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ABSTRACT

Clonal subpopulations of a chemically induced tumorigenic rat
liver epithelial cell line were analyzed for their cellular, biochemi
cal, and in vitro growth properties and their tumorigenicity after
injection into day-old newborn isogeneic rats. The phenotypic
properties studied included DMA content; growth rate in culture;
activities of 7-glutamyl transpeptidase, NADH diaphorase, pyru-
vate kinase, glucose-6-phosphate dehydrogenase, and lactate
dehydrogenase; ability to grow in calcium-poor medium; and

ability to form colonies in soft agar. The results show that none
of these phenotypes cosegregates with tumorigenicity and there
fore is not reliable as a "marker" phenotype for neoplastic trans

formation in cultured rat liver epithelial cells. The poor correla
tions, either qualitatively or quantitatively, between paratumori-

genic phenotypes and tumorigenicity suggest that neoplastic
transformation in these cells involves a specific transforming
gene locus or loci and that in vitro paratumorigenic phenotypes
are merely epiphenomena of neoplastic transformation and pro
gression. This study further reveals that the efficiency of the
tumorigenicity assay of cultured rat liver epithelial cells in isoge
neic newborn rats can be considerably improved by incubating
the cells in medium containing only trace amounts of serum prior
to transplantation into the host animals.

INTRODUCTION

The identification of cellular properties which can distinguish
neoplastic tissues from their normal counterparts is fundamental
to the study of the multistep process of carcinogenesis. These
properties, which are commonly called "marker" phenotypes,

encompass morphology, functional and/or biochemical features,
as well as growth characteristics (1). The expression of these
phenotypic properties presumably will allow the identification of
the preneoplastic cells. Studies of these markers are both theo
retically and therapeutically important. Marker phenotypes allow
the identification of early preneoplastic or preinvasive lesions,
which can be treated for cure. Theoretically, true marker phe
notypes also provide valuable insights into the cellular and mo
lecular events that underlie neoplastic transformation. It is in this
area of mechanistic analysis of carcinogenesis that in vitro stud
ies using cultured cells can contribute most to the understanding
of the process of neoplastic transformation. We (2) have previ
ously suggested that, if a marker (paratumorigenic) phenotype
is coupled tightly to neoplastic transformation (tumorigenicity),
one of three major conditions would be implicated: (a) the gene
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controlling such a phenotype is located adjacent to the "trans
formation" gene of the same chromosome, supposing that such

a single locus transformation gene exists; (b) the paratumorigenic
phenotype is controlled by the same regulatory gene as the
transformation locus; and/or (c) the phenotypic property is re
quired for the selective survival of the transformed cells.

Many investigators have shown that several directly or indi
rectly acting chemical carcinogens could induce neoplastic trans
formation of cultured epithelial cells isolated from livers of normal
newborn or adult rats (3-7). Neoplastic transformation can only
be assessed by tumor formation following the transplantation of
these cells into appropriate host animals. Several investigators
have also investigated the presence of marker phenotypes that
could provide in vitro evidence for the identification of the trans
formed state in cultured rat liver epithelial cells. The phenotypes
which are supposed to mark preneoplastic or transformed cells
are listed in Table 1. Among these marker phenotypes, only
three were fairly consistently associated with transformation in
the studies reviewed. These phenotypes are (a) presence of cells
histochemically positive for 7-glutamyl transpeptidase activity,
(b) ability of cells to grow in calcium-poor medium, and (c) ability

of cells to grow in soft agar. However, all of the cited studies
used cell lines which were derived from livers of animals treated
with carcinogens in vivo (8-11 ) or from cultured diploid rat liver

epithelial cells that had been transformed by exposure to chem
ical carcinogens in vitro (3, 4, 6, 8, 10-16). Since population

heterogeneity is characteristic of chemically transformed cell
lines, population studies of the relationship between marker
phenotypes and tumorigenicity do not provide conclusive evi
dence of an association between these properties at the level of
the individual cell (clonally). We have previously shown that,
although heterogeneous tumorigenic cell populations have better
colony-forming ability in medium with very low calcium concen

tration than do nontransformed populations, this property does
not cosegregate with tumorigenicity in clonally derived subpop-

ulations of the tumorigenic cell line (2). We have performed a
similar study by isolating several clonal subpopulations of the
same cell line based on their GGT5 activity, and we have com

pared several other cellular phenotypes with tumorigenicity. The
results show that none of the paratumorigenic phenotypes stud
ied (including many phenotypes that are currently thought to
predict tumorigenicity in vivo) cosegregates clonally with tumor
igenicity.

