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Abstract. The authors present a review of literature showing that the variations in xenobiotic
oxidation phenotype, in the presence of cytochromes P-450, may be responsible, to a certain
extent, for the varied individual susceptibility to neoplasm induced by chemical carcinogens.
The evidence collected revealed that in the human population, one may distinguish
individuals with high cytochrome activity and those in whom this reaction is low or even
absent.

The search for the pharmacogenetic relationship between the oxidative
metabolism of xenobiotics and neoplasm runs in two directions: that of
defining a metabolic polymorphism accompanied by transciptional activation
of cytochrome P-450 genes and that of defining a constitutive. expression of
these genes. The assessment of the first polymorphism is most frequently done
through a direct measurement of aromatic hydrocarbons hydroxylase activity
in lymphocytes, or through an indirect measurement of its activity by adopting
antipyrine as a marker drug. The definition of the other type of polymorphism
is mostly based on the debrisoquine hydroxylation rate. However, attention
should be drawn to the fact that the oxidation phenotype may play a signifi-
cant part in the individual susceptibility to neoplasm induced by chemical
carcinogens: other genetic predispositions (i.e. acetylation phenotypes) con-
siderably affect the individual risk of cancer.

Not long ago it was thought that the carcinogenity of chemical com-
pounds encountered by human beings could be attributed to their chemical
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structure: Currently it is being associated not only with the chemical
compounds’ structure but also with their genetically determined metabolism in
cells. Depending on which metabolic pathways dominate in the metabolism of
a given compound, its carcinogenic properties may or may not emerge.
A number of chemical compounds must be activated through an oxydative
metabolism in the presence of cytochromes P-450 to become carcinogenic (23,
33).

Cytochromes P-450 are hemoproteins which catalyze molecular oxygen
activation and are responsible for the penetration of the oxygen activated into
molecules of varied chemical structures. This refers both to compounds
synthesized by cells and to those derived from the environment. The majority
of cytochromes P-450 isolated from human and animal tissues participate in
oxydative processes of thousands of exogenic chemical compounds which
penetrate organisms from the external environment ie. environmental pollu-
tion, industrial chemical substances, substances present in natural food
products and also in some drugs (5).

Information for the synthesis of a highly differentiated group of cyto-
chromes P-450 is coded in genes which define the aminoacid sequence of their
apoprotein. According to the level of similarity in DNA nucleotide sequence,
genes encoding various apoproteins of cytochromes P-450 in mammals’ cells,
were categorized into eight gene families. Sub-families comprising 1—10 genes
were then distingushed. All together they constitute one multigenetic super-
-family of cytochromes P-450. Gene families of cytochromes P-450 as well as
some sub-families are distributed in various chromosomes. Probably they have
been developed from one original gene through its duplication followed by
mutation in individual gene loci (1, 39, 57).

Some chemical compounds ie. phenobarbital or 3-methylcholantrene,
induce synthesis of one or more forms of cytochrome P-450 corresponding to
a given gene family: and that appears to be an interesting phenomenon. The
induction process is associated with the transcription stimulation of messenger
RNA (mRNA) synthetised gene, specific for a given cytochrome P-450.
Cytochrome P-450 apoprotein increase in a cell is always preceded by an
increased transcription period of the gene which is encoding that apoprotein.
Induction, understood as an acceleration of gene transcription, may be
considered as a mechanism of cell response to given chemical signals, e.g.
xenobiotics or hormones. The acceleration of both xenobiotic oxidation and
elimination of xenobiotics from an organism or the stimulation of the
oxidation metabolism biologically important to endogenic substances, may be
observed, depending: on the form of cytochrome P-450 induced.

The development of active, genotoxic metabolic intermediates associated
with the acceleration of xenobiotic oxidation appears to be an extremely
important aspect of the synthetic induction of cytochrome P-450. Their
collection in cell favours the development of gene mutations which consequent-
ly may initiate tumorogenic process (34, 42).

For many cytochromes P-450, present at oxidative xenobiotic metabolism,
the emergence of inherited polymorphism has been indicated. In the human
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population, one may distinguish persons with high, low or even non-existent
activity of certain cytochromes P-450 (15).

