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A. Introduction

Oncogenic  transformation by tumour
viruses requires, in many cases, the func-
tion of only one viral gene. In the case of
the papovavirus Simian virus 40 (SV40) it
is the gene coding for large T-antigen [8,
16] while for most strongly transforming re-
troviruses it is a gene of cellular origin [1].
Recent work has shown that many murine
and human tumours, for which there is no
indication of viral involvement, contain
genes which have been altered in such a
way that they have acquired the ability to
transform the NIH3T3 line of mouse cells
[3, 5, 7, 10, 15]. In order to understand the
molecular mechanisms of oncogenesis it is
necessary to analyse in detail the biochemi-
cal functions of the protein products of
these various types of transforming gene.
However, even a total description of the ac-
tivities of a transforming protein will not
reveal the complete mechanism of onco-
genesis. Transformed cells differ from their
normal parents in a multitude of biological
and biochemical properties and it is unlike-
ly that all of these changes occur as a direct
result of the action of the transforming pro-
~ tein. Rather, the product of the oncogene
must reprogramme the cell’s metabolism
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and/or gene expression so that having de-
fined the transforming protein it is then
necessary to identify its cellular targets.

The large T-antigen protein encoded by
the early region of the SV40 genome is
both necessary and sufficient for morpho-
logical transformation in vitro and for
tumorigenesis in vivo [8, 16]. However, this
protein possesses an extraordinary variety of
biochemical activities [i.e. ref. 13], many of
which are poorly understood. It binds with
high affinity to the viral origin of DNA repli-
cation in a reaction required for the initia-
tion of viral DNA replication. It also binds
with lower affinity to cellular DNA and is
capable of inducing a round of DNA repli-
cation in quiescent cells. The protein is dis-
played on the surface of transformed cells,
although the vast majority of the antigen is
nuclear, it has an ATPase activity and it
can overcome the block to the productive
infection of monkey cells by human
adenoviruses. Large T-antigen represses its
own synthesis by binding to the promoter
of the viral early transcription unit and
there is evidence that it can affect the tran-
scription of cellular genes. Which of these
activities are directly involved in transfor-
mation is not known.

There is evidence from solution hybrid-
isation experiments that the cytoplasmic
mRNA populations of cells transformed by
SV40 or by Rous sarcoma virus (RSV) can
be distinguished from those of their normal
parents [6, 17]. SV40 provides a particularly
attractive system in which to investigate
this problem because the viral transforming
protein has the properties expected of a
transcriptional regulator. Two lines of evi-
dence suggest that large T-antigen can di-



rectly modulate the transcription of cellular
genes. The first detectable event following
the synthesis of large T-antigen in infected
permissive or non-permissive cells is the in-
duction of several cellular enzymes in-
volved in nucleotide metabolism and DNA
replication, for example, thymidine kinase
[16]. Although there is no evidence that this
induction is transcriptional, this seems to
be a reasonable proposition. More directly,
Baserga and his colleagues have shown that
in human-mouse somatic cell hybrids only
one of the two rRNA gene complements is
active. Introduction of large T-antigen into
such cells activates the previously quiescent
rRNA gene complement at the level of
transcription [14]. We therefore decided to
seek to identify and isolate cellular genes
which are switched on or off in SV40-trans-
formed mouse cells.
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B. Results

Our approach has been to use cDNA clon-
ing techniques to construct libraries of plas-
mid clones representative of the poly-
adenylated, cytoplasmic mRNA popu-
lations of normal and transformed cells and
then to screen these libraries for genes ex-
pressed at different levels in the two cell
types. Such libraries must be truly rep-
resentative and we have therefore devel-
oped techniques which produce cDNA
clones containing large inserts at very high
efficiency, 2X10° clones per microgram
polyadenylated RNA. We constructed two
such libraries, one from the normal Balb/c
3T3 mouse cell line and one from an SV40-
transformed derivative SV3T3 C138 [2, 11,
12]. The libraries were plated at high
colony density and then replica filters were
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Fig. 1. Procedure for preparing a
cDNA probe specific for genes ex-
pressed at higher levels in tumour
cells than in normal cells. The
Balb/c 3T3 cDNA library was
pooled and grown in mass culture;
plasmid DNA was isolated and
covalently coupled to cellulose [9].
32P-labelled cDNA was prepared
using SV3T3 C138 mRNA as the
template and then hybridised to
the immobilised normal cell
cDNA. Sequences held in com-
mon between the two cell types
will hybridise; sequences ex-
pressed only in the transformed
cell will not

237



203 L GEh S agiEg

0 M

Fig. 2. Transfer hybridisation analysis of mRNAs from mouse cells transformed by a variety of
agents. Polyadenylated, cytoplasmic RNA was fractionated by electrophoresis in an agarose gel con-
taining formaldehyde and then transferred to a nitrocellulose filter [4]. The filter was then hybridised
with 32P-labelled pAG64, a plasmid containing a cDNA insert which hybridises to mRNAs of 1.6 kb,
0.7 kb and 0.6 kb present at elevated levels in SV3T3 C138 relative to Balb/c 3T3. The tracks are: 1,
Balb/c mouse fibroblasts transformed by methylcholanthrene epoxide; 2, Balb/c mouse fibroblasts
transformed by methylcholanthrene; 3, NIH3T3 cells transformed by A-MuLV; 4, a second line of
NIH3T3 cells transformed by A-MuLV; 5, NIH3T3 cells transformed by RSV; 6, Swiss 3T3 cells
transformed by RSV; 7, normal Balb/c mouse fibroblasts; 8, Balb/c 3T3 cells transformed by
polyoma virus; 9, a second line of Balb/c 3T3 cells transformed by polyoma virus; 10, SV3T3 C138.

