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9 and 16). Not only have the cultures been â€œtransformedâ€•in
the sense that they acquired tissue culture growth properties
resembling those of tumor cells, but in several cases
â€œmalignant transformationâ€• has been achieved since the
transformed cells were demonstrated to be tumorigenic
when injected into susceptiblehosts. Most of these studies
have used either embryo cultures of mixed morphology or
fibroblastic cell lines. Since the majority of human tumors
are of epithelial origin, it is important also to develop
epithelial cell culture systems.

For these reasons we have established and extensively
characterized several epithelial cultures that we believe will
be useful for analyzing the mechanism of action of chemical
carcinogens. In these studies we have concentrated on
cultures established from normal rat liver and from hepato
mas induced in the rat with aromatic amine carcinogens, for
the following reasons: (a) the metabolism and cellular
interactions of the hepatic carcinogen N-2-acetylamino
fluorene have been elucidated in greater detail than with any
other carcinogen (28, 30, 50); (b) normal fetal and adult rat
liver and a spectrum of rat hepatomas have been extensively
characterized biochemically (36, 47); (c) it is possible to
obtain readily epithelial cell lines from both normal adult
rat liver (7, 17, 4 1, 5 1, 52) and from chemically induced
hepatomas (20, 31, 35, 40, 49).

The purpose of the present paper is to describe certain
morphological, growth, and biological properties of several
independently isolated epithelial cell lines derived from the
normal livers of various strains of rats and also from several
different hepatomas induced in rats by aromatic amine
carcinogens. Since the growth properties of epithelial cells
are quite different from those of fibroblasts, we have also
been concerned with establishing reliable criteria for distin
guishingnormal from transformed epithelial cells in culture.
This is essential for the development of simple quantitative
systems for the transformation ofepithelial cells in cultures.

The possible interrelationship between chemical carcino
gens and viruses in the mechanism of cell transformation is
poorly understood at the present time. During the course of
the above studies we have discovered that cultures derived
from the rat hepatomas synthesize various forms of type A
and C RNA viruses. A preliminary report ofthis finding has
appeared elsewhere (49), and these results are extended and
further documented in the present paper.

SUMMARY

Epithelial cultures established from adult rat liver and
from rat hepatomas induced in vivo with aromatic amine
carcinogens have been compared by light and electron
microscopy and by growth properties in liquid medium and
in agar. The morphology and growth patterns of all of these
cultures indicate that they have characteristics of epithelial
rather than fibroblast cells. The criteria generally used to
score for transformation of fibroblasts were not satisfactory
for distinguishing normal epithelial cells from hepatoma
cells in culture. Growth in agar, however, provides a simple
and objective method of scoring for transformed epithelial
cells, because only the tumorigenic cells grow in agar. Since
none of the normal cultures had hydrocortisone-inducible
tyrosine aminotransferase, we lack definitive evidence that
they are derived from liver parenchymal cells.

The outstanding feature in the ultrastructure of the
hepatoma cells in culture was the presence of type A and C
viral particles. Whereas five hepatoma cultures and a
spontaneously transformed normal liver cell line were
positive for these particles, five independently isolated cell
cultures from normal adult rat liver were negative. Evidence
is presented that the viral particles seen in hepatoma
cultures are due to activation of latent viruses rather than to
in vitro contamination. The possible significance of these
particles in hepatocarcinogenesis is discussed.

INTRODUCTION

The importance of chemical carcinogens in the causation
of human and experimental cancer (28) makes it imperative
that a variety of tissue culture systems be developed, both
for the assay of potential chemical carcinogens in the human
environment and to facilitate studies on the mechanism of
chemical carcinogenesis. Since the report by Berwald and
Sachs (2) on transformation of hamster embryo cultures by
polycyclic hydrocarbons, a number of investigators have
reported transformation of cells in culture by various
chemical carcinogens (for a review of this subject, see Refs.

@ This research was supported by National Cancer Institute Contract
E-72-3234 and Research Grant CA-02332.

Received February 20, 1974: accepted October 8, 1974.

