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Tumor genesis and tumor progression can be considered as
an evolutionary process during which a cell gradually escapes
from a delicately balanced molecular structure. In this multi-
step process, a number of genes are affected, amongst which
are the proto-oncogenes. Under normal physiological con-
ditions, these genes code for parts of the molecular commu-
nication network of the cells and, therefore, control cell
growth and biological development. Proto-oncogenes can be
turned into dominant cancer genes or oncogenes. They pos-
sess a dormant malignant capacity which can be triggered
by a number of molecular mechanisms. In this paper, char-
acteristics of oncogenes and their possible role in urological
malignant disorders will be discussed.

Identification and Isolation of Oncogenes

The molecular basis of neoplasia has been a topic of inten-
sive research during the past few decades. The relationship
between DNA aberrations caused by mutagenic agents, and
carcinogenesis was substantiated by developments in the
investigation of tumor viruses. The study of RNA tumor
viruses in particular has enhanced our knowledge on the
mutability of genetic elements. These viruses have served
as important tools for the study of malignant transforma-
tion. Two groups of RNA tumor viruses are known to
exist; the slowly and the acutely transforming retroviruses.
The latter of these as well as the DNA tumor viruses have
common genetic elements, called viral oncogenes (v-onc),
that furnish them with their oncogenic potential. The char-
acterization of these genes and their subsequent isolation
by means of recombinant DNA techniques, have been an
important step in the understanding both of cellular growth
and differentiation and also of the deregulation of these
processes, which is probably the cause of cancer.

The present excitement about viral oncogenes and hu-
man cancer began when genetic sequences were found in
the genomes of higher eukaryotes [3, 17, 60] which were
homologous to retroviral onc genes. The recombination

between a slowly transforming RNA tumor virus and its
host genome [73] may result in the generation of acutely
transforming retroviruses. Thus, the genesis of viral trans-
forming capacity indicates a way to identify potentially
oncogenic sequences, known as proto-oncogenes [61].

Another approach that led to the identification of cel-
lular oncogenes was based on proviral insertion: after inte-
gration of their genome in the host genome, slowly trans-
forming retroviruses may activate cellular genes which can
lead to the deregulation of key functions in the cell and,
subsequently, to the development of a tumor. In fact, this
explains the slow onset of disease after infection by these
viruses. Once this elusive principle was recognized [26],
comparison of integration sites of mouse mammary tumor-
viruses led to the discovery of int-1 [48] and later to an
entire new set of proto-oncogenes.

The assumption that oncogenes are implicated in tumor-
igenesis is not only based upon the characteristics of viral
oncogenes. Transfection of DNA from a variety of human
tumor cells resulted in malignant transformation of the
recipient mouse 3T3 cells [56]. In many tumors, amplifica-
tion of proto-oncogene sequences is often observed result-
ing in elevated levels of expression. Furthermore, in chro-
mosomal aberrations associated with particular forms of
cancer, proto-oncogenes seem to be directly involved. In
the case of Burkitt’s lymphoma, expression of the myc
proto-oncogene is affected by translocated immunoglobulin
enhancer sequences [50, 77]. As another example, in chronic
myelocytic leukemia and acute lymphocytic leukemia cells,
abl proto-oncogene sequences on chromosome 9 are fused
to ber sequences of chromosome 22 which results in the
genesis of fusion proteins [23, 25]. These observations sup-
port the importance of oncogenes in the onset and develop-
ment of cancer.

Function of Proto-Oncogenes

The various approaches mentioned above have revealed the
existence of more than fifty proto-oncogenes. The normal
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physiological and pathological role of these genes is the
focus of molecular oncology research. Most proto-oncogene
products characterized so far are recognisable as part of an
elaborate molecular communication system.

They are linked to transduction,. exertion or reception
of growth signals, as is shown in the following description
which follows the chain of events from an extracellular
stimulus to the response of the triggered cell:

Growth Factors

An extracellular stimulus is often provided by polypeptide
growth factors. A proto-oncogene that encodes a growth
factor is the sis proto-oncogene. It encodes a protein that
is very similar to the B chain of platelet-derived growth fac-
tor (PDGF) [9, 11, 69]. Growth factors play a key role in
cell proliferation.

