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Abstract. B iom arkers of early health  effects represent the interm ediate stages of the carcinogenesis 
process, between the  in itiation  and  conversion stage and the clinically overt neoplastic disease. The 
cellular processes indicated by those m arkers correspond, therefore, to  the prom otion  process. 
Detection of those cellular processes is extremely im portan t, as the p rom otion  process lasts for m any 
years and  bears sorpe signs of being reversible.

The p rom otion  process, consisting of a  range of consecutive cellular changes involves, am ong 
others, activation o f p ro tooncogens and their transform ation in to  oncogens, and inactivation of the 
suppressor genes. Therefore, the possibility of observing the trends of those changes by m onitoring 
protein p roducts o f the  oncogens and suppressor genes in the easily available m aterial (blood, urine) 
is very useful.

Inhib ition  o f intercellular com m unication seems to  play an  extremely im portan t role in the 
complex m echanism  of transform ation of a  norm al cell in to  a  neoplastic one. D uring  the 
carcinogenic process p rom otion  stage, the inhib ition  is associated with the proteins which form the 
intercellular ju n c tio n s and participate in cellular adhesion. T h at group  of proteins includes 
carcinoem brional antigen  (CEA) and tissue polypeptide antigen (TPA), the tu m o u r antigens which 
have been know n fo r years. The possible re lationship between increased T PA  and CEA concentra­
tions is supported  n o t only by the da ta  from the oncology bu t also by the d a ta  from  the studies on 
populations exposed to  agents know n to  increase the risk of neoplastic disease.

The continuing chemicalization of hum an life associated with the developm ent 
of civilization is responsible for a steady increase in health risks due to  chemical 
pollution of the environm ent. Large quantities of industrial and household chemical 
wastes are deposited (often in an  uncontrolled m anner) in the vicinity of hum an 
habitation places. Toxic chemicals perm eating the soil, water, or air pose a real 
th rea t to the people living in the polluted areas. In  the m ajority of cases, the effects 
of exposure to environm ental pollutants take the form of prolonged exposure to
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such concentrations of the pollu tants which do no t result in acute forms of diseases. 
The m ajority of these effects, however, lead to  som e biological changes in the 
organism s of the exposed people, and often contribu te  to increased incidence of 
chronic diseases. As no overt clinical m anifestations a re  evident, the only way to 
detect m inute pathological changes resulting from prolonged exposure to  environ­
m ental chemicals is by detecting them on the cellular level, or in the cellular 
m etabolism  products present in the biological fluids available for testing.

The idea of biom arkers (11, 12, 13, 18, 32) has becom e very useful in  detecting 
the adverse effects of environm ental pollution on the hum an organism and taking 
suitable preventive measures. The concept of a b iom arker is associated with 
laboratory  test of physiological fluids or cells from  a  person exposed to toxic 
chemicals: the result of the test, expressed in biochem ical 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 hum an organism . The concept of a bio­
m arker also covers an  estim ate 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 
environm ental toxic factors has become possible. T he measurements performed 
directly on the m aterial taken from  exposed people m akes it possible to  eliminate 
speculation from the estim ations of the associated health  risks. This has been m ade 
possible because the effects of toxic chemicals are not related  to their concentrations 
in the polluted environm ent bu t to  the quantities of the chemicals which have 
perm eated the relevant tissues and organs, causing specified toxic effects.

The concept of biom arkers also made it possible to  eliminate errors resulting 
from separately assessing the effects of occupational and  communal environm ent 
pollution in a studied person. The risk to which one single person is exposed may be 
attribu tab le bo th  to  the toxic pollutants present in the occupational and com m unal 
environm ent, as well as to  the lifestyle factors, such as tobacco smoking, alcohol 
drinking and dietetic habits. The concept of biom arkers tends to highlight the 
assessment of health  condition, or possible risks to  hea lth  condition, ra ther than the 
assessment of the conditions of external chemical pollu tion  (22).

At present it seems tha t the assessment of chemical exposure of the individual 
people living in a specified environm ent is m ore essential than  the assessment of the 
chemical contam ination present in th a t environm ent. The assessment can be 
perform ed either by estim ating the quantity of the absorbed  toxic agent with the aid 
of the so-called exposure biom arkers, or by assessing biochem ical changes occurring 
in the cells of the exposed organism  with the aid o f the so-called health effect 
biom arkers.

