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FOREWORD

No single short-term test can predict all classes of carcinogen. Many short-term
tests are designed to measure the ability of chemicals to cause genetic damage, i.e.,
mutation and chromosomal effects. Cell transformation occupies a unique position
among carcinogen tests, since this assay may be capable of detecting nongenetic
activity as well as genetic activity of chemicals. Since both genetic and nongenetic
mechanisms are probably involved in carcinogenesis, cell transformation assays may
detect a wide range of carcinogens. In addition, the system represents a good model for
studying molecular and cellular mechanisms of carcinogenesis.

It is the hope of the Agency that the discussions and recommendations prepared
during the workshop of which this publication is the outcome represent the ‘state of
the art’ of current understanding of mechanisms of cell transformation and will
promote international coordination in use of the assay as a carcinogen-screening test.

The Workshop was organized in collaboration with the US National Cancer
Institute (NCI) and the US Environmental Protection Agency (EPA). The Agency
expresses its sincere thanks to all those who helped in organizing the Workshop,
especially Dr T. Kakunaga (NCI) and Dr S. Nesnow (EPA).

L. Tomatis, M.D.
Director,
IARC






INTRODUCTION

Although it has long been recognized that the endpoint of in-vitro cell trans-
formation tests has direct relevance to carcinogenesis, their use for screening potential
carcinogens has not been fully exploited. This limited use of in-vitro cell trans-
formation is due mainly to the following factors: (1) our knowledge of molecular and
cellular mechanisms is still limited; (2) cell transformation assays are technically more
difficult than most other in-vitro screening tests; (3) scoring of morphologically
transformed foci has been somewhat subjective; (4) the method has not been validated
internationally as a screening test for potential carcinogens.

A Working Group was therefore convened to discuss molecular and cellular
mechanisms of cell transformation, biological similarities between in-vitro cell
transformation and in-vivo carcinogenesis, and the feasibility of screening environ-
mental carcinogens using in-vitro transformation assays in established cell lines. The
Working Group identified the methodological and technical problems associated with
these assays, prepared recommendations for practical procedures in the performance
of cell transformation assays, and developed standard methods for scoring mor-
phologically transformed foci.

The Working Group discussed the problems involved in the use of only two
established cell lines, BALB/c 3T3 (3T3) and C3H/ 10T (10T"2), since these two
systems share several common features. In preparing the recommendations for criteria
to be used in scoring transformed foci, the Working Group actually examined fixed
and stained petri dishes containing various foci. Since, in the future, the use of cell
transformation systems for screening of potential carcinogens will doubtless increase,
and the assay methods improve accordingly, the recommendations of the present
Working Group may be updated periodically as the state of the art advances.
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CELLULAR MECHANISMS OF ONCOGENIC
TRANSFORMATION /N VITRO

J.B. Little

Department of Cancer Biology,
Harvard University School of Public Health,
Boston, MA, USA

INTRODUCTION

During the past ten years, established mouse embryo fibroblast cell lines that are
highly sensitive to the post-confluence inhibition of cell division have been used widely
to study malignant transformation in vitro by physical and chemical agents. These cell
lines offer several advantages over other transformation systems for such studies.
Since they are established lines rather than primary cultures, the cells can be cloned
and grown in large quantities, and cells from the same cloned population can be used
by many laboratories. Thus, the reproducibility of results obtained with these cell lines
among different laboratories has in general been very high. Transformed cells are
readily identifiable and can be scored quantitatively by morphological criteria in a
focus assay. Although spontaneous transformation may occur in nontreated cells, it
can generally be stabilized by the systematic maintenance of culture conditions,
including the passaging technique and the careful selection of serum to supplement the
growth medium.

This chapter reviews some of the cellular phenomena associated with the
transformation of established mouse embryo fibroblast-derived cell lines, and
particularly those factors that may influence their use in assays of the carcinogenic
potential of environmental chemicals. The review focuses upon the two cell systems in
current use: the C3H mouse 10T (10T"%) cell line originally isolated by Reznikoff ez
al. (1973a) and the cloned cell lines derived by Kakunaga (1973) from the A31 subclone
of mouse BALB/c 3T3 cells (3T3). It is important to remember that these are
immortalized lines of aneuploid cells, which have therefore already undergone some of
the changes associated with transformation. Thus, we are actually measuring the
conversion of an immortal cell which is phenotypically normal to one which is
phenotypically transformed in terms of its morphological and growth characteristics,
its ability to grow under anchorage-independent conditions and its ability to form
nonregressing tumours upon injection into syngeneic hosts. Although the process of
immortalization occurs readily in rodent cells, it appears to be a rare phenomenon in
human diploid cells, and the latter is very difficult to achieve experimentally. Some
observations on the transformation of human diploid fibroblasts are presented at the
end of this chapter, and their relevance to rodent cell transformation assays is
discussed.

.
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DOSE-RESPONSE RELATIONSHIPS

The dose-response curves for the induction of transformation by a wide variety of
physical and chemical carcinogens shows a similar shape. They are characterized by a
rapid increase in the yield of transformants with increasing dose in the lower dose
regions, followed by a plateau at higher doses where the yield of transformants reaches
a limiting value. These characteristics are shown graphically in Figure 1, in which
dose-response curves are presented for exposure to 7,12-dimethylbenz[a]anthracene
(DMBA), ultraviolet (UV) light, X-irradiation and fission spectrum neutrons.
Although the shapes of the dose-response curves are similar, they differ significantly in
terms of the transformation frequency at which the plateau is reached. For example,
the plateau for neutron exposure is two to three times higher than that for X-ray
exposure, whereas the limiting transformation frequency for DMBA appears to be
nearly two orders of magnitude higher than that for UV light or X-rays. A possible

mechanism for the limiting yield of transformants at higher doses of carcinogen is
discussed below.