MATERIALS AND METHODS

Cell Cultures. WB-F344 is a normal diploid rat liver epithelial cell line
isolated from an adult male Fischer 344 rat (17). WB-5-11 is a phenotyp-

5The abbreviations used are: GGT, 7-glutamyl transpeptidase; CFE, colony-
forming efficiency; GN, â€¢y-glutamyltranspeptidase negative; GP, -x-glutamyltrans
peptidase positive; MNNG,N-methyl-W-nitrc-N-nitrosoguanidine.
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Table 1
Phenotypes that have been studied as possible markers of cellular neoplastia

transformation in cultured rat liver epithelial cells

Phenotype Refs.

Morphology Cytology 6,12,14,36
Multinucleation following treat- 3, 9

ment with cytochalasin B
Ultrastructure 12

Biochemistry GGT 8,10,31,37
Plasminogen activator secretion 10,14
a-Fetoprotein secretion 15
Pyruvate kinase 35
Glucose-6-phosphate dehydrc- 35

genÃ¤se
ATPase 9

Growth property Saturation density of culture 35
Colony morphology 3, 6,12
Serum requirement 13,14, 16
Growth in low-calcium medium 10,11

Growth in soft agar 3,6,9,13,14

Karyotype Cellular ploidy 6
Chromosomal instability 6

Surface property Concanavalin A-mediated agglu- 9,13
tination/hemadsorption 9,38

ically heterogeneous, tumorigenic Å“il line derived from WB-F344 by 11
repeated brief treatments with W-methyl-Af-nitro-W-nitrosoguanidine (18).
Approximately 9% of the WB-5-11 cells express high activity for y-

glutamyl transpeptidase and can be stained histochemically for GGT
after a reaction time of 5 min. Based on the knowledge that GGT is
located in the cytoplasmic membrane with external orientation (19), we
identified the GGT-positive and GGT-negative colonies by brief exposure

to the GGT histochemical staining reagent, allowing both types of clones
to be isolated. The detailed isolation procedure and the biochemical and
karyotypic characterization of the clonal subpopulations have been de
scribed in the companion paper (20).

Growth in Calcium-poor Medium. Calcium-free Richter's minimal

essential medium containing zinc salts medium was obtained from As
sociated Biomedic Systems. Calcium-poor serum was prepared by di
alysis in Chelex-resin (Bio-Rad Laboratories) according to the method of

Swierenga ef a/. (21). The calcium concentration of dialyzed serum was
measured by atomic absorption spectroscopy. Cell growth in calcium-

poor medium was tested in medium containing 20% dialyzed fetal bovine
serum with a final calcium concentration of 0.03 HIM. For determining
population growth curves, cells were plated in 6-well tissue culture plates
(Falcon) at plating densities of 1-2 x 104 cells/well. For determining

colony-forming efficiencies, 200 cells were plated in each of several 100-
mm dishes. Cells were plated initially in normal Richter's minimal essential

medium containing zinc salts, and 25 h later, the culture medium was
replaced with calcium-poor medium prepared as described above.

Growth curves were constructed by serially counting the cells for the
next 4-5 days. For colony formation, cells were incubated for 2-4 wk
prior to fixation and staining. The ability of cells to grow in calcium-poor

medium was expressed as (a) the ratio of population doubling time in
medium containing 1.8 mu and 0.03 ITIMCa2+ and (o) the ratio of colony-
forming efficiency in 0.03 mw and 1.8 mw Ca2+.

Anchorage-independent Growth. Ability of cells to form colonies in
soft agar was assayed in 0.3% Bacto-Agar (Difco, Detroit, Ml) according

to the method of Macpherson and Montagnier (22). The detailed experi
mental procedure has been described elsewhere (23).

Fibronectin. Fibronectin was localized in confluent cells grown in Lab-

Tek tissue culture chamber slides by direct immunofluorescent staining
using a fluorescein-conjugated rabbit anti-human fibronectin antibody.
This method indicates only the amount of cell-associated fibronectin

(fibronectin deposited intercellulariy or intracellulariy) and does not mea
sure fibronectin synthesis.

