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review article

Short term screening tests for carcinogens

Bryn A. Bridges*

There are now short term tests with a high predictive value for mammalian carcinogens. Many of them
are based on the ability to detect damage to DN A in bacteria or mammalian cells after metabolic
activation by microsomal enzymes. Their introduction will enable provisional safety assessments to be
made for the many thousands of industrial and environmental chemicals for which long-term animal

testing camnot at present be considered.

IT has been estimated' that if one could totally abotish
human cancer it would add a mere (woO years t0 the average
lifespan. Mast cancer sufferers are past retiring age 30 that
industrial production would be little affected by the abolivon
of cancer. The fight against cancer must instesd be justified
in teems of the cost of hospuital services and of basic
humanity. treatment of cancer. even when it s successful,
is & miserable process. When it fails, as it 30 often does, one
feels guilty of a doubie offence, not only the loss of the
patient, but the imposition of heroic measures that them-
seives may cauxe consderable physical and mental suffering.

The Internationai Agency for Research on Cancer hoilds
it as a ruie of thumb that around 830X of cancer has an
environmental cause’’; others would give a higher figure’.
The evidence is indirect, being based on differences in
tumour incidence berween genetically similar populations
in different environments’*'. Even if this estimaze is only
approximately correct it leads ineluctably to the conclunion
that a substantial proportion of cancery, possibly s majority,
are in principle preventable.

have tended either to look for a breakthrough in the ares of
curative treacments or t0 make 3 long term investment in
basic biology in an attempt to understand the disesse (or
more properly diseases since “cancer” is but a general term
for hundreds of different malignamt conditions). Recently,
however, these two essentinl approaches have been compie-
mented by 3 third, the search for the specific environmental
factors involved in carcinogsnesis.

The nature of these environmental factors is fot known
in detail, tut it seems likely that many of them sre man-
made or natural chemicals. Even factors such as diet
stress may act indirectly by altering the metabolism

R

chemicals in the gut or in the body iusell. Of course,
identification of environmental carcinogens does Aot
necessarily lead to their removal but it does open the w0

control so that the risk that they present is no more than is
necesary when weighed againgt any benefits that they
may give.

carcinogens for man is based on population studies, but
unfortunately it i3 expensive and seems to have rather low
resoiving power. Only a handful of chemicsis are known
10 be carcinogenic to man and most of these have been
detected following the study of workers occupationsily

® Addrem: MRC Cell Mytation Unit, University of Sumex, Faimer
8ngnton BN1 9QG, Susses, UK . Fuimes,

exposed to chemicals capable of giving rise 10 specific and
rather rare neopiastns. The classic case is soot which has
been known for 200 years to produce scrotsl cancer in
young chimney sweeps’. Mors recent exampies are
2-naphthylamine, vinyl chioriie and asbestos which produce,
respectively, tare cancers of the bladder, angiosarcomas of
the liver, and mesotheliomas of the lung cavity. The
problems invoived in identifying two populations differing
only in their exposure to one chemical are formidable and
are {urther compounded if the chemical gives rise not to
specific and otherwise rare tumours, but to a vanety of
common cancers. Population studies are thus likely to be
of limited value in idemifying environmental (as distinet
from occupational carcinogens but they will be indispens-
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approach has been proposed'® ' The first tier would consist
of simple short term sub-mammabhian tests with 1 Migh
predictive value for the hu.mnan effect ulumateiy of interest.
As many substances as possibie should be scresncd with
‘hese tests. Second-tier tests would he both short and iong
term. on mammuals. Only selected, high priorty sybstanges
would be screened by these tests in addition to the first-tier
tests. Tests in the third tier are designed not to getect toxic
agents but to evaluate as quantitatively as possible the
hazards to man from agents shown to be sotentially toxic.
Only substances whose use Or presence seems inescapabie
would be subject t0 the third tier of evaiuation, the object
of which would be to make a risk-bencfit assessment and
institute appropriate regula!ery action. Tests in successive
tiers show in principle increasing reicvance to man but
this is often accompanied by decreasmng senstivity and
practicability.

Not all of the sub-mai lian tests depend upon the
postulated electrophilic nature of the active forms of
carcinogens and in particular on their ability to react with
DNA. Williams and Rabin*, for exampie, have proposed
that substances might be screened using 3 test based on
membrane-polysome association. They found that a number
of carcinogens caused degranulation of rough endopiasmic
reticulum (microsomal membranes) from maie rat liver.
This test has been further deveioped by Purchase and
Lefevre'® who have measured the ioss of radioactive RNA
from rough endouplasmic reticulum. Preiiminary resuits
(D. Anderson er al.. unpublished) with a large number of
carcinogens and non-carcinogens indicate that the method
predicts the activity of arylamines rather well (85% correct)
although it is less successful with polycyclic hydrocarbons
and direct acting alkylating agents.

