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SUMMARY

Sublines from a BALB/3T3 line were sensitive to a variety
of carcinogens. A quantitative system of chemical
transformation resulted in cell lines that caused fibrosarcomas
when injected into mice (IO6 cells/mouse); no tumors
developed from control lines (IO8). Transformation, indicated

by criss-crossing of fibroblast-like cells not seen in controls,
was scored in discrete colonies at 10 to 11 days or in foci after
3 weeks. Transformation was observed with carcinogenic
polycyclic hydrocarbons, aflatoxin BI, ./V-acetoxy-2-
fluorenylacetamide, and TV-methyl-A -̂nitro-jV-nitrosoguanidine
but not with diethylnitrosoamine or noncarcinogens.
Transformation rate increased (based on transformed
colonies/total colonies or original cell inoculum used), and
cloning efficiency decreased as concentration of carcinogen
was increased. The dose-response relationship was consistent
with a one-hit phenomenon. The Poisson distribution of
frequency of transformed colonies per dish indicates that
transformation is due to induction. Transformed cell lines
from carcinogen-transformed colonies or foci had decreased
doubling time and increased saturation densities relative to
control lines. Recloned, carcinogen-sensitive, BALB/3T3 cell
lines present a reliable in vitro quantitative bioassay model for
the study of chemical carcinogenesis.

INTRODUCTION

In vitro transformation, the production of altered
morphological patterns of cells in culture as a result of the
addition of a carcinogen, is now well established. Neoplastic
transformation, as proven by tumor production, has been
reported for cells from mouse (5, 14, 15, 21), rat (24), and
Syrian (3, 8, 22, 27) and Chinese hamster (4); however, in
some cases carcinogenesis in vitro was accompanied or
followed by spontaneous neoplastic transformation (4, 14,
15). A technique for quantitative transformation for
chemical carcinogenesis was established by Berwald and Sachs
(3) with cells derived from Syrian hamster embryos. This
system was adapted by DiPaolo et al. (9), who isolated
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transformed colonies that subsequently developed into cell
lines that, unlike control cultures, produced fibrosarcomas
when inoculated into hamsters (11, 12). Cells of the hamster
model system retain many properties of the original hamster
cells since cell strains usually not more than 2 or 3 passages
old are used for transformation; the cells are considered
normal from a chromosomal point of view since they remain
diploid for at least 20 passages (12). These cells are extremely
sensitive to a variety of known chemical carcinogens of diverse
classes (13), but they lack attributes of cell lines such as
uniformity of cell size, which would facilitate studies of cell
biology and chemical carcinogenesis. A 2nd quantitative
system for the production of neoplastic transformation was
developed by Chen and Heidelberger (6) with aneuploid
fibroblast cell lines derived from mouse prostate which, when
plated on a feeder layer and treated with different carcino
genic hydrocarbons for different periods of time, underwent
transformation as indicated by piled up, multilayered colonies,
which could be isolated and shown to produce tumors under
conditions where no spontaneous transformation was seen.
Studies with the cells derived from C3H mice and those from
Syrian hamsters have proven that dose-response relations do
occur with a number of different carcinogens (6,10, 19), that
transformation is an inductive rather than a selective phenome
non (10, 19, 23), and consequently that cells in culture may
be used to answer a number of questions related to the biology
and chemistry of chemical carcinogenesis.

We now report a 3rd quantitative system that appears
uncomplicated by spontaneous transformation. Cloned
BALB/3T3 cell lines derived from a BALB/3T3 line, provided
by Aaronson and Todaro (1), are sensitive to the toxicity of
known chemical carcinogens and undergo chemically induced
transformation in vitro. Ordinarily, 3T3 continuous lines are
nontumorigenic and do not transform under specific
conditions of subculturing (1, 29). The BALB/3T3 lines can be
induced to release type C viruses (2) and, although aneuploid,
have a normal arrangement of heterochromatin (26) and other
normal phenotypic aspects such as a high degree of contact
inhibition. A quantitative dose-response relationship between
carcinogen concentration and transformation rate is obtainable
with lines derived from these cells while untreated controls or
cultures treated with noncarcinogens do not demonstrate
morphological transformation or produce tumors. The system
may be modified so that transformation is calculated on the
basis of either transformed colonies or transformed foci on a
background of normal cells.
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MATERIALS AND METHODS

