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Nicotine has implications in different tumors types. Expert’s eye making a literature analysis
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Summary
In man, nicotine is commonly consumed via smoking
cigarettes, cigars or pipes. The addictive liability and pharmacological effects of smoking are primarily mediated by the
major tobacco alkaloid nicotine. There are elevated serum
cadmium and lead levels in smokers resulting in glomerular
dysfunction. There is a constant and direct attack of various
cigarette smoke reagents on the oral epithelial cells, which
gradually accumulate and may cause a stepwise malignant
transformation. The association between cigarettes and lung

Introduction
The extensive use of tobacco and its associated
severe health issues have been a great concern to mankind. The World Health Organization (WHO) estimates
that approximately one-third of the global population
aged 15 years or older are smokers and each smoker
consumes an average of 15 cigarettes daily. Cigarette
smoking, the most common form of tobacco use, has
been found to account for hundreds of thousands of
premature deaths and chronic diseases annually [1]. It is
well established that cigarette smoking can increase the
risk of chronic obstructive pulmonary diseases (COPD),
cardiovascular diseases, and several forms of cancer, in
particular cancers of the lung, oropharynx, larynx, and
esophagus [2]. Recent epidemiological evidence suggests that cigarette smoking is also deleterious to other
parts of the gastrointestinal (GI) tract. Cigarette smoke,
nevertheless, comprises thousands of chemicals, making it difficult to delineate the contribution of an indi-

cancer has been proven by large cohort studies. Tobacco use
has been reported to be the main cause of 90% of male and
79% of female lung cancers.
Ninety percent of deaths from lung cancer are estimated to be due to smoking. This review describes the implication of nicotine, smoking, smoke extracts and other tobacco
constituents on oral cancers, lung cancer and cancers of the
urinary tract.
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vidual compound to the toxicological and pharmacological properties of cigarette smoke as just described.
Approximately 5 million people die from smokingrelated disorders each year, and one-tenth of all adult
deaths are related to tobacco use. It is estimated that
deaths attributable to tobacco use will rise to 10 million
by 2025, and one-third of all adult deaths are expected
to be related to cigarette smoking [3]. Fifty percent of
smokers die from smoking-related disorders. Smoking
is known to be the cause of some 30 diseases, mainly
cardiovascular and cerebrovascular disorders, COPD
and cancers. Thirty percent of all cancer deaths, 75% of
all COPD deaths and 25% of all atherosclerotic hearth
diseases are attributed to smoking [4]. Life expectancy
of people who smoke at least 20 cigarettes per day for
25 years is estimated to be 25% shorter compared with
non-smokers.
In this article we attempted to make available the
implications of nicotine to oral, lung and urinary tract
carcinogenesis.

Correspondence to: Dr. Georgios Koukourakis. Department of Radiation Oncology-B, Saint Savvas Anticancer Institute, 171 Alexandra’s Ave,
115 22 Athens, Greece. Tel: +30 210 6409420, Fax: +30 210 6409418, E-mail: gkoyokoyrakis@yahoo.gr
Received 12-12-2010; Accepted 03-01-2011

211

Nicotine in cigarette smoking
Nicotine, a major component of cigarette, has
been proposed to be responsible for many pharmacological effects of cigarette smoke. It has a bitter taste
and is a mildly alkaline and volatile liquid alkaloid.
Each cigarette contains 15-30 mg of nicotine. Nicotine
is rapidly absorbed through mucous membranes, skin,
alveoli, and the GI tract. Its half-life is 30-60 min. It is
extensively metabolized in the liver to cotinine, and a
considerable proportion is excreted unchanged in acidic
urine. Venous nicotine levels in smokers range from 5
to 15 ng/mL and arterial nicotine levels peak as high as
80 ng/mL. Remarkably, nicotine levels in smokers are
shown to be extremely high in saliva and gastric juice,
reaching more than 1300 and 800 ng/ ml, respectively
[5]. Nicotine plays a key role in smoking-related diseases by exerting a dual influence. On the one hand, nicotine produces reinforcing effects, tolerance and physical dependence, and the pharmacological effects that
smokers enjoy such as modulation of mood, appetite,
and task performance, resulting in perpetuation of the
smoking habit. The mechanism for the development of
nicotine dependence is complex but it is pertinent to the
desensitization and the longer-lasting persistent inactivation of nicotinic receptors in the central nervous system together with dopaminergic modulation of the reward center [6]. On the other hand, nicotine is found to
be actively involved in the pathogenesis of GI diseases
including peptic ulcer formation and delayed wound
healing [3], promotion of carcinogenesis [7], and disease progression of ulcerative colitis.