The necessity for metaholic activation of many carcinos
gens by microsomal enzymes prompted the suggestion of
McPherson er ul.'* that the specific in virro enhancement of
biphenyl 2-hydroxylation activity in rat liver microsome
preparstion might be used as a screening test. They found
that of eight known carcinogens, all caused an increase of
around 100% in such acrivity, four compounds whose
carcinogenicity i in doudt gave lower but significant
increases, and eleven NON-CArciNOgENIc comMpounds gave no
significant increase. This test system, like that of degrany-
lation of ribosomes. is obviously promising and in need of a
much more exhaustive vslidation on 3 scale similar to that
used with some other systems.

Metabolic activation

There is a8 widespread belief among cancer workers that
DNA damage is invoived in the induction of cancer. That
is the basis for the supposition that carcinogens might be
detected by the consequences of DNA damage in simple
syttems. Two recemt developments have enabied this
possibility to be realised. First, it has become clear that
many carcinogens sre the products of metboiism of inactive
chemicals by mized function oxidases in the amimal™, and
that preparations of liver microsomes can be used in virro
to carry out this metabolic activation's*. Second. uitra-
sensitive bacterial systems. usually invoiving strains deficient
in DNA repair, have been developed for the detection and
characterisation of agents causing damage to DNA'™",
The firt published work in which the mutagenic activity
of metabolites was detected sfter metabolic sctivation of
carcinogens was by Malling”. The methodoiogy of
his quanticative liquid aseay system has been recemtly
described™. Later, Ames er al.™ showed thst microsomes
couid be added to the semi-solid agar overiay in a plate
test. 8 procedure that is in some ways rather better for
routine screening although it fails with a few compounds,
for example. dimethyinitrosamine. pomsibly because the agar
interferes with the diffusion of short-lived sctive metabolites.
Baciweria deficient in repair of DNA are killed more
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easily bv DN Adamaging agents than Jre wild (ype haclena,
and this 15 the hasis for several simple tests. Buacternia
Jeficient 1n excision repair have been used’® “ut these are
ensitive only to certain types of DNA damage. Muych
more useful have been hacteria lacking DNA ponnmerase |
iPoITYt, or Jeficient 1n genetic recommnation (Rec)”
These tests are usuaily conducted cn the surface of agar
plates but are iiso amenable (o rather more quantitanve
procedures with liquid-pnase treatment™ ™

Another way of reveaiing the existence of DNA damage
ts to look for the repair that it usually inttiates and thus s
the basis of a very usefui rest deveioped by Stich and his
collcagues. It depends on esuimating the amount of DN A
synthesis involved 1n repair by measuring autoradiographic
ally the uptake of tritiated thymine Juring the penod
immediately foilowing cxposure to the test chemcal. The
method has che advancage that it can be used with cultured
human skin fibroblasts. To prevent normai DNA synthes:s
the cells are kept in an arginine deficient medium for 5 d
before exposure.

In a report on 64 substances tested, Han and Stich™
found that all directly acting carcinogens elicited unsche-
duled DNA synthesis whereas no repair synthesis was
observed after treatment with 16 non-carcinogens. Most
carcinogens known to need metabolic activation gave nega-
tive resuits aithough 2 few were active after prolonged
exposure to high concentrations. More recent results®
indicate that metabolic activation systems can be incorpoer-
ated in thit assay and make possible the detection of pro-
carcinogens.

Mutation induction

Perhiaps the most sensitive assay for DNA damage is the
induction of mutations in bacteris, particulariy if the
bacterial strain carries a mutation rendenng it unable to
excise damage from DNA (Uvr®). Excision-proficient straing
shouid aiways be included in any assay, however, because
ceriain agents able to crosslink DNA are only mutagenic
in such strains™; presumsbly the mutational event occurs as
an error during excision-initiated repair. Reversion to
prototrophy is generally regarded as the most sensitive type
of assay and the methodology has recently been
reviewed'®. Escherichia coli WP2 is a tryptophan-
requiring strain that responds to mutsgens causing base-pair
substitution mutations at both adenine : thymine and
guaning : cytosine sites.

