality of an observed association (for example, by demon-
strating that a carcinogen causes genetic damage in the suspected target tissue).

4) It could provide intermediate measures of outcome that can be assessed after a shorter
latency from exposure than overt cancer.
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Impression of the First Anglo-Japanese Workshop
on Human Biomonitoring — Okayama, Japan,

11-12 May, 1992

The inter-relationship between the environ-
ment and cancer makes studies in this re-
search area of prime importance if the total
cancer burden is to be reduced. Compara-
tive epidemiology between countries provides
the basis for much of our understanding of
the role of the environment in cancer induc-
tion. However, there is a gap in our knowl-
edge of the comparative molecular events
that might be responsible for differences in
cancer incidence. For example, we know
that the incidence of gastric cancer is higher
in Japan than in the United Kingdom, but no
comparative studies have been performed on
the genetic alterations or the chemical DNA
interactions that might be responsible. To
attempt to encourage the development of
such comparative research a group of six
British scientists, led by Dr. Colin Garner of
the University of York, recently gave a
series of lectures and tutorials to a number
of Japanese scientists at Okayama University
on ‘Human Biomonitoring to Carcinogen Ex-
posure’. Dr. Garner gave the introductory
lecture entitled ‘Human Biomonitoring to Car-
cinogen Exposure - An Overview’, in which
he outlined the principles of ‘Human Bio-
monitoring’, particularly the importance of
such studies in establishing which environ-
mental exposures might lead to cancer induc-
tion. He also emphasized the gulf between
animal toxicology and human studies and
how human biomonitoring might help bridge
this gap.

He outlined the disadvantages of traditional
methods for detecting human carcinogens,

"R. Colin Garner, BPharm PhD MRCPath

R. Colin Garner

viz epidemiology, animal cancer tests oOr
genotoxicity assays (Table 1) and then moved
on to discuss the different methods now avail-
able for measuring DNA damage (Table 2).
One major problem for human biomonitoring
studies concerns the ability to obtain tissues
from man non-invasively, or to exploit the
use of surgical or autopsy specimens (Fig. 1).

He concluded by asking a number of ques-
tions which are key.

(1) What are the relative sensitivities of
the various biological and chemical
endpoints ?

(2) What is the relationship between DNA
and protein adducts ?

(3) What is the relationship between animal
models and man ?

(4) What is the predictive value of DNA
adducts for cancer and mutation ?

Dr. Peter Farmer (Medical Research Coun-
cil, Carshalton) discussed the use of mass
spectroscopic methods for human carcinogen
adduct analysis (Fig. 2). Both DNA and
protein adducts can be measured using this
technique (Fig. 3). Limits of sensitivity are
in the region of 107 to 1072 g. In 1ml of
blood, whilst there is in the region of 100 mg
of haemoglobin, there are only a few micro-
grams of DNA. Dr. Farmer discussed the
use of mass spectrometry to measure small
alkylated DNA adducts which had proved
difficult owing to purification procedures.
Dr. Farmer mentioned the use of immuno-
affinity concentration of benzo(a)pyrene diol
epoxide DNA adducts from human placenta
and the subsequent hydrolysis of the adduct

The Jack Birch Unit for Environmental Carcinogenesis, Department of Biology, University of York,

Heslington, York YOI 5DD, United Kingdom

— 127 —



Table 1. Detection and Identification of Human Carcinogens

METHOD

COMMENT

Environmental Epidemiology

carcinogens

Occupational
carcinogens

Animal cancer tests Poor sensitivity

Genotoxicity tests

Lacks resolving power to
discriminate between
individual contributory
factors

High versus low dose
Cell proliferation a key factor

Poor correspondence with
animal cancer tests. In vitro
versus in vivo differences
Do not detect tumour
promoters

Table 2. Detection and Identification of Human Carcinogens

DETECTION METHOD

DNA mutation

Generic procedure e.g. uvrAB protein
GC/mass spectrometry
Restriction enzyme analysis

Polymerase or ligase chain reaction
Denaturing gradient gel electrophoresis

DNA adduct— Immunoassay
%2p postlabelling
Fluorimetry

DNA base

alteration

Phenotypic selection

to release benzo(a)pyrene tetraol. The latter
molecule could be characterised by mass
spectrometry. He then went on to outline
the different methods used for haemoglobin
adduct measurement. Haemoglobin has the
potential to be adducted at cysteine, valine,
histidine, arginine or aspartic acid residues
owing to the nucleophilicity of these amino
acids. Much work had been carried out on
examination of the terminal valine residue.
In particular, studies had been performed on
agents which hydroxyethylate this amino
acid, such as fotomustine and ethylene oxide.
In the case of fotomustine, an anti-cancer
agent, when five individuals were examined,
all receiving a similar dose, one individual

had ten times the level of hydroxyethyl valine
compared with the rest. This highlights the
wide inter-individual variability that is seen
in the human population. New methods were
being developed all the time in this area
and Dr. Farmer discussed two recently-devel-
oped procedures: (1) mild alkali hydrolysis
to yield alcohols from alkylated carboxylic
acids in haemoglobin, and (2) release of
aromatic amines from haemoglobin cysteine
adducts. In the latter case examples were
given of the release of 4-aminobiphenyl,
particularly from cigarette smokers, and the
release of methylene dianiline and N-acetyl
methylene dianiline from occupationally-ex-
posed groups.
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Fig. 1. Non-invasive Targets for Human Biomonitoring.
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Fig. 2. Flow diagram for adduct measurements after carcinogen exposure.

