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Abstract. Experim ental d a ta  and clinical observations indicate th a t an  increased expression of 
oncogenes o r  their poin t m utations play an essential role in the process of carcinogenesis. I t  was 
im portan t to  find ou t th a t environm ental and occupational carcinogens activate cellular oncogenes 
a n d  contribute to  increased am ounts or occurrence of m uta ted  oncoproteins. The latter are 
responsible fo r activating m echanism s which further the neoplastic transform ation of cells. The 
researches a re  m ainly concerned ab o u t two oncoproteins: oncoprotein  coded by the ras oncogene
— called p21 protein  and oncoprotein  coded by the erbB-2 oncogen — called p l85  protein.

Investigations perform ed on neoplastic cells show th a t the neoplastic transform ation  process 
involves n o t only the afore-said oncogenes and their oncoproteins but also o ther oncogenes, and 
th a t  the process itself required activating of m ore th an  one oncogen.

At present, it is possible to use m easurem ents of oncoproteins in the biological m aterial which is 
easily available. D ue to this fact, a  num ber of works in which m easurem ents of oncoproteins in 
b lo o d  serum were used to  assess cancer risk in persons exposed to carcinogens present a t the w ork 
p lace, have been  published.

According to  the m ortality  statistics, neoplasm  of respiratory and intrathoracic 
organs is the m ost com m on cause of death in males. The num ber of deaths caused by 
this type of neoplasm  exceeds the to tal num ber of deaths caused by neoplasm  of 
colon, prostate, pancreas or stom ach, the m ost frequent causes of death from cancer 
am ong men. In  females, neoplasm  of respiratory and in trathoracic organs takes the 
third place, after neoplasm  of breast and colon, am ong causes of death. A bout 
90% o f respiratory neoplasm  is generated by epithelial cells lining respiratory 
pathways. M ost likely it results from their high proliferative activity and  from
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their direct contact with harm ful chemical factors which contam inate the environ­
ment. The latter aspect is of particular interest from the po in t of view o f occupational 
and  environm ental medicine, bearing in m ind tha t carcinogenic substances present at 
the w ork and hab itation  places evoke the neoplastic transform ation of cells in the 
m ajority of respiratory neoplasm s (15).

The neoplastic transform ation of norm al epithelial cells of the respiratory 
pathw ays can be induced by various chemical and  physical agents. N ow adays, it is 
presum ed th a t changes associated with the transform ation  of norm al cells into 
neoplastic ones are genetically determ ined and th a t they result from structural 
alterations in the cellular genome (21). A certain sequence o f steps m ust occur if an 
environm ental carcinogen is to  evoke the neoplastic transform ation of cells. These 
include contact itself with a carcinogenic agent, its absorption  by the organism, 
transport to  the target cell, m etabolism  of the agent to  a reactive m etabolite 
(however, no t all carcinogenic substances m ust be activated), and interaction with 
critical molecules (deoxyribonucleic acid — DNA) in the target cell. The interaction 
of carcinogen with D N A  leads to  some irreversible alterations in the cellular genome 
which m ay cause the production  of chrom osom e breaks an d  rearrangem ents or the 
in troduction of po int m utations (22). So far, it has no t been possible to  define exactly 
w hat changes, a t the level of the cellular genome together w ith epigenetic processes 
involving a  m ulti-stage process of prom otion  and progression, influence the 
expression of the m alignant phenotype. However, it is know n that alterations in the 
cellular genome are no t random  but they apply to some genes or subsets of genes 
th a t contribute to  the process of cellular oncogenesis (23). These genes can be then 
differentiated into those which stimulate growth and division of cells and  those 
which, exert an  inhibitory influence. Protooncogenes belong to the first g roup and 
antioncogenes to  the o ther (18, 31).

The knowledge of the influence of environm ental carcinogens on the cellular 
genome is, in fact, lim ited only to  the process of protooncogenes activation, and  little 
is know n abou t their influence on the inactivation of antioncogenes. Nevertheless, 
the d ata  collected thus far, help to understand the m echanism  that m ay lead to the 
neoplastic transform ation of cells initiated by environm ental carcinogens. It seems 
likely th a t activation of some protooncogenes and related  qualitative and  quan­
titative changes in oncoproteins, involved in the control of growth and division of 
cells, is a basic mechanism  which is used by environm ental carcinogenes to  evoke 
this transform ation process (1, 25, 33).