A more compiete set of tester strains has been developed
in Saimonella typhimurium by Ames and collaborators®.
Individus! strains respond to base-pair substitution mutagens
or 10 compounds causing various types of {rameshift. The
permeability of these Saimonelilg straing to some chemicals
has been incressed by the incorporation of a cell wall
mutation (“deep rough™™. From recent data one can
calculate that these sirains are capebie of detecting muta-
genic activity of between 61%™ and 90% (D. Anderson,
unpublished) of known carcinogens. In an attempt to detect
the “false negatives”™ obtained with the deep rough strains,
Ames's group developed a fourth generation set of strans
containing the drug resistance plasmid pKMIOI". As
suggested by MacPhes ceruin pissmids confer a mutator
activity on their host cell which becomes more sensitive
10 many mutagens and carcinogens”. The ability of these
plasmid-containing strains o detect carcinogens 43 mutagens
is impressive (see below). A word of caution is in order,
however, since tithoughk the mechanism by which the
plasmids act is still unknown, it is clear that they convert
into mutations damage which wouid not be- muctagenic in 2
normal cell. They may even act a3 amplifying systems and
produce mutations at sites whers no damage exists. The
valye of such sirains lies in the correiation they show with
carcinogenicity dut there i3 at least a theoretical possibility
of real “false positives™.
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2,
:npﬂ‘.‘ aimal carcinogencity and dactenal mutdgemicity with and without metabolic actisation from MMeCann o of *0
EXN
of Carcinogens Non<carcinagens Compounds of
pre detected as not mytagenic uncertun Jarcinogenicity
) .40 of compounds bactenai mutagens to dactena dJetected as mutagens
’
. amines etc. /28 10/12 s.7
..alides. etc. 17720 1:3 X
_y©yclic aromancy 26:27 +i9 i
<slers, eporides, SIroamates, €. 1318 519 0!
- Nitro aromartics and heterocveies 2828 14 0.2
F  Miscelianeous vrgans L6 1313 (VI3
G Nirrosamines =0/2t M 1
H Fungal tovns and antiboucs 49 5,8 -
[ Mistures icigaretie smose condensate) 15t - -
J  Muscellaneuvus heterocycies Le . -
K Misceiianeous nitrogen comoounds 18 24 -
L Azodyesand dizro compounds 111t 3 17
M Cummon laporawory buchermcails - 18,36 N
Totul 151178 wunr [AFE R4

tion is only as good as the confidence one has in the
reliability of both parameters. Whereas positive and negative
mutagenicity results can be both unambiguous and repro-
ducible. the same is not true of carcinogenicity results
where, as will be discussed beiow, there are several lactors
which could result 1in a failure to detect relatively weak
carcinogens. As discussed by McCann and Ames™, there
good reason to believe that many of the “false™ positive
chemicals will eventuaily be shown to be carcinogenic. This
has already happened with the food additive (ucyl (uramide
which had been used for many years in Japsn and had
given negative resuits in two carcinogenicity trials'. Alter
positive results had heen obtained in Bacillus subrilis and
E. coli systems for detecting DNA dJamage, it was re-
examined and shown to produce a iow but significant yield
for tumours when given to foetal and young mice™. There
is aiso the real possihility that some of the “failse” negatives
are genuine, that metabolism in vivo is different from that
with isolated microsome preparations. Oniy further studies
in depth can resoive this.

[t is worth analyving the dats of McCann er al.. further
to see whether there is any particular type of mutational
event (as detected hy the So/monella) that is correlated with
carcinogenxcity. It has been postulated® that carcinogenicity
is associated with the ability to produce specific types of
frameshiflt mutation. This hypothesis does not hold up in
any general appiication. As can bs seen from Table 2,
whereas most members of some groups of carcinogens (for
example, amoratic armines, polycyclic aromatics and nitro-
aromatics) gave nse to boch frameshifts and base-pair subd-
stitutions, others (for exampie, esters, cpoxides snd
carbamates, nitrosamines, miscellsnecus nitrogen com-
pounids) gave rise exclusively 10 base-palr substitutions.
Thers was no group that gave rise exctusively to f{rame-
shifts. Taken together, 43.2% of mutagenic carcinogens
gave rise solety to base-peir ssbetitutions, (4.3% soiely to
frameshifts, and 40% gave rise 0 both.

Rosenkranz (cited in ref. 62) using & Poi” strain of E. coll
together with the Selmonel/e .set without piasmids, has
obtained resuits a3 encoursging as thoss of McCann e of.
with the plasmid-containing ssimoneilss. Of shout 100 com=
pounds tested. $5°% dmmvnummmdm
(91% of direct acting carcinogens, 72% of procarcinogens).
The proportion of non-carcinogens detected a3 positive was
rather high, 30%. but che figure i not comparible with
xhelomvducdcrived from the data of McCana ¢r o."
since it did not inciude the 46 common laboratory bio-
chemicais tested by the latier workers, none of which was
positive.

A comparison of the efficiency of various microbial
systemns for detecting DNA damaging agents has been
carried out by Shirasu er a/.”. They found that the Byper-
sensitivity of repeir-deficient bacteria (Rec” 8. subrilis) was
the most sensitive. Of 166 pesticdes studied. 23 were posi-

tive in the Rec-assay (carried out without microsomal
activation). Of the 143 negatives, none proved to be positive
when tested with £ cofi or Saimonella reverse mutation
systems. Of the 23 positives 9 were positive in reverse muta-
tion systems. and of these 9, | was not detected by the
E. coli strains and | by the Salmonella strains. As (ar as
base-pair substitution mutations are concerned, the non-
plasmid E. coli strains were found to be preferable o the
non-plasmid Sa/moneila strains at least with some groups
such as nitrofurans. With other groups such as the organic
phosphates a similar smaill proportion of mutagens was
missed hy both S. ryphimurium and E. coli strains™.