Smoking and cancer
Rottman first claimed that lung cancer might stem
from tobacco use in 1898 [8]. Decades later this hypothesis was proved by Roffo, who produced skin cancer in
mice, using cigarette tar, in 1931. The epidemiological relation between cigarette smoke and lung cancer
was first reported by Muller in 1939 [8]. In the wake
of Muller’s report, large case control studies from the
United States and Great Britain also proved the scientific basis for an association between cigarette smoking
and lung cancer in the 1950s [9,10]. Consequently, the
main cause of lung cancer in males was reported to be
cigarette smoking in the Surgeon General’s Report in
1964 [11]. Interestingly, a similar relation concerning
females was only proved in 1980.
Over 4000 bioactive chemical compounds have
been isolated from cigarette smoke, of which more than
60 are carcinogens [12]. Topical, intratracheal or sub-

cutaneous administration of polyaromatic hydrocarbons, found in cigarette smoke, may produce cancer in
animals. Tobacco chewing and snuff taking have also
been reported to cause oral, esophageal, laryngeal and
pharyngeal cancers [13].
Lung, larynx, pharynx, esophagus, oral cavity, pancreas, urinary bladder and renal pelvic cancers are strongly related to tobacco use. Tobacco is known to be the
causative factor in the development of colorectal, sinonasal, adrenal, gastric, uterine, cervical and liver cancers,
as well as of myeloid leukemia. However, it is not known
whether there is a causative association between tobacco use and carcinomas such as prostate, brain, skin and
breast carcinomas, testicular and endometrial cancers,
soft tissue sarcomas, lymphomas and melanomas [14].
In developed countries, one-third of all cancer
deaths (47% of male and 14% of female cancer deaths)
are associated with cigarette smoking. Deaths from cancer are twice as high in smokers compared to non-smokers. Moreover, if the number of the cigarettes smoked
per day exceeds 20, death rates are 4 times higher compared to non-smokers [15].

Smoking and lung cancer
Lung cancer accounts for 12.8% of all cancers
worldwide and it is highly lethal among both males and
females. More than 90% of patients with lung cancer die
of it. Of cancer deaths, 17.8% are attributed to pulmonary carcinoma and 5-year survival rates are less than
10%. The number of lung cancer-related deaths was reported to be 1 million in 1990 [16]. In contrast to most
cancers the incidence and mortality of lung cancer are
gradually increasing. Death rates from pulmonary carcinoma have been reported to have risen by 400% between 1950 and 1990 [17]. Tobacco use has been reported to be the main cause of 90% of male and 79% of
female lung cancers [18]. Ninety percent of lung cancer
deaths are estimated to be due to smoking [19]. Compared to non-smokers, the risk of development of lung
cancer in lifelong smokers is 20-40 times higher [20].
The synergy between cigarette smoking and exposure
to asbestos, arsenic and radon has been shown to increase the risk of pulmonary carcinoma [21]. The association between cigarette smoking and lung cancer
has been proven by large cohort studies [22]. Twenty
percent of smokers develop pulmonary carcinoma and
approximately 90% of patients with lung cancer are
smokers. Capewell et al. showed that only 2% of patients with lung cancer were non-smokers [23]. The association between cigarette smoking and lung cancer is
stronger for squamous cell (SCC) and small cell types
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and large cell carcinoma (other than adenocarcinoma).
The risk of pulmonary carcinoma in smokers increases
with commencing smoking at an early age, the number
of cigarettes consumed per day and the depth of cigarette smoke inhalation [23]. Geographical variations
and gender differences in the incidence of lung cancer
are also related to the frequency of tobacco use.