Biochemical cellular systems involved in the regulation of grow th and division 
of epithelial cells lining the respiratory pathw ays are linked in  any ways with 
protooncogenes. P rotooncogenes called also cellular oncogenes (cellular — “one”, 
abbr: c-“onc”) are hom ologous with oncogenes acute transform ing viruses (viral
— “one”, abbr: v-“onc”) and  induce neoplasm  in sho rt time. There are many 
observations th a t prove a  critical role of protooncogenes in the cellular physi­
ology. O ne of the m ost im portan t ones is tha t in different periods of growth and 
developm ent of norm al tissues an increased expression of protooncogenes is 
noted, and  this process plays a crucial role in proliferation and  differentiation of cells
(4).

Protooncogenes encoded proteins, the so called oncoproteins, which effect 
various cell functions. The oncoproteins can be divided in to  five groups depending 
on their functions in a cell. The first group comprises proteins with polypeptyde
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properties of grow th factors. These proteins, secreted by cells, can stim ulate the 
grow th of other cells through interaction with specific receptors. The platelet-derived 
growth factor (PD G F) encoded by the c-sis protooncogene can be included, am ong 
others, into this group. The second group contains oncoproteins with properties of 
m em brane receptors for grow th factors. The epiderm al grow th factor (EGF) receptor 
could be identified in this group. The protein com ponent of this receptor, responsible 
for E G F  binding, is encoded by the c-erbB protooncogen. The th ird  group is 
com posed of signal transducing proteins of G T Pase property; p21 proteins encoded 
by the ras oncogenes m ay serve as an example of this group oncoproteins. Protein  
kinases which participate in signal transduction via the phosphorylation of other 
intracellular proteins and which control im portan t biological processes of a cell 
belong to  the fourth group of oncoproteins. P rotein  kinases encoded by such 
protooncogenes as src, fes  or mos can be identified in this group. The fifth group are 
nuclear proteins which bind to  D N A  and influence the expression of o ther genes, 
activating the process of D N A  synthesis and stim ulating the division of cells. In  this 
group proteins encoded by such protooncogenes as myc, myb, fo s  and jun  can be 
found (3, 5).

As appears from the classification presented, oncoproteins play an  im portan t role 
in transferring of the growth signal and any disturbance in their effective functioning 
can lead to the neoplastic transform ation of cells.

The ras and erb B protooncogenes are also of particular interest to  researchers 
involved in investigations of the effect of environm ental carcinogenes on the cellular 
genome. This stems from the assum ption th a t changes in their structure and in their 
protein products are the m ain cause of the neoplastic transform ation of cells of the 
respiratory system induced by chemical carcinogenes.

The H a — ras protooncogen was first identified in a  m an in short arm s of 
chrom osom e 11 and the K i — ras in  short arm s of chrom osom e 12. The ras proteins 
(appropriately encoded protooncogenes) of m olecular weight 21 kd, hence called p21, 
are involved in the intracellular inform ation system transferring m itogenic signals. 
The p21 protein ras which contains G TPase activity is similar in the structure and 
function to  proteins G  involved in the activition process of phos- 
pholipase C (2).

The erb B protooncogene controls the synthesis of m em brane protein being 
a  com ponent of the receptor for EG F. There are three dom ains in this receptor: the 
first one — an extracellular dom ain which binds to  EG F, the second — a transm em ­
brane dom ain and the third one — an intracellular domain. The la tter one shows the 
tyrosine kinase activity and it is involved in the transduction of a mitogenic signal 
(the second transm itter) in condition when the extracellular dom ain is occupied by 
E G F  (12).

The d ata  collected indicate th a t in the process of the neoplastic transform ation of 
cells, the oncoproteins listed above, produce their effect through the action of their 
protein products. T hat can be done either by the increased expression of p ro to ­
oncogene, leading to  an enhanced contents of an  appropriate oncoprotein, or by the 
norm al expression of a m utated  protooncogene. The increased expression of 
protooncogenes m ay be caused by the amplification of the num ber of copies of the 
gene present in the cell or by the introduction into the cell of a gene deregulatory 
sequence which could cause uncontrolled and increased expression. A m utated 
protooncogene (oncogene) undergoes a norm al controlled expression but its protein



350 W. Lutz et al.

product with changed properties produces disturbances in the appropria te  func­
tioning of mechanisms which control growth and division of cells (11, 26, 
27).