The only study in which a single lahoratory has compared
3 number of different tests for predicting carcinogenicity
appears 0 have heen carried out by the Central Toxicology
Lahoratory of 1CI (D. Anderson er of.. unpublished). The
preliminary results with 120 chemicals point to the
value of the bhacterial .mutation tests when metabolic
activation is incorporated. The carcinogenicity, or non-
carcinogenicity was accurately predicted for 30% of
the chemicals by this test. Cell transformation in virro
came close with 83% accuracy. Rather less accurate
was degranuiation of endoplasmic reticulum, 72%, and
morphological changes following subcutaneous implanta-
tion, 70, correctly predicted. Sebaceous giand suppression”
was good for polycyclic hydrocarbons (90% ) but little better
than random for other substances (52-62%). Tetrarolium
reduction in mouse skin was siso poor (62X oversll). The
authors conciude that some of these rapid tesrs are capable
of distinguishing between carcinogens and noa-carcinogens
with sufficient accuracy to enable them to be used for
selecting potential carcinogens. They also make the point
that Agures for successful prediction must be trested with

Tebie 2 Number of carcinogens demcied as bacterial mutagens (»th
mew)Mawtwsdm

Base-puir Frameshifa Both base-pair
substitutions only substitution and
framashift mutavons

A 1 9 13
[ ] 14 2 1
c* 7 s 14
D 13 0 0
E s 0 2)
P 1 [} [}
G* 9 [] 0
H [} 3 b
| Q ! 0
] 9 1 0
K b4 0 0
L 3 2 6
M [} 0 [
Tol n 2} 62

* Duta not svaiabie for one member.
Key for chermeal groups as for Table 1. (From McCann er ol ¥)
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it s possible 10 improve sensitivity by aitemng the
methodology., and 3 modified fluctuation test has teen
proposed which achieves hetween ten and one hundredfoid
gredter semuuvity than the conventional assay without the
~eed for plasmidcontaiming strains’’  There 1s aiso the
rossihinty of Jevelomng a «ingle tester strauft that can Se
used tu detect many Jilferent types of mutational evenu™
Aithuugh hacterial screening systems have proved very
usetul, there 18 sitll «cope fur further improvement.

As well as the hacter:iai tests that have now been
ectensively studied. 3 large number of other technigques can
be used (o detect DNA damaging activity and may perform
2 useful supplementary role, probing ambiguous or suspect
results and characterising more fully the nature of the

A

genetic damage. One may. for example. study the i ion

197

better approach to adopt in future. A noteworthy feature
of much work with both fibrobiast and epithehat systems
nas been the high spontaneous rates of transformation,
sometimes considerably higher than one would expect for a
gene mutation. Many workers regard this as the resuit of
the aruficial environment in which the cells are cultured.
and have tooked (often successfully) for conditions n
which the spontaneous rate s lower. Nevertheless it is
likely that the rate of transformation in vive 13 higher than
nas been thought and that the body 1$ normaily able to ¢geal
effectiveiy with the aberrant cells. If this were true the role
of DNAdamaging carcinogens might be seen as increasing
the aiready high spontaneous rate and thus overioading the
abvitty of the natural defences of the body to cope with
lignant ceils.

of mutations in cuitured mammalian celis™ . Mammalian
cells may aiso be used for cytogenetic study of wisible
chromosome aberrations”. Recently deveioped staining
techniques for demonstrating sister<chromatid exchanges
show 2 greatly emhanced sensitivity' and their role in
screening has been recently discussed™. Sister<chromatid
exchanges may now be detected in spermatogonia®® and
bone marrow cells* following exposure of the whoie anims!
to carcinogens. It is aiready ciezr, however, that although
the induction of sisterchromatid exchanges is a very
sensitive response (o some carcinogens it occurs hardly at alt
with others™. Other cukaryotic mutation systems include
fungi, yeasts and insects. All of these have their own
advantages and disadvantages.

Malignant transformation in cuitured cells

Rather than develop a model sysiem depending on mutation
or DNA repair. others have worked towards a screening
method by which transformation to the malignant condition
could he brought about and detected in ceil culture. The
only really valid criterion for malignant transformation i
the ability of a cell to produce a tumour when inoculated
into an appropriate host. There are, nevertheless, several
secondary criteria (discussed by Freeman and Huebner”,
of which the most commonly used is the ability of ceils o
grow into clones in soft agar or, in the case of Abroblast
cultures, to produce clones of piled-up cells when growing
on a solid surface.

