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This work is dedicated to the memory of my parents.



"No character owes its existence to
inheritance alone or to environmental factors
alone. No character is either innate or
acquired : all are both, but in varying degrees
because the degree of penetrance that genes

show can be very variable.”

Sir Gavin De Beer (1966)
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ABSTRACT

Bronchial carcinoma is not an inevitable consequence of smoking cigarettes. This
thesis seeks to determine whether any one or more of the well established oxidative
polymorphisms might directly control the biological response to cigarctte smoking
and/or environmental agents.

1. In the first part of the study, two groups (I and II) of Europecan Caucasian
patients were investigated with debrisoquine. Patients with lung cancer (n=245) and
controls with airflow limitation (n=234) were similar in age (66.5 + 7.4 (mean + SD)
and 67.2 + 3.2 respectively), sex ratio ((M/F) 1.82, 1.89) and smoking history
(60.3 + 24.0 (mean + SD), 59.4 + 21.1 pack year). Debrisoquine 4-hydroxylation
showed major differences between lung cancer and control series. The metabolic
ratios (MR) for smoking controls included 21 recessives and were distributed across
the full range of values. On the other hand, the metabolic ratios for cancer patients
contained only 4 recessives and were aggregated towards the left end of the
spectrum of metabolic ratios.

The relative risk for lung cancer for the extensive metabolisers of debrisoquine
(MR«<1) is 13 (95% CI : 4.0-43.3). VWithin this group, the risk for lung cancer
increases further with possible and likely exposure to both asbestos and polycyclic
aromatic hydrocarbons. The increased risk among this group with likely asbestos or
polycyclic aromatic hydrocarbon exposure, is 35-fold and 17-fold respectively
compareéd to non exposed poor and intermediate phenotypes. The debrisoquine
hydroxylation status associated with lung cancer risk does not appear to be altered
in any way by cigarette smoke or by the direct influence of the tumour mass.

2. A study was undertaken to eliminate the possibility of an enhanced, oxidative
metabolism in lung cancer patients being an effect of the disease rather than
associated with its cause. Two groups of patients (lung cancer (n=24) and controls
(n=27) were investigated with both debrisoquine and mephenytoin. The %
mephenytoin recovery as 4-hydroxymephenytoin was variable in both groups but
statistically insignificant, 19 + 11.8 mean + SD 21.6 + 8.1 for cancer and controls
respectively. The data showed no correlation between the debrisoquine metabolic
ratios and the % mephenytoin recovery (rs=0.21 P>0.10).

3. A third study was undcrtaken to investigatc the hepatic oxidation rates in lung
cancer patients (n=30) and controls (n=29) as measurcd by antipyrine metabolism
and to investigate the ability to metabolise both debrisoquine and antipyrine in both
groups. The antipyrine clearance was almost identical in the two groups with mean
+ SD 2.9 + 0.46 L/h, 3.0 + 0.5 in cases and controls respectively. The results also
showed that there is no difference in the pharmacokinetic paramcters of antipyrine
between both extensive and poor metabolisers for debrisoquine hydroxylation.

4. The results of this thesis suggest a) that cigarcttec smokers who arc extensive
metabolisers of debrisoquine are at an clevated risk of developing lung cancer,
b) additive risk betwcen the ability to extensively metabolise debrisoquine and
occupational exposurc to lung carcinogens in male smokers, ¢) the metabolic
oxidation phenotypes may serve with other genetic markers for assessing
susceptibility to lung cancer.

5. An agenda for subsequent investigations is proposed.
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1.1 BRONCHOGENIC CARCINOMA (LUNG CANCER) HISTORICAL REMARKS

Scientific progress is dependent both upon acute observation and well planned
experiments. Both the history of lung cancer and the concept of chemical

carcinogenesis are no exceptions.

Oviedo (1535) gave the first description of the smoking habits of a group of
American indians when he wrote "The indians of this island among other of their
vices, know one very evil thing - to indulge in smoking which they do in order to go

out of their senses".

In Europe, both the tobacco plant and smoking were first introduced in Spain and
Portugal in the early part of the 16th century and later in Belgium, France and
England. The earliest record of the growth of tobacco in Europe is given by a well
known physician at that time called Robert Dodoens (1554). He mentioned that the
plant was of medical value (Reviewed by Castiglioni, 1943; Kulikoff, 1979).

Later, the plant was applied by both physicians and laymen in the treatment of
chronic skin ulcers. A few years later, it was declared that the sniffing of tobacco
cured headaches and the smoke from its leaves relieved asthma. At that time
tobacco was acclaimed as the most wonderful treasure of therapeutics. Many
authors recommended tobacco for its therapeutic virtues and it was used in the
treatment of all ailments of the gums, disease of the chest, insomnia, syphilis,
falling sickness (epilepsy), as an anaesthetic agent, for burns and "green wounds"
(Jose de Ascosta, 1590; Gerard, 1597). Dr Barclay (1611) in his book Nepenthes or

The Virtues of Tobacco, defended the therapeutic value of tobacco and claimed its

superiority to mercury. Johann Neander (1622) wrote in his book Tobacologia
"Smoke rises easily to the brain and cleanses it from all filth" (Mac Innes, 1929).

It was not until the second half of the 17th century when the tide of opinion against
the usage of tobacco as a medicine first started. In 1671 a pathologist called Redi
described tobacco as one of the most virulent and toxic agents. He based his

remarks on results obtained from animal experiments (Harrison, 1986).

It can be said that since the second half of the 19th century, the therapeutic virtues
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of tobacco were forgotten and anti-smoking societies began their activities in
Europe. Since then, tobacco smoke gradually but steadily has become the number
one public health issue through the world.

It is possible that cases of lung cancer were mentioned by Agricola in the early 16th
century in his book De Re Metallica, but were not confirmed until the early 19th
century. This is in sharp contrast to the massive literature available on the subject
today (Selawary & Henson, 1973).

There is general agreement (Stocker, 1844; Alder, 1912; Simon, 1937), that Bayle in
1805 gave the first detailed description of primary lung cancer which was noted at a
post mortem. The metastatic pattern of the disease, and its microscopic appearance

were incompatible with tuberculosis.

During the 19th century a few physicians and surgeons in Europe recognised the
importance of lung cancer and stressed that it should be remembered in the
differential diagnosis of respiratory diseases. They also observed the tumour’s
tendency to invade other organs by metasteses (Hare, 1839; Walshe, 1843; Burrow,
1844; Kilgor, 1850; Lyon, 1857; Cockle, 1865; Fuller, 1867). Interest in the tumour
was not restricted to human cancer alone. Siegert (1893) described cancer of the
lung in a dog.

A few studies illustrated geographical variations in the incidence of lung cancer,
and one of the best was a retrospective study based on autopsies before 1900
(Bouses, 1928). The male predominance in lung cancer incidence was first noted by
both Walshe (1871) and West (1879). There were a variety of opinions on the
aetiology of bronchogenic carcinoma, some of which had proved valuable later on.
Some workers pointed to pulmonary tuberculosis as a cause (Rokitansky, 1854),
while others referred to the possible connection between chronic irritation,
metaplasia, and carcinoma of the lung (Passles, 1896). The association between
certain occupations and the development of cancer was observed two hundred years
ago, when Percival Pott described a high incidence of cancer of the scrotum in
chimney sweeps. (Shimkin, 1969). Both Harting and Hesse (1897) documented high
mortality rates due to lung cancer among miners in Schnneberg and Saxony, which
was caused by uranium irradiation. Bevek (1892), suggested that the development of
lung cancer is due to the loss of control of the central nervous system on the lung.

Wolf (1895), discussed the relation between bronchogenic carcinoma and scar tissue
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as a possible cause. Many environmental elements were incriminated as possible
causes, such as cobalt (Uhlig, 1921), gasoline (Ktotzin, 1922), nickle (Stephens, 1933),
asbestos (Loyn, 1935) and radium (Kotz, 1927).

The importance of tobacco as a cause of lung cancer was only slowly recognized.
Hill (1761) observed an association between the usage of tobacco snuff and the
development of cancer in the nasal passages in men. Later on, Warren (1837)
described a case of carcinoma of the tongue in a tobacco chewer, while Soemmering
(1895) suspected an association between cigarette smoke and the development of
lung cancer. Only a limited number of authors recorded cases of lung cancer in
smokers (Gieple, 1844; Seyfarth, 1924; Kikuth, 1925). Alder (1912) referred to the
abuse of tobacco and alcohol and their role as irritant to the respiratory system. At
that time, many workers in the United States supported the above observations.
Both Faher (1923) and McNally (1932) implicated cigarette smoking as an important
factor in the increased frequency of the disease.

The results of various laboratory workers were in line with the epidemiological
observations. Malignant proliferations in the skin of guinea pigs, were produced by
smearing the skin with tobacco juice (Brosch, 1900; Murphy & Sturn, 1925). The
work of Kimura (1923) was very impressive. He claimed to have produced cancer of
the lung in a guinea pig following intrabronchial insufflation of coal tar. This
work was preceded by Yamagiwa & Ichikawa (1916), when they produced malignant
tumours by application of coal tar to the ear of the rabbit (Weisburger, 1973).

In the UK the problem of lung cancer has been attracting much attention since the
second decade of this century when this disease had become the second commonest
cause of death due to malignancy, preceded only by cancer of the stomach. In a
meeting of the Pathological Society in Manchester, Professor J.B. Duguide observed
an increase in the numbers of lung cancer cases at post mortem, and at that meeting
in 1927, smoking was discussed as a possible cause. In the same year, Sir Edward
Mellanby drew attention to the difference in the mortality rate from lung cancer,
between the County Boroughs of Nottingham and Leicester. The former was a
centre of the tobacco industry. This observation initiated the now famous study on
the effects of smoking on lung cancer conducted by Doll and Hill twenty five years
later (Cuthbertson, 1968).
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In the following decade, Muller (1939), reported an excess of smokers among a small
series of lung cancer patients in Germany and Oschvier (1939) observed that
virtually all his lung patients were cigarette smokers. He suggested that the
tremendous rise in tobacco consumption which began during World War I was the
main cause. The association between cigarette smoking and the development of
bronchogenic carcinoma was strongly demonstrated by Roffo (1939) who wrote
"Among deaths from lung cancer in the period 1936-1939, there was an antecedent
history of heavy smoking in 66%, moderate in 21%, and no smoking in 13%". Later
he expressed the view that the regions chiefly affected by smoking were the mouth,
oesophagus, respiratory tree and the urinary tract (Roffo, 1943).

Hereditary factors were considered by Weller (1929). He suggested that "The
development of carcinoma of the lung may be due to an inheritable intrinsic
factor(s), which may be activated by chronic stimulation from a variety of irritable

compounds".

The epidemic of bronchogenic carcinoma as an important health problem was
discussed in an International Symposium held in London in 1928, and since then
there has been a large amount of work published on various aspects of lung cancer
(See Rigdon, 1955; Rigdon & Kirchoff, 1958).

Subsequently, the relentless increase in mortality from lung cancer has continued to

stimulate research into all aspects of this universal public health problem.

1.2 BRONCHOGENIC CARCINOMA

Bronchogenic carcinoma is a malignant tumour which arises from the epithelium of
the tracheobronchial tree, and represents up to 90% of lung tumours (WHO, 1982)
(see Table 1.1).

A. PATHOLOGICAL CLASSIFICATION

Histological typing of bronchogenic carcinoma was agreed by the World Health
Organisation (WHO,1967) and recently reviewed (WHO, 1982). It has very important
epidemiological and clinical implications especially in the management of different

cell types (see Table 1.2). It should be emphasised that the ability to categorise
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various pathological subtypes of lung cancer is dependent upon the amount of tissue
obtained via needle biopsy, at operation, or at necropsy, the stage of the tumour and
the techniques of preparing specimens.

1.2.1 Sguamous cell carcinoma

Synonyms : epidermoid carcinoma, keratinizing carcinoma

This is the most common pathological subtype which accounts for between 45-60%
of all bronchogenic carcinoma. This subtype occurs most commonly in the large
bronchi. Histologically, it shows at least one of three differentiating features
(a) individual cell keratinization, (b) pearl formation, (c) extensive intracellular
bridges. The extent to which these differentiating features are present, determines
whether the tumour is well, moderately or poorly differentiated. Squamous cell
carcinoma is less invasive and has a slow tendency to metastasise in comparison to
other cell types. Unfortunately, this does not alter its grave prognosis which is
shared by all cell types.

1.2.2 Small cell carcinoma

Synonyms : oat cell carcinoma, anaplastic carcinoma, small cell undifferentiated

carcinoma

Small cell carcinoma constitutes about 25% of all bronchogenic carcinoma. It is
often impossible to localise the primary site of origin of this tumour, nevertheless,
more than 80% are centrally located. Histologically, it consists of small rather
uniform cells with scanty cytoplasm and nuclei containing finely stippled chromatin
and inconspicuous nucleoli. It is an extremely invasive tumour, metastasises early

and runs a short, fatal course, with very few survivors.

1.2.3 Adenocarcinoma

Synonyms : mucus producing carcinoma, gland forming carcinoma

This primary malignant tumour forms about 20-30% of all bronchogenic carcinomas.

The incidence of this tumour is under estimated in a series of lung cancer studies

which base their diagnosis on cytology and/or transbronchial biopsy. Generally, it
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is peripherally located and arises in much smaller airways compared to squamous
cell carcinoma. Histologically, it constitutes mainly glandular structures which
contain cells which have the ability to produce mucus. The degree of
differentiation of this tumour depends on formation of acini or papillary structures.

Adenocarcinoma has a tendency to metastasise early and to distant sites.

1.2.4 Large cell carcinoma

Synonyms : giant cell, clear cell

This tumour lacks specific differentiating histological features of the other
subgroups, and has no characteristic one. Recent electron microscopic studies have
disclosed ultrastructural features that are seen in some cells of squamous carcinoma
and adenocarcinoma, or both. There is evidence that large cell carcinoma includes a
variety of subtypes of lung cancer as indicated by the similarity of their behaviour
to poorly differentiated squamous cell, combined adenocarcinoma and to a greater

extent to poorly differentiated adenocarcinoma.

In the UK, the incidence of this type lies between 1-3%. The site of large cell

carcinoma is equally distributed between the centre and the periphery of the lung.

1.2.5 Combined adeno and squamous cell carcinoma

This forms about 1% of all cases of lung cancer. The lesion shows histologically

definite evidence of both squamous cell and adenocarcinoma on light microscopy.
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Table 1.1 Histological Classification of Lung Tumours from WHO (1982)

I1- EPITHELIAL TUMOURS
A. Benign
1. Papilloma
a. Squamous cell papilloma
b. Transitional papilloma

2, Adenoma
a. Pleomorphic adenoma
b. Monomorphic adenoma
c. Others
B. Dysplasia
a Carcinoma in situ

C. Malignant

Squamous cell carcinoma
Small cell carcinoma
Adenocarcinoma

Large cell carcinoma
Adeno squamous carcinoma
Carcinoid

Bronchial gland carcinoma

mmo a0 ow

- Adenoid cystic carcinoma (cylindroma)

- Mucoepidermoid carcinoma
- Others
h. Others

II - SOFT TISSUE TUMOURS

III - MESOTHELIAL TUMOURS
A. Benign mesothelioma
B. Malignant
1. Epithelial

2. Fibrous
3. Biphasia
IV - MISCELLANEOUS TUMOURS
A. Benign
B. Malignant
1. Carcinocarcinoma

2 Pulmonary blastoma
3. Malignant melanoma
4, Malignant lymphomas
5 Others

V - SECONDARY TUMOURS
VI - UNCLASSIFIED TUMOURS

VII - TUMOURS LIKE LESIONS
Hamartoma
Lymphoproliferative lesions
Eosinophilic granulomas
Sclerosing granulomas
Inflammatory pseudotumours
Others

mo Qoo

Page 19

bronchogenic carcinoma
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Table 1.2 Histological Classification of Bronchogenic Carcinoma (Lung Cancer)

Applroximate incidence
UK USA
1. Squamous cell carcinoma 45-60% 40%
variant
a) spindle cell (Squamous) carcinoma
2. Small cell carcinoma 35% 20%
variants
a) oat cell

b) intermediate
c) combined cell carcinoma

3. Adenocarcinoma 11-28% 20%
variants

a) Acinar adenocarcinomas
b) papillary

c) bronchioalveolar carcinoma
d) solid carcinoma with mucous formation

4, Large cell carcinoma 1% 20%
variants
a) giant cell
b) clear cell

5. Combined squamous and adenocarcinoma 1% 1%

From Carter & Eggleston (1980)
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1.2.6 Pathogenesis

Most tissue types of bronchogenic carcinoma involve the conducting airways of the
lung and commonly arise in segmental and subsegmental bronchi. This may be as a
result of repetitive exposure to an insult with cigarette smoke. Bronchial epithelium
at sites of segmental bifurication are particularly susceptible due to the reduced
flow of mucous and alterations in the airflow occurring at these points, where
carcinogenic agents are likely to deposit and be absorbed (Auerbach et al., 1961;
Macholda, 1970). This process also facilitates the deposition of different insoluble
radioactive particles in cigarette smoke (Little et al., 1965).

The entire process of developing lung cancer may take 10-20 years in a multistage
process (Doll, 1978).

The respiratory tract is lined by ciliated columnar epithelium from the trachea to
the beginning of the respiratory bronchioles. In the main airways, these become
pseudostratified columnar epithelium which rest on a thin membrane. The small
airways are covered by only one layer of cells, while the alveolar surface is covered
only by epithelial tissues (Sorokin, 1983).

The lung is a very complicated organ histoligcally and anatomically. It contains a
large number of cells which can be divided into those of the airways (epithelial

cells) and those of the alveoli (alveolar cells) (Gail & Lenfant, 1983) (see Figure 1.1).

1.2.6.1 Eipthelial cells

There are two main groups of epithelial cells, superficial and basal cells.
Superficial cells can be divided into ciliated and non-ciliated cells. Ciliated cells
are mucous secreting, and are found most frequently in the trachea and major
airways. The non-ciliated bronchial cells are mainly found in the bronchioles
(Clara, 1937; Widdicombe et al., 1982). These cells contain both smooth and rough
endoplasmic reticulum and are metabolically active tissues (Smith et al., 1979;
Plopper et al. 1980). Basal cells are composed of two main cells - endocrine and
basal. The former (Kulchitsky cells) are of ectodermal origin. They have endocrine
and chemoreceptor functions and are capable of synthesising a variety of
polypeptides and their precursors.



Chapter 1 Page 22

1.2.6.2 Alveolar cells

There are five major cells identified in the alveolar region of the lung, namely,
Type I and II alveolar epithelial cells, endothelial cells, interstitial cells and
macrophages (Crapo et al., 1982). Some metabolic activities have been identified in
the alveolar Type II cell (Devereux et al., 1981). Pulmonary endothelial cells contain
a wide range of substances, including amines, prostaglandins, adenine nucleotides,
peptides, lipids and some drugs (Black e? al., 1981; Pang et al., 1981). It is not known
yet, whether any specific cell(s) in the lung is able to initiate lung cancer or
influence its site of origin.
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Figure 1.1 Cell types present in the epithelium of the airways and the alveoli
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2. Type II alveolar epithelial
3. Endothelial cell
4. Interstitial
5. Macrophages

From (Reid et al., 1980 & Crapo et al., 1982)



Chapter 1 Page 24

1.2.7 Histogenesis

There are many pathological types of bronchogenic carcinomas with a considerable
overlap between them. Immunological studies have shown the tremendous antigenic
hererogenicities, which characterise this tumour (Gennigs et al., 1981; Hartozinska e¢
al., 1983). Hence, it is difficult to consider each of the lung cancer histological
types as a single entity. Bell et al. (1976), suggested that both squamous and
adenocarcinomas are derived from the endoderm, whereas small cell carcinoma is of
ectodermal origin. It has been found that neuroendocrine features are not only
confined to small cell carcinoma as postulated by Pearson (1964), but to all major
histological forms of lung cancer (Berger et al., 1981). Evidence has been
accumulating to suggest that there is a close ontogenic relationship among
histological types (Berger et al.,, 1981; Godwin et al., 1983), and all could be linked

along a differentiation continuum as suggested by Yesner et al., 1978.

Different histological features of the major bronchogenic carcinomas can be present
within an individual subtype (Yesner et al., 1978; Brereton et al., 1978; Abeloff et al.,
1979). A morphological transition between small cell and non-small cell carcinoma
has been documented (Matthews et al., 1979; Greco et al., 1981).

1.2.8 Diagnosis

The diagnosis of bronchogenic carcinomas is often not difficult after clinical and
radiological examination, but final diagnosis depends upon the identification of
specific malignant changes in tissues obtained by various means e.g. bronchoscopy
and/or malignant cells in sputum or pleural fluid (Mestitz, 1958; Sackner, 1975;
King et al., 1976).

