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SUMMARY

Quantitative transformation was induced by carcinogenic
polycyclic hydrocarbons in cells plated to produce discrete
colonies; transformation was not seen in parallel studies in
which cells were treated with pyrene or solvent only.
Transformation was defined as a criss-crossing of cells that
produced altered colonies not seen in controls. The correlation
of the morphologically altered colonies with tumor production
was determined by establishing cell lines from altered and
normal colonies and analyzing them in terms of morphology,
oncogenicity, and karyology. The patterns of various cell lines,
when produced by the same carcinogen, differed in types of
cells present as well as in degree of altered growth pattern. In
cloning experiments, colonies formed which usually had more
than one type of morphological transformation. Cells of
established lines derived from each transformed culture
formed tumors when tested by s.c. inoculation into hamsters.
No tumors were produced when control cells were inoculated
into irradiated animals. The transformed cell lines analyzed for
karyological changes had a low incidence of chromosomal
markers. The cell lines, regardless of carcinogen used for
transformation, had chromosome modes classified as
hypodiploid and hyperdiploid; the tumor-derived cultures
were quite similar to the transformed cell line in chromosome
mode except for two which had shifted to the hypotetraploid
range. The lack of common karyotypic changes demonstrates
that the alterations were trivial and represent a random
occurrence which is independent of the transformation. Since
the transformed colonies were transformed only with
carcinogens and were responsible for cell lines which produced
tumors when injected into hamsters, whereas control
untransformed cell lines failed to produce tumors, it is
concluded than an in vitro model is reliable for studies of
carcinogenesis and that in vitro studies are relevant to in vivo
cancers.

INTRODUCTION

Chemical carcinogens from various classes of chemicals
producing tumors in vivo have been reported to induce
morphological and biological changes in mouse, rat, and Syrian
and Chinese hamster cells exposed in vitro (1â€”3,7, 15, 17, 18,
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21, 24). The most important change is neoplastic
transformation. "Transformation" refers also to other

alteration that occurs in tissue cells during culture.
Transformed cells may differ from control cells by changes in
morphology, karyotype, growth behavior, or metabolic
pattern. Although some of these alterations have proved useful
in the monitoring of transitional stages, their causal relation to
carcinogenesis in vitro as in vivo remains undefined. The only
proof of neoplastic conversion in an isolated population is that
by implantation in appropriate hosts the cells in question can
grow progressively and eventually kill the organism.

Mass cultures of Syrian hamster embryo cells treated with
chemical carcinogens undergo neoplastic transformation, as
demonstrated by the growth of the transformed cells when
implanted into animals, whereas control cells fail to produce
tumors (1, 7, 15, 18, 24). Quantitative studies are possible
with Syrian hamster cells; the rate of transformation is
proportional to the concentration of the chemical carcinogen
and also reflects the potency of the in vivo activity of the
carcinogen (8, 9, 14). It was possible to isolate the
benzo(a)pyrene-transformed colonies which subsequently
developed into cell lines that, unlike control cultures,
produced fibrosarcomas when inoculated into hamsters (10).
Therefore, hamster cell systems can be used as a quantitative
model for chemical carcinogenesis in vitro. Cells emerging
from colonies treated with chemical carcinogens have several
characteristics not found in the untreated controls or in the
noncarcinogen-treated colonies. In this report, the
morphology, the extent of oncogenicity, and chromosomal
characteristics of the cell lines derived from isolated colonies
are correlated.

MATERIALS AND METHODS

A detailed description of the cell culture procedures and the
transformation assay has been published (8).

Primary cultures were prepared by trypsinization of 12- to
14-day-old fetuses of random-bred Syrian hamsters from the
NIH, Bethesda, Md., or Con Olson, Verona, Wis. The primary
cultures were seeded at a level of 1 X IO7 cells/ 100-mm plastic

Petri dish; the secondary cultures, prepared 3 to 5 days later,
were seeded at 5 X IO6 cells/100-mm plastic dish. The cells
were grown in Dulbecco's modification of Eagle's minimum
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essential medium with either 10% calf serum or 10% fetal
bovine serum.