One point that was not discussed in detail
at the meeting was the cost of this type of
analysis. Clearly it requires a dedicated mass
spectrometer and skilled personnel to run
the equipment. In my view, mass spectrom-
etry can only be used in conjunction with
cheaper procedures, particularly for large-
scale population monitoring purposes. A
stage has not yet been reached whereby mass
spectrometry can be used to quantitate ad-
ducts detected by either #2P-postlabelling or
immunoassay, owing to the greater sensitivity
of the latter two methods.

The next speaker, Dr. David Phillips (In-
stitute of Cancer Research, Sutton) discussed
the use of %2P-postlabelling methods for DNA

adduct detection. This technique is a com-
bination of biochemistry using DNA digestion
enzymes and ion exchange thin-layer chro-
matography (Fig. 4). It takes advantage of
the enzyme polynucleotide kinase, to label
the 5’-hydroxy group of a 3’-nucleotide
monophosphate with “*P-ATP. Since one
can obtain the latter chemical at very high
specific activity, the method enables DNA
adducts to be detected at the 10~° to 10-10
nucleotides. Dr. Phillips described his studies
on the use of this technique to examine
DNA adducts in the skin of mice treated
with coal tar or creosote (Fig. 5). Maximum
DNA binding occurred by 24 hours proceeded
by a rapid loss of adduct which stopped after
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Protein - Carcinogen Adduct Analysis

Fig. 3. Cleavage sites in DNA and proteins to release carcinogen moieties.

7 days. Thereafter adducts appeared to be
relatively stable with a half-life of 9-10
months.

Dr. Phillips then went on to describe stud-
ies on lymphocyte adducts in occupationally-
exposed persons, particularly foundry workers
and aluminium smelter workers (Fig. 6), as
well as the adducts seen in cigarette smokers
in tissues, such as the lung and bladder.
He mentioned the linear relationship seen,
using this technique, between cigarette smok-
ing and DNA adducts in the lung. In addi-
tion, the finding of discrete spots in human
bladder tissue from smokers and non-smokers
appeared a promising one for further study,
since these were likely to be derived from
aromatic amines.

Afer being subjected to a large mass of
information, the participants and speakers
were glad to break for lunch, relax and take
in the wonderful weather arranged by Pro-
fessor Hayatsu. Suitably refreshed, the
Workshop continued with a lecture by Dr.
Garner on ‘The use of immunological meth-
ods for DNA adduct analysis’. Dr. Garner
used two examples of this approach: (1)
studies on the human liver carcinogen, afla-
toxin B,, and (2) studies on DNA adducts
of benzo(a)pyrene. Immunological assays
can utilise either polyclonal or monoclonal

antibodies, each having their strengths and
weaknesses. In the case of aflatoxin, Dr.
Garner described a mouse monoclonal anti-
body which had been used to immunocon-
centrate and then analyse animal and human
tissues. Using this antibody, aflatoxin-DNA
adducts had been detected in human colon,
liver, pancreas, cervix and breast. High
adduct levels had been found in all these
tissues and Dr. Garner speculated on the
possibility of endogenous aflatoxin genera-
tion from Aspergillus or other aflatoxin-
producing species within the body. Anti-
bodies can be used in a variety of ways: not
only can they be used in immunoassays but
they can be used to make immunoaffinity
columns, which can be used to concentrate
antigen. Such columns had been prepared
with an anti-benzo(a)pyrene diol epoxide
DNA antibody to immunoconcentrate adducts
from human lung samples from smokers,
ex-smokers and non-smokers. The amount
of material bound varied from individual to
individual, indicating differences in DNA
adduct content which would have a bearing
on biological outcomes.

Dr. Colin Arlett (MRC Cell Mutation Unit,
Brighton) followed on to describe the meth-
ods currently available for analysing muta-
tion in blood. He mentioned there were a
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Fig. 4. Human and Experimental Biomonitoring using *:P-Postlabelling.

number of systems, including analysing for

mutation at the glycophorin A locus on
chromosome 4 and analysis for haemoglobin
A variants (Table 3). Neither of these tech-
niques is widely used. The most commonly
used method is the analysis of mutants at
the HPRT locus in T-lymphocytes, which
have been stimulated to divide in vitro. Selec-
tion is achieved using 6-thioguanine. Major

findings include the increase in mutant cells
with ageing. There appears to be a partic-
ular increase during puberty or early adoles-
cence of unknown aetiology. In addition,
increased mutant frequencies have been ob-
served in cigarette smokers (Fig. 8) and in
individuals with cancer-prone conditions,
such as ataxia telangiectasia. The mutation
system requires up to 50 ml of fresh blood
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Workers.

and is one which requires further validation
between laboratories. Dr. Arlett described
an experiment in which he was transporting
his own cells in him for a comparative study

with Dr. Akiyama (Hiroshima), using this

technique. .
Dr. Alan Lehmann (MRC Cell Mutation

Unit, Brighton) followed on by describing
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Table 3. Genetic Endpoints for Human Popula-
tion Monitoring

'A. ERYTHROCYTE BASED

[ 1. Haemoglobin variants
2. Glycophorin A variants

|B. LYMPHOCYTE BASED

1. HLA-A allele mutations
2. T-cell receptor complex (CD3/TCR alpha/beta). |

| 3. Hprtmutations.
|

how one can perform mutant analysis at the
DNA level in mutated cells, such as those
described by Dr. Arlett. He argued that the
mutational spectrum may be a characteristic
of the chemical mutagens/carcinogens to
which we are exposed. He cited the fact
that chemicals, such as aflatoxin and benzo-
(a)pyrene, give GC—-TA transversions,
whereas simple alkylating agents give GC—
AT transitions. For analysis of mutated
lymphocytes at the HPRT locus, these are ex-
panded and the mutant and the mutant gene
reverse-transcribed from messenger RNA.

ities, i.e., mutations in the intronic regions.
Dr. Lehmann then went on to describe novel
methods using a combination of restriction
enzymes and PCR to detect mutated se-
quences, without the need for prior selection.
In this procedure one is looking for 1 mu-
tant in 107 molecules. Current analysis
methods are, on the whole, still operating
at the 107° level.

