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A. Introduction 

Several rapidly transforming RNA tumor vi ru -
ses contain inserts of cellular genetic material. 
These inserts seem to constitute the so-called 
onc genes of these viruses (Stephenson et al. 
1979). The quest ion arises whether during the 
recombination process leading to the genera­
tion of highly oncogenic viruses the cellular 
sequences be co me altered in such a way that 
they will cause malignant transformation. This 
would then be compatible with simplistic 
somatic mutation theories of nonviral carcino­
genesis. Alternatively, with the virus acting as 
a vector, the insertion of normal cellular 
sequences involved in control of growth and/or 
differentiation into other sites of the host 
genome may lead to overproduction of certain 
gene products and eventually to malignant 
transformation. This transposition phenome­
non may have important implications for 
models of nonviral carcinogenesis. 

B. Transformation by Normal Cell DNA 

Recently Cooper et al. (1980) reported that 
mechanically fragmented normal cellular 
DNA isolated from avian or mammalian cell 
lines could transform NIH/3T3 cells, albeit at 
a low frequency. Secondary transfections with 
DNA isolated from the transformed cells 
proved to be highly efficient. 

During our study on transfection with the 
integrated provirus of Abelson murine leuke­
mia virus (A-MuLV) utilizing the calciumtech­
nique of Graham and van der Eb (1973), we 
observed independently of Cooper et al. in 
control experiments that mechanically frag­
mented DNA isolated from the thymus of 

normal BALB/ c mice could transform 
NIH/3T3 as weIl as BALB/3T3 cells. In 
contrast to the foei of transformed cells indu­
ced by the A-MuLV pro virus which appear 
within 2 weeks, those induced by normal DNA 
were first observed after 4 weeks, correspon­
ding with six subcultures of the recipient cell. 

The DNA specificity can be concluded from 
Table 1 in which treatment of the DNA 
preparation with DNase abrogated fully the 
transforming capacity, while RNase or pronase 
did not. Neither calf thymus nor E.coli DNA 
induced foci of transformed cells. 

Since DNA isolated from thymus, spleen, or 
liver had equal transforming capacity (see 
Table 2), the transforming sequences seem to 
be an integral part of the BALB/c genome. As 
DNA isolated from germfree BALB/c mice of 
a colony established 20 years aga is similarly 
transforming, this property cannot be due to 
re cent infection of the germ li ne with an 
oncogenic virus. 

C. Characterization of Transformed Cell 
Lines 

A battery of cell lines were developed from 
foci of transformants induced by normal 
BALB/c DNA fragments. No reverse trans­
criptase activity could be detected in any of the 
celllines, indicating that transformation occur­
red in the absence of replicating retroviruses. 

The cells grew well in soft agar, indicating 
anchorage independence. Upon intraperitone­
al inoculation into newborn athymic BALB/ 
nude mice, all of six tested cell lines were 
oncogenic. After subcutaneous injection of 
106 cells into 3-week-old BALB/c five of six 
lines produced fibrosarcomas within 3 weeks. 
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Table 1. Transformation of 3T3 cells by normal BALB/c DNA 

Recipient cells 

BALB/3T3 NIH/3T3 

Fraction Average Fraction Average 
trans- No. trans- No. 
formed foci/dish formed foci/dish 
cultures cultures 

BALB/c thymus DNA 50 /-lg. ml- l 16/16 15 16/16 4 
Ibid, treated with pronase" 8/8 
BALB/c thymus DNA 50 /-lg·ml- l RNase" 8/8 
BALB/c thymus DNA 50 /-lg. ml- l DNase" 0/8 
BALB/c thymus DNA 50 /-lg ·ml- l 

heat denaturatedb 3/8 
Calf thymus DNA, 50 /-lg. ml- l 0/8 
E. coli DNA, 50 mg· !-lI-l 0/8 

" 1 hat 37°C 
b 5 min at 100°C, then quickly placed in ice 

So far, no transforming virus eould be 
rescued after infeetion with the Moloney strain 
of MuLV (Mo-MuLV) in contrast to eells 
transformed by A-MuLV proviral DNA. A hy­
perimmune antiserum, raised in C57BL 
against syngeneie A-MuLV induced lympho­
ma cells and absorbed with syngeneic Mo­
MuLV lymphoma cells, reaeted with two of 
seven testet cell lines transformed by normal 
DNA in the eytoplasmie immunofluoreseence 
test. The antiserum reaeted with a variety of 
A-MuLV transformed cells but not with 
NIH/3T3 eells infected with Mo-MuLV. 