Cells were cultured in plastic Petri dishes (60 mm or 100
mm) or in plastic flasks (25 or 75 sq cm) in a humidified
incubator maintained at 37Â°with a 10% C02 atmosphere. The
complete medium was Todaro's modification (29) of Eagle's

minimal essential medium supplemented with 10% calf serum.
Cloned lines were derived from BALB/3T3 cells maintained
under conditions that did not allow selection of variants that
might have been less susceptible to contact inhibition of cell
division. Flat, epithelial-like colonies were isolated by the
cylinder technique, and lines derived from them were tested
for their response to known carcinogenic agents. Lines selected
for experiments were grown under strict culture conditions to
ensure contact inhibition of cell division and cessation of
division when a monolayer was reached; cells were frozen for
future use. Under the standard conditions for the quantitative
experiments, 2 to 5 X IO2 cells were inoculated in 6 ml of

medium per 60-mm dish. A minimum of 5 dishes were used
for each point. The next day, 2 ml of carcinogen-containing
medium with a final concentration of 0.1% or less of acetone
were added to the culture, which was then incubated for 48
hr. Subsequently, the treated and control cells were washed 3
times with a solution of Hanks' salts, fed with fresh medium

biweekly and incubated for an additional 8 days. Ten to 11
days postplating, colonies were usually a minimum of 1.5 mm
in diameter and CE4 and morphology of the colonies could be

determined.
In addition to the quantitation obtained by examination of

discrete colonies, a focus assay system was developed with
either IO3 cells in a small 60-mm Petri dish or IO4 cells in a

75-sq cm flask. In these experiments, treatment was as before
and dishes and flasks were fed biweekly. Some dishes and
flasks were fixed with methanol and stained with Giemsa at 10
days in order to monitor the experiment; the remaining dishes
and flasks were kept an additional 3 to 4 weeks with medium
changes biweekly. Transformed foci could be counted by
direct observation on a background of normal-appearing cells.

Solutions of the test compounds were dissolved in acetone
(usually 10 mg per ml) and diluted with warm complete
medium to make a stock suspension, which could be further
diluted with warm complete medium to the concentration
needed. The chemicals used in these experiments were DMBA,
BP, MCA, pyrine, arthracene, MNNG, NDEA, AFB!, and
N-acetoxy-FAA.

As a test of tumorigenicity of the various transformed and
nontransformed lines, cloned lines derived from colonies from
both solvent-treated and noncarcinogen-treated dishes and
normal-appearing colonies and transformed colonies from
carcinogen-treated cultures were tested. The colonies were first
isolated by the cylinder techique; more than 30 colonies of
transformed cells and 20 untreated normal-appearing colonies

were isolated and grown. Cells derived from each line were
injected s.c. into groups of 10 X-irradiated and unirradiated

4The abbreviations used are: CE, cloning efficiency; DMBA,
7,12-dimethylbenz(a)anthracene; BP, benzo(a)pyrene; MCA,
3-metnylcholanthrene; MNNG, yV-mcthyl-iV'-nitro-A'-nitrosoguanidine;
NDEA, jV-nitrosodiethylamine; AFB,, aflatoxin B, ; N-acetoxy-FAA,
Af-acetoxy-2-fluorenylacetaniide.

female, wealing BALB/c mice; irradiated mice received 350 R
whole-body X-irradiation 24 hr before injection of cells. Each
animal was given an injection in the intrascapular region with a
0.5 ml of suspension in complete medium containing either
IO6 transformed cells or 10 control cells. Tumors usually

became palpable in 13 to 35 days. Mice were maintained for
180 days before being considered as negative for palpable
tumors. Tumors for histolÃ³gica! study were fixed in 10%
formalin and subsequently routine hematoxylin-and
eosin-stained sections were made.