Part of our knowledge on cell growth in vivo and the
signals controlling these processes has been derived from
studies on established cell lines. Often these cultured cells
require serum in their media for their propagation. Serum
can be replaced by specific polypeptides, called growth fac-
tors [2]. Growth factors regulate cell proliferation through
binding to specific cell membrane receptors [27]. They are
present in a variety of tissues and are released by many cells
in culture [42, 46, 51]. The fine tuning of proliferation
rates necessary for coordinated growth of various cell types
to form and maintain tissues might be due to the great
diversification of growth factors, the receptor dependent
cell type specific action of these factors and the require-
ment of multiple growth factors for stimulation of a specific
cell [2,22,27,31,63,68,71].

Cell growth, however, is not necessarily under control of
positive regulating forces alone. For example, exogenous
tumor growth factor-§ (TGF-B) inhibits the growth of many
cell types including neoplastic cells. Failure to express or
respond to specific growth inhibitory factors that are releas-
ed by cells to regulate orderly growth may also lead to dis-
order. There may be various possible causes of such a fail-
ure, including mutation or loss of the structural gene for
TGF-§ itself, loss of positive transcriptional or translational
controls for expression of TGF-B or defects in the specific
cellular receptor for TGF-8. This alternative view, called
“The Yin-Yang theory of cancer”, inspired research on
cloning tumor-suppressor genes to gain more information
to support this theory [34, 41, 42, 59].

Growth Factor Receptors

As already indicated above, an important mechanism for
growth factors to transmit their signal further into a cell
is by binding to highly specialized receptor molecules. Stud-
ies on receptors at the structural level and their relation to
proto-oncogenes have revealed intriguing phenomena that
might have implications for cancer research.

The linkage between receptors and proto-oncogene prod-
ucts was established by the discovery that v-erb-B encodes
a truncated version of the epidermal growth factor receptor
[12, 64]. The truncation, caused by retroviral transduction,
is likely to be the step that hasled to the activation of this
gene. Likewise, Sherr et al. [55] showed that the c-fins
proto-oncogene encodes a membrane bound tyrosine
kinase, that appeared to be closely related or identical to
the colony stimulating factor (CSF-1) receptor, and is
activated by a truncation at the C-terminus [8].

Detailed comparison of amino acid sequences of receptor
molecules showed that most of them contain one or more
characteristic domains depending on the type of receptor.
Important receptor features are the kinase domain, the
transmembrane domain, which is sometimes present in
multiple copies, and the cysteine-rich domain, which can
also be present in multiple copies. A number of receptors
contain structurally similar kinase domains and cysteine-
rich regions, suggesting that these arose by duplication and
shuffling of the same ancestral genetic sequences. In the
human insulin receptor, hIR [65], and the v-erb-B oncogene
related human epidermal growth factor receptor, hER [64],
for example, the tyrosine kinase domains and cysteine-rich
regions are structurally similar. The latter ones show also a
high degree of homology with the cysteine-rich domain of
the low density lipoprotein receptor [62, 74], a socalled
coated pit receptor.

The c-fins proto-oncogene product and the PDGF-recep-
tor both lack such a cysteine-rich domain. The tyrosine
kinase domain of these proteins differ from hIR and hER
in that the phosphorylation acceptor site is separated by a
spacer region from the catalytic domain of the enzyme. The
c-kit proto-oncogene product has the same features [8, 75].

Some non-membrane bound hormone receptors, like the
glucocorticoid receptor [28], the thyroid hormone receptor
[72] and the oestrogen receptor [24] have homologous cys-
teine-rich repeats that are related to that of the v-erb-A
oncogene [24, 52, 72].

Another group of membrane receptors have as charac-
teristic feature their coupling to G-proteins. These include
receptors such as the light “receptor” rhodopsin and the
B,-adrenergic receptor [10, 36], which are structurally
homologous [57]. The mas oncogene probably belongs to
this class of receptors. Its transiation product has a hydro-
phobicity pattern that is strikingly similar to that of rho-
dopsin and this may reflect structural and functional simi-
larities in these proteins [76].

