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Abstract. Biomarkers of early health effects represent the intermediate stages of the carcinogenesis
process, between the initiation and conversion stage and the clinically overt neoplastic disease. The
cellular processes indicated by those markers correspond, therefore, to the promotion process.
Detection of those cellular processes is extremely important, as the promotion process lasts for many
years and bears sompe signs of being reversible.

The promotion process, consisting of a range of consecutive cellular changes involves, among
others, activation of protooncogens and their transformation into oncogens, and inactivation of the
suppressor genes. Therefore, the possibility of observing the trends of those changes by monitoring
protein products of the oncogens and suppressor genes in the easily available material (blood, urine)
is very useful.

Inhibition of intercellular communication seems to play an extremely important role in the
complex mechanism of transformation of a normal cell into a neoplastic one. During the
carcinogenic process promotion stage, the inhibition is associated with the proteins which form the
intercellular junctions and participate in cellular adhesion. That group of proteins includes
carcinoembrional antigen (CEA) and tissue polypeptide antigen (TPA), the tumour antigens which
have been known for years. The possible relationship between increased TPA and CEA concentra-
tions is supported not only by the data from the oncology but also by the data from the studies on
populations exposed to agents known to increase the risk of neoplastic disease.

The continuing chemicalization of human life associated with the development
of civilization is responsible for a steady increase in health risks due to chemical
pollution of the environment. Large quantities of industrial and household chemical
wastes are deposited (often in an uncontrolled manner) in the vicinity of human
habitation places. Toxic chemicals permeating the soil, water, or air pose a real
threat to the people living in the polluted areas. In the majority of cases, the effects
of exposure to environmental pollutants take the form of prolonged exposure to
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such concentrations of the pollutants which do not result in acute forms of diseases.
The majority of these effects, however, lead to some biological changes in the
organisms of the exposed people, and often contribute to increased incidence of
chronic diseases. As no overt clinical manifestations are evident, the only way to
detect minute pathological changes resulting from prolonged exposure to environ-
mental chemicals is by detecting them on the cellular level, or in the cellular
metabolism products present in the biological fluids available for testing.

The idea of biomarkers (11, 12, 13, 18, 32) has become very useful in detecting
the adverse effects of environmental pollution on the human organism and taking
suitable preventive measures. The concept of a biomarker is associated with
laboratory test of physiological fluids or cells from a person exposed to toxic
chemicals: the result of the test, expressed in biochemical or cellular terms, points
either to the presence or content of the toxic chemical agent, or to adverse health
effects caused by the chemical agent in the human organism. The concept of a bio-
marker also covers an estimate of the individual susceptibility to harmful agents (12).
By integrating the concepts of exposure, health effect, and individual sensitivity,
enhanced analysis of the complex problem of health risk in a person exposed to
environmental toxic factors has become possible. The measurements performed
directly on the material taken from exposed people makes it possible to eliminate
speculation from the estimations of the associated health risks. This has been made
possible because the effects of toxic chemicals are not related to their concentrations
in the polluted environment but to the quantities of the chemicals which have
permeated the relevant tissues and organs, causing specified toxic effects.

The concept of biomarkers also made it possible to eliminate errors resulting
from separately assessing the effects of occupational and communal environment
pollution in a studied person. The risk to which one single person is exposed may be
attributable both to the toxic pollutants present in the occupational and communal
environment, as well as to the lifestyle factors, such as tobacco smoking, alcohol
drinking and dietetic habits. The concept of biomarkers tends to highlight the
assessment of health condition, or possible risks to health condition, rather than the
assessment of the conditions of external chemical pollution (22).

At present it seems that the assessment of chemical exposure of the individual
people living in a specified environment is more essential than the assessment of the
chemical contamination present in that environment. The assessment can be
performed either by estimating the quantity of the absorbed toxic agent with the aid
of the so-called exposure biomarkers, or by assessing biochemical changes occurring
in the cells of the exposed organism with the aid of the so-called health effect
biomarkers.