Studies perform ed on cell cultures confirmed tha t oncogene protein p roducts are 
responsible for the neoplastic transform ation. M icroinjections of p21 proteins into 
norm al cells containing inactivated ras oncogene produced transient cell trans­
form ation. The cells gradually returned to  phenotypic norm ality as p21 p ro te in  was 
degraded intracellulary. Alternately, when m onoclonal antibody directed against 
activated p21 was introduced through m icroinjections into cells transform ed by the 
ras oncogene, the cells tem porarily returned to a norm al phonotype. B ut the 
degradation of the proteolytic complex: antibody — m utated p21 protein, caused the 
recurrence of neoplastic cells (19).

The da ta  available at present prove that the so called activation of a  single 
protooncogene by both  the increased expression and m utation is not sufficient for 
a  com plete neoplastic transform ation. The changes obtained usually depend on 
producing a phenotype of “im m ortal” cells. Activation of two protooncogenes 
considerably increases the frequency of transform ation (31, 33).

W hen com paring clones of the ras oncogene of neoplastic epithelial cells of the 
respiratory pathways and a corresponding protooncogene from cells of norm al 
epithelium, it was found tha t the change in expression of the gene and the increased 
contents of the protein specific for the oncogene are no t always necessary for the 
neoplastic process. It is likely tha t the changes in the first line structure (sequence of 
nucleotide) of protooncogene and its transform ation into an active oncogene decide 
whether the cell is already neoplastic or n o t . T hat in turn, is linked with the change 
in the first line structure (sequence of amino-acids) of the protein product encoded by 
this gene. New protein of changed properties emerges in cancerous epithelial cells of 
the respiratory pathways (20, 23).

The restrictive analysis of the genome of norm al and cancerous epithelial cells 
indicated that the element responsible for the effect of the neoplastic trans­
form ation is em bodied in the c-H a-ras oncogene 1, in the X m al/K pnl elem ent 350 
nucleotides long, corresponding to the first exon of this encogene. A com par­
ative analysis of the nucleotide sequence of this element with its norm al hom ologue 
detected the transversion of guanine (G) and thymine (T) in the 60th nucleotide. 
In  the consequence, the triplet (12th codon) guanine-guanine-cytosine (GGC) 
encoding glycine is transform ed into the triplet guanine-thymine-cytosine (GTC) 
encoding valine. F urther studies revealed th a t the “activation” of the ras p ro to o n ­
cogene is also linked with other point m utations, am ong others, in the 61st codon 
(25).

As m entioned earlier, the protein synthetised under the control o f the ras 
oncogene and designated p21 protein contains G T Pase activity. It binds G T P  and 
causes its hydrolysis. The o ther activity related to  the G T P  hydrolysis h inders the 
first one. Because of that, the intracellular signal (initiated by the growth facto r after 
its binding to  the cellular receptor) transduced by p21 protein is sometimes 
discontinued. The p21 protein encoded by the c-H a-ras protooncogen 1 is likely to 
function as Gproteins. They become an indirect link which transduce the signal from 
the molecule of epithelial receptor to the efector enzyme — adenyl cyclase. Binding 
of G  protein to  G T P  exerts its activation and stimulates adenyl cyclase. If  G T P  
becomes hydrolysed by p21 protein to G D P , G  proteins return  to  a inactiv-



Oncoproteins as biomarkers o f cancer 351

a ted  form (29). Som e of researchers postulate, however, tha t the phospholipase 
C  — an enzyme activating the degradation of phosphatidylinositol — and  no t 
adenyl cyclase is the efector enzyme for p21 protein (30). In  their opinion, p21 protein 
is a  crucial regulator of the metabolism  in this group of com pounds which play an 
extremely essential role in transducing an  intracellular m itogenic signal from the 
receptor activated by growth factors to  the cellular nuclei (Fig. 1).