Recently, a new “super-family” of receptors was molec-
ularly characterized, among which the chemically gated
ion-channel receptors, like the y-amino butyric acid(GABA)/
diazepine receptor and the nicotinic acetylcholine (nACh)
receptor. They also exhibit structural homology [54]. An-
other class of membrane bound receptors are the integrins
[30], which function as receptors for extracellular matrix
proteins. A link to proto-oncogenes of these last two classes
of receptors remains to be established. However, if they are
involved in activating a critical component in a growth



regulatory pathway, perhaps by serving in signal transduc-
tion or as a membrane channel, they may also attain proto-
oncogene status.

An issue that still remains, pertains to the mechanisms
that lead to mobilization of the oncogenic potential of
receptor genes which was a question addressed by recent
studies. It is well known that receptors themselves are sub-
ject to various forms of regulation which influence their
biological activity, conformation and subcellular distribu-
tion. Interaction of the receptor with its ligand, for instance,
may induce conformational changes which then may trigger
a profilerative response. In a number of plasma membrane
receptors, it was shown that phosphorylation plays a key
role in this. It is, therefore, conceivable that alterations in
receptor structure and/or changes in phosphorylation events
lead to escape from regulation of normal receptor function
and, because of that, to triggering of oncogenic behavior.
As an example, the epidermal growth factor receptor is
briefly discussed. As mentioned before, EGF-receptor trun-
cation apparently contributes to mobilization of oncogenic
potential. This was concluded from comparative studies of
the viral oncogene v-erb-B, which encodes an EGF-receptor-
related protein that misses the major part of the extracellu-
lar ligand-binding domain, and the EGF-receptor itself. It
was suggested that the primary physiological function of
EGF was induction of conformational changes in EGF-
receptor molecules, possibly by cross-linking them. Follow-
ing such an activation step, all the requirements necessary
for triggering a proliferative response in a cell reside in the
receptor itself. Involved in this response is probably another
intrinsic function of the receptor, namely its ability to phos-
phorylate tyrosine residues. This activity is controlled by
various regulatory mechanisms. The activity can be en-
hanced, for instance, by autophosphorylation (e.g. upon
ligand binding) via an intramolecular mechanism and can
be suppressed by protein kinase C. In the case of the v-erb-B
protein, normal physiological activation by growth factor
binding is impossible because the EGF-binding domain is
absent. Nevertheless, the protein apparently possesses all
the requirements for triggering a proliferative response with
oncogenic features. It is possible that the different structure
of the v-erb-B protein, induced by truncation of the cellular
EGF-receptor, mimics the EGF activation step, implicating
the conformational change as a crucial event in mobilizing
the oncogenic potential of the EGF-receptor [12, 21].

A more complete picture of the link between certain
oncogenes and genes that encode receptors is emerging. At
the moment most receptor genes are essentially amenable
to activation mechanisms, comparable to the one described
above. For instance, it was shown that the insulin receptor
function could be influenced by substition of the internal
twin tyrosine residues that are involved in receptor phos-
phorylation [14]. Therefore, it is possible that many recep-
tor encoding genes are candidate proto-oncogenes, consider-
ed “innocent only until found guilty”.
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GTP-Binding Protein

In the process of signal transduction into the cell, the ras
proto-oncogene family is probably involved at the cell mem-
brane level. Both in structure and in GTP-binding charac-
teristics, they resemble G-proteins [18, 38]. Their precise
role in the signal transduction pathway is not yet known
(for review, see [1]).

Protein Kinases

In the cytoplasm, the products of proto-oncogenes that
encode protein kinases are elements in the signal transduc-
tion pathway. By far the largest group of oncogenes with a
common functional domain, is that of the tyrosine kinase
encoding genes. Whereas some of their gene products are
membrane bound and have a receptor function (see previous
section), the function of others is more obscure. They have
no structural characteristics that would allow membrane
attachment and are therefore called cytoplasmic tyrosine
kinases (for a review, see [29]). Nevertheless, sometimes
they appeared to be localized at the plasmamembrane. In the
case of pp60°*™, myristilation at the N-terminus might be
instrumental in membrane attachment [6, 32]. The way in
which the v-fes product is attached to the membrane {15,
16, 43] has not been elucidated. The gag-p15 portion might
be responsible for this phenomenon [66]. Since phosphory-
lation of receptors is an important step in the regulation of
the function of these molecules [57], tyrosine kinases are
also likely to be implicated in the signal transduction path-
way. Aberrations in the functioning of these molecules is
presumably the step that eventually could lead to transfor-
mation,

Proto-Oncogene Products in Cell Nucleus

The products of some proto-oncogenes are found in the
nucleus. These include the products of the proto-oncogene
fos and myc. Transcription of these genes is increased by
stimulation by growth factors and, in their turn, the prod-
ucts of myc and fos may regulate the transcription of other
genes necessary for stimulation of cell proliferation [7, 35,
45].