The track labelled M contains DNA size markers

prepared and screened by hybridisation
with labeled mRNA from the two cell
types. In such a colony screening the in-
tensity of the autoradiographic signal is a
measure of the abundance of a particular
sequence within the total RNA population
and we could thus readily search for clones
corresponding to mRNAs present at higher
or lower levels in the transformed cell line.
However, this approach failed to reveal any
differentially hybridising colonies. Such
colony screening detects only those RNAs
of an abundance of 0.1% or above. Our
data therefore indicate, in agreement with
those of Williams et al. [17], that despite
their very different biological and biochem-
ical properties normal and transformed
cells do not differ in their abundant
mRNAs.

We remained convinced that there must
be differentially expressed genes and there-
fore sought to develop procedures for en-
riching the corresponding mRNAs. The
procedure we adopted is shown in Fig. 1.
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The Balb/c 3T3 ¢cDNA library was pooled
and grown in mass culture; plasmid DNA
was then isolated and covalently coupled to
a cellulose support. *?P-labelled cDNA was
prepared using SV3T3 C138 mRNA as the
template and hybridised repeatedly to the
immobilised normal cell cDNA. This pro-
cedure should remove those RNA se-
quences held in common between the two
cell types and thus the cDNA which fails to
hybridise should represent the differ-
entially expressed genes. We analysed the
enriched cDNA by hybridising it in solu-
tion to vast excesses of either normal or
transformed cell mRNA and thus showed
that it did indeed detect sequences present
in the transformed cell but not in the nor-
mal cell. We used this cDNA to screen the
SV3T3 C138 cDNA library and thus isolat-
ed a number of clones. We have used these
cDNA clones as probes in transfer hybrid-
1sation experiments [4] to analyse the poly-
adenylated, cytoplasmic mRNAs of Balb/c
3T3 and SV3T3 C138 cells. Our data con-



firm that the clones correspond to mRNAs
present at higher levels in SV40-trans-
formed cells than in normal cells and
characterise the relevant transcripts. We
have also isolated the corresponding ge-
nomic DNA sequences from bacteriophage
A libraries of mouse DNA and are presently
determining the detailed structures of these
genes and of their RNA products.

It was clearly of interest to ask whether
these same genes are activated in mouse
cells transformed by agents other than
SV40. We have used transfer hybridisation
techniques to answer this question and an
example of our data is shown in Fig. 2. The
plasmid pAG64 contains a cDNA insert
which hybridises to three RNAs, of 1.6 kb,
0.7kb and 0.6 kb, in SV3T3 C138 cells.
These RNAs are present in Balb/c 3T3
cells but at a much lower level. Figure 2
shows clearly that the 1.6 kb RNA is also
present at a higher abundance in mouse
cells transformed by polyoma virus, by
RSV, by Abelson murine leukaemia virus
(A-MuLV) and by the chemical car-
cinogens methylcholanthrene and methyl-
cholanthrene epoxide. The 0.7kb and
0.6 kb RNAs are also present in several of
the transformed cell lines.

C. Discussion

Our work has shown that the application of
recombinant DNA technology makes it
possible to analyse very sensitively the dif-
ferences in gene expression between normal
and tumour cells. We have isolated a num-
ber of cDNA clones which correspond to
mRNAs present at a higher level in SV40-
transformed mouse cells than in their nor-
mal parents and we are presently analysing
the mechanism by which viral transforma-
tion affects the expression of these genes.
At least one of these genes is also expressed
in fibroblasts transformed by a wide variety
of agents including a murine leukaemia vi-
rus. The transforming proteins of A-MuLV
and RSV are not thought to be capable of
interacting directly with the genome and
thus it seems likely that there are several
mechanisms by which viral transforming
proteins can affect the expression of these
genes.

The technology that we have developed
is clearly applicable to other transforma-
tion systems and it should be possible to
use it to analyse the differences in gene ex-
pression which distinguish leukaemic cells
from their normal counterparts. In this way
will be able to build up a detailed picture
of the changes in gene expression which oc-
cur during the induction and progression of
leukaemia and thus further our under-
standing of this disease.

Our studies of the genes we have isolated
would be greatly facilitated if we knew
their function in a normal mouse. In this
regard our recent data are of considerable
interest. We have shown that the plasmid
pAG64 detects no RNAs in a variety of
adult mouse tissues but that there are a
large number of transcripts homologous to
it in mouse embryos and in cell lines de-
rived from embryos, for example terato-
carcinoma cells. These observations raise
the interesting possibility that the viral
transforming proteins act upon genes nor-
mally involved in embryonic development
and we are currently exploring this idea in
detail.
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