Most human cancers are carcinomas which are derived
from epithelial cells. Relatively little work has, however,
been done on the transformation in virro of epithelial ceifs.
Such celis are ususily obtained from rat liver snd are not
easy to retain in culture in the differentiated state. Never.
theless they have been succemfully oansformed by
4-nitroquinoline-1-oxide”, aflatoxin B, N-hydroxy2.
acetylaminofiuorene, and 7,12-dimethylbenz(a)anthracene”,
dimethyinitrosamine and N-wvl-ﬂ' -itrosogusni-
dine”, and N.aceroxy-2. Bpithelial
celumdmummwyuvnmm
qlogy nlthoughthtymymvhnfn-r

Work on fibroblasts is more sdvanced. Fibro-
blasts, when transformed, give rise to sarcomas, respoasible
for a minority of human malignant disesse. They show,
nevertheiess, grest promise as the besis of s potential
screening system for chemical carcinogens. As with bacterial
mutation systems, it has often been found necemary to
supplement the fAbrobiast's relatively poor ability w
metabolise carcinogens into their active form. This has been
achieved, erther by cocultivation with other ceils capable of
carrying out metabolic activation™, or by isolating the cells
from hamster embryos after treatment of the pregnant
mother”.

Much of the work on transformation has been carried
out with treatment of mass cuirures often for iong periods
of time and has been subject 1o Jome criticism. Trans
formation has, however, been reported with short treat.
ments {ollowed by cioning™ and this would seem w0 be

Most of the work on transformation in vitro has con-
centrated on the development of systems that can be used
as models for the study of carcinogenesis (for reviews see
eefs 5SS and S56). To the uninvolved observer, a certain
amount of contradiction and inconsistency is apparent.
There i3, notwithstanding, an impression that this tech-
nique mMay soon be 3 valued constituent of the bastery of
techniques for detecting carcinogenic and DNA.damaging
substances. Two recent studies have shown successful pre-
diction of carcinogenicity almost as good as that of the
bacterial mutagenicity tests™ .

Validation

Some of the test procedures described above are very
sensitive, but how good are they as predictors of carcino-
genicity? Recent reports have presented” and discussed™
carcinogenicity and mutagenicity dsta obtained for more
than 300 chemicals. Afl the resuits come from the use of
Saimoneile strains developed by Ames. Where negative
mutation resuits had been obtained with now-obsolete
strains, the test was repested with the iatest plasmid-
containing strains. Testing was done both without metabolic
activation and (genersily) with microsomes embedded
together with the bacteris in soft agar. With some nitro-
samines incubation was carried out with microsomes before
plating. A summary of the resuits is given in Table 1. Since
publication, one of the non-carcinogens, S-hydroxy
2.acstylamino-flucrene, has been shown to be mutagenic
becanse of the presencs of an impurity and has now deen
reclamified 22 son-@mutagenic.

It can be seen that of 179 compounds whose carcinogenic
effect on animals is weil documented, 157 (or §7.7%) were
detectsd as positive in the becterial test. This level of
confirmanion was obtined with ementially ail types of
compound and was siso evident for the small group of
compounds for which evidencs exists for carcinogenicity in
man. The proportion of compounds beiieved to be non-
carcinogenic which gave negitive results in the muts-
genicity tests was also high : 10t out of 117 (or 836.3%)
Thess inciuded 46 common biochemicals all of which were
negative. Seventeen compounds were tested for which
carcinogenicity data are uncertain: of these 11 were positive
in the mutagenicity tast.

The apparent “fale™ positives and negatives have besn
discussed clsewhere™. It is spparent that many of the latter
damage DNA or czuss mutations in other systems, or have
mutagenic metabolites. Furthermore thers is a very obvious
limitation to the use of liver microsomes for activation :
some chemicsls may need reductive activation, or may be
metabolised by the gut flora, by organs other than the liver,
or by ceil components other than microsomes. Indeed it is
syrpriving that liver microsomes are a3 effective a3 they
seem (0 be: certainly the method i capabdle of further
imerovement.

When one considers the “faise™ positives, that iy the sup-
posed non.carcinogens that register a3 mutagenic with
bacteria, certain difficulties become apparent. Any correla-
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some zaution since they can be manipulated within wde
limits by the choice of substances tested. As therr substances
inglude a large number of non-carcinogemic chemicals
closely related to known carcinogens they fee! that thew
resuits give a reasonably good indication of the likely vaiue
of the tesis 1n practice.

DNA damage and human cancer
The correlation heiween mutagenicity and carcinogenicity
1s ansfying to those who heiieve 1n the somatic mutaton
theory of cancer™ and dJistressing to those who do not”. |
think the correlation ¢an be more correctly described as
heing hetween DNA damaging ability and carcinogenicity.
Gene mutation 1s but one consequence of DNA damage;
others such Js chromosomal structural rearrangements,
virus integranion and excision, and changes in gene expres-
sion. may well he important in the carcinogenic process.
Non-genetic effects are aiso probably involved.