Tumorigenicity. Tumor formation was assayed by transplanting 1-2
x 10" cells into day-old Fischer 344 rats. Two separate assays were

performed. In Series A, confluent cells were maintained in medium
containing 20% serum until the day of transplantation. In Series B, cells
were also grown in medium containing 20% fetal bovine serum, but they
were kept in medium containing less than 0.5% serum for 2-3 days prior
to transplantation. On the day of injection, cells were harvested by
trypsinization, washed twice in phosphate-buffered saline, and resus-
pended in phosphate-buffered saline at a concentration of 1-2 x 10"

cells/0.1 ml. Cell suspensions were inoculated s.c. on the backs of day-
old Fischer 344 rats. More than 95% of the animals survived the
transplantation procedure. Animals were inspected approximately once
per month and killed when tumors reached 1 cm in diameter. Otherwise,
all animals were killed at the end of 12 mo and were examined thoroughly
for any nonpalpable tumors by dissection and inspection of the s.c. tissue
of their backs.

RESULTS

The paratumorigenic phenotypic properties of the GGT-posi
tive and GGT-negative clonal subpopulations are presented in

Table 2, and the complete tumorigenicity data are presented in
Table 3. We will discuss the correlative relationships among
these phenotypes individually.

GGT. When compared to the GGT-negative clonal cell lines,
the GGT-positive clonal cell lines: (a) grew less well in calcium-
poor medium; (o) showed less staining for cell-associated fibro
nectin; and (c) demonstrated a greater capacity for colony for
mation in soft agar. However, GGT activities of these cells did
not quantitatively correlate with the ability to grow in calcium-
poor medium or with colony-forming efficiency in soft agar.

Furthermore, cellular tumorigenicity was not predicted by the
expression of this enzyme (Table 2). Nine of 11 (82%) GGT-
positive cell strains and 6 of 7 (86%) GGT-negative cell strains

Table 2
Phenotypic properties of clonal subpopulations of WB-5-11 cell line as isolated

according to their activity tor GGT

Growth in
calcium-

poor
medium8

GGT FibronectiClone activity D"P CFEstaining*"GP1GP2GP3GP4GP5GP6GP7GP8GP9GP10GP11GN1GN2GN3GN4GN5GN6GN7++++

0.64++
0.85++++

0.87+++
0.31++

ND+
0.66+

0.41++
0.51+
0.56+

0.00+++
0.04-

0.81-
0.85-
0.33-
0.74-
0.66-
0.74-

ND0.05

+0.14
+0.15
++0.10
+ND

ND0.32
+ND

Â±0.16
+(c)0.31
ND0.12
+(c)0.55
++0.48

+++0.02
+++0.06
++++0.04
+++0.33
++++0.50
++++ND

NDn

Soft agar
CFE (%)Tumorigenicity10.02

Â±0.0115.25
Â±8.271.08

+0.580.03
Â±0.02ND0.79

Â±0.120.60
Â±0.060.29
Â±0.220.02
Â±0.010.1

4Â±0.060.1
2Â±0.030.03

Â±0.0200.10

Â±0.08000ND++0+++0++++++4.++++++++0++++â€¢H-+++++

" Ratios of population doubling time in 1.8 mu versus 0.02 mw Ca2' or CFE in
0.02 mÂ«versus 1.8 nriMÃ‡a2*.

6 Staining intensity is graded from none (-) to very abundant (++++); (c), mainly

intracellular staining.
c Graded from 0 (nontumorigenic) to +++ (highly tumorigenic); see Tables 3

and 4.
DT, doubling time; ND, not done.
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produced tumors when back-transplanted into the s.c. tissue of
day-old isogeneic rats. Qualitatively, tumorigenicity was compa
rable in these two groups of clonally derived cell strains (Table
3). Four of 11 (30%) of the GGT-postive cell strains (GP4, 6, 9,
10) and 2 of 7 (29%) of the GGT-negative cell strains (GN3, 6)
were highly tumorigenic (Table 4). Note that 3 of these highly
tumorigenic GGT-positive clones (GP6, 9,10) also had the rela-

Tabte3

Tumorigenicity of donai subpopulations of a rat liver epithelial cell line which has
been transformed by 11 brief treatments with MNNG

