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INTRODUCTION

The consumption of chenicals by lndustrialized countrles is doubling every

seven years and approxlmately 60 to 7Or0O0 chemicals are used in our

everyday life. Industriallzed socleties are faclng the problem of

estirnating the risk. for human heaLth of thls rapidly growing number of

chenicals.

In view of the lnpossibillty to subrnit all of then to classical long term

carclnogenlclty experiments in animals, short tern tests are currently used

to assess their ability to alter the genetr'c materlal and so to lndirectly

eval-uate their carcinogenic potency. So far, however, appropriate toxicity

testlng has been done for onLy about IOZ of the chenicals present in Ehe

general or the work environment.

Even if all the currentl-y used chenicals could be subjected to short term

tests for nutagenicity and careinogeniclty, the problens remain how to

extrapolate these data to the human sltuation in the form of occupatlonal

or envtronmental exposure guidellnes. The magnitude of the difflculties

encountered in this extrapolatlon ts refJ-ected by the very Low proportj.on

of occupational- pollutants for which exposure limits have been proposed.

The situation is getting stllL more compLex when one considers that human

populations' particularLy in the occupatlonal settings are frequently

exposed Eo mixtures of pollutants wlth a varlable and often poorly

characterized composltion.



6

Finally, it must a].so be realized that the response of the human organism

nay' be qul,te variable. Human cancers result from a

between host and envlronmental factors and can
to a given exPoaure

complex interaction

certalnlynotbepredlctedfrornenvlronmenta].dataonly.

whatever the sophlsticatlon of the experimental nutagenlcity and

carcinogeniclty tests and the resPect of the proposed exPosure guldellnes'

hazardous exposures to genotoxlc chemicals can never be conpletely

exeluded, partlcuLarly in lndustry. It is, therefore, inportant to be able

todetectworkerswhohaveabsorbedgenotoxicchemlca]-s.

Theobjectiveofthepresentreportlstoreviewthebiologicalnethods

currently avail-abLe for that PurPose and to assess their valldity and their

abiJ.ity to predict the cancer rlsk''
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Part I

DESCRIPTION AND CHAMCTERISTICS OF THE TESTS CURRENTLY PROPOSED

FOR MONITORING EXPOSURE TO MUTAGENIC OR CARCINOGENIC CHEMICALS
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CHAPTER I

DETERMINATION OF THE CIIEMICAL

OR ITS METABOLITES IN BIOLO GIC AL ME DIA

$ 1. INTRODUCTION

Thisapproachalmstoestlmatetheamountofnutagenicor

carclnogenic cheuical absorbed by the organlsm. In practlce, the

biological samples most commonly used for analysis are urlne, blood

and alveolar air. The analysis of the chemical ln other body

compartments such as fat, nilk, sallva or halr is rarely performed'

Depending on the kinetics of the measured Parameter' its

concentratlon in biological nedia reflecEs the uptake of chemical over

a period whlch nay range from a few hours (e'g' benzene in blood

or alveolar air) uP to several months or years (e'g' DDT or ?CBs In

adipose fissue).

Thismonltorlngmethodfunorrnall.yreservedtomutagenicor

carclnogenlc chenicals which do not cause their damage at the polnt

of entry ln the body. For carcinogens actlng 1oca1Ly (e.g. some

Lung carclnogens), the determlnati,on of the chemical concentratlon or

of the mutagenic actlvity in uaterial collected from ambient air may

be more relevant for risk assessment than measurements in biological

m e dia.
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Furthermore, thls type of monttoring is nainly relevant when

sufflcient lnformatlon has been gathered on the netabollsm of the

chenlcal and on the relatlonships between external exposure, lnternaJ-

dose and adverse effects. Unfortunately, the latter condltions are

fullfllled only for a linited number of carcinogenic ghgalga'ts. Thi.s

could be for i.nstance the case of benzene, although the rrsk of

leukemia at low levels benzene exposure i"s stlll a matter of

controversy.

Tests measurlng the carcinogenic or rnutagenic chemlcal or lts

metaboHtes ln biological medla can be classlfied in two broad

categorfus : the selective tests and the non selectlve tests.

$ 2. SELECTIVE TESTS

Most exposure tests currently used in occupatlonal or

environmental nedicine belong to thLs category. As a general ru1e,

they measure the unchanged chernical ln biologlcal medla when the

substance ls not, or poorly, blotransformed, when the exposure is

too low for a slgnlficant amount of metabolLtes to b e p roduced or

when a high degree of specificity is required or preferred.

However, the great najorlty of carclnogenic or mutagenlc compounds

which enter the organism are metabol{zed to nore water sol"uble

compounds that are readily elinlnated vla urj.ne or blle.
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Exposure to these ghsplsnls is thus generally monitored by

measuring specifie urinary metaboljtes. The na:in advantage of these

tests ls the fact that they are easily accepted by the workers.

Table I.1. suEmarjzes the chenlcaL assays which could be used

for monitorlng exposure to some shsrufqrls susPected or known to be

carcinogenic for man. One liroitarlon of these tests is the fact that

in most cases no reference can yet be made Co a naxj.mum Peroissible

value (1.e. Biological Lirnlt Value). In other terms, these tests a1low

to detect the exposure Eo a chenical but they provide llttle

information regardlng the health rlsk assoclated with this exposure'

$ 3. NON SELECTIVE TESTS

T hese tests can be used as nonspecjfic lndicators of exposure

to groups of chemfsels. The determination of the outagenic actlvity

in urine (discussed in Chapter II) i.s an example of such type of

tests.

Another examp]e of nonselective test for tronitoring exPosure to

carcinogenic or mutagenic shsnlsnls is the thioether analysis in

urj.ne. Electrophillc agents - a class of chernicals including most

carcinogenlc or mutagenic cooPounds - can be inacti.vated by

reaction with glutathione or other SH containlng molecules' The

conjugates so forued usually apPear in urj.ne as mercapturic acid or
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other thloether products. An increased urlnary excretion of total

Ehioethers has been observed in workers of chenical production

plants (Seutter-Berlage et al-., I977) in rubber workers (Vainio et

al., 1978; Kllpikari, 1981), in workers exposed to carbon disulride

(Henderson et aL., 1984) or ln operators of chenical r^raste

ineinerators (Van Doorn et al., 1981). The thioether assay has

however several linitatlons. The sensltivity of the test is llnlted by

the relatlvely high background of urlnary excreEion of thioetirers.

In the above-mentioned studl-es, the lncrease of thioether excretion

was generalLy not more than twice the background Level.

Endogenous electrophillc compounds are indeed elinlnated in urine as

thloethers. There is for lnstance a difference in the urLnary

excretrlon of thioethers between nale and fenale, because of the

presence of fenale steroid hormones, especJally estrogen conjugates

(Lauwerys, i983). In addition, several compounds for whlch neither

carcinogenic nor mutagenic effects are known were found to

substandalLy increase the udnary excretrlon of thioethers, €.g.

bromobenzetre, O-xylene, benzylalcohol, biphenyl. and uresitylene.

Fj.nnlly, smoking is a confoundlng factor. Cigarette smoke contalns

several substances which are elirnlnated in urlne as thloethers (Van

Doorn et al., L979). In smokers, the urinary excretlon of thioethers

fu related to the number of clgarettes snoked (1{enderson et al.,

1984), but not to the tar content oi cigarettes (Heinonen et dl.,

1983). For all these reasons, the thioether assay in urlne is
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a nonspecjfic method whose sole interest could

unsuspecte d electrophiJlc

currently consider

be to detect an

susb stances.

.A

excessive exposure to

The determination of diazo-positive metabolltes in urine is also a

non selective test which has been applied to workers exposed fo

various aromatlc amines and nltrocompounds (Ikeda et al., I9771,

Linch et a1., 1974b). As for the thioether assay, the interest of

this test couLd lle in its signal functlon, allowing for the

identificatlon of groups at r1sk.

S 4. CONCLUSION

Methods neasurj.ng the chenical or lts metaboliles in blological

nedia can be used to estlmate the amount of carcinogenic or

mutagenic compounds absorbed by the organism. The evaluacion i's

usua11-y speciflc and sensifive when based on selectlve tests. T he

non selectlve tests such as the thloether assay are relatively

unsensLtive and applicable only on a group basls (e.g. idenrificarion

of group at r:isk) .

These tests, however, are of llttle value for quanf{fylng the health

rlsk slnce they provide no informatlon on the inportance of the

active chemical lnteraction with the genetlc materj-a.l. In addltion, in

most cases, the results obtained cannot be interpreted by reference
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to biological li.nit values. They may however be included in a

biological nonitoring progranme to detect groups at risk.
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able I.1.
arcinogenic chenicals (for man and/or animal) for which biological exposure tests

ve been proposed.

I{EMICAL SUBSTANCE MEASURED REFERENCES

crylonitriLe Sakurai et a1., L978

toxin

Anlnobiphenyl
enic (inorganic)

b estos

nzene

nzidine

roml-u m

yclop hosp hanide

3r- Dichloro-
nzidine (D C B)

4-Dioxane

4f - Methylene-bis

-chloroaniline)

Acrylonitrjle in urine

thlocyanates in urine
Aflatoxln ln urine and in tumors

of liver and lung

4-aminobip henyl in urj.ne

Suu of i.norganic arsenic, mono-

nethylarsinic acid, cacodyllc

acid (tentative BLV : 50 pe/e $,)
Asbestosis fibers in sputum

Phenol ln urine (tentatlve BLV :

45 ne/g creatlnine)
benzene in blood and expired air
Benzidine and N, Nf dfucetylben-

zidlne ln uri.ne

Chroniun In urlne (tentatlve

BLV : 30 pg/g creatinine)
C yclophosphamide in urine
DCB and N-acetyl DCB in urine

Canpbell et al., 1970

Marttn et a1., 1984

Sizaret et al., 1982

Dvorackova et al., 1981

Lauwerys,1983
Lauwerys, 1983

Bignon et al. , L973

Lauwerys, L979

Nony and Bowman,1980

Lauwerys,1983

Hlrst et al., 1984

Hurst et al., 1981

$-hydroxyethoxyacetlc acid in
urine
MOCA in urine

Young et al-.,

Braun, 1977

D ucos et al. ,
Linch et al.,

197 6

l 985

T97 L



(MocA)

2-nap htylanine
Phenacetlne

Polycyclic aromatlc

hydrocarbons (PAH)

Vinyl chlorlde
C hloram b ucil

2-naphtylanine in udne
N -acetyl-p ara-amino p he nol ln
urine
Hydroxypyr:ine ln urine

Thiodlglycollc acid ln ur:ine

ChloranbuclL in plasrna or urlne

14.

Van Roosmalen and

KLein, 1979

Lauwerys, 1983

Smtth and TiurbrelL, L974

Jongeneele.n et al., 1985

MiilLer et aL. , 1978

Jakhanmer et al-. , 1977

Chang et al., 1980

IARC, L975

Bartosek et al., 1978

Weinkan et al., 1978

Loo and Stasswender, 1967

rARC , 1976

Nitrogen mustard

Bischloroethyl
nitrosourea (BCNU)

Dacarbazine

A drian ycin

Nitrogen mustard in pl.asma or
urine
BCNU in plasrna

Dacarbazlne in plasna

Biological fluids
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CHAPTER II

DETERMIN ATION OF MUTACENIC ACTIVITY

IN BIOLOCICAL MEDIA

5 1. INTRODUCTION

The determination of mutagenic activity in biological media aims at

detecting the exposure to mutagenic chemicals or to chemicals transformed

by ttre organism into mutagenic metabolites. The mutagenic activity is

c1etected by various short term tests relying on thre interaction of the

ctrenrical with the DNA 01' bacteria (e.g. ttte Ames test), 6pesophila or

rlammalian cells. These tests are performed in the presence or absence 0f

bioactivation systems (e.g. liver microsomes).

Mutagenicity tests are usually applied on urine but other biological samples

such as serum, feces, amniotic flr.rid, sputum or milk can be used' These

tests share sorne features which must be kept in mind when interpreting

their results. Tkrey are not specific with respect to the exposure and are

sensitive to many corrfounding factors such aS smoking, drugs, diet or

cosmetics. Furthermore, like most methrods measuring chernicals in bocly

fluids {Chapter l) . they mainly reflect recent exposure (i.e. exposure

over tlre previous 48-72 h).
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g 2. DETECTION SYS"I-EMS (Table il.1).

The hracterial nrutagenicity assays - salmonella typhimuriurn and

Eschericlria coli .

Anres anri co-v,'orkers lrarre clevelope<i a sirnple bacterial test for detectirrg

chentical cerrciirogens or mutagens. The compounds are placecl on petri

dishes cotttaining various histicline requiring mutants of S. typhimurium

tltat can be reverted back to prototroplry by a variety of mutagens (Arnes

et al., 19i5). Aliqtrots of urine or urine concentrates are mixed wiilr the

l-r::rcteriai culture incubated on Fretri dishes. Urine specimen can be

submitterJ to $-gllucurorriclase-arylsulfatase treatment before incorporation

ittto the petri dish, or cJuring the 48 h incubatiorr period. T'his bacterial

tes.t has been:;uccessfully trsed to detect an increased mutagenicity of

urine from smol<ers (Yamasaki and Ames , 1977) , individuals handlincy

clre,yi()therirpeutic agents (Ng;uyen et al. , 1982; Barale et al . , 1gB5) ,

'rvorkers exposed to coal tar pitch volatiles in an aluminium reductiolr plarrt

( Lleussner et al . , 1 9S5 ) , patients treated wiilr various cytostatic drugs

{fu1innich et al., 1976) atrd workers from a coal liquefaction plant {Recio et

al., 1984).

Sone authors have used the bacterial fluctuation test of Creen et al.
(1977) with urine concentrates. Ttris test has been described for E. coli

L:ut is also suitable for S. typl'rimurium. lt has been used to detect

mutagenic activity in the urine from workers in rubber indr.rstry (Falk et

ol., 1960; sorsa et dl., tgs3). Fecal .mutagens were also detected with

5. typhinrurium after sample extraction and purification ( Recldy et al . ,

1984). The mutagenicity of human blood samples for S. typhimurium from

v'olunteers treatecl with metronidazol was reported by Dobias ( 1gS0) . 'T'he

Arnes s. typhinrr-rrium test has also been appliecl to breast fluid (petrakis



et al. ,

activitY

19S0) . Amniotic fluids from

toward S. tYPhimurium to

smokers were

determine the

21 ,

tested for mutagenlc

possible transfer of

mutageniccompoundsacrosstheplacenta(Rivrudetal.,1986).

A common drawback of these bacterial assays is the possible irrterference

of urinary components such as histidine artcl tryptophan ' The higher

sensitivity of the bacterial fluctuation test may increase the variation due

to possible presence of small amounts of histidine or tryptophane'

Mutagenic agents may be present at levels too low to be detected because

tlre sample is too diluted. concentration of sanrples may lead to increased

concentration of histidine and of toxic materials' Additionally' the resin

columns which have been used to concentrate the samples may be

unsuitable to detect certairr substances (Anderson and Legator ' 1984) '

volatile metabolites may also be lost cluring the evaporation of the solvent

used to elute the mutagens from the resin column'

2. Yeast assays : Saccharomyces cerevisiae

To perform the urirrary assay, the yeast cells are incubated for B lrours

with urine, and induction of prototrophs is scored' Positive results have

been obtained with urine from rats treated with higtr doses of

cyclophosphamide(500mg/kg)(Siebert,1973).Anotheruseof
saccharomyces cerevisiae is the induction of rnitotic gene conversion by

urine, using a diploid strain of saccharomyces cerevisiae ' This test is

much more sensitive than the back-rnutation system (Siebert and simon'

1 973) .
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3. Mamrnalian cells

The mutagenicity of urine towards mammalian cells lras been little
inveistigated. Guerrero et al. ( 1g7g) have demonstrated that urine induces

sister chromati<J exchanges (SCE) in mammalian cells in culture ( human

cliploid tihroblasts, V/l-38) and that the frequency of exchanges induced by

the uritte of smokers is higher than that of non-smokers. Beek et al .

f 1982) found that urine concentrates induces SCf: and chromosome

aberrations in Chirrese hamster ovary cells in culture, but did not find an

increased activity in the urine of smokers.

Dutrtr and Curtis (19S5) performed experiments indicating that cigarette or

coffee consumption results in the appearance in urine of compounds dama-

ging chromosomes of CllO cells in culture.

$ 3. BIOLOCICAL MEDIA

1. Llrine

Durr',tr:n and Arnes ( l g74) ancl Commoner et al . ( l g74) were the first to

neport itrdependently an increasecl urinary excretion of bacterial mutagens

in animals treated with carcinogens. As most carcinogens or mutagens

atrsorbed by the organism are mainly eliminated by the urinary route,

urine analysis is particularly indicatecl for detecting exposure to mutagenic

substances. Urinary tests present also the advantage of being noninvasive

ancl thus easily acceptable by the examined subject.
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Urine can be tested directly but usually a pretreatment is required to

concentrate mutagens and to eliminate interfering substances (e.9.

histidine) . ln 1977 , Yamasaki and Ames described a method for

concentrating urine in which the sample is applied on a columrn of XAD-2

resin (styrene divinylbenzene polymer) and the adsorbed material eluted

with an appropriate solvent. The use of a resin such as XAD-2 is quite

effective at adsorbing relatively non-polar compounds in urine, while amino

acids are not retained. This concentration procedure has been applied to

urine front smokers (Yamasaki and Ames, 1977; Recio et al., 1982), from

individuals hrandling cancer chemotherapeutic agents (Minnich et al., 1976;

Nguyen et al., 1982; Barale et al., 1985), from workers in rubber indus-

try (Sorsa et al., 19S3), from workers in coal liquefaction plarrt {Recio et

dl., l9B4), etc... The use of XAD-2 resin, however, suffers from poor

recoveries of mutagenic material from urine and also from a lack of stan-

dardization (Aeschbacher and Ruck, 1982).

Other concentration procedures are available. Curtis and Dunn (1985)

described a technique using preparative reverse phase l-IPLC to

concentrate and fractionate urine samples from smokers. tJrine can be

concentrated and purified by TLC and l-IPLC before being tested in a

mutagenicity assay (Connor et al., 19S3). Another method for separating

non potar mutagens takes benefit of the affir"rity of mutagens to a

phtalocyanine derivative covalentty bound to cotton (Hayatsu et al., 1983).

The results from these various studies underline the need to critically

appraise any extraction scheme used to concentrate organic material from

urine for genotoxicity testing. Furthermore, metabolites may be excreted in

urine in several conjugated forms such as B-glucuronides, mercapturic

acids and sulfate esters. These conjugates are, with few exceptions,
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biologically inactive. Any procedure used to screen urine must take this

factor into account. Aliquots of urine should be submitted to appropriate

enzyme treatment to cleave these conjugates (Aeschbacher and Ruck, 1982;

Sousa et al., 1985a)

2.. f:eces.

Mutagenic activity in human feces extracts was first demonstrated by

Bruce and co-workers (Bruce et al., 1977,1979; Varghese et al., 1978).

The search for mutagenic activity in feces has been mainly made in the

franrework of studies on intestinal tract cancer. Many reports suggest that

colorectal cancer might be causeci by carcinogenic chemicals generated

endooenously in the intestinal tract mucosa or by the microflora (Venitt,

1982). Various methods for the extraction and purification of mutagens

from feces have been described, (Reddy et a|.,1984; Bruce et al., 1979;

Will<ins et al. , 1980) . For obvious reasol'rs there is rnuch less published

information on feces mutagenicity than on urine mutagenicity. lt is difficult

to avoid further bacterial metabolism once tlre sample has been voided ancJ

there is a natural reluctance to handle samples. Nevertheless, a few

groups have carried out population-based studies on faecal mutagens

(Ehrich et al., 1979; Reddy et al., 1980).

3. Blood

Samples of venous blood from volunteers treated orally with miridazole

(about 10 mg/kg) were directly tested for mutagenic activity in the Ames

test. The detection of mutagenic metabolites of miridazole in human blood

suggests that the method might be used for the evaluation of newly
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developed drugs (Dobias, 1980). Blood can also be lyophilized or eluted ort

XAD-Z resin in order to concentrate active compounds (Legattlr et al..

1975a). Usirrg the S. typhimr-rrium test, evidence of a mutagenic effect was

found irr both blood and urine of mice treated with one dose of

miridazole ( Legator et al. , i 975b) .