In  evaluating the adverse effects of chemically polluted environm ent on the 
hum an organism , m ost research concentrates on finding biomarkers of the car­
cinogenic process. The research refers bo th  to the search for the exposure and the 
health effect biom arkers. In  the latter case, p articu lar attention is paid to the 
b iom arkers of early stages of carcinogenesis. It is in tended to find such biom arkers 
which w ould m ake it possible to  detect those stages of the carcinogenesis which 
occur m any 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 know n th a t the process involves m any 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, prom otion, conversion and 
progression. D uring the first (initiation) stage, D N A  is dam aged as a result of 
exposing cells to carcinogenic agents. This change is hereditary and it is transferred 
to  descendant cells. In  the next (prom otion) stage, num erous agents are involved, 
which do no t necessarily lead to  further direct changes in the genetic m aterial of the 
cell, bu t by acting ra ther 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 form ation of cancer cells when no t followed by the stage of 
prom otion. O n the o ther lian d , in order th a t the prom otion stage could occur in the 
process of carcinogenesis, it m ust be preceded by the initiation process. The 
prom oting agents can be described as those which display no, or very little, 
carcinogenic activity when they occur alone. W hen they are, however, com bined with 
agents causing genetic changes in the cells (initiating agents), they rem arkably 
enhance their m utagenic properties. D uring the stage of the carcinogenesis con­
version process, the benign forms of cancer are transform ed into m alignant ones. 
N ow  it seems th a t this stage requires some phenom ena to  occur which cause changes 
in the DNA. Thus, bo th  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 D N A  structure. Progression, the final stage of the carcinogenesis 
process, leads to the developm ent of the clinically detectable form of cancer.

Each of the above stages of the carcinogenesis process can be m onitored with 
the aid of suitable biom arkers. The initiation stage, although short-lasting, can be 
relatively easily m onitored by employing currently available biochemical techniques 
(e.g. carcinogen adducts with DN A  or proteins) or cytogenetic (chrom osom e 
aberrations, sister chrom atid exchange, presence of micronuclei). F o r example, the 
form ation of the carcinogen/D N A  adducts is detectable with the sensitivity of
1 adduct per 106 to  1010 D N A  nucleotides (19). The new possibilities in detecting 
D N A  structure changes attributable to  the carcinogenesis initiation process have 
been opened up by the PC R  (Polymerase C hain Reaction) techniques.

The inform ation supplied by the biom arkers in evaluating the process of 
initiation, unfortunately, plays a limited role in cancer prevention. A lthough it makes 
it possible to  dem onstrate th a t carcinogens genotoxically affect the cells of the 
exposed people in the chemically polluted environm ent but, because the intitiation 
process is very short-lasting and  practically irreversible, detection of the initiation 
process does n o t offer any opportun ity  for effective intervention (2).

The bom arkers of early health effects are essential in the prevention of the 
neoplastic disease induced by environm ental carcinogenic agents. They provide 
inform ation which is supplem entary to  th a t obtained by using the exposure 
biom arkers. F rom  the da ta  obtained by assessment of those biom arkers it can be 
concluded whether the exposure to  environm ental carcinogenic factors has triggered 
cellular mechanisms capable of causing neoplastic transform ation. The biom arkers 
of early health effects represent the interm ediate 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 biom arkers of early health effects 
correspond to  the p rom otion  stage. D etecting those processes is extremely im­
portan t, as the prom otion  process lasts m any years and seems to  be reversible. 
Therefore, some preventive steps can be taken in order to prevent developm ent of 
cancer (25). The biom arkers of early health  effects, from this po int on, referred to
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as prom otion  biom arkers, can be used n o t only to  detect the early stages of 
the carcinogenesis process, but also to  determ ine the efficiency of preventive steps 
taken (25).

As stated earlier, the prom otion  process, involving a num ber of consecutive 
cellular changes, does no t require participation of genotoxic substances. The cellu lar 
changes, which involve activation of proto-oncogenes and their transform ation in to  
oncogenes, as well as deactivation of the suppressor genes, seem to play a d o m in an t 
role in tha t 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 m aterial (blood serum, urine) has proved to  be extrem ely 
useful (6). Currently, a num ber of studies have been published which attem pt to  
correlate exposure to  chemical carcinogens with changes of concentration of som e 
oncogenic proteins in blood serum (e.g. under conditions of exposure to polycyclic 
arom atic hydrocarbons, polychlorinated biphenyls, asbestos, or silica) (7, 8, 9).

The changes which lead to  proto-oncogene activation and suppressor gene 
deactivation are no t the only changes which lead to  the neoplastic transform ation. 
I t seems, however, tha t the form er correspond to  the earliest stage of the p ro m o ­
tion (6, 30).