A recoloned cell line'used for the transformation assay as

well as 3 transformed lines were prepared for chromosome
analysis by a standard Colcemid technique (12). To prepare
slides, a drop of cell suspension was placed on a clean slide
which was air dried, and then stained with 5% Giemsa. Only
well spread and apparently complete metaphases were
counted.

The frequency of transformation (T) is expressed as the
proportion of cells seeded that gave rise to transformed
colonies (T-cell, percentage), the fraction of total colonies
obtained that were transformed colonies (T colony,
percentage), or the average number of transformed colonies
per dish. CE was determined by dividing the average number
of colonies per plate by the number of cells seeded per plate X
100.

RESULTS

To determine the optimal conditions for the quantitative
assay of the morphological transformation and CE of cloned
BALB/3T3 cells, we carried out 21 experiments with inoculum
varying from 100 to 500 nonstationary cells per 60-mm dish.
The number of colonies increased with the size of the cell
inoculum but CE decreased from 50% with 100 cells to
approximately 30% with 400 or 500 cells (Chart 1). When more
than 1000 cells were seeded, cells rapidly became confluent
and the colony count could not be accurately determined.
Therefore, the assay system adopted involved the plating of
200 to 400 cells in 60-mm dishes. Nontransformed colonies
obtained from treatment with either noncarcinogen or solvents
appeared characteristic of the BALB/3T3 line in that they
were composed of flat, epithelial-like cells (Fig. 1). On the
other hand, the cells of the transformed colonies grew over
one another to form multiple cell layers that could be
recognized even in unstained preparations. Deeply stained,
randomly oriented cells of transformed colonies from various
experiments are shown in Figs. 2 to 4; the foci end point, was
observed only when transforming agents were used is shown in
Fig. 5 (left); its accompanying control, which maintained a
normal appearance mimicking a lawn effect, is in Fig. 5 (right).
It is obvious that unequivocal transformation is possible with
selected recloned lines from BALB/3T3.

The relationship between the concentration of DMBA or BP
and CE and transformation frequency was determined in a
number of experiments. Transformation frequency was
proportional to carcinogen concentration in amounts between
0.025 and 0.5 /ig DMBA per ml of medium; since the slope of
the curve is 0.96, the transformation frequency is considered
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consistent with a 1-hit hypothesis (Chart 2). With DMBA, CE
also decreased as the DMBA concentration was increased to
0.5 jug/ml of medium. Examination of results with various
concentrations of DMBA for conformity to the Poisson
distribution provided information on induction. The mean and
variance of the number of transformed colonies for each set of
replicate plates were compared (Chart 3). The values obtained
for s2 and m, where s denotes standard error and m denotes

the average number of transformed colonies per dish, and the
fitted regression line are shown. The close clustering of points

500

Chart 1. Number of colonies and CE resulting
from the seeding of cells derived from cloned
BALB/3T3. Ten days after seeding, the average
number of colonies from 100, 200, 400, and 500
cells seeded was 51.9, 74.8, 124.8, and 151.7,
respectively, and the CE varied from 50 to 30%.

Chart 2. The transformation frequencies (transformed colonies/total
colonies X 100) and toxicities (CE) produced by various concentrations
of DMBA added to the media for 2 days, 24 hr subsequent to seeding
400 cells/plate. Linear dose-response curve (slope, 0.96) for
transformation occurs to 0.5 /Â¿g/ml.
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along the line s1 = m indicates that the transformed colonies

occurred randomly and that chemical transformation occurred
by induction.