Bronchial biopsies are the standard source of tissue in most cases, supplemented by

material from lymph nodes, the pleura and distant metastases.
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1.3 CAUSES OF BRONCHOGENIC CARCINOMA

1.3.1 Introduction

The incidence of bronchogenic carcinomas has been increasing since early this
century, especially in the Western World and correlates strongly with cigarette
consumption. Sex ratio and difference between countries and groups are closely
related to the smoking habits. It is uncommon before the age of 40. Generally, the
incidence in men reaches its peak around the age of 65 and in women around the
age of 70 (Royal College of Physicians, 1962; 1977; 1983).

1.3.2 Tobacco consumption

The association between cigarette smoking and lung cancer development has been
strongly and repeatedly demonstrated since the 1950’s, when five retrospective
epidemiological studies from different countries identified tobacco smoking as a
major cause of the rising incidence of bronchogenic carcinomas in Europe and the
USA (Doll & Hill 1950; Wynder & Graham 1950; Mills & Potter 1950; Levin et al.,
1950; Schrek et al., 1950). This link must rank among the foremost achievements of
epidemiology (Griffith, 1976), in which the smoking habits of lung cancer patients
were compared with those of a control group.

1.3.2.1 Cohort studies on smoking and lung cancer

The first cohort studies to compare the risk of cancer among smokers and non-
smokers began in 1951. In most instances, smoking habits were ascertained through
self-administered questionnaires. The cohort studies were subsequently followed up
to discover cancer deaths, or in some studies the incidence of cancer cases (IARC
monographs, 1985) (see Table 1-3).

The "British Doctor Study"

The subjects in this study were themselves physicians. They were a reasonably
uniform socioeconomic group and the causes of the many deaths that occurred
among them may have been certified more accurately than might have been the case
among a sample of the general population. In 1951, a questionnaire on smoking

habits was sent to all British doctors, 34440 men and 6194 women responded.
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Further questionnaires about changes in smoking habits were sent in 1957, 1966 and
1972 with on each occasion about 97% of the survivors responding. Reports were
published on a cause-specific mortality on various occasions (Doll & Hill, 1954;
1964).

American Cancer Society Nine-State Study

During 1952, a total of 204547 smoking histories were collected in nine states. A
follow up study of 187783 of these men was conducted from 1952 through to 1955
(Hammond & Horn, 1958). Death certificates were collected for all deceased people.
The distribution of smoking habits in the study population was in close agreement
with that in a large survey on smoking habit in a sample of the US population
(Haenszel et al., 1956).

American Cancer Society

This was a cohort study, more than one million subjects were enrolled between 1959
and 1960 in 28 states. 358422 men and 483519 women survivors were followed up
for 12 years (Hammond, 1966). Death certificates were obtained from state or
local authorities. This is the largest of the cohort studies, and hence the one least

subject to purely random error, even for quite rare causes of death.

Japanese Study

In 1965, 122261 men and 142857 women aged 40-45 years had their diet and smoking
habits recorded. They were followed up for 16 years (Hiryama, 1982). During 16
years follow-up, 51422 deaths occurred. This study is large and is unique in being a
non Caucasian population and is being based on interviews rather than on self-

completed questionnaires.

Canadian Study

In 1955-1956, 207397 war veterans were mailed a questionnaire on smoking habits,
principal occupations and residence history. Follow-up was conducted from 1956 to
1962 through quarterly lists of deaths made available by the Department of
Veterans Affairs. In most cases the cause of death was confirmed by autopsy (Best,
1966).
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Table 1.3 Relative risk of lung cancer in large cohort studies among men smoking

cigarette and other types of tobacco.

Study Tobacco prod smok Relative risk
British Doctor Study cigarette 14.0
(Doll & Hill, 1954; 1964) pipe 5.8
cigar 5.8
American Cancer Society cigarette 9.9
(Hammond & Horn, 1958) pipe 2.3
cigar 2.3
Canadian Study cigarette 14.9
(Best, 1966) pipe 29
cigar 4.4
Swedish Study cigarette 7.0
(Cederlof et al., 1975) pipe 7.1
cigar 9.2
Japanese Study cigarette 7.8

(Hiryama, 1985)
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Later, many investigators conducted large prospective studies in different countries
all over the world. Their conclusions were in agreement with the results of the
initial studies. Cancer risk among Danish male seventh-day adventists and other
temperance society members showed a marked reduction in the risk of tobacco
related cancers (Jensen, 1983). The strength of the association between smoking and
lung cancer depends on many variants, i.e. the host and the characteristics of the

smoking habits.
A. THE HOST

1. Sex : The risk of developing lung cancer and other smoking related diseases
involves both sexes equally (Wynder et al, 1973; Doll et al., 1980; US Surgeon
General 1980). The incidence in females is rising steeply at a rate of 7-8% per year
(Garfinkel, 1980) and is likely to exceed that of breast cancer in both the USA and
the UK in the near future. The death rate from lung cancer in women increases
with the number of cigarettes smoked. Females who smoked more than 25
cigarettes/day had a death rate from lung cancer 30 times higher than that of non-
smokers (Wynder at al., 1973; Doll et al., 1980). In the USA the incidence of lung
cancer has recently surpassed breast cancer and has become the leading cause of
cancer deaths in white females (Chen, 1984). The same trend has been recently
observed in Scotland and north England (Ay{, 1989). i\{,ﬁﬁg_\

2. Race : The risk of developing lung cancer in smokers is not confined to a

particular country or race, although the incidence varis around the globe (Table 1.8).

3. Age : Death rate from lung cancer is five times higher in one who smokes as a
teenager compared to one who smokes after the age of 25, even if the amount of
tobacco is the same. The incidence also depends on cigarette consumption 10-15
years before the disease has developed. Ex smokers would be less likely to develop
the disease than those continuing to smoke. The current data demonstrate that a
heavy smoker who gives up smoking will decrease his risk of developing
bronchogenic carcinoma, and after 15 years the risk of developing cancer is not
very significant (Khan, 1966; Hammond, 1966; Doll & Hill, 1964; Dale, 1980) In
recent years an increasing proportion of lung cancers have originated in the older

age group and the mean age of patients is rising (Belcher, 1975).



Chapter 1 Page 29

B. CHARACTERISTICS OF THE SMOKING HABIT

1. Dose : The risk of lung cancer developing grows in direct relation to the number
of cigarettes smoked. 1In the British Doctors study (Doll & Peto, 1976), the
standardised death rate per 100000 population was calculated for 3 groups of male
smokers, according to their smoking habits, 1-14, 15-25 and > 25 cigarettes/day. A
consistant gradiant in the death rate was found of 52, 106 and 224 per 100000
population, respectively. The rate for non-smokers in this study was 10. In the
American Cancer Society Study (Hammond & Horn, 1958) four categories of
cigarette smokers were found : <0.5 pack, 0.5-1 pack, 1-2 packs and more than
2 packs per day. A consistent increase was found in the relative risk of lung cancer
with increase in amount smoked per day. Other epidemiological studies confirmed
the same trend (IARC monographs, 1985). Nevertheless, the number of cigarettes
smoked per day, can only be a crude measure of the dose received by the bronchial
epithelium. Very little is known about the effect of exposure to low doses over a
long period and it is not known if there is a threshold dosage below which lung
cancer does not occur.

2. Duration of smoking : The incidence of lung cancer increases with the power of
the duration of smoking. The incidence of lung cancer in continuing cigarette
smokers increases approximately to the seventh power of age, while in non-smokers
it increases in proportion to the fourth power of age (Peto, 1975; Doll, 1978). Doll &
Peto (1978) estimated that the excess annual incidence rates of lung cancer after
about 45, 30 and 15 years of cigarette smoking were approximately 100:20:1 to each
other. According to this method of calculation, a three-fold increase in the duration
of regular tobacco use, would increase the annual incidence of lung cancer by a
hundred fold.

3. Variations in smoking habits: The risk of lung cancer increases in the following
categories :

(i) Inhalation - inhalers have a higher attack rate of developing lung cancer. The
death rate in British doctors who said they inhaled cigarette smoke was 80% greater
than those who said they did not (Doll & Hill, 1964; Surgeon General, 1964; 1976).

(ii) Individuals who take more puffs per cigarette compared to just a few (Graham
et al., 1968).
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(ii1) Keeping the cigarette in the mouth between puffs (Brett & Benjamin, 1968).

(iv) Re-lighting half-smoked cigarette (Dark et al., 1963).

Reliable data about the safety of filter-tip or low tar cigarettes are not yet available
(Lee et al., 1981).

4. Cigar smokers : The risk of developing lung cancer in cigar smokers is twice that
of non-smokers (Doll et al., 1964; 1976; Khan et al., 1966). In two studies the
investigators demonstrated that the risk appears to be greater in cigar smokers than
among cigarette smokers (Cederlof et al., 1975).

5. Pipe smokers : The risk of developing lung cancer is less in those who only
smoke pipes than those who only smoke cigarettes. The increased risk in British
doctors was 5.4:1, which is still higher than in non-smokers. In one study, the
authors found that the risk of developing lung cancer in pipe and cigar smokers is
the same as in cigarette smokers (Abelint et al.,, 1972). The reason behind these
differences is not clear. The larger amounts of benzo[a]pyrene in the smoke from
cigars and pipes compared to cigarettes are of interest in connection with the much
lower incidence of cancer of the lung recorded among those who smoke tobacco in
these forms. Alkaline smoke from cigars and pipes unlike the acid smoke of
cigarettes, is often not inhaled. The combustion temperature reached in cigarettes is
higher than obtained in cigars and pipes and the conditions are more favourable for

oxidation in cigarettes (Campbell & Lindsey, 1957).

1.3.2.2 Passive smoking and lung cancer

It is not known whether there is a threshold number of cigarettes, below which lung

cancer does not occur in smokers.

Non-smokers are exposed involuntarily during passive smoking to a composite of
effluents generated in different ways during the burning of tobacco products.
These effluents comprise of both side stream (SS) and the main stream (MS) of
tobacco smoke that has not been retained by active smokers. Side stream smoke
from the end of a burning cigarette contains higher concentrations of noxious
substances than does main stream smoke which is inhaled (WHO, 1979). Active

smokers are generally exposed to the highest concentration of SS (Dalham et al.,
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1968a,b). Measurement of nicotine and one of its minor metabolites, cotinine
N-oxide in the urine of non-smokers has clearly shown that passive smoking does
indeed lead to measurable uptake of the combustion products of tobacco (Wald et al.,
1984). Studies in the US have shown higher levels of respirable particulate matters
in residences with smokers in comparison with non-smokers (National Research
Council, 1986). The cigarette smoke contains radioactive 21°Polonium derived from
phosphate fertilizer and this could account for some carcinogenic risk to both
smokers and non-smokers (Wintas & DiFranza, 1982).

Many authors have suspected that passive smoking may increase the risk of lung
cancer. A few compounds in tobacco smoke such as benzo[a]pyrene and
dimethylnitrosamine are present in considerable amounts in restaurants and bars
(Galus Kinova et al., 1974; Walker et al., 1979).

The mortality of 91540 non-smoking women was examined in relation to their
husbands smoking habit in cohort studies in Japan (Hirayama, 1981; 1984). A total
of 429 deaths from lung cancer was recorded in women during the 16 years of
follow-up from 1966 to 1981. Of these 303 were non-smokers and 200 were married
women whose husbands smoking habits were known. The exposure index in this
study was based on smoking habits of husbands. No other characteristic of
husbands or wives themselves was found to elevate the risk of lung cancer in their
non-smoking partners. Non-smoking husbands of women smokers also showed an
elevated risk of lung cancer with standardised mortality ratios of 1.0, 2.1 and 2.3 for
non-smoking husbands with non-smoking wives, for wives smoking 1-19 cigarettes a
day and for wives smoking 20 cigarettes daily respectively (P=0.02).

A case control study conducted by the American Cancer Society (Garfinkel et al.,
1985) showed no statistically significant increase in lung cancer mortality in non-
smoker spouses who are married to smokers. The authors found that of the 153 non-
smoking women with lung cancer in the cohort, 88 were married to smokers. The
lung cancer mortality ratios were, respectively, 1.0, 1.3 and 1.1 for women married
to men who never smoked, to men who smoked less than 20 cigarettes/day and to

men who smoked more than 20 cigarettes/day.

A case-control study was conducted on non-smoking female residents of Athens
from September 1978 to 1982 (Trichopoulos et al., 1981; 1984). The authors found

the relative risk of lung cancer for women with husbands who were non-smokers or
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ex-smokers who had not smoked for 5-20 years was 1.0, that for wives of ex-smokers
who had not smoked for less than 5 years was 1.9, that for wives of men currently
smoking less than 20 cigarettes daily was 2.4 and that for wives of men currently
smoking 20 or more cigarettes daily was 3.4. The dose response relationship in this
study was highly statistically significant. Another study conducted by Correa et al.
(1983) in Louisiana USA found that non-smokers married to heavy smokers had an
increased risk of lung cancer. The relative risk being 1,0, 1.5 and 3.1, when spouses
had smoked none, less than 300000 and more than 300000 cigarettes/life time
respectively in the past. A fourth study by Kobat & Wyner (1984) concluded that
non-smokers’ spouses married to smokers had an estimated 3.3 increased risk of lung
cancer. Two other studies found that no excess of lung cancer was demonstrated in
women passively exposed to cigarette smoke at home (Chan & Fung, 1982; Koo et al.,
1984).

In conclusion, the collective evidence from epidemiologic studies suggests that in
non-smokers there is an overall relative risk of lung cancer of about 1.3 associated
with passive smoking. The risk increases with increasing intensity of exposure, and
the magnitude of risk is more marked for squamous and small cell carcinomas
compared to adenocarcinoma of the lung. The published studies were based on
questionnaire measurements of passive smoking without validation of this data with
biological markers or enviromentally measured concentrations of tobacco smoke
exposure. Moreover, the assessment of exposure relied primarily on the spouse’s

smoking habits and did not account for other sources of exposures.

1.3.2.3 Chemical composition

The aetiological agents of lung cancer in tobacco smoke have not yet been
identified, and many smoke components have not even been tested for initiating
activities of cancer, while others have not been isolated. The composition of
tobacco is variable, and depends upon differences in tobacco plants, the locality of
the soil conditions, agricultural practice, the presence or absence of trace elements,
type of organic pesticides employed and various processes of curing which have
been used (Kinnaway, 1958). Other factors are concerned with the nature of the
tobacco smoked, the conditions for oxidation in smoking, and the amounts of

hydrocarbons produced by pyrolysis (Campbell & Lindsey, 1957; Kinnaway, 1958).

Tobacco smoke is an aerosol of a complex mixture (Lindsey, 1962) containing over
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3000 chemicals (Jusko, 1977). It is composed of a gaseous and a particulate phase,
with a distribution equilibrium of certain smoke constituents in both phases (US
Surgeon General, 1971). The gaseous phase constitutes of 60% of the mixture, and
contains various compounds such as carbon monoxide, hydrogen cyanide, nitric
oxide, nitrogen dioxide and various aldehydes (Larson, 1975; Kilburn, 1974). Many
of its components have been shown to contain trace amounts of carcinogens, such as
the volatile nitrosamines, radioactive isotopes e.g. polonium (*°PO) and tumour
promotors e.g. formaldehyde (Wynder et al., 1979, Hoffmann et al., 1979). The
particulate phase constitutes 40% of the smoke and is composed of water, soluble
materials such as nicotine, many hundreds of acids, alkaloids, and pyridines
(Schumacker et al.,, 1977). It also contains, fat soluble polycyclic hydrocarbons,
nitrosamines, phenols (Severson et al., 1977, McCormick, 1973), and arsenic (Harris,
1974).

Many of the tumour-initiating and co-carcinogenic agents have been identified,
(Table 1-4), and much of the mutagenicity seems to reside in pyrolysis products of
the amino acid tryptophan (Weisburger et al., 1977; Bridges, 1979). There are many
substances in tobacco smoke which although themselves are non-carcinogenic, can
greatly enhance the mutagenicity of certain other mutagens present in the
condensate, which raises the possibility that the effect of mixture of various
compounds in the two phases may be significantly greater than the effect of
individual components (Wynder 1964, 1979; Little, 1974) (Tables 1.4, 1.5, 1.6).

1.3.2.4. Animal Evidence

The strong associations between cigarette smoking and lung cancer incidence, have
prompted many laboratories to investigate the carcinogenic potential of tobacco
smoke.

Tumours have been induced by applying smoke particulates on mouse skin, rabbit
ear, mouse cervix and in the trachea and the lungs of both rats and dogs, and in the
upper respiratory tracts of hamsters, mice and rats. Tumours of the lungs can also
be elicited in response to spraying of the smoke condensates as aerosols, following
an intratracheal injection of carcinogenic polycyclic hydrocarbons and through
repeated application of cigarette smoke condensate to the bronchial mucosa of dogs
(Reviewed by Auerbach et al., 1970; IARC monographs, 1985).
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Some authors have shown that benzo[a]pyrene and dimethylnitrosamine both act
synergistically to cause lung cancer in hamsters (Madis, 1974). Other workers have
demonstrated that a common gaseous air pollutant such as SO, and NO, and ferric
oxide have enhanced the carcinogenicity of benzo[a]pyrene in a synergistic fashion
(Nettesham, 1975). 210p0 has been found to be able to induce lung cancer in animals
(Little et al., 1974; McGrandy et al., 1974).

1.3.2.5 Mechanisms of lung cancer induction

The mechanism by which cigarette smoke induces bronchogenic carcinomas remains
obscure. Cigarette smoke condensate (CSC) exhibits co-carcinogenic promoting
activities which may lead to tumour production and malignant transformation
(Hecht et al., 1981). Cytogenic studies have shown an increase in chromosomal
aberations in heavy smokers compared to non-smokers (Hopkin & Evans, 1979). In a
study conducted among smokers, it was shown that the lymphocytes from patients
with untreated lung cancer have a consistently higher rate of DNA lesions than
have lymphocytes from controls with similar life time exposure to cigarette smoke
but without cancer (Hopkin & Evans, 1979; 1980). In vitro studies have
demonstrated that a minute concentration of tobacco smoke condensate can lead to
many DNA lesions in lymphocytes, e.g. single strand break in DNA (Tsutoma et al.,
1985).

These studies suggest a genetic susceptibility to DNA damage which may result in
somatic mutation, which according to one hypothesis, underlines all carcinogenesis
(Knudson, 1973).
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Table 1.4 Toxic agents in the gaseous phase of tobacco smoke

1. Carcinogens

Dimethylnitrosamine
Other nitrosamines
Hydrazine

Vinyl chloride

2. Tumour promoters
Formaldehyde

3. Ciliatoxic agents
Acrolein

Incomplete list (data from Wynder et al.,

concentration in smoke of cigarettes
5-180 ng
2-200 ng
24-43 ng
10-40 ng

20-90 ug

45-140 ug

1979)
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Table 1.5 Carcinogenic agents in the particulate phase of tobacco smoke
Compound Relative activity Concentration
as complete ng/cigarette
carcinogen
Benzo[a]pyrene +++ 10-50
5-Methylchrysene +++ 0.6
Dibenz[a,blanthracene ++ 40
Benzo[b]fluoranthene ++ 30
Benzo[jlfluoranthene ++ 60
Dibenzo[a,jlacridine ++ 3-10
Indeno[1,2,3]pyrene + 4
Benzo[c]lanthracene + 40-70
Chrysone + 40-60
Dibenzo[a,blacridine + 0.1
Dibenzo]c,g]carbazole + 0.7

Incomplete list from Hoffmann et al. (1976).
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Table 1.6 Some of the co-carcinogenic agents in the particulate phase of tobacco

smoke.

Compounds Concentration ng/cigarette

1. Neutral fraction
pyrene 50 - 200
fluoranthene 100 - 300
benzo[a]perylene 60
benzo[a]pyrene 30
naphthalenes 360 - 630
1-methylindoles 830
9-methylcarbazoles 140
4,4-dichlorostilbene 1500

2. Acidic fraction
Catechol 200,000 - 500,000

Incomplete list from Hoffmann et al. (1976).
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1.3.3 Occupational hazards

Tobacco smoke is established as the dominant respiratory carcinogen, but some
agents (minerals, chemicals, radiation) present in some occupations are known to
cause about 1.5% of all lung cancer (Doll, 1977; Wynder, 1977; Higginson, 1980). The
risk applies to both smokers and non-smokers (Table 1.7).

1.3.3.1 Mining

Lung cancer in miners is either due to the presence of radioactive minerals or due to
inhalation of radioactive gases, such as rodon and thorium, where airborne
radioactivity may occur in mines even when no radioactive minerals are obviously
present (Albert, 1966). Radioactive elements originate from uranium 238 and
thorium 232, whenever mining is carried out in rock formation (Saccomanno et al.,
1964; Archer et al., 1963) e.g. fluorspar mining (Parker, 1981), metal mines (Wagones
1963) and iron ore mines. The level of radioactivity in coal mines is not associated
with lung cancer, where there is, no excess of the disease has been reported (Parker,
1981).

Generally, there is about a 16 year period from the commencement of mining to the

development of cancer (Saccomanno et al., 1972).