JANUARY 1975 253

Growth and Structural Properties of Epithelial Cell Cultures
Established from Normal Rat Liver and Chemically Induced

1

I. Bernard Weinstein, Jan Marc Orenstein, Ronald Gebert, M. Edward Kaighn, and
Ulrike C. Stadler

Institute of Cancer Research and Departments of Medicine [1. B. W.l and Pathology If. M. 0.1, College of Physicians and Surgeons, Columbia
Universitt. New York, New York l(X@32.and W. Alton Jones Cell Science Center, Lake Placid, New York 12946 (M. E. K.l

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2392860/cr0350010253.pdf by guest on 19 M

ay 2023



I. B. Weinstein et al.

MATERIALS AND METHODS

Cells. The methods used for the isolation of normal rat
liver epithelial cultures were essentially those previously
described by Coon (7) and Kaighn ( 18). The cell lines K-9,
K-16, and K-22 were isolated from the livers ofnormal 6- to
8-week-old Sprague-Dawley rats, cell lines KF-7 and KF-9
were from the normal liver of a Fisher 344 rat, and cell line
K-63 was from a normal liver of a Buffalo rat. Several cell
lines established from rat hepatomas induced in vivo with
aromatic amine carcinogens were included in the present
study. The sources of the hepatoma cell lines B-I, H-4,
W-l4, and W-l5 have been previously described (49). The
HTC cell line, originally isolated in 1965 from a Morris
hepatoma 7288 induced in a Buffalo rat by the carcinogen
N,N â€˜-2,7-fluorenylene-bis-2,2,2-trifluoroacetamide, was
kindly supplied by Dr. E. B. Thompson (22). The HTC,
H-4, and B-I cell lines have been in continuous culture for
several years. The passage numbers (indicated in paren
theses) at which the other cultures were studied are as
follows: K-9 (15), K-l6 (26), K-22 (25), KF-7 (32), KF-9
(36),K-63 (19),W-l4 (3),and W-15 (3).

Cell Culture. The methods used for the growth of the
normal rat liver and the hepatoma cultures were modified
from previously published procedures (7, 18). The growth
medium was enriched Ham's F12 medium (18) containing
double the recommended concentrations of amino acids and
sodium pyruvate, penicillin G, K@(100 units/mI), kanamy
cm (100 @zg/ml),amphotericin B (6.25 @tg/ml), and 1.5 g of
additional NaHCO3 per liter, supplemented with 5% fetal
calf serum (Grand Island Biological Co., Grand Island, N.
Y.). Cells were grown on plastic Petri dishes (Nunclon,
Vanguard International, Red Bank, N. J.) or T flasks
(Falcon; Fisher Scientific Co., Springfield, N. J.) in the
presence of 5% C02/95% room air at 37Â°. They were
transferred after disaggregation with trypsin (0.25 to 0.5%)/
EDTA (5 x 10@ M) in PBS-CMF2 every 7 to 10 days and

seeded at approximately I x l0@ to I x 106 cells/l0-cm
dish. The medium (10 ml) was replaced every 3 days. For
growth in agar suspension, l0@cells were suspended in 1.5
ml of growth medium containing 0.4% agar and 5% fetal
calf serum and overlayed on 7 ml of 0.5% agar/growth
medium in 5-cm dishes, following the method of MacPher
son and Montagnier (26). The plates were incubated at 37Â°
in a humidified CO2 atmosphere and scored for growth of
colonies by microscopy at 7 and 14 days. A colony is defined
as a group of more than 4 cells.

Electron Microscopy. To prepare cells for electron mi
croscopy, cultures were rinsed with PBS-CMF solution. The
cells were suspended in PBS-CMF by gentle scraping with a
rubber policeman and then were chilled and pelleted at 800
rpm for 10 mm. The pellet was fixed for 15 mm on ice with
2.5% glutaraldehyde in sodium phosphate buffer (0. 1 M

phosphate, pH 7.6). Fresh glutaraldehyde buffer was added
and the pellet was minced with a spatula and then left in
glutaraldehyde buffer for 1 hr on ice. After being washed