In several instances, parallel experiments with the same
carcinogen were done with both the colony and the foci
transformation assays. Similar results were obtained in terms
of toxicity and linear dose responses (increased transformation
frequency with increased concentration of carcinogen). With
BP (Chart 4), toxicity increased, as indicated by a decrease in
CE to approximately 10 Â¿tg/ml;transformation frequency,
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when calculated on a per colony or per cell basis, increased up
to 10 jug/ml. The number of visible foci after 3 weeks of
incubation was calculated on a cell basis and was found to be
similar to that obtained on a per colony basis when the
frequency was determined after 10 days following a study of
200 cells which had been plated. In another experiment (Table
1), transformed colonies or transformed foci following DMBA
treatment of 400 cells had essentially the same transformation
frequency on an initial cell basis whether transformed colonies
were analyzed with a stereoscopic microscope at 10 days or
whether visible foci of transformation on a normal background
of cells were observed without a microscope at 4 weeks.

The ability of a series of hydrocarbons to produce in vitro
transformation and to parallel known carcinogenic activity was
shown with 2 noncarcinogens (anthracene and pyrene) as well
as with 3 established carcinogens (DMBA, MCA, and BP)
(Table 2). At the concentrations used the number of

10

m (MEAN NO. TRANSFORMED COLONIES/DISH)

Chart 3. Poisson distribution of DMBA-transformed BALB/3T3
colonies/dish. â€¢¿�â€”â€¢,Mean and variance of number of transformed
colonies from a set of replicates; , least square regression.

transformed colonies in 5 dishes with carcinogens was
approximately the same while the 2 noncarcinogens did not
give rise to any transformed colonies. The toxicity, as
indicated by CE, was minimal with the noncarcinogens and
much greater with the carcinogenic hydrocarbons as a group.
Variation in toxicity among the carcinogenic compounds
indicates that no simple relationship exists between
transforming activity and toxicity of the various compounds.

When MNNG and NDEA were studied by both assay

cc
o

1.0

0.5 1 2 5 10 20 40

BP(u^mll

Chart 4. The transformation frequencies and toxicities (CE)
produced by different concentrations of BP added to the media for 48
hr. CE (Â»)and middle curve (â€¢),transformed colonies/total colonies X
100 (based on 400 cells originally seeded); results calculated at 10 days.
Slope of this line (â€¢)from 0.5 to 10 Mg BP per ml medium is 0.91.
Bottom curve, transformation frequency per cell (based on original 400
cells seeded) at 10 days (â€¢)and at 3 weeks (o).

Table 1
Transformed colonies or foci in DMBA-treated BALB/3T3 cloned cell line

Inoculum was 4 X IO5 cells/dish; 8 dishes were stained at 10 days and 9 at 4 weeks.

10 days 4wk

Transformants

DMBA(Mg/ml)0

0.5Total

no.
of colonies1196

592CE(%)29.9 18.5No.0 48%

colonies"0

8.1%

cell60

1.5No.

offoci0

63%ceU60 1.7

a Percentage of transformants calculated on basis of fraction of total colonies that are transformed.
b Percentage of transformed cells calculated on basis of initial cell inoculum.
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systems (Table 3) at 400 cells/dish, NDEA was ineffective
while MNNG produced toxicity and transformation; the
amount of transformation with 1.0 Â¿/g/mlwas almost twice
that obtained with 0.5 M8/m' while the CE in both instances
was reduced; a concentration of 5.0 /ng MNNG per ml of
medium was so destructive that colonies could not be counted.

In the final experiment with transformed colonies and
transformed foci (Table 4), the inoculum size was increased to
IO3 cells/60-mm dish. All 3 carcinogens significantly reduced

CE. Furthermore, the frequency of transformed colonies with
DMBA on a transformed colony basis is slightly decreased
relative to that obtained previously, indicating that

transformation frequency is independent of the number of
cells used. With both AFB, and N-acetoxy-FAA, results
suggest a dose-response relationship in terms of toxicity and
transformation frequency on either a colony or cell basis at 10
and 21 days and in terms of transformed cell lines with
characteristics that distinguished them from the cloned 3T3
lines used in these studies as well as from the original
BALB/3T3 from which they were derived.