The first day concluded with a lecture on
human biomonitoring from an epidemiologi-
cal viewpoint by Dr. David Coggan (Uni-
versity of Southampton). Dr. Coggan out-
lined the different epidemiological methods
that are used to detect human carcinogens.
He highlighted studies which had demon-
strated a clear gradient from metropolitan
through to urban through to rural areas.
In Table 4 the cancer incidence rates are
detailed in comparison with England and
Wales as 100 percent.

Table 4. Cancer incidence rates for metropol-
itan, urban or rural populations versus
England and Wales as 100 percent

The cDNA is amplified using the polymerase Metropolitan  Urban  Rural
chain reaction and run out on a sequencing Bronchus 111 97 83
gel. Of the mutated HPRT genes analysed Bladder 103 100 91
to date, up to 50% had splice site abnormal- Stomach 104 101 87
102 T T T T T
A A ©
o} o
g Non Smoker
o 10'F 1 A Smoker
(] ot 3
o 2
o +
X
)
L
= io® 3 .
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Age (yrs)

Fig. 7. Mutant Frequency of Normal Smoking Donors.
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Dr. Coggan then outlined a large epidemio-
logical study that had been conducted on
ethylene oxide-exposed workers (2876 individ-
uals). These were equally divided between
industrially-exposed and those exposed in
hospitals. Examination of the incidence of
leukaemia was made and 3 cases were ob-
served (expected 1.32). This highlights the
difficulty with epidemiological studies of this
nature where the effects were small. Molec-
ular epidemiology would be of great assist-
ance here in ascertaining if the level of
hydroxyethyl valine adducts in haemoglobin,
for example, would distinguish the ‘at risk’
population.

The first day was concluded by a very
convivial mixer with attendees of the Work-
shop. The British scientists were by now
becoming more familiar with Japanese food
and the use of chopsticks. Were this not the
case, they would by now be close to starva-
tion!

The second day of the Workshop consisted
of the visiting scientists giving a series of
tutorials to the participants. In my personal
view, this was not as successful as I might
have wished. The time available was prob-
ably too short and the interaction with the
tutorial group members could have been
greater. Clearly there was a reluctance to
have an open exchange of view which could
reflect not only language difficulties, but a
difference in teaching methods. In the United
Kingdom it is the usual practice for a tutor
to be asked questions by his students. Indeed,
if no questions were asked the tutor wonders
if he has either lectured poorly, or the stu-

dents have not understood the questions.
Clearly, the next Workshop should try and
concentrate on this aspect more. Neverthe-
less, this was an important way of giving
more practical information to Workshop
participants.

What are my concluding thoughts on the
Workshop ? It was a long time in the plan-
ning process and was essentially over in two
days. The next Workshop needs to be longer
and must include contributions not only from
Britain but also Japan. Comparative molec-
ular epidemiology between our two countries
needs to be commenced. Nevertheless, we
found our visit to be most productive giving
us insights into research in this area in Japan.
Our hosts were extremely generous and we
all wish to visit Japan again. In particular
we would like to thank Professor Hayatsu
(Okayama University) and Dr. Fujiki (National
Cancer Center, Tokyo) for their assistance
in making this Workshop possible and to
also extend our thanks to the following
SpONsors.

The Japan Environmental Mutagen Society
Okayama University (Faculty of Pharmaceu-
tical Sciences & Gene Research Centre)

The Great Britain-Sasakawa Foundation

Olympus Optical Co., Ltd.

Chugai Boyeki Co., Ltd.

The British Council (Japan)

The Daiwa Anglo-Japanese Foundation
(London)

The Association for International Cancer
Research (Scotland)

14 July, 1992
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TENTE Do FMBRET Ay 70703
DEV SRR T TH Do —E~MTY F—
<h e o THFE, HEIWSDTETES D
T, HPFIHBICEA L CEEN R ERD &
BT TE 5,
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3. MEDHE