CloneGP1GP2GP3GP4GP5GP6GP7GP8GP9GP10GP11GN1GN2GN3GN4GN5GN6GN7WBF-344

(control)WB-5-1
Ã•TSeries

A*0/90/60/110/80/719/200/70/91/90/51/130/80/100/90/93/91/106/9NO4/4SeriesB63/61/80/159/9NDC11/111/14/57/79/90/101/100/99/101/101/98/8ND0/22NDTotal3/151/140/269/170/030/311/84/148/169/141/231/180/199/191/194/189/186/90/224/4

* Injected cells were cultured in medium containing 20% serum up to the day of

injection.
Injected cells were cultured in medium containing trace serum for 2-3 days

prior to injection.
c ND, not done.
" WB-5-11T was a tumor cell line isolated from a rat which developed a tumor

after injection of the undoned WB-5-11 cells (18).

tively lowest specific activities of GGT.
Growth in Calcium-poor Medium. The ability to grow in

calcium-poor medium at high density (ratio of doubling time) or

at cloning density (ratio of CFE) was not correlated with the
colony-forming efficiency in soft agar or tumorigenicity of these

clonally derived cell strains (Table 2).
Fibronectin. Cell-associated fibronectin deposits were less

abundant in the GGT-positive than in the GGT-negative cell

strains (Table 2). Most of the fibronectin detected by this direct
immunofluorescent method was seen intercellulariy (Fig. 1), al
though in two cell strains (GP8 and GP10), only diffuse cyto-

plasmic staining in occasional cells was observed (Fig. 10). The
staining pattern for cell-associated fibronectin in the GN cell
strains is similar to that of the diploid parental WB-F344 cells not

treated with MNNG, which showed abundant fibronectin depos
its in confluent cultures. The pattern and intensity of fibronectin
staining were also not correlated with tumorigenicity.

Anchorage-independent Growth. Although all of the GGT-
positive clones showed some degree of colony-forming ability in
soft agar medium, quantitatively or qualitatively the colony-form

ing efficiency in soft agar did not predict tumorigenicity. In fact,
the clone that had the highest CFE in soft agar (GP2) produced
only one tumor in 14 animals, whereas the most tumorigenic
clones (GP4,6,9,10 and GN3, 6) showed relatively poor colony-

forming efficiencies in soft agar. The GP3 strain, which had the
second highest GGT activity and colony-forming efficiency in soft

agar, was not tumorigenic.
Tumorigenicity. Analysis of tumorigenicity was conducted in

two series as noted in "Materials and Methods." Table 3 shows

that, when the cells were cultured in serum-containing medium

up to the day of injection (Series A), the frequency of tumor
formation was less than Series B, in which injected cells were
cultured in medium that was virtually free of serum for 2-3 days

Tabte4

Latency periods of tumor formation and the average size of tumors at sacrifice

CellstrainGP1GP2GP3GP4GP5GP6GP7GP8GP9GP10GP11GN1GN2GN3GN4GN5GN6GN7WB-5-1

11*Latency

of tumor
formation(mof5-6(11),

12(8)7(1)12(1)6(1),

12(2)12(1)5

(2), 8(1), 12(3)4

(3), 5(1)Series

AAv.

latency
(mo)c8271210124.34.3Series

BAv.

size
(cm)"2.13.01.01.30.52.33.3Latency

of tumor forma
tion(mo)12

(3)912(1)6

(2), 9 (2), 10(5)4(1),

6(1), 7 (6), 8(3)9(1)10(1),

11 (1),12(2)3-4(7)4

(2), 6-7 (5), 10(1),12(1)7(1)4(1),

7-8 (5),12(3)12(1)12(1)9

(2), 10(6)ND'NDAv.

latency
(mo)12128.96.9911.33.56.978.612129.8Av.

size
(cm)0.64.02.91.81.51.83.02.83.51.85.00.52.3Tumorigenicity1'++0+++0+++++++++++++++0++++â€¢H-++++++++

* Arbitrary scoring of tumorigenicity from 0 (nontumorigenic) to +++ (highly tumorigenic).