1.3.3.2 Asbestos

Exposure to asbestos in certain occupations is recognised as a major health risk.
Both fibrotic lung disease and an increased frequency of mesothelioma, an other
wise rare cancer, occur in asbestos workers (Selikoff et al., 1980a). Perhaps of
greater significance with respect to absolute numbers of affected people is an
increased risk of bronchogenic carcinomas. The frequency of this disease among
asbestos workers who smoke is 80-92 times that of the general non-smoking
population (Selikoff et al., 1968; 1980Db).

Benzo[a]pyrene (B[a]P)is a major carcinogenic polycyclic aromatic hydrocarbon
(PAH) in cigarette smoke and has been implicated in the increased risk of
bronchogenic carcinoma observed in smokers in the general population. Many
investigators have reported that asbestos mediates a significant increase in cellular
uptake of B[a]P and alkylation of DNA when B[a]P is coated on asbestos fibers
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(Lakowicz & Hylden, 1978, Lakowicz & Beven, 1979, Eastman et al., 1983).

There is a period of about 20 years or longer between the start of exposure and
onset of the disease (Selikoff et al., 1973).

1.3.3.3 Arsenic

Inhalation and ingestion of inorganic arsenical compounds have shown to be
associated with an increased risk of skin tumours and bronchial carcinomas of up to
7 times (Hill & Faning, 1948; Hess, 1956). The importance of arsenic as a potential
- lung cangercinogen increased following the introduction of arsenical parasiticidal

mixtures to spray tobacco crops (Weber et al., 1957).

1.3.3.4 Chloroethers

Both bis (chloromethyl)ether and (chloromethyl)methyl ether are used in the
chemical industry in organic solvents, bacteriocides and fungicides. An increased
incidence in lung cancer (up to about 8 times compared to the general population),
occurred among men exposed to these compounds at a chemical manifacturing plant
(Lemen et al., 1976, Figuerosa et al., 1973).

1.3.3.5 Nickel

The increased incidence of lung cancer among the nickle refinery workers is about
14 times more than in the general population (Spencer, 1967), with an increased risk

of developing pulmonary fibrosis and tumours of paranasal sinuses.

1.3.3.6 Chromate

Many authors have found a higher incidence of lung cancer among those employed
in the manufacture or handling or chromate (Spencer, 1967; Hill & Ferguson, 1979;
Tsumeta, 1980).

1.3.3.7 Gas Workers

Workers who made coal gas were found to have an increased risk of lung cancer.

These workers are exposed to pitch oil fumes emitted at high temperatures from
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generators (Doll, 1952; 1965; Davies et al., 1977).

1.3.3.8 Synergistic effect of occupational carcinogens and tobacco smoking

The most striking observation is in relation to asbestos exposure. A number of
epidemiological studies of respiratory cancer hazards in working populations
exposed to asbestos have shown an excess of bronchial carcinomas which occur
exclusively in smokers (Berry et al., 1972; Enterline et al., 1976). The effect of
smoking appears to be multiplicative. A survey of lung cancer deaths among
insulation workers revealed relative risks of about 5 times following asbestos
exposure alone, 10 following cigarette smoking alone, and 50 following combined
exposure (Hammond, 1979). Heavy smokers who are asbestos workers, experience
nearly 90 times the risk of individuals who were not exposed to tobacco or asbestos
(Selikoff et al., 1980).

A striking carcinogenic effect between cigarette smoking and radiation was
reported by Lundin et al. (1969). The lung cancer rate is ten times greater among
smoking uranium miners than non-smoking miners. Where the tumour induction
rate is shorter (Archer, et al., 1976), the same observation was recorded in relation to
chloroethers (Figuerosa, 1973).

1.3.4 Air Pollution

Many agents with a potential carcinogenicity escape into the atmosphere in the
course of industrial activity, e.g. arsenic, asbestos, radioactive materials and
polycyclic aromatic hydrocarbons.

The substances can be responsible for only a small proportion of all cases of the
disease. It is possible that some pollutant(s) may interact with cigarette smoke to
increase the incidence of cancer over and above that which would be expected by
the action of tobacco alone (Doll, 1978).
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Table 1.7 Known suspected agents of occupational cancer of the lung and their

relation to various histological types.

Occupation Related cell type References
1. Radiation Small cell carcinoma Archer et al., 1974
Undifferentiated Saccomanno et al., 1972
2. Asbestos Adenocarcinoma Hueper, 1966
All cell types Blot et al., 1978
3. Mining All cell types Haslan et al., 1975

Seve et al., 1977

4. Arsenic Squamous Axelson et al., 1978
Adenocarcinoma & Wicks et al., 1981
Small cell

5. Chromate All tissue types Nat. Acad. Sci., 1970

Squamous and small cell Abe et al., 1982

6. Nickle Squamous Kreyberg, 1978

Squamous and small cell Sundermann, 1973
7. Uranium Adenocarcinoma Kannerstein & Churg, 1972

8. Chloromethylether Small cell Figuerosa et al., 1973
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1.3.5 Vitamin A and bronchogenic carcinoma

There are three lines of investigations which suggest that vitamin A levels may play
a role in the pathogenesis of some epithelial cancers (reviewed by Goodman, 1984;
Chytil, 1984).
ook

1 - Epidemiological evidence : This is summarised by[feto}(l%l) who concluded
that the risk of cancer in humans may be correlated inversely with the serum level
of retinol, and with the dietary intake of B-carotene. Various investigators are in
agreement about the importance of vitamin A consumption and the development of
lung cancer (MacLennan et al., 1977; Shekell et al., 1981). The vitamin A index was
significantly lower for cases of lung cancer as compared to the control. In one
study this observation was recorded for male patients only kG,e,d{gc et al., 1980).
Others are in disagreement, where they firmly have established a positive
correlation between smoking and the development of lung cancer irrespective of the
dietary level of vitamin A or other factors (Bjelke, 1975).

2 - Biological evidence : Vitamin A has powerful effects on cell differentiation and
proliferation (Sporn & Roberts, 1983). Vitamin A deficiency could also impair the
normal structure of endothelium (Goodman, 1984).

3 - Pharmacological evidence : A synthetic retinin is found to be useful in the
prevention of carcinogenesis in laboratory animals. A high dose of vitamin A
reduced markedly both the incidence of squamous cell metaplasia (Saffiotti et al.,
1967), and the development of tumours using hamsters as an animal model (Cone &
Nettesheim, 1973; Shekell et al., 1981). These observations have not gained universal
approval. It was demonstrated by Rogers et al. (1973}) that vitamin A predisposes
the epithelium to neoplastic changes, andLlelctt)c(1984), was unable to confirm the

finding that a low serum retinol level is associated with an increased cancer risk.

In vitro investigations have demonstrated that vitamin A enhances benzo[a]pyrene

carcinogenicity (Smith et al.,, 1972; 1975) and increases the rate of benzo[a]pyrene

metabolites binding to the DNA of tracheal epithelium (&Gesfo et al., 1974).
(G N

Other trace minerals and nutrients such as selenium might also protect cells from

reactive metabolites }(Clarie‘ét{a_l‘“;il‘gﬂm.
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Further work is needed before we are able to assess the importance of vitamin A in

the aetiology of lung cancer, and hence its utility in chemoprevention programmes.

1.3.6 Acquired Lung Cancer

Many studies had linked the existence of pulmonary scars due to a variety of
pathological conditions such as tuberculosis (Raeburn & Spencer, 1957) pulmonary
infarction (Balo et al., 1956) to the development of adenocarcinoma and less
frequently to other cell types (Limas & Japaze, 1971). this concept has since been
challenged for the following reasons : a) It was demonstrated that much of the
fibrosis associated with the tumour may actually form as a desmoplastic response to
the cancer itself. In other words, carcinoma may arise in an area of pre-existing
scars and or may evoke a desmoplastic response (Jackman et al., 1969; Carter &
Eggleston, 1980), b) It is known that many of the adenocarcinoma are mixed
adeno-squamous which grow in relation to areas of scarring (Mayer & Liebow,
1965), ¢) It was demonstrated that patients with extensive fibrosis due to exposure
to silica or coal mining are not at a high risk of developing bronchogenic
carcinomas including adenocarcinoma in comparison to others (Turner-Warick et al.,
1980) hence it is difficult to relate the development of adenocarcinoma or other

type of lung cancer to the existence of scar tissue.
1.3.7 The Immune System and the Pathogenesis of Lung Cancer

The status of the immune system and its relation to the development of lung cancer
has been discussed by only a few authors. Both Gross et al. (1975) and Dellon et al.
(1975) reported that the function of B cells was depressed in patients with
bronchogenic carcinomas whereas Kang et al. (1974; 1977) raised the possibility that V
there may be a relationship between impaired T lymphocyte population as an
indicator of reduced immune surveillance and the propensity to develop malignancy
in patients with asbestosis. Other workers have disputed the significance of these
observations and considered that any functional disturbances of the immune system
at a later stage of the disease are a result rather than a cause of bronchogenic
carcinoma (Dellon et al., 1975b; Turner-Warick et al, 1980). Some recorded
immunological abnormalities are the result of smoking cigarettes rather than lung
cancer itself (Eric et al., 1979). Impaired cellular immunity has been observed in
cigarette smokers. Miller et al. (1982) found a diminished ratio of helper to

suppressor cells which returned to normal, six weeks following cessation of smoking.



Chapter 1 Page 44

Ginns et al. reported alterations of T-lymphocyte subsets in persons with lung
cancer. Natural killer cell activity which may be important for immune

surveillance is reported to be reduced in smokers (Ferson et al., 1979).

Two authors noticed an increase in the incidence of lung cancer in two groups of
immunosuppressed patients. Brinker et al. (1974) observed 8 lung cancer cases
compared to 2.8 cases expected in 2544 patients with sarcoidosis during a 10 year
period, all his patients were smokers and 7 were diagnosed as squamous cell
carcinoma. Hoover et al. (1975) recorded the development of lung cancer in 8 renal

transplant recipients on immunosuppressive agents compared with 1.8 cases expected.

1.3.8 Remarks on the histological diagnosis of bronchogenic carcinoma

The distribution of lung cancer cell types is affected by the source of tissue
specimen. In this respect, the ability to categorise bronchogenic carcinoma is
dependent upon the amount of epithelial tissues available for histological diagnosis,
the stage of the tumour and the pathology techniques employed (Reviewed by Ives
et al., 1983; Lamb, 1984).

Bronchoscopy has a major impact on the diagnosis and management of lung cancer.
About 80% of the available histological diagnoses was made by this procedure,
where no further diagnostic method was required (Mitchell et al., 1980). The tumour
is usually visible in about 50% of the cases, where diagnosis by the above technique
can be made in over 90% of cases (Martini & McCormick, 1978). If the lesion is not
visible, the positive biopsy rate falls to about 40%. Accurate cell typing from a
2mm tissue specimen obtained at fibreoptic bronchoscopy is often difficult. This is
due to the complex morphological characteristics of lung cancer and because the
tissue of a tumour may contain more than one cell type, each of varying
differentiation (Huhti ef al., 1980). Indeed, Chung et al. (1984) reviewed the records
of 107 patients, who had a diagnosis of lung cancer established by fibreoptic
bronchoscopy, and who subsequently underwent surgical resection or staging. They
found that 41% of the 107 patients studied were different in cell type from their
corresponding bronchoscopic diagnosis. In their review many of the poorly
differentiated, large and small cell tumours turned out to be adenocarcinoma. This
problem is compounded by considerable variability in the histological diagnosis of
lung cancer cell type among pathologists (Feinstein et al., 1970) which explains why

histological types of lung cancer vary considerably in published series from
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different parts of the world (Moden, 1978).

The last point which is worthy of mention is the possible effect of changes in the
smoking habits within a given population and modification of both the filter and
tar content of the cigarette on the prevalance of certain bronchogenic carcinoma
types in various published series.

Sputum cytology is capable of yielding many positive results, but it is demanding in
both time and expertise (Philips, 1954; Melamed & Cohen, 1968). Usually, there is a
higher proportion of positive cytology with squamous cell carcinomas which are
often exfoliated, arise from central growth, and also in the readily detected small
cell carcinomas. Cells from adenocarcinoma, characteristically peripheral growths,
are less frequently seen. Generally, a considerable measure of agreement exists
between the diagnosis of lung cancer cell types seen in the sputum and in resected
or necropsy specimens. Nevertheless, some discrepancies exist as seen in various
series (Hinson & Kuper, 1963; Kamentsky & Melamed, 1964). Oswald et al. (1971)
compared the histological types of lung cancer detected by examining sputum
samples with those detected by examining specimens obtained by surgery or at
necropsy from a total of 2035 patients. They found, of 47 diagnosed cases of small
cell carcinoma on sputum cytology that 8 were classified as undifferentiated cell
carcinoma in resected or necropsy specimens in 39 patients diagnosed as
undifferentiated cell carcinoma, 47 were associated with differentiated cell types on
resection or at necropsy. They also detected 20 cases of adenocarcinoma which were

previously diagnosed as squamous cell tumours by using sputum samples.

1.3.9 The relationships between histological of bronchogeni rcinoma and

epidemiological factors

The relationship between cigarette smoking and histological types of lung cancer
has been the subject of numerous but conflicting reports. The US Surgeon General
(1982) concluded that the association between a single cell type of lung cancer and
smoking remains equivocal. The discrepancies between various studies may be in
part due to varying methods which are used in the categorisation of histologic cell
types.

Kreyberg (1954) divided lung cancer into two groups. Group I comprising squamous

small and large cell types and group II comprised mainly adenocarcinoma. He and
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others suggested at that time that smoking increases the incidence of only group I
tumours (Kreyberg, 1955; Doll et al., 1957). Later on Kreyberg (1962; 1967) proposed
a classification of lung cancer which was agreed by the World Health Organization
(WHO, 1967). He suggested two main groups. The group I tumours were squamous
and small cell carcinoma, while group II were adenocarcinoma, bronchioalveolar
and large cell carcinomas. At that time there was a marked difference in smoking
habits between sexes, hence group I consisted of those cell types with a male
predominance, whereas group II had more or less an equal sex distribution, increases
with advancing age and has a weak association with carcinogenic agents including
smoking. Recently the classification of histological types of lung cancer was
reviewed and approximately 90% of all cancer was included in four main
histological categories namely, squamous, small, adeno and large cell carcinomas
(WHO, 1982).

Some investigators believe that the dose of cigarette smoke has no influence on the
development of a particular type and that overwhelming majority of cases of lung
cancer, had smoked regardless of the cell type (Herrold et al., 1972; Vincent et al.,
1977, Stayner et al., 1983; Robert et al., 1984). Others disagree and think that there
is a positive relationship between the number of cigarettes and the development of
small cell carcinoma especially in men under the age of 70 (Yesner et al., 1973;
Auerbach et al., 1975; Feinstein et al., 1974), with squamous cell carcinoma (Weiss
et al., 1977) or with both cell types (Doll et al., 1957, Kreberg 1967; Wynder et al.,
1977). Some found that individuals who had started smoking early, had relatively
more small and squamous cell types than those who had started smoking late.
Yesner et al. (1973) pointed out that adenocarcinoma is the most common cell type
among patients who did not smoke.

This conflicting picture has emerged because of many factors not least of which is
the lack of agreement on a common nomenclature. In a random survey of 57 studies
pertaining to lung cancer, 13 different systems of histological classifications were
used by various authors (Sobin et al., 1973).

Intra-observer variability has been demonstrated in the classification of lung cancer
histological types, especially for poorly differentiated and undifferentiated
carcinomas. Between two separate panels of pathologists, disagreements in
classifying lung kcancer were observed in 40% or 53% of the poorly differentiated

squamous cell carcinomas, 42% or 58% of the poorly differentiated adenocarcinoma
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and 23% or 20% of the large cell carcinoma (Yesner et al., 1965; Feinstein et al.,
1970).

It is also known that lung cancer may contain more than one cell type, each of
varying differentiation, therefore, inadequate tissue sampling may result in

misleading findings.

The aetiology of adenocarcinoma and its relationship with smoking and
occupational exposures have provoked conflicting opinions between epidemiologists.
Some authors believe that adenocarcinoma has only a weak association with
cigarette smoking (Doll et al.,, 1957; Kreyberg, 1962; Wynder et al., 1970) and has
rarely been associated with environmental carcinogens or a specific occupational
hazard (Wynder et al, 1961). Few believe that adenocarcinoma is caused by
endogenous rather than exogenous factors (Kreyberg, 1962; Wynder et al., 1967).

These views have not been shared by all investigators. In a large prospective cohort
study of 6136 men with lung cancer, Weiss et al. (1972) found a significant dose-
response relationship to cigarette smoking for well differentiated squamous cell
carcinoma, small cell carcinoma and adenocarcinoma. Auerbach et al. (1975)
reviewed autopsy data on 652 men who had lung cancer. They observed that among
men under the age of 70 years, only the frequency of small cell carcinoma showed a
significant correlation with cigarette dosage but not squamous or adenocarcinomas.
Vincent et al. (1977) reviewed the histopathology of a group of lung cancer patients
and were unable to dissociate smoking as a cause in any of the lung cancer cell
types. Recently, Stayner et al. (1983) demonstrated that cigarette smoking was
significantly associated with all three main histologic types of lung cancer.

There are a few explanations for these differences :

1. Variability in criteria for the histology of lung cancer.

2. Changes in smoking habits and modification of the filter and content of

tobacco content of cigarettes.

3. Diagnosis of the pathological types of lung cancer by transbronchial biopsies
does not always correlate with the actual pathological type, because the

fragment is too small.
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4, Increased incidence of bronchogenic carcinomas among the elderly (Griffith
et al., 1987).

1.4 BRONCHOGENIC CARCINOMA, THE SIZE OF THE PROBLEM!

Lung cancer is a world wide health problem. Although the incidence of this tumour
is high in the developed countries, nevertheless the epidemic of this disease has
already began to involve the developing countries as pointed out by the WHO (1983).
Many of these countries are experiencing an alarming increase in the incidence of

this tumour e.g. India, Brasil and Bangladesh.

World consumption of cigarettes showed a constant steep rise up to 1983 when a
plateau was reached. When the consumption is analysed by geographical areas, the
steepest rise has been for many years in the developing countries. The increase in
the consumption in the industrialised countries is very small and in many countries

has declined.

Cigarette smoking is considered to be responsible for at least 80% of death from
lung cancer, 75% of death from chronic airflow limitation and emphysema and 25%
of ischaemic heart mortality (WHO, 1986).

In the UK bronchogenic carcinomas have become the third most common cause of
death, preceded only by heart disease and pneumonia. Scotland stands first in the
percentage of its death rate due to lung cancer in the World, followed by England
and Wales (ACS, 1982). Bronchogenic carcinomas constitute about 90% of all
respiratory tract tumours.causing 112 deaths per 100,000 alive male population and
37.7 per 100,000 alive female population. In the UK, lung cancer causes about 27%
of all cancer death. It comes as the first cause of death due to malignancy in males
with 39%, while in females, it lies in the second plae with 14%, preceded only by
breast cancer which causes 20% of all female deaths due to cancer (DHSS, 1982;
Coggon & Acheson, 1983).

The picture is no brighter in the US where bronchial carcinomas claim about 26% of
all cancer deaths, 34% of all male deaths and 16% of all female deaths due to cancer
(ACS, 1982).
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The future picture for females is a gloomy one. The death rate is doubling every
ten years in the UK (DHSS, 1962; 1982) and the tumour has already become the
leading cause of cancer deaths among females in some states in the USA, pushing
breast cancer to second place (Meigs et al., 1977, Curmen et al., 1983). Changes in
treatment have had little effect on the fatality rate which remains extremely high.
It could be said that real changes in mortality are therefore reflected by real change
in incidence, which is about 91% of all respiratory tumours in British patients, i.e.
94% of males and 81% of females (Tables 1.8, 1.9, 1.10).

The grim statistics for this tumour are compounded by many factors, mainly of
biological nature, which adversely affect its management. Lung cancer is an
insidious disease that develops over a period of one to two decades, and remains
asymptomitic until late in its course, when the vast majority of cases will be
disseminated at the time of diagnosis (Geddes, 1979; Caplin, 1981).

The tumours grow at a fairly constant rate (Carter & Eggleston, 1980), and their
doubling time "the time it takes for the tumours to double in size", varies according
to the histological type. In a review, Geddes (1979) estimated the doubling time at
about 29 days for small cell, 88 days for squamous cell and 161 days for
adenocarcinoma of the lung. In another series this was estimated as 33 days, 136

days and 184 days for the three tissue types respectively (Carter & Eggleston, 1980).

There is an inverse relationship between the doubling time and the survival rate of
the subject. This means that surgical resection, even at a very early stage cannot
always be considered compatible with long term survival. This may expalin why the
survival rates have not improved over the last 30 years and remain around 5% for 5
years (Geddes, 1979). In an extensive review on 8781 patients with lung cancer who
were operated on by seven surgeons in England during the years 1949-1980, and in
spite of a great advance in surgical techniques, there has been no improvement in
survival rates (Belcher, 1983). Half of the resectable cases of each major cell type
fell into an early mortality group with median survival of only 9-16 months. In
addition, a small percentage of patients judged non-resectable showed surprisingly

long term survival without surgical intervention (Ball, 1987; Belcher, 1983).
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It can be concluded that some of the factors that exert an important influence on
the outcome of surgery cannot be identified before or at the time of the operation,
with the result that many patients subject to an apparent curative resection die from

an early recurrence.