4. Amniotic fluicl

Amrriotic fluid from smokers has been tested for nrutagenir: activity to

evaluate placerrtal transfer of rnutagenic compouncJs. Amniotic fluid samples

were clirectly usecl in the Ames plate incorporation test ( Rivrud et al. ,

1 e86) .

5. Breast flt-tid

V'/ith the Anres S. typhimurium test, Petrakis et al . ( 1980, I9Bl ) have

detected nrutagenic activity in breast fluid samples of non lactating women.

Attemps to correlate clinical and epidemiological characteristics of the

examined persons with mutagenesis tests were not informative.
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$ 4. SOURCES OF INDIVIDUAL VARtATtON AND CONFOUNDING

The urinary excretion of mutagens in the human population is subject to

great variations. This variation may reflect different levels of occupational

or environmental exposures to mutagens. But it may also result fronr

acquired or inherited differences in the metabolism of xenobiotics.

Furthermore, the urinary excretion of mutagens can be modulated by

smoking habits, the use of cosmetics or various factors present in the

diet.

1. Polymorphisnt of xenobiotic metabolisrn.

Cenetic polymorphisnr has been described for several enzymes or enzymatic

systems directly or indirectly involved in the metabolism of xenobiotics z

N-acetylase (Vahakangas et dl . , 1984; Grant et al . , 1993a , b) ;

glucose-6-phosphate dehydrogenase (Beutler, tgB4), cytochrome p450

(Distlerath et ol. , 1984) or epoxyde hydrolase (oesh , 1972; clatt and

Oesh, 1984).

2. Factors modifying the activities of xenobiotics metabolizing enzymes.

The enzymatic system most widely implicatecl in the activation 6f

xenobiotics is the cytochrome P450 dependent monooxygenase system. The

level of cytochrome P450 and hence the ability of the host to metabolize

xenobiotics can be influenced by a number of factors inctuding smoking

habits, drugs (e.g. cimetidine), diseases (e.g. liver diseases), nutritional

status or exposure to some pollutants (e.g. pesticides) (Kato, lg77').
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3. Confouncling factors.

smoking is certainly the most important interfering factor in the monitoring

of exposure to mutagenic chemicals. The level of urinary mutagenicity is

related to the type and the number of cigarettes smoked (Yamasaki and

Ames,1977; Falk et al., 1980; Sasson et al', 1985)'

Tlre consumpti<-rn of various clrugs sttch as metronidazgle' niridazole and

nitrofurarrtoin, may also leacl to an itrcreased mutagenic activity of urine

( Legator et al. , 1 975a; Connor et al . , 1977 ; Wang et al. , 1977J. The

mutagenic activity of urine can also be affected by dietary factors ' For

example, the consumption of fried beef, pork or bacon meals is followed by

the excretion in urine of a significant amount of mutagens, as detected in

the Ames test (Baker et a|.,1982; Dolara et al" 19B4; Sousa et al"

19S5a). The consumptiorr of red wine, grape juice ancJ coffee does not leaci

to the excretion of mutagens irr urine, even if previous studies have

clemorrstratecl that tlre concetrtrated beverages exl'ribited rnutagetric activity

(sousa et dl., 1985b; stoltz et al. , 1982; Aeschbaclrer and chappuis'

1gs1). lt has been shown that patients witlr cirrhosis excreted in urine

nrutagenic compounds of unknown origin (celbart ancl sontag, 1980) '

Ivlutagens were also found in urine from patients suffering from bladder

cancer (Garner et al.' 1982).

s s. coNcLUSlCfN

fulrrtagerricity tests have an adequate sensitivitY for monitorirtg exposure to

envinonmental or occupational carcinogens or mutagens' confounding



28.

faCtorS, however, may arise from several sOurCeS, Such as smoking,

drugs, diet, cosmetics etc... This lack of specificity is an advantage to

detect mutagenic compounds whatever the source. But the nonspecificity of

mutagenicity tests restricts their application on a group basis and also

obscures the relationship between the excretion of mutagens in urine and

the presumed exposure. ln addition, there is also the possiblity that

urinary contaminants such as histidine in the Ames test interfere with the

assay. Like the methods measuring the chemicals in body fluids, mutage-

nicity tests nrainly reflect the recent exposure. A standardization of the

methods ctrrrently used is also desirable.

With respect to the health significance of the results of mutagenicity tests,

it must be stressed that the mutagenic activity measured in excreta is not

necessarily relevant for what krappens in the genetic material of the target

organ. The compound responsible for tlre rnutagenicity of urines may not

be involved in the cancer induction at the target organ and inversely, the

lack of increase of urirrary mutagenicity does not rrecessarily mean an

absence of'genotoxic damage in the target organ.
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Table ll.1 :Exampleofapplicationsofmutagenicitytestsformotritoring

human exposures.

Exposure to Body

fluids

Results References

Rubber chemicals

Coal liquefaction Products

Coal tar Pitch

volartiles

Coal tar Pitch

volatiles

AntineoPlasic drugs

CyclophosPhamide

(EC)a +- Sorsa et al., 1981

(STl + Falk et al., 1980

(ST) * Recio et al., 1984

urine (ST) M6lter and dYbirrg, 1980

u rlne

urlne

urlne

urine

urine

urine

Peritoneal

fluid

(ST) +

(ST)

(Sc) +

(HD) +

lleussner et al., 1985

Barale et al., i9B5

Siebert and Sirnon, 1973

Cuerrero, Rounds and

Hall, 1979

(sc) Siebert, 1 973

a EC, Escherichia coli

ST, Salmonella tYPhimuriutn

SC, SaccharomYces cerevisiae

HD, human diploicJ fibroblast cells (Wl-38)
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CHAPTER III

CYTOGENETIC OBSERVATIONS ON ITUMAN SOMATIC CELLS

0ccupaCtonal or accidental exposure to ionizlng radiations is currently

assessed by monitoring chromosome aberrations in peripheral blood

lymphocytes, and the dose is estlmated by comparison wlth dose-response

relatlonships obtalned ln vitro (Lloyd et al. , t980 ; Lloyd and Purrot '

1981 ; Lloyd, 1984 ; Sasaki, 1983). On the assumPtion that agents

tncreaslng the yield of chromosomal aberrations are able to produce point

mutations, this rnethod is also one of the easi.est direet estimati'on of the

genet,ic damage induced by environmental xlutagens in human somatlc ce1ls '

The possibility of using thls system for exposure to mutagens other than

ionizing radiatlons is, therefore' very attractive and many Papers have

been publlshed reportlng an lncrease of structural chromosome aberrations

in people exposed to chemlcals. (Obe and Beek, 1982; Natarajan and Obe'

I9B2 3 Kucerova , Ig82 I Brewen and Stetka, 1982) '

S 1. METHODOLOGY

l. General charact,eristics of the peripheral blood ly'mphocytes system

About 9O7" of the PeriPheral blood lynphocytes are of the recirculating

for less than one hour. Then cheY

reappear in the several hours or

type, remaining in the bloodstream

migrate to the lynphatic tissues to
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days later (Trepel, r975, L976). More than 992 of the clrculatlng

lynphocytes are ln the GO or Gl stage of the ceLl cycle and have to be

stlmulated by a nit,ogenic agent, generally phytohenagglutlnin, to repllcate

Eheir DNA and to enter in divislon. The studles perforned on lrradiated

persons have shown (Buckton et al. , L967 ; Dolphln et al-., 1973) that rhe

urajorlty (9O7") of the human lynphocytes have a life span exceeding 3 years,

some survtvtng more than 20 years. Slnce lymphocytes accumulate geneti.c

darnages they a11ow to nonitor the effects not only of an aeute but also of

a chronic or repeated exposure to clastogenlc agents.

2. St,ructural- chromosome anonalies produced by clastogens

Chromosome-cype and chromatld-type are the most frequent structural

aberrations whlch can be cytologically dlstlngulshed at netaphase after

exPosure to clastogenic agents. Chronosome-type aberratlons occur at the

same locus of both chronatids whereas chronatld-type aberrations usually

lnvolve only one chromatid of the metaphase chromosomes. Chromosome-type

anomalies are terninaL deLetions, nlnutes or interstitial deletions,

acentric rtngs, centrtc rings, tnversions, reciprocal translocations and

polycentrlc aberrations. The most coumon chrouratid-type aberrations are

chronatid and isochronatld Baps, chronatid breaks and lnterchanges. The

chromatld and lsochromatld gaps (achronatlc lesion) are generally

considered as unreliable indicators of real damage to the genetic materlal

(Obe and Beek, 1982 ; Evans, L976; Evans and OrRiordan, I975 I Evans,

1984). Some chemicals, especially those that inhibit synthesls of DNA,

usually induce a high frequency of such achromatlc leslons when cells are

treated in S or G2 stage. As polnted out by Evans (1976) it is probable

that gaps involve a mixture of phenomena some representing true leslons to

genetie material. Their scorlng is" however, extremely subJective, their

--l'l

l
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frequency is someti.mes very high in control cells and may be increased by

differences in rnethodology. In order to avoid a selective elimirration of

cells carrying unstable aberrations, the dividing ce11s ate normally

analysed in the netaphase stage of the first rnltosis (M1) following their

induction

Comparative studies have shown that the structural changes produced by

clastogenic chenicals are sirnilar to those produced by ionlzing radiations,

the frequency of the different types of anomalies dependlng both on the

stage of the cell cycle in which the exposure occurs and on the type of

clastogenlc agent. Ioniztng radiatlons induce chromosome-type aberrat,ions

if the cells are exposed in Gl, chromatid-type aberrations if the cells are

exposed Ln G2 and a mixture of both types if exposure occurs in S phase. By

contrast to lonizing radiations chemlcal nutagens have a wlde spectrum of

mechanisms by which they exert their mutagenlc action. Most produce

structural- aberraElons by a so-called delayed effect and after an

lntervening round of DNA repllcation give rise to chromatid-type

aberratlons. Some chemicals, however, mimic ionlzing radiatlons and produce

chromosome-cype structural aberrations within a short time interval after

exposure. Chemicals often are generally S-dependent orr more rarely,

S-independent, but some compounds apparently possess both capabilities.

3. The mj.cronucleus f;est on peripheral blood lynphocytes

The lack of centromere in acentric fragments produced by clastogenic agents

as well as the possibllity for a normal chromosome to be left behind

because of a failure in the rnitotlc spindle can give rise to micronuclei.

The production of such anomalies has been widely used to assess the

production, by chemical clastogens, of chromosome aberraEions in vivo ln

laboratory mammals.
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More recently' it has been shown that,, applied to human peripheral blood

lymphocytes this technique nay represent a useful and cheaper alternatlve

to the observation of metaphase chromosomes (Abe et a1., l9g4 ; Goetz et

dl. , L975, r976 ; Hiigstedt, 1984 ; HiSgsredr er al. , l98la,b ; Iieddle er

al., L982; Krepinsky and Heddle,1983; pincu et al., IgA4,19g5). A

recent study by Norman et al. (1985) shows, indeed, that micronucleus count

is an excellent predictor of the presence of celIs with chromosome

aberrations.

The assay of mlcronucLel in peripheral- blood lymphocytes is to be

preferred to the observation of such anomal-ies ln bone marrow, a method

which eould hardly be used in routj.ne tests in spite of its value as

demonstrated by Hiigstedt er al_. (1981).

Several attemPts have been made to use the mlcronucleus count in other

types of cells exposed to carclnogens. In a recent study, Stlch and

eoworkers (1984) showed, for lnstance, an increase in the proportion of

micronucleated buccal mucosal- cel"Ls in Filipinos who chew betel nut.

4. Slster chronatid exchanges (SCEs)

The use of 5-bromodeoxyurldlne (BrdU) (Perry and tr{olff, Lg74) has greatly

sinpJ-lfied the detection of SCEs and explai,ns the prollferation, during the

last decade, of Papers deallng with the inductlon of such cytogenetic

changes by varlous physical- and chemical agents. This technique which gives

better resolution than autoradiography requires the exposure of the cells

co BrdU durlng two consecutive replicatlons. 5-bronodeoxyuridine is

lncorporated into both strands of one chromatid and one strand onl-y of its
slster chrouatid. Subsequent treatment of the 142 chromosomes with a

combination of the fluorochrome Hoechst 33528 and Glernsa results in a

dlfferential stalning of the two sister chronatlds all-owing easy detection
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of the exchanges. In vitro observations have shown that, in contrast to the

S-independent agents r the S-dependent clastogenic agents are generally

efficj-ent in indueing SCEs (Carrano and Moore' 1982). No satisfactory

uechanism has been proposed up to now for the production of SCEs and their

biological slgnificance 1s still unknown. Neverthel-ess, since the effeets

of many mutagenic agents can be readlly detected at levels which cause

almost no morphological chromosome damage, the induction of SCEs appears

one of the most sensitlve mam-alian systems for detecting in vitro the

mutagenic potentlal of chenicals.

The first results obtained on patients treated with cytostatlc agents or

after exposure to other toxlc agents suggested that the scoring of SCEs in

perlpheraL blood lyuphocytes could represent an interesting oethod for

detecting significant exposures of indivlduals to mutagens. Up to now,

however, the nethod has not been proven to be a good monitor of human

exposure for the majority of compounds analysed (Handsteen, I9B2; and

Table III 11).

5. Drawbacks of the cytogenetj.c analysis of cultured lyurphocytes

Many of the studies that have been perforned on persons occupationally

exposed to chemlcals do not permlt to draw flrm conclusions. The exPosure

to mutagens or suspected mutagens is generally low and, therefore, one can

only expect a slight increase in structural aberratlons in the peripheral

blood lyrnphocytes. Nearly 501a of the approxinately 5O0 x lO9 lymphocytes of

the hunan body are of the recirculating type with Ehe consequence that a

large number of cells nust be anaLysed to get a representative sample of

the lymphocyte population : the analysis of 25O cells corresponds roughly

to a sampling of one cell per 109. When
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few ce1ls only are anaJ-ysed, the presence or the absence of chromosone

aberratlons can result fron the size of the sanple.

I{uman lynphocytes not only vary with respect to their individual

response to envlronmental mutagens but also wlth respect to thelr nitogenic

activation. As earJ,y as 48 h after culture lnltiatton, the culture time

generall-y used, large numbers of second mi.toses may already be present

leading to an erroneous estination of the yleld of aberrations produced. At

each cell generation about 5OZ of the unstable chromosome aberrations are

ellrninated (conger, 1965 ; Sasakl and Norman, L967 I carrano, Lg73 ;

Carrano and lleddLe, 1973) r €lnd chromosone aberrations can develop from

orlginal chromatid-type aberrations as a result of the second division of

cells (Dolphin et al., 1973). Furthermore, studies on normal and lrradiated

human blood cells have shown (Evans, 1984) that the inci.dence of gaps and

chromatld aberrations ln lynphocyte-chromosomes increases as cel1s are

alLowed to proceed through trro or more cycles ln cul-ture.

Probler:os can also arlse because human populatlons are often exposed to a

mixt,ure of potential mutagens. Any study should, therefore, take into

account occupational history, ag€, previous or current exposure to drugs,

Eoxlc substances, lonizlng radlatlons or viral infections. Such

interferences probably explaln the numerous reports of an lncrease of

chronosome type aberrations such as centric rings or polycentric

chromosomes ln people exposed to S-dependent cheuicals.

Proper controls are lndlspensable to detect an increase in the yleJ.d of

structural changes above the normal- aberration yie1d. Such control

individuals should have a cLoseLy sinilar environmental background and be

rnatched for sex and age with the exposed persons (Evans, 1984). rdeally,

the best xnethod would be to use cel-ls froo the same person before exposure

but this is rarely feaslbLe. Finally, the bLood samples fron control and
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exposed groups should be processed together in order to minimlze

dlfferences due to nethodological factors (Evans, 1984).

Since the chromosome aberrations can be produced at any time during the

employnent (exposure) perlodr the disappearance of lymphocytes with

aberrations has to be taken lnto account by xnultiplying the values observed

by a correction factor, based on an exponential decline in aberrations

corresponding to a half-live of 3 years and by averaglng over the period of

exposure (Tab1e III.i).

Table III. 1.

Correction factor to be used for the dlcentrlc chromosome according to the

duratlon of exposure.

Duration of exposure (Years) Correction factor

I

2

3

4

1

6

7

8

9

10

11

L2

13

L4

1. 120

1.249

1.387

r .533

1.687

1.849

2.018

2.t94

2.377

2.565

2.759

2,958

3.161

3.368

I

i
I



15

T6

L7

l8

i9

20

2I

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

44,

3. 578

1 ?Ot

4.O07

4.226

4 .446

4,668

4. 891

5.116

5.341

5.s68

5.795

6.O23

6.252

6.480

6,71O

6 .939

7.169

7.399

7.630

7. 860

8.090

8. 320

8. 551

8.783

9 .015

9.245
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S 2. BACKGROUND LEVELS OF CHROMOSOME ABERMTIONS IN PERIPHEML BLOOD

LYMPHOCYTES OF CONTROL POPULATIONS

l. Chronosome-tYPe aberrations

The study of cytogenetic effects |n hr:mans exposed to ionizing radiations

has provided a large a.mount of inf orrnatton on the yield of aberrations

present in the peripheral blood lymphocytes of control populations' Table

:.,TI.Z. adapred fron Lloyd et al. (19S0) sunmarizes most daca published up

to l98O on the background ylelds of dicentrics and acentrics (terrninal and

interstitial deletlons). The mean levels of those anomalies are 0.78 x 1O-3

-?and 3.7 x l0 - resPectlvelY.

The baseline structural chromosome aberration frequencies (chronatid- as

well as chromosome-type) can be influenced by age and by differences in the

culture nethodology (A. L6onard and Gerber, 1977 f.or review).

Table ITI.2

Suunary of published background levels for unstable chromosome aberrations

ln lyrnphocytes from control subjects (adapted fron Lloyd et al', 1980) '

Number Number

of

cells

Dicen- Acen- Reference

of trics trics

donors

205

4r9

105

22 000

39 157

16 267

2

83

l1

44

98

116

Sevankaev et al, (L974)

Awa et al. (1978)

Ivanov et al. (1978)



i3

16

9

10

38

l1

3

1

15

2

20

2

156

2

1

I

I

lo

2

3

3

l3

lo

5

10

I

3

4

46

i 600

I 600

227

i 738

I 060

550

527

580

I 650

400

I 300

397

t7 344

3 202

400

700

300

I 000

600

300

200

I 073

I 000

928

I O00

2 990

1 500

400

I

I

not given

2

9

6

3

6

8

5

4

5

69

10

4

7

1

Buckton et aL. (1957)

Popescu and Stefanescu (1971)

EI--Alfi et aL. (1967)

Boclan and Zlenba-Zak (L972)

Buckton et al. (1967)

Abdulla et al. (1971)

Antoshchina et aL. (1969)

Bauchinger et al. (1976)

Bauchlnger et aL. (L975)

Bauchlnger et aL. (L972)

Bender and Barclnski (1969)

Blackwell et aL. (1974)

Boclan et al. (1977)

Brewen and Gengozian (1971)

Brewen and Luippold (1971)

Brewen et al. (1972)

Brown and McNeii-f (1969)

Buckton and Baker (1972)

Chee and Ilberry (1975)

De Boer et al. (L977)

de la Chapelle et al-. (1972)

lloegernan et al. (1975)

tlolnberg (L976)

Honda et al. (1969)

Hori and Nakai (1978)

Kucerova et al. (L972)

Li1ly (1975>

I

7

I

1

3

I

2

1

I

I

1

5

I2

5

3

not given

5

2



36

I

25

I

I

7T

315

1

50

11

3

15

3

9

2

i

ll
1

2

6

3

4

B

316

47.