The epidemiological survey revealed that the differentiation of oxidation
metabolism phenotypes in the presence of cytochromes P-450 may be
responsible, to a certain extent, for individual susceptibility to neoplasm
induced by chemical carcinogens (16, 17, 49).

The pharmacogenetic relationship between xenobiotic oxidation metabol-
ism and neoplasm has been investigated in two ways:

1. Metabolic polymorphism of transcriptional activation of genes encoding
cytochrome P-450 of the P-4501 family and participating in polycyclic aromatic
hydrocarbons (PAH) oxidation. Recently, studies have been expanded to
include the sub-family P-450IIE whose cytochromes are present in oxidation,
e.g. nitrozoamine; ,

2. Metabolic polymorphism of constitutive expression of genes of cytochromes
P-450 belonging to the sub-family P-4501ID and participating in debrisoquine -
hydroxylation.

METABOLIC POLYMORPHISM OF TRANSCRIPTIONAL ACTIVA-
TION OF CYTOCHROME P-450 GENES

Observing the hepatic metabolism of chemical carcinogens it was noted
that the earlier administration of PAH to experimental animals considerably
accelerates the metabolism of these carcinogens (6). Further investigations
showed that the stimulation of carcinogen oxidation metabolism by PAH was
accompanied by the synthetic induction of cytochrome P-450 in the liver (38).
3-methylcholanthrene was used as an inducer of cytochrome P-450 synthesis in
the study described. Then it was found that the form of cytochrome P-450
induced by 3-methylcholanthrene differed from that induced by phenobarbital
and that it was mainly responsible for the manifestation of carcinogenic
properties of numerous chemical substances, e.g. benzo/a/pyrene (8). Cytochro-
me P-450 induced by 3-methylocholantrene was named P-4501A1 according to
the nomenclature proposed by Nebert et al. (39).

On investigating the properties of isosaphrole in hepatocyte metabolism, it
was found that this compound induced synthesis of cytochrome P-450 with
properties similar to cytochrome P-450IA1 (47). This form of cytochrome
P-450 named cytochrome P-450IA2 was accompanied by the metabolic
activation of such carcinogens as 2-acetylaminofluorene and aminobiphenyls
(23). ‘ :
The structure of genes CYP1A1 and CYP1A2, encoding apoproteins of
cytochrome P-450IA1 and P-450IA2, is characteristic for mammalian genes i.e.
they display a mosaic structure.

Genes consist of alternate sequences encoding links of the polypeptidic
chain of -apoprotein P-450 (exone) and non-coding sequences (introne).
Non-coding sequences which precede the first exone perform a regulating
function in gene expression (11).
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The restriction analysis of the DNA genome of hybridised human and
rodent cells showed that genes CYP1A1 and CYP1A2 are placed in humans in
chromosome 15 (18).

The transcriptive activity of both genes increased remarkably when PAH
was present in the cell. In response to 3-methylcholanthrene in hepatocytes,
. a quantitatively similar increase of mRNA was found in the apoprotein of both
cytochromes P-450IA1 and P-450TA2. It was displayed almost one hour after
administration of an inductor. The concentration of mRNA, specific for
cytochrome P-450IA2, in a liver non-induced by PAH is much lower than
mRNA of cytochrome P-450IA1 (24).

It is assumed that the mechanism regulating the expression of both genes,
comprising a component sensitive to PAH, is similar, and perhaps even
identical, while the component of the mechanism responsible for the constitu-
tive expression of both genes varies (57).

The data on the stimulation of CYP1A1 gene expression by PAH, thus far,
indicate that it is controlled by a genetic locus marked Ah because of its
susceptibility to aromatic hydrocarbons (Aryl hydrocarbons).

Information for synthesis of intracellular protein receptors is encoded by
locus Ah. The presence of the receptor is indispensable for obtaining a response
from the cellular genome to PAH inducing activity (14). The gene (or genes) of
the protein receptor is (are) placed in chromosomes other than genes CYP1A1
and CYP1A2 (42).

Synthetic induction of cytochrome P-450IA1 by PAH and the associated
increase of cell oxidation ability measured as activity of aromatic hydro-
carbons hydroxylation (AHH — Aryl Hydrocarbon Hydroxylas) are preceded
by the creation of an inductor complex (e.g. 3-methylcholanthrene or
2,3,7,8-tetra-chlorodibenzo-p-dioxine — TCDD) with receptor protein.