Solutions of the test compounds, pyrene, BP,1 MCA, and

DMBA, were prepared in a room without artificial light to
avoid photochemical effects. The hydrocarbons were dissolved
and sterilized in acetone (10 mg/ml), diluted with warm
complete medium to make a stock suspension of 100 Mg/ml,
and further diluted with warm complete medium to make the
desired concentration of 10 Mg/ml, except for MCA and
DMBA, which were used at a final concentration of 5 and 0.1
Mg/ml of medium, respectively.

In the transformation assay, 500 cells were plated in
complete medium with 10% fetal bovine serum in a 50-mm
plastic Petri dish containing 6X IO4 irradiated rat embryo

cells. The hamster cells were seeded on coverslips adjusted to
cover most of the surface of the dish. Chemical concentrates
were added the following day. Nine days after the chemical
had been added, the plates were washed and examined.
Medium had not been changed during this period, and the
dishes had been incubated in humidified 10% C02-air at 37Â°.

All dishes were examined with phase microscopy for
transformed colonies. Some plates were fixed and stained with
May-Griinwald Giemsa for further analysis. In most dishes,
representative colonies were marked by circles on the bottom
of the dishes. Both semicontiguous (light) and contiguous
(dense) normal-appearing colonies from control and treated
cultures, as well as the light and dense transformed colonies,
were seen only in the carcinogen-treated dishes, were included.
Medium was removed, dishes were washed, and it was verified
that the coverslips had not moved. Scoring with a
diamond-tipped pencil removed the area in the dish that
contained the selected colony. Each piece of coverslip was
placed in a plastic T-flask (bottom surface area 25 sq cm)
containing irradiated feeder cells (6 X 10"). To produce

growth in different areas, we shifted the coverslips in the
T-flasks every other day when the medium was renewed. After
the monolayer was complete, the cells were trypsinized and
transferred to a larger T-flask (75 sq cm) with 1.8X IO5

feeder cells. Specific colonies were again marked, and after
part of the flask had been removed, the colonies were isolated
by the cyclinder technique (23). The isolated colony was
placed in a large T-flask without feeder layer to obtain cells for
inoculation. Cells were subcultured at 8- to 10-day intervals.
Cells at various passages were trypsinized and preserved by
freezing (â€”70Â°)in a solution of 9% dimethyl sulfoxide and

culture medium. Where necessary, the cells were thawed and
cloned again in complete medium.

Transplantation experiments were done with transformed
and control cell suspensions prepared by scraping cells from
flasks with a rubber policeman and resuspending them in a
minimum amount of medium. Cell counts were approximated
by use of trypsinized aliquot. Various transplantation sites
were utilized: IO6 cells were injected intradermally or
intercranially, or 5 X IO6 cells were injected s.c. into weanling

hamsters irradiated with 400 R l day before inoculation. The
animals were palpated twice weekly when possible; after the

'The abbreviations used are: BP, benzo(a)pyrene; MCA,
3-methylcholanthrene; DMBA, 7,12-dimethylbenz(a)anthracene.

initial inoculation response, nodules were recorded when they
became 3 to 4 mm in diameter. The animals were observed for
a minimum of 6 months. After further growth of the nodule,
the animals were killed with Pentothal sodium. Tissue was
removed, a portion was retransplanted into nonconditioned
animals, another portion was used for tissue culture, and the
rest was fixed in 10% formalin; sections were stained with
hematoxylin and eosin.

At various subcultures, control lines, cell lines exposed to
carcinogens, transformed lines, and tumor lines derived from a
portion of the tumor were prepared for chromosome analysis.
Monolayers were treated for 5 hr with a 5-jug/ml solution of
Colcemid before the cells were detached with 0.25% trypsin.
Cells were swollen with 0.75% sodium citrate and bovine
serum (9:1), centrifuged, and fixed in acetic acid: methanol
(3:1). Slides with 1 drop of cold suspension were air dried and
stained with 1% acid orcein. Well-spread and apparently com
plete metaphases were photographed for study. Chromosomes
were counted and identified according to the morphological
grouping of Lehman et al. (19). Chromosomes of tumor cells
were examined when a culture was 48 hr old.