3 185

230

2 600

3 000

2 295

T4 T64

6 207

500

5 000

9 510

506

2 253

306

4 520

400

r97

791

2 000

507

300

5 400

400

I 700

23 300

I 48

6

not given

not glven

not given

20

4

13

39

3

6

3

I2

5

not gtven

3

15

I

4

76

Llniecki et al. (1971)

Macintosh and Daev (L972)

McKenzie et al. (1977)

Muramatsu and Matsuoka (I976)

Nornan (1967)

Obe and.Herha (1978)

O'Riordan and Evans (L974)

Preston and Brewen (i978)

Roblnson et al. (1g74)

Sasaki and Mlyata (1968)

Schnid et al. (1972)

Schroid et al. (1976)

Schnid et a-1. Q974)

Stenstrand et al. (1979)

Stevenson and Wiernik (1974)

Suskov (i968)

Tamura et a1. (1970)

Todorov (1975)

Vlrsik et aL. (L977)

Visfeld (1966)

VuJ-pis et aL. (1978)

Watson and Gilles (1973)

IJatts et al. (L972)

Lloyd et al. (1980)

2

5

4

I

2

I

I

2

30

I

I
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2. Chronatld-type aberrations

As pointed out prevlouslyr noet cherntcals are S-dependent agents and in Go

cells such as perlpheral blood lynphocytes produce nainly chromatid-type

aberratlons. Table III.3. gives the yieJ-ds of chronatid-type aberratlons in

control populatlons as reported in some recent studies.

Table TII.3.

Exanples of background Levels for gaps and chronatld-cype aberrations in

lynphocytes from controL subjects.

L

_l
.l

I

i
i

Number Nunber

of of

donors cel-ls

Gaps per

100

cells

Chronatl.d-

type aber-

rations per

100 ceLLs

Reference

'23

30

7

298

6

1t

20

15

I2

32

11500

L3I2

680

4350

300

1 100

1300

1500

I 100

3144

0. 69

1. 14

?

2.3

o

5.3

L,2

2.1

r.54

0.8

o.24

0.8

2.O

0.1

0.6

o.45

o.7

o,7

1.18

0.39

L6onard et al. (1984)

Nordenson et al. (1979)

Bui et aL. (1975)

OrRtordan et aL. (1978)

Shiraishl and Yoshida (1972)

Waksvik et aL. (1984)

Schnid et al. (L972)

Becknan et al. (1982)

Fornl et al. (1980)

Clare et al. (1985)

1

l

I

I
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3. Sister chrouratid exchanges

Numerous methodological factors, such as the gro\,yth medium the sera used in

the culture nedium (Lanbert et aL., L982 I Kato and Sandberg, L977), the

culture temperature, the culture time or the amount of BrdU present in the

culture medium relative to the auount of lynphocytes (Schneider, 1982 t

Lanbert et al. , 1982). Various environmental agents have been shown to

influence also baseline SCE frequencles (Carrano and Moore, 1982 for

review). For instance higher SCE l-evels have frequently been reported in

smokers than in non-smokers (Lanbert et 41., 1978, 1982 ; Bala Krishna

Murthy, 1979). 0ra1 contraceptives, used actually by a large fraction of

women, could also affect the measurement of hunan SCEs (Balakrlshna Murthy

and Prema, 1979). Severe protein nalnutrition in chiLdren has also been

reported to be associated wlth increased J-yurphocyte SCE frequenci.es

(Balakrlshna Murthy et a1., 1980). However, the basellne SCE frequencies

are, apparentl-y, not lnfLuenced by age and sex (for reviews see Lanbert and

Olin, 1984 ; Carrano and Moore, 1982).

$ 3. INFLUENCE OF GENETIC CONSTITUTION ON THE SENSITIVITY TO CLASTOGENIC

AGENTS

Several- inherited diseases have been shown (for review Sasaki, 1982 ;

Preston, i985) to be assoclated with an increased chrouosome instability

and to display an hypersensltlvity to environment.al agents. The carriers

usually show a high frequency of spontaneous chromosome aberrations in

their bone-marrow cells, perlpheral blood lynphocytes or cultured skin

fibroblasts. Exposure to mutagens results ln an abnormel ineidence of
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structural- chromosome aberrations and/or sister chrornatld exchanges due, in

sooe cases' to defective DNA repair. An lnportant feature ls that xnost of

these diseases are also assoclated wlth an unusual-J-y hlgh frequency of

cancers. Hornozygotes for these lnherlted diseases are very rare but several

observat,lons (Swlft et al. , 1976) suggest that heterozygotes could be also

more susceptlble to nutagenic agents.

The best knowu nutatlone of this type are the Bloomfs syndrome,

Xeroderna plgmentosurn, Ataxia te!.angiectasia and Fanconif s anemia.

l
I

i

l

I

l

I
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Table III.4.

Exaurples of genetic diseases associated with chromosomal instability.

Disorder Heredity

Bloomrs syndrome

Xeroderma piguentosum

Ataxia telangiectasia

Fanconirs anaemla

Cockaynets syndrome

Wernerts syndrome

Chediak-Ilygashl syndrome

Kostmann I s agranul-ocytosls

Glutathione reductase deflciency anaemia

Blacf an-Diamond syndrome

Frledrelch Ataxia

Rothnund-Thomson syndrome

Gardnerrs syndrome

Polyonyositls

Dyskeratosls congenita

Incontlnentia pignentl

Scleroderna

Rheumatoid arthritis

Systernic erythematosus

Downts syndrome

Autosomic recessive

Aut,osomic recessive

Autosomic recesslve

Autosomic recessive

Autosomlc recesstve

Autosomic recesslve

Autosomic recessive

Autosomic recessive

Autosomic recessive

Autosomic recessive

Autosomlc recessive

Autosomic recessive

Autosomic dominant

Autosomic doninant ?

X, recessive

X, dominant

Multifactoriel

Multifactoriel ?

Multifactoriel ?

Trisony 21
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Table III.5.

chromosomaL susceptlblllty to mutagens and carclnogens, compared to

controLs (Sasakl, 1982)

Disorder Mutagen

'r-ray UV 4NQo DCMMC MMC MMS NNNG

Xeroderma pignentosum

classical

varlant

Fanconlfs anaemia

Ataxia telangiectasla

I'lerner I s syndrome

Progerla

Incontlnentla pignenti

Dyskeratosis

0.9

1.0

f.i

2.2

1.1

i6.6

1.1

2.8

8.7 15.6

1.0 r.2

1 L 2.9

0.9

1.0

32.3

1.0

0.9

i.3

0.7

1.0

0.8

3

1

l.o r.2

1.1

1.0

l.l 1.0

0.8 1.0 1.0

1.1

1.1

3.2

1.0

o 9

7

o1. I 1.0

4NQ0 =

DCMMC =

MMC =

MMS =

MNNG =

4-nitroguinoline 1-oxide

decarbauoyl nlt6nycin C

Mytonycin C

ne thylne thane suL f onate

N-nethyl-N t -ni.tro-N-nitrosoguanidine
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$ 4. RESULTS OBTAINED ON PEOPLE EXPOSED TO CHEMICALS

1. Structural chromosome aberrations

Two surveys (Ashby and Rlchardson, l985; L6onard' 1986) of the paPers

published during the last decades on the lncidence of chromosome

aberratlons in perlpheral bLood lynphocytes of persons exposed t,o chemical-s

have recently been made. Due possibly to the use of unappropriate

nethodology and beeause human populatlons are usuaLly exposed to a mixture

of potential nutagens the results obtained (tables III.8 and III.9) aPpear

sometimes contradltory.



rble III.8.
rsults of cytogenetlc observatlons perforued on people exposed to heavy metals (adapted from L6onard, 1985).

Metal Test Type of exposure Results References

._._IL .il.t_. _

li il 1

rsenic

admium

hromium

Structural aberrations Medlcal treatment

Pesticides
Smelter

SCE Medical treatment
Medlcal treateent

Structural aberrations Itai-ltal dLsease

Pigrnent lndustry
Zinc smelter

Battery manufactory

Structural aberrations Chromium plant
Stalnless steel welder

SCE Chromium plant
Stainless steel welder

+
+

+
+
+
+
+
+

Petres et al. (1977)
Nordenson et al. (1979)
Burgdorf et al. (1977)
Petres et a1. (197O)
Beckman et al. (1977)
Nordenson et a1. (1978)
Beckman et al. (1979)
Nordenson and Beckuan (1982)
Burgdorf et al. (1977)
Nordenson et a1. (1979)

Shiraishi and Yoshlda (1972)
Shiraishi (L975)
Bul et al. (1975)
OrRiordan et al. (1978)
Deknudt et al. (1973)
Deknudt and L6onard (1975)
Schnid et al. (1972)
Bpuchinger et al. (1976)
Bui et a1. (1975)

Bigaliev et al. (1977)
Llttorin et al. (1983)
Husgafvel-Pursianen et al. (1982)

AzhaJev (1984)
Husgafvel-Pursianenet al. (1982)
Llttorin et al. (1983)

+

l
+
+
+
+

+

t
5



Lead Strucrural aberrations Lead oxlde manufacture

Shipbreaki.ng yar
Bus drivers
Policemen

Copper suelter

Lead smelter

Lead industry

Chlldren living in
contamlnated area

Lead intoxlcation

Volunteers

+ c tzeta

+

I
:
+
+
+
+
+

+

;

Sperling et al. (1970)

OrRiordan and Evans L97 4

Hiigstedt et al. (1979)
Bauchinger et al. (I972)
Schnnid et al. (1972)
Nordenson et aI. (1978)
Nordenson et a1. (1982)
Nordenson et al. (1982)
Mlki-Paakkaner et al. (1980)
Schmid et al. (1972)
Bauchinger et al. (1976)
Deknudt et al. (1977)
Calugar and Sandulescu (L977)
Forni et al. (1976, L979, 1980)
Forni (1967)
Hoffman et al. (1985)
Forni et al. (1979)
Bauchinger et al. (1977)
Biscaldi et al. (1969)
Qazy et al. (1980)
Bijlsrna and De France (1976)

SCE

Structural aberrations

Structural aberrations

Lead smelters
Chlldren llvlng ln

contarninated area

ConEaminated fish

Minamata dlsease
Mercury industry

Chloroalkall plant

Nickel refinerles

t i-Paakanen et al. I

Dalpra et al. (1983)

Skerfving (L97 4')
Skerfving et al. (1970, 1974)
Kato et al. (1976)
Popescu et al. (1979)
Versclraeve et al. (L976, 1978a,b)
Verschaeve et al. (L979)
Mabille et al. (1984)

Boysen et al. (198O)
Waksvik and Boysen (1982)
Waksvik et aI. (1984)
Waksvik et al. (1984)

Organie
Mercury

Inorganic
uercury

Nickel

+
+
+
+

:

+
+
+

lJt
LN

SCE Nickel refineries
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Table III.9.

Exarnples of eytogenetic observatlons (structural aberratlons) made in

persons exposed to organic compounds (for a l[ore comprehensive review, see

Ashby and Richardson, i985).

1

I

Compound Result Reference

J-

+

l

Pesticides

Rubber tndustry

Ethylene oxtde

Asbestos

Benzene

Ethylene oxide

Dulout et 41. (1985)

Degrassi et aL. (1984)

M?ikL-Peakkanen et al. (1984)

Clare et al. (1985)

Srb et al. (i984)

CLare et al, (1984)

Sarto et al. (1984)

Hansen et a1. (i984)

Laurent et al. (1984)

2. Micronuclet in human somatlc celLs

In spite of the fact that the yield of mlcronuclei can be considered as a

good indicator of the struct,ural chromosome aberratj.ons induced by

clastogenic agents very few studles have so far been publlshed. The Table

III.lO glves some examples of the results obtained recently wlth thls

nethod. Sone additionaL resuLts can be found ln the revlew by Sorsa (1984).

As discussed previously ($1) this technlque can al6o be used to detect the

production of chromosome aberratlons ln other types of cells than

lynphocytes such as exfoliated celLs from the mucosalcavity or the bladder.



Table III.10.
Mlcronuclel in somatic cells frour subjects exposed to varlous chemleals'

Agent 7"o f cells with micronuclei

Erythroblasts Polychromatlc erythrocytes Lymphocytes

Controls 7.7

2-7

4

Reference

Norman et al. (1985)

Kreplnsky and Heddle (1983)

Hogsredt (1984)

Hiigstedt et al. (1981)

Abe et a1. (1984)

Petroleum vaPors

High exposure

Low exPosure

Control

Cytostatlcs

Controls

Exposed

3.2

3.4

1.O

Erythrocytes
7.2

253

t2.7
7.O

3.2

Erythroblast
o.4

2.9

\.n
!
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3. Sister chronatid exchanges

Numerous studles have investlgated the lncrease of SCEs ln subjects exposed

to genotoxic agents (TabLe III.11, Sorsa, i984 and Ashby and Rlchardson,

1985). Due probabl-y to the existence of nany confounding factors such as

snoking hablts and to the fact that the yield of SCEs ls directly related

to the amount of chemicals present ln the vicinity of the cells at the tine

of the DNA replicatlon the nethod, as pointed out previously (Si1 ' has not

been shown to be a good indicator of human exposure for the naJorlty of

compounds analysed.

Tabl-e III. 11 .

ExarnpLes of SCE frequencies associated with occuPationaL exposures to

various chemlcaLs (for additional results see Sorsa, 1984 and Ashby and

Rlchardson, 1985).

Agent SCE/cel-1 References

Control Exposed

0rganic solvent

Ethylene oxide

Toluene
Tetrachlorethylene
Styrene
Epoxy resins
Vlnyl- chLoride
Pestlcides
Furfuryl alcohol
and furfural

Vulcanizers

13.1
14. O

14.0
6.4
8.0
8,2
7.5
8.7
9.4
5.5

19,7
19.9
16.3
10. 3

Funes-Gravioto et al. (1977)
Lanbert and Lindblad (f980)
Lambert and Llndblad (1980)
Garry et al. (1979)
M6kl-Paakkanen et aL. (1980)
Ikeda et al. (1980)
Anderson et al. (1980)
Mltchman et al. (1980)
Kucerova et al". (i979)
Duclout et al. (1985)

Gomez-Arroyo (1985)
Degrassl et aL. (1984)

7.9
8.6
8.4
9.0
13.8
6.4

7.4
5.2

7,5
5.2



$5.BIoLoGIcALSIGNIFICANCEoFCYTOGENETICCHANGES

Relatlon between chromosome aberration induction and probability ofI

59.

e.L., reported the lack of association between

and clinlcal findlngs on postexaurination for atomic

cancer occurence

1" Structural and numer ical chrono some aberrations

Numerous studies have demonstrated that chromosome aberrati'ons are

regularly associated with Cancer process and, if v/e excePt soltre acute

leukenias in man and certaln tuoors induced in rodents by RNA viruses '

nearly every mammalian neoplasm is characterized by chromosome anomalles '

These aberrations, however, have to be considered as indicators rather than

as the cause of the disease. It should be pointed out that clastogenic

agents could pLay a role not only at early stages of tumourigenicity but

could also act as promotors. Promotors such as phorbol esters display

clastogenic properties and have also been shown to cause aneupLoidy (Parry

et al. 1981). Progression of tumours involves also general-ly structural and

numerical changes (Ktein and Klein' i985) '

To date, however, we are stil]. far from being able to establish, for

man, a quantltative estimate of the relationship between the yield and type

of chromosome aberrations induced in somatic cells by exposure to a

clastogenic agent and an increased risk to develop a cancer although some

observations made on mice (Sugiyaua, 1973) show a close correLation between

the anount of chromosome damage induced in bone marrow by various

benz(a)anthracene deri-vati.ves and the ability of these substances to cause

fibrosarcomas.

In 1972, King et

chromosome aberrations
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survivors. More recently Kanada and Tanaka (1983) confirmed that the

presence of abnormal clones in the bone marrow does not apparently

contribute to leukemia progress. One cannot excl-ude, however, the

posslbillty that the presence of cytogenetically abnornal cells ln the bone

marrold' T and B lymphocytes ' clone f orrnatlon, cl"onal sel"ectlon and

functtonal deviatlons may be related, in some way, to leukenla development,

cancer, and other types of nalignancies among atomlc bomb survlvors.

The same concluslons can be drawn from observations on people exposed to

chemlcals. Epldenlological studles have firmly establlshed, for lnstance,

that clgarette snoklng causes anaplaslc and squamous cel-l- bronchial

carcinomas whereas cytogenetic studies has previously shown an increase in

chromosome aberrations in blood lynphocytes of heavy smokers conpared with

non-smokers (Ilopkin and Evans, 1980).

2o Sister-chromatid exchanges

As pointed out previously SCEs are cytogenetic events that can be related

to a number of processes lnvolving DNA danage and/or repair but, so far,

their biological si.gnlflcance has not been eLucldated. In spite of the fact

that dLfferent S-dependent clastogenic agents displ-aying carclnogenic

properties have been shown to be abLe to produce SCEs in perlpheral blood

lynphocytes after acute or chronic exposure to varlous chemicaLs no

correLation has been established between an enhancement of the yield of

such anomalles and an lncreased risk of cancer.
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Relation between the anomalies observed in somatic cel1s and the

production of transmissible chromosome aberrations into germ cells

Quantitative correlations between somatic damages and changes in the germ

cells would allow extrapolation from observations on peripheral blood

lymphocytes. Several attenPts have been made to estimate the production of

t,ransmissible chromosome aberrations into germ cells from the yleld of

anomalies observed in somatic cells. A review of the literature made

recently by van Buul (i982) demonstrates however, that, for uan' such

extrapolation cannot be made on the basis of results obtained with

experimental naurmals. Several factors, such as speci'es, chromosomal

constitutlon, or genetic constitution have differential effects on the

induction of chromosomal anomalies in somatic cells and in germ cells'

Since observations on human germ ce1ls are extremely scarce it is currently

inpossible to estimate from the ylelds of aberrations observed in

peripheral blood lynphocytes the risk of an lncreased incidence of

offspring carrying genetic defects'

In that respect, it is of interest to point out that a survey of the

chromosomes fron 2908 children of A-bonb survivors (Awa et al', L976) did

not revear a statistically significant increase of children carrying

chromosome aberratlons. The authors themselves conclude, however, that the

sample slze of their controls (1 L27) was'fnot large enough to obtain valid

estimates of the true frequency of individuals with various chrouosome

abnormalities of ej-ther lnherited or spontaneous origln in the Japanese

general poPulationtr.
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3. The use of chromosone aberratlons observed ln hunan sonat,ic cel-Ls to

assess the probabllity t,o develop teratogenlc effects

It ls evident that agents displaylng clastogenic properties can lnterfere

wlth the developnent in several lrays other than by dlrectj-y danaglng

genetlc naterlal (German, L979). No serlous attenft has been made to

correlate the yield of aberrations observed in perlpheral blood lymphocytes

with enbryotoxlc or teratogenlc effects. It should be stressed, however,

that Lncreases of mlscarrlages and stil-lblrths have frequently been

reported in populations exposed to abnormally high levels of certain

genotoxic chenicals (Nordstrom et al., l978a,b ; Hemlnkl et a1., 1983).
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$ 6. CONCLUSIONS

Durlng the last decade, numerous studies have been published which

atgempg to monitor hunan exposure to genotoxic chemicals by the detection

of structural chromosome aberrations and sister chronatid exchanges in

peripheral blood lynphocytes. Ttre approach is certainly pronlsing for

detecting exposure to genotoxic chemicals. Better standardizatj.ons of test

protocols, however, is requlred.

Chromosome damages observed in blood samples can be consldered as

lndicators of mutagenlc actlons of envlronmental agents. Furhtermore, tt

should be remembered that clastogenlc agents are general-ly able to produce

also gene mutations. In spite of the close relatlonshlp between the

carcinogenlclty and mutageniclty of chenicals it is, at the present time'

inpossible to use the yiel-d of aberratlons observed in peripheral blood

lymphocytes to estj.mate the: probability for the carrier to develoP a cancer

or to glve birth to offspring displaying genetic defects.



l

64

REFERENCES

Abdulla U.S., S. Canpbell, C.J. Dewhurst, D. Talbert, M. Lucas and

M. Mullark"y (1971) Lancet 11, 829-831.

Abe T., T. Isemura and Y. Klkuchi (1984) Mutation Res. 130, 113-120.

Abe S. and Il. Sasaki (1982) ln 3 A.A. Sandberg (Ed.), Sister Chronatld
Exchange, Alan R. Liss, New York, pp. 46L-5L4.

Andersson H.C., E.A. Tranberg, A.Il. Uggla and G. Zetterberg (1980) Mutation
Res. 73, 387-401.

Antoshchina M.M., U.M. Kozlov and N.P. Bochkov (1969) Genetika 5, 114-120.

Arlett C.F. and A.R. Lehmann (1978) Ann. Rev. Genet. L2,95-99.
Ashby J. and C.R. Rlchardson (i985) Mutation Res. L54, 111-123.