2 The abbreviations used are: PBS-CMF, phosphate-buffered saline

minus calcium, magnesium, and glucose ( I I ); BUdR, 5-bromo-2-deoxyuri
dine: DMSO, dimethyl sulfoxide.

twice for I hr each and once overnight in ice-cold phosphate
buffer, the cells were postfixed for I hr at room temperature
with 1% osmium tetroxide (34) in phosphate buffer. After
dehydration through 25, 50, 70, and 100% acetone at room
temperature, the cells were embedded in Durcupan ACM
(Roboz Surgical Instruments, Co., Inc., Washington, D.
C.). Thin sectionswere placed on 200 meshgrids previously
coated with 0.2% Formvar (Ladd Research Industries,
Burlington, Vt.) and carbon. These were stained with lead
citrate, according to the method of Reynolds (38), followed
by staining with 2% uranyl acetate, according to the method
of Watson (46). They were then viewed on a Siemens I
electron microscope at magnifications from 5,000 to 23,000.
A minimum of 2 preparations were obtained from sepa
rate passages of each cell line. Before a culture was de
dared negative for viral particles, 100 sections from each
preparation were scanned exhaustively.

RESULTS

Morphology and Growth Properties of Normal Rat Liver
Epithelial Cells. Five independently isolated cell cultures
were obtained from normal rat liver (see Table 1). All of
these had rather similar morphology and in vitro growth
properties. Two ofthese cultures, K-16 and K-9, were tested
for tumorigenesis by s.c. injection of 106cells into newborn
rats of the same strain of origin, and no tumors were
detected after 6 months of observation. All 5 cultures
displayed flat cells with a cuboidal or polygonal shape. They
formed mosaic-like colonies with sharply circumscribed
borders and grew into a monolayer of tightly packed but
nonoverlapping cells (Fig. I). Phase microscopy revealed
that most cells contained 2 to 5 prominent nucleoli/cell.
There were occasional binucleate cells and multinucleate
giant cells. The cytoplasm frequently contained numerous
granules that gave a positive stain for lipid with oil red 0.
These are probably related to the prominent autophagic
vacuoles seen in the cytoplasm of these cells by electron
microscopy (see below and Figs. 2 and 3).

In the confluent monolayer the cells frequently were
arranged in a cord-like pattern. When scraped from the
growth surface the cells tended to come off the plate in
cord-like clusters that were maintained even after centrifu
gation. These cords are reminiscent of the arrangement of
liver parenchymal cells in vivo.

Time-lapse microcinematography studies of the normal
liver cell cultures (done in collaboration with Dr. Peter
Riddle of the Imperial Cancer Research Fund, London,
England), indicated that these cells, in contrast to fibro
blasts, do not have locomotion. They are extremely adhesive
to each other and, after cell division, daughter cells remain
immediately adjacent to each other and the colony edge.
The latter properties explain the tendency ofclones in sparse
cultures to form islands with extremely smooth borders
(Fig. I). This is in contrast to fibroblast clones, which have
ragged borders because daughter cells tend to migrate away
from the clone. In subconfluent cultures, although cell
division was most active at the peripheral edge of colonies,
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Epithelial Cultures from Liver and Hepatomas

Table I

Rat liver and hepatoma cell cultures

dividing cells were observed at the center of colonies and in
cells that were in close contact on all sides with other cells.
In the latter case dividing cells would rise up from the
growth surface, transiently leaving an open space. After
division the 2 daughter cells would squeeze into the mosaic,
slightly displacing the adjacent cells, enlarging the size of
the colony, and preserving the monolayer. These morpho
logical and growth characteristics are typical of epithelial
cells (3, 13) and clearly distinguish our cells from fibro
blasts.