Figure 1. Dose-response curves for transformation of C3H mouse 10T cells by various
physical and chemical carcinogens. Reproduced, with permission, from Yang and
Tobias (1980), in which the sources of the data are given.
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ONCOGENIC TRANSFORMATION /N VITRO 11

Polycyclic aromatic hydrocarbons have, in general, proven to be considerably
more potent than either UV light or ionizing radiation in inducing transformation. As
can be seen in Figure 1, the frequency of transformation induced by a noncytotoxic
dose of 3-methylcholanthrene (MCA) was considerably higher than the maximum
transformation frequency induced by highly cytotoxic doses of X-rays. Certain
alkylating agents, such as N-methyl-N’-nitro-N-nitrosoguanidine, have proven to be
very weak inducers of transformation in 10T' cells. The significance of such
variations in potency in vitro in terms of the carcinogenic potential of these agents in
human populations remains to be elucidated. Two other preliminary observations are,
however, of interest in this regard. We have noted (Terzaghi & Little, unpublished
observations) that a higher frequency of aggressive-looking type III transformed foci
was induced in cultures treated with polycyclic aromatic hydrocarbons
[benzo[a]pyrene (BaP) and MCA] than in cultures treated with X-rays. When Hahn
(1980) examined the tumorigenic potential in syngeneic mice of cells isolated from
type III foci induced by either MCA or X-rays, he found that many fewer cells from
MCA-transformed type 111 foci were required to produce a 50% tumour take than
from type I1I foci transformed by X-rays. Although this result may have occurred by
chance (a relatively small number of cell lines derived from specific foci were examined
in this study), the suggestion that cells transformed phenotypically by different
carcinogens may differ in their malignant potential deserves further investigation.

A final characteristic of note is the unusually high transformation
frequencies that may be observed in vitro when the results are expressed in terms of
transformation frequency per viable treated cell, as in Figure 1. As can be seen in this
figure, the transformation frequency for DMBA reached 10%; transformation
frequencies of 1-5% have frequently been recorded in rodent cells treated with various
chemical carcinogens. Such frequencies are very high in comparison with those
observed for the induction by potent mutagens of single gene mutations in mammalian
cells, as well as with the apparently rare occurrence of cancer within treated cell
populations in vivo.

DEPENDENCE OF TRANSFORMATION FREQUENCY ON
INITIAL TREATED CELL DENSITY

In the initial studies of transformation of 10T cells by chemical carcino-
gens and radiation, the dependence of the calculated transformation frequency per
viable cell upon the initial number of treated, viable cells per dish was examined
(Reznikoff et al., 1973b; Terzaghi & Little, 1974). The results for X-ray transformation
(Terzaghi & Little, 1974) indicated that, whereas the transformation frequency
appeared to be relatively constant, with viable cell densities of 100 to 400 cells per
100-mm dish, this frequency declined markedly with higher initial seeding densities.
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The results for transformation by MCA (Reznikoff er al, 1973b) differed
significantly: the lowest cell density studied was 100 viable cells per 100-mm dish (500
total cells/dish); in this case, the transformation frequency declined markedly with all
higher initial seeding densities.

This phenomenon was initially interpreted as reflecting the requirement for a
minimum number of rounds of cell division for the expression of transformation
(Terzaghi & Little, 1976); at higher initial seeding densities, fewer rounds of cell
division would ensue prior to the cultures becoming confluent. Shortly thereafter,
however, other findings brought this interpretation into question. Preliminary studies
of X-ray transformation in 10T cells seeded at very low cell densities indicated an
unexpectedly steep rise in transformation frequency with initial cell numbers below
100 cells per dish (Little, 1977a). A similar phenomenon was observed in X-irradiated
3T3 cells (Little, 1977a, 1979); in these experiments, the calculated transformation
frequency was highly dependent on the initial number of viable cells seeded through a
wide range of cell concentrations.

These results were of particular interest in light of a previous and largely ignored
finding reported by Mondal and Heidelberger (1970). These workers found that when
single cells of a mouse ventral prostate-derived fibroblastic cell line were treated with
MCA and the progeny replated during exponential growth, one or two transformed
foci developed in all viable dishes. Sometimes mistakenly referred to as indicating
‘100% transformation’, these results actually demonstrate that, under certain
conditions, a single treated cell has a high probability of yielding one or more
transformed, tumorigenic descendants.

These findings led Kennedy er al. (1980a) and Fernandez er al. (1980),
independently, to carry out a systematic evaluation of the influence of initial seeded
cell density on the yield of transformants by X-rays and MCA, respectively. Kennedy ez
al. (1980a) found that the ultimate yield of transformed foci per dish was largely
independent of the initial cell density over the range of 1 to 300 viable cells seeded. In
other words, the calculated transformation frequency per viable cell was directly
related to the initial number of viable cells present in the dish (Fig. 2). Furthermore,
when treated cells that were allowed to proliferate to confluence were suspended,
reseeded at widely varying cell densities and then allowed to express transformation,
an approximately constant yield of foci per dish was again observed, despite a
four-fold variation in the number of cells reseeded. These results are shown in Figure
3. The results of these experiments indicate that transformed foci arise in 20-409% of
dishes seeded with a single viable cell treated with 600 rads of X-rays alone, whereas up
to 80% of dishes seeded with single cells treated with X-rays and 12-O-tetradecanoyl-
phorbol 13-acetate (TPA) contain transformed foci (Kennedy & Little, 1980). It is
important to remember that the single viable cell proliferates until a normal confluent
monolayer is reached; one or more transformed foci develop over this monolayer
several weeks later.