Auerbach A.J., B. Adl-er and R.S.K. Chaganti (1980) An. J. Human Genet. 32,

^r:t::::"i; 

trt"^, 
r. rshihara and M. sasakl (Eds.), Radiatlon rnduced

Chromosome Danbge in Man, Alan R. Liss, Inc. New York, pp. 433-453.

Awa A.A., T. Soturi, T. Ilonda, M. Itoh, S. Nerllshl and M. Otake (1978) J.
Radiat. Res. 19, 126-1140.

Awa A.A., T. Soturl, T. Ilonda and I{.B. Hanilton (L976) in : Excerpra

Medical Internatlonal Congress Series nr 45, Excerpta Medical Amsterdam,

pp. 621-622.

Azhajev A.A. (1984) XIV Annual EEMS Meetlng, Abstracts, 41.

Bala Krishna Murthy P. (1979) Itun. Genet. 52, 343-345.

Bala Krishna Murthy P., P. Bhaskaram and S.G. Srlkantia (i980) Hun. Genet.

55, 405-406.

Bala Krishna Murthy P. and K. Prema (1979) Mutatlon Res. 68, L49-L52.

Bauchinger M., E. Schnid, H. Einbrodt and J. Dresp (1976) Mutat. Res. 40,

57-62.

Bauchingef M., E. Schnid, c. Rimpl and H. Kiihn (1975) Mutation Res. 27,

103- 1 09 .

Bauchinger M., E. Schnid and D. Schnidt (1972) Murat. Res. 16, 4O7-4I2,

Beckman G., L. Beckman and I. Nordenson (1977) Envlron. Health Perspect.
19,145-148.

Becknan L., I. Nordenson and S. Nordstriirn (1982) Hereditas 96, 26L-264.

Beckman G., L. Beckman, I. Nordenson and S. Nordstriin (1979) in : Geaetic

Damage in Man Caused by Envlronmental Agents (K. Berg, Ed. ), Academic

Press, New York, pp. 2O5-2IL.

Bender M.A. and M.A. Barclnski (1959) Cytogenetlcs 8, 24L-246.



65

Berg K. (1979) in : K. Berg (Ed.) Genetic Danage in Man caused by

Environmental Agents, Academic Press, New York, pp' l-25'

Bigaliev A.8., M.N. Turebaev, R.K. Bigalieva and M.s. Elemesova (L977)

Genetika L3, 545-547.

Bijlsraa J.B. and I1.F. De France (1976) Int. Arch.0ccup. Environ' Health

38,145.
Biscaldi c.p., G. Robustelli della Cuna and G. Po111ni (1969) Lav. Um. 2I,

38s-392.

Blackwel-l N., A.C. Stevenson and G. wierniek (L974) Mutation Res. 25'

397 -402.
Bloon G.E., S. Warner, P.S. Gerald and L.K. Diamond (1966) New Eng. J. Med.

274,8-L4.
Boci.an E. and B. ZLemba-zak (L972) Nukleonika 17, 655-661.

Bocian E., B. Z|emba-Zak, O. Rosiek and J. Sobllnski (L977) Curr' Top'

Radiat. Res. 9, L2, 168-181.

Boysen M., H. Waksvik, L.A. Solberg, A. Reith and A. Hogetveit (1980) in :

s.s. Brown and F.tl]. sunderman (Eds.), Acadernlc Press, New York, pP.

3s-47 .

Brewen J.G. and N. Gengozian (1971) Mutation Res. 13, 383-39i"

Brewen J.G. and H.E. Luippold (I97I) Mutation Res. t2, 305-314.

Brewen J.G., R.J. Preston and L.G. Littlefield (1972) Radiat. Res' 49'

647-656.

Brewen J.G. and D.G. Sterka (19S2) in : J.A. t{eddle (Ed. ) ' Mutageni-city New

Ilorizons ln Genetic Toxicology, Academlc Press, New York, p' 351-389'

Brdgger A. (Lg7g) in : K. Berg (Ed.), Genetic Damage in Man Caused by

Environmental Agents, Academic Press, New York, pp' 87-99'

Brown J.K. and J.R. McNeill (1969) Radlat. Res. 40, 534'543,

Buckton K.E. and N.V. Baker (L972) Br. J. Radlol' 45,340-342'

Buckron K.E., W.M. Court-Brown and P.G. Snith (1967) Nature 2L4,47O.

Buckron K.E., G.W. Dolphin and A.s. Mclean (1967) in : H.J. Evans,

W.M. Court-Brown and A.S. Mclean (Eds.), Iluman Radiation Cytogenetics'

North-Holland, Ansterdam, PP. L74-182.

Burgdorf w., K. Kurvink and J. cervenka (1977) Hum. Genet. 36, 69.

Bui T.l{., J. Lindsten and G.F. Nordberg (1975) Environ. Res. 9,187-195'

Calugar A. and G. Sandulescu (1977) Rev. Med. Chir. (Bucarest) 8I,87-92'

Carrano A.V. (i973) Mutat. Res. 17, 341-353'

carrano A.v. and J.A. Heddle (i973) J. Theor. Biol. 38, 289-295.



66

Carrano A.V., J.L. Minkler, D.G. Stetka and D.I{. Moore (i980) Envlronmental

Mutagenesls 2, 325-337.

Carrano A.V. and D.II. Moore (1982) in: J.A. Heddle (Ua.1, Mutagenlcity,
New llorlzons in Genetic Toxicology, Acadenlc Press, New York, pp.

267 -304.
Chee C.A.K. and P.t.T. Ilberry (1975) Austral. RadloL. 19, 60-71.

Chen P.C., M.F. Lavin and C. Kidson (1978) Nature 274,484.
Cleaver J.E. and D. Bootsna (1975) Ann. Rev. Genet. 9, 19-38.

Clare M.G., B.J. Dean, G. de Jong and N.J. van Slttert (1985) Mutation Res.

156,109-116.
CLare M.G., A. Yardley-Jones, A.C. Maclean and B.J. Dean (i984) Br. J. Ind.

Med. 4L, 249-253.

Cohen A.J., F.P. Ll, S. Berge D.J. Marchetto, S. Tsai, S.C. Jacobs and

R.S. Brown (1979) N. Engl. J. Med.3O1,592-595.
Conger A.D. (1965) Radiat. Bot. 5, 81-96.

Cunliffe P.M., J.R. Mann, A.H. Cameron, K.D. Roberts and ll.W.C. I,Iard (1975)

Brit. J. Radlol, 48, 374-376.

Dalpra L., M.G. Tibilettl, G. Nocera, P. GiuLotto, L. Auritl, V. Carnel11

and G. Simoni (1983) Mutat. Res. L2O, 249-256.

De Boer P., P.P.W. van Buul,, P. van Beek, F.A. van der lloeven and

A.T. Natarajan (L977) Mutation Res. 42, 379-394.

Degrassi F., G. Fabri, F. Palitti, A. Paoletti, R. Rlcordy and

C. Tanzarella (1984) Mutation Res. 138, 99-103

Deknudt G., G. Colle and G.B. Gerber (L977) Mutatlon Res. 454,7'/-83.
Deknudt G. and A. L6onard (1975) Envlron. Physiol-. Biochem. 5, 3L9-327.

Deknudt G., A. L6onard and B. Ivanov (1973) Envlron. Physlol. Biochen. 3,

132-138.

Deknudt G., Y. l.lanuel" and G.B. Gerber (1977) J. Toxlcol. Environ. Health 3,

885-891.

de la Chapelle A., M. Oka, A. Rekonen and A. Ruotsi (L972) Ann. Rheuur. Dis.
3t , 508-512.

de Wit J., N.G.J. Jaspers and D. Bootsna (198I) Mutation Res 80, 22I-226.
Dolphln G.W., D.C. Loyd and R.J. Purrott (1973) Health Phys. 25,7.
Dulout F.N., M.C. Pastori, O.A. Ollvero, M. GonzaLez Cido D. Loria,

E. Matos, N. Sobel, E.C. de Bujan and N. Albiano (1985) Mutation Res.

143, 237-244.

Edwards M.J. and A.M.R. Taylor (1980) Nature 287, 745-747.



67.

El-A1fl U.S., A.S. Ragab and E.H.M. Eassa (1967) Br. J. Radiol. 4O,

7 60-7 64.

Evans H.J. (L976) 1n : A. Hollaender (Ed.), Chenical Mutagens. Principles

and Methods for Their Detection. Vol.4, Plenum Press, New York, p. I'29.
Evans H.J. (1982) in : S. Wolff (Ed.), Sister chromatid exchange, John

Wiley and Sons, New York, pp. L83'228.

Evans H.J. (1982) in : T. Sugimura, S. Kondo, H. Takebe (Eds.) 
'

Environmental Mutagens and Carcinogens, University of Tokyo Press, Tokyo,

Alan R. Liss, Inc., New York, pp. 589-601.

Evans H.J. (I984) in : B.J. Kllbey, M. Legator, W. Nichols and C. Ramel

(Eds.), t{andbook of Mutageniclty Test Procedures. Elsevier, Amsterdam,

pp. 405-427

Evans H.J. and M.L. 0'Riordan (1975) Mutatation Res. 31' 135-148.

Forni A. (1980) Rev. Envlron. Ilealth 3, ll3-L29.
Forni A. (1984) in: A. Berlin, M. Draper, K. Hemminki and H. Vaino (Eds.)'

Monitorlng ltuman Exposure to Carcinogenlc and Mutagenic Agents ' IARC

Scientific Publlcations 59, pp. 325-337.

Forni A., c. Camblaghi and c.C. Secchi (1976) Arch. Environ. Health 311'

73-78.

Forni A., A. Sciaure, P.A. Bertazzi and L. Alessio (1980) Arch. Environ.

Health 35' 139-146.

Fornl A. and G.C. Secchi (1972) Proceedings of the International Synposiun

on Environmental HealCh Aspects of Lead. Amsterd4mr P. 473-482.

Forni A., E. ortisl, P. Giulotto, L. Auritl and V. Carnelli (1,979) Acti.

4oo Congr. Naz. Soc. Ital. Pedlatra, Palermo, October 26-30, p.135.

Funes-Cravioto F., B. Kolnondin-Hedman, J. Lindsten, Nordenskj6ld'

M. Zapata-Gayon, B. Lambert, E. Nordberg, R. Olin and A. Swensson (L977)

Lancet 2, 322-325,

Garry U.F., J. Hozier, D. Jacobs, R.L. Wade and D.G. Gray (1979) Euviron.

Mut. 1, 375-382.

German J. (1979) in : J. German (Ed.), Chromosomes and Cancer, John Wl1ey &

Sons, N.Y., pp. 60I-617

German J. (1979) in : K. Berg (Ed.) Genetic Damage in Man Caused by

Environmental Agents, Acaden-ic Press, New York, pp. 65-86.

Goetz P., R.J. Sram and J. Dohnalova (1975) Mutat. Res. 31' 247.

Goetz P., R.J. Srau, I. Kodytkkova, J. Dohnalova, O. Dostalova and

J. Bartova (1976) Mutat. Res. 4L, 143.

Gomez-Arroyo S. and V. Souza (i985) Mutat. Res. 156' 233-238.



l

1

l

68.

Hansen J.P., J. A11en, K. Brock, J. Falconer, M.J. Helns, G.C. Shaver and

B. Strohn (1984) J. Occup. Med. 26, 29-32.
Hansteen I.L. (1982) in: A.A. Sandberg (Ed.), Sister Chronatid Exchanges.

Alan R. Liss, New York, pp. 675-697.

Harnden D.G. (L974) in : J. Gerroan (Ed.), Chromosomes and Cancer, John

Wl1ey & Sons, N.Y., pp. 619-636.

Ilarnden D.G., N. Maclean and A.0. Langlands (1971) J. Med. Genet. B,

460-46r.

Ilarnden D.G. and M.L. 0rRiordan (1973) Lancet 1, 26O-26L.

Harris G. (1983) Iununology Today 4, 80-83, 109-112.

Harris G., W.A. Cranpr J.C. Edwards, A.M. George, S.A. Saboul_jev, L. Hart,
G.R.V. Hughes, A.M. Denman and M.B. Yarvin (1985) Int. J. Rad. Biol. 47,
689-699.

Ilarris W.G., P.D. Lawley, L. Asbery, A.M. Denman and W. Hylton (1982)

Lancet IL, 952-956.

Heddle J.A., D.H. Blakey, A.M.V. Duncan, M.T. Goldbert, I{. Newmark,

M.J. Wargovich and I,l.R. Bruce (1982) in: B.A. Bridges, B.E. Butterworrh
and I.B. Weinstein (Eds.), Brandburg Report 13, Cold Sprlng Harbor

Laboratory Press, New York, pp. 367-375,

Hemminki K., M.L. Niemi, P. Kyponen, K. Koskinen and H. Valno (1984) in :

T.W. Clarkson, G.F. Nordberg, P.R. Sager (Eds.), Reproductive and

Developnent Toxicity of Metals, Plenum Press, New York and London, pp.

369-380.

Hoegerman S.F., ti.T. Cuumins, I. Greco and J.F. Bronec (L975) Health Phys.

28, B2O-822.

IIof fmann M. , S. Ilagberg, A. Karlsson, R. Nilsson, J. Ransten and

B. Iliigstedt (ln press).
Hdgstedt B. (1984) Mutation Res. 130, 61-65.

Iidgstedt B., B. GuJ-lberg, E. Mark-Vendel, F. Mitelman and S. Skerfving
(1981) Cancer Genet. Cytogenet. 3, 185.

II6gstedt 8., B. Gullberg, E. Mark-Vendel, F. Mltelnan and S. Skerfving
(1981) Herediras 94, I79.

Hiigstedt 8., A.M. Kolning, F. Mitelman and A. Schiitz (L977) Lancet 272.

Ilolnberg M. (1976) Mutatlon Res. 34, 141, I47.
Ilonda T., N. Kamada and A.D. Bloon (1969) Cytogenetics 8, Ll7-124.
Ilopkin J.M. and H.J. Evans (1980) Narure 283, 388-390.

Ilori T.A. and S. Nakai (1978) Mutation Res. 50, 101-i10.
Houldsworth J. and M.F. Lavin (1980) Nucleic Acids Res. 8, 3709-372A,



69.

Husgafvel-Pursiainen K., P.L. Kalliour5ki and M.A. Sorsa (1982) J. Occup.

Med. 24, 762-766.

Husgafvel-Pursiainen K., J. M?iki-Paakanen, H. Norpa and M. Sorsa (1980)

Hereditas 92' 247-25O.

Ikeda H., A. Koizuni, T. Watanabe, A. Endo and K. Sato (1980) Toxicol.

Lett. 5, 25I-256.

Ivanov 8., L. Praskova, M. Mileva, M. Bulanova and I. Georgiava (1978)

Mutation Res. 52, 421-426.

Ivanova Y.E., N.P. Bochkov and K.N. Yakovenko (1980) Bu11. Exptl. Bi.ol.

Med. 89, 977,

Kamada N. and K. Tanaka (L982) in : T. Ishihara and M. Sasaki (Eds.)'

Radiation Induced Chromosome Damage in Man. Alan R. Liss, Inc., New York,

Pp.455-474.
Kato R., A. Nakauura and T. Sawai (1976) Jpn. J. Hun. Genet. 2O, 256,

Kato II.tl. and A.A. Sandberg (L977) Exp. Cell Res. 109, 455-448.

Kersey J.tI. and B.D. Spector (1975) in: J.F. Fraumenl (Ed.), Persons at

lligh Risk of Cancer. Acadenic Press, New York, p. 55

King R.A., J.L. Belsky, M. Otake, A.A. Awa and T. Matsui (1972) ABCC Tech.

Rep. 15-72.

Klein G. and E. Klein (1985) Nature 315' 190-195.

Krepinsky A.B. and J,A. Heddle (1983) in : Ishihara and Sasakl (Eds.),

Radiation Induced Chromosome Danage in Man. Liss, New York, 1983, PP.

93-109.

Kucerova M. (i982) in : J.A. Ileddle (Ed.), Mutagenicity. New Horlzons in

Genetic Toxicology. Acadernlc Press, New York, pp. 24I'266.

Kucerova M., Z. Pllivkova and J. Batora (1979) Mutation Res. 67,97-100.

Lanberr B. and A. Llndblad (1980) J. Toxicol. Envlron. Health 6, 1237-1243.

Lambert B., A. Lindblad, K. Holnberg and D. Franscesconi (1982) in : S.

I,Iolf f (Ed. ) , sister chronatid exchange. Jolm Wiley and sons, New York,

pp. 149-182.

Lanberr B. , A. Llndblad, M. Nordenskjijl-d and B. WercU.us ( 1978) Hereditas

88, t47-L49 .

Lambert B. and R.0lin (1984) in: J. de Serres and D.W. Pero (Eds.)

Indivi.dual Susceptibility to Genetoxic Agents in the Human Population,

Plenum Press, New York, London, pp. 2IL'234.

Laurent C., J. Federic and A. L6onard (1984) Int. Arch. Occup. Environ.

Health 54' 33-43.



I
=

7A

L6onard A. (1986) ln: H. sigeJ- (Ed.), Metal rons in Biological systems,
Vol.2O, Concepts on Metal lon Toxicity (ln pr"""j.

L6onard A., Gh. Deknudt, E.D. L6onard and G. Decat (1984) Mutatlon Res.

138, 205-2L2.

L6onard A. and G.B. Gerber (Lg77) in : Conference on Mut,ations : Their
origin' Nature and Potentlal Relevance to Genetie Risk ln Man. Deutsche
Forschungsgeueinschaft, Zentrallaboratorolun fi.ir Mutagenlt6tspriifung. pp.
131-150.

Lilly L.J. (1975) Toxicology 4, 331-340.

Liniecki J., A. BaJerska and c. Andrysek (1971) rnr. J. Radlat. Blo1. 19,

349-360.

Littorin M., B. Hdgstedt, B. striinback, A. Karlsson, H. weJ-inden,
F. Mitehnan and S. Skerfving (1983) Scand. J. Work. Envlron. Ilealrh g,

259-264.

Lloyd D.C. (1984) J. Soc. Radiar. pror. 4, 5.
Lloyd D.C. and R.J. Purrott (1981) Radiar. prot. Dosln. l, 19.

Lloyd D.C., R.J. Purrorr and E.J. Reeder (1980) Murar. Res. 72,523-532.
Mabilre v., H. Roels, P. Jacquet, A. L6onard and R. Lauwerys (1984) rnt.

Arch. Occup. Environ. Ilealth 53, 257-260.

Macintosh I.J.C. and D.A. Daev (L972) Br. J. Radlol. 45,320-327.
M5ki-Paakkanen J., K. Ilusgafvel, P.L. Kall"lorniiki, J. Tuominen and M. Sorsa

(1980) J. Toxicol. Environ. Ilealth 6, 775-78L,
Mliki-Paakkanen J., M. sorsa and II. vaino (1980) in : 29 Nordische

Yrkeshygleniske Mote 1 Norge. November 3-5, oslo, yrkeshygienlsk

Institutt, p. 30.

M?iki-Paakkanen J., M. sorsa and H. Vaino (1984) Teratagen carcinagen
Mutagen 4, 189-200.

McKenzie W.H., J.lt. Knelson, N.J. Rummo and D.E. House (L977) Mutation Res.

48, 95-102.

McKusick v.A. (1983) Mendellan rnheri.tance in Man. 6th Ed., The Johns

Ilopkins University Press, Baltimore and London, 1378 p.
Mitelnan F., S. Fregert, K. Hedner and K. Hillbertz-Nllsson (1980) Mutati.on

Res. 77, 345-348.

Morgan W.F. and P.E. Crossen (Ig77) Murarlon Res. 42, 305-312.
Morgan W.F. and P.E. Crossen (1981) Mutation Res. 81, 395-402.
Morrls c., R. Mohamed and M.F. Lavin (1983) Mutation Res. rrz,63-74,
Muramatsu S. and O. Matsuoka (1976) tn: Biological and Envlronuental

Effects of Low Level Radlatlon. IAEA, Vlenna, pp. 229-236.



71"

Nararajan A.T. and G.Obe (1982) in: J.A. Heddle (Ed.), Mutagenicity. New

Horizons in Genetic Toxicology, Academic Press, New York, pp. L7T-2L3,

Nordenson I. and L. Beckman (1982) Ilereditas 96' L75.