Recognising the gloomy effects of the natural history of lung cancer on both the
management and prognosis of this tumour, attempts have been made at screening the
population at high risk, i.e. heavy smokers over 40 years of age by both chest X-ray
and sputum cytology (Fontana et al., 1972). These techniques have proved costly,
ineffective and inpracticable (Geddes 1979, Grant 1982). A large prospective study

has produced discouraging results (Fontana et al., 1972; Woolner et al., 1981).
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Table 1.8 Death rate per 100,000/population in various countries due to lung
cancer (1982).

Country Percentage
Male Female
1. Netherlands 100.0 10.1
2. Denmark 85.8 26.7
3. Hungary 84.0 174
4, Finland 80.0 9.0
5. Germany 71.4 12.5
6. USA 66.7 222
7. Greece 65.8 10.0
8. France 58.0 7.2
9. Norway 46.6 10.0
10. Hong Kong 44.6 254
11. Yugoslavia 41.4 8.6
12. Argentina 44.1 6.4
13. Singapore 36.8 14.0
14, Romania 36.7 1.9
15. Iceland 344 279
16. Japan 28.7 10.3

From WHO (1984)
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Table 1.9 Death rate per 100,000/population in the UK due to lung cancer (1983)

Area Total deaths due Death due Death rate
to all malignancy to lung cancer per 100,000

of population

1. Scotland Total : 14077 4016
M: 7315 M : 2917 117.3
F : 6762 F : 1199 44.7
2. England Total : 130122 35367
M : 69179 M : 26297 109.6
F : 60944 F : 9070 35.6
3. Northern Ireland Total : 3010 689
M : 1521 M : 511 67.7
F : 1489 F : 178 22,6

From DHSS (1984)
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Table 1.10 The incidence and mortality rate due to the most common types of

cancer of England and Wales.

Type of cancer % incidence % of all Sex ratio of

of cancer deaths death rate
M:F

1. Lung 18.6 27.0 3-10

2. Large bowel 12.1 12.9 1.2 -3.0

3. Breast 11.0 0.3 0.01-1.0

4, Skin 10.8 9.5 1.7- 1.0

5. Stomach 1.4 8.8 23-1.0

6. Bladder 4.7 33 42-1.0

7.  Prostate 4.6 3.8 -

8. Pancreas 2.8 4.7 27-1.0

9. Cervix and uterus 2.6 1.6 -

10. Ovary 2.3 2.0 -

From Doll & Peto (1983)
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Another study conducted by the National Cancer Institute in the USA, showed that
even early detection of lung cancer with high respectability rate bears no
corresponding reduction in mortality from lung cancer (Malcolm et al., 1980; Ball
et al., 1983; Fontana et al., 1984). It is worth mentioning that carcinoma in situ and
early invasive carcinoma are not always accompanied by gross mucosal abnormality
and can escape detection at bronchoscopy. The presence of so called "skip areas",
further limits the potential for early diagnosis (Richardi et al., 1967; Sanders et al.,
1972).

Generally, no advances have occurred in the treatment of lung cancer in recent
years. In most series only 20-25% of all cases with bronchogenic carcinomas are
suitable for surgical treatment, and of them only a Quarter to a third survive 5
years, giving over all 5 years survival of approximately 5-8% (Gifford &
Waddington, 1957; Bignall, 1958; Belcher & Anderson, 1965; Shields, 1973). The
results in women are somewhat worse than in men (Bignall & Morgoric, 1972) and
the picture has not changked during the last 30 years (Spiro, 1984).

Methods of treatment other than surgery such as radiotherapy, chemotherapy and
immunotherapy offer no better choices (Emerson, 1981).

Within the last few years, a number of studies have shown that laser therapy has a
place in the treatment of certain categories of bronchial carcinomas (Hetzel et al.,
1983). Although there is little evidence as yet that laser therapy can improve
survival rate, nevertheless, pallation can be achieved and maintained for a limited
period and the distress of dyspnea and or hemoptysis can be controlled without the
side effects towards this treatment (Hetzel, 1983). The use of hematoporphyrin
derivative HPD, has some value in the detection of tumours at bronchoscopy,
consequently improving the diagnostic yield of this procedure, in spite of its
currently limited practical application (Lipson et al., 1967; Kinsey et al., 1978).

In conclusion, neither current treatments nor available screening techniques can
significantly influence the natural history of this tumour. The major dominant
factor in the outcome of lung cancer is the disease process itself and much more

knowledge is needed before we will be able to control it.
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Concluding remarks

Not all individuals who are exposed to the carcinogenic agents of cigarette smoke
will develop lung cancer, actually only 12% do so, whereas some less heavily exposed
individuals or passive smokers are known to suffer from this tumour (Mulvihill,
1976; RCP, 1983). Cigarette smoke is a major risk factor, but it alone is not a
sufficient cause because most smokers never get lung cancer. Hence, Rothman
(1976) suggested that most cases of cancer are attributable to a mechanism that
involves smoking as a component cause. He believes that cigarette smoke is an
active component cause of lung cancer, while the genetic characters of individuals
are passive components which create the condition in which the carcinogenic
compounds of cigarette smoke may induce malignant changes at the cellular level or
afford protection against the cigarette smoke. This suggests that exposure to the
environmental carcinogens is only one facet determining an individual’s risk of lung
cancer (Higginson & Muir, 1973).

General biological principles lead us to believe that genetic factors play some part
in determining susceptibility to the development of lung cancer, rather than to
accept that lung cancer induction is partly a matter of chance and partly related to
the dosage of particular carcinogen(s). The quantitation of cigarette smoking in
lung cancer patients is not precise, and in no case is there the slightest suggestion of

a threshold dose below which no increased lung cancer risk occurs (Science, 1957).

Determination of the constitutional differences associated with a specific gene(s)
related to bronchogenic carcinomas will enhance our knowledge towards the disease
etiology at the molecular level, elucidate its pathogenesis and contribute to

programmes of lung cancer control and treatment.
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CHAPTER 2

PHARMACOGENETICS, CYTOCHROME P-450 GENES

AND GENETIC SUSCEPTIBILITY TO BRONCHOGENIC

CARCINOMA IN SMOKERS



Chapter 2 Page 57

Contents Page
2.1 INTRODUCTION 59
2.2 GENETIC POLYMORPHISM 60

2.2.1 HLA-antigen polymorphism
2.2.2 The polymorphism of alphal-antitrypsin inhibitors

2.3 GENETIC FACTORS AND DRUG METABOLISM 64

2.3.1 Monogenic control
2.3.2 Multifactorial control

24 THE MIXED FUNCTION - OXIDASE SYSTEM 66

2.4.1 Cytochrome P-450
242 The P-450 gene super family

2.5 OXIDATIVE METABOLISM OF THE RESPIRATORY SYSTEM 69
2.6 OXIDATIVE METABOLISM OF CHEMICAL CARCINOGENS 71
2.7 GENETIC POLYMORPHISM OF DRUG METABOLISM 72

2.7.1 Oxidative metabolism
2.7.1.1 The debrisoquine/sparteine oxidative polymorphism
2.7.1.2 S-mephenytoin hydroxylation polymorphism
2.7.1.3 Tolbutamide
2.7.1.4 S-carboxymethyl-L-cysteine sulphoxidation polymorphism
2.7.2 Acetylation pathways

2.8 THE ASSOCIATIONS BETWEEN MIXED FUNCTION OXIDASE SYSTEM
AND THE DEVELOPMENT OF COMMON DISEASES 75

2.9 CAUSES OF HUMAN CANCER : ENVIRONMENTAL VERSUS
GENETIC? 76



Chapter 2 Page 58

2.10 THE MIXED FUNCTION OXIDASE SYSTEM AND
SUSCEPTIBILITY TO CANCER 79

2.10.1 The Ah locus
2.10.2 N-acetylation and bladder cancer

2.11 GENETIC SUSCEPTIBILITY TO THE DEVELOPMENT
OF BRONCHOGENIC CARCINOMA IN SMOKERS,

PHARMACOGENETIC APPROACH 82

2.12 AIMS OF THE THESIS 87



Chapter 2 Page 59

2.1 INTRODUCTION

Although knowledge gained from the study of environmental agents in cancer in
man has been considerable, very little has been added, until recently, by genetic
studies. A strong emphasis has been placed on the identification of the causes of
human disease and much less concern has been focused on the role of host factors in

the disease process itself.

Studies of carcinogenesis in animals, as well as descriptive epidemiologic
investigations in humans, consistently show non-uniform responses to a given
carcinogen i.e. cancer yield, not only between species but within species. Even
within highly inbred strains only relatively few of the animals exposed to controlled
dosages of supposed carcinogens develop cancer (IARC, 1977a; 1977b), a factor
which suggests the importance of the following: 1) variation in genetic
susceptibility to cancer within membership of any highly inbred strain 2)
pecularities in the interaction of genetic environmental factors within a given host.
The differential susceptibility to toxic and carcinogenic compounds is recognized in
many situations and their causes have long been sought (Viscount, 1917). For
example, of the many thousands of foetuses exposed to diethylstilbestrol, only a
small number have developed adenocarcinoma of the vagina or cervix. Of the
millions of women on estrogen contraceptive agents, only a relatively small
proportion developed carcinoma of the breast. Thus a rather limited number of
exposed humans develop the malignant neoplastic lesions or other pathology,
associated with a specific environmental agent. The question is, "What
characteristics of these cancer affected individuals distinguish them from the
majority of their peers who have the same, or even greater, exposure to carcinogens
or other compounds, but who remain free of cancer? (Lynch et al., 1979). Haldane
(1938) suggested a possible role for genetic constitution in the occurrence in
bronchitis among potters and endorsed the possibility of eliminating the genetically
predisposed person from potentially unhealthy work environment. He wrote "The
majority of potters do not die of bronchitis at Stoke-on-Trent. It is quite possible
that if we really understood the causation of this disease, we should find that only a
fraction of potters are of a constitution which renders them liable to it". Within this
context, it must be emphasised that genetic factors are but one of a number of host
characteristics that may affect one’s susceptibility to environmental agents. In
many instances, it is possible for such factors to interact in ways that may enhance
or offset the effect of each other (Calabrese, 1978; 1979).
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Genetically determined variations among individuals have been demonstrated
strongly in both biochemical and physiological processes. Omenn (1984) showed that
the haploid human genome has enough DNA for about 3 x 10® average size gene
sequences, from which he estimated that there should be some 20,000 protein

polymorphisms, only about 120 (or 0.6%) have been described so far.

The purpose of this Chapter is to illustrate how the exploitation of genetic
differences in drug metabolism in man might be helpful in elucidating genetic
factors that may predispose certain individuals to an increased risk of lung cancer

development in smokers.

2.2. GENETIC POLYMORPHISM

Genetic polymorphism was defined by Ford (1940) as "The occurrence together in
the same habitat at the same time of two or more distinct forms of species in such
proportions that the rarest of them cannot be maintained merely by recurrent
mutation”. In this situation, the expression of a phenotype is often controlled by
major genes i.e. the genes have a large effect upon the phenotype compared to the
environment. That is why some would consider this phenomenon as an
organizational arrangement of nature, whereby the population can be structured to
give it a better chance of survival should change occur in the environment. It has
been suggested that selective forces have been important in determining their
incidence and distribution. It was advocated by Fisher (1930) that balanced
polymorphism may follow if the fitness of a genotype is related to its frequency.
Sheppard (1975) stated that genetic polymorphism usually advertises a situation of
particular genetic and evolutionary interest, whereas the presence of two or more
genotypes means that there is a balance of selective forces maintaining all of them
in the population. Hence, it was desirable to detect as many as possible of the
polymorphisms which must exist in man for two main reasons (a) they are
influenced by powerful selective pressure, (b) they could act as markers of the
human chromosomes. Considerations along this line lead to the prediction that
various discovered genetic polymorphism are associated with liability to develop
specific diseases. Actually many associations between diseases and well documented

polymorphisms have been established (see Table 2.2).



Chapter 2 Page 61

Genetic polymorphism is a fairly common phenomenon among the very large
numbers of enzymes in the human organism (Harris, 1964; 1966), (see Table 2.1). It
has been shown from studies of isoenzymes and protein variability, that in a
number of organisms, 30-60% of gene loci studied are polymorphic (Harris, 1966;
Lewentin, 1976; Parkin, 1979). Two examples will be discussed briefly, namely a)
HLA antigen polymorphism and b) the polymorphism of alpha -antitrypsin.

2.2.1 HLA antigen polymorphism

The antigens of the HLA system (Human Leucocyte Antigens) are present on the cell
membrane of lymphocytes and a wide variety of other cells. The HLA region as a
whole, though it may comprise only 1/1000 thousandth of the human genome, is
likely to include at least a few thousand genes. More than 300,000,000 genetically
different individuals can be formed by known alleles of HLA-A-B-C-D loci, and of
these, more than 30,000,000 have a distinguishable combination of antigens. The
genetic make-up of individuals is apparently determined by 2 closely linked
autosomal genes and each of them is highly polymorphic. The proportion of
individuals who are heterozygotes at HLA,A,B,C,D loci is greater than 80% and
more than 75% of typical individuals, will have 4 different HLA, A & B antigens
(Bodmer, 1978).

Large numbers of associations between this system and various diseases have been
established (see Table 2.2).

2.2.2 The polymorphism of alghal-angitrygsin inhibitors

The polymorphism of alphal-antitrypsin (alphal-at) is well established (Carrel et al.,
1982). The protein is encoded by 2 independent alleles at a single locus (Laurell
et al., 1963). The varients of this polymorphism are classified alphabetically by the
Pi (proteinase inhibitors) nomenclature (Fagerhol, 1968). Abnormal phenotypes of
(alpha -at) have been associated with a number of diseases, but the strongest is the
association with the development of emphysema in smokers and of liver diseases,

mainly in neonates (Larsson, 1978).

This polymorphism demonstrates the importance of genetic-environmental

interaction in the pathogenesis of emphysema in adult smokers (Gadek et al., 1981).
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Table 2.1 Examples of known genetic polymorphisms in humans and their mode of

inheritance.

Genetic polymorphism

Glucose-6-phosphate

dehydrogenase

Pseudocholine esterase

Inability to taste

phenylthiocarbamide

Plasma paroxonase

Alcohol dehydrogenase

Actalasia

Mode of inheritance

80 varients

sex linked

autosomal recessive

autosomal dominant

autosomal recessive

3 alleles and many
atypical forms

autosomal recessive

References

Motulsky & Yoshida, 1971

Kalow, 1962; 1957

Harris et al., 1948

Player et al., 1976

Smith et al., 1973

Takaharsa et al., 1952
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Table 2.2  Associations of some diseases of unknown etiology with human genetic

polymorphisms.

Genetic polymorphism

The alpha, protease inhibitor system

HLA antigens system
HLA-B27

HLA-BS8

HLA-DR4
The phenylthiocarbamide tasting
system
The blood groups

Paraoxonase polymorphism

Glucose-6-phosphate dehydrogenase
deficiency

(Compiled from Mourant et al., 1978)

Associated diseases

emphysema in cigarette smokers
liver cirrhosis
rheumatoid arthritis

duodenal ulcer

ankylosing spondylitis
Reiter’s syndrome

acute anterior uveitis
yersinia & salmonella arthritis
dermatitis herpetiformis
myasthenia gravis

chronic autoimmune hepatitis
celiac disease

Juvenile diabetes mellitus
idiopathic Addison’s disease
Beheet’s syndrome
rheumatoid arthritis

nodular non-toxic goitre (non-taster)

toxic goitre (taster)

group A carcinoma of the stomach & the lip

parathion toxicity

drug induced haemolytic anaemia
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2.3 GENETIC FACTORS AND DRUG METABOLISM

Garrod (1909) postulated that genetic variations in metabolism might explain the
development of various diseases and play an important role in the pathogenesis of
unwanted effects towards certain medications, in some individuals (cited in Vesell
1973). His view was supported by Haldane (1939). Motulsky (1957) called attention
to hereditary disorders in which symptoms may occur spontaneously but are often
aggrevated by taking medications. Two years later, Vogel (1959) introduced the
term pharmacogenetics for the study of genetically determined variations that are
revealed solely by the effect of drug consumption. By 1962, Kalow published the
first book on pharmacogenetics that dealt largely with the resistance of
microorganisms and insects to drugs and insecticides respectively, human genetic
conditions that affect drug toxicity and racial differences in response to drugs. At
that time various authors associated genetic factors with a predisposition for
industrial pollutant induced toxicity (Zavon, 1962; Jensen, 1962). A decade later,
Brewer (1971), coined the term ecogenetics. He suggested that genetic variations,
not only were relevant to drug action but needed to be considered in response to any

type of environmental agent.

Genetically transmitted variations in drug response arise mainly from mutation of
DNA, through which structural alterations occur in proteins which exert their
effect simultaneously on various pharmacokinetic processes i.e. absorption,
distribution, biotransformation, interaction with intracellular fractions and
excretion. Although each of these five processes may be under separate genetic
control, various investigators have demonstrated that biotransformation, rather than
other processes are responsible for many of the well documented pharmacogenetic
conditions (Kalow, 1962; Motulsky, 1963; Evans & White, 1964; Mahgoub et al., 1977,
Sjoqvist et al., 1980; Kalow, 1987; Vesell, 1988).

In pharmacogenetics, observations are made either of measured properties of a
kinetic nature such as half-life (Vesell, 1973), steady plasma state concentration
(Evans et al., 1963) and clearance (Blain et al., 1982) or of measured properties of an
oxidative metabolic nature such as metabolic ratio (Mahgoub et al., 1977), rate of
urinary metabolites excretion (Danhof et al, 1979), hydroxylation index (Kupfer
et al., 1981) and sulphoxidation index (Mitchell et al., 1984).
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The environmental and heritable components of individual variations in rates of
drug metabolism can be uncovered through the use of various investigative
approaches, namely, empirical clinical observations, twins, family and population
studies and use of animal model systems (Vesell et al., 1968; Mahgoub et al., 1977,
Evans et al., 1980; Al-Dabbagh et al., 1981).

Population studies are usually conducted by administration of a fixed dose of a
drug to a large number of individuals and then measuring either the response to the
drug or any of the pharmacokinetic characteristics at a fixed time after the
administration of the drug. From the data available, a frequency distribtuion curve
is constructed, which usually shows two common patterns, namely (1) biomodal
distribution due to monogenic control or (2) unimodal distribution due to
multifactorial control (Nebert, 1980).

2.3.1 Monogenic control

If one particular aspect of drug disposition assumes paramount importance in the
overall host response to the drug under study, a genetic variation in that process
may be identified as a discontinuous distribution in the population. This implies
that the parameter under study is controlled by a single gene of two alleles. A
trimodal pattern also indicates genetic polymorphism in which there is a phenotype
for each of three possible genotypes. Generally, the number of modes seen in the
population depends on the degree of dominance operating within the single gene
effected. Within this context, genetic polymorphism occurs when a gene product,
usually an enzymatic protein, exhibits different activities in the population, either

due to variant structures or amount of enzyme.
2.3.2 Multifactorial control
This occurs when the variance under investigation has a Gaussian distribution. This

pattern will be demonstrated regardless of whether the population variance is

mainly due to environmental fators or to small additive gene effects.
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2.4 THE MIXED FUNCTION - OXIDASE SYSTEM

Synonymous : Microsomal Hydroxylase, Monooxygenase, Cytochrome P-450

Most epithelial tissues in mammals contain intracellular, well developed endoplasmic
reticulum, richly endowed with numerous enzymes on their smooth surfaces, which
are concerned with the metabolism of large numbers of endogenous and exogenous
substrates. The enzyme system which regulates this process is called the
monooxygenase system (Drug metabolizing enzyme system, cytochrome P-450). It is
basically located in the cells of the liver, as this is where the highest basal level of
the system (0.21 - 1.02 nmol/mg microsomal fraction in man) (Vainio & Hietanen
1980) is found. Other cell organs also possess considerable metabolic activities and
may play a very important role in the detoxification and activation of various
compounds in organs other than the liver (Hook et al., 1972; Elliot et al., 1983). This
mainly depends on the route of administration of the substances concerned
(De¢Pierre & dallner, 1975). Functionally, drug metabolism has two phases I & II
(Williams, 1959).

Phase I presynthetic reactions :
oxidation
reduction
hydrolysis

Phase II conjugations :

glucuronide formation
glycine conjugation
glutamine conjugation
mercapturic acid synthesis
ethereal sulphate synthesis
methylation

acetylation

thiocyanate formation

Phase I is composed of three components. The first is a group of haemoproteins,
collectively termed cytochrome P450 which binds a substrate to a molecule of 0,
The second component is NADPH cytochrome P450 reductase, which acts as an
electron carrier shuttling electrons from NADPH to cytochrome P-450. The third is

a phospholipid, which facilitates the transfer of electrons from NADPH cytochrome
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C reductase to cytochrome P450 (Conney et al.,, 1974; Conney et al., 1980; Lu, 1976,
Poland & Nebert 1982). During Phase I, a substrate is subjected to oxidation,
reduction or hydrolysis, by introducing one or more polar groups, such as OH, NH,,
COOH or SH, into the hydrophic parent molecule, rendering it into a relatively

polar substance.