Months after cell injection.
c Average latency periods of all tumors.
d Average greatest diameter of all tumors.
* Numbers in parentheses, number of tumor-bearing animals killed at these times.
' ND, not done.
" WB-5-11T was a tumor cell line isolated from a rat which developed a tumor after injection of the undoned WB-5-11 cells (18).
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Table 5
Sex distribution of host animals which bore tumors

SeriesACloneGP1GP2GP3GP4GP5GP6GP7GP8GP9GP10GP11GN1GN2GN3GN4GN5GN6GN7WB-F344(control)WB-5-11TMale0/60/40/70/40/57/70/50/81/40/30/80/40/80/30/32/60/23/3ND3/3Female0/30/20/40/40/212/130/20/10/50/21/50/40/20/60/61/31/83/6NO1/1SeriesBMale1/30/40/35/5ND86/60/03/44/44/40/41/70/45/51/40/53/3NO0/11NDFemale2/31/40/124/4NO5/51/11/13/35/50/60/30/54/50/61/45/5NO0/11NDTotalMale1/90/80/105/90/513/130/53/125/84/70/121/110/125/81/72/113/53/30/113/3Female2/61/60/164/80/217/181/31/23/85/71/110/70/74/110/122/76/133/60/111/18

ND, not done,

prior to transplantation into animals. Nine clonal cell strains that
produced tumors in Series B failed to yield any tumor in Series
A. Only one cell strain (GP6) produced tumors in almost every
animal into which it was transplanted in both series. Table 3 also
shows that the latency of tumor formation was generally shorter
in Series B than in Series A. A cell line derived from a tumor
(WB-5-11T) resulting from transplantation of the heterogeneous
parental line (WB-5-11 ) produced tumors in 100% of the animals
tested within 4-5 mo.

Nine of 11 (82%) GGT-positive clones and 6 of 7 (86%) GGT-

negative clones were tumorigenic. By considering the frequency
of tumor formation, the average latency of tumor formation, and
the average size of the tumors at sacrifice, we arbitrarily scored
the tumorigenicity of these 18 clonal cell strains (Table 4). The
strength of tumorigenicity did not segregate according to the
GGT activity of these cell strains nor was it influenced by the
sex of the host newborn rats (Table 5).

DISCUSSION

By studying clonally derived subpopulations of a phenotypi-

cally heterogeneous, tumorigenic rat liver epithelial cell line trans
formed by MNNG, we have demonstrated that none of the
cellular phenotypes we studied, including nuclear ploidy, enzy
matic activities (GGT, NADH diaphorase, glucose-6-phosphate

dehydrogenase, lactate dehydrogenase, and pyruvate kinase),
isozyme expression (lactate dehydrogenase), and ability to grow
in low-calcium medium or in soft agar, was coupled to tumori

genicity. We conclude that these paratumorigenic phenotypes
cannot be reliably used to predict the neoplastic transformation
or tumorigenicity of chemically treated rat liver epithelial cells in
vitro, even though some of them could still be useful as popula
tion markers to indicate that transformation is imminent or has
occurred. Thus they cannot be used to trace the lineage of
specific cells.

To our knowledge, only two other similar studies of the cor

relation between paratumorigenic phenotypes and tumorigenicity
using clonally derived rat liver epithelial cells have been published.
Paraskeva and Gallimore (24) studied rat liver epithelial cells
derived from transformed foci produced by adenovirus and found
poor correlation among cell-associated fibronectin, growth in
methyl cellulose, ploidy, and tumorigenicity. The study of Boyn-
ton ef al. (25) examined the relationship among tumorigenicity,
anchorage-independent growth, and growth in calcium-poor me

dium and reached the same conclusion as ours, but their use of
nude mice for the assay of tumorigenicity may have underesti
mated tumorigenicity. San ef al. (9) have previously indicated
that nonsyngeneic nude mice were not as efficient a host for
tumorigenicity assay as isogeneic newborn animals, and we have
corroborated their observations.6 In this regard, our finding, that

culture of cells in medium containing only a trace amount of
serum for a few days prior to transplantation could substantially
improve the yield of tumors, is interesting but requires further
confirmation. The mechanisms of this phenomenon is unclear,
but it has been shown that protein components of fetal bovine
serum adsorbed onto the cell surface could elicit an immune
response (26). Since the purpose of in vitro carcinogenesis
studies is to produce cells capable of neoplastic growth or tumor
formation, the availability of an efficient assay for tumorigenicity
cannot be overemphasized.