In general, the transformed cell lines were more
fibroblast-like in shape than the epithelial-like control lines.

The transformed cell lines exhibited lack of contact inhibition,
one of the main properties of the original isolated colonies.

Table 2
Transformation ofBALB/3T3 cloned cell line by polycyclic hydrocarbons

Inoculum was 2 X IO2 cells/dish: 5 dishes/treatment.

Transformants

CompoundSolventAnthracenePyreneDMBAMCABPBPTreatment(Mg/ml)0(10)(20)(0.1)(5)(10)(20)Total
no.

of colonies281270254164183195157CE(%)28.127.025.416.418.319.515.7Total0006657(%)0003.73.32.64.5

Table 3
Ability of nitroso compounds to transform BALB/3T3 cloned cell line

Inoculum was 4 X 10J cells/dish; 5 dishes/treatment. For further information see legend to Table 1. Footnotes are as in

Table 1.

10 days 3 wk

Transformants

TreatmentSolventMNNGMNNGMNNGNDEADose(Mg/ml)00.51.05.01.0Total
no.

of colonies5783743600502CE(%)28.918.715.025.1No.030610%colonies008.016.90%cell001.52.50No. offoci031390% cell601.32.00

Table 4
Transformation with AFB\ and N-acetoxy-FAA

Inoculum was IO3 cells/dish; 6 dishes/treatment. For further information see legend to Table 1. Footnotes are as in Table 1.

10 days 3 wk

Transformants

TreatmentSolventDMBAAFB,AFB,N-Acetoxy-FAAN-Acetoxy-FAADose(Mg/ml)00.50.51.00.51.0Total
no.

of colonies1443842721484665540CE(%)24.014.012.08.411.19.0No.05.548755094%colonies"06.56.715.57.517.4%cell000.90.81.30.81.6No.offoci05348734992%cell000.90.81.20.81.5
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Chart S. Comparison of growth characteristic of control line (O)
and 4 independently derived DMBA-transformed lines. Cells were
seeded in 100-mm dishes and medium was changed biweekly.

For example, at 26 days the transformed cells were seen piled
into huge colonies, whereas the normal cells had reached
confluency and remained stationary in thickness of a single
cell. In addition the transformed colonies stained darker with
Giemsa than did normal colonies. Similar results were obtained
even when IO4 cells were seeded in 75-sq cm Falcon plastic

bottles. At 21 days the control was a confluent monolayer
whereas the 2 DMBA cell lines exhibited varying numbers and
sizes of colonies.

Another series of growth characteristics of the transformed
lines involves the shorter doubling time and the increased
saturation density relative to the control lines. CE of various
transformed lines varied from 40 to 60% with 2 X IO2 cells
and increased to 80 to 90% with 4 X IO2 cells. Although

variations exist between transformed lines (Chart 5), the
doubling time for 4 DMBA-transformed lines was from 13.7 to
19 hr, whereas the doubling time for the control line was 23.5
hr; the maximum density reached for the normal line was 0.7
X IO6 cells in a 100-mm dish while that of the DMBA-D line
was 2 X IO7 cells (Chart 5). Whereas normal cells kept until

confluency did not produce a visible change on pH of the
media, the transformed cell lines were associated with
depletion of the media as indicated by acid production. The
transformed lines maintained their characteristic morphologies
as indicated in clones and mass cultures. Transformation was
also rapidly confirmed by seeding transformed lines on
confluent BALB/3T3 cells; only transformed lines produced
discrete areas of piled up cells (Figs. 6).