One could argue that detecting DNA damage is merely
a very sensitive way of detecting electrophilic resgents, and
that the actual targetts) may well be in other moiecules as
well as or nstead of DNA. This is quite possibie; but there
is other evidence strongly implicating DNA damage as the
rate-limiting step in Many Carcinogenic processes.

in man. for exampie. mutations in five compiementation
groups are known to reduce or abolish the ability of ceils
to remove uitraviolet photoproducts from their DNA®. In
all cases they enormously increase sensitivity t0 the car.
cinogenic effect of sunlight (resuiting in the hereditary
disease <xeroderms pigmentosum). A further mutation
causing the same symptoms has been shown to be amoci-
ated with a deficiency in another DNA repair pathway
active on newly synthesised DNA®. Another human muts-
tion responsible for the divease ataxia telangiectasia has
heen shown to hiock repair of ionising radiation damage™
and also resuits in proneness to develop malignant disesse™.
Thus. the human data strengthen our confidence .in the
reality of the ohserved correistion between DNA damaging
ability and carcinogenicity. It must be emphasised, however,
that even an empirical “litmuys paper test™, with no known
theoretical hasis. which gave an 80 to 90 predictivenes
for carcinogenicity would be a powerful tool in the screen-
ing of chemicals for human tozicity.

The place of tests with mammals
No singie test is adequate for 3 first-tier (sub-memmalign)

screen: most authorities agree that a battery of tests must
be used as faise negatives masy occur with any one test
The resuits of these tests would be used to assign priovities
for further testing using mammalian syems At one
extremne. 2 substance with ne spparest e¢ffect on sub-
mammalian systems migit bs given g priority 30 low that
no further tests would be considered uniem s large human

popuiation etposyre wers to occur or be coatem
the other extreme a mrongly active suhsance m
be regarded as hazardous without further testin
popuistion exposed were small. If it ware, sy, an i
chemical. then production workers and users ought to
it as if it were a known toxic agent or carcinogen, st
until such time as it became possible to carry out full
animal tests

The greatest problem in testing for carcinogesicity
mutagenucity with mammais s the inssnsitivity of
the tests. This has led, for example, to difficulties
dating microbial carcinogenicity screening systems
many of the “faise™ positives obtained with these
on animal expenments that may be inadegquats™.
have been, and still are, too many carcinogenicity tesss
20 or 30 animals per group.

Provided that the number of animals in each group i
kept smail, even a large increase in the frequency of neo-

it
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plasms can fail to be staustically significant and enabie 2
conciusion of “non<arcinogenic” o0 be drawn (see for
exampie a recent study on the carcinogenicity of hair dyes™*).
As long ago a3 (954, Barnes and Denz’’ posnted out that to
detect with a probabiiity of 0.01 an effect occurning 1n | %
of the amimais. one would need a group of at ieast 35S
amimals. (f the effect also occurred spontaneously then the
number of animais per group would have 0 be increased
manyfold. Today. notwithstanding, carcinogenicity experi-
ments with 100 animals per group are often regarded is
“goud’” and those with 200 animais per group are extremely
rare. But aithough ““kilumouse” expeniments are theoreti-
caily attractive there may he iittle to be gained from them
in practice. Logistical probiems dictate that such experi-
ments be phused over many weeks and nvoive slightly
varying conditions. “Spuntaneous” rates of tumour occur-
rence unfortunately often vary in ume and place. perhaps
reflecting slight differences in diet, and 1t is often difficult
to run an adeguate control group. Errors in handling are
also more likely in very large experiments.

Whereas a significant reproducible positive resuit in a
mammalian test may be taken as indicating the existence of
a potential hazard for man, a negative result taken shouid
not necessarily he taken to indicate the absence of hazard,
particulariy if the human popuiation to be exposed is very
large. and the numbet of anirals in the test smail. We may
take some comfort where the disparity in dose between the
animal and human exposure is great. This s not aiways 0.
Anaesthetic gases, for example. sme given to an appreciable
fraction of the popuistion in Western society at concef
trations which are not far from the iethal level. One might
well feel that & negative result in a screening test with 8
few dozen mice wouid be of little vaiue.

1t can be seen that mammalian tests are not wholly apporo- -

priate for the validation of sub-mammailian tests, and it is
perhaps remarkable that they should show such good agree-
ment. Validation of one type of test against another must
not hlind one to the real objective, which s to predict long
term toxic effects in man. There are few proven human
carcinogens and most of these can be detected by both
mammalian and swub-mammalian tests. In man, carcinogens
tend to be recognised only when the tumour is of a rare
type and there i a sufficient cluster of cases (0 enabie
association with a particular occupation to be seen by an
alert clinician. Genetic effects in man are even harder to

pomibility of dominant lethal damage in man by vinyl
chioride (P. Infante, unpublished) and anaesthetic gases™ is
ominous but needs closer examination.

Ultimately quantitative risk amemments must be
attempeed. for we must face the unpalatable fact that man
will aimost certainly have to be exposed 0 some carcino-
gens and mutagens whose benefits cannot be dispensed with
and others which &t is impracticable to eliminate from the
environment. Risk evaiustions at the present time almost
aiwsys require information which i naot available, such as
the nature of the doss—effect response at low doses. Never-

to be identified among the many thousands for which long
term animal testing cannot at present be contempisted. This
in uen would open the door to provisional regulatory

ON 0 minimise human exposure. Taken seriously and
on g large enough scale. there is good reason to believe
hat this 3pprosch wouild uitimatety result in & reduction in
he incidence of chemically induced cancer.

ucce
007939

BFG61962

i

B e |

e eaivad

TTICT252



100 -

! thank Drs D. Anderson, E. J. Ashby, P A, Lefevre,
E. Lengstaff, 1. F. H. Purchase. J. A. Styies and F. R.
Westwood of ICl Central Toxicology Laboratory. and Dr
Bruce Ames for allowing me to see their data before
sublication.