Fig. 1. The scheme of intracellftlar transduction  of m itogenic signal induced by epithelial grow th factor 
(EGF) in  epithelial cells o f th e  respiratory  pathways. Stars m ark  the sites where m utated  oncoproteins or 
their high concentrations can  induce the transduction  of m itogenic signal regardless of EGF.
P IP 2  — phosphatidylinositol-4.5-diphosphoran;
IP3 — 1, 4, 5 triphosphoinosito l; DAG — diacyloglycerol.

T he p21 protein a p roduct of m utated c-H a-ras gene can also bind and hydrolyse 
G TP. But the norm al p ro te in  contains G T Pase activity th a t is, a t least, one order of 
m agnitude greater th an  th a t for the activated protein. The fact tha t it is no t able to 
hydrolyse G T P  efficiently is the reason why the m itotic signal, in the presence of the 
changed p21 protein in  the cell, finds itself in some kind of a trap. The endpoint 
p rotein  in which adenyl cyclase or phospholipase C can be found, is constantly 
stim ulated by activated p21 protein. Therefore, a high level of cyclic A M P  o r a high 
rate of phosphatidylinositol degradation was retained. In  consequence, the activity of 
pro tein  kinase which plays a significant role in the process of cell division is 
stim ulated (17, 24).
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It should be noted th a t the presence of the changed ras p21 protein was found 
only in some cancerous epithelial cells isolated from the respiratory pathways. T hat 
indicates the possibility of o ther changes in the genome of cells present in the 
respiratory pathw ays which could be responsible for the neoplastic transform ation. 
F rom  studies carried ou t so far, it is clear tha t oncogene designated as c-erbB-2 
which expresses its transform ation activity through p i 85 protein is also significantly 
involved in the neoplastic transform ation. This p ro tein  shows high hom ology of 
am ino-acid sequence with protein producing a recep to r for the epiderm al grow th 
factor (EGF). Like in the case of ras protooncogenes, activation of c-erbB-2 
protooncogene and its transform ation in to  oncogene can  have the character of point 
m utation. This m utation  causes that protein, which differs from  norm al protein by 
only one am ino-acid at position 664 of the polypeptide chain, appears in the cell. 
This change in the am ino-acid sequence is the reason  why the E G F  link is not 
necessary for transducing the signal of activation of the  intracellular receptor. U nder 
such conditions the cell becomes independent from extracellular E G F  and a mito- 
genic signal activating the cellular proliferation is transduced from m em brane 
receptors to E G F  on a constant basis (24, 37, 32).

The correlation between activation of ras and erbB-2 protooncogenes and point 
m utations of those genes induced by well know n chemical carcinogenes such as 
polycyclic arom atic hydrocarbons (PAH), nitrosoam ines or arom atic amines proved 
to  be an  extremely im portan t observation from the point of view of occupational 
medicine and environm ental health (6, 7, 10). The division of cell uncontrolled by 
external factors seems to be one of the m ost significant consequences of changes in 
the cell genome induced by those carcinogenes.

A new concept of m onitoring activated protooncogenes and related occurrence of 
increased am ounts or changed oncoproteins in cells, in easily available biological 
fluids such as blood and urine, is of great value for environm ental and occupational 
carcinogenesis. It provided new diagnostic m ethods in  the assessment of carcinogenic 
effects of the occupational environm ent and hum an habitation  places. Knowledge of 
the fact that oncoproteins can appear in biological fluids long before (many m onths 
or even years) clinical sym ptom s of lung tum ors occur, provides new opportunities 
for taking m ore effective preventive measures (8, 16, 28).

O bservations m ade during experiments in cell cultures which clearly indicate tha t 
increased am ount of oncoproteins in cells is associated with their enhanced transfer 
to  the extracellular fluid became a basis for m easuring of oncoproteins in biological 
fluids (15). Similarly, the presence of changed oncoproteins in cells is reflected in the 
extracellular fluid which also contains small am oun ts of the  protein (16).

Initial observations m ade in persons with clinical symptoms of lung cancer 
revealed the presence of increased am ounts of oncoproteins o r their m utated  forms 
in plasma. It was also observed that increased am ounts of oncoproteins retained in 
plasm a after surgical treatm ent of lung cancer indicate the recurrence of m alignant 
disease. It was confirmed as well tha t in a considerable proportion  of persons 
w ithout clinical sym ptom s of neoplasm  but with oncoproteins present in plasm a or 
excreted with urine the neoplastic disease was detected several m onths or even years 
later (8, 13).