The inoculation of transformed cells into nonirradiated and
irradiated BALB/c mice produced tumors that were palpable
after 2 to 3 weeks and grew progressively, usually exceeding 5
cm in diameter before they killed the host. These tumors were
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diagnosed histologically as fibrosarcomas. Tumors occurred as
a result of inoculation of all isolated DMBA-, BP-, or
MNNG-transformed lines derived originally from a colony or
focal area. In all, 23 different cell lines, each from a different
transformed colony or focus, were obtained and were found to
produce tumors. Tumor incidence ranged from 10 to 50% in
nonirradiated groups of animals and 50 to 100% in irradiated
animals. Tumors in animals that had been irradiated had a
shorter latent period. No tumors were produced when as many
as IO8 cells from untreated, nontransformed lines, cultures

derived from pyrene or anthracene treatment, or lines cultured
from normal background areas of carcinogen-treated cultures
were injected into mice. Fifteen different cell lines obtained
from colonies were tested, and the parental BALB/3T3 line
was tested twice.

BALB/3T3 is known to be an aneuploid cell line but has not
been thoroughly characterized in terms of chromosomes.
Although its chromosome mode is considered subtetraploid, it
has a 2 S component (16%) as well as an extremely minor
subdiploid component (Table 5). Other characteristics of the
untransformed 3T3 line are cells with biarmed chromosomes
(3%) and some with a long acrocentric chromosome (42%).
None of the 3 transformed lines were accompanied by any
consistent chromosomal disturbances in either alteration of
ploidy or in new chromosomes. The 3 transformed lines
analyzed had both S and 2 S populations as well as various
numbers of heteroploid cells. Each line had a specific modal
chromosome number, which may have been associated with
the cloning process rather than been due to a direct action by
a specific chemical carcinogen. The DMBA line analyzed was
unique in that an unusually large number of rearrangements
(quadriradial figures) could be seen.

DISCUSSION

Cloned lines derived from BALB/3T3 cells are capable of
undergoing quantitative transformation under conditions that
do not result in spontaneous transformation; in fact,
spontaneous transformation of 3T3 lines is unknown as long as
the cells are carefully handled (29). The response of these cells
differs from the results obtained with the Syrian hamster
embryo system in quantitative respects such as the frequency
of transformation and degree of toxicity as reflected in the
CE. Diploid secondary hamster cells are more sensitive to the
toxic action of carcinogens and produce a relatively high
frequency of transformation as compared to BALB/3T3 cells.
The BALB cells are an aneuploid cell line and thus cannot be
considered completely normal; in addition, instead of
exhibiting a finite lifetime, they have unlimited growth
potential. Chromosome preparations of untreated BALB/3T3
cells stained to show heterochromatin, type C bands, have
heterochromatin regions identical to those obtained with cells
derived directly from laboratory mice (18). Recently, we have
shown that untreated BALB/3T3 cells require a higher
concentration of serum for optimal growth than do
transformed lines such as that produced by DMBA treatment
(25). Even at high serum concentration, the control cells show
density-dependent regulation of growth whereas with serum

concentrations as low as 2%, the transformed DMBA cells that
have lost density-dependent regulation of growth will grow to
a high density and pile up on each other. The requirement of a
higher serum concentration for optimal growth has been
shown for normal chick fibroblasts relative to cells that have
been transformed by Rous sarcoma virus (28). This serum
requirement is also a property of random-bred Swiss 3T3 cells
relative to SV40-transformed Swiss 3T3 cells (17) and for
transformed fibroblast cells derived from mouse prostate (6).
Thus, control BALB/3T3 cells share some of the properties
associated with normal cells.

The relevancy of in vitro studies on chemical carcinogenesis
to the in vivo phenomenon results from the formation by
transformed cells of permanent cell lines that produce tumors
when inoculated into appropriate hosts, whereas the control
cells or those treated with noncarcinogens fail to produce
tumors. The control line is epithelial-like and such colonies
have also been seen with hamster embryo material as well as
the fibroblasts derived from prostate cells. The formation of
primary tumors, most often diagnosed as fibrosarcomatous,
following the inoculation of the transformed cell lines, is
consistent with results from other transformation assays.