Recently, a new viral oncogene, named jun, was dis-
covered in an avian sarcoma virus isolate, designated ASV17
[5]. From immunological studies it appeared that the prod-
uct of the viral oncogene was located in the nucleus of cells
transfected with ASV17 DNA. Furthermore, the v-jun pro-
tein exhibited enhancer binding properties just like AP-1,
a human transcription factor that controls growth proper-
ties of cells by governing gene regulation. The observation
that the jun product resembles a factor that regulates gene
expression (AP-1) is intriguing, especially since AP-1 can
be activated by phorbol ester tumor promoters.
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As stated before the malignant potential of proto-onco-
genes can be mobilized only upon genetic modification
which leads to qualitative and/or quantitative differences in
proto-oncogene expression. It is not difficult to conceive
that disturbances in the delicately balanced molecular com-
munication network of the cell could lead to uncontrolled
proliferation and pathological differentiation, poignant
characteristics of cancer cells. A dilemma arises: When
should a cellular gene be regarded as being a proto-onco-
gene? Up to now the definition is confined to those genes
with an oncogenic reputation as established by retroviral
transduction, enhancer or promoter insertion and trans-
fection assays. It is likely, however, that other genes im-
portant for tumorigenesis were elusive, in that they did not
present themselves as oncogenes according to the approaches
outlined above.

The Role of Proto-Oncogenes in Urological Malignancies

To study proto-oncogenes, essentially three approaches are
available. Firstly, the genetic structure of a proto-oncogene
can be studied enabling discrimination between a normal
and mutated gene. Secondly, the rate of transcription can
be determined using mRNA analysis by Northern blot
assays. Finally, since antibodies against oncogene proteins
(“onco-proteins™) have become available, the proto-onco-
genes can also be studied at the protein level.

It appears, however, that most studies on oncogenes in
urological malignancies, are confined to only one of the
above mentioned approaches. Hence, data are mostly in-
complete, with regard to the role of proto-oncogenes as
etiological agent in carcinogenisis of the urogenital tract.

Oncogenes and Primary Bladder Tumors

The oncogene that might be implicated in bladder cancer
is the c-Havus 1 gene. Fuijta et al. [20] and Malone et al.
[40] showed that it is activated by a point mutation, in a
number of bladder tumors. The activating point mutations
are around codon 12 and codon 61 and these result in a
dramatic change of the properties of the p21 — ras — onco-
gene product [1]. It should be noted, however, that less
time consuming methods for the detection of point muta-
tions, as described by Bos et al. [4], are likely to reveal a
greater number of activated ras oncogenes.

Whether ras p21 expression can serve as diagnostic mark-
er for bladder cancer remains unknown.

Oncogenes in Primary Testis Tumors

The data on oncogene expression in testis tumors are also
rather limited. It was shown that the p62 myc protein was
expressed at higher levels in highly differentiated teratomas
[70]. An additional aspect of this marker is that the myc

protein is localized in the nucleus. Therefore, it is possible
to use nuclei, isolated from paraffin embedded tumor speci-
mens, for a two parameter FCM analysis by which both
DNA (P1 labeling) and myc content (anti p62 myc labeling)
can be determined [70].

Oncogenes in Primary Prostate Cancer

Using antibodies against c-myc, it was shown that myc ex-
pression was significantly elevated in prostate cancer as
compared to normal prostate tissue or benign prostatic
hyperplasia [19]. Viola et al. [67] have shown that ras p21
protein levels increased with increasing degree of nuclear
anaplasia. Moreover, they showed that there was an inverse
relation between ras p21 expression and the degree of
glandular differentiation. However, no real additional in-
sights for the prognosis of prostatic cancer using this mark-
er is yet provided. Another possible implication of ras in
prostate cancer, was found by Peehl et al. [49]. They iden-
tified an activated c-Ki-ras oncogene by a transfection assay
using DNA, isolated from a primary prostatic tumor.