D. Enhancement of Transformation by 
Preinfection with Leukemia Virus 

The effieiency of transformation of normal eell 
DNA is rather low. Since the nontransforming 
murine leukemia viruses make eells suscepti­
ble to the action of various eareinogenic 
chemie als (Huebner and Gilden 1972), we 
studied the influence of preinfeetion with 
MuLV -strains in this system. After incubation 
of NIH/3T3 cells, infeeted with either Rau­
scher or Moloney-MuLV, with normal eell 
DNA fragments, foei eould be deteeted within 
2 weeks after a single passage. The transforma­
tion frequency eould be as high as 1 foeus 
forming unit per 1 ug DNA (see Table 3), 
whieh would be comparable to the results 
obtained with the A-MuLV provirus. A linear 
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4 7/8 1.5 
2 8/8 6 
0 0/8 0 

0.5 3/8 0.5 
0 0/8 0 
0 0/8 0 

dose-response relationship was found in this 
system (Fig. 1), indicating that incorporation 
of a single DNA fragment would be suffieient 
for neoplastie conversion. Quite remarkable is 
that a minimal quantity of DNA is needed for 
transformation to occur. 

E. Discussion 

It is unlikely that the transforming capacity of 
normal cell DNA is due to sheer mutagenicity, 
since mouse DNA sequenees homologous to 
the src gene of Moloney murine sareoma virus 
cannot transform fibroblasts (Oskarsson et al. 
1980). Our data and those of Cooper et al. 
(1980) support the notion that the eellular 

Table 2. Effect of origin of BALB/c DNA on 
transforming activity" 

Source of DNA 

Thymus 50 ug·ml- l 

25 ug·ml- l 

Spleen 50 ug·ml- l 

25 ug·ml- l 

Liver 50 ug·ml- 1 

" N.D. =not done 

Recipient cells 
(Fraction transformed 
cuItures) 

BALB/3T3 NIH/3T3 

16/16 
8/8 
8/8 
8/8 
4/4 

16/16 
N.D. 
N.D. 

2/8 
N.D. 



Table 3. Effect of preinfection with murine leukemia virus on early transformation by normal BALB/c DNA 

Recipient cells Treatment Fraction Averageno. Average 
transformed foci/dish transformation 
cultures freq. (x 106/ug 
at 2 weeks DNA/cel) 

NIH/3T3 BALB/c liver DNAa 0/33 0 0 
E. coliDNA 0/33 0 0 
transfection buffer 0/33 0 0 

NIH/3T3-R-MuLyb BALB/c liver DNA 3/3 4 2 
E. coliDNA 0/3 0 0 
transfection buffer 0/3 0 0 

NIH/3T3-Mo-MuLYc BALB/c liver DNA 33/33 18 7 
E. coliDNA 0/33 0 0 
transfection buffer 0/33 0 0 

a 25 ug·ml- 1 

b NIH/3T3 infected with Rauscher murine leukemia virus 4 days before transfection 
c NIH/3T3-cloned after having been productively infected with Moloney murine leukemia virus 
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Fig. 1. Kinetics of transformation of NIH/3T3 cells infected with Mo-MuLY by fragmented normal BALB/c 
DNA 
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inserts in the genome of rapidly transforming 
viruses have not been perturbated. They sug­
gest that transposition of certain cellular genes 
may result in oncogenic transformation. It has 
been hypothesized that this was due to abroga­
tion of negative control by neighboring genes 
(Van Bekkum 1975). Alternatively, and more 
likely, it may be due to the insertion of the 
cellular genes dose to the active promotor 
sequences. The latter hypothesis would ex­
plain the low efficiency of primary transfec­
tions and the better transforming rate of 
secondary ones. 

The immunofluorescence staining of some 
of the transformed lines with an antiserum 
presumably directed against the onc gene of 
A-MuLV suggest that in these cases the homo­
logous gene might have been incorporated at 
a different site resulting in transformation. 
Several other cellular onc genes must have 
been involved in the generation of the other 
transformed celllines. 

The enhancing effect of murine leukemia 
virus may be due to the induction of a semit­
ransformed state of the 3T3 cells by MuLV, 
which would explain the single-hit transforma­
tion by normal cellular DNA fragments. Anot­
her hypothesis, which we favor at the moment, 
is that MuLV provides highly active promotor 
sequences. This is supported by the finding 
that the complete provirus of Moloney murine 
sarcoma virus, which contains leukemia virus 
derived promotors, is not enhanced in its 
transforming capacity by preinfection of reci­
pient cells with MuLV (Anderson et al. 1979). 
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