In evaluating the adverse effects of chemically polluted environment on the
human organism, most research concentrates on finding biomarkers of the car-
cinogenic process. The research refers both to the search for the exposure and the
health effect biomarkers. In the latter case, particular attention is paid to the
biomarkers of early stages of carcinogenesis. It is intended to find such biomarkers
which would make it possible to detect those stages of the carcinogenesis which
occur many years in advance of clinically overt cancer forms (16).

The principal stages of the carcinogenic process have already been studied in
some detail, and it is known that the process involves many stages, including both
cellular genetic as well as epigenetic changes (5, 33). The following stages can be
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distinguished in the carcinogenic process: initiaton, promotion, conversion and
progression. During the first (initiation) stage, DNA is damaged as a result of
exposing cells to carcinogenic agents. This change is hereditary and it is transferred
to descendant cells. In the next (promotion) stage, numerous agents are involved,
which do not necessarily lead to further direct changes in the genetic material of the
cell, but by acting rather as gene activators and changing the phenotype of the
initiated cells, cause selective and clonal cell expansion. The initiation process itself
seldom leads to the formation of cancer cells when not followed by the stage of
promotion. On the other’hand, in order that the promotion stage could occur in the
process of carcinogenesis, it must be preceded by the initiation process. The
promoting agents can be described as those which display no, or very little,
carcinogenic activity when they occur alone. When they are, however, combined with
agents causing genetic changes in the cells (initiating agents), they remarkably
enhance their mutagenic properties. During the stage of the carcinogenesis con-
version process, the benign forms of cancer are transformed into malignant ones.
Now it seems that this stage requires some phenomena to occur which cause changes
in the DNA. Thus, both the initiation and the third (one before the last) stage of the
carcinogenesis process require participation of chemical (or physical) agents which
produce changes in DNA structure. Progression, the final stage of the carcinogenesis
process, leads to the development of the clinically detectable form of cancer.

Each of the above stages of the carcinogenesis process can be monitored with
the aid of suitable biomarkers. The initiation stage, although short-lasting, can be
relatively easily monitored by employing currently available biochemical techniques
‘(e.g. carcinogen adducts with DNA or proteins) or cytogenetic (chromosome
aberrations, sister chromatid exchange, presence of micronuclei). For example, the
formation of the carcinogen/DNA adducts is detectable with the sensitivity of
1 adduct per 10° to 10'° DNA nucleotides (19). The new possibilities in detecting
DNA structure changes attributable to the carcinogenesis initiation process have:
been opened up by the PCR (Polymerase Chain Reaction) techniques.

The information supplied by the biomarkers in evaluating the process of
initiation, unfortunately, plays a limited role in cancer prevention. Although it makes
it possible to demonstrate that carcinogens genotoxically affect the cells of the
exposed people in the chemically polluted environment but, because the intitiation
process is very short-lasting and practically irreversible, detection of the initiation
process does not offer any opportunity for effective intervention (2).

The bomarkers of early health effects are essential in the prevention of the
neoplastic disease induced by environmental carcinogenic agents. They provide
information which is supplementary to that obtained by using the exposure
biomarkers. From the data obtained by assessment of those biomarkers it can be
concluded whether the exposure to environmental carcinogenic factors has triggered
cellular mechanisms capable of causing neoplastic transformation. The biomarkers
of early health effects represent the intermediate stages of the carcinogenesis process,
between the initiation and the conversion, and the clinically overt stages. Thus, the
cellular processes capable of being indicated by the biomarkers of early health effects -
correspond to the promotion stage. Detecting those processes is extremely im-
portant, as the promotion process lasts many years and seems to be reversible.
Therefore, some preventive steps can be taken in order to prevent development of

cancer (25). The biomarkers of early health effects, from this point on, referred to
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as promotion biomarkers, can be used not only to detect the early stages of
the carcinogenesis process, but also to determine the efficiency of preventive steps
taken (25).

