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Nature Vol. 290 9 April 1981 a7

Activation of a cellular onc gene by promoter
insertion in ALV-induced lymphoid leukosis
William S. Hayward’, Benjamin G. Neel & Susan M. Astrin’

* The Rockefeller University, 1230 York Avease, New York 10021. USA
#The Institute for Cancer Rescarch, Philadelphia, Pennsylvania 19111, USA

Analyses of DNA and RNA from avian leukasis virus (ALV )-induced lymphomas have provided strong evidence that, i
maost tumours, ALV induces neoplastic disease by activating the c-myc gene, the cellular counterpart of the transforming
gene of MC29 virus. The data indicate that, as a rare event, the ALV provirus integrates adjacent to the c-myc gene and tha

transeription, initiating from a viral promoter, causes enhanced expression o

RNA TUMOUR VIRUSES include acute transforming viruses
(sarcoma aod scu leukaemis virsses) and show traastorming
viruges (o example. ALV snd merios sukagmia viewses, Th
me by which the slow transforming viruses induce neo-
ploic damse ek, mat roceatly, tumalood Gheests. These
viruses differ from the acute transforming viruses in three
t properties: (1) they macroscopic neoplasms in
infected animals only after a latent period of 4-12 months,
compared with 2-3 weeks for the acute viruses: (2) they do not
induce q
tiue culture cel; and (3) they do 0ot seem to contain &
transforming ge:

ALV clmt »“n Iymphomas and occasionally ﬁhy(nay.
aanemia. Receat evidence suggests thet thess viewees caves n60
ene(s). (1)

-myc, leading to neoplastic transformation.

the right LTR. If the provirus integrated adjacent t0 a poten
tially oncogenic cellular gene, transcription initiated from the
viral promoter could generate an RNA molecule such as those
found in ALV-induced lymphomas, containing both viral and
cellular sequences (see Fig, 1). The resultant enhanced expres.
sion of this cellular gene would lead to neoplastic trans.
formation. Identification of the putative cellular gene activated
by this mechanism would be strong evidence in support of this
mode]

Over 10 difterent ‘transforming genes’ have been identified in
the genomes of acute translorming retroviruses of avian and
mammalian origin’'*—each of these viral onc (v-onc) genes
has a normal cellular counterpart (cellular onc, ot ¢-onc)
These scrmal celleler geaes 1c presumably the progeniton of

the v-one gene are generally expressed at low in
normal,sninfecicd cells™ b= although they may be nme“n.
¢ igherbevele duriog cutae stages of development™. As they

Many ALV-indoced ymphomas do not contain vieal 355
and/or 215 mRNAs'~ and many of the in
These tusmours are defective . Thus it svoum wnblkaly hat 8 vial
gene product is required for maintenance of neoplastic trans.
formation. (2) The oncogenic potential of ALV seems to reside
within the 3 portion ofth vra genome—withia ~S00 nucieo-
tides from the poly 1**—a region which docs ot scem to
encode a viral protein’. (3) ALV-induced lymphomas contain
proviruses integrated at one or more sites. However, at least
some proviral information in each tumour i found integrated at

one of a limited number of common sites'. As proviral
ntegration is known o occur at 8 large number of sites on the
host_chromosome, possibly at random' ", this apparent

specificity of integration in lymphomas suggests that ncoplasti
translormation requires inlepation adjacent 1o 4 pecife
4) Primary and metastatic tumours are clonal' '
ases In the same bird contala scnileroc dential patterns
of proviral integration, based on restriction analyses of cellular
DNA.

3:
£
z
53

inked to cellular sequences'”, These RNAS fall into a limited
aumber of size classes'. (6) The tumour-specific RNAS are
r(wrt\\ed at moderately high levels (100-300 copies per cell
sed on certain structural festures of the integrated ALV
provirus, wetss and others* 4"t have suggested a model for
oncogenesis consistent with all the above , which

high \ese normal
cellular genes probably have some essential role in cellular
growth, differentiation and/or development

It seemed possible that the normal cellular gene(s) activated
by promoter insertion might be one of the cellular counterparts
of a v-onc gene. Here we report our eflorts Lo identify the
putative c-onc geneis) involved in ALV-induced lymphomas,
using cDNA probes specific or five v-one genes of avian acute

Coll ONA Ionegrated pron

o)

Normat viral ANE

we have termed oncogenesis by promoter insertion (see Fig. 1),
Studies in many laboratories have shown that the integrated
provirus consists of the viral structural genes flanked by
sequences of ~350 nucleotides, termed long terminal repeats
(LTRs) The LTR consios promoter

synthesis
ooturs withi the left LTR. Because ths sequence is repeatedat
he right end of the provirus, initiation could also occur within
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