DNA %#HNAFICTUELCLDOEEHREL L
TS HEL, HEOMHMELER L THRE T
BHEND Bo RIBETRRENMEC LS DT,
7 7 e —F LGk Eo T, FERTHLERS
Bo HBEILD D LDINEDOREER % LEM
B, BB ERY O REME 2 FERO
T, ECIEER L S WRHInE S B B o
REMEDTOHER, vviE7AL7 3 v
a7 Ar 7T v, F—F—1Y vy}
7= vt EEHB IR THRET S EOEANX
WML, BRI A HRCIoTESD
T, FHEITER - FURNEARET X5 & 7R
IR eBDT, LERIEZAR—-Y—%Ah
5T &Y B Ho Dr. Garner p»3 Aflatoxin BI 12
ST aHiEEOL bk B, BA—HThi
D 15~20 HFr AR—H—Tc LTRSS IE, &
BRI I W I BR LN TEEV 5,

o AT

4. HEORR

AR OFIFR, —BHsd DT B, 1
kD % 14 2 — 33 E Non-competitive ELISA ¢
T=X—T5o PEVRABEC S IeDLITESE
HCEE LR L, hohrldwrsv=r s
V— MK oD TR E, BRMELFERIER
B TNV 73 A7 72 —EhXnForF—¥
AEE SR RIET X - T, I3 O FiEA
BIRDDHDTH Do FUEflir+oicichiE, i
Lo/ 57y, MBMACXs~17
) F—=<DfEBAN L[5,

itk L hich, BRILAY L DRERIGH %
TEAEFETCTAR TR DERD Do HREM
PEETIE, HAYET% DNA fHinfko & % #
RCERT S 2 ENTE, W ER IO
FhuE, TheFIR L T—EoREO B Ui
ik L dTHRETHZ LB TE S,

5. REFHERE

Pk e FIR LI REENERRCII Sk
P003H D, TRENRCRTEREZSE->TW5
DT, BTG CTHEWSY T3 DE B D Tl
BHBH—DDFECHE LT BHUER, FlOEEE

IR E WS Z &b B Bo

@ ELISA

k& IEL Hbh T Bo FIHOHMEL EiC i
feht, —EBROMFELELE IR TEE, HEEAE
& Hithk#xnz 5 Competitive ELISA 23S D &
BRI ffibhs, FRERGETEHOY v 7
NuBFTTHDTHLTEY, 74V b—7 %l
S UNEORCDOSFIHTH B0

® Radioimmunoassay

BT, BTV V=7 IV LICAXK
v — FLyitk, BRARERIEEE, HUECH
HLI7A4 Y =78 % J%ET 5 Competitive
RIA X fTbh b BRERHIAD affinity con-
stant £ 74V b — 7 OHIERCKET b0 FH
R EMIE S, EEM, FIMOGEERR
Vo

3 Immuno-slot-blot

DNA #=trtilr—RED FICAr y MR
CEE L, BRE 1 TS Lic ZREE
ZEAIXRTCERT 50 ED DNA % 5%
Fe@ LT\ 5,

@ Immunoaffinity colum

Yithw » 5 A EE LT DNA Ki#yaimEL,
WA LpE Iy 3. EEZ, *P-RKALFT
~Y v 7, ELISA, HPLC 7t XiT X » TfT 50 X
ERLLRMAS T HETH % 5, —BET mg
+— & —0 DNA H5+$ fmol » DNA ffhn
a3 N TESDT, HHEDHODT
Who WAL X WHikE KEICIER % 5 2 E D
BThbHo

(® Immunostaining

R D EOMEE M 5 T, DNA fHinfk ok
REXMBENTE D &V I FREL > T
Bo REIIMBONERE LELBTHED ZENTE
DT, DNA fFinfko M%) s Bhs B &
et TcE I\ & T, Aflatoxin O X 5
7 R Z itk d 100 it —E < B W AR
RChbDo ftnT, BEOL MEKDE=2Y v
PRI LT\

® Zoft
PEnficd, 7 7 e —+210ET
HBo Bz, FTREWLHET X - TRIMEE S
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ONBEREML, TOBRNHCHIERE LA
SPbEDHEDTED, HKA4IXEIT, DNA K
#p% HPLC TH ML, “P-HR 53X v 7%
Licth, BRUGTRELRRESTS L5, RE -
ERM L DICIEFCECHEE R Lo

6 =20 [S]

DNA fiinfAEREEE, =2 o [S| NEE
THbo

@ B¢ Specificity

ErliR7c X 5 e Mk DNA %@+ 5
&, BERTEILALRIS - RIEERET, L
HIRBIGCHET 20085 TTL B0 —
DOBML, NRET B IO E AR
VRICARE D THH Do o T, ERIEOK RN
EPHEO T hICEENCKET 5 DR ERT, %
BT false positive o §5HE % 4 ¥p, HPLC 7o &
D EE LR GhE 5 DEND B,

@ R&E  Sensitivity
REFXZOOENOEX D ENTES, b5
It Es LTEhEThhiEkicE s
e S Hakt&E (Absolute sensitivity) &, &
DB E L DIEFEEH O dh & BRI By O
ke TE 50 L\ 5 HIRKE (Relative
sensitivity) T & %o MERIREE AP T, Hxt
REXZOHEN %2 5 DNA Bic kT %,

B2 ¥ Immunostaining (X MHRIC > % 1F —{@E
DRI TERETE b3 T, H&EIIEECE
o UL, MHARENMEV®, v rox=x
Y v IR DTH D Immuno-slot-blot
bRART, HAREXRE A, DNA 2l >
DT X B E IR RN B 5, ELISA & 7
Radioimmunoassay 1%, DNA % /nk5 @ L1z %
DEE2BDT, MOSHEEEALELES L
C Lo THRNEREXD TR EnTE B,

CDXHRIFFHEDRERP, F LV HEOHR
BELT, Zo0 [S] #BEC Thi¥Zz 2+
Lo

7. &hYIC

b M DNA Foffinfks 88 L T HRERA
WENORBREAYET=2) v 7L, ILEENAL
VA7 EDBEEHEES 5 L\ 5 RRIL L 50 B
OV L A THB. SADOY -2 v 5y 7
25, HATZ OHBFOBWELHER LkEn: HIES
FOFERNTEB DO L ohu, et
DITEF bbb X 5,