In hamster lines transformed by either chemical carcinogens
(12) or polyoma virus (7), there is a latent period of weeks or
even months before a tumor becomes palpable. The BALB
transformed lines demonstrate tumorigenicity, for the most
part, in 2 to 3 weeks. This property, which is shared also with
transformed mouse fibroblasts derived from prostate cells (5,
6), may reflect the use of syngeneic mice or the non-normal
aspects of cell lines. Although aneuploidy in itself need not
result in cancer, chromosomal abnormalities in terms of
number of chromosomes or rearrangements due to
translocations might facilitate the processes from
transformation (16), the 1st step in the phenomenon of cancer
that can be recognized with certainty, to that final step, tumor
production, which is associated with neoplastic
transformation, cancer.

Transformation was not accompanied by any general
chromosomal modification of the control hypotetraploid
chromosome number, although each of the transformed lines
analyzed did have a characteristic modal chromosome number.
The absence of chromosomal modifications may indicate that
the subtetraploid condition is less susceptible than diploid cells
to new modifications of chromosomes.

The systems reported to date for quantitative
transformation usually depend upon the scoring of
morphologically transformed hamster colonies approximately
1 week subsequent to addition of carcinogen (3, 9), or after a
3- to 4-week delay during which mouse cultures treated with
chemical carcinogens form piled up, multilayered areas that
stain darkly with Giemsa (5, 6). The BALB/3T3 system is
unique in that both end points may be utilized for determining
transformation. Dose-response relationships occur in both
situations. The frequency of transformation can be correlated
to either the number of colonies that have been formed or the
original cell inoculum. The foci assay can be analyzed without
resorting to examination of colonies by using a stereoscopic
microscope since the foci appear as piled up areas on a
background of a normal-appearing monolayer.
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Although cloned lines of normal and transformed cells have
been found to be negative for murine leukemia virus
complement-fixing antigen (unpublished results), no

conclusion can now be reached as to the possibility that the
activation of a latent oncogenic virus is responsible for the
neoplastic transformation in this system.

This in vitro system will be used for both biochemical and
biological studies with a number of different classes of
carcinogens. The BALB/3T3 system shares with the hamster
assay system (13, 20) a lack of response to carcinogens such as
NUEA. On the basis of work carried out with the hamster
assay system, it could be predicted that the feeder layer may
increase the frequency of transformation by certain
compounds such as the carcinogenic polycyclic hydrocarbons
(10) but would be ineffective with compounds such as NDEA
(13). Thus, it becomes obvious that, in order to be of use as an
alternative screening method for the determination of
carcinogenic activity of different classes of chemical
carcinogens, the system must be modified to ensure the
activation of compounds in order to minimize false negatives.
Recloned BALB/3T3 lines of proven sensitivity to carcinogens
will be useful for the study of transformation in different
phases of the cell cycle since synchrony is possible with cell
lines as opposed to cell strains such as those used in the
hamster embryo assay, which consist of a mixture of cell
types. BALB/3T3 cells can be used in hybridization techniques
to study events such as chromosomal expression and location
of transformation, tumorigenicity, and antigenic changes.
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Fig. 1. Portion of a nontransformed, flat, epithelial-like, contact-inhibited colony. Giemsa, X 35.
Fig. 2. Portion of a DMBA-transformed colony. Cells are of short spindle type densely piled up toward the center and randomly oriented toward

the edge. Giemsa, X 35.
Fig. 3. Portion of a DMBA-transformed colony. Round type cells are densely piled up towards the center. Giemsa, X 35.
Fig. 4. Portion of a BP-transformed colony. Cells have random growth pattern with overlapping of cytoplasmic filaments. Giemsa, X 35.
Fig. 5. Flask containing inoculate of 1 X IO4 cells/75 sq cm. After 24 hr, treated with DMBA for 48 hr (left flask), washed and refed biweekly

for 3 weeks. Untreated control (right flask).
Fig. 6. Demonstration that BP-transformed cells form transformed colonies on a 3-week-old monolayer of normal BALB/3T3 cells (right). Plate

was stained 9 days after being seeded with BP-transformed line. Control plate (left) with untreated control cells.
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