Phase II, is mediated by many conjugation enzymes such as epoxide hydralase,
glucuronyl transferase and glutathione transferases, which convert Phase I products
to a more polar moiety, and this promotes their excretion (Conney et al., 1982; Jari et
al., 1981; Parke et al., 1981).

2.4.1 Cytochrome P450

The most important component of both phases, is the cytochrome P-450, which is
responsible for the oxidative metabolism of diverse arrays of structurally unrelated
substances (Rayn et al., 1980). Cytochromes (derived from Greek literally "coloured
substances") are hemoproteins which include haemoglobin, catalase, peroxidase and
other microsomal and mitochondrial cytohaemes. The term cytochrome P-450
derives from the observation by Ohura & Sato (1964). They observed, that this
cytochrome has an unusual absorption spectrum with a peak around 450nm where
heme iron is reduced and combined with carbon monoxide. The name (cytochrome
P-450) has persisted because of the increasing complexity of this enzyme system
perceived with each passing year and because of the lack of an agreement on any

better nomenclature.

Cytochrome P-450 represents an adaptation to convert lipid-soluble organic food
substances into water-soluble substances in preparation for urinary excretion
(Brodie, 1958). Actually this enzyme system is the major component of a defence
system that protects living organisms against toxic chemicals just as the immune
system deals with foreign pathogenes. Paradoxically, some of the foreign chemicals
which are initially inert are converted to active toxic or carcinogenic metabolites by
P-450 catalyzed reactions. It is possible that inherent variations in these enzymes are
associated with variations in susceptibility to cancer induced by chemicals (Nebert
et al., 1980).

Cytochrome P-450 was thought to represent a single molecular entity of a

haemoprotein with an extraordinarily broad substrate specificity. The data
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accumulated over the last few years has revealed that cytochrome P-450 actually
represents a family of haemoprotein isoenzymes with different, but overlapping
substrate specificities (Lu & West, 1980; Nebert & Negishi, 1982; Sato & Kato, 1982).

It is a heterogenic system between species and among different strains of animals
(Walz et al., 1982; 1983). Various cytochrome P-450’s have distinct polypeptide
chains and variable regions of the type known for immunoglobulins. The liver
microsomal P-450’s differ significantly in their amino acid composition where full
sequences are now available for several of the isoenzymes (Hanine et al., 1982) of
different species (Fujii-Kuriyuma et al.,, 1982, Tarr et al., 1983). This indicates that
each isoenzyme is a separate gene product.

2.4.2 The P-450 gene superfamily

The cytochrome P-450 genes represent a gene family similar to that of the
interferon or HLA-system. The absolute number of structural genes for isoenzymes
of cytochromes is not known, and speculations on the ultimate maximal number
range from 20-1000 (Nebert, 1982). Many isoenzymes of cytochrome P-450 have now
been purified and studied at the protein and DNA level.

It has recently become apparent that P-450’s exist as a gene superfamily of enzymes
which can be divided into a series of 8 gene families and subfamilies on the basis of
structural similarities (Nebert et al., 1987). These enzymes consist of proteins of
roughly, fifty to sixty thousand molecular weight. Individual isoenzymes show
distinct substrate and inhibitor selectivity and can be subject to differential

induction and or inhibition.

The cytochrome P-450 gene superfamily is divided into separate gene families when
there is <36% similarity at the amino acid sequence level between genes and into
subfamilies when the proteins are 40% to 70% similar. If there is greater than 70%
sequence similarity, the genes are classified as being within the same subfamily. At
least five P-450 gene families have been documented, each comprising from one to
more than twenty genes. Several other P-450 families are believed to exist. Only a
single subfamily appears to exist in P-450 gene families, namely, I, III, IV, XVII,
XIX and XXI. The P-450 XI gene family contains at least two subfamilies and the
P-450 II gene family is composed of at least five subfamilies.
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2.5. OXIDATIVE METABOLISM IN THE RESPIRATORY SYSTEM

The lung is an active metabolic organ (Gary et al., 1976; Philpott et al., 1977; Gail &
Lenfant, 1983), which is exposed to a large number of substances from both inspired
air and in the blood. The route by which xenobiotics enter the body may determine
their fate and their metabolic effects (Bridges & Fry 1979). A compound entering
the body via the lung will bypass the liver and may reach the peripheral lung tissues
in a much higher concentration than when the drug is absorbed from
gastrointestinal tract and subjected to the first pass effect in the gut and the liver
(Routledge & Shand, 1979).

The existance of the monooxygenase system has been established on the microsomal
fraction of the lung (Hook et al., 1972; Bend et al., 1973; Brown, 1974; Matsubaratt
et al., 1974; Pelkonen & Nebert, 1982), the activity of which, may play a significant
role in the pathogenesis of various pulmonary lesions in relation to chemical
exposure. The system in the lung possesses wide spread enzymatic activity (Hook &
Bend, 1976), and has similar functional components compared to the one in the liver.
Some isoenzymes are apparently more active than their hepatic counterpart, and
mediate reactions in disproportionately higher rates in comparison to those in the
liver (Drew et al, 1974; Gary et al., 1976). Some cytochrome P-450s in the
respiratory system have substrate specificities (Hook et al, 1974). It was
demonstrated by Nebert in 1975, that one P-450 which is induced by polycyclic
aromatic hydrocarbon (PAH) in the lung, is a relatively minor component of the
hepatic monooxygenase system, but it has a prominant function in the microsomal

fraction of the lung tissue.

The histological distribution of this enzyme system in the respiratory system is far
from clear, in spite of some progress which has been recorded recently. These
difficulties are due to the complexity of lung histology, where more than forty
different cells exist (Sorokin, 1970; Gail & Lenfant, 1983).

Generally, various investigators are in agreement with the fact that most parts of
the respiratory system are able to metabolise a large number of exogenous
compounds (Cohen et al., 1976; Kahng et al., 1981) and the monooxygenase enzyme
system is uniformly distributed through the respiratory system. In one study, both
hilar and peripheral lung tissues were equally able to metabolise polycyclic aromatic
hydrocarbons (Watson et al., 1973).
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Large numbers of studies have investigated the metabolic activities of different
epithelial cells, which line the bronchial, bronchiolar, and alveolar walls. There is
no doubt that the Clara cell may be an important site of oxidative metabolism of
xenobiotics in the lung. Histochemical studies have demonstrated high activities of
cytochrome P-450s in this cell, which is greater than those of alveolar macrophages
(Azzopardi & Thurlbeck, 1969), and other pulmonary cells (Kisch, 1958; Sarahjit-
Singh et al., 1979). The Clara cell was considered by Boyd (1977) as the primary
locus of the monoxygenase system in the lung. Type II and type I epithelial cells
which line the alveolar wall also possess considerable metabolic activities, because
they contain endoplasmic reticulum (Sorokin et al., 1977; Watenberg, 1972). The
pulmonary alveolar macrophage is able to metabolise benzo(a)pyrene (BP) into
DNA-binding metabolites in quite a similar way to that of the bronchus (Autrup
et al.,, 1978), and it is able to conjugate the primary (BP) metabolites into water
soluble products (Marshall et al., 1980). It is not known whether the endocrine cells
are able to metabolise exogenous compounds, or if they are a target for chemical
carcinogens (Boyd, 1977; Gail & Lenfant, 1983). Many workers have demonstrated,
that lung tissues obtained from both surgical specimens (Grover et al., 1974; Uotila
& Mariniemi, 1977; Cohen et al., 1980), and cultured human epithelial tissues and
cells (Harris et al., 1976), are both able to metabolise PAH to their various
metabolites including reactive intermediates (Rudiger, 1980). It has been
demonstrated that cigarette tar is metabolised locally to biologically active products
(Grover et al., 1971; 1972; Ames et al., 1973), which in turn may be responsible for
various pathological lesions in the respiratory system (Miller et al., 1974; Sims et al.,
1974).

Large interindividual variations in the metabolism of benzo[a]pyrene, and the level
of covalent binding of (BP) to DNA of cultured human bronchus have been
consistently observed (Cohen et al., 1979; Harris et al., 1974; 1980; Perera &
Weinstein, 1982; Autrup et al, 1980). Harris et al. (1979) showed 75 fold
interindividual variation in the levels of covalent binding of benzo[a]pyrene to
DNA of cultured human bronchus. A positive correlation exists between the level
of binding of polycyclic aromatic hydrocarbon to bronchial DNA, and their
carcinogenic potency in animal experiments (Hubermann et al., 1977; Harris et al.,
1976; Autrup et al., 1983). Many have observed very large variations in the ability
of short term organ cultures of peripheral lung tissue from lung cancer patients to
metabolise the environmental carcinogen benzo[a]pyrene to organic solvent-soluble

metabolites. The amounts of benzo[a]pyrene metabolized ranged from a little, 1% to
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almost 92% within 24 hours in a culture (Prough et al, 1977; Cohen et al., 1979).
Large variations in covalent binding of BP to human bronchial DNA have been also
observed. Harris et al. (1979) showed 75 fold interindividual variations in the levels

of covalent binding of benz[a]pyrene to DNA of cultured human bronchus.

Both peripheral lung tissues and bronchial epithelium form similar oxygenated
metabolites, although differences in their selective abilities to conjugate their

metabolites were observed (Harris et al., 1977).

It can therefore be suggested that the cytochrome P-450 oxidative system in the
respiratory tract possibly plays a certain role in the pathogenesis, site, and

anatomical distribution of lung cancer and other pathological conditions..

The genetic polymorphism of various isoenzymes in this system, in combination with
other factors, may render some smokers more susceptible to the development of lung

cancer.

2.6 OXIDATIVE METABOLISM OF CHEMICAL CARCINOGENS

Most chemicals introduced into living organisms are extensively modified by
metabolism to yield a variety of products. Considerable variation in carcinogen
metabolism and activation has been demonstrated in vitro using tissues from various
organs and or experimental animals (Harris et al., 1980; 1982). These studies have
also shown a positive association between the monooxygenase activities and
susceptibility to chemical carcinogens. The quantity of carcinogen DNA adducts
formed in vitro has been shown to vary 50 - 150 fold among cultured tissues from
different people (Harris et al., 1982; Vahakangus et al.,, 1979). The significance of
this is not clear yet as the association between DNA adduct level and tumour

initiation due to chemical carcinogens is under intense investigation.

The biotransformation of drugs and their ultimate disposal requires multiple
enzyme-mediated reactions. Since genetic action controls the activity of each
enzyme step in such reactions, variation in drug response would often be expected to
have a genetic basis. In fact genetically determined individual differences in drug

metabolism are well described.
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The observation that some isoenzymes of cytochrome P-450 exhibit a high degree of
substrate selectivity raises the possibility that genetic influences which control
individual components of cytochrome P-450 may render that person susceptible or
resistant to the toxic effect of chemicals. Hence there is a possible pharmacogenetic
basis of genetic susceptibility to cancer induced by environmental factors including
bronchogenic carcinomas. In 1973 an IARC workshop suggested that the plasma
half-life of a non-toxic drug that is metabolized by the same enzyme system(s) that
metabolise an environmental carcinogens in human may serve as an indirect index
of individuality in the metabolism of carcinogen (Conney et al., 1974; Pantuck et al.,
1974; Jackson et al., 1974) and may prove to be useful in probing genetic
polymorphism of carcinogen metabolism (Sabadie et al., 1981; Conney et al., 1982).
More recently a correlation between drugs and carcinogen metabolism has been
made in human liver. The pharmacokinetics of chemical carcinogens and their
metabolites can rationally be explained on the basis of pharmacokinetic

considerations that might apply to any exogenous chemicals.

2.7 GENETIC POLYMORPHISM OF DRUG OXIDATION

The most important advances in pharmacogenetics in recent years surround the
discovery of the various oxidative polymorphisms and their characterisation in
terms of both a molecular basis and pharmacological implications. Several
polymorphic oxidative reactions occurring at carbon, sulphur and nitrogen centres
have been described (Table 2.3). They involve different enzyme systems including
the microsomal P-450 cytochrome isoenzymes, the Ziegler flavin containing

microsomal enzyme and possibly the cysteine oxidase system.
2.7.1 Oxidative metabolism
2.7.1.1 The debrisoquine /sparteine oxidative polymorphism

The existence of a genetic polymorphism regulating the metabolism of the two drugs
debrisoquine and sparteine became apparent from independent studies carried out
in the U.K. and West Germany in the 1970s (Mahgoub et al., 1977; Eichelbaum et al.,
1979). For these two drugs two phenotypes can be discerned in the population: the
so-called extensive metabolizer (EM) and poor metabolizer (PM) phenotypes.

Impaired oxidation of these drugs is inherited as an autosomal recessive trait and
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occurs with a frequency of about 8% in Caucasian subjects (Evans et al., 1980).
However, there are marked inter-ethnic variations in the frequency of occurrence of
the PM phenotype (Idle & Smith, 1984).

2.7.1.2 S-mephenytoin aromatic hydroxylation polymorphism

Mephenytoin [RS-N-methyl-S-ethyl-5-phenyl-hydantoin] is used as an anti-epileptic
drug. It is metabolised along two pathways, namely, by N-demethylation and by
aromatic hydroxylation. The aromatic hydroxylation pathway is stereospecific for
the S-isomer and exhibits polymorphism. Some individuals have an inherited
deficiency for this particular metabolic pathway. The incidence of poor metabolism
of mephenytoin is less than 5% in the Caucasian population (Kupfer & Preisig,
1984), but is much higher (20%) in the Japanese population (Jurima et al., 1985).

2.7.1.3 Tolbutamide

Tolbutamide an antidiabetic drug, is oxidized by the cytochrome P-450 system to
hydroxytolbutamide, which is further metabolised to carboxytolbutamide (Back
et al., 1984). Genetic polymorphism of tolbutamide oxidation was suggested in 1979
(Scott & Poffenbarger, 1979), when a trimodel frequency distribution of the plasma
elimination rate constant of a parent drug was reported after i.v. administration to
42 healthy subjects. The oxidation of tolbutamide was found to be independent of
polymorphic debrisoquine oxidation (Harmer et al., 1986; Peart et al., 1987).

2.7.1.4 S-carboxymethyl-L-cysteine sulphoxidation polymorphism

S-carboxymethyl-L-cysteine (carbocysteine) is used clinically as a mucolytic drug.
In man the drug is metabolised along the pathways of decarboxylation,
N-acetylation and sulphoxidation to generate an array of metabolites. The major
pathway of metabolism of the latter is to generate two metabolites, namely, S-
methyl-L-cysteine sulphoxide and S-carboxymethyl-L-cysteine sulphoxide (Waring,
1980). Population and pedigree studies have shown that the sulphoxidation pathway
for carbocysteine exhibits polymorphism in the British white Caucasian population.
Impaired sulphoxidation occurs as an inherited recessive trait in about 30% of the
British white population (Mitchell et al.,, 1984). Studies on other populations or

ethnic groups regarding this genetic polymorphism are not available yet.
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Table 2.3 Polymorphisms of human drug metabolising pathways.

Oxidative Archetypal examples Recessive trait
pathways and incidence *

A - oxidative metabolism

1. C-centre debrisoquine 4-hydroxylation/ poor metabolizers (PM)
sparteine oxidation 6-10%
Aromatic hydroxylation of deficient hydroxylators
S-mephenytoin 2-3%

Angular methyl hydroxylation -
of tolbutamide

2. S-centre S-carboxymethyl-L-cysteine poor sulphoxidizers
25-30%

3. N-centre Trimethylamine -
B - Acetylation pathways

slow acetylators
Arylamine Sulphadiazine 50%

Hydrazine Isoniazide 50%

* Data for Caucasians
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2.7.2 Acetylation pathways

The rate of acetylation of Arylamine and Hydrazine compounds in man vary
considerably between individuals who may be categorized as fast and slow
acetylators. This heterogenicity is controlled genetically by 2 autosomal alleles at a
single locus; the trait for rapid acetylation being dominant and those for slow
acetylation recessive (Evans et al., 1964). The frequency distribution of the

genotypes of this polymorphism varies between different populations.

Various studies have demonstrated that the debrisoquine gene locus does not
co-segregate with any of the described genetic polymorphisms at C-centre (Inaba
et al., 1984; Peart et al., 1984), S-centre (Haley et al., 1985) and N-centre (Ayesh et al.
1989) nor with any defective acetylation pathways (Peart et al., 1986).

2.8. THE ASSOCIATIONS BETWEEN MIXED FUNCTION-OXIDASE SYSTEMS
AND THE DEVELOPMENT OF COMMON DISEASES.

Many common diseases of the varying heritability type may arise from interactions
of predisposing allelic combinations with certain specific environmental chemicals.
Studies over the past decade or so have revealed the remarkable polymorphism that
characterises the drug metabolising enzymes of the body particularly those that
determine oxidative metabolism at various C-, N- and S-centres of xenobiotic
substances (Maghoub et al., 1977; Al-Waiz et al., 1987; Mitchell et al., 1984). Such
metabolic processes are crucial in maintaining a safe homeostasis within the
external chemical environment. Since the discovery of the acetylation
polymorphism, many investigations have suggested that polymorphism of
xenobiotics oxidative mechanisms can be characterised as specific human

spontaneous disease diathesis factors.

The field of drug metabolism is poised to make fundamental contributions to our
own understanding to the aectiology of a range of human spontaneous diseases for

four reasons :

Firstly, many human common disecases have a genetic component. Its significance
can range from conditions of simple dominant, or simple recessive inheritance to

conditions of additive multifactorial inheritance with various degrees of
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heritability (Newcomb, 1964; Goldsmith & Brow, 1983). Thus, many of the diseases
of the varying heritability type may well arise from the interaction of predisposing
allelic combinations with specific environmental chemicals. Secondly, it has been
recognised in recent years that the genes regulating the enzymes of xenobiotic
biotransformation have a highly polymorphic nature particularly those concerned
with metabolic pathways. This is not surprising because genetic polymorphism as a
phenomenon is extremely common (Harris, 1980). From a functional point of view,
the majority of polymorphisms are benign and apparently neutral in their effects as
no obvious diatheses associations have been detected. However, the minority of
polymorphisms cannot be described as neutral. They have a certain impact on
functional expression and can be characterised as important human disease
diatheses factors. There is a growing awareness that polymorphism, as a
phenomenon, is more associated with externally related functions and the enzyme
processes responsible for the metabolism and detoxication of environmental
chemicals. By contrast genetic polymorphism is much less frequent with internal
cellular metabolic processes and their respective control mechanisms (Johnson, 1973;
1974). The third factor is the now well-known observation that various types of
common disease cohorts can show marked propensity with respect to the frequency
occurrence of a particular genetic polymorphism including drug metabolising
phenotype. The fourth factor is concerned with the changing pattern of various
common diseases, especially in the industrial countries where major demographic
transitions have occurred in relatively short periods of time. This phenomenon
might, at least in the past, be attributed to exposure of the human genome to rapidly
changing environmental factors which induce a specific diathesis whenever a non-
neutral polymorphic character is challenged by, for example, an environmental
chemical. The most obvious explanation of such an association is that the
genetically altered ability to metabolise an environmental chemical, or group of

chemicals, may be a major diatheses factor.

2.9 CAUSES OF HUMAN CANCER : ENVIRONMENTAL VERSUS GENETIC

Epidemiological studies have suggested that tobacco smoke contributes to the
production of the majority of lung cancer and 30% of all cancer deaths in the U.K.
(Doll & Peto, 1982). Many believe that man made environmental carcinogens, diet
and customs are the major causes of most human cancers (Table 2.4) (Higginson,
1969; 1976; Boyland, 1969; Doll, 1981; Cairns, 1981. Harden, 1983). Moreover, they
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concluded that genetic and other factors play a small, if any role in the pathogenesis
of cancer in general. They consider that the degree of familial aggregation in
common cancer is slight and unimportant in the majority of cases. Some of them
think that the major determinant of cancer risk is the rate to which the people are
exposed to carcinogens through e.g. habits, occupation, food efc. where cancer
induction is a matter of chance (Doll, 1967; Doll, 1978; Doll & Peto, 1982).

Table 2.4 Main causes of cancer in the U.K.

1 Dietary constituents and habits 33%
2 Tobacco 30%
3 Occupation 4-5%
4 Alcohol 3%
5. Ionizing radiation and ultra violet light 3%
6 Pollution 2%
7 Industrial products and food additives 1%
8 Medical procedures 1%

(From Doll & Peto, 1982)

In some studies, geographical differences in cancer incidence, provid the principle
evidence that most cancers are environmentaly induced (Higginson, 1973). Studies
on migrants from countries with a lower cancer rate for a particular organ, show an
intermediate incidence for that cancer. This result is in favour of the notion that
environmental rather than genetic factors are the major causes of human cancer
(Haenzel & Kurihara, 1968). On the other hand, there are examples of ethnic
differences in cancer incidence which have persisted, despite migration, which
suggest that they are genetically influenced (Williams et al., 1975).

