
Detection of a Cellular Oncogene in Spontaneous 
Liver Tumors of B6C3F1 Mice 

Abstract. An active cellular oncogene was demonstrated in hepatocellular neo- 
plasms arising spontaneously in 24-month-old B6C3Fl mice. DNA isolated from the 
tumorous tissue and transfected into NIH 3T3 cells showed an 82 percent (9 of 11 
animals) frequency offoci induction. In contrast, DNA isolated from the surrounding 
nontumorous hepatic tissue from the same animals and DNA from other 24-month- 
old B6C3Fl mice without tumors did not cause transformation in the NIH 3T3 cell 
assay. This strain of mouse is used extensively in carcinogen bioassays, and the 
observed high frequency of transformation (82 percent, compared to 10 to 20 percent 
in humans) supports the concept that the B6C3F1 mouse is hypersusceptible to liver 
tumor development. It also emphasizes the need to further understand the mecha- 
nisms of oncogene activation in animals used for long-term studies of toxicity and 
oncogenicity before evaluating potential human risk. 

While considerable effort has been ex- 
pended in evaluating the role of onco- 
genes in human cancer, there are surpris- 
ingly few reports characterizing the pres- 
ence or  absence of cellular oncogenes in 
animals used for long-term studies of 
carcinogenicity. Yet most of the data on 
which decisions are made to protect the 
public from potential carcinogens are 
generated from animal bioassays. Un- 
derstanding the potential role that cellu- 
lar oncogenes play in tumor develop- 
ment in animals used for long-term stud- 
ies is important for proper interpretation 
of the data and subsequent assessment of 
potential human risk. 

The B6C3F1 mouse is used extensive- 
ly in long-term bioassays to evaluate 
carcinogenicity. A recent compilation of 

these studies conducted under the direc- 
tion of the National Toxicology Program 
reported an average incidence of 25 per- 
cent for spontaneous hepatocellular car- 
cinomas in male B6C3F1 mice (1). The 
difficulty of interpreting bioassay data on 
animals that show a high spontaneous 
tumor incidence and the relevance of an 
increased incidence associated with 
chemical treatment to  human risk assess- 
ment are areas of particular controversy 
( 2 4 ) .  Resolution of this controversy ne- 
cessitates a more detailed understanding 
of the cellular mechanisms of organ tu- 
morigenesis. 

The detection of cellular oncogenes in 
a variety of presumably spontaneous hu- 
man tumors suggests that cellular onco- 
genes might also be associated with the 

Table 1. Detection of transforming genes in spontaneous hepatic tumors from 24-month-old 
male B6C3F1 mice. Excised tissues were immediately frozen on dry ice. Tissues were 
homogenized with a Dounce homogenizer in 10 ml of 50 mM tris, 50 rnM NaCI, and 5 mM 
EDTA @H 8.0). Cells were lysed by addition of sodium dodecyl sulfate to 0.5 percent and the 
lysate was treated overnight with proteinase K (0.2 mgiml). Proteins and lipids were removed 
by extracting once with phenol, phenol-chloroform-isoamyl alcohol (25:24: I) ,  and chloroform- 
isoamyl alcohol (24: 1). DNA was precipitated with ethanol, dried, and resuspended in 10 mM 
tris and 1 mM EDTA (pH 7.2) and incubated for 1 hour with a-amylase (400 ygiml) and 
ribonuclease (100 p,g/ml). The DNA was again extracted as described above and precipitated 
with ethanol, dried, and resuspended in 10 mM tris and 1 mM EDTA (pH 7.2). The DNA 
transfection assay was performed (5). Approximately 20 hours before transfection 1.5 x 10' 
NIH 3T3 cells were seeded in 10-cm culture dishes (Coming). DNA (50 yg) was suspended in 
250 mM CaCI, and the DNA-Ca-PO, precipitate was formed by slow addition with gentle 
agitation to an equal volume of 50 mM Hepes, 280 mM NaCI, and 1.5 rnM Na2P04. After 1 hour 
the precipitate was resuspended and applied to the NIH 3T3 monolayer. After 20 hours of 
incubation at 37'C the precipitate was removed. The medium (Dulbecco's modified Eagle 
medium with 5 percent calf serum and 1 p,M dexamethasone) was changed three times weekly. 
Foci were counted 14 to 21 days after transfection by individuals having no knowledge of the 
DNA sources represented. Transfection-positive animals gave 0.25 to 1 .OO focus-forming units 
per plate, with four plates assayed per animal. 