RHBIC, A0k Dr. Garner o k41l L
D0Y, EXEOEMLCRVTEL DL D TH
B0 HHT, TRUHIR] ® [ZoD S| &z
EDEZXTHHI L uHkibh LTE X\,
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EUEERFIZE 14: 143-147 (1992)

b b I %2 D TR 2R B2 0
F=AEZY I ONT

AT EBBTERT  BOHREWFER FLE R, H R} 2,

1. F

LEDOT— 7Y 3y 7IREWT, Arlett {1
BHAEAGHORTW5 e b o in vivo AR RE
BRORHBECOVWTDOVE o — % Xh, A +%
=) VI/REBIABERLOVWTEDRL. Th
boKEER, ROEKD 7Y 27 4+ ) v A(GPA)
BEFEICT ) v RO eAFHvVF v 7 4
A7+ VARV T VA7 2 T — ¥ (HPRT),
HLA-A, T filasiE=%&4 (TCR) 0£BET
DERERJEFRTH Ho Arlett fH+13 & 04 F
TRECH- TERIh, BCRAETIXI Fve
BT L5 T Y v-3Bk HPRT ®ET O =A%
BFER LY PLCHATEY I T\\% (Briges er al.,
1991),

RA2DPRETH, hb 4EOHELERMEL
T, FRIBEREEY PO REROBRELS
R R RE OfFNT % 1T > T & (Akiyama ef
al., 1992), #iz TCR @ BRI BRI 4
P FESE U T JIER 7 © T (Kyoizumi ez
al., 1990), &EID 7 — 7 > 3 » 7T Arlett {#+
ERBHREARERBHEO—2 L LTRAMZ A
ZERBADHOPETHEZATHoT0 IHIC
FHIRMEC /e 523, 20 4FEOREHELTT
HEx 501k, BEDLZABADOHESRIT TH
Bo ¥ic, FBHIEEL VO HEMEREREOX
2 &Y LKL mMBEHEZE RS &\ 5F)
RD Y, BAXohb oD% 1T 2
BEVINBED Do Hx DREEDILER Y A
7 BT R 5 BHEC O TUE, BEV L 200

T732 KBTI IR AR 5-2

e — B, FIHBT

B2 -0 T (Akiyama er al., 1991; Naka-
mura et al., 1991) FEHIXThOEEZR LT
X\ AFETIL Arlett D+ 3 -
HIZ LZ#E 0B on ORI \WT, 4D
SBENDEZ TR \o Th bEFFEIERA O
HDH DOFRALFERCH L, BOLDFEED 9T,
TEBRIDHY GZLMBHLIDS DV TH bo 7t
ZOBBO—BNC I IEENTH Bo

2. (THmMEMIBO D OBEFHRALTRD
Y—H—&LTEEINIDOMN?

BENEZHTH S L\ 5 BT, MmyEhiiaz sk
3505050, MRMRCER IS ®E
FifT+HEREEE » 53T o il GPA TH
H TCR BIETDpoe O R T 5 —F
WAL E 2 D—21%, e t OFfMlaEET O KE
TeRERELBH L X 5 & 3+ hif, single gene
allele DZERERAZBHETESLRThiThIXD
BN EWSETHB. 2F D, hHIARRERE
B LE 1 BEFYD 104~10° LE2 b
TWB DT, WRLEETARCHEEL KBTS
HERIL 1078~10712 L7n%, SO X 5 ey
BF L RBLCRARERE 10 @850
2, 10° L EDY vEkE 1 AD e FabEE
THDREELV . ThbDAX, TRTOBET
2\ single allele TH % KIGH % # - 7c BRARERE
WEDA7 ) —=v 7L XEIHELIND Do £
Z T, single gene allele DZRRERZRh5RE
LT, X $afk LORETF TH5H HPRT 23540

Monitoring of Somatic Cell Mutations in Human Blood Cells
Mitoshi Akiyama, Seishi Kyoizumi, Yoichiro Kusunoki and Yuko Hirai
Department of Radiobiology, Radiation Effects Research Foundation, 5-2 Hijiyama-Park, Minani-ku,
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il igdi- (Morley er al., 1983; Albertini
et al., 1982: Hakoda et al., 1988), X #ufaff |k
DBEFIXTNT~ s #AA TH %o HPRT H
GEFORRER T V) v #4277 = VT
WD T, COEKL A vr—nfF 2 FIE
TERRCHES S & &K S0

—7, #liEkr 100 EE5 05 L2, H
BLIRWDTY v ERD X 5 /s clonogenic assay
WE0E % 7o\ Jensen bk, FRIfiER GPA (X MN
ROMBEAWETH H, kL zoROE:
A TESL S LR L (Langlois er al.,
1986)o MN Fl~F r D e b THIUL, 107°~107°
D4 — & —T single gene allele % /K48 L7z MO
BBk NO B o~ s BEEMERE, BIOVE
FH AW LRETOMB LT X VE L MM
HBHE NN Bk e ENERE R FETS
LHEEL, EEc Ly —x— (FACS) X b
b OFEEREN Lo BIfETD FACS %
v, 10 4R 10° FofRmER JET
% % (Kyoizumi er al., 1989a),