Types of cigarette smoked
The risk of cancer development may vary according to the type of cigarette smoked. The risk decreases
with the use of filter cigarettes. Engeland et al. reported
a higher risk with handrolled cigarettes compared to
factory-made cigarettes [24]. At the same time, Chinese
cigarette brands were found to be less mutagenic than
Western brands [25]. Cigar and pipe smoking increases
the risk of lung cancer 7 times. The carcinogens found
in cigars and pipes are reported to be the same as those in
cigarettes [26]. However, those studies that have reported a reduced risk with cigars and pipes may be related to
the limited use and shallow inhalation. In fact, the risk of
lung cancer in cigar and pipe smokers in Denmark and
Holland, where cigar and pipe smoking involves deeper inhalation, was found to be the same as that among
cigarette smokers. Because of their higher tar content
and carcinogen levels, mentholated cigarettes may increase the risk of lung cancer. Moreover, menthol facilitates carbon monoxide absorption and causes retention
of cigarette smoke in the lung by restricting ventilation
[27]. Light cigarettes, which were produced to enhance
safety, do not lower the risk of cancer. During the last
30 years, the increasing trend of consuming cigarettes
containing low tar and nicotine levels has caused a predominance of peripherally located adenocarcinomas, in
contrast to centrally located SCCs [27]. Because real cigarette smoking may differ from smoking simulated by
machine, light cigarette users smoke a greater number of
cigarettes per day and make deep inhalations to restore
their previous nicotine levels. Consequently, the smoke
and carcinogens reach more distal areas and cause peripheral lung cancers [28].

Smoking and oral cancer
Oral SCC is the most common malignancy of
the head and neck, with a worldwide incidence of over
300,000 new cases annually [29]. The disease is characterized by a high rate of morbidity and mortality (about
50%) [29]. The major inducer of oral SCC is exposure
to tobacco, considered to be responsible for 50-90% of

the cases worldwide [30]. The incidence of oral SCC in
cigarette smokers is 4-7 times higher than in non-smokers; when alcohol is also consumed this incidence is
even higher. Moreover, compared with non-smokers,
the higher cigarette smoke-related risk for oral SCC is
manifested by a reduction in the mean age of development of the disease by 15 years. The “field cancerization” concept is the currently accepted explanation for
the carcinogenic effect of cigarette smoke on oral mucosa [31]. According to this theory, there is a constant
and direct attack of various cigarette smoke reagents on
the oral epithelial cells, which gradually accumulate and
may cause a stepwise malignant transformation. It has
been suggested that free radicals, reactive oxygen species and reactive nitrogen species in the inhaled cigarette
smoke induce this gradually evolving process, initially
expressed by dysplastic lesions of the mucosa, which
then transform into in situ carcinoma lesions and eventually result in full-blown infiltrating and metastasizing oral SCC. Further credence for the suggested role of
free radicals in the pathogenesis of evolving oral SCC is
found in a recent study [32] demonstrating that reactive
oxygen species, such as hydroxyl radical, are formed in
the human oral cavity during areca quid chewing, and
that the activity might cause oxidative DNA damage to
the surrounding tissues. In this respect the salivary anticarcinogenic capacity, which has only recently been recognized, may be based on its antioxidant system.
The peroxidase found in the oral cavity is the most
important salivary antioxidant enzyme. This oral peroxidase (OPO) is composed of two peroxidase enzymes,
salivary peroxidase (SPO) and myeloperoxidase. SPO,
secreted from the major salivary glands, mainly the parotid gland, contributes to 80% of OPO activity, while
myeloperoxidase, produced by leukocytes in inflammatory regions of the oral cavity, contributes to the remaining 20% of OPO activity. OPO plays a dual role: a) it reduces the level of hydrogen peroxide (H2O2) excreted
into the oral cavity from the salivary glands by bacteria
and leukocytes, and b) it increases specific antibacterial
activity by inhibiting the metabolism and proliferation
of various bacteria in the oral cavity. In a very recent paper, the mechanism responsible for the inactivation of
OPO by the cigarette smoke was described [33]. In order
to understand and elucidate the factors in the cigarette
smoke that are responsible for the cigarette smoke-associated inactivation of OPO, several oxidants and antioxidants were applied to saliva in the presence or absence
of cigarette smoke. No protection for cigarette smokeinduced loss of OPO activity occurred in the presence of
glutathione, N-acetylcystein, ascorbic acid or desferal.
Exposure of saliva to purified aldehydes present in the
cigarette smoke had no effect on OPO activity. In addi-
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tion, nicotine as well as ascorbic acid in the presence of
FeCl3 also had no effect on OPO activity. Finally, the
exposure of OPO in saliva to cyanate in levels present
in the cigarette smoke caused a marked 65-70% loss
of OPO activity, which could have been prevented by
pre-incubation of the saliva with hydroxycobalamine,
a known chelator of cyanate. These results indicate that
hydrogen cyanide, known to be present in significant
amounts in the cigarette smoke, is most probably the
agent responsible for the cigarette smoke-associated loss
of salivary OPO activity [33]. The oral and pharyngeal
epithelium is constantly exposed to saliva, which contains advanced antioxidant/anticancer systems. Destruction of these salivary systems by the smoke may play a
pivotal role in the pathogenesis of the disease.