The collection of complexes of inductor-receptor protein in nuclei is timed
with acceleration of CYP1A1 gene transcription. The receptor protein binding
PAH, ie. benzo/a/pyren varied from that binding TCDD (42).

The investigation of the effect of PAH on AHH activity in cells-from tissue
culture, in conditions of temporary exposure to cycloheximid (protein synthesis
inhibitor), revealed that the increase of AHH activity was significantly higher
than that occurring after PAH induction without protein synthesis inhibitor
(22). Further investigations showed that a so-called superinduction of AHH .
activity was associated with the accumulation of mRNA, specific for cyto-
chrome P-4501A1, in the cell. That was preceded by the accelerated CYP1A1
gene transcription (57). The investigation revealed that the creation of the
inductor —receptor protein complex, synthesized under the control of locus Ah
was insufficient to obtain a maximum response expressed by a maximum
period transcription of gene CYP1A1. It is assumed that two protein factors at
least regulating transcription period of gene CYP1Al exist in cells. The
inductor —receptor protein complex stimulates the transcription process while
a hitherto unknown protein factor inhibits the process (11).

Both protein factors regulating CYP1A1 gene transcription and affecting
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the gene regulation zone are placed toward the end of 5 DNA chain from the
start codon. In the isolated DNA fragment of genome 2.6 kilo base pair (kbp)
long, preceding the start codon, three functional realms were found: the
promoter, placed just before the start codon (towards the end of 5°): the
inhibiting realm, 0.7—1.0 kbp distant from the promoter affected by the
protein inhibiting factor and the realm activating CYP1A1 gene transcription
after the attachment of inductor —receptor protein complex, 1.3—-1.6 kbp
distant from the promoter (57). _

The detection of specific tissue differences as well as developmental
differences in the expression of P-450 cytochrome genes in the P-4501 family,
indicated the presence of other proteins regulating the transcription activity of
- CYP1A1 and CYP1A2 genes (42).

Investigations into the polymorphism of transcription activation of
CYP1A1 and CYP1A2 genes enjoy rather a long history. They were initiated in
1973 by Kellermann et al. (29). The authors tried to examine the range of AHH
induction whose activity is associated with the expression of CYP1A1 gene.

The question as to how far the expression of the CYP1A2 gene is involved
in measured AHH activity has not yet been answered. Observations have been
made on human lymphocytes derived from tissue cultures and activated with
mitogen. They revealed that in a population of 353 vegetarians under study, the
range of AHE induction by 3-methylcholanthrene displayed a trimodal
distribution. Three groups of individuals with slow, intermediate and fast AHH
induction ability were distinguished. Suggestions on genetic control of AHH
activity were later confirmed by Atlas et al. (3). The examinations were
performed on lymphocytes derived from mono- and dizygotic twins. In
monozygotic pairs, the range of AHH induction in lymphocytes was very
similar, while in dizygotic pairs considerable discrepancies were noted.

Kellermann et al. (29) analysed in a subsequent study the range of AHH
induction by 3-methylcholanthrene in lymphocytes sampled from persons with
lung cancer, cancers of other organs and from healthy persons. The results of
this examination demonstrated that persons with an intermediate phenotype of
AHH activity are characterised by a risk of incidence of lung cancer 16 times
greater and those with a fast phenotype of AHH activity 36 times greater than
. persons with a slow phenotype of AHH activity.

Although the application of lymphocytes in the analysis of AHH activity
in humans encountered many methodological problems, numerous work have
confirmed the cause-effect relationship between a fast phenotype of AHH
induction and the increased incidence of lung cancer and cancer of other
organs (37, 48, 54). However, several reports were issued which did not confirm
the above-mentioned correlation. The trimodal distribution of induced AHH
activity was also questioned (40). It should be stressed here that Kellermann et
al. (29) based their hypothesis on a monogenic determination of AHH
induction. As it appeared from later investigations into the value distribution of
AHH induction in human populations, as well as from investigations into
induction of molecular level (11), this phenomenon is characterised by
multigenic determination.
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In the individual human populations under study, a genetic polymorphism
of AHH induction may occur in gene loci, both structural genes encoding the-
apoprotein of the cytochrome P-450I family and genes encoding proteins
involved in the control of the transcription of those genes (11).