In the study of cell morphology, cells were grown in a dish
containing coverslips which were fixed at various times in
Carnoy's solution and stained with hematoxylin and eosin or

acid orcein.
The cloning efficiency of the various cell lines was measured

by determining the proportion of cells able to form a clone
after 8 days of incubation in Dulbecco's medium

supplemented with 20% fetal bovine serum without a feeder
layer. The incidence of contiguous (dense), transformed clones
was also noted.

RESULTS

Culture Morphology

Control Cultures. Approximately 25% of 80 dense and light
colonies grown on pieces of coverslips produced cell lines. The
morphology of the cell lines was representative of the colonies
from which they were derived and may be considered stable.
Approximately 2.5 weeks were required to fill the initial
T-flask from an isolated colony of either type. With
subsequent subculturing, the fibroblastic-like lines appeared to
grow faster (subcultured for 10 to 14 days) than did the
semidispersed light lines, which required over 3 weeks for each
subculture. Of the 20 control lines, 16 were derived from the
dense-type (Fig. 1) and 4 from the light-type colonies (Fig. 2).
Trypsinization was easier with these cultures than with
cultures of treated lines; however, in the control cell lines,
longer trypsinization was required to disperse the cells of the
light lines than of the dense lines.

Three control lines are more than 5 months old and still
growing: 2 derived from dense colonies and 1 derived from a
light colony. Most other cultures disintegrated between 3 and
4 months after establishment. The cells became flat and large,
with vacuola ted, rare mitosis. They survived for weeks and
could be passed, but growth was not evident. The culture
patterns of these strains were similar to those obtained from
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mass cultures. Fibroblast-like cells usually dominated and were
orientated in waves with distinctive space between the cells or
the cells grew without any formal pattern. This is consistent
with our former observation that hamster control lines, when
subcultured on a fixed schedule, have a finite life-span (7).

The cell lines derived from the dense colonies were
characterized by compact growth and were made up of cells
containing large or small nuclei; the cytoplasm had multiple
filamentous projections. In contrast, cells from the light
cultures were not as densely packed and were flatter, with
more symmetrical, rounded cytoplasm.

Transformed Cultures. Cell lines derived from colonies
which had been subjected to carcinogenic hydrocarbons were
either dense or light and reflected either the normal
morphology of the control lines (carcinogen resistant) or were
altered in that the cells were criss-crossed, indicating
morphological transformation (Figs. 3 to 6). The "treated"

control lines derived from nontransformed clones which had
been subjected to carcinogens mimicked the control cultures
in being genetically stable. Since these treated lines were
derived from cells exposed to carcinogens, they were resistant
to the toxicity of the compound. As the carcinogen was
washed out of the cells and eliminated by changing the
medium, possibly a cell line might be produced which would
be sensitive to the carcinogen in terms of transformation; these
lines were scrutinized and kept in a sparse cell concentration.
Rarely, a transformed colony was formed and removed from
the cell population. With this exception, the morphological
and growth characteristics of the treated resistant lines were
similar to those of the untreated control culture lines.

From 62 recognized transformed light and dense colonies,
35 cell lines were established; 21 colonies became
contaminated and 6 failed to develop. Characteristically, cells
from transformed colonies grew much more rapidly than cells
from nontransformed colonies. Approximately 1 week was
required for the contents of a small T-flask to become a
confluent monolayer. The confluent monolayers were then
passed to a larger T-flask also containing a feeder layer
(1.8X IO4 rat embryo cells). The 1st passages of transformed

cell lines were characterized by obvious washing out of
carcinogen and granularity of cytoplasm. With each exchange
of medium, there was a continued visible loss of granular
material from the cells. At this point, when the cells were
sparsely seeded in the large T-flask, transformed clones were
reisolated. From these colonies, permanent lines were
established which demonstrated a wide variety of
morphological characteristics, some of which were
modifications of the original colonies in that they had less
criss-crossing or less piling up ot the cells than the original.
Colonies of most of these continued to demonstrate the
morphological changes observed earlier under phase contrast
microscopy: a criss-cross pattern of growth and nuclear
pleomorphism. No distinctive culture morphology could be
attributed to the specific polycyclic carcinogen responsible for
the transformation; for example, fusiform cells were found in
cultures treated with BP, MCA, or DMBA (Fig. 7). Some
culture patterns had large, multinucleated, stellate cells (Fig.
8).