Nordenson I., G. Beckman, L. Beckman and S. Nordstrdn (1978) Hereditas 88'

47 -50 .

Nordenson I., L. Beckman, S. Liden and N. Stjernberg (1984) lluman Heredity

34, 76-81.

Nordenson I., S. Nordstrom, A. Sweins and L. Beckman (1982) Hereditas 96,

265-268.

Nordenson I., S. Salmonsson, E. Brun and G. Beckman (1979) Ilum. GeneE.48,

i.
Nordstrom S., L. Behrman and I. Nordenson (1978) Hereditas 88, 43-46.

Nordstrom S., L. Behrman and I. Nordenson (1978) Hereditas 88' 51-54.

Norman A., D. Bass and D. Roe (1935) Mutation Res. L43, 155-160.

Nowell P.C. (1969) Federation Proceedlngs 28, 1797-I8O3,

Obe G. and B. Beek (1982) ln: F.J. de Serres and A. Ilollaender (Eds')'

Chenlcal Mutagens. Principles and MeChods for Their Detection. Vol.7'

Plenum Press, New York, PP. 337-4OO.

Obe J. and J. Herka (1978) Hum. Genet. 4L, 259'263.

0rRiordan M.L. and H.J. Evans (1974) Nature 274, 50-53.

OrRlordan M.L., E.G. Hughes and H.J. Evans (1978) Mutation Res' 85'

305-3 1 I .

Parry J,M. ' E.M . Parry and J.C. Barrett (l9Sl) Nature 294, 363-365.

A.K. Anderson, B.P. Snith and P.J. Snith (1979) Cancer Res.Paterson M.C.,

39, 3725,

Paterson P.J.

Paterson M.C.

Perry P. and S

Petres J., D.

223.

L9'

petres J., K. Schnid-Ullrich and U. Wolf (1970) Dsche. Med. Wochen-schr.

95, 79-80.
pincu M., D. Bass and A. Norman (1984) Mutatlon Res. I39' 6i-65.

Pincu M., It. Callisen and A. Norman (i985) Int. J. Radiat. Bio1. (sous

presse).
popescu II.I., L. Negru and I. Lancranjan (i979) Arch. Environ. Ilealth 34'

46r-463.
popescu H.I. and D.T. Stefanescu (1971) Radiation Res, 47' 562-570.

and M.C. Paterson (1980) Ann- Rev. Genet. 13, 291-318'

and P.J. Srnith (1979) Ann. Rev. Genet. 13, 291-318.

. Wolff (L974) Nature 251' 156-158.

Baron and M. Hagedorn (L977) Environ. Ileal-th Perspect'



I

1

I

72.

Preston R.J. (1984) in: F.J. de Serres and P.W. Pero (Eds.), Individual
Susceptibllty to Genotoxic Agents in the lluman Population, Plenum Press,
New York, London, pp. ?OL-2IO.

Preston R.J. and J.G. Brewen (1978) in: Il.J. Evans and D.C. Lloyd (Eds.),
Mutagen Induced Chromosome Damage in Man. Universlty Press, Edinburgh,

Pp. 33-40.

Qazl Q.H., C. Madahar and A.M. Yuceoghu (1980) llum. Gener. 53, 201.

Riccardl u.M., E. sujansky, A.c. snith and u. Francke (1978) pedlatrlcs 61,

604-6 10.

Roblnson J.T., R.G. chlthan, R.M. Greenwood and J.tr{. Taylor (1974) Br. J.
Psychiat. I25, 238-244.

Sarto F., I. Comrnlnato, A.M. Pinton, P.G. Brovedani, E. Merler, M. Peruzzi,
V. Bianchi and A.G. Levls (1984) Carclnogenesls 5, 827-832.

Sasaki M.S. (1982) in : T. Suginura, S. Koncio, ii. Takebe (Eds.),
Envi.ronmental Mutagens and carcinogens, unlversity of rokyo, Alan R.

Liss. Inc.r New York, pp. 475-482.

Sasaki M.S. (1983) ln : T. Ishlhara and M.S. Sasaki (Eds.), Radlarion
Induced Chronosome Damage ln Man, Alan R. Llss, New York, pp. 585-504.

Sasaki M.S. and M. Miyata (1968) Nature 220, 1189-1193.

Sasaki M.S. and A. Norman (1967) Nature 214, 5O2-5O3.

Schnid E., M. Bauchinger and 0. Itug (1972) Mutation Res. 16, 3O7-3I7.

Schnid E., M. Bauchinger and W. Mergenthaler (1976) Int. J. Radlat, Blo1.
30,339-346.

Schnid E., M. Bauchinger, S. Pletruck and G. Ha11 (1972) Mutatation Res.

16, 401-406.

Schnelder E.L. (1982) ln: S. Wolff (Ed.), Sister Chronatid Exchange, John

Wiley and Sons, New York, pp. 229-242.

Schroeder T.M., F. Anschutz and A. Knopp (1964) Humangenetik I, I94-L96.
Schroeder T.M. and R. Kurth (1971) Blood 87, 96-LI2.
Schwanitz G., E. Gebhart, H.D. Rott, J.K, SchoJ.ler, G, Essingr 0. Lauer and

Il. Prestele (1975) Dtsch. Med. Wochenschr. 1OO, 1007-10i1.
Schwanitz G., G. Lehrent and E. Gebhart (1970) Dtsch. Med. Wochenschr. 95,

1636-1641.

Sevankaev A.V.' V.M. Kozlow, G.G. Gozeev and N.N. Izmal-iova (L974) Genetika
1O, 114-120.

Shaham M., Y. Becker and M.M. Coken (1980) Cytogenet. CeLl Genet. 27,

155-161.

Shlraishi Y. (i975) Ilumangenetik 27, 31.



73

Shiraishi Y. and T.H. Yoshida (L972) Proc'

Skerfving S. (I974) ToxicologY 2'2' 3'23'

Skerfving S., K. Hansson and J' Lindsten

133-r39.

Skerfving S., K. Hansson, C' Mangs' J

Environ. Res. 7' 83-98'

Sorsa M. (1984) in : A. Berlin, M' Draper'

Jpn. Acad.48,248-250,

(1970) Arch. Environ. Health 2l'

Lindsten and N. RYman (1974)

K. Hemrninki and l{. Vaino (Eds. ) ,

Agents, IARC
Monitoring lluman Exposure to Carci'nogenlc

Scientiflc Publications, PP' 329-349'

and Mutagenic

sperling K., G. weiss, M. Muenzer and G.Obe. chromosom-untersuchungen an

Blei-exponierten Arbeitern, ',ArbeitsgruPPe Blei|| der Kommission fiir

Uurweltgefahren des Bundesgesundheitsamtes' Berlin'

Srb V., E. Kucova and M. Musll (1984) Prac' Lek' 36' 175'178'

Srenscrand K., M. Annarnaki and T. Rytdrnas (1979) Ilealth Phys' 36' 44I-444'

Stevenson A.C. and G. Wlernik (1974) Radlat' Res' 227'285'

srich H.tl., M.P. Rosin and M.o. Vall-ejera (1984) Lancet 1, L2A4-L2O6'

Sugiyarna T. (1973) Gann 64 ' 637 '
Suskov I.I. (1968) Genetika 4, 124-L27'

Srvift M. (1971) Nature 23O,370'373'

Swift M. and C. Chase (1979) J' Natl' Cancer Inst' 62' L|I5-L42I'

Swlft M., L. Sholman, M. Perry and c.C. Chase (L976) Cancer Res. 36,

209-215.

TamuraH.,M.SakuraiandT.Sugahara(1970)Blood36'43.51.
Taylor A.M.R., D.G. Harnden, C'F' Arlett' S'A' llarcourt' A'R' Lehmann'

S. Stevens, B.A. Bridges (1975) Nature 258' 427-429'

Todorov S.L. (1975) Strahlentheraple 149' I97-2o4'

Trepel F. (1975) in : tI. Thenl and lI' Begemann (Eds ' ) Lyrnphozyt und

klinische Irnmunologie. Springer-Verlag' Berlln' p' L5-26'

Trepel F. (1976) in : I{. Begemann (Ed. ) , Bl-ut und Blutkrankheiten. Vol.3. '

Springer-Verlag, Berl1n, PP' 1-19'

TrirnbleB.K.andJ.H.Doughty(1974)Ann.llrrm.Genet.38,199-223.
UNSCEAR (1982) Ionizlng Radiatlon : sources and Biological Effects' united

Nations, 773 P.

van Buul P.P'W. (19S2) Mutation Res' 95' 69-77'

Van Dyke D.L., C.E. Jackson and V'R' Babu (198f) in : Huuan Gene Mapping 6'

Birth Defects : original Artic]-e Series, The National Taundation, March

of Dines.



74"

Verbchaeve L., M. Kirsch-VoLders, L. tlens and C. Susanne (1978) Mutatlon
Res. 75, 335-347.

verschaeve L. r M. Kirsch-volders, c. suzanne, c. Groettenbriel,
R. Haustermans, A. Leconte and D. Roosels (L976) Envlron. Res. 12,

306-3 I 6.

verschaeve L. and c. susanne (t978) ln : Eight Annual Meeting of the
European EnvlronmentaL Mutation society, Dubliu, July 1-13, Book of
Abstraets, p.93.

verschaeve L., J.P. Taesignou, M. LefAvre, p. De stoop and c. susanne
(1979) Envlron. Mutat. 1, 259-268.

virsik R.P., D. Ilarder and r. Hansmpnn (1977) Radlat. Environ. Biophys. 14,
109-121.

Visfeld J. (1966) Ph.D. Thesis. RLso Reporr nr ll7, l.
Vulpis N., L. Tognacci and G. Scarpa (1978) Int. J. Rad. Biol.33,30l-306.
tlaksvik il. and M. Boysen (1982) Murarlon Res. lO3, 195-
Waksvik Il., M. Boysen and A. llogetvelt (1984) Carclnogenesis 5, L525-LSZ7.
Watson G.E. and N.E. clIles (1975) Br. J. Radiot. 49, 497-493.
watts P.L., A.J. Hal]- and J.E.E. Flening (L972) Br. J. Radiot. 45,335-339.
Yunis J.J. and N. Ransay (1978) An. J. Dls. Child. !32, 16l-163.
Zarnpettl-Bosseler F. and D. Scott (1981) Inr. J. Radlat. BioL. 39, 547-55g.



75.

CHAPTER IV

THE PRODUCTION OF GENE MUTATIONS IN SOMATIC CELLS

$ 1. PRINCIPLES OF THE METHODS

Various nethods to detect gene trutations ln somatic cel1s of humans exposed

to chemlcals are presently under development'

(1) one of the most pronlslng technlques ls based on the detection of

6-thioguanine-resistant (TGt) cel-ls ln perlpheral blood lynphoeytes

(Albertlni, 1980, Lg82r 1985 ; Albertinl. and De Mars, L974; Albertini and

Sylwester, 1984 ; Albertlnl et al', 1981, 1982a' 1982b)

Purine analogue reslstance ls deterrnlned by the capacity of the variant

TGr ceLls to incorporate 3t1-thynidine in resPonse to stlmulation by

phytohenagglutinln in the presence of the purine analogues whlch nonnall-y

lnhiblt such incorporation. The culture lnterval is short (30 hr of culture

pLus L2 hr of labeling) and is lnsufficient for the stlmuLated lynphocytes

to complete their first cel-l cycle and to be ln their second DNA synthesis

phase. Therefore, the in vitro TGr frequencies w111 dlrectl"y reflect the in

vivo frequencies.

Two dlfferent methods are currentl-y proposed (Albertinl, 1985) to detect

the production of TGr cells :
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- the flrst one which Lnvolves autoradiography (Strauss and Albertinl,

1977, L979 i ALbertini, 1982 ; Albertini et a1., 1984) ls relatively

inexpensive and can be adapted for autornation (Zetterberg et al., 1982 ;

Amneus et al. , L982 ; Stark et al., i984) but the nutatlonal origin of

the TGr cells cannot be verlfled';

- a nener nethod invol.ves clonaL aseay and allows unequivocal

identlfication of mutant cells (Albertini et al-. , I982a, 1985 ; Morley et

al., 1983b ; Morley et al., 1985) ;

- an extension of the Albertinlrs method for ln vlvo studies consists in

growing cells in the presence of 6-thioguanLne for the selectlon of HGPRT

mutants, and then pulsing the cells wlth brouodeoxyurldine (BrdU)

contalnlng nredlum before tennlnation of the culture (Gratzner, 1984).

(2) The detectlon of human red cells containing henoglobin mutants could

represent an lnteresting nethod to study the production of gene mutatlons

arising in the hemopoietic stem cells of subJects exposed to mutagens

(Papayannopoulou et 41., L976, I977 ; Stamatoyannopoulos, L979 i

StauatoyannopouJ.os et al., 1980, 1984). The nethod is based on the

detection of circuJ-ating red bLood cell-s containing S or C variant

henoglobins ln addltion to the aormaL forms 1.e. heterozygous for an

abnornal henoglobin. Two antibodies, one speclflc for hemoglobin S and the

other for hemoglobin C recognlze and bind ttghtl-y to Lhese henogLobin types

but not to the normal A one. These varlant henogLoblns differ from the

normal henoglobin amino acld sequence by single ami.no acid substltutions.

Inltially the scorlng of mutant cells was perforned nanual-ly under a

fluorescence microscope but this nethod was not practicaL because the

determination of the nutatlon rate of a single gene irnplies the screenlng
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of very large number of cells. According to stamatoyannopoulos et al'

(1984) visual screening by one person of 1o8 red cells takes 2 nonths ! The

development of a henoglobin antibody staining method for red cells in

suspension and the use of high speed sorter technology eapabLe of

processing large numbers of cells wlth precision and quantitatively sorting

antibody labeled, presumptively mutant' cells for subsequent analysis could

open nelt interesting perspectives (Bigbee et al" 1981 ' ; Bigbee and

Branscomb, 1984) . According to Bigbee and Branscomb ( l9B4) a total

processing tix0e weLl under t hr per sanple could be achieved by uslng flow

cytometrlc processing but lt would remaln necessary, probablYr to perform a

flnal count manually in order to detect possible false positive artefacts '

(3)Anothertechniquelsthegl-ycophorlntest,whlchneasuresthe

expression loss of the gl-ycophorin A gene ln human erythrocytes (Bigbee et

al., 1984; Bigbee and Branscomb, 1984). Glycophorin A is a glycosylated

red cell- membrane proteln present at about 5-10 x l05 copies per cell

(Gahnberg et al. , lgTg). This Protein is responsible for the M and N blood

group deter:slinants deflned by a polymorphlsn in the amlno acid sequence of

the protein coded for by a pair of co-'donlnantly expressed alleles

(Furthmayer, 1978). The assay aims at detecting erythrocytes in the blood

ofglycophorinAheterozygoteswhichfailtoexPressoneortheotherof

the two allelic forms of the pattern. These assays, however' must stlLl be

validated by deterninlng the background rates in unexposed control-

populatlons, the dose-response relationship in mutagen-exposed lndividuals

and by a direct biochenlcal verification of sortant varlant cells (Blgbee'

r984).
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$ 2. RESULTS OF OBSERVATIONS PERFORMED ON HIJ]'{ANS EXPOSED TO CIIE},TICALS

1 TGr mutant ln peripheral blood lymphocytes

Ttre TGr peripheral blood lynphocytes freguencles are of the order of

to-6-tO-5 in nornal indivlduals (Al-bertinl, 1985 ; Strauss, Lg82 ; Morley

et al., 1983, 1985 ; Vijayalaxmi and Evans, 1984a,b) and could be

influenced by age (Tralnor et al. , 1984 ; Vijayalaxni and Evans, 1984a).

Their incidence is slgnlflcantly increased in cancer patlents recelvlng

chemotherapy (Denpsey et aJ-., 1985) , in persons handllng cytotoxlc drugs

(Chrysostomou et al., 1984) or ln PUVA treated psoriatlc Patienrs

(Albertlni et al., 1982). A quantltative estimate of the lncldence of

mutant cells lnduced in those persons ls, however, difficult because the

nethod used in some studies does not discrinlnate true mutants from

phenocoples (Albertlni' 1985).

2. Detection of henoglobln mutants

Due to the time requlred to perform such studies, few observatlons have

been made on the occu:rence of S- and C-Llke cells in humans

(Stamatoyanuopoulos et al., 1984). In a study on 15 heal-thy males and

females the frequency of S-Like or C-like cel-ls ranged from 3 x lo-7 to
-n -14 x lO " (nean 1.1 x 10'). The yield of S-like cells increased : to a mean

-71-7of 1.7 x 1o-/ (range 3.1 x lo-' to slightly less than I x 1o-') ln five

subjects wtro received X'lrradlatLon of the spine during treatment of

ankyloslng spondylltis ; to 5 x 1O-7 in a subject glven a combination of

X-ray and chenotherapeuttc treatment of llodgkinrs disease several years
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prior the screenlng. The yleLd of outant celLs was, however' normal in the

four other Persons examined'

Promising results have been obtained also by Zetterberg (198a) in the

detection of red cell"s containing henoglobln nutants in blood samples of

control donors, cancer patlents treated wlth cytostatics and patients

treated with Psoralen and W L1ght

s3 BIOLOGICAL SICNIFICA}ICE OF THE GENE MUTATIONS INDUCED INTO SOUATIC

CELLS

It is probable that mutations lnduced ln vivo ln human souatlc cell-s are

due to gene alterations (Turner et al.r 1985). These assays' however'

quantitate somatlc mutants but not necessarily somatlc mutations

(Albertinl, 1985).

llany questlons remaint also, about the translatlon of these results into

genetic rlsks and actually it is not known whether such mutations are

predlctabl-e of neoplasic transformatlon or cancer promotion'
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s 4. coNcrusroNs

Several systems for detectlng nutatlons in sonatlc cells appear promislng,

but the Lack of sensitlvlty of these tests currently avaiLabl,e nakes thern

only useful to ldentlfy popul.atlon with hlgh exposure to genotoxlc

chemicals.

Furthermore, the detectlon of gene mutations ln vivo in human somatlc

ceLl-s is extremely laborlous and tlme consuolng.

It appears, therefore that the use of such nethods for routine

monitoring of persons occupationally exposed to suspected or known mutagens

is closel-y dependent on the possibllity of developing nethods allowlng the

scoring of high numbers of cells in short periods of tlne together wlth a

distinctlon between true trutants and pheuocopies.

It should aLso be stressed that these assays must stlll be valldated by

deternining the background rates ln control populations, the dose response

relationship ln Butagen-exposed individual-s and also $y direct blochenical

verification of sorted variant cel1s.

I

I

L
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C HAPTER V

DETERI,IINATION OE PROTEIN

OR NUCLEIC ACIDS ADDUCTS

( MOLEC ULAR DOSIMETRY)

The rnost probable mechanlsm of tumour fuduction by genotoxlc

earcinogens lnvolves the coval.ent binding of the compounci or lts

netabolltes to DNA ln the target organ. Most genotoxic carcinogens

are electrophilic compounds or are biotransformed to electrophiHc

netabolites which can bind to nucleophiJlc sites on biological.

macromolecules such as DNA or protelns. The bindlng of

caretnogens to DNA and the resultlng fornadon of DNA adducts can

be directly demonstrated by identJfying these adducts either in

celLular DNA or in degradatJon products of DNA excreted in urine,

or indlrectly by measuring the adducts forned wlth non target

macromolecules such as protelns.

$ 1. DETERMINATION OF PROTEIN ADDCUTS

A number of studies ln whlch anlnals were exposed to

radloactively labeled carcinogens lndlcate that for various types of

genotoric compounds the ratlo between D NA-adducts formatlon in

blood sg'l'ls and blnding to henoglobin is constant over a wide dose

range (Neumann, 1983) . Under these condltlons, the hernoglobin
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binding rest Blght be used as an indlrect esrimate of DNA bindlng'

Hemogloblnandalbuninarethetwooostpronisingprotelnsfor

dosimetry. I{enoglobln is abundant and contalns amlno, sulfhydryL

and aromatlc groups with which carclnogens can react. In addition,

the llfetlme of henoglobin in the red blood cell being about 120 days'

the clrculating level of hemoglobin adducts can reflect the exposure

over several months. Albunln is aleo abundant and reactlve, it has

a half-llfe of 20-24 days and ls slnt,het'fzed in the hepatocyte, a site

where many carclnogens are netabollzed to their reactive forms'

A llst of some dlrectly or lndlrectly alkylatlng agents blndlng to

henoglobin or albunin is given ln Table v.1. The directly acting

carcinogens usually bind to henoglobin to a greater extent than

lndlrect acting carcinogens (Perera and chang, 1981) ' This ls

probably due to the fact that the reactive metabolltes of indlrect

carclnogensusuallyformedintheliveraredetoxlEledorblndto

liver macromolecules before entering the bloodstream and reactlng

wlth hemogl-obin.
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Table V.1.