As stated earlier, the promotion process, involving a number of consecutive
cellular changes, does not require participation of genotoxic substances. The cellular
changes, which involve activation of proto-oncogenes and their transformation into
oncogenes, as well as deactivation of the suppressor genes, seem to play a dominant
role in that stage. Therefore, the possibility of observing the trend of those changes
through assessment of protein products of the oncogenes and suppressor genes in the
easily obtainable biological material (blood serum, urine) has proved to be extremely
useful (6). Currently, a number of studies have been published which attempt to
correlate exposure to chemical carcinogens with changes of concentration of some
oncogenic proteins in blood serum (e.g. under conditions of exposure to polycyclic
aromatic hydrocarbons, polychlorinated biphenyls, asbestos, or silica) (7, 8, 9).

The changes which lead to proto-oncogene activation and suppressor gene
deactivation are not the only changes which lead to the neoplastic transformation.
It seems, however, that the former correspond to the earliest stage of the promo-
tion (6, 30).

Inhibition of intercellular communication by inhibiting specific intercellular
junctions seems to be extremely important in the complex mechanism of the
transformation of a normal cell into a neoplastic one (34). Studies on forbol esters
have indicated that their ability to promote the carcinogenesis (cell canceration) is
revealed by interaction with proteins responsible for the formation of intercellular
junctions and cell adhesion (31). It seems interesting to note here that the
carcinoembryonic antigen, a neoplastic marker known in the oncology for many
years, acts as a protein responsible for intercellular adhesion (3, 23). The. carcino-
embryonic antigen (CEA) belongs to the immunoglobulin super-family which
includes also e.g. the well-known adhesive protein of nervous cells. It is thought that
the changes in the number of the sialic acid included in the saccharic component of
the glycoproteins (to which CEA and neuronal adhesive protein belong) are
correlated with the loss of the adhesive properties of those proteins (28). When
evaluating the role of CEA as'a biomarker of the promotion stage within the
neoplastic process, attention should be paid to the fact that the genes for coding that
protein are located in chromosome 19, in the vicinity of the genes which code the
beta growth transforming agent, or the protein kinase C (15, 35). The possible
relationship between elevated CEA concentration in the serum and the carcinogenic
process is supported not only by observations in the oncology clinics, but also by the
data from studies on populations which do not display clinically overt signs of
cancer process. In the latter case, elevated CEA concentrations in blood serum are
found in people characterized by the occurience of the agents which are known to
increase the risk of neoplastic disease, such as age, tobacco smoking, alcohol
drinking, occupational exposure to pollutants (14).

Studies published in 1986 by Pluygers et al. (26), which involved a large (2000)
population of people said to be clinically healthy, have supported those suggestions.
The authors have demonstrated that during a 5-year observation, the incidence of
cancer in the people in whom elevated values of CEA concentration in blood serum
. were found during the screening tests was ten times higher than among the people
with normal CEA values.
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A number of studies have confirmed that staying in an environment containing
toxic chemical substances (not necessarily considered to be carcinogenic) contributes
to increasing the frequency of occurrence of elevated CEA concentrations in the
blood serum of the exposed people. This refers both to chemical pollutants present in
the communal and in the occupational environments. Thus, Schlipkdter et al. (29)
observed higher values of CEA concentrations in non-smoker males residing close to
industrial plants as compared with those non-smoker males who resided at some
distance from the industrial region. Pluygers et al. (24) presented data on the °
behaviour of CEA concentrations (simultaneously, TPA concentrations were also
determined) in people residing in close vicinity to refuse dumps. According to those
workers, 10.3% of the tested population had elevated values of CEA concentration.

