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DIMIETHYLNITROSAMINE (DMN) is a
potent carcinogen and mutagen (Crad-
dock, 1971; Druckrey et al., 1967; Hard
and Butler, 1970; Magee and Barnes,
1967; Malling, 1971) and requires meta-
bolic activation in order to exert its
harmful effects.

When hamster embryo fibroblast cul-
tures were exposed to DMN, no trans-
formationi occurred (Huberman, Salzberg
and Sachs, 1968). DiPaolo, Nelson and
Donovan (1972) also reported the failure
of urethane and diethylnitrosamine added
directly to the culture medium to trans-
form the same type of cells. However,
transformation did occur in embryo fibro-
blasts obtained from female hamsters
that had been exposed to those com-
pounds during pregnancy. The lack of
metabolic competence of fibroblasts to
activate this type of chemical oncogen
limits their wide use in carcinogenesis
tests in culture.

Rat liver is the principal organ that
carries out metabolic activation of DMN
administered in vivo (Magee and Barnes,
1967). Montesano, Saint Vincent and
Tomatis (1973) obtained adenocarcino-
mata when a liver epithelial cell line
treated in culture with DMN was trans-
planted into syngeneic hosts. It is thus
evident that the liver epithelium is
capable of metabolically activating DMN
and similar compounds to yield the
ultimate carcinogen and/or mutagen.

However, rat liver cells have been
found to undergo spontaneous transforma-
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tion in culture (Oshiro, Gerscheson and
DiPaolo, 1972), and Borek (1972) has
reported the transformation of liver epi-
thelium induced by " nutritional stress ".
The use of an established liver epithelial
cell line might therefore invite the criti-
cism that the carcinogen merely acceler-
ated the process of spontaneous trans-
formation. To avoid this drawback, we
examined the cells at their earliest stage
of development in culture. Furthermore,
since carcinogens are known to exert
their effect more strongly on dividing
cells (Craddock, 1971; Warwick, 1967),
we stimulated the liver cells to divide in
vivo by performing partial hepatectomies
on our rats before treatment of animals
with DMN, after which we removed the
liver and set up the culture.

MATERIALS AND METHODS

Partial hepatectomies were performed
on 2-month-old female BD VI rats (ob-
tained from Professor H. Druckrey of
Praeventivmedizin, Freiburg), following the
techniques described by Higgins and Ander-
son (1931). About 20 h after the operation,
the rats were injected intraperitoneally with
freshly prepared solution of DMN (Aldrich),
50 mg/kg. Forty-eight h after the injection,
the rats were killed by cervical dislocation
and a specimen from the regenerating liver
was taken out aseptically for culture. At
the same time a control rat, i.e., a rat that
had been hepatectomized on the same day
but had received no injection of the oncogen,
was also killed and a specimen from the
regenerating liver was removed for culture.

* Present address: McArdle Laboratory for Cancer Research, University of Wisconsin Medical Center,
Madison, Wisconsin 53706, U.S.A.
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The livers were minced very finely and then
dissociated progressively at 3700 with 0-1%
trypsin and 0-1% collagenase in Ca+ -+ and
Mg++-free phosphate buffer. After disso-
ciation, the trypsin-collagenase solution was
removed by centrifugation and the cell
pellet was suspended in Hams' F12 medium
(GIBCO) supplemented with 20°/ heat-
inactivated foetal calf serum (GIBCO) and
plated in 60 mm plastic Petri dishes (NUN-
CLON) at 2 5 x 106 cells/dish in 5 ml of
culture medium. The dishes were then
incubated in a humidified incubator (Her-
aeus) at 36-.5C in an atmosphere of 50%
C02 in air. The medium was changed 3
times weekly. In 3 weeks the cells grew
as colonies of epithelial-like cells and spindle-
shaped fibroblasts. Several colonies of fibro-
blasts and epithelial-like cells were isolated
at random by using siliconized small glass
cylinders (Puck, Marcus and Cieciura, 1956)
from some dishes of cultures from both treated
and untreated rats. At this time other
dishes were subcultured in the normal way
with 0-1% trypsin in Ca++- and Mg++-free
phosphate buffer solution. All the cells
from one dish of primary culture were then
replated in 4 dishes. After another wNeek
some dishes from this first subculture were

again subcultured in the same way. No
further subculture was done until the end of
the observation period (9 weeks).

RESULTS

The results described here are from
groups of animals (treated and controls)
each containing 3 rats. The livers of
the treated animals showed widespread
degeneration on histological examination.