The cloning efficiency of the transformed lines increased

with age of the culture and the type of primary colony
present. At approximately 150 days, the cloning efficiency
ranged from 30 to 80%. Cultures derived from dense colonies
had a higher cloning efficiency than did those derived from
light colonies. The incidence of different types of colonies
varied, and even cultures derived from dense colonies had
more than 1 type of colony. Since the colonies are similar to
those found in other cell lines (7, 10) and in tumor lines (11),
only one representative morphological type of colony derived
from a BP culture is shown (Fig. 9).

Oncogenic Potential

Tumors were produced only by 30/35 chemical
carcinogen-transformed cell lines 50 to 75 days old. Whereas
5 X IO6 cells injected s.c. into weanling hamsters produced
tumors after 6 to 15 weeks, inoculation of greater than IO7

cells from control cultures produced no tumors during 6
months of observation. Nonregressing tumors were also
obtained by injecting cells intradermally or intracranially.
Most tumors were hard and encapsulated, and with little
necrosis. Tumors found s.c. were loosely attached to the
surrounding tissues and transplantable into other animals.
Both the primary and subsequent generations of tumor were
diagnosed as sarcomas. The variability from tumor to tumor
and sometimes within a tumor section ranged from
fibrosarcomatous growth in parallel sheets to sarcomas with
polymorphic characteristics and intercellular spaces containing
large blood vessels, to distinct anaplastic growths (Fig. 10).
Further in vivo passages of the tumors increased the similarity
between tumors with a predominance of anaplastic type cells.

Tumors were easily adapted to tissue culture without any
growth crisis and produced tumor cell lines with the
characteristics of neoplastic cells. Although tumor cell lines
had distinctive characteristics, they were not necessarily
identical, even when produced from transformed cell lines by
the same carcinogen. In general, the cultures exhibited the
same varied morphology as the original transformed lines
derived from discrete colonies. Variations in size, shape, and
growth of the cells made them obviously different from
nontransformed cells (Fig. 11). Tumor cell lines, after being
recloned without feeder, had the same frequency of cloning as
the transformed lines. Characteristics of the individual tumor
lines was the presence of more than one type of colony even
though one type of colony predominated. Since the various
types of colonies that occur from tumors in culture have been
described (11), only one example is shown (Fig. 12). They are
representative of the dense, fusiform cells and of the
intermediate morphology of a colony made up of stellate cells
that have a random growth pattern with overlapping of cell
filaments even in a slight monolayer type of colony.

Chromosome Studies

During our experiments, control cell strains derived from
different whole hamster embryos cells were examined for their
chromosome modes. Characteristic of the hamster is the
preponderance of cells with a normal complement of 44
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chromosomes (7, 19). In some passages, approximately 85 to
90% of the cells appeared diploid. The technique for
chromosome spreading may be assumed to have caused the
loss of chromosomes in cells that appeared subdiploid.
Abnormal cells were rare, and only one cell with an abnormal
chromosome was noted. Variability in chromosome number
could usually be accounted for by variation in Chromosome
Group 16 to 19. In 9 of 10 cell lines studied (Table 1), lines
derived from transformation with BP, MCA, or DMBA had
chromosome modes fluctuating around the diploid range. Five
carcinogen-transformed lines had hyperdiploid modes, 4 had
hypodiploid modes, and 1 was bimodal with both diploid and
tetraploid modes. Abnormal chromosomes were usually rare.
The most predominant alterations were an increased number
of acrocentric chromosomes in the No. 16 and 19 group range
and a loss of a member of the small metacentric No. 20
chromosome. The distinctive large marker chromosomes
included new metacentric chromosomes and a submetacentric
chromosome. These were seen in BP-transformed culture lines
and MCA-transformed culture lines. In BP-5, a number of cells
had either 1 or 2 large metacentric marker chromosomes. Fig.
13 is an example of a pseudodiploid karyotype with 2 new,
large, metacentric chromosomes, 1 additional acrocentric
chromosome and an unpaired submetacentric chromosome;
median and submedian metacentrics were not present. An