Number Total Number of 

DNA source Age of number animals whose 
(months) of foci DNA induced 

observed transformation 

Experiment 1 
Mice with tumors 24 44 10 6 o f  11 
Mouse without tumors 3 4 0 0 of l 
Calf thymus 4 0 

Experiment 2 
Mice with tumors 24 44 14 7o f  11 
Mice without tumors 3 to 5 43 0 O o f 2  
Mice without tumors 24 40 0 Oof 10 

high incidence of spontaneous liver tu- 
mors in the male B6C3F1 mouse. T o  test 
this hypothesis, we isolated high molecu- 
lar weight DNA from spontaneous liver 
tumor tissue from untreated 24-month- 
old male B6C3F1 mice. The DNA was 
used to transfect NIH 3T3 cells (5). In 
initial experiments the DNA isolated 
from 6 of 11 animals with spontaneous 
liver tumors induced foci in NIH 3T3 cell 
cultures (Table 1). The specific trans- 
forming frequencies of the tumor cell 
DNA ranged from 0.005 to 0.02 focus- 
forming units per microgram of DNA. 
These values are in close agreement with 
the frequencies reported for DNA from 
human hematopoietic tumors (6). N o  
foci were observed when NIH 3T3 cells 
were transfected with calf thymus DNA 
or DNA isolated from liver tissue from a 
3-month-old male B6C3F1 mouse free of 
tumors. 

To  ensure reproducibility of these re- 
sults, we conducted a second experiment 
using DNA isolated from the same 11 
tumor-bearing animals. The number of 
control cultures was expanded to include 
liver DNA isolated from two 3- to 5- 
month-old and ten 24-month-old male 
B6C3F1 mice without tumors. The cul- 
tures were scored 2 to 3 weeks after 
transfection. Again, foci were detected 
in the cultures transfected with DNA 
derived from the tumor tissue. In this 
experiment 7 of the 11 tumor-bearing 
animals were positive for the ability to 
induce transformed foci. N o  foci were 
observed in the 43 cultures transfected 
with DNA isolated from young mice (3 to 
5 months) without tumors (Table 1). 

The development of spontaneous liver 
tumors in the B6C3F1 mouse is appar- 
ently an age-associated phenomenon. 
However, the lack of transforming activ- 
ity of DNA derived from normal 24- 
month-old mice indicates that the trans- 
forming potential of the tumor DNA was 
not a function of age (Table 1). Rather, 
these experiments suggest that an active 
cellular oncogene is present in the liver 
tumor DNA of the B6C3F1 mouse. 

These results are significant because, 
to  our knowledge, no transforming activ- 
ity has previously been detected with 
DNA isolated from human, mouse, o r  rat 
liver tumor tissue. In addition, 9 of 11 
tumor-bearing animals demonstrated 
transforming activity in at least one of 
the two transformation assays; this rep- 
resents an 82 percent frequency of trans- 
forming activity, which is appreciably 
higher than the 10 to 20 percent previ- 
ously reported for DNA isolated from 
tumors in various human tissues (colon, 
lung, pancreas, and hematopoietic) (6, 
n. The high frequency of transformation 
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in the B6C3F1 mouse liver suggests that 
a common mechanism of oncogene acti- 
vation is occurring in tumor tissue. Such 
a common mechanism is predictable be- 
cause of the high degree of genetic simi- 
larity characteristic of inbred strains. 
Notably, the C3H mouse (the paternal 
genetic contributor in the B6C3F1 hybrid 
cross) has an even higher incidence of 
spontaneous hepatocellular tumors than 
does the B6C3F1 mouse (4). 

One possible mechanism accounting 
for both the high spontaneous tumor 
incidence in the B6C3F1 mouse and the 
observed high transforming activity 
could be germ line transmission of the 
oncogene, resulting in a genetic predis- 
position to neoplasia. To evaluate this 
possibility, we isolated DNA from non- 
tumorous liver tissue from eight animals 
whose tumor DNA induced foci in the 
NIH 3T3 assay. This DNA was trans- 
fected into NIH 3T3 cells as before. An 
equal number of control cultures were 
treated with calf thymus DNA. After 3 
weeks no foci were observed in any of 
the cultures. 