Applying the measurement of AHH activity in lymphocytes (stimulated or
basic) as an index of individual PAH oxidation metabolism and related
predisposition to pulmonary neoplasm, a number of research workers have
called attention to the fact that the results of measuring this activity in
lymphocytes derived from tissue cultures are incomparable. That is why
Kellermann et al. (25, 28) applied the measurement of the antipyrine oxidation
period to evaluate individual PAH oxidation. This drug is almost completely
oxidised in the liver in the presence of three different cytochromes P-450. One
of them 1s synthesized when controlled by a gene of the CYP1 family, and the
other two when controlled by genes of the CYP2 sub-family (41, 44).
Kellermann et al. (28) based the decision to adopt antipyrine as a marker drug
(an index of PAH oxidation metabolism in the liver), on previous studies which
had indicated a significant correlation (r = 0.95) between the antipyrine
oxidation period (period of its elimination from the blood) and the range of
AHH induction in lymphocytes sampled from the same persons in whom the
antipyrine oxidation period had been determined (26, 27).

As was later confirmed by Breimar et al. (7), the period of antipyrine
oxidation was mainly determined by the activity of cytochrome P-450
belonging to the P-450I family, hence those cytochromes P-450 which are
present at PAH oxidation metabolism.

The question whether the range of AAH induction in the liver (assessed by
the antipyrine test) is similar to the process in cells of other organs remains
unanswered. :

1t is still not known whether conclusions on the interrelationship between
activity and the incidence of respiratory cancer (of the upper airways) can be
drawn from the assessment of liver oxidation enzyme activity. A similar
comment can be made in regard to investigations into the relationship between
AHH induction in lymphocytes and lung cancer and cancer of other organs.
According to Pelkonen et al. (43), a superior cellular mechanism controlling the
expression of genes of P-4501 family may occur in human cells (also in animals).
Recently, several papers have appeared suggesting that activation of cyto-
chrome P-450 gene transcription is controlled, to a great extent, by the
availability of heme derived from the pool of free cellular heme (45).

Ambre et al. (2) applied for the first time the antipyrine test in the study of
oxidation metabolism of xenobiotics in the liver and its association . with
a predisposition to cancer of the upper airways. The authors determined
antipyrine plasma clearance in persons with lung cancer and in persons with
normal and pathological results of biochemical examinations and a liver
function test. Patients with lung cancer and normal liver test results showed
a higher antipyrine clearance rate and lower values of the biological half-life
(T,,,) of this drug, than patients with lung cancer and abnormal liver tests and
healthy persons. Values of both antipyrine pharmacokinetic parameters in
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persons with lung cancer and abnormal liver test results did not differ from the
values observed in healthy persons.

In 1978, Kellermann et al. (28) suggested that the period of antipyrine
regress in the blood (evaluation based on the determination of clearance rate or
T,,,) may constitute an indirect index of AHH activity and could be used for
determining individual sensitivity to lung cancer. Investigations performed in
lung cancer patients revealed that mean values T,,, AP in that group equal to
10.8 + 36 hours within a range of between 3.8 and 20.6 hours were consider-
ably lower than in healthy non-smokers (14.1 + 2.3 hours within a range of
between 7.7 and 18 hours).

The determination of the plasmatic clearance rate and antipyrine T, , in
healthy smokers revealed a significant increase in the clearence and shortening
of the biological half-life of antipyrine. This observation proved that, in those
persons, the activity of oxidative enzymes contributing to antipyrine metabol-
ism increased in the liver, A similar increase of oxidative enzyme activity
(determined as AHH activity) was found in lymphocytes of current smokers. It
is assumed that the range of oxidative enzyme induction, defined as an increase
of AHH activity, is caused by PAH contained in tobacco smoke and is
genetically determined. Individuals responding to tobacco smoke with a con-
siderable increase of AHH activity display a higher risk of cancer of the upper
airways. A much smaller risk of such changes was observed in persons lacking,
or with only a low increase of AHH activity (55).