V Burnet, F. M. /armiazic Mutopeneris: @ Generie 4pprasch to 4guing (Metical and

Tecancal. Lnneum 1974).

1 Higginwon, J.. Cua. Cancer Canf.. 40-73 { Pergamon. Oxford. |96h).
’Hvu:mon 1.. an@ Muir. C. S., in Cancer Provenvion axd ecriom. 1 (in the

‘Camu. J Se1. amer., ;J). 478 (1979).

1 Doit. R., < ory fov (Whrefrars Pras
London. 1967

. ’ul..:’.)m Conforence of Bielogv of Cuansens Cancer. NC1. Monegrish Ne. |0
o

T Logator. M. S.. 4. Rev. Mod.. 13. 611428 (197]).
' Envivon. Hirk Pevspoct.. ¢ (oneis reovs) (19TY).
* Drake. . W, o1 of.. Scrwnce. 187, 30)=314 (1979).
10 Brdgen B. A.. Envicon. With Perpect.. b, 121138 (19T,
“lnd.- 8. A.. 18 Screvvng Toers in Cin C odit. by
sn H.. w‘ru-un. L.nlAlC Lyoe.
. 2. lﬂ-w! H"ll
.. Chomry /dy. 18, 13416 (1979,
" 152. 43409

gr
?E,
(]
?.
!
i

'i
i b
i
3
¥
i
i |
3

3

M. A, and Grosn. M. K. L.

1 Amm. 8. N.. in Chomical Muragens: Priarigh e fov thew D
i . A, 207282 (Ponum. Now Yerk. 1971).
. and Dwwan, W. I, Pror. aore. dcad. Sct. US4 T8,
|

5. 4., .
Pn-;&n..mnuvu V.. Muses. M.Jl.ll‘-lﬂﬂm
N.. "W, Yommaakl .. and P. D. Prec. aam. Aend

ond Sessnitrams, W. .. Comw Rm. I8, I70-0T)

1* Xade. T.. Sadeis. V.. snd Tetikswa, K. Aduse. Reu.. 16, 163174 (197D,

% Brdgm. 8. A.. Metmrshand, R. P. Grasa. M. K. L. snd Qray. W. J. H_, A,
Res.. 19, 293-20) (191,

B Goun, M. H. L., snd Murtst. W. I Muer. Aus.. 28 331336 (1979,

2 Hoa R. K. C_ ans Suish, M. P /ur. J. Canoww, 16, 284291 (1

3 ek, M. . L W.. Kerosnmuisk, D. J.. and Sea, R. M. C. Can. J.
vonws. Crogi_. 17, £71=082 (1979).

” nml-um-r.l...v—.lu.ll.ln-u"lm

13 amas, 8. N.. MeConn, i, and Yemassti, L. Mwaer. Rev. J1. 367-364 (1979).

1 Grovn. M. H. L. and Murwl, W. ). idwar. R¢s.. 38, }=32 (1976).

3 MeCann. J.. Choi, £, Yamesshs. L. snd Amm, 8. N.. Frur. cam. demt Sof.
U.S.4..TL S135=5119 (1979,

26 MacPhms. D. G.. 40p/. Aicvaiiel.. 2. 1G00=1009 ($9TT).

1Y Grasm, M. M. L. Murel, W. J.. ond Sredgm. 8. A, Adwsar. Re3.. 38, 1342 (1976).

18 Mo, G.. Ellenserger, J.. and MoGreger. D, Musar. Res.. 23, 187-194 (1974).

Nature Vol. 26] Mav 20 (978

19 Chw E H. Y., 1n Chomical Mutguont Poncipioe s Motirmss .00 1hgrr Detection.
3 (edit. by Mollaender. A) An-auwmmm New Yorn, 9710

“ aresg, C. F . Turnoull. LS. AL LeAmuna. A R, ang Colenta. C. M .
Muser. Res.. 33. 261 7Iuﬂn

41 Clive. D . Flamm, W G and Patterson. 1. B . in Chemucad Wuiavens Principios und
Mecnods fur cage Detectina, 3 iadit. by Hoilaenuer. A | “7-10) (Plenum. “ew

Yorx. 1979).
3 Ldly. L. 1. Banner. B.. and Mages. P N.. Verwr, 358, 65 1-612(197%)
o Purry. B and Evens M. 1., Vareve, 258, 121-123 11975}

s Savage. J. l K.. Verwre, 258, 10)=104 (1879

¢ Allen. J. W. and Latt. $. A.. o, Vature 1in 1he Dress).