The m easurem ents of oncoproteins in plasm a o r urine in order to  assess the risk 
of m alignant disease of the respiratory pathw ays under conditions of occupa­
tional or environm ental exposure to chemical carcinogenes have som e lim itations
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associated with high cost of one m easurem ent which requires highly specific 
m onoclonal antibodies. Nevertheless, a num ber of works have been already 
published in which the authors try to  prove the usefulness of those m easurem ents in 
the prevention of respiratory neoplasms.

The m easurem ent of oncoproteins in saliva — m aterial very easily available
— has been carried out i.a. in persons occupationally exposed to  asbestos and  in 
smokers, in other words in groups of high risk of lung cancer. The level of ras 
oncoprotein p21 was m easured in saliva cells. In  some persons p21 test was positive, 
however, they did no t show any clinical sym ptom s of the respiratory neoplasm  
(8).

Very interesting studies on the m easurem ent of oncoproteins in blood serum  as 
a b iom arker of early neoplastic changes were carried ou t by B randt-R auf et al. in 
1990 (14). The au thors examined 18 workers employed in a foundry and exposed to 
polycyclic arom atic hydrocarbons (PAH) (including benzo(a) pyrene) — well know n 
occupational carcinogenes, in view of the presence of oncoproteins in blood serum. 
A high level of PA H  adducts from D N A  had been earlier found in the peripheral 
b lood lymphocytes of those persons. This confirmed tha t those workers belonged to 
the group of a particularly high risk of m alignant disease. The studies showed, 
am ong others, the presence of fe s  oncoproteins in the blood serum of a w orker 
em ployed in the system of an eight-hour shift under condition of exposure to  
benzo(a) pyrene in concentration in am bient air exceeding 0.2 (xg/m3. In  the serum  of 
ano ther w orker also employed in a foundry and exposed to slightly higher 
concentrations of benzo(a)pyrene (0.05—0.2 (ig/m3) fes  and ras oncoproteins were 
detected. The level of adducts in lymphocytes of these two workers was doubled in 
com parison with workers whose blood serum was free from oncoproteins. It should 
be stressed tha t according to  data  presented by the authors none of those workers 
showed clinical sym ptoms of neoplasm  of the respiratory pathways or o ther organs.

A nother study was perform ed in persons working in fire brigades and involved in 
anti-fire campaigns in chemical plants. O ut of 33 persons covered by the study, 
oncoproteins, corresponding in their properties with (3-transforming growth factor, 
were found in blood serum of 14 workers. It is w orth m entioning tha t in none of 
controls non-occupationally exposed to  chemical carcinogenes the presence of these 
oncoproteins were detected (8).

A similarly high per cent of persons with oncoproteins present in their blood 
serum  was found in those exposed to  polychlorinated biphenyles (PCBs) (9). This 
group was consisted of 16 workers involved in purification of transform er oil. The 
presence of fe s  oncoproteins was detected in six persons. It should be em phasized 
th a t all of them  were smokers. In  one of them  ras oncoproteins and in another sis 
oncoproetins were found. M oreover, in two workers free from fes  oncoproteins, 
the presence of ras oncoproteins was detected. The highest blood level of PCBs 
was found in the worker with fes  and ras oncoproteins detected in his blood 
serum.

D a ta  presented by B randt-R auf (8) on the significance of oncoprotein expression 
in the prognosis of m alignant disease proved to  be interesting. Studies were 
perform ed on samples of blood serum collected from 46 workers exposed to asbestos 
and silica. The samples were kept in the blood bank. F ourteen workers developed 
cancer from the time of blood collection (including 9 cases of the respiratory 
neoplasm). Usually, there was a period of 14 m onths between the blood collection
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and its preservation in the blood bank, and the developm ent of cancer. In  the g ro u p  
of nine persons with lung cancer in as m any as seven the presence of, a t least, one 
oncoprotein was detected in blood serum collected earlier. O ne can draw  a co n ­
clusion that the detection of increased expression of oncogene or its m u ta ­
tion through the m easurem ent of oncoproteins in blood serum can be a useful 
biom arker in assessing the risk of cancer of the respiratory pathways (or o th er 
organs and tissues) in populations exposed to  occupational and environm ental 
carcinogens.
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