In Vitro Neoplastic Transformation

example of the new large submetacentric chromosome is
shown in a karyotype of a BP-2 cell (Fig. 14). This metaphase
has 45 chromosomes, 44 of which are similar to the normal
karyotype, and an additional large, unpaired marker
chromosome. It can be concluded that no transformed cell line
analyzed remained diploid in mode after its establishment as a
transformed line, although there might be clustering of a mode
around the diploid count.

Tumors produced by the inoculation of cells from each of
10 transformed cell lines which had been analyzed
karyologically were also analyzed for their chromosome
distribution as secondary tumor cultures.
Carcinogen-transformed cell lines rarely showed chromatid
breaks, dicentrics, or fragments. In most instances, the
chromosome distribution of the tumor-derived lines mimicked
the transformed lines; however, some exceptions were noted.
Although BP-4 had a hyperdiploid mode, the tumor derived
from it, BP-4t, was hypotetraploid; MCA-2 had a hyperdiploid
mode consisting of cells with chromosomes in the 50's while

the tumor produced consisted of cells in which the mode was
in the 70 range. In several instances, such as with tumors
derived from BP-3 and BP-5-transformed lines, the number of
cells with a hypodiploid number of chromosomes increased.
The tumors had the same type of large marker chromosomes
which were observed in the parental transformed cell lines.

Table 1
Chromosome analysis of control and transformed cultures, and of tumor-derived cultures

Control-10
Control-2
Control-3
Control-4
Control-5
Control-5?Control-5
21BP-lbBP-1

tcBP-2BP-2tBP-3BP-31BP-4BP-4tBP-5BP-5tMCA-1MCA-ltMCA-2MCA-21DMBA-1DMBA-ltDMBA-2DMBA-21DMBA-3DMBA-3tNo.

of
cells50

50
50
50
30

23301008853593545303672523851504120404140555540

or
<40311231272411294341124142147841892043102124352

33112111562312473224444

49
49
47
25
172218516431211124111831912451

178821923121312No.461
1171011624111634of

chromosomes47192033121215172148

4917

188
232

121

19910

2811150-697332633264101370-7915218812280-891

3
2

2582244153662109211290

or
>902153168225

0 Except as indicated by subscripts, "control" indicates analysis of 2nd and 3rd passage of untreated

hamster embryo cells from different animals.
b Chromosome analysis of cell lines were first done between the 10th and 15th passages.
c Tumor line obtained by placing corresponding transformed cell line into hamsters and then culturing

the tumor.
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DISCUSSION

The characteristics of neoplastic Syrian hamster cells
obtained by in vitro transformation of hamster embryonic
cells with chemical carcinogens are described in terms of
colony morphological alteration and the establishment of
permanent lines. The transplantability of these lines into
hamsters, with the subsequent growth of tumors and
properties of the tumor cells paralleling those obtainable when
in vivo induced s.c. tumors of hamsters are placed in culture
(11), is conclusive evidence that the results from in vitro
chemical carcinogenesis transformation studies are relevant to
the problem of in vivo carcinogenesis. Although some of these
parameters have been analyzed viral transformed lines, the
situation with chemical transformation is not completely
analogous, since viral transformation is usually associated with
the appearance of a new antigen characteristic for the inducing
virus; no such fingerprint is known for chemical
transformation. Therefore, the results described here, which
indicate the interdependence of various characteristics during
in vitro transformation and their similarity to characteristics of
cells transformed in vivo, document conclusively that in vitro
chemical carcinogenesis models are appropriate for searching
for chemical carcinogens in our environment and for
investigating the molecular events involved. Although certain
attributes of Syrian hamster neoplastic cells have been
reported (7, 12, 16), no study has dealt exclusively with the
correlation of the biological properties of neoplastic cells
which were obtained by quantitative studies with chemical
carcinogens.