6 Vogei. W.. and Bavuneeht. T, Yurure (ia (R DPEIN).

¢! Frasman. A. E.. and NM R. ). J. i, Comee Ings., 50, 103308 (1973)

*¢ Yameaa. T.. Takaoka, T, Katsuts, M.. vamea. M.. 4nd Seto. J.. Jop J. erp.
Ved.. 43, 177188 (1973,

® Wihams, € M., Wenburgsr, € K.. ane Wersourger. ). H . Fral coil Ree.. 69,
ws-nxuovn
ensmane. R.. Same-Vintons, L.. and Tomain. L.. 87 / Cumcer. 3. 219.320

-

191y,

Y .. and 1.8.. Proc. 4m duue. Cuncer Ro1.. 13, 94 (1974)
13 Mysmrmas, L., and Sachs. .. Proe. mure, dcnd. St U3 436, 11211129 (1044)
51 Bvans. C. H.. 304 DiPaoio. J. A.. Coneve ot J3. 1013- 1044 11977
1e Dimayercs. G.. Grasnmiatt. M. Trautngn, T. Soiler. A. ind Giordano. R ..

19 Kedutnorger. C.. ov. Blorhem.. 44, TS.131 (1979)

1% Came. I.C..anhrun LA, Powe med Vied 16, 1=d? 1187,

3" Pawms. R. J.. qwered by Sisch wv of. 1.

1 MeCann. J.. and Aman. B. N.. e, aurn. Aewd. St .5 4t (he prev)

% Mivwi, T.. Todwhe J. ox0. Med.. 18], 111348, 181188 (1971}

® Nomurs. T.. Nerwre, 158, $10-61 1 (1979).

6 ames B N.. Gurney. E. G.. Millar, J. A.. sng Barsch, M.. Pmc. sern. aced. Sci.
U.5.4.. 69, 3128=)132 (19T,

61 Droohes. P, ond de Sorven, P .. AMaver. Ree. (in the preme).

L "'.',‘.'5,',".:{""' M. Kats, K., Furvhasiu. A, anid Kada, T.. Mwear Rer., 48,

o Manas P. ). and Over. K. P, \Mmar. Rer.. 28, 403420 (1979).

o1 ek, '.‘O and Mund. R.. Conrew R¢e. 18, 357-09) (1938).

® Kramer. X. M. ¢s Wesrd- € AL e, J.
R.A. Pt R. A and Bemure. D.. Wwer. o3 33, 17710011979
® Lonmpan. A. R Kirt-Soll. 5. Artenr. C. P
g:mwl.a-mmb Pove. norn. Acrd. Sci. U.5.4. 72.
T Tayier, A M. R, Harnden, D. G.. Attt C. P Harunurt. $. A Letmasa. A. R,
S.—nh-—.l.k.ﬂm.ul.dvdnuﬂﬂ
D. G.. ia Chvamusenve and Cancwr (0nt. Oy German, 1.). 619-43¢

and Komenmnami, C., /. Toricwi. ene. Mizh.. 1. 413040

A, P, Rev.. & 191 (1936).
Satihefl. 1. ). Mwes. Ree, 31, 163168 11975).
.. asd Kufle. T. J.. Maver. Rex.. 31. 399301

4. and Vigham, €. C.. 4rch. suvirew. Nish,

.ll..l.-w 1. 654 (1909).

. .n.m-ul 1972,

L G. F.. Lavwwns, Rev.. 0, 167199 (1979).
C.. Lindoosn, 1, snd Rymes. N.. Eevwon. Res.

Consoret. M. F_Corbort. T M. Jonmn.
. Azs.. PR, 13911396 (1979,

a3 3
k|
Ay
' 41 3

| 4
r if' i
l =i

)
i
]
i‘r

i
i
i

;i'
i

o4
b
i
Ne
F
i
ir

articles

Isolation and N-terminal amino acid
sequence of membrane-bound human
HLA-A and HLLA-B antigens

John Bridgen

Laborasory of Moiscuiar Biclogy, Hills Road, Camiridgs C32 2QH, UK

David Saary & Mickael J. Crumpton®

National Institme for Maedical Reamarch, Ml HIL Londoa NW? 1AA, UK

Colin Barnstable, Peter Goodfellow & Walter F. Bodmer
Genetics Laborstory, Deparanmnt of Dlochernistry, Usivarsity of Oxford, Oxford OX1 3QU, UK

Membrane-bound HLA-A and HLA-B entipens have been
extensively purified in good yield. The sequences of the N-
terminal 16 amino acids have been determined using abous
! amol of protein einted from poiyecryiamide gel after
electrophoresis in sodium dodecyl sulphate.

T major histocompatibility region of man (HLA) occupies at
least | to 2 recombination units on chromosoms 6 and pro-
bably contains & largs sumber of ganes invoived in diverse
imavans and pomsibly other functions®. The gens products that
have 3o far besn identified with this region comprise verious

*Reprint reguans to M. J. Crumpton a2 the above address.
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