Hereditary predisposition to cancer has so far been shown to be operational in only
a few percent of human cancers which are inherited in a clear cut Mendelian
fashion such as retinoblastoma (Vogel et al., 1979), neuroblastoma (McKwisk, 1983),
multiple endocrine syndrome (Lynch ef al., 1982) and Williams tumours (Kundson et
al., 1973).

The most pressing problems of cancer susceptibility rest with the common tumours

though very little is known about inherited susceptibility to them (Weatherall, 1984).
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In the absence of clear-cut mendelian segregation, the classical approach is to assess
the magnitude of a potential inherited contribution to a given disease is to establish
whether, and to what extent, there is increased incidence of the disease among the
relatives of affected individuals (Cavalli-Forza et al., 1971).

Almost 60% of all cancer mortality in Britain is found in five sites, the lung, breast,
stomach, colon and rectum (Alderson, 1982). Retrospective genetic studies
comparing the mortality rates among first degree relatives of patients with a control
of relatives or with the expected population, showed a significant two to four fold
excess of cancer of the same type but not to cancer in general e.g. breast (Anderson
et al., 1958; King et al., 1980); lung (Tokuhata & Lilienfeld, 1963), large intestine
(Lynch et al., 1973) and urinary tract (Kantor et al., 1984). Unfortunately, the study
of familial clustering as a base for identifying inherited susceptibility is subject to
major difficulties. Population studies showed that the finding of a significant
genetic component to a disease is compatible with the absence of any obvious
familial clustering (Bodmer, 1982; 1984; Ponder, 1983). In actual fact, Peto (1980)
illustrated this by numerical examples. He demonstrated how genes, conferring 5-10
fold relative increase in susceptibility, would give rise to only a very moderate
increase in the relative risk of the disease among siblings. To clarify this, he has
proposed the existence of a dominant gene which increases the chance of developing
a cancer by a factor of about 10, from say 1/1000 to 1/100. The probability that
two siblings carrying this gene would both be affected by the cancer is 1/10000. In
other words, only 1/10000 of the siblings including a pair of gene carriers will be
expected to have cancer. In this situation familial clustering, in spite of the
substantial genetic contribution to susceptibility will be a rare event and most
probably would go undetected. This has supported Doll’s assumption in 1978 when
he concluded that a recessive gene that increases the risk of cancer 50-fold in
homozygotes would produce only a four-fold increased risk of cancer in siblings of

a proband if the gene frequency in the population was 0.1.

In most studies, familial aggregation of cancer is almost confined to one rather than
to a few organs, hence, the genes which confer susceptibility are therefore limited
in their effects. Neither the functions of these genes, nor their mechanisms of
actions are known, but two categories of gene effect on cancer development can be
distinguished. A - the expression of a gene may be limited to the tissue of only one
organ e.g. retinoblastoma; B - the gene may be more generally expressed, but its

carcinogenic effects are limited to a certain tissue by a requirement for interaction
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with environmental carcinogens (Bodmer, 1982). In actual fact, the considerable
heterogeneity in cancer at the common sites implies the existence of a number of
different genes which increase susceptibility in different ways (Knudson et al.,
1973; Lehamin ef al., 1983; Bodmer, 1982).

Twin studies have contributed little to the elucidation of genetic influences in
common Ccancers. This is due to the low frequencies of twinning and the
heterogeneity of common cancers (Mulvihill, 1976; 1982).

2.10 THE MIXED FUNCTION OXIDASE SYSTEM AND SUSCEPTIBILITY TO
CANCER

The possible role of drug or carcinogen metabolizing enzymes in the development of
chemically induced cancer can be summarised as follows: a) most environmental
carcinogens, drugs and chemicals in our environment are metabolised by cytochrome
P-450 dependent mono-oxygenases and other enzyme systems, b) these enzymes
mediate carcinogenesis, mutagenesis and toxicity through the formation of reactive
electrophilic intermediates, c¢) the localisation and relative activities of the enzymes
in the body determine the dose of ultimate carcinogens that can reach critical

macromolecules in target organs (Nebert, 1980; Gelbein, 1983).

It is not known with certainty whether inherent variations in these enzyme systems
are associated with variation in susceptibility to carcinogens when human
populations are exposed to genotoxic or carcinogenic agents. The literature suggests
a positive link between the activities of the metabolising enzyme system and the
development of tumours related to environmental exposure. The evidence stems

from the following observations :

I. Ah locus and its relation to cancer in both humans and animals
I1. Acetylation and bladder cancer

2.10.1 The Ah locus

Studies on the in vivo metabolism of chemical carcinogens have been severely

hampered by the fact that this kind of approach is not feasible in man for ethical
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reasons. Several systems have been used in an attempt to obtain preliminary
information on possible interindividual variations in carcinogen metabolism
(Kuntzman et al., 1966; Nebert et al., 1971, Pelkonen et al. 1972).

In 1972, two groups independently reported that benzo[a]pyrene is metabolized in
cultured human lymphocytes (Whitlock et al., 1972; Busbee et al., 1972). The
biotransformation process is mediated by aryl hydrocarbon hydroxylase (AHH)
(P450 I family). The gene for the isoenzyme is located on chromosome 15 (Gonzalez
et al., 1987) and can be readily induced by a number of polycyclic aromatic
hydrocarbons to phenolic products and epoxide, some of which are toxic, mutagenic,
and carcinogenic. Kellerman et al. (1973) reported a wide variation in the
magnitude of AHH induction in a test group of 103 individuals. Subsequently, in a
study comprising of 353 healthy subjects including 67 families with 165 children,
(Kellerman et al., 1973b), the population tested were separated into three distinct
groups according to their low, intermediate or high AHH inducibilities. The genetic
control of these groups could be explained by two different alleles at a single locus.
In this model, the groups with low and high inducibilities were homozygous for the
two allels, while the group with intermediate AHH activity was heterozygous. The
gene frequencies of the low and high alleles were 0.171 and 0.283 respectively. A
pilot study by Kellerman et al. (1973¢) on a group of 50 patients with bronchogenic
carcinoma showed that 66.0% and 30.0% of these patients who were heavy smokers
fell into the groups with intermediate and high AHH inducibility. By comparison
in normal! healthy individuals 44.7% fell into the group with low and 45.9%
intermediate AHH inducibility and only 9.4% showed high AHH inducibility.

Subsequently, there have been several additonal studies suggesting an association
between high AHH inducibility and an increased prevelance of lung cancer (Emery
et al., 1978; Gahmberg et al., 1979), laryngeal carcinoma (Trell et al. 1976) and cancer
of the oral cavity (Trell et al., 1978). Other studies, however, resulted in conflicting
data and showed no correlation between the AHH inducibility and the development
of lung cancer (Liecberman, 1978; Ward et al, 1978). The distribution of AHH
inducibility in these patients was the same as in controls (Ward et al., 1978). The
data at that time although inconclusive, nevertheless was suggestive of a link
between AHH and cancer (Reviewed by Gelboin, 1983).

Recently, the use of a new assay that is substantially more reproducible has led to
the conclusion that Ah- responsive smokers are 20-40 times more prone to
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bronchogenic carcinoma than Ah nonresponsive smokers (Kouri ef al., 1982).

Animal studies showed that the lack of AHH induction behaves as an autosomal
recessive trait between C 57BL/6 and DBA/2 mice, and the first inducing chemicals
characterised, were aromatic hydrocarbons, hence the name Ah locus. The Ah locus
encodes the cytosolic Ah receptors which are involved in the regulation of the
P -450 and P4-450 genes (P-450 1 family). A receptor defect was subsequently found
to be responsible for the decreased AHH inducibility in DBA/2 mice (Nebert et al.,
1973; Poland et al., 1976). Animals studies also demonstrated an increased risk of
polycyclic hydrocarbon-induced cancer for the high AHH inducibility phenotypes
(Nebert et al., 1981; Kouri & Nebert, 1977).

210.2 N-acetylation and bladder cancer

A single gene of two alleles is involved in the metabolism of isoniazid by
acetylation. Individuals with high and low blood levels have been identified.
Family studies indicated that the former is a fast acetylator, a characteristic which
is transmitted as an autosomal dominant, while the latter is a slow acetylator, a

characteristic which is transmitted as an autosomal recessive (Evans et al.,, 1960;
1962).

This polymorphism is due to the lack of isoniazid acetylating enzyme
(acetyltransferase), which is located in the cytosol, and transfers an acetyl group
from acetyl co-enzyme (Evans, 1962). It is unrelated to intestinal absorption,
protein binding and renal tubular excretion (Jenne, 1961).

The activity of this enzyme controls the acetylation of many aromatic amines of
many drugs (Dapson, sulphondimidine, hydralazine, sulphapyridine, procainamide,
phenelzine and the amino metabolite of nitrazepam), which are polymorphically
acetylated (Glowinski et al., 1982; 1978). Animal studies indicate that this enzyme
could act as a rate-limiting, detoxifying step for those chemicals which cause
bladder cancer such as benzidine and R-naphthylamine (Glowinski & Weber, 1982).

Gene frequency has shown a wide global heterogenity, the lowest value is found in
Eskimos (0.22), followed by the Eastern population (0.32). It is a quite high in the
black population (0.65), and has a frequency which varies between 0.5 - 0.8 in

European and the white American population (Kalow, 1982).
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Significant associations have been demonstrated between this polymorphism and a

variety of diatheses (reviewed by Evan et al., 1983).

Price Evans (1983) has reviewed 46 series in addition to his own about the
relationship between the acetylation status and the development of bladder cancer.
He found a significant association between the slow acetylator phenotype and the
incidence of bladder cancer.

2,11 GENETIC SUSCEPTIBILITY TO THE DEVELOPMENT OF
BRONCHOGENIC CARCINOMAS IN SMOKERS. PHARMACOGENETIC
APPROACH.

Genetic factors must operate and determine why some individuals in a given
environment do and others do not develop cancer. Such factors may be multiple and
complex (Mourant, 1978). The genetic constitution of an individual may determine
the probability of a malignant focus arising and progressing to give rise to a cancer
related to environmental exposure (Harnden, 1978).

Conventional approaches used by many epidemiologists to understand the etiology
of lung cancer have, with profit, focussed on environmental agents i.e. smoking,
chemical and physical agents. Generally, efforts to identify and control human
carcinogens have been most successful with respect to the hazards of occupational
inhalants. These approaches have their limitation. They were retrospective rather
than predictive and did not take into account the biological characters of humans in
the causation and the development of cancer and other environmentally related

diseases.

As regards lung cancer, Harnden, 1983, although he accepts that there is some
evidence of genetic components of common cancer including bronchogenic
carcinomas, believes that the genetic contribution is likely to be small because the
environmental exposure i.e. cigarette smoke is massive, clear and overwhelming. He
and others have estimated that the entire increase of lung cancer mortality results
directly from both the duration and dose of cigarette smoke. Many workers have
predicted that in the absence of other causes of death in smokers, the incidence of
lung cancer might reach 100% (Doll & Peto, 1976; Harden, 1983). They argue that

environmental carcinogens act against a relatively homogenous susceptibility
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combined with stochastical elements.

The interpretation of the existing epidemiological data and the new discoveries in
the discipline of genetics of both humans and animals lead us to believe that a

genetic factor(s) play an important role in the development of cancer.

One carefully controlled study conducted by Tokuhata and Lilienfeld (1963),
showed that there is a familial clustering of lung cancer irrespective of the
influence of the smoking habit. In their study which included 270 lung cancer
patients and 1900 relatives, the authors demonstrated a synergistic interaction
between familial tendency towards the development of lung cancer and cigarette
smoking. In their study, those who have both characteristics are 14 times more at
risk of developing lung cancer, in comparison to those who do not possess either of
them. They also found that the incidence of lung cancer is 2.4 - 2.7 times higher
among relatives of patients with lung cancer than among the control relatives. In
their studies, controls and patients were matched by sex, age, race and residence.
The diagnosis was histologically confirmed. The data were not analysed by
histological cell type.

Schimke et al., 1978, pointed out that the occurrence of one or more affected family
members with lung cancer would not be unexpected and probably is under reported.
In the literature, there are a few sporadic reports which describe such families.
Brisman (1967) and Nagy (1968) both reported two families with multiple affected
siblings with squamous cell carcinoma. In both families, the patients had been
heavy smokers. Lynch et al. (1971), suggested that lung cancer may occur as a
second primary neoplasm more often than expected by chance alone. Goffman et
al., 1982, published a case study of 2 families with lung cancer and showed that the
first degree relatives of lung cancer patients have a 3-fold increased risk compared
to control relatives.

Generally, the evidence for the existence of a group of subjects at possibly high risk
of developing lung cancer in smokers stems from the following observations, which
show that people differ in their response towards the effect of cigarette smoke.

1. Epidemiological evidence

This suggests that some of the chronic airflow limitation sufferers are highly
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susceptible to the effect of cigarette smoke. In 1963, Laurell and Eriksson reported
an association between the development of emphysema in some individuals and an
hereditory enzyme deficiency namely alpha, - antitrypsin. Later, it has been found
that cigarette smoking appears to be an important factor in modifying the
development of the disease (Eriksson, 1964). Epidemiological studies have suggested
that airflow limitation appears to affect only a minority of smokers who may
therefore be unduly susceptible in some way to the effect of cigarette smoke
components or other environmental factors (RCP, 1983). There is also evidence of
familial aggregation of chronic bronchitis and obstructive lung disease which are
independent of alpha -antitrypsin deficiencies (Larsson et al., 1980). They suggested
that genetic components of chronic obstructive lung disease were more important in
determining the development of this disease than the level of smoking cigarettes.
More recently, Kamishima et al.,, 1982, in his study on twins, demonstrated that
genetic factors determined the clearance of the mucous from the airways. It is
possible that some cigarette smokers are at risk of developing chronic respiratory
diseases but not lung cancer. In other words, lung cancer is not an inevitable
consequence of cigarette smoke as only 8 - 12% of smokers developed lung cancer

and not all life long smokers develop airflow limitation.

From an epidemiological point of view, the relationship between the development of
chronic airflow limitation and cigarette smoking is remarkably similar to that of
bronchogenic carcinomas. Chronic airflow limitation (AFL) has been shown mainly
to be related to cigarette smoking (RCP, 1977; 1983) and to a lesser to pipe and cigar
smoking (Hammond, 1965). The death rate for chronic airflow limitation in both
sexes was significantly higher in cigarette smokers than in non-smokers (Khan,
1966; Doll & Peto, 1976; Doll et al., 1980). The effect of stopping smoking on the
prognosis of AFL is significant. Death rates from chronic bronchitis and
emphysema in ex-smokers were similar to those of light smokers and below the rate
of all cigarette smokers (Doll & Hill, 1964). The effect of starting smoking at an
early age adversely affects the development of chronic airflow limitation and other
smoking related diseases in the respiratory system. It is known that school children
who smoke cigarettes have more cough and chest illnesses than non-smokers
(Holland & Elliott 1968). Various studies show that an increase in mortality rate
due to chronic airflow limitation is parallel with descending socioeconomic class
(B M J, 1971). The incidence of this problem is also related to atmospheric pollution
and dusty occupations (College of General Practitioners, 1961; RCP, 1983).
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2. Geographical variations in relative risk of lung cancer.

According to the available epidemiological data, the relative risk of lung cancer
varies between countries and is not only related to the amount of cigarettes which
have been smoked (Table 2.5). The data which is presented from the U.S.A. and
other countries shows that smoking cigarettes, rather than the amount of cigarettes
which had been smoked, increase the risk of developing lung cancer. Whether this
means that there is a degree of saturation or plateau which is reached by certain
amounts of cigarettes, or there is a host variability and/or other unidentified factor

which dictate the relative risk of developing lung cancer in a smoker is not clear.

Table 2.5 Geographical distribution of relative risk of lung cancer by smoking

category
Amount of Relative risk Country Reference
cigarettes of lung cancer by
smoked/day smoking category

(non smokers = 1.0)

+ 25 324 UK. Doll & Hill, 1964

21 -40 16.9 U.S.A. Hammond & Horn, 1958
> 40 16.6 US.A. Hammond, 1966

20 17.3 Canada Best et al., 1966

25 7.8 Japan Hiryama, 1972

3. Biological observations

There are various lines of evidence which suggest that host factors may play a role
in the development of lung cancer and the exposure to cigarette smoke is only one

facet in the pathogenesis of this health problem.

a). Epidemiological studies were unable to relate the development of lung cancer to
certain doses of smoking and in no case was there a threshold below which smoking
can be declared safe i.e. the total number of cigarettes smoked is not the only

relevant factor in the development of lung cancer.
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b). This is supported by the current studies which have linked passive smoking to
the development of lung cancer and other respiratory diseases.

c). Well controlled family studies and other sporadic reports have pointed to the

possibility of the existence of familial aggregations of lung cancer in smokers.

d). Kronitris et al. (1985) have identified certain gene alleles present in patients
with cancer, including lung cancer, and not present in the unaffected population.
These alleles were demonstrated for the human homologue of the transforming gene,
of the Harvey murine sarcoma virus (Ha-vas).

e). A consistent deletion in the short arm of chromosome 3, spanning the region
from band 3p 14 to 3p 23 has been associated with small cell carcinoma (Whang-
Peng et al., 1983).

f). Hopkins & Evans (1979) have shown that lymphocytes from patients with
untreated lung cancer have a consistently higher rate of DNA lesions compared with
lymphocytes from controls with similar life time exposure to cigarette smoke. They
addressed the question of biological variations and their correlation between

individual susceptibilities and carcinogenic factors.

g). Generally, human beings are extensively heterogenic characters. Within this
context, smoking and other occupational hazards do not act against homogenous
biological environments in the individual smokers. This may explain, at least,

partly, why only one in eight smokers develop bronchogenic carcinoma.

The host genome may control the probability with which the initial cancer event
occurs and can confer susceptibility to one or more classical carcinogens as may
confer resistance to them. The differences in drug metabolism, toxicity towards
certain compounds and susceptibility to the development of unwanted effects
towards certain substrates can be associated with differences in a single gene locus

or small number of genes.

It is tempting to study whether a cytochrome P-450 phenotype can be defined in
cancer patients, and whether the incidence of cancer induced by chemical
carcinogens is associated with a well defined cytochrome P-450 genetic
polymorphism.
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Determination of the constitutional differences between individuals and how they

relate to the development of lung cancer in smokers due to a specific gene(s) will

contribute to the following :

2.12

Identification of high risk populations

The ability to predict the relative individual susceptibility to specific

carcinogens.

Understanding the genetic and enzymatic basis for the discase thus leading to
better management.

AIM OF THE THESIS

To test the hypothesis that the debrisoquine 4-hydroxylase P-450 named db,

(IT DI)/may influence the development of lung cancer in smokers.

To study the effect of lung cancer on the metabolism of specific isoenzymes of
the cytochrome P-450 enzyme system, namely mephenytoin hydroxylase

MP1 (Il C) and others which handle the metabolism of antipyrine.

To evaluate the previously suggested association between antipyrine

metabolism and the development of lung cancer in smokers.
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CHAPTER 3

DEBRISOQUINE OXIDATION PHENOTYPES

AS MARKERS FOR SUSCEPTIBILITY

TO BRONCHOGENIC CARCINOMAS IN SMOKERS
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3.1 INTRODUCTION

While epidemiologists have placed a strong emphasis on identification of the
environmental causes of human diseases, much less concern has been focussed on the
role of host factors in the disease process itself. These can be either inherited or
acquired and can be operated at the systemic level or at the target cell level
(Bodmer, 1982). Host factors may be a cause of cancer, or a weak cause in the
presence of some other factors (Weinstein, 1982). Calabrese (1984) emphasized that
genetic components are but one of a number of host characteristics that may affect

one’s susceptibility to environmental agents (Table 3.1).
Table 3.1 Host factor and human cancer (Weinstein, 1982)

Age

Sex

Hormone, growth factors and receptors
Immunological factors

Nutritional status

Acquired diseases

Carcinogen metabolism

DNA repair mechanisms

I I A o

Chromosomal defects

[
e

Oncogenes

During the past decade, there has been a growing awareness of the functioning of
cytochrome P-450 as the primary enzyme interface between xenobiotics such as
drugs and carcinogens and the individual organism. The cytochrome P-450 enzyme
system can serve functions that may be beneficial or detrimental to the organism.
Hence the isoenzyme’s biological effects may result in either drug and carcinogen

detoxifications or their activations to toxic or carcinogenic metabolites.

Genetic polymorphisms of oxidative metabolism involving the cytochrome P-450
enzymes have been recognized during the past decade among various human
populations. Thus, cytochrome P-450 may provide a prototype for a mechanism of
cancer predisposition which can be associated with differences in a single gene or
small numbers of genes (Wolf et al, 1984) and can be employed as tools to

demonstrate the presence of specific genes. It is tempting to study whether the
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development of lung cancer induced by cigarette smoking and other carcinogens is
associated with a specific phenotype and can be defined by the rate of drug
metabolism for the following reasons. 1) No advances have occurred in the
treatment of lung cancer in recent years and the death rate still reflects the
incidence of the disease. This is compounded by the failure of various screening
programmes to improve the survival rate. Hence, the identification of high-risk
populations would make imperative a reduction of their exposure to carcinogens,
whether from cigarette smoke or from the environment. 2) Our understanding of
the mechanism of lung cancer at the molecular level is very limited, thus a new

strategy is required for both an effective treatment and a successful screening
programme.

