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ABSTRACT
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A brief description is given of the discovery of retroviral and cellular oncogenes and of their putative role in
oncogenesis. Attempts to apply the biotechnological techniques that were so successful in the study of other
retroviruses to the newly-discovered jaagsiekte retrovirus are briefly reviewed.

Jaagsiekte was first described as a disease entity in
South Africa more than a century ago. It is a cancer
involving the epithelial lining of the lung alveolus, caus-
ing the cells to proliferate until the lung consists of a
solid mass of tumour cells, and the animal dies of as-
phyxia (Tustin, 1969).

From the outset and long before its neoplastic. nature
was appreciated, it was known as a contagious disease.
Nevertheless, despite the efforts of many scientists in
various countries around the world, its cause remained
unknown until very recently. Some 3 years ago, our
group at Onderstepoort obtained conclusive evidence
that jaagsiekte is caused by a retrovirus, which is shown
in Fig. 3 (Verwoerd, Williamson & De Villiers, 1980;
Verwoerd, Payne, York & Myer, 1983). i

This was an exciting discovery, and not only because
the aetiology of the disease had been elucidated at last. It
came at a time when the study of retroviruses associated
with leukaemias and lymphomas in chickens, mice and
other mammals, including man, yielded dramatic new
insights into the ways in which cancers arise.

Our research on the jaagsiekte retrovirus is of neces-
sity still at a very early stage. I should therefore like first
to illustrate the current concepts of the role played by
retroviruses in the transformation of normal cells to the
malignant state, using, as an example, Rous sarcoma
virus (RSV), which was the first retrovirus discovered. 1
shall also mention the important role that modern
biotechnological techniques have played in elucidating
the complex virus-cell interactions involved. At the end
of my talk I shall return to the jaagsiekte virus, briefly
discuss some of our results and problems and indicate
where we are going in our research. Retroviruses have
been popular objects for research, not only because of
their association with cancer, but also because of their
unique replication cycle. After infecting the host cell, the
RNA genome of the virus is converted into a DNA copy
be means of the enzyme reverse transcriptase. The DNA
copy, or provirus, is then integrated into the cellular
DNA. The provirus can remain either inactive or latent,
or be transcribed into RNA, which then functions both as
messenger RNA for the synthesis of viral proteins and as
genome for progeny viral particles. These mature during
budding from the cell surface.

Two groups of retroviruses can be distinguished. The
first, of which Rous sarcoma virus is an example, is
highly oncogenic, transforms cells in culture, and pro-
duces neoplasms within days or weeks. During a study
of RSV, mutants were found that lost the ability to trans-
form cells but could replicate in a perfectly normal way.

It also lost a part of its genome. This led to the disco-
very that the transforming retroviruses contain genes
which are not involved in viral replication, but are re-
sponsible for tranformation and were therefore called
oncogenes (or onc genes). Because it produces a sar-
coma, the RSV oncogene is called src (Bishop, 1982).
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To investigate the origin, structure and funct
src gene, much larger quantities were needed t
be isolated from the virus. Using DNA rec
techniques, it was therefore cloned by splicin
DNA of a bacterial plasmid which can by pr
large quantities in Escherichia coli culture
cloned src, it was shown unambiguously that
gene could transform cells and produce cance:
the help of the virus. By radio-active labelling
probe was obtained which could be used to co
nucleotide sequence in src with other DNA’s
of molecular hydridization. The most importar
to be solved was: if the src gene is not a viral g
originate in the cell? By hybridizing a src p
fragmented cellular DNA, it was indeed found
are homologous genes in normal chicken ce
sequences, called cellular or c-oncogenes in
tinction to viral or v-oncogenes (or c-src to v-s
sent highly conserved normal genes, homologc
identical with the viral genes, which have been snown to
be transcribed and therefore to fulfil a physiologi
function in normal cells.

The next important discovery was the identificati
the product of v-src as a protein kinase, specific fc
amino acid tyrosine. It was also shown that the c-src
gene codes for a closely related protein kina
attempt to further elucidate the mechanism of o
sis, the protein kinase was found to be localiz
plasma membrane, a site which is known to pla
the regulation of cell division. Phosphorylatio
teins is known to play a central role in many r
reactions in the cell. It thus seems logical that
kinase activity could be the trigger changing a
a cancer cell. This hypothesis was supported t
monstration that the amount of phosphorylatec
in a cell increases tenfold after transformation w
soon became clear that the mechanism of viral
genesis is much more complicated, however. (
roviruses were found to contain different or
some coding for kinases, others not. Twenty
oncogenes are known at present, suggesting t
normal cellular genes with oncogenic potential
(Bishop, 1983).

FIG. 1 Macroscopic appearance of a typical experimentally-produced
jaagsiekte lung. The ventral parts of both lungs consist of solid
tumour tissue; dorsally normal tissue is interspersed with small
adenomatous nodules.
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rated with restriction enzymes. A probe prepared
form JSRV RNA, isolated from a lung rinse pellet,
picked up numerous bands but also cross-reacted
with normal cell DNA, however, and was there-
fore too non-specific to be of much use. A last
possibility we explored was to use the DNA of
other retroviruses as probes in the hope that they
might have common sequences which would de-
tect JSRV proviruses. We have so far tested cloned
bovine leukaemia virus (BLV) and cloned mouse
mammary tumour virus (MMTYV) for this purpose,
but in both cases no cross-reaction was detected, as
illustrated in Fig. 4 and 5.

To summarize, we still have a long way to go in our
attempts to clone and study the JSRV genome and to
elucidate the way in which it causes the tumour. It may

even happen that progress on other fronts may lead to
practical control measures before we reach this goal.

REFERENCES
BISHOP, J. M., 1982. Oncogenes. Scientific American, 246, 68—78.

BISHOP, J. M., 1983. Cancer genes come of age. Cell, 32,
1018-1020.

COOPER, G. M., 1982. Cellular transforming genes. Science, 218,
801-806.

TUSTIN, R. C., 1969. Ovine Jaagsickte. Journal of the South African
Veterinary Medical Association, 40, 3-23.

VERWOERD, D. W., WILLIAMSON, A. & DE VILLIERS, E.-M.,
1980. Aetiology of Jaagsiekte: Transmission by means of subcellular
fractions and evidence for the involvement of a retrovirus. Onderste-
poort Journal of Veterinary Research, 47, 275-280.

VERWOERD, D. W., PAYNE, A., YORK, D. F. & MYER, M. S.,
1983. Isolation and preliminary characterization of the jaagsiekte
retrovirus (JSRV). Onderstepoort Journal of Veterinary Research,
50, 309-316.

Printed by the Government Printer, Private Bag X85, Pretoria, 0001

148