Our own studies (34), in which the antipyrine test was applied as a direct
index of AHH activity, showed that persons with larynx carcinoma displayed
significantly lower values of antipyrine T,,, than non-smokers with other
illnesses of the upper airways. The group of persons with larynx carcinoma was
dominated by individuals with a fast oxidative phenotype of antipyrine; their
number accounted for 47.7% of the whole population under study with larynx
carcinoma. On the other hand, slow oxidants in this group constituted 15.9%.
Among smokers suffering from other illnesses of the upper airways, inter-
mediate oxidants predominated (43.7%), while fast and slow oxidants amounted
to 37.5% and 18.8%, respectively. Another distribution of the antipyrine
oxidation period was shown in non-smokers with other illnesses of the upper
airways. Fast oxidants constituted 14.3%, slow 26.2% and intermediate 59.9%.

The studies provided evidence that antipyrine oxidants, namely persons
displaying a special predisposition to neoplasm (according to suggestions made
by Kellermann et al. 1978), undoubtedly constitute the highest percentage of
persons with larynx carcinoma. A similar percentage (but shightly lower,
however) was found in healthy smokers. This may support a hypothesis that
persons of this group display a stronger predisposition to cancer of the upper
airways.

When the antipyrine test was performed in persons with cancer of the
urinary tract a distinctly low percentage of slow oxidants was found. It was
twice as low as in the controls who smoked cigarettes (without the implications
of the tumorigenic process) and almost three times lower than in the
non-smoking control group.



264 W. Lutz and W, Sulkowski

From the review of the results of our own studies and the studies of other
authors as to whether a relationship exists between the oxidative phenotype
and increased incidence of cancer, it may be posited that belonging to the
group of fast oxidants of antipyrine is one of the factors increasing the risk of
cancer of the upper airways. In the case of urinary tract cancer, belonging to
the group of fast oxidants does not seem to increase the risk although
adherence to the group of slow oxidants may appear to be one of the reasons
for a lower incidence of urinary tract cancer.

The evaluation of oxidative polymorphism related to cytochromes P-450
of the P-450IA sub-family has thus far been based on metabolic studies
adopting, amongst others, antipyrine as a marker drug.

It is suggested now that the outcome of those studies be confirmed by the
techniques of molecular biology, including restriction fragment length poly-
morphism analysis. Such studies have already been undertaken in relation to
- oxidative polymorphism associated with the transcriptive activation of genes
encoding cytochromes of the P-450I1E family. Within this sub-family, at least
two cytochromes P-450 have been distinguished and their synthesis induced by
ethanol, imidazole, acetone, trichlorethylene and pirazole (52). The form of
cytochrome P-450 displaying the largest range of induction, oxidizes aniline,
alcohols and nitrozamine. The latter fact is of special significance since
nitrozamines have for years been considered to be strong carcinogenic
compounds. Preliminary observations revealed that the polymorphism in
transcriptive activation of cytochrome P-450 genes of the P-45011E family may
have causal links with individual predisposition to certain types of cancer (50).

METABOLIC POLYMORPHISM OF CONSTITUTIVE EXPRESSION
OF GENES OF CYTOCHROMES P-450

Studies of the debrisoquine oxidation period play a special part in the
investigation into the metabolic polymorphism of constitutive expression of
genes of cytochromes P-450 and in searching for an association between this
process and cancer (58). This marker drug is oxidised in the liver in the
presence of cytochrome P-450 into 4-hydroxylic derivative. Testing with the
application of debrisoquine is relatively simple. The examinee was given per os
10 mg of debrisoquine ( tablet) and then in a urine collection 8 hours later the
concentrations of unchanged debrisoquine (D) and its 4-hydroxylic derivative
(4-HD) were determined.

Individuals with a fast oxidation phenotype displayed a D/4-HD ratio
below 1.9; in persons with an intermediate phenotype this ratio constituted
1.9—20.8 and those with a slow phenotype displayed a ratio over 20.8 (10).

