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Oncogenes and oncoproteins in occupational carcinogenesis
by Paul W Brandt -Rauf, MDl

BRANDT-RAUF pw. Oncogenes and oncoproteins in occupational carcinogenesis. Scand J Work En­
viron Health 1992;18 Suppl1 :27-30.lt seems increasingly likely that an important mechanism of action
of certain workplace carcinogens in contributing to occupational carcinogenesis may be via the activat ion
of cellular oncogenes, which then cause an expression of mutated forms or increased amounts of their
oncoprotein products. Two prototypical models of this mechanism may be the ras oncogene and its p21
protein and the neu oncogene and its pl8S protein. Both are known to be acti vated by exposure to com­
mon occupational carcinogens, and both are known to occur frequentl y in human tumors, including those
of occupational concern such as lung cancer. Knowledge of their mechanisms of action may lead to new
opportunities for preventing occupational cancer.
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In order for a potentially carcinogenic agent in the
workplace to cause cancer in a worker, it is known that
a number of steps must occur. These include transport
of the agent to the worker, absorption of the agent,
transport to the target cell, in many cases metabolism
of the agent to a reactive species, and interaction with
critical molecules in the target cell. In the case of
initiating carcinogens, the best stud ied group of car­
cinogens, this interaction has been demonstrated to oc­
cur at the level of the cell deoxyribonucleic acid (DNA)
and to result in some irreversible alteration in the cel­
lular genome, for example, the production of chromo­
some breaks and rearrangements or the introduction
of point mutations (1). How these genomic alterations
(together with the less well-defined epigenetic processes
that may be involved in the multiple stages of promo­
tion and progression) eventuate in the expression of
the malignant phenotype in cells and the production
of a cancerous growth remains less certain. However,
it seems clear that it is not random alteration of the
cellular genome that is responsible for this process, but
rather that it is alterations of particular small subsets
of genes that make the most important contributions
to oncogenesis. These subsets of genes may be further
differentiated into those which exert a stimulatory in­
fluence on cell growth and division, and thus whose
activation can contribute to carcinogenesis (the on­
cogenes), and those which exert an inhibitory influence
on cell growth and division, and thus whose inactiva­
tion can contribute to carcinogenesis (the antion­
cogenes)(I) . Although several antioncogenes have been
clearly identified (eg, the retinoblastoma gene and the
p53 gene) and others are suspected to exist from chro-
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mosomal deletion studies of human tumors (eg, defects
at Ip in neuroblastomas, 3p in lung and renal cancers ,
5q in colon cancers , IIp in Wilm's tumors and blad­
der cancers , and 22q in acoustic neuromas), the pos­
sible role of environmental or occupational carcino­
gens in the inactivation of these genes has not been
investigated, and they will not be considered further
in this review (2, 3). On the other hand, it appears in­
creasingly likely that environmental and occupat ional
carcinogens can playa role in the activation of cer­
tain oncogenes, and thus oncogenes and their protein
products are likely to play an important role in occupa­
tional carcinogenesis (4, 5).

Oncogenes and oncoproteins

The oncogene theory of carcinogenesis is based on the
premise that there are preexisting, normally innocuous
genes in the human genome (protooncogenes) which
become inappropriately activated during the process
of carcinogenesis, which changes them into genes capa­
ble of causing the active transformation of cells (onco­
genes). Most such oncogenes were initially discovered
as the transformation-causing agents in acute trans­
forming retroviruses. However, it has been subsequent­
ly shown that these oncogenes were not native to the
viruses but had been appropriated by the virus from
mammalian genomes during the course of evolution.
These genes presumably exist in the human genome
because they play vital roles in normal cell growth,
division, and differentiation. However , when they are
inappropriately activated, they can cause the neoplastic
transformation of cells. To date, several dozen dif­
ferent protooncogenes have been identified (6).

As with all genes, oncogenes produce their effects
in cells through the action of their protein products .
The oncoproteins can be classified into various types
based upon their presumed function in cells as follows
(7): (i) growth factors , which are usually proteins
secreted by one cell that can then stimulate growth in
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other cells upon interaction with an appropriate recep­
tor molecule [examples include the transforming
growth factors (TGF) and platelet-derived growth fac­
tor (PDGF;sis)]; (ii) membrane receptors, which usual­
ly contain an extracellular receptor domain for inter­
action with a growth factor, a transmembrane domain,
and an intracellular domain usually with kinase activity
for the phosphorylation of intracellular proteins [ex­
amples include the epidermal growth factor receptor
(EGFr ;erbB-I) and the neu protein (erbB-2;HER-2)] ;
(iii) signal transducing G proteins, which are
membrane-associated and presumably participate in
signal transduction via their guanosine triphosphatase
activity [examples include the ras gene proteins (p21)];
(iv) protein kinases, which mayor may not be
membrane-associated but which presumably partici ­
pate in signal transduction via the phosphorylation of
other intracellular proteins [examples include the src,
fes, and mos gene proteins]; (v) nuclear proteins, which
presumably bind to DNA and influence the expression
of other genes [examples include the myc, myb, fos,
and jun proteins] . As can be seen from this list, the
protein products of most oncogenes appear to play
some role in growth signaling (from extracellular
growth factor s, through the cell membrane , into the
cytoplasm, and eventually to the nucleus) , consistent
with the growing evidence that carcinogenesis repre­
sents a progressive disorder of signal transduction in
cells (8).