Protein binding

carclnogens (fron

of dlrectly actLng

Farmer et al., 1984).

or 6s3s!6llca1'ly act{vated

S peeiesConpound Protein

Methyl methanesulfonate

N -nitrosodlneth ylanlne

Methyl brontde
Methyl chlorlde

DichLorvos

Ethylene oxide

Propylene oxlde
VlnyJ. chlorlde
Ethylene

B enzo (a) pyrene

trb

IIb

Hb

nb

serum

rIb

nb
-aerythrocyte

IIb

erythrocytea,
plasna

Hb

I{b

rrb

Hb

IIb mouse

Hb

Hb

Hb

Hb

Itb

ttb

nb

nouse

rat
rat
mouse

rat
rat
rat
human

mouse

human

mouse

mouge

human

rat

rat
mouae

mouse

mouse

mouse

rat
rat, mougeChloroforn
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2- A cetyla mi.noflu o re ne

BenzyJ- chloride

Aflatoxln B I
tran s-dim eth ylarnino stLlb e ne

trans-4-a mlnostilb e ne

4-Aninobiphenyl

Hb

r{b

Serum

rlb

rIb

Hb,

Hb,

Hb,

plasrna

plasma

albunin

rat
rat, oouse

rat
mouse

rat
rat
rat
rat

a In vltro experd.nent

To be meanlngful, protein adduct determinatlon requires that the

degree of binding to blood protelns fu related to the exposure dose'

or more lmportantly to DNA-blndlng ln the target organ. AninaL

dsga syaileble so far suggest that these condltlons nlght be satisfied

for some alkylatlng agents. A relationshlp between exPosure dose of

alkylating agent and the productJon of al.kylated amlnoaclds has been

demonstrated in sflsels treated rg'ith nethyl methanesulfonate (Baiiey

et al., 1981; Segerbiick et al., 1978), trans-4-dlmethylamino-strllbene

(Neunan, 1980), chloroform (Perera and Chang , L982) and

acetylauinofluorene (Perera et al., 1981). In nice and rats treated

wlth ethylene oxide, the extent of DNA-alkylation in llver, spleen

and testls can be estlmated from the degree of henogLobin alkylatJon

(Segerback, 1983; 0sterman-Bolbar et al.' 1983).
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Relatioushlps betweeu Hver DNA alkyladon and hemoglobtn alkylatJon

have also been demonstrated ln rodents treated wlth

trans-4-dinethylaniuostllbene and 2-acetylan{nofluorene (Neuman,

1980; Perera et al., 1981).

So far, the only hunan data syn{l.c!fu on protein adducts are that of

Callenan et al. (1978) ln workers exposed to ethylene oxlde. The

results obtained by these authors suggest that the degree of

N-3-hydroxylatJon of hlstldtne of hemoglobtn can be used to estluate

the lntegrated exposure to ethylene oxlde durlng the last 4 nonths.

The naln advantage of proteio adducts determlnatlon ae a nonltorlng

uethod for genotoxic cancerogens la that lt can provLde an exposure

lndex lntegrated during the l{rgspan of the proteln. The naJor

llnltation of ttrls nethod i.s that the analytical procedure is time

consumlng, requires rather sophistJcated lnstruments (e.g. mass

spectroueter) and is thus not yet really suitable to routine

appJJcatlon. Furthermore, relatlvely high background Levels have

been reported for nooe alkytated amlnoacids (Borr.y et aL., 1981,

Farmer, L982, Osterman-Golkar et 41., 1983) whlch may consdtute an

additional linitatlon to the nethod r partJcuLarly for nonltorlng 1o!r

exposure leve'ls. The eource of thls background is unknown but lts

lnportance seeas to be specles dependent.
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$ 2. DNA ADDUCTS

DNA adduct determination is currently considered as one of the

most promising nonltorlng method for genotoxlc carc-inogens. It has

the potentlal of estinating directly the blologically effective dose of

iniriatin g carclno gen.

The extent of DNA binding exPressed as the covalent bindlng lndex*

can be quantltated rln vlvo" in aninaL after adrninistratlon of

radioactive chernicals. So fax more than 100 cheruicals have been

shown to blnd to DNA rrln vivorr among which well known carcinogens

such as aflatoxinsr varjous polycycHc aronatic hydrocarbons (e'g'

benzo(a)pyrene), acetylaminofluorene, nitrosamines, benzidine,

2-naphtylanine (Lutz , 1979) .

For a seri.es of polycyclic aromatic , hydrocarbons' thdr ability to

I

bind to DNA ln mouse skin is correlated with their carclnogenic

potency (Brooks and Lewley, 1964, Gashman and Heidelberger,

1967). In rat, the ability of hepatocarcinogens to blnd to lIver DNA

also correlates with thedr carcinogenic potency (Table II.2). These

data show that potent genotoxic carcinogens usually have a high

affinity for D N A . T his su g gests that for these compounds '

* CBI : mlcromole chernical bound Per mol"e nucleotldes

mlllinole chenical adminlstered per kg arrirnal'
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monltorlng DNA adducts may assess the blological effective dose and

posdbly the assoclated caucer rlsk.

Covrlent adducts to nuclelc aclds have rl{ffgasn3 levels of stabillty.

Some are removed spontaneously through chenical depurd.natJon

whereas others are reooved enzymatJcally durlng the process of DNA

repalr. I spqll proporHon of adducts remalns ln DNA.

T wo con plementary app roaches are avnilable to estluate D N A

adducts. Firstly, DNA adducts can be quandtated ln cells of

accessible Hssues (e. g. white blood cells, blopsy). Provided that

the chenical nature and stabillty of the D N A adducts are se'|l

characterized, this approach could provide an Lndicatlon of the

exposure history of the monitored person and of hls alil{ty to

actlvate the procarcinogen to eLectroph{les capable of binding to

D N.A.



91-

Tabl-e V.2.

Correlatlon of hepatocarcinogenicJty of qtlg6lcalc

with the covalent binding index, cBI, for rat-llver DNA

1979) .

Compound Range of C BI

Strong hepatocarclo osens

17 000

1 600

6 000

42-430

Moderate he Datocareinogeng
560

560

525

230

180

r20

44

I.Ieak heoatocarclnogens

in the rat

(fron Lutz,

Aflatoxin B I

Aflatoxin Ml

DinethyLnitrosamine

Diethylrritrosamlne

Aflatoxin B 2

2- A cetylamlnofluoren e

Vinyl chloride

o- A nlnoazotoluene

Nltrosop yrrolldlne

Nitrosopip erldlne

NitrosomorpholJne

U rethane

4-dineth ylaminoaz ob enz ne

p-Aninoazobenzene

Ethlonlne

Non-hep atocarclnogens

29-90

6

2

I

Saccharin < 0.005
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Another approach for nonltoring DNA adducts takes advantage of the

fact that adducts removed from cellular nuclelc aclds are excreted ln

urj.ne. Their deterulnatlou night provlde lnformadon on recent

exposure to genotoxlc chenicelc and perhaps on the lndlvldual capa-

bllity for DNA repalr.

Three types of nethods to detect DNA-adducts ln human are

currently under development : i) lnnunological methods; il)

physlco-chenical nethods; 1il) postla$cllrn g nethod. Immunologtcal

nethods are eurrently at the most advanced stage of development.

Table V.3. llcls structurally nodlFied DNA-conpounds fof whlch

polyelroo"1 or monoclonal antlbodieg have been produced.

Some of these antlbodies have already beeu used to screen potential-

ly exposed fu1dlyfdunlc. For instance, benzo(a)pyrene-DNA adducts

have been detected in the DNA of lung tissue of patients wJth lung

cancer (Perera et al., 1982). Uslng an antlbody agalnst cls-dlan-

rnlnedlchloroplatinum (lt)-nodrfied D N A, Poirler ( 1984) has detected

adducts in clrculatlng lynphocytes of patlents treated wlth cfu-pla-

tlnum. O6-nethyl-deoxyguanosdne adducts have been found in oeso-

phageal t-lssue obtalned fron Chinese patients Hving in an area wilh

hlgh oesophageal cancer lncidence (Garner, 1985). Immunoassays for

D N A adducts are sensitive, speciflc and suitable to routlne monito-

ring. However, their drawback fu the fact.that the structure of the

adducts must be known. Furthermore, a specJflc aud trtgh afflnlty

antlbody must be raised for each type of adduct.
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Table V . 3.

Modlfied D N A coDponents for whlch lmmunoassays have been

described.

o 
6-lt eth y1- 2r-d eox Y g u anosine

o 
o- Butyl-2r-deoxy g uanosine

O 
4- B,rtyl-2f-deoxYthY nidlne

o 
2- 

n utyl-2r-deoxYthY rnidine

o 
6-nttryl-2r-d eox y g uanosine

o 
6-I"op top yl-2t-deoxy guanosine

o 
4-etnyt-2f -deoxythy rnidine

8- Ac etox y - N -2-ac etylaninofluor en e- 2t-

deoxy guanosine

8- A c eto x y -a minoflu o r e n e - 2 
I - d eo x y g u ano sin e

Benzo(a)pYrene-nodlfl-ed D N A

Aflatoxln B.-nodified DNA
I

Ultra-violet-modifled D N A

Cis-dianninedichloroplatlnu n (II) -D N A

Wil-d et al. (i983)

Shaffhtll et al. (1982)

Rajewsky et aL. (1980)

Adankiewj-ez et al-. (1982)

Kriek et al. (1984)

Poirler et al. (1979>

Poirier et al. (1980)

Kriek et al. (1984)

llaugen et al. (1981)

Strlckland & BoYle

( 1981)

Pok1er et al. (1982)

Flchtinger-ScheP nan

et al. (1985)
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.A few physio-chenical methods have been developed for measurlng

some DNA-adducts such as gas chronatography-nass spectronetry

(Shucker et al., 1984), luminescence spectrometry (Rahn et al. ,

i980) or fluorescence spectroscopy (Daudel et al. , 1975). Using the

latter techrrique, Autrup et al. (1983) detected a putatlve aflatoxin

Bl-guanlne adduct ln 6 of 81 urlne sarnples from people living ln an

area of Kenya where contauinai-ion of food with aflatcxin B1 {c known

to occur frequently.
a,

The "P postlabelHng nethod ts a nonspecific procedure for detecting

adducts in cellular DNA (Randerath et al., 1981). Thi.s nethod can

thus be used for a preJlminary screening of DNA adduct formation.

Brlefly, the method conslsts of dlgestlng pur{fi.ed D N A to

deoxyribonucleosj.de-3f-monophosphates which are then enzyuatically

labeled wtth 32p and subjected to thin-layer chromatography followed

by autoradiography. So far, the only applicatlon of ttris nethod to

man is the detectlon of snolci-ng related D N A adducts in placenta

(Everson et aL. in press, "lted by l{enninki and Randerath, 1985).

s 3. c0Ncl,usroN

The determlnatlon of protein or nucleic acLds adducts

dosinetry) ls currentLy considered as

methods for noniEoring human exposure

one of the

(1. e.

most

rnol-ecular

pronising

n utagenic

!

to carcinogenic or
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chenica.lo. It has the potent-'al of estlnatlng dlrectly (DNA adducts)

or lndirectly (proteln adducts) the blological effective dose of

initlating carcinogens. In addlflon' in the case of protein adducts'

this nethod roay provide an integrated index of exposure.

Presently, the major linitatlon of this approach seems to be the

analytical aspect which is still too elaborate for routine monitoring,

particularly in the case of D N A adducts. But besides this

nethodological- diffi.culty, other probleus must be solved before

considerlng the appHcatJon of these tests for bloJ-ogical nonitorlng.

For instance, Httl€ is know about the background level of certaln

proteln or DNA adducts in man. The health significance of adduct

formation remains to be ssgsllishsd. Adducts formed wlth proteins

are non-speciflc wlth respect to the biologlcal consequences. They

may however pernit to assesa the tlssue dose iJ their occurrence

correlates wlth adduct formatlon in DNA of target cell's. There is

also so far no evidence that an lncreased lncidence of DNA adducts

can always be quanfitatlvely translated ln a higher cancer risk.
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CHAPTER VI

UNSCHEDULED DNA SYNTT1ESIS

The majorlty of the alterations produced by nutagens to DNA are, normally,

repalred. Although our knowl-edge of repalr systems in manrmals is still

lirnited, several methods are currently availabl-e to study these processes

(Regan and Setlow, Lg73 ; Cleaver, L977). Measurement of the patching step

of repair (unscheduled DNA synthesis ; UDS) 1s, probablyr the only one

applicable for screening purpose, the Bost corntonly used technlque being

based on differences of 3H uptake between cell-s from control and exposed

subjects (Cleaver, 1984).

several genetlc dlsorders (see chapter III) whlch increase the

sensitlvlty to environmental Dutagens are associated with DNA repalr

deficiencies as shown by in vitro experlments wlth Xeroderma Pigmentosum

cells, Ataxia telangiectasia or cockayne syndrome cells (C]-eaver' 1984 for

review) . Dlf f erent s tudies reveal al-so, the existence in the no:mal

populatlon of an interlndtvldual- variat,ion in the Level of IIDS lnduced by

genotoxic agents (for revlew vakakangas et al., 1984 ; Laval- and Huet'

i9S4). In a total of 266 lndlvidual-s Pero (1984) reported a 3-fold

lnterindividual variatlon ln N-acetoxy-2-acetylaminofluorene (NA-MF)

induced uDS. Comparable interlndivfdual' variatlon in repair has been

reporred by Lake (19S4) after in vitro exposure of monocytes'to MNNG (snall

patch repalr) and/or NA-MF (Long Patch repalr), by Lanbert et al' (L979)

in human leucocytes and also in the bromodeoxyuridine Photolysis test in

normal flbroblast cultures (SettLow, 1983) '
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In additlon to genetic variablllty (Lake, 1984) varlabIllty, exogenous

factors such as snoking habits, season of sarnpllng and drug consuuptlon

night infl-uence UDS (Madden et a1., 1984). In the study of Madden et al.

(1984) the sex' use of alcohol, caffeine or marlhuana did not influence che

level of UDS. The authors were unabLe to confirn the observations of

Lambert et al. (1979), CoJ-lins et al. (L977) and Erixon and Ahnstrom (1979)

wlth regard to the lnfluence of age on IIDS changes. Nelther age nor

cigarette-srnoklng were found to affect the IIDS response in workers of the

rubber industry (Benigni et al., 1984).

Since the nethod is stil1 under development very few papers on IIDS have

been publlshed so far but significant effect,s have been reported in workers

exposed to l-40 ppm styrene (Pero et al-. , L982a) or to less than 12 ppur of

ethylene oxide or propylene . oxide (Pero et al. , 1982b). Significant

decrease ln the ablllty to repair damage to DNA has also b.een reported in

patlents having undergone treatment for leukenia (Bohr and Kdber, 1985) and

among workers in the rubber industry (Benigni et al. , 1984).

As described previousLy, DNA repalr deflciencies have been shown to be

assoctated with a number of clluical syndrones (Friedberg et al. , 1979) and

with the increased incldence of cancers frequently encountered in those

genetlc defects (SetLow, L978) even though the relationships between

sensLtivity to mutagens and genetlc disorders appear rather complex (Arlett

and Lehman, f978 ; Generoso et al., l98O ; Polnter and Young, 1980). For

most nut,agensr there seems to exlst a correlation between their abillty to

produce chromosome aberration and SCEs and thelr ability to lnterfere with

DNA repair (Generoso et al., 198O ; Natarajan et al., 1982 I Paterson,

1978 ; San and Stlch, 1977).
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CONCTUSION

The study of unscheduled DNA synthesis apPears to be appllcabLe for

monitorlng exPosure to outagenlc or carclcogenle chenlcaLs' Several genetlc

defects can interfere wlth the results obtalned and the data avaiLable are

stllL lftnited. It 18, therefore, difflcult to estluate actually' to whlch

extent the method can be used for routlne screening.
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CHAPTER VIT

DETERMINATION OF TUMOR MARKERS

IN BIOLOGICAL FLUIDS

S I. DEFINITION

Tuuor markers can be defi.ned as substances whlch are signlEicantly

associated with neoplasic diseases. The assocladon night be que'l{tative in

the case of a narker detectable ln neoplasic disorders only. But so far,

no tumor marker speciflcally associated with neoplasms has been descrlbed

and the eristence of such 'marker is questJonable. For nl] tumor markers

currentLy sva{]affu, the aesoclatlon with the occurrence of transformed

cells ls quantJtative and results from an increased productJon of a

substance usually present in trace amounts in the healthy organism. More

than 100 substances have been proposed as potenrially usefuL tumor

markers. These substances do not belong to a spec{Flc biochernlcal

category. They fall lnto several blocherolcaL groups depending on their

structure, orlgln and functlon : antibodles, enzymes, hornones, antlgens,

nucleosLdes, amlnes, . . .

Most tunor rnarkers are measured in blood, but in some clrcumstances,

their determination in other biological flulds such as urine or even

cerebrosplnaJ. fluid ls more justifled.
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$2.MEcIIANISMSoFAPPARITIoNoFTUM0RMARKERS

Several mechanlsms can be lnvolved tn

markers in biological- fluids (Franchirnont et al' '

the appearance of tumor

1982) :

l.Derepressionofsllentgenesresultingfromtheneoplastc

transformatlon.

ThismechanismisresponslblefortheaPpearanceofthe

oncodevelopnentaL tumor markers 1.e. the markers which are produced by

both developnental (i. e. foetal, trophoblasric, placental. . . ) and neoplaslc

Hssues. The uost commonly used oncodevelopnental- tunor markers are the

carcinoembryonic antlgen ( C EA) , q-foetoProtein ( AFP) and the chorlonlc

gonadothrophic hormone (HcG). These markers are also celled unlversal

uarkers because they can derive from the 3 gernlnal layers (ecto- endo-

and mesoderma).

2. Specific productJon by the tlssue fron which derlves the neoplasn'

Ferririn in hepatocellular carcinoma and calcltonln ln nedullar

carcinoma of the thyroid are examples of markers resuJtlng from an

lncreased production by the tri,ssue of orlgln. Ilowever, the production by

the cancerous cell is often qualltatlvely and quantitatively dljferent fron

that by the normal cell. The protein produced has not always exactly the

same physicochenicaL characterisEics of that syntheElzed by Ehe normal

tlssue. The ferrlttn og 6alJgn or:igin is, for lnstance, more acid than that

present tn normal plasna. The production by the cancerous cell js else

usual1-y lower than that by the norual cell. The increased production of

these markers results in fact from the proliferation of neoplaslc cells.
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3. Increased cellular prollferatiron or turnover.

Modifi.,ed nucleosides, which are degradation p roducts from nucieic

acids and particularly from t-RNA, are normal constituants of urine.

Their deterninatlon may be used to detect an increased turnover of

t-RNA. The Fiosue polypeptide antigen (TPA) ls also an indlcator of

cellular prol5feratlon released in extrale[ular flulds during cellular

division.

4. Reaction of the organisn to the tumor.

C-reactive protein, antlbodies dlrected against

immune complexes, g-microglobulln are examples of

this nechanism.

some tumor antigens,

markers appearlng by

S 3. CRITERIA FOR A USEFUT TEST BASED ON THE DETERMINATION

OF TUMOR MARKERS

To provlde a useful lnforna.tlon

treatment of nepl.asms, a test relylng

marker must ueet the folJowing crlterja :

ln the detectlon, diagnosfu or

on the deternination of a tumor

I . S peeificity

A good dJagnosf,rc test xnust have a trigh degree of specificity. There

should be very few falss posltlve resulcs 1.e. few indlvlduals without

neoplasic cells who have a positive test. A hlgh specifld.ty m€ly n1s6 mean

the capabflJty of the test to dlfferentlate 6e1{gnant from saall benign

tumors. The crlterlon of speciflclty ls partlcularly important in a
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screenlng programme. An excessdve

lndeed glve rise to P sYchological

instance, the frequencY of a cancer

the frequency of posJdve results is

posltlve w111 be unnecessarily worried

examinatlons.