Thus the cellular oncogene detected in 
the spontaneously occurring hepatocel- 
lular carcinomas is not attributable to 
germ line transmission. Similar results 
have been reported for human patients 
having familial syndromes associated 
with a greatly increased cancer risk (8). 
This suggests that the active cellular 
oncogene found in the spontaneous liver 
tumors arose from alterations in individ- 
ual somatic cells. In addition, the obser- 
vation that DNA from 9 of 11 tumor- 
bearing animals produced transforming 
activity implies that some factor predis- 
posing to malignancy is genetically trans- 
mitted in this strain of mouse. These 
results indicate that the B6C3F1 mouse 
is dissimilar to the genetically diverse 
human population in its ability to acti- 
vate, with a very high frequency, a spe- 
cific tumor-associated oncogene. 

The detection of a cellular oncogene in 
the B6C3F1 mouse liver provides the 
opportunity to address questions of sig- 
nificant toxicological interest. For exam- 
ple, several studies have shown an in- 
crease in the incidence of liver tumors in 
the B6C3F1 mouse after prolonged expo- 
sure to chemical agents. Many of these 
agents have demonstrated genotoxic ac- 
tivity (defined as a direct chemical inter- 
action with DNA), and it is generally 
concluded that this enhancement occurs 
through a somatic mutational mecha- 
nism. However, increased incidences of 
hepatic tumors in the B6C3F1 mouse 
have also been observed after treatment 
with agents that appear to be nongeno- 
toxic in nature but that increase cellular 

proliferation (9-13). Such conflicting re- References and Notes 

sults create a considerable dilemma in 
interpreting bioassay results. 

It is attractive to hypothesize that sub- 
stances that increase tumor development 
by apparently increasing cellular prolif- 
eration do so by altering the quantitative 
or temporal expression of cellular onco- 
genes. Recent data from several labora- 
tories have shown a quantitative in- 
crease in oncogene expression in re- 
sponse to proliferative stimuli (14-16). 
In addition, there is evidence associat- 
ing quantitative changes in oncogene 
expression with tumor development (1 7- 
19). Whether similar changes are impor- 
tant in the increased induction of liver 
tumors in the B6C3F1 mouse after chem- 
ical exposure remains to be determined. 

Detection of a cellular oncogene in the 
B6C3F1 liver might provide insight into 
the unusually high frequency of sponta- 
neous tumors in this strain of mouse. An 
understanding of this process may have 
important implications for the interpreta- 
tion of animal bioassay data and may 
provide for more informed estimates of 
risk from chemical exposure in humans. 
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Brain Dopamine and Serotonin Receptor Sites Revealed by 
Digital Subtraction Autoradiography 

Abstract. Autoradiography combined with image analysis permitted quantitative 
visualization of dopamine (02) and serotonin (S2) binding sites in rat brain. 
Forebrain sections were incubated with tritiated spiroperidol alone or with tritiated 
spiroperidol plus unlabeled compounds that saturated the D2 or S2 sites. By 
subtracting the digitized image of an autoradiograph derived from the latter sections 
from that of the former, the D2 or S2 sites were speczj5cally revealed. The resulting 
quantitative images demonstrate the differing anatomical distributions of these sites. 
The D2 site is largely restricted to the striatal complex (caudate-putamen, nucleus 
accumbens septi, and olfactory tubercle), whereas the S2 site is enriched in layer 5 of 
motor cortex, the perirhinal and cingulate cortices, and the claustrum. 

The action of dopamine in the fore- 
brain of humans and other mammals has 
been linked to such diverse functions as 
sensorimotor coordination, affect, and 
cognition (1). Because dopamine seems 
to modulate sensorimotor functions and 
cognitive processes through its interac- 
tion with the D2 class of dopamine recep- 
tors (2 ) ,  anatomically distinct popula- 
tions of D2 receptors are likely to sub- 
serve these specific dopamine-depen- 
dent behaviors. When brain sections are 
incubated with radioligands that bind 
with high affinity to the D2 receptor, the 

resulting autoradiographs can reveal the 
distribution of these sites in the forebrain 
with high resolution (3, 4). In this report 
we describe the use of computer-based 
imaging techniques to analyze [3Hlspiro- 
peridol autoradiographs and provide 
what appears to be the first quantitative 
visualization of D2 and serotonin S2 sites 
in the mammalian forebrain. 

Tritiated spiroperidol labels both D2 
and S2 sites with nanomolar affinities in 
brain homogenates or thin sections (3-6). 
The [3~]spiroperidol binding to these 
two sites is distinguished by using unla- 