To determine the optimum serum concentration, 1000
cells were plated in 5-cm-diameter plastic Petri dishes in the
standard growth medium (see â€œMaterials and Methodsâ€•)
containing variable concentrations (0 to 20%) of fetal calf
serum. After 10days the cells were stained with Giemsa and
the number of colonies per plate was counted. These studies
indicated that the optimum concentration offetal calf serum
was 3 to 5%. In contrast to most fibroblast cultures, higher
concentrations of serum (10 to 20%) actually inhibited
growth. A low serum dependence has been described for
other epithelial cultures (6, 10) and it is possible that this
may be a general characteristic ofepithelial cells in cultures.
Growth curves indicated minimum doubling times, during
the exponential phase, of 18 to 24 hr and a saturation
density of approximately I to 2 x l0@cells/sq cm. None of
the normal cultures grew in 0.4% soft agar, in contrast to the
hepatoma cells (see below). Preliminary chromosome stud
ies of the K-9 and K-16 cells indicated a predominantly
normal diploid rat karyotype, but a careful quantitative
analysis and chromosome banding studies have not been
done.

Criteria for Transformation of Epithelial Cells. The
morphological criteria often used for assessing transforma
tion of cells in culture by either viruses or chemicals include
increased refractility, piling up of cells (i.e., loss of a
monolayer), a criss-cross arrangement of cells, and de
creased serum dependence (10, 12, 25, 42, 44). In general,
these criteria were established from studies on fibroblast
cultures. As described above, the normal rat liver epithelial
cells have growth properties that are quite different from

those of fibroblasts. Loss of contact inhibition (contact
inhibition of cell division) (1, 10, 25) is emphasized in the
criteria for transformation of fibroblast cultures. Clearly,
these criteria cannot be reliably applied to epithelial cultures
because the normal epithelial cells have little or no locomo
tion and they continue to divide even when in close contact
with other cells. It was necessary, therefore, to establish
reliable criteria for assessing transformation of epithelial
cultures.

Our approach was to study the growth properties of cell
cultures derived from slowly or moderately rapidly growing
rat hepatomas induced in vivo by aromatic amine carcino
gens (Table I), insisting that the cultures retain sufficient
features to establish that the cells were of epithelial origin.
We found that these cultures retained most ofthe properties
described above for the normal rat liver epithelial cells,
particularly in confluent cultures. Sparse cultures of the
hepatoma cells did reveal a tendency towards greater
pleomorphism in size and shape, a greater number of
elongated cells, and more ragged colony edges than did the
normal liver cell cultures. Although there was a tendency for
the hepatoma cultures to form multiple layers of cells
(â€œpilingupâ€•),particularly when confluent cultures were
kept at high density for several days and refed repeatedly,
this was not a constant feature. Morphological criteria for
distinguishing the hepatoma cultures from the normal rat
liver culture were, therefore, not completely objective or
reliable. We found, however, that growth in soft agar
suspension (26) did provide a simple, reproducible, and
objective criterion for transformation of our cells. As
indicated in Table 1, when l0@cells were placed in soft agar
none of the cell cultures derived from normal rat liver grew
(except K-63, see below), whereas numerous colonies
(greater than 102) were obtained with all of the hepatoma
cultures. As many as 106 normal cells plated in soft agar
failed to give a single colony. Nor did growth ofthe normal
cell line K-l6 occur when the agar medium contained
either fetal calf, chicken, dog, or monkey serum at concen
trations ranging from 5 to 20%. Although transformed
fibroblasts usually give spherical colonies in soft agar, the
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clones obtained from certain cultures (W-14, W-l5, and
K-63) grew as a flat 2-dimensional sheet, particularly when
the clone was small.

Although derived from the liver of a normal rat, cell line
K-63 also grew in soft agar. The culture had a more
fibroblastic appearance than did our other liver cultures,
tended to pile up in multiple layers, and was tumorigenic.
We concluded, therefore, that this represents a case of
spontaneous transformation during cell culture. K-63, like
the cell lines derived from hepatomas, also produces type A
and C viral particles (see below).

In general, the tumor cell lines had somewhat shorter
doubling times and 2- to 3-fold higher saturation densities
than did the normal cell cultures, but these proved to be less
reliable criteria than growth in soft agar.