It appears that protooncogenes can be activated to
induce cell transformation through their protein
products by the following two general mechanisms:
overexpression of the normal protein product or ex­
pression of a mutated protein product. Overexpression
can be achieved by several mechani sms (eg, amplifi­
cation of the number of copies of the gene present in
cells (if each copy is being trans cribed and tran slated,
the result will be an increase in the protein product in
the cell) or the introduction into the cell of a gene
deregulatory sequence (such as a viral long terminal
repeat) which could cause uncontrolled and hence in­
creased expression. Alternately, gene overexpression
can occur in some instances where chromosomal
breaks and rearrangements (as might be inducible by
environmental clastogens) result in protooncogenes
that thereby lose their normal expression controls. For
example , in certain instances, this may be true for the
mye oncogene . Finally, certain protooncogenes that
have undergone point mutations (once again, as could
be produced by various environmental mutagens) can
cause cell transformation by expressing normal levels
of their mutated protein products. This is true, for ex­
ample , of the ras and neu oncogenes, both of which
can be activated by overexpression of the normal pro­
tein products as well, and, thus, they represent inter­
esting paradigms of oncogene -induced carcinogenesis
(6).

The ras and neu oncogenes and their protein
products are also of particular interest from the point
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of view of occupational carcinogenesis since they can
be activated by exposure to well-known occupational
carcinogens and they are frequently found activated
in human malignancies, including those of parti cular
occupational concern such as lung tumors (6). Thus
further examination of the possible action of these on­
cogenes in cells seems warranted.

Ras oncogene and p21 protein

The ras oncogene was first identified in acute trans­
forming retro viruses that induced rat sarcomas, hence
the name. The gene was also ident ified in a human
bladder carcinoma cell line and shown to be identical
to a normal human protooncogene except for a single
base change in the 12th codon of the first exon. This
point mutation resulted in a single amino-acid substi­
tution in the 12th amino acid of the encoded onco­
protein (a protein of 189 amino acids of molecular
weight 21 KD, hence designated p21). It was subse­
quently shown that overexpression of nonmutated p21,
as well as expression of ras proteins with other amino ­
acid substitutions (including most other substitutions
at position 12 and substitutions at positions 13,59,61 ,
and 63), resulted in cell transformation (6, 9).

As noted, it has been shown in vitro and in animals
that the ras gene can be activated by exposure to car­
cinogens of environmental and occupational concern,
such as polycyclic aromatic hydrocarbons (PAH) (in­
cluding benzo[a]pyrene and dimethylbenzanthracene),
N-nitroso compounds, and ionizing radiation (9, 10).
In addition , the ras gene has been found to be frequent­
ly activated in human tumors, including tho se of oc­
cupational concern such as lung cancer. For example,
a specific form of activated ras oncogene was found
in 50UJo (5 of 10) of patients with adenocarcinomas of
the lung (II). All five patients with ras-positive cancers
had been heavy cigarette smokers, whereas two of the
patients with ras-negative cancers had never smoked
and a third had stopped smoking 13years prior to clini­
cal presentation, thus a possible link in humans be­
tween exposure to carcinogens in cigarette smoke (such
as PAH) and ras oncogene activation in lung cancer
being supported (II). Therefore , it would be antici­
pated that the ras gene and its p21 protein would play
an important role in certain cases of occupational car­
cinogenesis.

From experiments in cell culture, it is clear that it
is the p2l protein product that is responsible for the
transforming activity of activated ras genes in cells.
For example, in microinjection experiments, when ac­
tivated p21 is introduced into nontransformed cells in
cultures that contain the normal ras protooncogene,
transient cell transformation is produced, the cells
gradually returning to phenotypic normality as the pro­
tein is degraded intracellularly (12). Alternately, when
monoclonal antibody directed against activated p21 is
introduced into cells transformed by the ras oncogene,



the cells temporarily revert to a normal phenotype as
the antibody binds to the activated protein negating
its effect (13). Unfortunately, the exact mechanism of
action of p21 in cells remains to be elucidated. Acti­
vating point mutations in the p21 protein appears to
cause conformational changes in the protein structure,
and this phenomenon may explain its transforming ac­
tivity (14). Protein conformation of p21 may also ex­
plain the activating effect of rasoverexpression because
of the fact that, even for the normal protooncogene­
encoded proteins, a small proportion of molecules ex­
ists in the same conformation as that assumed by the
mutant transforming proteins. At normal levels of ex­
pression, the presence of this small number of
molecules in a transforming conformation apparent­
ly has no physiological effect, but, with overexpres­
sion, a sufficient number of protein molecules in this
minority conformation is generated to result in cell
transformation (15). These conformational changes
may relate to differences in GTPase activity between
normal and activated p21. All p21 proteins bind guano­
sine 5'-triphosphate, but the normal protein contains
GTPase activity that is about an order of magnitude
greater than that for the activated protein due to the
differential effect of GTPase-activating protein (GAP).
This GAP protein is thus clearly an upstream regula­
tor of p21 signal-transducing activity, but its poten­
tial role in downstream signal transduction is unclear.
It is clear that p21 interacts with several other intracel­
lular proteins, and these may be important in down­
stream signal transduction. It has been proposed that
this signal transduction pathway involves phospholi­
pase C-phosphatidylinositol mechanisms, but this pro­
posal remains to be definitively established (9).