Two possibilities govern the mechanistic relationship between
the paratumorigenic phenotypes and the tumorigenic phenotype.
(a) Paratumorigenic phenotypes are unrelated to the mechanism
of neoplastic transformation and therefore are merely nonfunc
tional epiphenomena of such transformation due to deregulation
of misregulation of gene expression during neoplastic progres
sion; this hypothesis predicts the existence of one or few specific
transformation gene(s) and is, thus, compatible with the theory
on cellular transformation by oncogenes (27, 28). (b) The neo
plastic and tumorigenic state is the result of a constellation of
several paratumorigenic phenotypes that the cell acquires during
the multistep process of neoplastic progression. This proposition
would indicate that some paratumorigenic phenotypes exert
significant physiological advantage in the evolution of the neo
plastic state.

In order to derive better understanding on the mechanistic
relationships of paratumorigenic phenotypes and tumorigenicity
in rat liver epithelial cells as encompassed by these two hy
potheses, we need to study the expression of these phenotypes
in the cultured tumor cells obtained from tumors produced by
these clonal cell strains. This is especially critical because of the
possibility that tumor formation in vivo in the host animals may
in some cases constitute a separate and distinct final step of
neoplastic progression. The facts that tumorigenicity (frequency
and latency of tumor formation) varied significantly among these
clonal cell strains and that some strains produced tumors only
infrequently and slowly (e.g., GP1, GP2, GP11, GN1, GN4, GN5)
are consistent with this possibility. At this time, the only way to
detect or measure such a change is by comparing the expression
of the various genotypes and phenotypes of the pretransplanted
clonally derived cells and their neoplastic derivatives cultured
from the tumors they produced. We are currently performing
such studies on the cells we have described. Nevertheless, it is
important to note that strains which have the highest capacity

â€¢M-S. Tsao, J. W. Grisham,and K. G. Nelson, unpublishedobservations.
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for anchorage-independent growth (GP2 and GP3) were not

tumorigenic or were very poorly tumorigenic, while three highly
tumorigenic strains (GP4, GP9, and GN6) had very low colony-

forming efficiencies in soft agar. This finding confirms the results
reported by Colbum ef al. (29) and indicates that colony-forming

efficiency in agar medium does not quantitatively correlate well
with the degree of tumorigenicity. Furthermore, not all tumor
cells can grow anchorage independently (30,31 ), and cell hybrid
ization studies have shown that the anchorage-independent

phenotype can be segregated from tumorigenicity (32). Likewise,
tumor cells that fail to proliferate in calcium-poor medium have

also been reported (33). These data cast doubt on the possible
mechanistic linkage between tumorigenicity and the phenotypes
of anchorage-independent growth or ability to proliferate in cal
cium-poor medium. These results further suggest that specific
transformation gene(s) exist and that paratumorigenic pheno
types which have been studied up to now are mere epiphenom-

ena of gene deregulation or misregulation during neoplastia
transformation or progression. In this regard, our observations
from these in vitro studies are compatible with a recent report
by Peraino ef al. (34), which suggested that tumorigenesis in
livers of rats treated with diethylnitrosamine involved specific
transformation events (or gene locus/loci) that were independent
of the expression of histochemical phenotypes or even inde
pendent of the events leading to focus formation.

Finally, we conclude that the in vitro system we have described
is useful to better define the role of specific and nonspecific
genotypes and phenotypes in neoplastia transformation of rat
liver epithelial cells; the latter may even include phenotypes which
are associated with the ability of tumorigenic cells to overcome
the immunosurveillence of the host animals. Lewis and Cook
(35) have recently reported that the tumorigenicity of hamster
embryo cells transformed by DNA viruses correlated with the
susceptibility of the transformed cells to avoid destruction by
immunologically nonspecific host effector cells such as natural
killer cells and macrophages. A similar phenomenon may govern
the tumorigenicity of chemically transformed cells when they are
tested for tumorigenicity In vivo.
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Fig. 1. The cell-associated fibronectin of representative donai cell strains as revealed by direct immunofluorescent staining using rabbit anti-human fibronectin antibody.
There is no correlation between the absence of cell-associated fibronectin and tumorigenicity. A, GP2, a GGT-positive and very weakly tumorigenic strain; B, GP3, a
GGT-positive and nontumorigenic strain; C, GP6, a GGT-positive and strongly tumorigenic strain; D, GP10, a GGT-positive and strongly tumorigenic strain; E, GN1, a
GGT-negative and weakly tumorigenic strain; F. GN5, a GGT-negative and intermediately tumorigenic strain. Original magnification, x 250.
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