Page et al. (4) were one of the first authors who attempted using the assessments
of CEA in blood serum to assess the risk of occupational cancer. They reported that
in as much as 48% of the studied population working under conditions of
occupational exposure to vinyl chloride, increased values of CEA concentration had
been detected. During the study, overt clinical symptoms of neoplastic disease were
not detected in any of the studied people. Those observations were then confirmed
by Anderson et al. (1), who performed a similar study on a group of 1115 factory
workers exposed to vinyl chloride in a vinyl chloride polymerization plant. Elevated
values of CEA concentration were also found to occur in people occupationally
exposed to asbestos dust (Jarvisalo et al) (17). During the XXII International
Congress on occupational medicine in the chemical industry held in 1987 in Sydney,
Australia, Pluygers et al. (27) presented interesting reports on the application of
neoplastic marker assessments, including CEA, to determine the risk of neoplastic
disease in employees (subdivided into non-smokers and smokers) of three chemical
plants (the type of the chemical exposure was not specified). Evidently the highest
percentage of people with CEA concentration above the cut-off (53.3%) was detected
in the group of exposed smokers. Therefore, it can be concluded that tobacco
smoking under conditions of occupational exposure to potentially carcinogenic
chemicals increases the risk of incidence of neoplastic disease by many times.

In 1991 Pluygers et al. (25) presented data suggesting that the assessment of
CEA concentration in blood serum, in combination with several other neoplastic
markers (TPA, ferritin, hyalouronic acid) may be used for evaluating the risk of
neoplastic disease in people occupationally exposed to asbestos dusts. The authors
report that assessment of CEA concentration (and of other markers quoted above)
can be helpful in evaluating the effectiveness of preventive procedures aimed at
reducing the risk of incidence of asbestos-induced cancer.

The observations made heretofore indicate, however, that the use of assessment
of CEA concentration in blood serum as an indicator of the risk of neoplastic disease
cannot serve as a universal test for various exposures to chemical carcinogens and
for various cancer types. It is thought that the assessment of CEA concentration
should be accompanied by the assessment of another neoplastic marker, tissue
polypeptide antigen (TPA), known for some years already in clinical oncology (10).
TPA a protein of the cellular cytoskeleton, is recognized by antibodies to
cytokeratins (8, 18, 19) and is a constituent of protein intercellular junctions.
Functionally, TPA is related to the family of the adhesive proteins known as
cadherins, participating in cell-cell intercellular interactions. According to Pluygers
et al. (25), assessment of blood serum TPA concentration as a marker of neoplastic
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disease risk is particularly useful under the conditions of exposure to those
carcinogenic chemicals which display their genotoxic and mutagenic properties by
forming highly active free radicals. A study by Lutz and Krajewska (20) has revealed
that under conditions of exposure to carcinogenic aromatic amines, assessments of
TPA concentration in blood serum performed to evaluate the risk of bladder cancer
is more useful than that of CEA. Somewhat earlier Kumar et al. (quoted in 21)
“demonstrated that TPA can be used as a biomarker of early bladder epithelium cell
changes, which can, but do not necessarily lead to neoplastic transformation.

The two discussed neoplastic biomarkers, CEA and TPA, are not the only
markers which can be used for early detection of neoplastic disease risk. Never-
theless, at the current state of our knowledge on neoplastic markers, it can be said
that CEA and TPA are universal biomarkers which complement each other and
should be assessed simultaneously. Assessment of TPA and CEA concentration in
blood serum can be supplemented by assessment of those neoplastic markers which
are specific to a given exposure to chemical carcinogens or to the type of neoplastic
disease they can induce. For example, under conditions of exposure to asbestos
dusts, assessment of ferritin and hyalouronic acid is recommended in addition to
assessing CEA and TPA concentration.

To sum up, it can be stated that assessment of some neoplastic markers
(oncogenic proteins, TPA or CEA) in easily accessible biological material (blood
serum) opens up new diagnostic possibilities for early detection of the risk of
neoplastic disease under conditions of environmental and occupational exposure to
carcinogenic chemicals. '
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