The question is whether or not any one of the well established oxidative
polymorphisms directly controls the biological response to cigarette smoking and or

environmental carcinogens.

Studying the frequency distribution of the debrisoquine gene in series of lung

cancer patients and controls may offer an opportunity to answer such question for
the following reasons :

1. It has been established that a broad spectrum of metabolic oxidation is

influenced by genetic polymorphisms of the drug-metabolising enzymes.

2. Individual susceptibility to the biological effects of exogenous chemicals can
be better appreciated through the study of distinct polymorphic variables
within various test populations.

3. The debrisoquine genetic polymorphism is one of the most extensively studied
examples of a genetically determined variation in drug metabolism.

4, Debrisoquine is the prototype of the largest group of drugs showing genetic
polymorphism of oxidation and displays the most striking variations among
the individual rates of metabolism.

5. The gene responsible for extensive debrisoquine hydroxylation is a structural
gene, hence it is less likely that the debrisoquine metabolic ratio will be

influenced by various environmental factors
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6. The phenotyping procedures are safe and practicable and therefore applicable
to the study of large cohorts.

Many investigators have utilized our progressive knowledge in this field and studied
the relationship between the debrisoquine 4-hydroxylation frequency distribution in
3 diseases. Hetzel et al. (1980) compared the frequency distribution of debrisoquine
4-hydroxylation in 106 smokers with lung cancer with 258 healthy volunteers. They
found 2 poor metabolisers (1.9%) in the cancer group and 23 poor metabolisers (8.9%)
in the healthy control. They concluded that genetically determined oxidative
capacity may be a contributory factor in the actiology of lung cancer in cigarette
smokers and that poor metaboliser phenotype have a 4-5 fold lower incidence of
lung cancer. Idle et al. (1981) studied the frequency distribution of debrisoquine
metabolic ratios in 59 Nigerian patients who had presented with hepato-cellular
carcinoma and other abdominal tumours and compared them with the results of 123
healthy volunteers. The authors observed only one poor metabolizer (1.4%) in the
cancer group. This was in stark contrast to the control group, where ten poor
metabolisers (10%) were identified.

A third study was conducted by Ritchie et al. (1983) who investigated the oxidative
status of 67 endemic nephropathy patients and 161 healthy subjects by using
debrisoquine as a drug probe. They found that the endemic nephropathy group
contained fewer subjects with impaired oxidative ability to metabolise debrisoquine
and a greater proportion of subjects with enhanced oxidative ability to handle
debrisoquine compared to the control group. The authors concluded that metabolic
oxidation as measured by debrisoquine 4-hydroxylation is a contributory factor in
the pathogenesis of this disease which is probably caused by various environmental
toxicants such as mycotoxin and ochrotoxin.

3.2 AIMS OF THE INVESTIGATIONS

The previous two chapters have illustrated the poor prognosis for lung cancer and
the difficulties in making a diagnosis at an early stage. There is a strong evidence
that individual variations in susceptibility to the carcinogenic effects of cigarette
smoking and various chemical and physical agents may be genetically determined.
The early results of the study by Hetzel et al. (1980) and the animal studies cited in

this chapter, hold some hope that metabolism of debrisoquine and possibly some
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other compounds which exhibit genetic polymorphisms may be used as a valid model
for elucidating a genetic component in the pathogenesis of lung cancer induced by
cigarette smoke and other environmental agents.

The work in this chapter describes the following : a) a large study of the
distribution of polymorphism for debrisoquine 4-hydroxylation in lung cancer
patients, and in a control group of patients with various degrees of airflow
limitation, of a similar age and smoking habits, to see if the results of the pilot
study (Hetiel et al., 1980) could be further substantiated. b) A study of the effect
of both cigarette smoke and lung tumour on the debrisoquine metabolic ratios in

humans.

3.2 THE DEBRISOQUINE STORY

Debrisoquine is an effective agent in the treatment of moderate to severe
hypertension (Kit et al., 1966; Sommers ef al., 1968) which was first synthesized in
1961. Chemically, it is 3,4-dihydro-2-(IH)-isoquinoline carboxamide. Structurally
and pharmacologically is related to other guanidine based antihypertensive drugs
e.g. bethanidine, guanoxan and guanethidine. It was first introduced in the UK. in
1966 (Kitchen and Turner, 1966; Athanassiadis et al., 1966).

3.3.1 Mechanism of action of debrisoguine

Debrisoquine is an adrenergic neurone blocking agent. The exact mechanism by
which this compound exerts its hypertensive effect has not been identified, but is
possibly attributed to its interference with the release of neuroadrenaline from
sympathetic nerve terminals (Moe et al., 1964).

3.3.2 Metabolism of debrisoquine

The drug is metabolised by two pathways, one involving oxidation at the alicyclic
and aromatic ring structures, while the other involves ring cleavage to give 2 acidic
metabolites, namely, 2-(guanidinomethyl)benzoic acid and 2(guanidinomethyl)-
phenylacetic acid (Angelo et al., 1975; Allen et al., 1975; 1976) (Figure 3.1). By using
radio-labelled %C debrisoquine orally, Idle et al. (1979) confirmed that the oxidative

reaction is by far the dominant metabolic pathway which produces five
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hydroxylated metabolites, namely, 4-hydroxydebrisoquine by alicyclic
hydroxylation and 5-, 6-, 7-, 8-hydroxydebrisoquine by aromatic hydroxylation. The
former ie. 4-hydroxydebrisoquine was clearly found to be the major metabolite
among the monohydroxylated products of debrisoquine. By contrast, the products of
aromatic hydroxylation of debrisoquine form only a small fraction of the total

oxidative metabolites.

The drug is well absorbed in man (Angelo et al., 1975; Silas et al., 1978; Idle et al.,
1979). By using an oral dose of C debrisoquine it was demonstrated that 75% of
the dose is excreted in the urine by the first 24 hours, and an average 8.0% of the
radioactivity was recovered in the faeces over a three day period. This study has
also revealed that the amount of unchanged drug excreted, varies between 16-60%,
while the excretion of 4-hydroxydebrisoquine varies between 5-24% (Idle et al.
1979). Debrisoquine metabolism is independent of liver blood flow and plasma
protein binding. The drug is subject to significant first pass metabolism which
varies widely between individuals (Angelo et al., 1975; Silas et al., 1978; Sloan et al.,
1979).

3.3.3 Bioavailability and pharmacokinetic consideration

Debrisoquine is a well absorbed agent. Using C debrisoquine it was demonstrated
that between 75-80% of the compound is absorbed and excreted during the first
24 hours (Schwartz & Baukema, 1966; Idle et al., 1979). The recovery of the parent
drug from urine varied between 8.6-80.2% of the given dose whereas that for
4-hydroxydebrisoquine varied between 0-29.7% (Idle et al., 1979). It was estimated
that only 15-30% of debrisoquine is bound to plasma protein. In vivoe experiments
revealed a linear relationship between the dosage of debrisoquine and its
accumulation, which suggests that debrisoquine is not bound to specific saturable
cellular binding sites. The estimated half-life of elimination for both debrisoquine
and 4-hydroxydebrisoquine ranged from 11.5 - 26 hours and 8.5 - 14.5 hours
respectively (Silas et al., 1978). Renal clearance of debrisoquine is 282 + 82 ng/ml

while that for 4-hydroxydebrisoquine is 371 + 178 ng/ml.

3.3.4 Genetic polymorphism of debrisoquine

A review of the literature revealed that clinical management of hypertension with

debrisoquine is complicated by marked interindividual variations in dose
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requirement. At an early stage of its clinical use, many investigators noted that the
effective daily dose of debrisoquine ranged from 10 to 360 mg/daily (Athanassiadis
et al., 1966; Silas et al., 1978). Angelo et al. (1976) in a study, which included both
healthy volunteers and hypertensive patients, demonstrated a correlation between
the response to debrisoquine and the amount of unchanged drug (seven fold
variations excreted in the urine). In other words, the extent of oxidative
metabolism of debrisoquine was found to be inversely related to the percentage fall
in mean blood pressure in both normotensive and hypotensive subjects. Lennard
et al. (1976) found that the correlation between urinary recovery of unchanged
debrisoquine (interindividual variation in the range of 9-80%) and the fall in
standing diastolic blood pressure is highly significant (r=0.86) and largely
independent of the dose.

The uncovering of debrisoquine hydroxylation polymorphism followed from the
original observation on the variable metabolism on the drug and on a single
individual who showed an impaired ability to metabolise the orally administered
drug to its main metabolite. It was found that the formation of
4-hydroxydebrisoquine is subject to a large interindividual variation, while those of
5-, 6-, 7- and 8-hydroxydebrisoquine showed far smaller intersubject variability.
Later on, it became evident that this inter-individual variability was conveniently
determined by measuring excretions of debrisoquine and 4-hydroxydebrisoquine in
urine (Mahgoub et al, 1977). From the urinary contents of debrisoquine and
4-hydroxydebrisoquine, a parameter termed the metabolic ratio is calculated as
follows :

% oral dose excreted as unchanged debrisoquine

% oral dose excreted as 4-hydroxydebrisoquine

in a 0-8 hour period followed the ingestion of 10mg debrisoquine (12.5mg
debrisoquine sulphate). A low metabolic ratio reflects an extensive drug oxidising

ability, while a high ratio represents an impairment to debrisoquine oxidation.

An initial population study on 94 healthy unrelated volunteers (Mahgoub et al.,
1977), followed by a large population and family studies (Evans et al., 1980) have
demonstrated that 4-hydroxylation of debrisoquine, as judged by the frequency
distribution of debrisoquine metabolic ratio is bimodally distributed. In these
studies and others (Idle & Smith, 1984) about 8.9% of British white population are
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unable to metabolise debrisoquine to its main metabolite, namely
4-hydroxydebrisoquine, hence, they have been termed poor metabolisers (PM), while
the reminder are termed extensive metabolizers (EM), with antimode at an MR of
12.6 (Log MR>1.10). Generally, a PM subject is unable to excrete more than 2% of
the debrisoquine dose as a metabolite. The striking featue of this polymorphism is
that the measured variability of drug oxidation reveals a variation in the rate of
hydroxylation up to 20,000 fold. The metabolic ratio is an individual characteristic
which is highly reproducible. Various studies showed that sex, age, and absorption
do not bear any influence on the value of the phenotype (Mahgoub et al., 1977;
Evans et al., 1980; Islam et al., 1980). The 4-hydroxylation of debrisoquine occurs
pre-systemically as judged by the coincidence of peak excretion rates of both the
parent compound and its metabolite in urine displayed by both phenotypes. This
defect is one of oxidation capacity, since it can be demonstrated that the formation,
but not the excretion of 4-hydroxydebrisoquine is rate limiting for its appearance in

urine.

It has been shown that the value of the metabolic ratio is inversely proportional to
both the hepatic clearance of debrisoquine and the first order rate formation of
4-hydroxydebrisoquine. @ Hence, it is possible to compare 2 subjects for their
oxidation capacities by using this parameter.

Pedigree analysis revealed that the trait for poor metabolic activity is inherited as
an autosomal recessive, while that for extensive metaboliser phenotype is an
autosomal dominant. Although two phenotypes are recognized, three gentoypes exist

with heterozygotes behaving as extensive metabolisers.

The two alleles which govern the debrisoquine gene have been termed the DY allele
for extensive metabolic trait and DY allele for poor metabolic trait. The frequency
of the allele controlling poor metabolisers is (0.2986) while that for extensive
metbaolisers is (0.7014). Thus, the expected genotype frequencies are as follows:
homozygous poor metaboliser 0.0891, heterozygous extensive metaboliser 0.41, and
homozygous extensive metaboliser 0.49 (Evans et al., 1980; 1983). The dominance of
the extensive metaboliser phenotype over the poor metaboliser phenotype is
estimated at about 30% (Evans et al., 1980). Recently, Evans et al. (1983) has applied
a new mathematical model to define the genotypes and to identify the genotypes
within the dominant phenotype.



Chapter 3 Page 97

3.3.5 Inter-ethnic distribution of debrisoquine/sparteine locus

There are population differences in the gene frequency for poor debrisoquine
4-hydroxylation (Kalow et al., 1984; Idle & Smith, 1984). The incidence of the
deficient trait exhibits considerable inter-ethnic variability and appears to decline
in moving from Europe towards middle and far east. It can be seen that there is
about a 10 fold inter-ethnic variation in the frequency of the allele for poor
metaboliser status (Table 3.2).

Table 3.2 The frequency of deficient trait of debrisoquine 4-hydroxylation in

various populations.

Ethnic group Sample % PM Reference

size

A. Caucasians

British 258 8.9 Evans et al., 1980
Swiss 222 9.9 Dick et al., 1982
Canadian 80 8.0 Inaba et al., 1983
Hungarian 100 10 Gachalyi et al., 1986
Australian 100 6 Peart et al., 1986
Swedish 757 54 Steiner et al., 1988
Spanish 377 6.6 Benitez et al., 1988
Finnish 211 52 Kallio et al., 1988
B. Egyptians 72 1.4 Mahgoub et al., 1979
Saudi Arabia 102 1.0 Islam et al., 1980
C. Ghanians 80 50 Woolhouse et al., 1979
Nigerians 123 8.1 Mbanefo et al., 1980
San Bushmen (S. Africa) 96 18.8 Sommers et al., 1988
D. Japanese 100 0.0 Nakamura et al., 1985

Chinese 269 0.7 Lou et al., 1987
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3.3.6 Genetic polvmorphism of debrisoquine (Animal model)

An animal model for detecting debrisoquine oxidation has been described
(Al-Dabbagh et al., 1981). It was found that the 4-hydroxydebrisoquine is a major
metabolite in females of various rat strains e.g. Lewis, which eliminate 44-55% of
the debrisoquine dose, as 4-hydroxydebrisoquine. The same authors also found that
female DA rats poorly hydroxylate debrisoquine and excrete only 7-10% of an orally
administered dose of debrisoquine as a major metabolite. Breeding studies showed
that poor hydroxylation phenotypes were recessive and transmitted by a simple
Mendelian inheritance (Al-Dabbagh et al., 1981; 1983). Immunoquantitation
techniques were used to investigate the biochemical basis of impaired debrisoquine
hydroxylation in the female DA rat. Guengrich et al. (1982) purified a form of
cytochrome P-450 from the livers of Sprague-Dawley rats and found it very active
in the oxidation of debrisoquine. Kupfer et al. (1982) found that debrisoquine does
not elicit a binding spectrum with DA rat liver microsomes, suggesting that this PM
strain has either a very low amount or lack of a specific cytochrome P-450

isoenzyme that catalyzes the oxidation of debrisoquine related compounds.

Studies utilizing antibodies directed towards the P-450 isoenzyme catalysing
debrisoquine 4-hydroxylation in rat livers have indicated that the levels of this
specific isoenzyme are low or possibly absent in female DA rats (Distlerath et al.,

1984). Larrey et al. (1984) proposed that debrisoquine 4-hydroxylase (db,) activity is
36 times less abundant in the female DA rats than in the female Sprague-Dawley
rat. Others investigators have shown that the debrisoquine 4-hydroxylase deficiency
in the female DA rat is not due to a decreased amount of the db, isoenzyme
(Gonzalez et al., 1987). The authors believe that db, isoenzyme in the DA rat is
probably a structurally altered form that neither handles nor metabolises
debrisoquine. Alternatively, they have suggested that a genetic defect in the DA
rats may be due to another gene that modifies the db, - protein and hence alters its

enzymatic specificity.

The biological importance of the genetic polymorphism of debrisoquine
4-hydroxylation was demonstrated when the modulation of chemical carcinogenesis
was studied using an animal model with a defined genetic character at the level of
oxidative metabolism.
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Female DA rats (poor metabolisers PM) and Fischer rats (extensive metabolisers)
were fed aflatoxin Bl (AFBI), in their diet for 4 months and after a further 12
months, the animals were sacrificed and their livers examined histologically for
signs of toxicity. It was found that all fisher rats had developed multiple hepatoma.
This illustrated that lower susceptibility of the PM may result from the linkage of
the gene controlling debrisoquine 4-hydroxylation to that of AFB expoxidation (Idle
& Ritchie, 1983).

3.3.7 Molecular basis of debrisoguine genetic polymorphism

Debrisoquine 4-hydroxylation activity in human liver is catalysed by a cytochrome
P-450 mediated reaction (Kahn et al., 1982). The human liver cytochrome P-450
responsible for debrisoquine 4-hydroxylation has been purified recently
(Guengerich et al., 1985; Meyer et al., 1985). The purified db, preparations isolated
by Distlereath et al. (1985) had an apparent molecular weight of 51000 and catalysed
debrisoquine 4-hydroxylation in order to magnitude greater than did microsomal
preparations. The decreased capacity to hydroxylate debrisoquine is not due to an
overall impairment of oxidative metabolism since poor metabolisers can metabolise
other drugs (Meyer et al. 1987). This has been enforced by work which showed that
antibodies raised against db, inhibited debrisoquine metabolism in human liver
microsomes but did not inhibit the metabolism of drugs not subject to debrisoquine
polymorphism. Immunochemical quantitation carried out with these antibodies with
liver microsomes from extensive and poor metabolisers of debrisoquine showed no
differences in the recognized protein between phenotypes. Decreased cytochrome P-
450 activity in the poor metaboliser phenotype could be the result of several
mechanisms. The rate of synthesis of a particular isoenzyme is altered because of a
mutation of a structural gene or another gene regulating the activity of a structural
gene. Hence, the active centre of the isoenzyme under study might be altered
because of the synthesis of a structurally altered protein with defective catalytic

properties.

Data obtained from human liver microsomes, and female DA rats, as well as
purified cytochrome P-450 isoenzyme preparations support the hypothesis that there
is either absence of or alteration to a form of a hepatic cytochrome P-450 isoenzyme
for which debrisoquine is a selective substrate (Davies et al., 1981: Larrey et al.,
1984; Kahn et al., 1985). In order to define the mechanism of the debrisoquine type
of genetic polymorphism of drug oxidation, Dayer et al. (1984) studied the kinetics
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of but_’uralol I-hydroxylation in liver microsomes from both extensive and poor
metabolisers with purified reconstituted human cytochrome P-450 isoenzymes with
high activities for P-450 (db,). They found that the enzymatic reaction in extensive
metaboliser microsomes displayed apparent Michaelis-Menten-Kinetics. By contrast,
the enzymatic reaction in poor metboliser’s microsomes was characterised by four to
five fold increase in the K _ value. This group of investigators concluded that poor
metabolisers have a quantitative or qualitative deficiency of this isoenzyme.
Recently, in vitro studies of human liver suggested that the basis of the differences
in oxidative capacity between PM’s and EM’s is more likely to be the result of a
varient isoenzyme with defective catalytic properties, rather than a decreased
amount of the isoenzyme (Osikowska-Ever et al., 1987).

Mapping the peptides of the proteins of purified P-450 isoenzymes from EM’s and
PM’s or characterisation of the defect at the genomic level with specific cDNA
probes will certainly elucidate the molecular mechanisms responsible for this
polymorphism. Recently Gonzalez et al. (1988),showed that poor metabolisers have
negligible amounts of the cytochrome P-450 db, complementary DNA and by direct
cloning sequencing DNAs from several poor metabolizers, they have identified three
variant messengers RNAs that are products of mutant genes producing incorrectly
spliced db, pre-mRNA. They, and others believe that at least 3 different mutant
alleles of the P-450 db, gene locus associated with PM phenotype must be present in
the population or possibly even more. The molecular genetics of this system is
complex. Meyer et al. (1988) demonstrated that the P-450 db, gene locus is highly
polymorphic. Of 20 restriction enzymes tested, only 7 displayed no Restriction
Fragment Length Polymorphisms (RFLPs) and with the remaining 13 enzymes 14
allelic forms of the db, gene can be described, only 2 of them are linked to the PM
phenotypes.

In order to determine on which chromosome the gene controlling debrisoquine (D)
metabolism might be located, linkage studies of polymorphic (D) oxidation to
various genetic polymorphisms have been carried out. Positive information for close
linkage between polymorphic (D) oxidation and the Pi blood group was obtained.
Since Pi has recently been provisionally mapped to chromosome 22, the gene
governing polymorphic (D) metabolism should be situated on chromosome 22 in close
vinicity to blood group Pi (Eichelbaum et al., 1987; Gonzalez et al., 1988).



Chapter 3 Page 102

3.4 PATIENTS AND METHODS
3.4.1 Patients

3.4.1.1 Study number one

1. General details

Two groups of patients (I & II), all of whom were Caucasians of European origin
were recruited from chest units at the following London Hospitals:

a) Whittington Hospital

b) The National Temperance

c¢) St. James Hospital

Participants in this study were identified at both chest outpatients clinics or as

inpatients at the above mentioned hospitals.