Oncogene Expression in Primary Renal Cancers

In the nephroblastoma/Wilms tumor, an elevated level of
N-myc mRNA was found [47]. For renal cell carcinoma,
chromosome 3, might be implicated in tumorigenesis, since
aberrant forms of it are often observed [37]. In a hereditary
form of renal cell carcinoma, where a translocation between
chromosomes 3 and 8 was found (t(3, 8)), the c-myc gene
appeared to be involved in the translocation [13]. An inter-
esting observation by Karthaus et al. [33] was the fact that
in 2/15 renal cell carcinomas, the fes oncogene was expressed
at detectable levels. Further studies are necessary, however,
to establish the precise role of the expression of this onco-
gene in renal tumors.

In general, we can say that myc and ras oncogenes might
be involved in tumorigenesis of the urogenital tract. It should
be noted, however, that these two oncogenes are found to
be expressed at high levels in a great number of different
tumors [58). Only limited data on oncogenes in urological
malignancies are yet available, hence, the number and iden-
tity of the oncogenes that are etiologically involved in car-
cinogenesis of the urogenital tract remains to be established.

Anothef complicating factor, in the study of the molecu-
lar basis of neoplasia is the fact that the number of proto-
oncogenes is likely to be greater than fifty. This makes the
survey for specific genetic aberrations in carcinogenesis
more complicated and a more direct approach for this
problem seems to be necessary.

Implications for Future Research

For several reasons, the original enthusiasm about the role
of oncogenes in malignancies has been tempered. First,



despite the overwhelming amount of circumstantial evi-
dence that oncogenes are implicated in carcinogenesis, the
precise role of most of them in tumorigenesis is still obscure.
Furthermore, the number of proto-oncogenes is much larger
than was appreciated. The observation that many oncogenes
encode proteins involved in signal transduction and regula-
tion of transcription, makes it tempting to believe that
many more are actually oncogenes but “remain innocent
until found guilty”. Last but not least, results of recent
studies emphasize the importance of a category of recessive
genes the so-called tumor suppressor genes or anti-onco-
genes. It has been suggested that this group of genes is
equally important as the dominantly acting oncogenes
[34]. It is conceivable that in addition to oncogenes and
anti-oncogenes, also other genesare important to understand
the molecular basis of neoplasia. Additional approaches
are likely required to identify such genes.

A useful method to isolate and characterize genetic ele-
ments that are functionally related to a specific malignancy
and that might as well be useful as marker, is to differentiate
at the level of gene expression by differential hybridization
analysis of ¢cDNA libraries; cDNA libraries are constructed
of mRNA isolated from cells at specific stages of develop-
ment, growth of the carcinogenic process. Upon screening
such libraries with stage-specific 32P-labeled mRNA, genes
can be isolated whose expression is specific for one of these
stages.

This method revealed a number of genes specifically
activated during growth- and/or immunological stimulation
[44]. Imperative for this approach is that the phases that
are compared are developmentally similar. This can be
achieved by a controlled stimulation, like EGF stimulation
on NIH 3T3 cells [44], serum starvation [39] or a hydroxy-
urea block to synchronize cells. In the study of malignant
disorders, subtraction hybridization will usually result in a
large number of cDNA clones from differentially expressed
genes, and therefore, a tumor model system in which speci-
fic phenotypic characteristics are represented in stable cell

lines or tumor lines, is essential for such an approach.

With respect to tumors of the urogenital tract, a well
described tumor model system that meets a number of
criteria for differential hybridization analysis is the Dun-
ning R-3327 rat prostatic cancer model system. It consists
of more than ten tumor sublines, all derived from the origi-
nal Dunning R-3327 tumor, and corresponding cell lines
derived therefrom. All are characterized by parameters
such as hormone dependency, histology and/or metastatic
behavior. The first studies with this model system using
this approach, revealed already that fibronectin is down
modulated in metastasizing prostatic cancer cells [53]. Ma-
ny new aspects of carcinogenesis are expected to be defined
at the gene expression level in the future by this approach,
that is potential useful to both characterize dominantly ac-
tive genes, such as oncogenes, as well as recessive, suppres-
sor genes, and might therefore be a very important tool in
future studies on carcinogenes or the urogenital tract.
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