Ultrastructure of the Normal and Hepatoma Cultures.
Extensive cell-cell contact with interdigitation of plasma
membranes and junctional complexes were common fea
tures in the ultrastructure ofthe normal cells (Figs. 2 and 3).
The cytoplasm contained varying amounts of smooth and
rough endoplasmic reticulum with only an occasional Golgi
apparatus. Pinocytosis was also a common feature of these
cells. Autophagic vacuoles containing myelin figures and an
impressively dilated rough endoplasmic reticulum were
characteristic of these cells, particularly in the confluent
cultures. A striking finding was that the degenerative
changes in the cytoplasm were more common in confluent
cultures of the normal cells than in confluent cultures of the
hepatoma cells. Glycogen granules were seen in the cyto
plasm of KF-7 cells but were not found in the other normal
cell cultures. Lipid vacuoles were prominent in both KF-7
and KF-9 cells. Despite the fact that we could detect readily
by electron microscopy type A and C viral particles in the
hepatoma culture (see Refs. 32 and 49 and see below), an
exhaustive search of the normal cultures K-9, K-16, K-22,
KF-7, and KF-9 failed to reveal evidence of viral particles
(Table I).

When compared to the normal epithelial cells, the
hepatoma cells frequently had a greater diameter, more
microvilli, and larger nuclei and nucleoli. Autophagic
vacuoles, occasionally containing foreign material, were
also prevalent in the cytoplasm of these cells (Fig. 4).
Mitochondria were eithe@rswollen and contained material of
low density or were condensed, darkened, and partly
vacuolated. Similar to the normal cells, the transformed cell
line H-4 showed extensive cell-cell contact and frequent
nonspecific junctional complexes (Fig. 5). In this cell line we
frequently found intracytoplasmic lipid droplets and centri
oles.

The most prominent feature in the ultrastructure of the
hepatoma cultures was the clear-cut evidence for production
of type A and C RNA viruses (Figs. 4 to 6). A preliminary
description of this finding (49) and a study on the effects of
BUdR and DMSO on viral synthesis and maturation (32)
have been presented previously. Hepatoma cultures B-I,
W-l4, W-l5, HTC, and H-4 and the spontaneously trans
formed cells K-63 contained type A and C particles in
various stages ofdevelopment. In untreated cultures of B-I,
W-14, and K-63 the most frequent viral form was the

budding particle (65 to 75%), followed by the intracisternal
A particle (15 to 25%), the enveloped A particle (immature
C particle) (5 to 13%), and the filamentous form (1%). C
particles were not seen in B-I, W-l4, and W-15 cultures in
the absence of drug treatment, but K-63 had about 5% C
particles. The budding particles and enveloped A particles
occasionally had a ribosome-like structure in their electron
lucent centers (Fig. 7, B and F). Even after BUdR and/or
DMSO treatment, budding particles were always the most
prominent form. Treatment of the hepatoma cultures with
these chemicals generally led to the appearance of C
particles and a striking increase in the number and length of
filamentous forms (32).

In addition to their presence on the plasma membrane,
budding particles frequently were seen in large cytoplasmic
and autophagic vacuoles, especially after treatment with
BUdR or BUdR and DMSO. Ribosome-free areas of
dilated rough endoplasmic reticulum frequently showed
intracisternal A particles. Budding particles and intracister
nal A particles also were seen associated with cells undergo
ing mitotic division. On rare occasions we observed intracis
ternal A particles in a space created by dilated nuclear
membranes.

The viral forms in all transformed cell lines were of
approximately equal dimensions (Fig. 7). The budding
particles and enveloped A particles had an outer unit
membrane, presumably derived from the cell membrane,
with a diameter of approximately 105 nm, an intermediate
layer with a diameter of approximately 80 nm, and a dense
inner shell with a diameter of 60 nm. The C particles had a
more pleomorphic shape, having a less rigid outer unit
membrane and an approximate diameter of 105 to I 10 nm.
Their dense central nucleoids varied from round to oval and
had an approximate diameter of 80 nm. The intracisternal
A particles had 3 concentric layers measuring approxi
mately 80, 67, and 43 nm in diameter. Instead of having a
typical unit membrane as their outer membranes like the
other viral forms, the intracisternal A particles had only I
fine outer membrane separated by a narrow clear space
from the Ist of 2 dense inner layers. Whereas in budding and
enveloped A particles the darkest layer was in the core, in
the intracisternal A particles the 2 inner layers were of
approximately equal density and were demarcated less
sharply.