%7, HLA BETFHISUERS Y, TOR
ETFOELEEHRIEE 2 7 v —F A HUETERF
T&%o foT, ~T e EAROREETHI
GPA & [F UBJE T 2RZE 246 2 JIETTHE & 7x
%o EBE, Morley Hix#i HLA-A $ifk L flifFaL
BOAEEB-- T ) vARERERGEZHEEL
FDYEEA JE L= (Janatipour et al., 1988),
B~z FACS wX b, #i HLA-A fiff (HLA-
A2 FPouk A24 #R#TH) ERE LRV RER
BRMEN 107 OFETRITEDZ L2RLE
(Kushiro et al., 1992),

T Y v 5D TCR (a §i& BN LRI N D)
* a2 — FT58RETFIE, B Y v ROFKER
F LA, afld B#EoThTH 2 2OXIH
EFD 5 b—HDHNFEIBT 5 allelic exclusion
DEENE\ TV %o 2% D, TCR a HEB IV
B SEBRIETFIThZhEREAEECH BT E 1D
H 53, HPRT BET & Rk~ 1 B#5EFOK
BT B tcdd, RATEREOBMHTERICE Do
E# T Vv 3Tk, TCRap 1k CD3 #FFF
LHEAEREYVRL, MEEECREI SR %0 b
L, a@bs\ ik BeEnKETSHE, CD3 4T

LEAGIERIRTE LCREBR I hito o
T CD3 #FoFEAERHL ~—» -1 LT, FACS
X DEREREY RN TE 5, 2D X5k
TCR R4 T Y v AR KMMmA 107 DA —
B —CHETET 5 2 LR hic (Kyoizumier al.,
1990),

Th b RBHEREROMIC, MERERC
DA Ute~E 7 v € v (Hb)-S (BRRARMERDOFEH
LI AER) bk L VRHETARDIEXLHS
AT % (Stamatoyannopoulos er al., 1984),
Z ® X 5 7x Hb o BRERHFMmIEKE 107° 4 —
F—CHETS ERESR TV, RHTGER
MERDHD L5 THbo

L EDBIEFUSMSC S, BRERD~— 7 —i]
EFOBEMIRILSZETTH Do Hlzid, X T
fafkic 2 — F & h % ®EFiE, HPRT Db d
£ BV, TDOILOHEOMEI<—H—E LTHE
2Bhb Lo

3. LQHEEZDBNAAE=ZFN TELTHED
BATWBOMN? Fic, EECHDHD LT
NEEDHENFTREM ?

ChLDOMEHTARBVWERBED L ZAHK A

FELEbETVIRV, EOHES—R—END

D, X @R HEOMBIBELKELRET

»H%o Table | T&FED KL% R LIcDTSH

CLTWhlE &l b L, AENSAKHRET

75 5B E MK RSP ET, LarbHEL b

HERHECFT2 5 GPA # & L £ 1k TCR & G#E

WTHD do BT DML 2322 2> % 55

B3, W kioRmER & 65 GPA &k B

Vo FEE, HAIXZOHETIHY €=t bk

XhiMEEECTF v 7 714 ) FHREFORE

VB ERYB TV 5B, Ll, GPA ¥

B EEN MN Bo~7FefEioe PCRbh

% (EFO#H 50%) L L dic, Effits FACS 230

FLrho Fio, TCR HEIINZEEZEDOHIRILL

2, FORRERMEL in vivo TEBH 3ET

HELTW L DT (RERT— %), BRERMN

e R BT I BRERKIBHE I h /e ed

(Umeki et al., 1991; Kyoizumi et al., 1992),

¥ 7, coHErd FACS NALERtb, HLA
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Table 1. ##MlazeRERAETER D LKk
RAERBIETEE

HPRT TCR HLA-A GPA
AN TV vk TV vk TV v <k FrifnER
w5 O HIR b £ HLA-A2 ~7r ¥f MN #l

X A24 ~7 DA ~FrDA

1 124 b oL MK R 10 ml 1ml 1 ml 1 ml
1 R4 b o JERE 2 ;ER 5w 5 W[ 5 B
PUE ST BRETR FACS FACS FACS
EREFEDOEH v~ 5x10-¢ 210 1x10-¢ 2%1073
%Egﬁ5%ﬁ¢ﬁﬁo + + 4 +
SRR & 5 BRI + +~— -

BWED LR CE3 3 48) o
in vivo TOERED WK B H 5?2 9
BRIk 7 v — v OWFEL Al J A ARA]
BRIBIGT O Ay Q) ] N

PLERBEclbhic T — 21cd &5,

EAREECHBRRHS L L bic, TCR BRE
REFRE, in vivo THELTW X5 Th S
(Kushiro et al., 1992), %o %, HPRT #itxt
SETHIR IR, MBEHDH DY v BROHE L B
BRTELPMRETHAhE, LCTLHETH
bo FHRDILRD &THIEZ OFENR—FRHY )
pLhiclo REER Ll bivoll,
ko T Y v ~ERORRER L Rk, FRIh
RRERMED in vivo TRAZHEEL TV L &
#:’cbhfb\%:o

4. BRATREOBRGFEIFETREN ?
ERINRAEROWE LMD TedITL, £
DRABEZBELTOMMHBLECT 2 » TK %o
Tablel &% & »7: X 51T, FRlnEkx A% GPA
ECRRRERBET ORFTIATETH S, L
ML, o T v v 8% A5 HETIE, BR%E
Ry v Rz e—viplEcE, ZOREBETFOE
ROPEERE OV NFRETH o 7 TCR
RANZERRL in vitro T O BERETIN DR 0 4
>THY, ERCMITTELRRALERE 7 v — ViT
BBbhb, Zhix TCR/CD3 HAKEMGEN T vV
YAROMIECEERE LTV AL TH D, in
Vivo TRALEE R IRo T DRI DD T
B550