2, Sensitivlty

The test should e'lss

negative results. In other

of neoplaslc cells in a large

e713fu spnll locnl{zed tumors.

3. 0rgan speciftcitY

For the diagnosJs of

some informatlon regardlng

number of false positive results

and economical difficulties. If

ln a glven popuJ.ation is 0. 5 7.o

may

for

and

5 Zo, nost tndividu:ls idenHfied as

and subjected to addillonal rnedieal

be very sensitrive and

terns' lt Dust be able

yield very few felcs

to detect the presence

proportion of cancer patirents, includlng those

cancer, lt is desirable that the test provides

ghg lsqe'l{satlon of the neoplasic Proeess.

4, AppllcabllitY

To be suitable for monitoring or screenlng programmes, the test must

be relntively inexpensive and easy to perform. The naJority of tests using

tumor markers are based on radioisotopic or enzymatlc immunoassays '

whl.ch are costly and requlred a skjlled personnel. It is clear that the

flnancint resources necessary for these tests are a serious linitatlon of

their appllcation for survey of large populations'
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Current tumor markers are neither hlghly sensdtive nor tumor specific.

The lack of specificity of tumor markers can partly be overcome by t3kitA

into account the possible confoundlng factors such as 49€, sex' smoking

habits and benign diseases giving fnlcs posJtlve results. The probabllity

of detectlng a given neoplasm can be lncreased by combining dlfferent

markers. The conblned use of CEA and ttssue polypeptlde antrlgen allows

for an earlier detection of nalignant recurrency and slso a better

dlscr:inlnadon of patlents with stable tumors from those with progressi.ve

cancer (Ltithgens and Schiegei, i983) . The comblnatlon of C EA and

ferritln may be useful in the diagnosis (particularly ln the staging

procedure) of both breast and lung cancer (Blockx et al., 1984). The

slnultaneous determinaHon of AFP and ferrltln seems also to be useful for

detecting hepatocellular carcinoma ln high risk Patlents (Nakano et al. '

1984). Conblnatlon of tests is however a valuable approach only jJ the

tests have a similar and relatlvely high sensltlvity. No improvement in

sensitlvlty can lndeed be expected by combining one hlgh and one low

sensitlvity test or by using a battery of poorly sensitlve tests (Fischer

and Oehr, 1984).

$ 4. CLINICAL APPLICATION OF TU}IOR MARKERS

Durlng the last 15-20 years, conslderable effort has been devoted to

the developnent of tests allowing a speciflc and early detection of neoplasic

process. Although slgniflcant technlcal advances have been made ln the

identlflcatlon of several tumor-associated substances, the cllnlcal usefulness

of tumor markers is stllt llnited by thelr insufficient sensitlvity and/or

specifJ.city (Pohl et al., 1983; Wagener' 1984) .
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Even CEA and AFP whlch are widely used markers are fat from being

absolutely specific. Increased serum levels of cEA nay for instance be

observed ln heavy smokers (MacCartney and lluffer, 1974) ln patlents wlth

benign neoplaens (Logerfo et al., lgTL) and in 15 to 20 7. of. patients with

lnflaurnatory disorders r pulmonary infections, liver diseases, Pancreatitls '

ulcerarive coliEls and Crohn's disease (Constanza et al., I974). Serum

levels of AFp can also be lncreased ln nsnglrl{gnant llver diseases such as

viral hepatJtis or cirrhosis.

Because of their lack of specificity, currently 4va{]n!fu tumor markers are

in general of lftde va]-ue for screenlng of 6a1{gnancies. The cEA

deternlnation has revealed unsultable for cancer screening ln the general

population (Cullen et aL. , Lg76) or in high rlsk grouPs such as hospital

patlents (Doos et al. ' 1975).

There are however a few markers that can possibJ.y be constdered as

appropriate for screening purpose in soEe elrcumstances. AFP, which in

absence of pregnancy ls relativeLy speciflc of hepatocellular carcinoma' has

been successfully used as a screening tool ln soDe areas of Asla and

Afrlca and ln patJ.ents with llver cirrhosls (see s 5). The chorlonic

gonadotrophlc hormone B-lt c G level- i-s ln males an excellent lndice of

trophoblastlc tumors, which is easily detectabLe in urine before the

appearance of cfinical signs of cancer. As a marker of testlcular germ cel1

tumors, it has a speclficity of 100 Z (wlnship-BalJ. et al., 1983).

Calcltonln ls atso an excellent marker ln medulfary thyroid carcinoma.

At the present time, the major cunicaL usefulness of tumor markers lies ln

the monltorlng of therapeutri,c effectlveness and in the determinatlon of

matignancy recurrence. The existence of resldual neoplasic tjssues and/or
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dlstant netastases fol'lowlng therapeutic intervention can lndeed be detected

by nonitoring the tfine course of the concentratlon of a tumor nark-er,

provlded' of course, that thls marker was elevated before the onset of

therapy. In thls appHcatrion, tumor markers represent the most sensitive

dfugnosHc procedure to detect reslstance to therapy or recurrence of the

6n1:lgnaot process. In some sltuations, tumor markers may alco help in the

staging or classificatlon of the disease or in estimaring the prognosls.

$ 5. EARLY DETECTION OT SUBJECTS BEARING I4ALIGNANT TUMOR

One questJon whlch deserves sone conslderatlon j.s whether the

nonltoring of tumor markers night be useful for the early detectlon of

6:lignant tumors ln subjects known to have been exposed to carclnogenic

chemlcnlc. Modern diagnostJc techniques (e. g. isotopic scanning,

ultrasonography) are llkely to permit an earHer detection. of snq1l tunors

than the currently ava{]af fu markers. It i"s however evident that the

former techniques cannot be applied routlnely on workers who have been

in contact with potenHally carclnogenic agents. Few studles have examlned

the usefulness of tumor marker oonltoring for this speeiflc purpose. An

example of such an applicat{on is the determ:inatrion of seru ro AFP for

screening of hepatocellular carcinoma in areas of Asia or Africa where this

cancer has a high lncidence. For instance, the Shangai coordinatlng

group (L979) conpiLed statistics on 1,967,511 staff members of factories

and con panies screened from 1971 to 1976. Three hundred patients r^rere

detected as poslrive during these years whlch corresponds to a detectlon

rate of L5.41100r000. Anong the AFP positlves patlents,60 were found to

be at an advanced stage of hepatocellular carcinoma by isotope scannlng

and ultrasonic detectrion and 134 cases nere in the earl-y stages. T he
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patlent resectlon rate was 58.5 Z. The 1-, 2-, and 3-years survlval rates

after operatlon were 86.7 7, 75.0 Z and 57.L Z respectlvely. In additlon'

L,2231912 indtviduels were screened in three consecutlve years (1974-1977)

!n Qldong County, Jlangnu province, a hlgh endemic area (Zhur 198l).

Four hundred seventy flve patlents wlth llver caocer were detected

(detecdon rate 38.5/100.000). Among these posilive subjects, 167 were in

the early stage. Two years and five years after the operation, thejr

survival rate was 69 7 and 29 7, respectively.

The deterninatlon of AfP has n'ls6 beeu successfully applied to patfunts

wlth chronic llver diseases. In these patients, a high serum level of AFP

i.s indeed htghly suggestlve of the presence of hepatocellular carcinoma.

For instance, Masseyef et al. (1976) reported the deterrninati.ron of serum

AFP in 195 cirrhotic patlents, 72.8 7. of then having AFP levels lower than

l0 ug/l, 22.1 7. showing, values between 10 and 2000 pg/l and 5'l z havlng

concentratlons above 2000 Ltg/L, FolJow-up examinatlon of these subjects

has shown gtr6g e]l subjects with the htghest level of AFP have developed

an hepatocellular carclnoma while about 25 Z of the grouP lt'Ith nid-level"

developed the disease and none wlth normal AFP levels had a sa'lJgnant

disease. These studies demonstrate thus that the AFP determinatlon is an

useful test for Lhe early dlagnosis of hepatocellular carclnoma, increasing

the resectability and survival rates and perrnitting an earller therapeutJc

intervention. The AFP test has however some limitations. Flrstly, it does

noE respond to .a11 gypss of hepatocellular carclnoma. As rnentioned earfier,

the conbined use of other markers such as ferrltin lmproves the sensltivity

of the screenlng. The test also does not respond in case of smell tumorg.

Chen et a.1. (1984) have for instance reported that among 17 patlents with
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llver tumor ( 3 crn ln size, only 11 subJects had an increased level of AFF

ln serum.

The use of tumor markers for monltorlng populadons exposed to

carci.nogenlc chemlcn'ls may be a useful approach for the early detection of

cheruical-induced neoplasms. This posslbillty shouLd be further explored

by undertaklng prospective studies in groups of workers who are or have

been exposed to suspected carcinogens. The few studies realized so far

on thls topic were ii.mised to a compari.son of the pre.ralences of abnormal

Levels of some tumors markers between exposed and control subJects.

These cross-secdonaL studles provlde 1itt1e informadon on the predictivity

and pronostie value of these increased levels of some markers.

Page et aL. (1976) reported an lncreased prevalence of abnormal CEA Levels

in workers exposed to vlnyl chloride monomer. 48 7. of the studled

populatlon had abnormal levels in serum (i.e. hlgher than 2-5 ps/L).

Howeverr oo specific control group was included in this study and the

influence of confounding factors such as tobacco' alcohol consumptlon or

liver diseases was not taken lnto account.

Anderson et aL. (1978) neasured CEA levels in 11i5 workers exposed to

vinyl chloride monomer ln 3 polynerization plants and in 248 workers of a

PV C extruslon plant where no vinyL chlori.de monomer was used. The

authors found nultiple factors affecting the C EA levels in serun among

which cigarette smoklng r paet lllness and alcohol consumptlon had the

strongest effects. After controlUng for these possible confounding

factors, the dfutributioa of CEA 1evels ln the polynerizatlon plants workers

s6l1 dlffered signif:lcantly from that observed in the extrusion plant

workers or from that of an addltlonal control group. Among the various
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subcategories of workers, those of the maintenance and production had the

cEA 1eve1s which dlffered the most fron that of control's. The activity of

alkallne phosphatase q74s e'lss measured ln these workers and a correlatlon

with cEA levels was found. In persons exposed to styrene, an increased

serum 1evel of cEA \ras reported by Anderson et al. (1976) but thi's

observation \ras not confirmed by Jdrvlsalo et al. although the grouP of

workers examined by the latter authors was heavlly exposed to the

solvent.

In asbestosls patlents, who are subJected to a hlgh risk of mallgnancy,

Jarvls?ilo et at. (1984) observed a high prevalence of abnogmal serum levels

of cEA, p-nicroglobulin and ferrltin. These elevated values could not be

explalned by diseases of the tiver or kldneys. A follow-up study !!"i11

probably shed more llght on the origin and signlficance of these

pathological levels of tumor markers. Kurnar et aL. (1978) have measured

the concenrrarlons of tlssue polypeptlde antigen (TPA) in I08 nal-e workers

prevlously exposed to bladder carcinogens (naphtylamlne and benzidlne) '

The prevalence of abnorrnal TPA Levels in serum was slgniflcantly lncreased

by comparison with a group of 63 healthy male blood donors (37 7' vs

g.5 7"). Since TPA is a prollferaLlve antlgen, it fu posslble that a ralsed

level of this marker constitutes an early sign of hyperplasic blad der

epitheliu m .

More recently, KotJar et al. (i982) have applied the leukocyte adherence

inhibition assay (LAI) in a group of 51 workers enployed in a nickel

reflnery. The prlnclple of thls test ls that when leukocytes sensltized by

a tumor antlgen react with this antigen, thelr normal adherence to glass is

inhibited. The frequency of positive resPonse agalnst a lung carcinoua
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antlgen was hlgher among the reflnery workers (2Il5L) than in the

controls (3 lL7). Moreover' among workers ernployed for l0 years or more,

the response was higher than that found in workers with shorter

ernploynent. 0f the nickel workers with nasal dysplasia 56 Z (L5/27) gave

a positlve reacdon agalnst the lung carcinoma antigen conpared to 25 7"

(5/24) of the lrorkers without dysplasia (P = 0.03). The same trends were

elco found for the nasal carcj.noma antrlgen. This study indlcates that the

humoral lnhibitlon test may be useful in the ldentriflcatlon of indlvidunls

with an increased cancer ri-sk. Thi.s test does not seem to be more

specific of cancer than other tumor markers, but lt could be more

sensitlve. It is lndeed very llkely that in the course of cancer, the

immune response to tumor antlgens is detectable at a much earlier stage

than the products of tumor released in the clrculatlon. Posjtlve results

have, for instance, been rePorted with the LAl-test in serum samples

drawn up to 5 years before the clinical diagnosis of cancer. Another

approach of cancer screenlng \,r'tth tuBor markers is to use them for

detectlng cancerous cells in blological samples collected by biopsy or

cytology. For instance, tumor markers based on the use of specific

antibodles could identify cells bearing tumor antlgens ln the sputum.

$ 6. CONCLUSION

Despite considerable research efforts nade in the field of tumor

markers, the tests currently 4ydle!]g stilL lack sufficlent sensi'tlvlty

and/or specificlty to be used in the early dlagnosis of cancer. At the

present time, the najor cllnlcal usefulness of tuuor markers ls the

nonltoring of therapeutJc effectlveness of oncologic treatments. In most
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cases,theyrepresentthemostsensiriveandquantitatlveParaBetersto

follow up the evolution of neoplasms in cancer patlents'

But another potenflAl applicatlon of tuutor. markers' whlch so far has been

little explored is the non:itoring of populations exposed or who have been

exposed to occupadonal or environmental chenical carcinogens' The

aygilaf fu lnformatlon is insufflcient to assess whether such an approach

would be worthwh{Le and could contrlbute to an early detectlon of neoplasic

processes, FoJlow-up studles of populations subjected to a known risk'

using several markers possibly ln courblnation wlth other indicators of the

presence of a carcinogenic risk, are needed to assess the predictlve value

of tunor oarkers and hence their pracfieal relevance in a blologlcal

monitoring Programme.
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Table VI.l.

Studles on tumor markers atrong workers occupatJonally exposed to

ssgsllistlsd or suspected chenical carclnogens

Authors Nunber of

workers

Markers 0 b servatlonsS ub stances

Vlnyl chloride Page et al.
(1e77)

Andersson

et aL. (1978)

200 exposed CEA

111.4 exposed C EA alkallne

and 248 control phosphatase

48.3 7" with values

> 2.5 ,rglL
SlgniElcant difference

between both groups for
CEA

)

Styrene Andersson

et al. (1976)

Jarvisiilo
et al.
( I 984a)

31 exposed

CEA

CEA

8-n
ferrltine

Iligher concentratlons in
the exposed group

cEA (pe/L) 2.8 vs 2 ln
control (p > 0.05). No

slg nif:lcant diffe rence

for $r-n and

ferritine

Asbestosis JarvlsHlo et

al. (i984b)
90 patJents

wlth asbestosls

CEA

B-n

ferritine

tu mor-asso-
oiated tryp-
sin lnhibltor

nodlfled

nucleosides

lTZwithCEA>Spe/L;
43Zwlth$Z-r>3mg/l
22it nLth ferritine )
400 !e/1.

no effect

8 positive

Stenman et

al. (1982)

Borek et

al. (1983)

103 patlents

wLth asbestosls

.13 subjects

wlthout asbes-

tosis symptotrs

. 9 subJects

with mesothe-

lioma

all positlve
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naphtylanine
aphtylanine
zidlne

kel refinerY

Authors

Kumar et

al. (1978)

KotJar et

al. (1982)

Number of

workers

108 exposed

68 control

5l exposed

17 controls

Markers

trlssue

p olyp eptide

antigen

Leu kocYte

adherence

inhibitlon
test agalnst

J-ung & nasaL

carclnoma

antigen

119'.

O bservations

a 4-6 fold increase in

the prevalence of Positlve

results in the exPosed

grouP

I{igher resPonse rate

against lung carcinoma

antlgen in reflnerY

workers (21/5L) than in

controls (3/L7) (P=0.07).

The increase ls related to

duratlon of exPosure and

presence of nasal dYsPlasia'
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CHAPTER VIII

SPERM ASSAYS IN MAN

S 1. PRINCIPLES OF TTIE METITOD

Many experfunental and epldenloJ-oglcaL studies have shown that anomalies of

the sperm can be used to estlmate the antlspermatogenlc effects and the

productlon of genetlc damages by chenlcals ln manrnalian nale germ cells

(wyrobek, 1981, 1982, 1984a,b ; Wyrobek et al., 1980, 1981a,b, 1982a,b).

Four measures of sperm quality are actually utilized : sperm count ;

notility roorphological changes and YFF test.

Sperm count, (i.e. the number of sperms per nllLiliter of ejaculate) and

sperm notlJ-ity are two of the best lndlcators of fertlJ-ity and the first

one ls also comonly used as a measure of human sPermatogenic toxlcity.

Various factors, such as duration of contlnence before sampl-ing' colLectlon

of incomplete eJaculate, interindlvidual variability or rnethodological

factors may, however, lnterfere with the results (Schwartz et al., L979).

Experiments wlth mice suggest that ehanges in the sPenn norphology

resulting from dxposure to chenlcals are correlated wlth the ability of

these agents to induce genetlc changes such as dominant lethals, heritabLe

translocations and gene mutations. The classificatlon of the sperm into
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shape categorles has greatLy decreased the varlabillty between scorLng

persons and laboratorles

The presence of two fLuorescent bodies, corresponding to tlro Y

chromosomes, ln spermatozoa of normal size can be used to test fcr

Y-chromosomaL non disJunctlon. It should be pointed out, here, that varlous

other approaches have also been proposed to assess chenlcalLy induced

spermatogenic dysfunction including testlcular biopsles (Wtrorton et al.,

I979) r {uestlonaire surveys (Levin et al., 1981), blood Levels of

gonadotrophins (Eliasson ' L976), melotic chronosome analysis or spentr

chromosomes vlzualtzed by tn vltro penetratlon of hamster oocyte6 (Hulten

et a1., 1984 for revLew). Methods lnplylng testicular biopsles cannot be

used ln routlne and, actuallyr vlzuallzatlon of sperm chromosomes

encounters too nany technical dlfficulties.

S 2. RESULTS OF OBSERVATIONS ON MAN EXPOSED TO CHEMICALS

Accordlng to the recent revlews of tJyrobek (1984a,b) Dore than IOO papers

covering approxlnately 90 different human exposures studied wlth one or

nore of. these tests, have been published. About 9OZ of them deal with

exposure to experlmental or therapeutic drugs. An increase of 30O-6002 in

sperm wLth two F bodles has been observed, for instanee, after treatment of

lndlviduals with adriamycln, flagy1 plus diagnostic radiation or after

X-ray therapy (Legator and Kapp' 1984). A few studies have been perforned

on people exposed to occupatlonal and envlronmental agents (Table IX.1) .

Higher proportions of sperm wlth shape abnorrnallties t,han controls but no

differences ln sperm counts have been found 1n men occupatlonally exposed
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to carbaryl (Wyrobek et al. r 198rb) and increased Y-chromosomal

nondysfunction (Kapp et al., L979) and depresslon of sperm counts

(Takahashi et a1., 1981 I Whorton et 41., L977) were observed in workers

exposed to dibronochloropropane. Positive results (l'lyrobek, 1984b) have

also been obtained on rnen exposed to carbon disulfide, toluene diamine and

dlnitrotoluene, or l"ead. Exposure to anesthetlc gases, apparently, has no

effect on sperm (Wyrobek et al., 198ia) and no statistically signiflcant

difference was observed by Coldiron et al-. (19S3) and Ward et al. (1984)

between controls and workers exposed to forrnaldehyde in a hospital autopsy

service wlth respect to sperm count, abnormal spern norphology and 2F-body

frequency. Negatlve results have been reported, also' on peopLe exposed

(Wyrobek,1984) to eplchlorohydrln, ln workers enployed ln glycerine

production or handling polybrorninated biphenyls and (Rosenberg et a1"

1984) in waste water treatment workers. Some aLtemPts have also been made

to correlate age, lifestyle characteristlcs or Personal drug use with sPera

anomalies. Positive results were rePorted with marijuana (Henbree et 31' '

IgTg ; Coldlron et al., 1983 ; Ward et al., 1984) and alcoholi'c beverages

(Wyrobek, 1984) but the results were not very demonstratj've for tobacco

smoke (Wyrobek, 1984a).

s 3. coNclusroN

MaJor reductions in spen0 counts and notility and some sperm shape

abnornalities have been shown to be associated with reduced fertllity'

sterillty or higher incidence of spontaneous abortlons (Furuchjelm et a1"

1962 ; CzeizeL et al., 1967 ; Nistal et al"
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1978). The assocJ.atton betweeu speru abnormalltles and lnfertll-ity observed

ln dlbrornochloropropane exposed workers (ldhorton et al., 1977) suggest that

danage to semen quallty produced by envl.ronmental- chentcals.could result ln
the aame effects. There exists, however, no indlcatlon that thoee sperm

Parameters are predlctlve of lnductlon of transmtsslble genetLc defects.