This study in vitro, chemical carcinogenesis is based on the
thesis that the altered clones or colonies indicated by a
criss-crossing of cells have been transformed, the 1st step in
the phenomenon of cancer that can be recognized with
certainty. The transformed cells can form permanent cell lines,
whereas nontransformed cells have a finite life expectancy.
Ordinarily, the transformed cell lines appear morphologically
altered. Sometimes, the pattern of a mass culture, when grown
in a closed flask, may not reflect the altered state conclusively.
If the cell line is adapted to grow in a dish in a CO2
environment for at least 2 passages before being cloned,
colonies usually show compact monolayers which lack oriented
growth patterns or have a population which, although uniform,
is made up of cells deviating from the normal size and shape in
that they have an increased nuclear : cytoplasmic ratio. Such
characteristics are not seen when nontransformed cell strains
are clones.

When transformed cell lines are cloned, a predominate
morphological pattern of colonies is seen, but variations
between colonies in the same culture passage still persist. It is
possible to find more than one type of colony and also to
determine within the same class of colony differences in size,
morphology, and number of multinucleated cells. A similar
situation was reported for tumor cell lines derived from in vivo
carcinogen-induced tumors of Syrian hamsters (11).
Furthermore, colony heterogenicity occurs in sparse cultures
previously treated with polyoma (27) or with infection of
clonal isolate BHK21/13 (26), and in other transformed cell
lines (4, 25). Results from these experiments and from clonal

experiments with cell lines derived from in y/Vo-induced
tumors make apparent that any significant comparison
between lines must be carried out on clonal derived cell
sublines.

The light and dense types of transformed colonies, resulting
from chemical treatment, have also been reported for viral
transformation. It has been suggested that in viral
transformation, the dense colonies arose from the light by
variation and, since the dense colonies had a high degree of
transplantability, the process involved the mechanism for
additional variation of transformed cells (27). In some
instances, some of our cell lines with a predominance of light
colonies produced tumors with the same latent period as did
other lines which were made up primarily of dense clones.
Additional experiments are planned in which repeated
recloning will be done to achieve a population of only 1 type
of colony. Perhaps in this way, the relative transplantability of
both the light and dense varieties of colonies can be compared.

The tumors produced by inoculation of the transformed cell
lines were comparable to those obtained with a single s.c.
injection of carcinogenic polycyclic hydrocarbon to the flank
of Syrian hamsters. The inoculation of transformed cell lines
resulted in primary tumors which were adaptable to tissue
culturing without any observable degenerative phase, but
cultures started from tumors induced in vivo by either BP or
DMBA declined definitely and abruptly in growth rate, during
which the cultures were stationary and required no
subculturing (11). Populations derived from normal hamster
embryo cells also did not require any selection or adaptive
phase and usually maintained a logarithmic growth for many
subpassages before they failed to grow. In both circumstances,
the primary tumors ranged from well-differentiated
fibrosarcomas made up of cells forming fascia or bundles to
anaplastic sarcomas containing varying numbers of giant cells,
blood vessels, and matrix between the cells. We are currently
evaluating so-called epithelioid transformed cell lines but
cannot conclude that undifferentiated carcinomas have been
obtained by inoculating cells from transformed cell lines.

Results of chromosome analysis of chemically induced
tumors have been reported (5, 13, 20, 22). No common
changes detectable at the macromolecular level exist, and the
chromosome modes range from hypodiploid to hypertetraploid.
Polyoma-transformed cell lines obtained by treatment in vivo
or in vitro are reported to have remained near-diploid for 1.5
years after infection, although departures from euploidy are
noted (4). Hamster sarcomas obtained by treatment with MCA
had a chromosomal evolution dependent on the latency period
of the individual tumor. Tumors with a short latency period
had a mode with diploid chromosome constitution, while
those with a long latency period had a hypertetraploid mode
(20). The in vitro exposure of hamster embryo cells to
MCA-3H bound MCA-3H or its derivatives to the nuclei;