There were 36 dishes of the first
subculture and 48 dishes of the second
subculture, in addition to 3 clones of
fibroblasts and 3 clones of epithelial-like
cells from each group of animals. After
6 weeks from the setting up of the cultures,
the first typical transformed foci (1-3/
dish) were found in 12 dishes of the first
subculture and in 17 dishes of the second
subculture of the cells derived from
treated animals (Fig. 1, 2). Within
another 2 weeks all the dishes of both
subcultures of this group of cells showed
transformed foci. No such transformed
focus was found in any dishes of cells,
in both subcultures, derived from control

Fir. 1. Giemsa stained( culture (x 100) of cells from non-trieated1 rat. Cells are, gradually
dlying (7 weeks).
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FIG. 2.-Giemsa stained culture ( x 100) of cells from DMN-treated rat. Cells are piled up and
growing in crisscross patterns (7 weeks).

Fim. 3.-Giemsa stained culture of liver epithelial-like cells (x 40) from non-treated rat
(10 weeks).
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FIG. 4.-Giemsa staine(l culture of piled up focus of liver epithelial-like cells (x 40) from DMN
treated rat (10 weeks).

animals. All the clones of fibroblasts
and epithelial-like cells derived from
treated animals also showed transformed
foci after 6-12 weeks. A longer time
was required for epithelial-like cells to
develop the transformed foci. Not a
single clone derived from control animals
had any such focus during that time.
The transformed foci of the epithelial-like
cells were distinctly different from the
crisscross pattern of transformed fibro-
blasts (Fig. 3, 4). They started as areas
of deeply stained multilayered round
cells, gradually spreading and ultimately
covering the whole dish with multi-
layered cells. Both the transformed fibro-
blasts and epithelial-like cells showed
their ability to grow in semi-soft agar
(0.33%o agar made up with F12 medium
+ 100% foetal calf serum; cloning efficiency
was 6-10% when checked after 3 weeks
of culture), whereas their control counter-
parts did not grow. The transformed
cells, collected by versene treatment,
were agglutinated by concanavalin A
(ConA) at a concentration of 50 ,ug/ml,
but the cells from untreated animals

did not agglutinate with 250 ,tg/ml of
ConA. Recently, the author has found
a similar type of morphologically
transformed cells, in culture, from the
livers of hepatectomized mice treated
with 10 and 5 ,ag/kg of DMN (Mondal et
al., unpublished data).

DISCUSSION

This work represents an attempt to
develop a rapid and convenient test
system for oncogenic compounds such as
DMN, which is a precarcinogen that
requires metabolic activation for its effect.
Craddock (1971) obtained carcinomata of
the liver in partially hepatectomized rats
treated with DMN (9 mg/kg) in a small
number of cases (6/22) after a long
interval (89-110 weeks), together with
sarcomata, lymphosarcomata and kidney
tumours. We treated the animals with
the test compound and 48 h later removed
the liver and set up the cultures without
waiting for the development of tumours in
vivo. We reasoned that, because of the
individual immune response, many of the
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treated animals might not develop a
tumour; as a result of the removal
of the liver shortly after the treatment,
the cells were cut off from the
putative immunological defence of the
host. This is especially important in
the case of compounds having weak
carcinogenic activity. By the use of
this system, we expected that when the
liver cells in the rat are affected by
the ultimate carcinogen the cultured cells
would then show the changes characteristic
of transformation. After hepatectomy,
regeneration of all types of cells starts
within the latter part of the first day
(Higgins and Anderson, 1931), and when
a compound is injected at this time its
metabolites could be expected to act on
the dividing cells without any selection.
The regeneration was left, after injection,
to continue for another 48 h in order
to have the possible transformed state
"fixed" by cell division (Borek and
Sachs, 1967) and to obtain more mitotic
cells that might help in establishing the
cultures. In these experiments it was
found that setting up the culture from
regenerating liver was comparatively easy.
Since the cells in this case were at their
early stage of culture (only up to the 1st
and 2nd subcultures), the chance of
selection was also minimized compared
with an established cell line after a long
period of culture. For these reasons the
transformation found in the cells of
DMN-treated animals can be attributed
to the carcinogenic effect of DMN.
Therefore, this combined in vivo/in vitro
technique may provide a rapid method
for testing the oncogenic activity of
compounds that need metabolic activa-
tion.

The author expresses his sincere
thanks to Professor Charles Heidelberger,
American Cancer Society Professor of
Oncology, MeArdle Laboratory for Cancer
Research, University of Wisconsin Medical
Center, Madison, (U.S.A.) for his help
with the manuscript and to Misses Sigrid

Niehoff and Ingrid Laass for their skilled
technical assistance.
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