Smoking and cancers of the urinary tract
Cigarette smoke and its metabolites cause cancers
of the bladder and kidney [34], resulting in the death
of over 40% of men in some countries of Eastern and
Central Europe, and 17% of women in the USA. Risk
factors for renal cell adenocarcinoma include cigarette
smoking which presumably accelerates the risk in a patient whose first-degree relative is suffering with renal
cell carcinoma, that is, an elevated odds ratio above 2.5
(95% CI 1.04-5.90) [35]. Tobacco and cigarette use especially on a Western diet (high total fat, fried or broiled
meats, low in fibre, vegetables and fruits) poses a high
risk for renal adenocarcinoma development [36]. Cigarette smoking is associated with elevated plasma carcinoembryonic antigen (CEA) levels among patients suffering from non-neoplastic diseases, including chronic
renal failure [37]. Further studies have demonstrated that
the prominent nicotine-related alkaloid ß-nicotyrine,
present after smoking, strongly inhibits human CYP2A6
[38]. As CYP2A6 is involved in the metabolic activation of numerous carcinogens, reduction of this enzyme
could potentially promote the development of renal adenocarcinoma.
Transitional bladder cancer (TBC) is estimated
to be the 4th most common cancer among men and the
14th among women in the European Union (cumulative risk of 2.82 and 0.52%, respectively). Apart from
age, sex and a small number of occupational groups
(dye workers, rubber workers, leather workers, painters,
truck drivers and aluminium workers), smoking is the
only risk factor of TBC for which clear epidemiological
evidence has been found [39,40]. Cigarette smoking has
been proposed to account for more than 50% of TBCs
in men and approximately 30% in women. This association between active (cigarette) smoking and TBC has

been confirmed by more than 35 case-control studies
and 10 cohort studies [41-43]. The European Prospective Investigation Into Cancer and Nutrition (EPIC), for
instance, found an increased risk of TBC for both current (incidence rate ratio 3.96; 95% confidence interval
[CI]: 3.07-5.09) and ex-smokers (incidence rate 2.25;
95% CI: 1.74-2.91) [41].

Conclusion
Current experimental evidence supports the notion that nicotine is actively involved in the initiation
and promotion of cancer. Nicotine and its metabolite
cotinine possess intrinsic mutagenic activity that may
result in DNA damage. Nicotine also promotes cancer
growth through the modulation of cell proliferation,
apoptosis, and angiogenesis. Nevertheless, the effect
of nicotine on other cellular processes relevant to carcinogenesis, that is, metastasis and cancer immunology,
warrants further investigation. Furthermore, although
no epidemiologic evidence exists to date, supporting the
notion that the use of nicotine increases cancer risk, preclinical findings converge to suggest that nicotine may
pose a safety issue to current nicotine users. Therefore,
a close monitoring and survey on these issues dealing
with a carcinogenic potential is justified.
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