Group I (bronchogenic carcinoma patients). In this group, 245 newly diagnosed
patients (158 males, 87 females) age 66.5 + 7.4 (mean + S.D.) range 34-83 years were
identified. All had a definite diagnosis of lung cancer, proven by histology,
cytology, and histology/cytology, from tissue samples obtained at bronchoscopy,
transcutaneous ncedle biopsy, mediastinscopy and pleural biopsy.

Group II (control patients). This group comprised 234 patients (153 males,
81 females) age 67.2 + 6.6 (mean + S.D.) range 43-85 years, with various degrees of
airflow limitation (¢emphysema, chronic bronchitis, asthma). The diagnosis of each
case was assisted by measuring the following parameters:- peak expiratory flow rate,
forced expiratory volume in the standard time of 1 second (FEV,), forced vital
capacity (FVC) and the ratio of these two volumes which is usually expressed as a
percentage (FEV/FVC%). Neither the Wright peak flow meters nor the vitalograph
were calibrated each time the measurement was made. Other pulmonary function
tests were sometimes performed as part of both the assessment and the management
of each case individually, such as measuring the maximal flow - Volume loop, gas
transfer factor, arterial PO, and PCO,.
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2. Smoking history

Pack years (PY) of cigarette consumption was assessed from the age at which
regular smoking began, number of cigarette smoked per day, pertubation in smoking
pattern and finally current smoking status/date when smoking ceased. In cases
where hand-rolled tobacco used, each 1/2 oz tobacco was registered as pack (20

cigarettes).

3. Laboratory investigations

Various blood parameters were measured for each patient on the day of their
admission for bronchoscopy or as in patients, namely, haemoglobin (Hb), leucocytes
(WBC), mean corpuscular haemoglobin (MCH), mean corpuscular haemoglobin
concentration (MCHC), mean corpuscular volume (MCV), packed cell volume (PCV)
and platelets.

Both routine liver and renal function tests were performed i.e. sodium, potassium,
urea and plasma bicarbonate, total protein, albumin, bilirubin, alkaline phosphatase
(AIK.p) and aspartate aminotransferase (AST).

4, Occupational history

For each studied subject, a general occupational history was taken. Questions were
asked about odd-jobs and principal jobs held. Specific questions were put regarding
asbestos. The occupation history was obtained by asking for the following

informations:-

A. Dates and types of jobs. If the job(s) was relevant to lung cancer carcinogenesis,
the individual was asked the following questions -

a) What did the company make or do?

b) What did the work involve?

¢) Was dust inhaled?

d) Did chemical dust get on the skin?

B. Specific questions were asked regarding national service especially in navy and
airforce and in particular jobs which had involved working in shipbuilding,

submarines, boiler room, heating systems, aircraft industry and aircraft
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maintenance stations.

C. Questions were asked regarding asbestos exposure in London and whether any of
the participants in both groups had held job(s) in London docks and or power

stations.

D. All patients were asked whether or not they have held jobs as garage workers or
at petrol stations.

E. Each individual was asked about their work in specific occupations to reveal any
exposure to lung cancer casual agents namely, arsenic compounds (pesticide making),
plastics (chloroethylethers), nickle (refinery), mining (radioactive gases), oil and tar
(oil, asphalt plant, coke oven, road maintenance) and asbestos (pipe fitters, millers,
road repairers, insulation and heating, boilers and shipbuilding).

Interviews were informal and in a clinical setting.
5. Drug therapy

Concurrent drug treatment was taken in detail for each individual who had
participated in the investigation, also other medications were recorded up to two
weeks before his/her attendance at a chest outpatient clinic and/or hospital
admission.

6. Family history of cancer

During the same history taking, information was requested regarding family
structure, causes of death of other first-degree relatives, and known cancer cases in
first-degree relatives with a specific reference to lung cancer. No attempt was made

to pursue death certificates for these relatives.
7. Exclusion criteria
To minimize both the influence of various pathological conditions and the effect of

certain drugs on the debrisoquine phenotyping test, the following groups of patients

were excluded from both studies I and II:
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o

. Patients who had received cytotoxic drug therapy or a course of radiotherapy

o

Patients who suffered from ischaemic heart disease

o

Patients who were taking drugs known to interfere with the debrisoquine
phenotyping test i.e. metformin hydrochloride, flucloxacillin and
dextropropoxyphene hydrochloride (Oates et al., 1986).

d. Patients who were taking drugs which would interfere with the debrisoquine
metabolic pathways at the time of the study, namely, beta-adrenoceptor blocking
drugs, antidepressant drugs (amitriptyline, nortriptyline, desipramine),

antiarrhythmic agents (sparteine, encainide) and benzodiazepines.

Patients who were on enzyme inducers (rifampicin, barbiturates, phenytoin,

carbamazepine, primidone) were also excluded.

e. Patients with one organ or multiorgans failure (renal, liver and heart).

gl

Patients with severe physical incapacity and/or with dementia (inability to
comprehend protocol and urine collection procedure).

g. Patients who were suffering from other cancers including metastases

h. Patients with total debrisoquine urinary recovery of less than 5% of the ingested
dose.

34.1.2 Study number two

In order to study the effect of cigarette smoke on the debrisoquine metabolic ratios,
the following study was conducted. 11 (3M, 8F) healthy Caucasian volunteers (31-67
years) participated in the study. All were used to attend on a regular basis Drayton
Park Smoking Advisory Clinic (London N1) where they participated in a group
discussion once a week for 3 months, to get advice about how they should give up
their smoking habits. Only individuals who intended to give up smoking within one
month of visiting the clinic were included. 3 females had been on contraceptive
pills for more than a year, 4 other females were on nitrazepam for more than 2
years and one male was on penicillin for one week. The participants did not
consume excessive amounts of alcohol and all were smokers of 20-40 cigarettes/day

for at least 5 years.
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On day one, two hours after a light breakfast, each volunteer received an oral dose
of 12.5mg debrisoquine sulphate (10mg debrisoquine). The subsequent 0-8 hours
urine samples were collected and frozen (-20°C) until required for analysis. At
days 30 and 60 after they gave up cigarette smoking, the same procedure was
repeated.

3.4.1.3 Study number three

In order to study the effect of lung tumours on the debrisoquine metabolic ratios,
the following study was performed. 6 male cancer patients (all histologically
diagnosed as squamous cell carcinoma) participated in this study (they were all part
of study one in this chapter). After a light breakfast, each patient received an oral
dose of 12.5mg debrisoquine sulphate (10mg debrisoquine). The subsequent 0-8
hours urine samples were collected and frozen (-20°C) until required for analysis.
Within ten days, in patients who had had a surgical resection for the tumour, the
same procedure was repeated. None of the patients were on any medications which
might influence the metabolism of debrisoquine (Table 3.16) and all participants
were stable clinically.

Ethical Considerations

Patients gave informed consent and the Project was approved by Hospital Ethics
Committee.

3.4.2 Methods

3.4.2.1 Determination of oxidation phenotype

The oxidation phenotype status [extensive metaboliser (EM)/poor metaboliser (PM)]
of all patients was determined as follows. After an overnight fast, each patient
received a single oral dose of 12.5mg debrisoquine sulphate (10mg Declinax, Roch).
Other medications were deferred for at least one hour. Subsequently no dietary
restriction was enforced and patients were encouraged to consume fluid during the
day. All urine was collected during the subsequent eight hours. The urine volume
was recorded amd 10ml aliquot saved in tubes labelled with patient’s number and
date of investigation. Urine samples were stored at (-20°C) and analysed later for
debrisoquine and 4-hydroxydebrisoquine.



Chapter 3 Page 107

3.42.2 Analysis

This was carried out using the method of Idle et al (1979). The urine (0.1ml) was
placed in a screw-capped septum vial to which was added 50 ul of an internal
standard/buffer solution (5ug/ml 7-methoxy-guanoxan in 1M sodium bicarbonate
solution) followed by 50ul hexafluoroacetylacetone and Iml toluene. The mixture
was heated in an aluminium block at 100°C for 1 hour, the vial removed and left to
cool then 3M sodium hydroxide (5ml) was added to hydrolyse the excess derivatizing
agent and 2ml toluene were added. The reaction vial was vortexed, centrifuged at
2000 rpm for 5 minutes, and a portion of the toluene layer (1ul) was injected into a
Pye Unicam GCD gas chromatograph (oven temperature 190°C, injection port
temperature 250°C), fitted with an OV-1 column (3% on Chromosorb WHP, 1.83 in
length, 3mm internal diameter) with oxygen-free nitrogen carrier gas flow rate of
60ml min-! pressure 20 p.s.i.g. Bis (trifluoromethyl)pyridine derivatives of
debrisoquine and 4-hydroxydebrisoquine were detected using an electron-capture
detector (temperature 205°C). A typical gas chromotographic trace is shown
(Fig. 3.2). The measurement of metabolic ratio (% dose excreted as debrisoquine/%
dose excreted as 4-hydroxy-debrisoquine was made and used as a determinant of
phenotype. The assignment of oxidation phenotype was as described by Evans et al.
(1980, 1983). Subjects with metabolic ratio >12.6 were phenotypically poor
metabolisers (PM), while those with <12.5 were phenotypically extensive
metabolisers (EM).

3.5 STATISTICS

For the statistical analysis, the odd ratio is used as an estimate of the relative risk
(RR). RR and confidence intervals (CI 95%) adjusted for age, sex, pack-years of
cigarette use and occupational lung carcinogen exposure were determined by logistic
regression analysis. For selected analyses, the excess risk and the relative excess risk
due to interaction were calculated according to Cole et al. (1971); Rothman (1984).



Chapiler 3 Page 108

A = Decbrisoquine

B Zd-hydroxydebrisoquine

c C ZlInternal Standard (IS)

O~
P
2 —
(&}

Figure 3.2 Typleal chiromatogram of debrisoquine and d-hydroxy-

debrisoquine,
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3.6 RESULTS

A. Study number one

Table 3.3 gives the individual details of both cases and controls, namely, age, sex,
smoking (PY), cell types of lung cancer patients, metabolic ratio of debrisoquine and
% recovery of the ingested dose of debrisoquine (as debrisoquine and 4-

hydroxydebrisoquine) in 0-8h urine collection.

In this study, two groups (I and II) of European Caucasian patients were
investigated with debrisoquine. Patients with lung cancer and airflow limitation
were of similar age 66.5 + 7.4 (mean + S.D.) and 67.2 + 3.2 respectively, sex ratio
(M/F) 1.82, 1.89 and smoking history 60.3 + 24.0 (mean + S.D.), 59.4 + 21.1 pack-years
(Table 3.4).

Group I comprised 245 (158M, 87F) lung cancer patients. Various techniques were
used to obtain tissue specimens. They were bronchoscopy (n= 194), mediastinoscopy
(n= 9) transcutaneous needle biopsy (n=24) and pleural biopsy/cytology (n=6). The
pathological diagnosis was based on histology (n=108), cytology (n=85), or
histology/cytology (n=44). Tissue samples were classified according to the WHO
criteria (WHO, 1967), which revealed 138 (91M, 45F) cases of squamous cell
carcinoma, 68 (38M, 30F) cases of small cell carcinoma, 30 (22M, 8F) cases of
adenocarcinoma, 8 (5M, 3F) cases of large cell carcinoma and 3 unclassified or

poorly differentiated cell carcinoma (Appendix 1).
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Initials Number Age  Sex Smokir)ng Cell Type MR Re%%ery

(y) (py
WG 1 65 M 120 N 1.1 18.6
AB 2 76 M 75 S 0.1 11.4
FS 3 73 M 40 N 2.5 17.7
AR 4 69 M 75 S 0.6 16.7
HM 7 73 M 100 S 4.3 27.2
AH 8 60 M 120 N 5.9 9.6
RB 9 70 F 33 N 3 12.5
16 10 77 M 60 N 0.4 14.8
JW 11 65 M 100 N 0.2 20.3
BH 12 73 F 43 0 1.4 13.8
JH 15 66 M 70 0 7 23.3
™ 16 58 M 60 0 2.2 11.7 )
FH 17 77 M 90 S 1.2 21.7
FW 18 67 M 49 S 0.2 9.9
EF 19 64 M 200 L 0.1 13.6
GI 20 - /8 M 75 S 0.7 8.8
FI 21 65 M 60 S 0.1 16.2
co 22 77 M 60 S 0.2 17.5
GF 23 69 M 95 N 3.3 8.5
cL 24 54 M. 34 N 1.8 16.4
GB 26 44 M 75 N 0.6 18
PM 27 34 M 20 A 0.1 43
T0 28 70 M 45 0 1.2 27.1
GD 29 70 M 50 N 0.6 35
KG 30 66 F 37 N 0.2 30.9
EH 31 68 M 50 S 0.5 40.8
AO 32 65 F 55 0 0.6 34.8
™ 33 81 M 45 A 27 25.2
PB 34 71 M 100 N 3.1 12.7
BH 35 60 M 52 N 1.9 23.3
TE 36 71 M 60 S 0.6 5.9 .
AA 37 79 M 70 S 0.3 11.4
A 38 56 F 60 S 0.3 11.4
EN 39 63 M 45 S 0.3 10.6
CG 40 66 M 50 N 8.6 37.5
AB 42 79 M 140 N 6.5 23.1
DJ 43 70 M 50 S 0.9 12
BH 44 66 M 75 S 0.8 23.9
JD 45 62 M 80 0 1 22.7
WS 46 61 F 70 N 0.4 13.1
MW 47 68 M 40 N 8.6 37.3
WM 48 67 M 35 N 0.3 34.2
ME 49 62 F 50 5 0.3 18.4
AG 50 65 M 50 S 5.1 17.1
JM 51 40 M 60 A 1.8 28.4
JJ 53 68 M 100 A 0.2 7.8
HB 54 69 M 70 N 0.5 24.7
HD 55 57 M 80 N 1.6 6.1
HR 56 65 M 75 0 0.4 28
SC 57 62 M 40 A 0.3 27
JA 59 83 M 55 N 0.7 22.9
HP 60 72 M 60 N 3.1 24
AP 61 71 M 45 S 1.5 33.9
VE 62 63 F 30 N 59,2 30.1
RP 63 56 M 80 N 0.3 24
AS 64 68 F 63 A 0.6 31.4
RM 65 50 M 60 N 0.9 22.4
MJ 66 61 F 40 S 0.2 16.7
FT 67 57 M 45 N 2.8 38.5
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Table 3.4 Selected characteristics of lung cancer patients and airflow limitation

controls
Lung cancer Airflow limitation

Parameters mean + SD mean + SD
Age 66.5 + 7.4 67.2 + 6.6
Smoking pack years 60.3 + 239 594 + 21.1
Sex M: F 159 : 86 153 : 81
% drug recovery (0-8h)

Debrisoquine 92+ 8.3 19.7 + 18.0

4-hydroxydebrisoquine 16.5 + 14.6 10.8 + 12.0

Total 25.7 £ 19.1 30.5 + 235

Group II was of 234 (153M, 81F) patients with airflow limitation. Patients were
diagnosed according to the following physiological parameters i.e. peak expiratory
flow rate, forced expiratory volume in 1 second (FEV l), forced vital capacity (FVC)
and the ratio FEV /VC %.

Table 3.5 shows the distribution of the histological subtypes of lung cancer patients
by age and sex. It also shows the distribution of controls according to the same

parameters.

Table 3.5 The distribution of study group members by age, sex and disease.

Male Femlae
Age (year) 30+ 60+ 65+ 70+ total 30+ 60+ 65+ 70+ total
I lung cancer 25 17 55 62 159 26 17 25 18 86
squamous cell 7 4 42 38 91 10 13 15 7 45
small cell 14 6 9 9 38 14 3 8 5 30
adenocarcinoma 4 5 3 10 22 1 1 2 4 8
large cell 0 2 0 0 0 2
others 0 0 1 0 0 0 0
II airflow

limitation 18 34 55 46 153 7 20 27 27 81
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The results showed that patients had also similar levels of Na¥ (137 + 6 (mean + SD),
137 £ 4mM) in cases and controls respectively, HCO,4 (27.0 £ 5.4, 26.8 + 4.9mMO, urea
(5.0 + 1.3, 5.1 + 1.6mM), total protein (70.5 + 4.8, 70.9 + 5.0 gL™!) and bilirubin (8.6 +
8.7, 8.0 + 7.6 uM) and comparable white cell counts (WCC) (9.0 + 3.2, 8.7 + 2.7 X 10L
‘1), mean corpuscular haemoglobin concentration (32.7 + 2.2, 32.8 + 2.0gm per 100ml)
and platelet count (321 + 85, 325 + 89 X 10°L~1. Values for plasma K*, albumin,
alkaline phosphatase (AIKp), aspartate aminotransferase (AST), haemoglobin (Hb),
packed cell volume (PCYV), mean corpuscular volume (MCV) and mean corpuscular
haemoglobin (MCHC) all showed small but statistically significant differences
between the two groups, but nevertheless fell within the ‘normal’ clinical range
(Table 3.6).

Table 3.6 The measured parameters for both blood chemistry and haematology of
the study group patients.
Measured parameters Airflow limitation Lung cancer

mean +SD mean + SD
(range) , (range)

A. Blood chemistry

sodium 1374 + 4.43 137.2 + 5.6
(125 - 148) (116 - 148)
potassium 4.06 + 0.47 39+ 0.54
(28 -5.1) (2-53
total CO2 268 + 49 27+ 54
(18 - 37) (19 - 41)
urea 51+ 1.6 50+ 13
(1-9.9) 1.9 - 8)
total protein 71+ 5 70.5 + 4.8
(58 - 96) (59 - 89)
albumin 378 + 3.4 36.8 + 4.2
(25 - 55) (25 - 69)
bilirubin 8+ 7.6 8.6+ 8.7
(1-29) (2 -41)
AIK P 68.5 + 22.6 81 +22.7
(5-132) (7 - 138)
AST 23.7 + 10.5 27.1 + 1420.1
(3 - 88) (3 - 100)
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B. Haematology

wCC 8.65+ 2.5 9.02 + 3.17
(22-17.8) (1.5 -22)
Hb 146 + 2 134 + 3.17
(8.6 - 19.7) (9.6 - 21.2)
PCV 46 + 5.7 427 + 5.2
(33 - 61) 9 -173)
MCV 83.4 +10.4 78.4 + 9.1
(60 - 110) (57 -112)
MCH 30,5+ 23 29.1 + 23
(23.1 - 36.4) 22.4 - 35)
MCHC 328 + 2.0 327+ 2.2
(25.8 - 38.6) (22 - 40)
platelets 324 + 894 321.3 + 85.49
(107 - 641) (95 - 657)

Table (3.7) shows the number of patients in both groups which have haematological
or biochemical parameters above or below the clinical range of each measured
parameter (Appendises 2, 3, 4, 5,6, 7, 8,9, 10, 11, 12, 13).

Debrisoquine 4-hydroxylation showed several major differences between lung
cancer and control cohorts (Figure 3.3). The metabolic ratios for smoking controls
included 21 recessives (value >12.6) and distributed across the full range of values.
On the other hand, the metabolic ratios for cancer patients contained only 4
recessives and were aggregated towards the left end of the spectrum of metabolic
ratios. Figure (3.4) shows the combined data in logarithmic form, which both
compresses and normalizes the distribution. Analysis of family pedigrees and a
similar distribution for a healthy white British population (Evans et al., 1983) has
allowed estimation of the (mean t SD) log,, metabolic ratios for homozygous
extensive metaboliser, heterozygous extensive metaboliser and recessive poor
metaboliser genotypes as  0.26 + 0.23, 0.13 + 0.33 and 1.44 + 0.31, respectively. The
additive cancer and control distributions have major modes at 0.37, 0.05 and 1.75,
which certainly correspond to the three genotypes (Figure 3.4). In this study, most
cancer patients with log,, metabolic ratios of less than 0 (193/245, 78.8%) probably
have homozygous dominant genotypes, whereas the majority of smoking controls

(148/234, 63.2%) with log,, values between 0 and 1.1 are probably heterozygotes.
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BLGOO CHEMISTRY
Sodium
Potassium

TC02

Urea

Total Protein
Albumin
Bilirubin

Alk. P.

AST

HAEMATOLOGY
WCC
Haemoglobin
pCY

MCY

MCH

MCHC
Platelets

Table 3.7

SMOKING CONTROLS

TEAXVRIIIZIIZIINT

8elow Range

29 39
i 16
5 14

0 18

3 : 33
23 26
i 85
70 16
1 64

2 41

Above Range

LUNG CANCER PATIENTS

EIRE=RSTAI=SISEIZZIRITES

B8elow Range Above Range

69 14
49 5
7 3
3 9
14 11
96 1
0 3
1 52
3 14
5 33
96 3
43 74
110 5
36 14
65 1
7 2

The number of individuals in both cases and controls

which have measured routine haematology and clinical

chemistry parameters above or/below the clinical range

for each parameter.

Page 122
Range
125 - 145
2.6 - 4.9
22 - 30
2.5 -7
65 -~ 80
36 - 52
2 - 14
30 - 100
7 - 40
4 -1
13.5 - 18 Males 11.5 .- 16 Females
40 - 54 Males 37 - 40 fFemales
78 - 100
27 - 32
32 - 36
150 - 400
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