The virus particles seen in cell cultures H-4, HTC, and
W-15 differed from those seen in B-l, K-63, and W-l4 in
several respects. Both H-4 and HTC produced fewer total
particles than did most of the other cell lines. In addition,
H-4 produced predominately C particles, some enveloped A
and budding particles, but no intracisternal A particles. The
most common viral form seen in the HTC culture was the
enveloped A particle, with only slightly fewer intracisternal
A particles, and a small number of budding forms and C
particles. Even though W-14 and W-l5 had been cloned
from the same primary hepatoma, they had reverse propor
tions of intracisternal A and budding particles.

The ultrastructure of the spontaneously transformed
K-63 cell culture was similar to that of W-l4, W-15, and
B-I, with the exception that K-63 cells had more and longer
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microvilli on their cell surface. With respect to viral
particles, the budding form was the most prominent (73%)
and the enveloped A form the next most common ( I3%).
Unlike the other cell cultures, there were only a few
intracisternal A particles (4%), a relatively large number of
C particles (5%), and some filamentous forms (5%) were
present even in cultures not treated with BUdR or DMSO.

Expression of Virus in Tumors. All of the above studies
relate to detection of viral particles when hepatoma cells
were grown in cell culture. It was of interest to look for
similar particles in hepatomas grown in the rat. Viral forms
were sought extensively by electron microscopy but were
never found when the transplanted Morris Hepatoma
5123C was grown in the rat. On the other hand, viral
particles were detected by [3Hjuridine labeling within 8
weeks of the time that this tumor was placed in culture. Cell
line HTC was established from the chemically induced
Morris hepatoma 7288 (22), and when reinjected into
Buffalo rats it gave rise to the transplantable tumor 7288
CTC (H. Morris, personal communication). We have found
that hepatoma 7288C grown in the rat was negative for viral
particles when studied by electron microscopy. On the other
hand, hepatoma 7288 CTC grown in the rat and the HTC
cell line grown (n vitro revealed numerous C particles,
budding particles; enveloped A particles, and a few intracis
ternal A particles. Two cell lines, W-27 and W-28, which we
recently established from the 7288 hepatoma, also revealed
a small number of these viral forms by electron microscopy.
It would appear, therefore, that growth of these hepatoma
cells in cell culture induces the production of virus and that
the synthesis of this virus is not suppressed when these cells
are passaged back into the rat.

DISCUSSION

Several groups have sought a method for culturing
normal adult liver cells that retain the in vivo properties of
liver parenchyma (4, 5, 7, 14, 17-19, 29, 35,41, 51, 52). [For
a recent review of this subject, see Potter (37)]. Published
procedures have utilized a variety of cell dissociation
techniques including mechanical dissociation alone (41) or
in association with the chelating agent sodium tetraphenyl
boron (14, 15), and enzymatic dissociation with either
trypsin (51, 52) alQne, or hyaluronidase plus collagenase
(29), or trypsin plus collagenase (7, 18, 19, 49).

The major obstacles that these procedures have at
tempted to overcome are excessive damage to the epithelial
cells and the avoidance of steps that allow libroblastic cells
to dominate in the culture. In our experience this can be
accomplished by (a) utilizing procedures that avoid exces
sive trypsinization of the tissue; (b) plating the primary
culture in a low concentration of fetal calf serum (3 to 5%),
since this favors the growth of epithelial cells over fibro
blasts; and (c) plating the cells at a low density so that
epithelial clones that emerge can be picked before they are
overgrown by any adjacent fibroblasts. Additional details of
methodology that encourage the growth of epithelial cells
rather than fibroblasts are discussed by Kaighn elsewhere
(18).

Evidence that the cultures described in the present paper
are of epithelial origin includes their polygonal shape, their
lack of locomotion, and their extensive cell-cell adhesion.
Electron microscopy gave further evidence of the intimate
cell-cell contact and revealed the presence of junctional
complexes that are typical of epithelial cells. Unlike libro
blastic cells, our epithelial cultures grow in mosaic-like
colonies with smooth rather than ragged colony borders.
Similar properties have been described by other investiga
tors, who have established epithelial cultures from rat liver
(4,5,41,51,52).