Inhibition  of intercellular com m unication by inhibiting specific intercellular 
junctions seems to  be extremely im portan t in the complex m echanism of the 
transform ation of a norm al cell into a neoplastic one (34). Studies on forbol esters 
have indicated th a t their ability to  prom ote the carcinogenesis (cell canceration) is 
revealed by interaction with proteins responsible for the form ation of intercellular 
junctions and cell adhesion (31). It seems interesting to  note here th a t the 
carcinoem bryonic antigen, a neoplastic m arker know n in the oncology for m any  
years, acts as a protein responsible for intercellular adhesion (3, 23). The carc ino ­
em bryonic antigen (CEA) belongs to the im m unoglobulin super-family w hich 
includes also e.g. the well-known adhesive protein  of nervous cells. It is thought th a t 
the changes in the num ber of the sialic acid included in the saccharic com ponent of 
the glycoproteins (to which CEA and neuronal adhesive protein belong) are 
correlated with the loss of the adhesive properties of those proteins (28). W hen 
evaluating the role of CEA a s ' a b iom arker of the prom otion stage w ithin the 
neoplastic process, a ttention should be paid to  the fact that the genes for coding th a t 
protein are located in chrom osom e 19, in the vicinity of the genes which code the 
beta grow th transform ing agent, o r the protein kinase C (15, 35). The possible 
relationship between elevated CEA concentration in the serum and the carcinogenic 
process is supported  no t only by observations in the oncology clinics, bu t also by the 
d a ta  from studies on populations which do no t display clinically overt signs of 
cancer process. In  the latter case, elevated CEA concentrations in blood serum  are 
found in people characterized by the occurrence of the agents which are know n to 
increase the risk of neoplastic disease, such as age, tobacco smoking, alcohol 
drinking, occupational exposure to  pollu tants (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 au thors have dem onstrated th a t 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  am ong the people 
with norm al CEA values.
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A num ber of studies have confirmed th a t staying in an environm ent 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 com m unal and in the occupational environm ents. Thus, Schlipkóter et al. (29) 
observed higher values of CEA concentrations in non-sm oker males residing close to  
industrial p lan ts as com pared with those non-sm oker males who resided a t some 
distance from  the industrial region. Pluygers et al. (24) presented da ta  on the 
behaviour o f 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 au thors who attem pted using the assessments 
of CEA in b lood serum to assess the risk of occupational cancer. They reported tha t 
in as m uch as 48%  of the studied population working under conditions of 
occupational exposure to  vinyl chloride, increased values of CEA concentration had 
been detected. D uring the study, overt clinical sym ptoms of neoplastic disease were 
not detected in any of the studied people. Those observations were then confirmed 
by A nderson et al. (1), who performed a similar study on a group of 1115 factory 
workers exposed to vinyl chloride in a vinyl chloride polym erization plant. Elevated 
values of C EA  concentration were also found to  occur in people occupationally 
exposed to  asbestos dust (Jarvisalo et al.) (17). D uring the XXII In ternational 
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 m arker assessments, including CEA, to determ ine the risk of neoplastic 
disease in  employees (subdivided into non-sm okers and smokers) of three chemical 
plants (the type of the chemical exposure was no t specified). Evidently the highest 
percentage of people with CEA concentration above the cut-off (53.3%) was detected 
in the g roup  of exposed smokers. Therefore, it can be concluded th a t tobacco 
smoking under conditions of occupational exposure to  potentially carcinogenic 
chemicals increases the risk of incidence of neoplastic disease by m any times.

In 1991 Pluygers et al. (25) presented da ta  suggesting tha t the assessment of 
CEA concentration in blood serum, in com bination with several o ther neoplastic 
markers (TPA, ferritin, hyalouronic acid) m ay be used for evaluating the risk of 
neoplastic disease in people occupationally exposed to  asbestos dusts. The authors 
report th a t assessment of CEA concentration (and of o ther m arkers quoted above) 
can be helpful in evaluating the effectiveness of preventive procedures aim ed at 
reducing the risk of incidence of asbestos-induced cancer.

The observations m ade heretofore indicate, however, th a t 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 tha t the assessment of CEA concentration 
should be accom panied by the assessment of another neoplastic m arker, tissue 
polypeptide antigen (TPA), know n for some years already in clinical oncology (10). 
TPA a pro tein  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 know n as 
cadherins, partic ipating in cell-cell intercellular interactions. According to  Pluygers 
et al. (25), assessm ent of blood serum TPA  concentration as a m arker of neoplastic
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disease risk is particularly useful under the conditions o f exposure to  those 
carcinogenic chemicals which display their genotoxic and m utagenic properties by 
forming highly active free radicals. A study by Lutz and K rajew ska (20) has revealed 
th a t under conditions of exposure to  carcinogenic arom atic amines, assessments of 
TPA  concentration in blood serum perform ed to  evaluate the risk  of bladder cancer 
is m ore useful than  th a t of CEA. Somewhat earlier K um ar et al. (quoted in 21) 
dem onstrated tha t TPA  can be used as a biom arker of early b ladder epithelium cell 
changes, which can, but do not necessarily lead to  neoplastic transform ation.

The two discussed neoplastic biom arkers, CEA and TPA , are not the only 
m arkers which can be used for early detection of neoplastic disease risk. N ever­
theless, a t the current state of our knowledge on neoplastic m arkers, it can be said 
th a t CEA and TPA  are universal biom arkers which com plem ent each other and 
should be assessed simultaneously. Assessment of TPA  and CEA  concentration in 
blood serum  can be supplem ented by assessment of those neoplastic m arkers which 
are specific to  a given exposure to  chemical carcinogens or to  the  type of neoplastic 
disease they can induce. F o r example, under conditions of exposure to asbestos 
dusts, assessment of ferritin and hyalouronic acid is recom m ended in addition to 
assessing CEA and TPA  concentration.

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