karyotype analysis in conjunction with high-resolution
autoradiography revealed labeling of normal-appearing
metaphase chromosomes (6). In this report, the chromosomal
characteristics of in vitro cell lines transformed by chemicals
are described and compared with the chromosome
constitution of in vivo chemical carcinogen-induced tumors
(11, 20). In the control cultures, karyological changes were
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limited to a slightly increased number of cells that were
hyperdiploids and the presence of tetraploids which did not
increase notably with more passages. Karyological analysis of
transformed cell lines and those obtained from in vivo
induction of tumors showed that the transformed cell lines
were unique in that they remained near-diploid even after a
year whereas the in vivo tumors were less stable and deviated
rather rapidly from euploidy. Although abnormal metaphases
occurred, the proportion of rearrangements because of in vitro
transformation was minimum, even less than those observed
from in vivo transformation by the same class of carcinogens.
In some in vitro transformations, the same type of markers,
submetacentric and metacentric chromosomes, were observed
as had been reported for in vivo transformation. These markers
were present, even after the tumors of the cell lines were
analyzed; however, when considered in terms of all our
chromosomal studies of both in vitro and in vivo
transformation, these specific chromosomal changes probably
do not represent more than a random occurrence which is
independent of the transformation.
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Fig. 1. Portion of a dense, nontransformed, 9-day-old colony. Contact-inhibited fibroblast cells with indication of parallel orientation.
Giemsa, X 35.

Fig. 2. One type of light, nontransformed colony 9 days old. Cells are flat with space between some of them. The large cells (bottom) are
irradiated feeder cells. Giemsa, X 38.

Fig. 3. Portion of a light, transformed clone 9 days old. Cells are of short spindle type with random orientation. Giemsa, X 35.
Fig. 4. Light, transformed clone 9 days old, with cells that have random growth pattern with overlapping of cytoplasmic filaments.

Giemsa, X 35.
Fig. 5. Portion of a dense, transformed clone 9 days old. Small stellate cells that are not orientated. Giemsa, X 35.
Fig. 6. Portion of dense, transformed clone 9 days old. Round-type cells are densely piled up towards the center with swirling pattern.

Giemsa, X 35.
Fig. 7. Transformed cell line consisting of especially long fusiform cells exhibiting criss-cross pattern which was derived from a BP

(10Mg/ml)-transformed colony. Phase contrast, X 63.
Fig. 8. A transformed cell line consisting of large, flat, stellate cells growing in a random pattern which was derived from a colony transformed

by 0.1 mg DMBA/ml medium. Phase contrast, X 63.
Fig. 9. A portion of a colony obtained by recloning a transformed BP cell line. The cells are densely piled up towards the center and randomly

oriented towards the edges. Giesma, X 35.
Fig. 10. Section from a fibrosarcomatous growth exhibiting considerable amounts of anaplasia; obtained by s.c. injection of cells from a line

which was derived by transforming a colony with BP. H & E, X 200.
Fig. 11. Field of a culture derived from a portion of primary tumor produced by inoculation of a transformed MCA cell line. Area shows

presence of small round cells as well as extremely long fibroblast cells growing in a random overlapping pattern. Phase contrast, X 63.
Fig. 12. Portion of a colony obtained by cloning a BP tumor cell line without a feeder layer. Morphology consists of short fibroblast-like cells

with random orientation. Phase contrast, .X 63.
Fig. 13. Karyotype of a pseudodiploid cell from a BP-transformed cell line. This cell has 2 X chromosomes and a number of extra or unpaired

chromosomes (arrows). Present are 2 large new metacentric chromosomes and an extra acrocentric chromosome, as well as an unpaired
submetacentric. A No. 14 and pair of No. 15 chromosomes are missing.

Fig. 14. Karyotype of a cell from BP-2 cell line. One marker submetacentric chromosome (arrow) is present; the remaining 44 chromosomes are
similar to those shown in the normal karyotype.
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