The phenomenon of polymorphic 4-hydroxylation of debrisoquine was
first described in 1977 by British research workers (36). Around the same time,
German authors described the polymorphism of sparteine oxidation (9).
Bearing in mind that the same cytochrome P-450 is present during the
oxidation of debrisoquine and sparteine, some authors have referred to this as
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the “debrisoquine” or “debrisoquine-sparteine polymorphism”. Recent studies
have revealed that two genes encoding the apoprotein of cytochrome P-450 in
the P-450IID sub-family and one pseudogene are present in a human genome
(13). CYP2D6 and CYP2D?7 genes and the CYP2D8 pseudogene are placed in
chromosome 22. They are contiguous and highly homologous in the sequence
of nucleotides (13). It has not yet been decided whether both cytochromes
P-450 (P-4501ID6 and P-450IID7) contribute to the overall hydroxylation of
debrisoquine and sparteine. For the time being, it is proposed that the
debrisoquine-sparteine polymorphism be referred to as a genetic poly-
morphism of the CYP2D6 gene (51). Apart from the multiple genes encoding
cytochrome P-450 in the P-4501ID family, there are several mutant alleles in
these genomic fragments which are responsible for the functional poly-
morphism. So far, the presence has been demonstrated of at least four
mutations which may lead to the phenotype of debrisoquine slow oxidation
(51). Tt is presumed that so-called slow oxidisers of debrisoquine display
a recessive character. They constitute 5—10% of the human population and
this index varies in different ethnic groups.

Such a phenotype did not arise only due to changes in the sequence of
nucleotides contained in DNA fragments of the CYP2D6 gene of relevent
exons, but also due to changes in the sequence of nucleotides producing
introns. This results in the abnormal maturation of pre-mRNA for. the
P-450IID6 cytochrome (13). Because of that, additional nucleotides. corre-
sponding to intronic fragments of the DNA gene emerge, or a part of the
nucleotides corresponding to exons is lost. The mRNA with inappropriate
composition of nucleotides cannot be used as a matrix for the synthesis of the
P-450IID6 apoprotein or may lead to synthesis of apoprotein with changed
properties undetectable by immunological methods. It should be stressed that
mutations of the nitrogen base in intronic fragments of the gene are not easily
detected and they require the description of a complex sequence of the gene
including exons, introns ‘and flanking regions (21).

Restriction fragment length polymorphism analysis of genomic DNA,
derived from slow and rapid oxidants of debrisoquine, revealed that the data
obtained from the restriction analysis were not always consistent with
metabolism based on the ratio of debrisoquine and its 4-hydroxylic derivative
_excreted through the urine (56). That requires a more thorough consideration
of whether the distinction in the population under study of slow and rapid
oxidants of debrisoquine based on metabolism was justified.

A potential relationship between the phenotype of debrisoquine oxidation
(the expression of the CYPIID6 gene) and neoplasm has not, thus far, been
formulated as a hypothesis, but is merely the outcome of an expanded research
project seeking to reveal various aspects of the polymorphism of cytochrome
P-450. A number of research workers have called attention to the fact that the
cytochrome P-450IID sub-family, unlike the P-450IA sub-family, does not
seem to contribute to the oxidative activation of potential carcinogens
including those contained in tobacco smoke (59). In their opinion, searching for
an association between the fast phenotype of debrisoquine oxidation and some
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cancers is not fully justified. Responding to those comments Idle suggested
(1989) that P-450IID6 is a considerably better dioxygenase (adds —OOH to
substrates) and that it is a monooxygenase (adds — OH to substrate). However,
it should be noticed here that, up till now, it has been neither confirmed nor
denied that P-450IID6 contributes to the activation of carcinogens through
dioxygenase.

The link between the debrisoquine oxidation phenotype and the incidence
of cancer was first demonstrated by Idle et al. (20). They examined a group of
Nigerians exposed to aflatoxin B,, a substance known for its carcinogenic
properties, the incidence of liver cancer was higher in subjects displaying the
rapid phenotype of debrisoquine oxidation. Initially this observation was
confirmed by experimental studies. However, later studies refuted the rela-
tionship between debrisoquine oxidation phenotype and greater susceptibility
to liver cancer. A predominating contribution of other factors unrelated to
aflatoxin B, oxidation has been proved. _

In 1984, Ayesh et al. (4) discussed the question of an association between
debrisoquine oxidation phenotype and higher susceptibility to cancer, this time
to lung cancer. The oxidation phenotype was defined in 479 persons, including
245 with lung cancer and 234 with obstructive lung diseases without implica-
tions of the tumorigenic process. All of the subjects had smoked in the past or
were current smokers. Among those with lung cancer, those displaying the
rapid phenotype of debrisoquine oxidation predominated, constituting 78.8%;
those with the slow phenotype were 1.6% (4 persons). In the group with
diseases without implications of the tumotigenic process, subjects with the
rapid phenotype constituted 27.8% and those with the slow 9.0% (21 persons).
According to Ayesh et al (4), the slow phenotype of debrisoquine oxidation
decreases the risk of lung cancer in smokers. Similarly, a low percentage of
subjects with the slow phenotype in a group of lung cancer patients was found
by Law et al. (32). In their study of 104 persons with lung cancer, only two
displayed the slow phenotype of debrisoquine oxidation.