Epithelial cells obtained from the liver could have been
derived from either the liver parenchyma or from bile duct
epithelium. Although the distinction is not difficult in the
normal liver in situ, in culture, unless there are true
canaliculi between adjacent cells, or glycogen or other
biochemical markers in the cytoplasm, it is difficult to make
this distinction. Electron microscopy of our cultures occa
sionally revealed junctional complexes between cells that
are similar to those seen near the bile canaliculi in liver cells
(43). In general, however, the intercellular spaces did not
have the typical appearance of bile canaliculi. Like the
parenchymal cells of liver, our cultures did reveal evidence
ofactive pinocytosis. On the other hand, a regular spacing of
the endoplasmic reticulum, microbodies, and Golgi com
plexes was not a prominent feature of our cultures, even
though these characteristics are hallmarks of normal liver
parenchymal cells (43). A cord-like arrangement of cells
was seen in several of our normal rat liver cultures, and this
was reminiscent ofthe in vivo pattern ofliver parenchyma.

The demonstration of liver-specific biochemical functions
in these cultured cells would, of course, be the best marker
for the origin of these cells. A number of investigators have
established epithelial cell cultures from rat hepatomas that
do retain liver-specific functions such as the synthesis of
albumin and other serum proteins and hydrocortisone-in
ducible tyrosine aminotransferase (22, 31, 35, 37, 39). On
the other hand, we know of no well-documented publication
of evidence that nontumorigenic epithelial cell lines estab
lished from normal adult rat liver perform similar liver
specific functions. Indeed, assays of our normal cell lines
K-16, KF-7, and KF-9 indicate that they lack hydrocorti
sone-inducible tyrosine aminotransferase under culture
conditions in which morphologically similar hepatoma cell
lines retain this function (I. B. Weinstein, unpublished
studies). Morphology is also not completely reliable in dis
tinguishing between epithelial and nonepithelial cells.
Epithelial cells can undergo marked changes in morphology
as a function of serum concentration, serial passage, and
virus transformation (Refs. 3 and 15; 1. B. Weinstein, un
published studies). Kaighn and Prince (19) have described
the paradox presented by human liver cell lines that have a
fibroblastic appearance yet synthesize human albumin and
other serum proteins.

In view of these difficulties we cannot say with certainty
whether the cultures of normal rat liver described in the
present paper were truly derived from liver parenchymal
cells. Their morphology is consistent with this. It is our
working hypothesis that these cells were derived from liver
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parenchyma but, when grown in vitro, they have lost the
capacity to synthesize certain liver-specific proteins, per
haps due to deficiencies in the growth medium, the selection
of parenchymal cell variants capable of rapid growth in
vitro, and/or partial reversion to a fetal pattern of gene
expression (45).

Whether or not the normal cell lines described in this
paper are of parenchymal origin, they do provide highly
useful cultures for analyzing growth properties of epithelial
cells and for performing in vitro studies on transformation
of epithelial cells by chemical carcinogens and viruses. The
present paper, as well as previous studies (3, 4 1, 5 1) indicate
the difficulties involved in scoring for the transformation of
epithelial cells in vitro. We and others (5 1) have found that
growth in agar suspension provides a simpler and more
objective criterion for evaluating transformation of epithe
hal cells than does the morphology of cells grown in liquid
medium. Growth in agar is, however, a rather stringent
criterion, and hopefully more sensitive parameters can be
developed to study the early events associated with in vitro
transformation of epithelial cultures by chemical carcino
gens. This is a prerequisite for developing more rapid and
quantitative assays for in vitro transformation of epithelial
cells.