Z D%, HPRT % HLA EET O =R Rk
WRIER T V) v3k7 v — v & RARER in vitro

THIEL, &L DBRETHRITOT — 223 HESh
T\ 5o Hic HPRT B{ZFIcoWTid, PCR
AV CHIEI e RAZER HPRT #ETO=
7V v OEFEBFN OB IR DL THEA TV
%o Arlett {43 [F U Susex k2¢:® Lehman &
+ (7—27vay 7HEE) OWRRELFFAPEL
Tk b, Arlett O CHME LARRERGEY
Lehman §+0ff CRIZTHHT LTS5 Lo
F 155, Albertini o 70— 75 & [\
BdHoto b DB CHRFER L. HPRT
ZRREE R TI, TCR RFFEET OFHMBICHS
LTWw5 E#E % b TW 5 recombinase 3 HPRT
BEFORIKBRAEROARICHBEE LTS D
L\» (Fuscoeetal.,,1991), Zhixf v e vAHIC
% % break point OEFHFFI% FHT L TAHD &,
recombinase M ER3k3 5 consensus sequence A3
RHXhicz bR hic, Adult DAL
THTRIORIIEHEVHREI ALV DOT
(RRIERk 7 v — v DF 2%), = OB re-
combinase {EM: 2 BRI B TEWEWS Z
LEBRLTWBE EEZ DR D,

HLA-A RRZERDOBETHEN S, Morley &
HKAxDWPRE T h T % (Morley et al.,
1990; Kushiro et al., 1992), o &fnFHE & 57
7t b, HLA ZeRREFEMAE T hifgE Rz & Rin
FUSLTEITT5 2 ERTTHETH Bo K, &
HADEEHNTHRBRE LI LE L DR HERKE
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O 1/3 Mgz X v A& Cle k= AR
Thotlo BT, Fll, MEMEERFO—DT
%% Bloom JEDiHE Tk GPA &IETHE & FkE
1z (Kyoizumi et al., 1989b), HLA-A &= T
Tb Ml 2 2NEHE (EF 0 50 f£) 1
HRFBELTWBZ L2 WAL o (Kusu-
noki et al., manuscript in preparation), &f{zT
fEPTC X b, oMoz o 3 40 2%
HLA-DQA » HLA-A E{ETHE O M - D
break point %% Z & M4 - 7zo HLA JEET
BEN T O EHAE DM 2 AT R TIT b W
IhTE D, MESMEIUR DS O 4 B
& B9 U THBRE .

5. #%
R, BIEHBEMEO € FMEMIGRIET~OK
BB M == — & LTI REahRER
EINME—DHETH o Tco TOHEXEKDFH T
LRI T, o & RE M N NE L
WO EED, xRl ARERREENE
RINTEIo DNA Adduct OAWiAERER
OB X HET5b0TH b, PrffREMN L
hREMBEFHERE LR CV5 L THIE,
HRIRERERDE =2 ) v 73T h b D%
DLHMREEL T NBESL S0 LiibRIck 5
2, CofkfambEd —R—E21HH, HE
iEVe LL, 0& D V& b OEETON
T, TEBHRTFEL D~— 7 —BEFEWEHT5
LSz ki, BEBVEEORELHINT S A
TREERZ L THbDo = D L 5/t multi-gene
assay Al perspective 1T F&JE D f& btk % I3
%LV S FEROBECTIE S IedIIXIE LW HIE
LEbh 3, Bfic, oMt HthtFo0
EDTHEL A, HRTIEDBH, AEEELC
DRI BEIND &2 Lic\o

B

2 £ X M
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TFEBENTF R

sy —7vay 7, ABBREECShEE
RBAWBCIHIN TS0 % 4 OE ALY
LT AFEREELLISIETE D ThH-
Fro FDIEMHT DNA L RATEDX 5 e R
REBE TV B2 EANDFHECOV TR OB
ZDeZ Y a Y ThHbo BHAK IS BREC
FRBBESELTWD ETHIE, EDXSRERN
EEEE T IhEE=2—THLRERD
A= XAAREDRNABBENDEELXE XD 5
3 CEERRBY 5252 ENTE %S, Lehmann
BHIZDE7 ¥ g VTHOTEYENFELCIES
\»#- human biomonitoring IZ 2>\ CTih~X7zo =
hbix, 1977 F1i2 &R iz PCR (polymerase
chain reaction) ¥k X 5 DNA #§ig4 FIH L
FHETHH, SHBRERERENREINZFH LY
FHETHDo Z TR 2ODFERMBN IR
O\ & 21 hypoxanthine/guanine phosphoribosyl-
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EHREABX 2~ FLTWBDIX, ZO¥50
750 2 7 v F FROBSTHBND, ZOWS

Molecular Methods for Detecting Mutations for Population Monitoring

Kazuo Negishi

Gene Research Center, Okayama University, 1-1-1 Tsushima-naka, Okayama 700, Japan

— 149 —



1) VI3ER hprt R4k

Exon Il % é

M
I
E

t b hprt R T D4 &

(Genbank HUMHPRTB)
L I vi# 1 0fE
= ALTHEVWTH 3,
|
l PCR
e 5=
e mr—s i 23
—— e

ANF D (nested) primer {2 & 5 PCR
muez%yﬁﬁi)

b—_—_—.

i

114

. g =
Magnetic | b
bead

b .