Neu oncogene and p185 protein

The neu oncogene was first identified in a model ani­
mal system dependent on chemical induction of tumors
by alkylating agents such as N-nitroso compounds . For
example, exposure of perinatal BDIX rats to a single
dose of ethylnitrosourea led to a high incidence of neu­
roectodermal tumors in the animals (16). DNA isolated
from four independently derived tumor cell lines of
this type was shown to contain activated oncogenes as
detected in an NIH 3T3 focus-forming assay, and one
of these genes was designated neu (17). The activated
form of the gene was found to contain a single point
mutation which resulted in a single amino-acid sub­
stitution at position 664 in the encoded oncoprotein
(a protein of molecular weight 185 KD, hence desig­
nated p185) (18). It was subsequently shown that other
selected amino-acid substitutions at position 664, as
well as overexpression of the nonmutated p185, re­
sulted in cell transformation (19,20). Homologous hu­
man versions of the neu gene have also been identi­
fied and termed variously c-erbB-2 or HER-2 (6).

Like ras, not only is the neu oncogene known to be
activatable by exposure to carcinogens of environmen-

tal and occupational concern (ie, N-nitroso com­
pounds), but also the gene is frequently found in hu­
man tumors of several types including those of occupa­
tional concern such as lung cancers. For example,
neu/c-erbB-21HER-2 has been found in 8 of 22 hu­
man nonsmall cell carcinoma cell lines and in human
tumor tissue from 4 of 12adenocarcinomas of the lung
and 3 of 5 squamous cell carcinomas of the lung (21).
Thus, as in the case of ras, it would be anticipated that
the neu gene and its pl85 protein would play an im­
portant role in certain cases of occupational carcino­
genesis.

The neu-encoded pl85 protein has extensive homol­
ogy with the epidermal growth factor receptor (EGFr)
(6). Like EGFr, pl85 has a large cysteine-rich extracel­
lular domain of 650 amino acids, a single transmem­
brane domain, and an intracellular domain of 580 ami­
no acids with tyrosine kinase activity (6). On the basis
of this homology, it has been postulated that pl85 is
the receptor for an as yet unidentified growth factor
and, furthermore, that the binding of this factor pro­
motes receptor dimerization which stimulates the
cytoplasmic tyrosine kinase activity of pl85, which
causes signal transduction into the cell (19). A poten­
tial candidate for this growth factor has recently been
identified (22). As noted, the transforming pI85
produced in animals by exposure to N-nitroso com­
pounds has a single amino-acid substitution at posi­
tion 664 in the transmembrane domain. The location
of this activating mutation in the transmembrane do­
main indicates an important role for this domain in
regulating the activity of tbe oncoprotein and its nor­
mal counterpart, perhaps, as has already been noted,
by promoting dimerization within the cell membrane
and stimulating tyrosine kinase activity. In fact, it has
been shown that the presence of activating substitu­
tions at position 664 does lead to aggregation of neu
proteins in the membrane (23). Therefore, it is pos­
sible that activating mutations in pl85 or overexpres­
sion of normal pIS5 may lead to signal transduction
from membrane aggregation in the absence of a growth
factor-receptor interaction, thus the transforming ef­
fects observed being explained. As in the case of p2I,
it appears likely that this process is mediated by con­
formational changes produced in the transmembrane
domain of p185by the mutations or, also as in the case
of p21, during overexpression of neu by the produc­
tion of normal plS5 in an amount sufficient enough
to have a similar effect in a minority transforming con­
formation (24, 25). The subsequent pathway of sig­
nal transduction from pI85 into the cell remains to be
elucidated.

Concluding remarks

It seems increasingly likely that certain oncogenes (es­
pecially, as has already been noted, ras and neu), via
expression of mutated forms or increased amounts of
their protein products, will be found to play critical
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roles in some cases of occupational carcinogenesis. A
better understanding of the mechanisms of action of
these oncogenes and their oncoproteins at a molecu­
lar level could thus have a profound influence on the
study and prevention of occupational cancer. For ex­
ample, oncogenes and oncoproteins may serve as use­
ful biomarkers in the molecular epidemiologic surveil­
lance of workers exposed to occupational carcinogens
(5). In addition, knowledgeof oncogene activation and
oncoprotein structure and function may lead to new
approaches to cancer treatment and cancer chemo­
prophylaxis based on the development of oncogene­
or oncoprotein-specific interventions (26, 27; Chung
DL, et aI, submitted for publication). Ultimately, it
is hoped that such approaches will contribute to a sig­
nificant reduction in many types of cancer, including
those due to workplace exposures.
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