The present study extends our earlier discovery that cell
lines established from chemically induced rat hepatomas
synthesize type A and C RNA viruses. We have now studied
5 independently isolated rat hepatoma cell lines and all are
positive for virus production both by the [3H]uridine
labeling technique and by electron microscopy. A spontane
ous transformant (K-63) obtained from a normal adult rat
liver is also positive for virus production. Previous investiga
tors have also described spontaneous in vitro transforma
tion of rat liver epithelial cells in culture (33, 4 1), but to our
knowledge these were not scored for virus production. Five
independently isolated normal epithelial cell lines estab
lished from adult rat liver have been negative thus far for
evidence of production of similar viruses. By morphology
the majority of the particles seen in the hepatoma cultures
are budding particles, enveloped A particles, and intracister
nal A particles. True C particles are less common. Intra
cytoplasmic A particles and B particles typical of the
mouse mammary tumor system were never observed in our
normal or hepatoma cell cultures.

Intracisternal A particles and enveloped A particles have
been described previously in association with a wide variety
of spontaneous and induced tumors, but to our knowledge a
biological function of these particles has never been de
scribed (53). The significance ofour finding similar particles
in chemically induced hepatomas is, therefore, not clear at
the present time. Although the synthesis of these particles is
favored by growth of the hepatoma cells in culture, we do
not think they arise by laboratory contamination for the
following reasons: (a) particles have been detected not only
in cultures established from transplantable hepatomas but
also from primary hepatomas (49); (b) parallel cultures
established from normal adult liver have been negative for
similar particles; (c) attempts intentionally to infect normal
cultures with particles obtained from hepatoma cells thus

far have been repeatedly negative (unpublished studies): (d)
other investigators have detected similar particles in hepato
mas that were grown in vivo and never cultured in vitro (8,
20, 24). It is likely, therefore, that these particles and/or
information related to their synthesis reside in the chemi
cally induced hepatomas and that their expression is favored
by growth of the hepatoma cells in vitro. Cell culture
frequently induces the synthesis of latent DNA and RNA
tumor viruses (21, 23). Further studies are required, how
ever, to determine whether or not these viral particles play a
causative or cofactor role in the induction of hepatomas by
chemical carcinogens. Alternatively, these viruses may be
only passive intruders during the process of hepatocar
cinogenesis, perhaps due to derepression of latent viral
genomes. The latter process may be simply symptomatic of
a more general aberration in the control ofgene expression
that appears to characterize neoplasia (27, 36, 47, 48).
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Fig. I. Phase-contrast micrographs ofa colony ofthe normal rat liver culture K-l6 at (A) x ISO and (B) x 300. The cells are flat, polygonal, rather

uniform in size, tightly apposed, and form a mosaic-like monolayer sheet. The colonies have very smooth edges.

Fig. 2. An electron micrograph ofa normal cell from a K-16 culture showing dilated rough endoplasmic reticulum, pleomorphic mitochondria, and
autophagic vacuoles. The plasma membranes show extensive cell-cell contact with occasional junctional complexes and active pinocytosis. x 7,500.

Fig. 3. An electron micrograph of a point of contact of several normal cells from a K-9 culture showing interdigitation of the plasma membrane with
several junctional complexes. Several autophagic vacuoles containing laminated material are seen. x 18,000.

Fig. 4. An electron micrograph of portions of 2 transformed cells in a W- 14culture showing many autophagic vacuoles containing laminated material
and condensed,partly dilated mitochondria. In the spacebetweenthe 2 cells are severalbudding and envelopedA particles. x 24,000.

Fig. 5. An electron micrograph of portions of 2 transformed cells from a H-4 culture showingjunctional complexes. complex microvilli, and multiple
C particles. x 36,000.

Fig. 6. An electron micrograph of part of the cytoplasm of a transformed cell in a W- 14culture showing a condensed mitochondrion and dilated rough
endoplasmic reticulum containing multiple intracisternal A particles in varying stages of completion.

Fig. 7. A composite of typical viral particles seen in these transformed cell cultures. a. b, and c, particles in varying stages of budding. d. e, andf,
enveloped A particles with all shells completed. g, h, and 1, C particles with a large central nucleoid surrounded by a membrane characteristic of the
plasma membrane. j, k. and 1, intracisternal A particles in different stages of development. e, k, and 1, x 105,000; others, x I 15,000.
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