T
TI T

0”

|Tl

T

Magnetic
bead

v — TR ERTIE
Fig. 1 v} hprt ZRRARSILELS R E O .

& B EOEHERTZRETHIIERLRAET
XHZ LB,

FRERCIX, IR L b ARL D MK & B
L, I b 6-thioguanine TPk w 7R3 Y v -2
Koz e —vieBOHT, Mg 1070 EHe e
¥ THA IR, ZOMiasnsb mRNA 2HH$+5,
hprt mRNA R4 ) 22 7 v+ F F
ffi> T PCR %35 &, hprt mRNA &7
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FHELRWEHELH Do Thik k&7 DNA ok
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Mo Tehy, ataxia telangiectasia T /R4 DFHE
BRESHEMLTV B2 Ealbhotco TOER
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T WEIWERAL 2 X R kR — D T 74 < — % H
F L, PCR T DNA %#4iE3 %, ZOEIET
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The Anglo-Japanese Workshop on “Human Biomonitoring
to Carcinogen Exposure”; a Personal Viewpoint

fAL A% #2EE Thomas Kubin

I have to admit that when I first heard about this workshop I had some doubts about its
success for several reasons. Now that I have been in Japan for more than three years, I have
gotten a good insight into Japanese lectures, seminars, sessions and conferences. All of these
had the three S’s in common: Sleep, silence and sadness. Sleep, for a large number of sleep-
ing participants, silence, for the very few questions asked by the audience, and sadness, for
the remaining feeling on the way home. Speeches were given in such a monotony that many
times I have thought, “why don’t they produce a video and send it ?” Having felt that Japanese
Universities do not pay any attention to the increasing number of foreign students, especially
the ones involved in master and doctoral courses, I finally gave participating up in any kind
of these performances in Japan.

Bearing this in my mind, I was very surprised when 1 heard about this International
workshop, which was trying to “internationalize” science in the true sense of the word in
Japan! I knew that it was a fashion of the Japanese to invite “foreign lecturers”, listen to
their research topics for one or two hours and say in a very polite way “sayonara”. So did
this workshop mean something like a Japanese style seminar with foreign lecturers comparable
to sushi with ketchup or a real approach to an international communication. Was to expect
a westernized Meiji-jidai session or a real discussion among open minded scientists ?

That this meeting could not be an easy trial was clear from the very beginning. The
Japanese are very accurate, love harmony and tend to answer a question only when they are
hundred percent sure. On the contrary the Europeans like to put an answer or opinion into
a story and are “aggressive” in their discussions while enjoying a small feeling of uneasiness
of their opponents. Westerners have their kids educated in a broad field of subjects while
the Japanese emphasize detailed education. Otherwise how could it be that Japanese remem-
ber the alphabet, hiragana, katakana and thousands of Kanjis having one of the world’s lowest
number of illiterates while Westerners can be proud to read fluently words composed of only
24 letters and build up their life on it.

This Anglo-Japanese Study Course Workshop was a challenge from the very beginning.
I could not imagine a bigger difference among homo sapiens based on the complete differences
in the culture and living habits of the participants. So what was I to expect for this “extra-
galactic event” ?

I remember quite well when the first coffee break came, and thinking abou what has
been said, I became involved into a discussion with a Japanese. My thought “shinjirarenai-
unbelievable”. It was the first time in my three years of stay in Japan that a Japanese tried
talk to me in a meeting, and —again - “shinjirarenai” only one hour after the opening. From
this moment I really had no time to sleep or not to be a participant. Obviously, the Japanese
were not only talking and thinking about communication any more, but they were
actually doing it. The next day of this workshop was also unusual for Japan, since Japanese
T700 ML+ 1-1-1 -

Thomas Kubin
Pharmaceutical Sciences, Okayama University, 1-1-1 Tsushima-naka, Okayama 700, Japan
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Professors encouraged their Japanese participants to ask questions, not to be quiet, not to pe
silent, not to be passive, but to be active, to be vivid to ask questions and to be aggressive.
This was not only a very well organized workshop but also its tutorials were very meaningfy]
because all lecturers reviewed their performances and provided additional informations during
the tutorial to give everyone a chance to deepen the understanding and to play an active
part. This really moved me, and I became so excited that I could not resist asking questions
even if these questions were not directly related to the lecturer’s research topic. It surely
was great !

I was also a little bit worried about the language barrier since from my own experience
many so called “native speakers” do not realize that the differences betweeen the English and
the Japanese language such as differences in grammar, structure and pronunciation are over-
whelming so that in order for the Japanese to understand them, a great extent depends on
the willingness of the lecturers. Judging from the tutorial the workshop has been in that
respect a success.

Surely this workshop was a great challenge and there is much more to expect for the
future if the organizers go on and not become discouraged by this stony pathway. Knowing
that up to now the westerners with their incredible ignorance have paid little attention to
Japan despite its international importance and power I sincerely hope that the British lecturers
keep their promises and intensify their contact with Japanese scientists.

I will always remember the preface of the book “Origins of Human Cancer”: Cancer re-
search is a broad discipline embracing with diverse backgrounds. These workers tend to form
subgroups of individual specialists that rarely meet or exchange information. “This is my

deep belief. Let’s destroy that”.
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