A cons1derab1y lower percentage of slow oxidants among persons with
bronchogenic carcinoma, although higher than in the British studies, was
indicated by Roots et al. (46). Among 301 persons with bronchogenic
carcinoma, slow oxidants constituted 7% (21 persons) while in the control
group of 368 persons, slow oxidants constituted 10.9% (40 persons).

One interesting observation is that in a group of 38 bronchogenic
carcinoma patients, none below 50 years of age displayed the slow phenotype
of debrisoquine oxidation.

Analysing cancer of other organs, the same researchers found a signifi-
cantly lower percentage of slow oxidants in the group of persons with gastric,
larynx and bladder cancers. The comparison with groups of persons without
the implications of the tumorigenic process is presented in Fig. 1. In the group
of 184 persons with gastric cancer, the slow phenotype was displayed by
8 persons (4.2%). Remarkably low representation of slow oxidants was found
in persons with gastric cancer of the intestinal type. Among the 90 subjects
under study, only one person displayed the slow phenotype. In the case of the
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Eig. 1. Percentage of slow oxidants in several selected types of cancer: I — reference group without -
implications of tumorigenic process; I — gastric cancer (n = 184); III — gastric cancer
— intestinal type (n = 91); IV — gastric cancer — diffusive type (n = 74); V — bronchogenic
carcinoma (n = 301); VI — bronchogenic carcinoma — persons over 50 years of age (n = 38); VII
— pharynx cancer {n = 115); VIII — larynx cancer (n = 102); IX — bladder cancer (n = 82);
X - total population under study with various types of cancer (n =78). * — p <0.05, =
— p <001

diffusive type of gastric cancer, 5 out of 69 persons displayed the slow
phenotype. Among the remaining 17 examinees with mixed, or with unspecified
gastric cancer, only two slow oxidants were found.

Bearing in mind the complexity of the genetic determination of cancer,
Roots et al.(46) attempted to examine the frequency of the slow phenotype of
debrisoquine oxidation in persons with bronchogenic carcinoma depending on
their acetylation phenotypes. The studies showed that in the group of fast
acetylators the percentage of slow oxidants was three times higher than in the
group of slow acetylators. Gender appeared to be an important factor affecting
the frequency of slow oxidants. ,

In females with bronchogenic carcinoma, the slow phenotype of
debrisoquine oxidation was found only in fast acetylators. A reverse observa-
tion was made in males where slow oxidants were more common among slow
acetylators (Fig. 2). The consequences of the differentiated susceptibility to
neoplasm have not been clarified yet and further studies should be carried out.
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Fig. 2. Percentage of slow oxidants in the group of persons with bronchogenic carcinoma split
according to sex and acetilation phenotypes.

Idle (19) suggests that, in the epidemiological survey, manifold causal
factors should be searched for, due to the multifarious nature of lung cancer.

Therefore, if a relative risk associated only with the rapid phenotype
constitutes in itself a risk of about 9, then, taking into account the histological
sub-type of lung cancer and sex, in female fast oxidants suffering from
microcellular lung cancer, the risk amounts to 22.4. In male fast oxidants
exposed to PAH in the workplace, the relative risk increases to 39.2.

Apart from exposure to carcinogenic chemical factors in the workplace,
a person’s life-style, especially smoking increases the risk of cancer (53). Idle
(19) suggests that in evaluating the risk of lung cancer, the carriers of HA-ras
a 4 and GST-1 or GST1-2 alleles (GST-glutathion S transferase) should be also
taken into consideration. .

Co-occurrence of all the above mentioned factors in one person creates an
especially high risk of lung cancer. In contrast, a non-smoker with a low
phenotype, non-exposed to PAH and a carrier of GST1-0 and Ha-ras a 1,
a 2 or a 3 alleles displays a very low risk of lung cancer.
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