0bsenatton melotlc and sperm chremosomes could provlde more

lnfornatlon in that respect but currentLy, thege uethods do not appear

of practlcal value for geaetic nonitoring of people exposed to

envLronmental or lndustrlal pollutants.
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Table IX.1.
Results of sperm as8ays after occupatlonal or environnental expoSure'

Conpound Response Reference

Alcoholic beverages

CarbaryJ-

Carbone disuLflde
D ibrornoch J-oroProPane

D ib ronochJ-oroProP ane

ethylene dibrornide

Lead

Marijuana

Toluene dlamine *
dlnitrotoluene

+

+

+

+

Wyrobek (1984a)

Wyrobek et a1. (1981b)

Wyrobek (1984b)

Kapp et al. (1977)

Takahashl et al. (1981)

Whorton et aI. (L977)

Wyrobek (i984b)

Wyrobek (1984b)

Coldiron et al. (1983)

Hembree er al. (1979)

I^lard et al. (1984)

Wyrobek (l9B4b)

+

+

+

+

Kapone

Tobacco

J
t

Wyrobek (1984b)

Wyrobek (1984a)

Anesthetlc gas

EpichlorohYdrin

ForrnaldehYde

Glycerine Production
Waste-water treatment

Wyrobek (1984a)

Wyrobek (1984b)

Coldiron er al. (1983)

Ward et aL. (1984)

Wyrobek (1984b)

Rosenberg et al. (1984)
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CHAPTER I

VALIDITY AND HEALTH SIGNIFICANTCE OF TITE BIOLOGICAI METI1ODS

CURRENTLY AVAILABLE FOR MONITORING EXPOSURE TO CHEMICALS

In this chapter we sha1l attenpt to assess the validlty of

tests described in part I whereas chapter II wiLl be

recornmandatlons regarding thelr appllcatlon.

the vari.ous

devoted to.

I

I

I

I

I

I

S 1. METHODS MEASURING THE CIIEMICAL OR ITS }fETABOLITES IN BIOLOGICAL },IEDIA

The objective of these nethods is to estlmate the amount of carcinogen or

mutagen effectlvely absorbed by the orgaulsn (1.e. the internaL dose). When

based on a selectlve deternlnatlon of the chenlcal ln blological media,

this approach presents the advantage of being sensltlve, speclfic and in

theory appLicable to all potential lndustrlal carcinogens. In addltlon, the

deterninatlon can, sometimes, be performed ln urine, which ls easily

accepted by the worker. So far, however, tests relylng on the determi.nation

of the unchanged chemical or its uetabolltes ln biological fluids have been

described for a l-lnlted number of carclnogenic or mutagenic compounds.

The thloether assay is a nonseLectlve test,, whlch has been proposed for

monltoring exposure to electrophllJ.c chemicals or chemlcal givlng rtse to

electrophlllc metabolites. Ttre sensitivity of this test is, however,

llnited due to a relatlvely high and fLuctuating background. Snoking ls a

poselble confounding factop. Some compounds devoid of carcinogenlc or

rnutagenic properties can aLso produce .an increased thioether excretlon.
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Currently, the main value of the thloether test seems to lie !n its

capabillty to ldentify groups exposed to unsuspected eLectrophillc

compounds. But the lack of lncrease of thloether excretlon does not pernit

to conclude that no exposure to electrophlllc substances has occurred'

The speciflc and non specific tests Deasurlng the chenicaL concentration

in blological flulds are of llnlted value for assesslng the carclnogenic or

nutagenic risk because they provide no tnformation on the extent to whfch

the chemical has interacted with the genetic naterial. An indlrect

assessment of health rlsk can be Bade if quantltatlve dose-response

relatlonshlps exlst, but this is rarely the case ln human carclnogenesis.

$ 2. DETERMINATION OF MUTAGENIC ACTIVITY IN BIOTOGICAT MATERIALS

Thls test can be used to detect exposure t'o mutagenic substances or

substances givlng rise t,o nutagenlc substances. Performed on urine it

appears interestlng because collectlon of samples is easy' the cost and the

time required appear acceptable even for a large scale study and

demonstrative results have been obtalned roith urine of people exposed to

various types of cheuicals.

It has an adequate sensltlvlty for monitoring exPosure to environmental

or occuPational carcinogens or mutagens. Confounding factors' however' oaY

arise from several Source6' such aS Smoklng' drugg, dlet' cosmetics' etc" '

This lack of speclficity 1s an advantage when one is trying to deternine

whether there is an exposure to mutagenic conpounds whatever the source'

But the nonspecificlty of mutagenicity tests restrlcts thelr appl-lcation on

a group basls and aLso obscures the rel-ationship between the excretion of

mutagens In urine and the presumed exposure'
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In addltlon, there is alo the posstbility that urlnary contaminants such

as histidlne in the Ames test interfere with the assay. Llke the rnethods

measurlng the chenlcals in body fluids, nutageniclty tests reflect urainly

the recent exposure, at best over the prevlous 48-72 trt. A standardlzation

of the methods currently used ls also deslrable.

With respect to the health slgnlflcance of the results of nutagenicity

tests, it must be stressed that the nutagenic activity neasured in excreta

ls not necegsarily relevant for what happens in the genetic material of a

target organ. The compound responslble for the nutagenicity of urines may

not be lnvolved in the cancer induction at the target organ and inversely,

the l-ack of lncrease of the urlnary nutagenicity does not nean the absence

of genotoxlc danage ln the target organ.

S 3. CYTOGENETIC OBSERVATIONS ON III]MAN SOMATIC CELLS

Cytogenetically visible damage ln human chromosomes can be detected as

chromosomal aberrations, sister chronatid exchanges (SCEs) or as

micronucleated cells,

Tl" search for chromosomaL aberratlons ln peripheral lynphocytes has

proved sensitive and speciflc enough to be used as a biologlcal dosimeter

in cases of exposure to lonizing radlatlons. The lnductlon of chromosomal

aberratlons in vitro has been demonstrated for a large number of conpounds.

There are, however, relatlvel-y few compounds that have been shown to

increase the numbers of chromosooal aberrations in lynphocytes of

occupationally or environmentally exposed persons. It is not yet

established whether the rnethod ls sufflclently sensitive for chronic low

level exposures to chenicals. By contrast to the preceding tests '
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chromosoBal aberratlons are cumulative and nay lntegrate the exposure over

a rel.atively long perlod of time. Chromosome aberrations' however' are

nonspecific. It is thus lnportant to take lnto account all the possible

factors whlch nay infl.uence the background of spontaneous aberrations such

as excessive alcohol consumptlon, cigareCte snoktng, age, viral infections'

X-rayexaminatlon,etc....Anajordl'sadvantageofthlstestforroutine

monitoring is that, with the Present methodology, scoring of chromosomal

aberrations is laborious.

The detectlon of scEs ls easy to perforn but the nethod has not been

proven to be a good lndicator of exposure to genotoxic chemlcaLs'

The natn advantages of the micronucleus test are its speed and its lack

of requirexnents for mltotlc cel-ls. Furthermore, mlcronuclei are indlcators

of structural chromosome aberratlons and al-so of lnterference of the

chenlcals \ilith the distribution of the chrouosomes ln the daughter celLs'

The nicronucleus test can be applled to ]-ynphocytes and also to exfollated

cells, whlch in the ]-atter case may sometimes offer the posslbil-ity of

monltorlng genotoxlc effects in target organs such as the bLadder' the lung

or the buccaL cavitY.

The lnduction of chromosomal aberratlons by chernical agents' in vitro in

mamnallan cells or in vlvo ln Laboratory animals' can be consi-dered as

reasonably good indlcators of carcinogenic Potential' If one add that n0any

types of human cancer dlsplay speclflc chromosomal aberrattons' an increase

of chromosomal aberrations in peripheral blood lymphocytes could indlcate'

therefore, a higher probabillty for the exposed grouP to develop cancer'

At the indlvldual Leve1, however, several- studies perforned on huuan

populationsrnainlyonthesurvivorsofHiroshlnaandNagasaki'suggest

that there exist no correlation between the frequency of chromosomaL

abnormalitiesintheperlphera].bloodlynphocytesandtheriskofcancer.
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It is not known, aLso, whether chromosomal changes in blood ceLLs reflect

the presence of such damage in lnternal organs. Flnally the assoclation

between chromosome damage and blood celL diseases is speculatlve and no

studies on man or anlnal has denonstrated a possible cause-response

relationshlp between lnduced cytogenetlc changes and inrmune function.

S 4. DETECTION OF GENE MUTATIONS IN SOMATIC CELLS OR OF PROTEIN VARIANTS

The genotoxlc risk can be evaluated by searching for point mutation elther

in DNA of perlpheral lyrnphocytes or in blood protelns (e.g. henogLobin).

The nethods are at an early stage of development. Their potential for human

monitoring cannot yet be assessed.

S 5. DETERMINATION OF PROTEIN OR NUCLEIC ACID ADDUCTS (MOLECUTAR DOSIMETRY)

Thls approach is currently consldered as one of the most promlsing for

human monltorlng to carcinogenlc or mutagenic chemicals. It has indeed the

potential of estlnating dlrectly (DNA adducts) or indirectly (protein

adducts) the amount of chenlcals bound to the target molecules fron which

the cancer process can be initlated. In additlon, in the case of proteln

adducts, this nethod may integrate the target dose over a relatively long

period corresponding to the biological half llfe of protein and of the

adducts. The results obtained so far suggest that this rnethod night be

sensitive enough for blological nronitoring in occupational settin.g but a

thorough valldatlon of thls approach ls required before considering lts

application for human monltoring.
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Ingeneral,theadductdeterminationisveryspeciflcwithrespect!o

thechemicalgrouPboundaswellasrothesiteofthemacromolecule

(aninoacid or nucleic acids base) where thls binding occurs' In the case of

DNA, a nonselective detection is however posslble by using the

32p-postLabelling method. The Latter technlque night therefore be used for

a preliminary screenlng, but lts sensitivlty rnight be a limiting faccor'

ThenaJorlinltationofthisapproach,particularlyforDNAadducts' 1s

the nethodology which at this stage is too elaborate

nonitorlng.Thedevelopmentoflmunologicalnethodsforthe

of adducts could make these monltorlng techniques more sultable for routine

monitoring. But the drawback of lmmunoassays ls that the stxucture of the

adducts must be known and that for each type of adducts a specific antlbody

mustberaised.Anotherlimi.tationofthlsrnethodisthatitisonly

applicabletocompoundsthatcanblndtomacromoleculeseitherdlrectly

(directalkylatingagents)orafternetabollcactivation.Furthermore,

littl_e information is usuaLly available on the background Level of proteln

or DNA_adducts 1n nan whlch nay linir the sensitivlty of this test.

Adducts formed with protelns are non-specific wlth respect' to the

blol-ogical consequences. They are only relevant for monitoring genotoxic

rlsk lf their occurrence correlates wlth adduct formation in DNA of target

cells. There is so far, however, no abso].ute evidence that an increased

incidence of DNA-adducts can be guantitativel,y translated 1n a higher

cancer risk. It is lndeed likely that only alteratlons at a specific site

of DNA coding for a particular gene (oncogen) are probably related to the

cancer lnduction. Although thls approach is very Promising for cancer rlsk

for routine

determination

est j.Eation 
'

presently, lt cannot be used for thls purpose'
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S 6. DETERMINATION OF DNA REPAIR

The determination of DNA repair (e.g. in l-yrnphocytes) can be used to

lndlrectly estimate the extent of danage to the genetic naterlaL..The

applicabllity, sensitlvlty and speclficity of this approach for monltoring

purpose ls unknown. The oethod which so far has been the Bost conmonly

used, is the determination of the unscheduled DNA synthesis. It ls however

questlonable whether the DNA repair determlnation can provide an accurate

estimate of the genetic danage. One of the most serlous liuritatlon ls the

fact that the nethod quantifles only the damage susceptible to excislon

repair. Mutagenic l-eslons which are reversible are not detected. The

usefulness of this nonitorlng nethod is also liurited by the fact that it

reflects probably the very recent exposure precedlng inrnediately the assay.

S 7. DETERMINATION OF TUMOR MARKERS

Tumor markers can be defined aa substances which are slgnificantly

associated with neoplasic dlseases. Tunor markers can belong to very

dlfferent biocheurlcal groups : oncodevelopmental antigens, enzymes,

hormones, anti.bodles, nucleosldes, ...

The current tests based on tunor rnarker deterninatlon still lack

sensitivity arrdfor speclflcity to be usefuL for the earLy dlagnosis of

cancer. Alfa-foetoprotein, however, seens to be an exception slnce this

marker has been successfully used for the early detection of hepatocellul-ar

carclnoma ln some groups at rlsk.

The posslbiLity of uslng tuuor markers for monltorlng populations

occupationally exposed to potentlalJ.y carcinogenlc chemicals has been

rarely expLored. It would be worthwhlle to determlne 'lhether this approach
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could be used to identify groups or subiects at risk. In that application,

the lack of speclficlty of tumor markers could be partly overcome by taking

into account the possible confounding factors while the sensltlvlty of the

screening could be increased by using conblnatlons of markers'

S 8. SPERM ASSAYS

These tests may be useful to evaluate genotoxic effects which are

particularl-y relevant for male fertlllty and posslbly reproductlve outcoue'

But for obvious Practlcal reasons, this nethod cannot be considered for

routine blologlcaL nonitorLng except in very specifi.c situatlons.

$ 9. CONCLUSTONS

The ultlmate obJectlve of ,biotoglcal nonitoring is to assess the health

risk. Presentl-y, none of the nethods described above ls capable to Prediet

the cancer rlsk at an indivldual l-evel. Some methods, however' can be used

to ldentlfy groups at risk. But it must be emphaslzed that even ac the

group level, the health signiflcance of the biologlcal effects ls stlll

uncertain. Selective tests measuring the chemical or lts rnetabolltes ln

biologlcal nedla are speclfic with resPect to the agent but not to the

biological response whlLe the opposlte 1s true for nethods searchlng for

genotoxlc effects. The Latter are lndeed influenced by a number of non

occupational factors, such as smoklng, eatlng habits, drugs or cosnetics

whlch may increase the background level. Thereforer lt 1s probably

desirable to use a comblnation of methods t some refLecting the exposure and

othersthebio].oglcal.resPonse,inordertodetectgroupsatrlsk.
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In addition, the performances of the tests (1.e. speclflclty,

sengltivity, prectslon and accuracy) and hence their sultabiLlty for

nonitorlng occupatlonal or envlronmental exposure have not yet been

sufficiently establlshed. In some cases (e.g. nacromolecuLe adducts), this

resuLts from the fact that the test ls stllL at an early stage of

deveLopuent. But for tests whlch are already being used for several years

(e.g. nutagenlclty of urfne), the uncertalnties which perslst concernlng

their precJ.slon and speciflctty are probably due to nethodological reasons

(lack of standardieation).

In concluslon, several- nethods reviewed in the present report can be

used as earJ.y warnlng system. They can lndlcate that exposure to mutagens

and/or carcinogens has occurred and that the groups so exposed could

present an increased risk of developing dlsess€sr partLcularly cancer.
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CHAPTER II

RECOMMENDATIONS

Research efforts nust be encouraged to develop new assays for monitoring

exposure to carcinogenlc or nutagenic chemlcals and to improve the

performances (1.e. the sensitivity, specificlty' appllcability to routine

monitoring ...) of the tests currently available. The latter must stlLl be

valldated fron an epidenlological and analytlcal- point of view before

routine applicatlon.

The objective of the analytical validatlon ls to determine to whlch

extent the results obtalned with the proposed roethod are sufflciently

reliable to be used for detectlng groups at risk. This requires assessment

of the accurary of the nethods (i.e. lack of analytlcal bias or of

confoundlng factors) and of their reproduclblJ-ity within and between

l-aboratories. Intercomparison studles, develoPment of standardized

procedures, implenentatlon of external and internal quality control

prograrmes, and organization of training progralmes should be stinul'ated. A

collaborative project between several laboratorles is already underway to

assess the val.idity of the nethods currentJ.y used for nonltoring

chromosomal aberratlons and SCEs ln a grouP of about 4OO subjects. It

should be extended to other nethods.

The epiderniological validatlon aims at determining (1) the sensitivity

and speci.ficity of the nethod for detecting grouPs exPosed to occupatlonal

or environmental carcinogens or mutagens (2) the health signiflcance of the
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test i.e. its ability to predlct the carcinogenic rlsk on an lndivldual or

a group basis. The valldlty and health signlficance of the tests can be

assessed only through well pJ.anned epideniological studies among groups

potentlaLly at rj-sk.

The tests to be evaluated ln these studles must be selected by

considering their characteristlcs (appllcability, specificityr sensitivity)

and also the exposure conditions. In thls regard, two dl,fferent sltuatlons

may be encountered :

(1) Exposure to one or a few well deflned carclnogenlc or mutagenic

chenical(s) (e.g. : ethylene oxide, benzene, 4-amlnobiphenyl, vinyl

chlorlde) .

Anong the tests currently avallabLe, those whlch seem the most

appropriate for such situatlon are :

deternination of the chenlcal or its metabolites in biologlcal nedia ;

search for cytogenetlc alteratlons (chromosome aberrations and

micronucLei in J"ynphocytes or exfollated cells) ;

detectlon of speclflc adducts with bLood proteins or DNA.

(2) Exposure to a mixture of poorly characterlzed carcinogenic or

mutagenic chenicals

In such situation, only the following nonspeciflc tests can be

consldered at the present ttme :

- detection of nutagenic activity ln uri.ne ;

search for cytogenetic alterations t

- determinatlon of urinary thl.oethers ;

- "r-oostlabelling nethod.

Table III.1 provides some estlmate of the cost of some of these tests.

Except for the tests measuring specifically the chernical- or lts metabolltes

in blol-ogical nedla, all the precited tesrs nay provide false negative
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results. Therefore, whatever the type of exposure, it would be worthwhile

to study also whether the determlnation of some tumor markers cou1d be used

as early lndicators of cell transformation'

The selection of the groups to be ruonitored should be based on our

current knowledge on the carci.nogenlcity or nutagenicity of chemicals

handled at workplaces. Various grouPs potentially at risk can already be

suggested : coke oven lrorkers ' groups of workers exposed to asphalt tar or

bitume fumes, such as roofing appli'cators, graphite electrode Production

workers and road constructi.on workers.

Because of the lack of speclflclty of most monltorlng tests, a great

attention must be devoted to the varlous posslble confounding factors such

as ager s€xr snoking habits, alcohol and drug consumption. Therefore these

tests shoul-d presently be used only in the framework of a well planned

study which includes a eontrol grouP. In the planning of these studies' the

ethical aspects are of Paramount imPortance. The lnforned consent of the

worker rnust be obtained before collecting blological specimens' Sufficient

informatlon must be glven to the worker regarding the objectlve of the

study and our current knowledge on the signlficance of the various tests'

Ttre confldentiality of the results must al-so be guaranteed.
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Table III. l

Eetdnete o,f the e6et of the biologlcal uethods proposed for noRitorlng

oxPpsure to genotoxlc chemlcals.

Methods Approxfuoatlve cost ln ECU

(per lndlvlduaL)

i
{

Deternlnation of the chenical

or Lte netabolltes ln blologlcal uedla

Deterolnatlon of the nutagenlc actlvlty

of biologlcal naterlals

Cytogenetic observations on somatlc cells

Proteln or nucleic acid adducts

<50

200 - 300

200 - 300

7


