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Summary
Background. Persistently high incidence of ‘diseases of affluence’ (including cancer)
motivates numerous research teams to look for causes of morbidity, as well as to search
for preventive methods and effective therapeutic measures. The paper aims to present the
literature on effects of selenium (Se) on prevention of gastrointestinal and lung cancer.
Material and methods. Based on national and international literature, the paper presents
information on the role of selenium (Se) in prevention of cancer - with special consideration
given to gastrointestinal and lung cancer.
Results. The results of national and international research show the importance of selenium
in prevention and treatment of cancerous diseases, including digestive tract cancer and lung
cancer. Numerous studies have shown that the risk of cancer for people with low selenium
levels is twice as high as for people with high levels of selenium in blood serum. The most
prominent relationship between low selenium level in serum and cancer is observed in
gastrointestinal cancer, lung cancer, breast cancer in women, and prostate cancer.
Conclusions. Many clinical and experimental studies carried out nationally and
internationally gathered evidence which indicate the vital role played by selenium in
prevention and treatment of diseases - especially of cancer. It should be emphasised that the
intake of selenium in amounts necessary for proper functioning - given numerous deficiencies
(first in the soil, then in food products coming from selenium-deficient soil) - is merely
the first step, as it has already been proven in numerous publications that carbohydrates
(especially simple sugars, sweets, cakes, etc.) ‘destroy’ selenium in the human body.
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Streszczenie
Wprowadzenie. Wysoka zachorowalno$¢ na choroby cywilizacyjne (w tym na choroby
nowotworowe) sktania liczne zespoty badawcze do poszukiwania odpowiedzi dotyczacej
przyczyn zachorowalno$ci na nowotwory, jak i poszukiwania metod prewencji i skutecznych
Srodkow terapeutycznych. Celem niniejszej pracy jest przedstawienie w $wietle literatury
przedmiotu wptywu selenu (Se) na zapobieganie nowotworom przewodu pokarmowego i ptuc.
Materiatimetody. W pracy zaprezentowano na przyktadzie dostepnejliteratury przedmiotu
(krajowej jak i zagranicznej) informacje dotyczace roli selenu (Se) w profilaktyce choréb
nowotworowych - ze szczegélnym uwzglednienie choréb nowotworowych przewodu
pokarmowego i ptuc..
Wyniki. Wyniki badan krajowych i Swiatowych pokazujg jak ogromne znaczenie ma wptyw
selenu w profilaktyce i leczeniu chor6b nowotworowych, w tym: przewodu pokarmowego i
ptuc. Liczne badania wykazaty, Ze ryzyko raka dla oséb z niskim poziomem selenu jest dwa
razy wieksze niz dla os6b z wysokim poziomem selenu w surowicy krwi. Najwyrazniejszy
zwigzek miedzy niskim poziomem selenu w surowicy krwi a nowotworami jest dla
nowotwordéw przewodu pokarmowego, ptuc, gruczotu piersiowego u kobiet i prostaty.
Whnioski. W wielu badaniach klinicznych i eksperymentalnych przeprowadzonych w
kraju i na Swiecie zebrano dowody wyraznie wskazujace na duza role, jaka odgrywa
Se dla profilaktyki i leczenia, zwtaszcza choréb nowotworowych. Podkresli¢ nalezy, ze
dostarczenie do organizmu Se w ilo$ci niezbednej do prawidtowego jego dziatania, w sytuacji
licznych niedoborow (najpierw w glebie, potem w produktach spozywczych pochodzacych
z gleb z niedoborem Se) jest tylko pierwszym krokiem, gdyZz udowodniono juz w licznych
publikacjach, ze weglowodany (a zwtaszcza cukry proste, stodycze, ciasta itp.) spozywane -
,niszczg” selen w organizmie cztowieka.

Stowa kluczowe: selen, choroba nowotworowa, nowotwdr ptuc, nowotwodr przewodu
pokarmowego, prewencja
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Introduction

In the 1960s, attention was drawn for the first time to the correlation between selenium deficiency and
the risk of cancer, based on previous epidemiological work indicating co-occurrence of certain cancers and
deficiency of selenium in soil in specific areas [1,2].

Hoghberg and Alexander in their monograph devoted to selenium (pub. 2007), collected a whole series of
epidemiological data, developed by other epidemiologists and reported that the high supply of selenium in food
translates into a lower incidence of some cancers, among others lung cancer [3]. The protective role of selenium
in carcinogenesis has been confirmed in numerous experiments that have shown inhibition of the initial (early)
stages of this process [4,5].

Presently, a whole range of signalling pathways is suggested that could potentially provide some insight into
how selenium can block cell progression and induce their death [6].

Research by Willet et al. showed that the risk of cancer for individuals with low selenium levels is twice as high
as for those with high levels of selenium in their blood serum [7,8]. The most prominent relationship between
low selenium level in serum and cancer was observed in gastrointestinal cancer, lung cancer, breast cancer in
women, and prostate cancer [9]. The following paper aims to present the literature on effects of selenium (Se) on
prevention of gastrointestinal and lung cancer.

Selenium versus large intestine cancer

Alarge group of cancers (after breast cancer), for which the relationship between selenium and development
of cancer is sought, are cancers of the gastrointestinal tract, especially of the large intestine. The development
of large intestine cancer in first-degree relatives (parents, children, siblings) under the age of 40 indicates the
possibility of a genetic condition of cancer. Colonoscopy is recommended for other members of the immediate
family (ideally before the age of 40), as well as consultation with a Genetic Clinic. The most common causes of
hereditary cancer of the large intestine are mutations in the APC gene or the DNA repair genes. Research by Yu et
al. showed that selenium reduces the incidence of developing an experimentally-induced large intestine cancer
in Wistar rats and interferes with a high-fat diet that affects the development of this type of cancer [10]. These
results correlate with earlier research by Reddy and Tanaki [11].

Mikac - Devic et al., based on their research and studies conducted by other research groups, analysed the
level of selenium in blood serum in large intestine cancer cases and concluded that significant differences in
selenium level in serum of patients with large intestine cancer - in comparison to healthy individuals - justify
the use of this micronutrient as a marker for large intestine cancer [12]. Additionally, Clark et al. showed that
a decreased selenium concentration in serum may be a significant risk factor for polyp changes in the large
intestine [13].

Epidemiological studies conducted in Shanxi province, China, on a substantial clinical material showed that
selenium concentration levels in serum were significantly lower in a group of patients with large intestine
cancer, compared to a healthy control group [14].

It should be noted that there are also relatively few reports in the literature whose authors did not find lower
selenium concentration in people with cancer [15, 16].

Research by Schober and colleagues did not support the relationship between low levels of vitamin A and
E, and selenium concentration in serum (and subsequent increased risk of developing large intestine cancer)
[15]. Furthermore, in a study published in 1995, Nelson et al. did not find a protective effect of higher selenium
concentration in serum on the occurrence of malignant or benign tumours of the large intestine [16].

Many transplantable tumours are insensitive to selenium. The cause of this phenomenon is not yet clarified,
although Medina and Lane stated that it results from the differences in the existing inverse correlation between
selenium concentration in serum and cancer risk in particular types of cancer. The strongest relation between
selenium concentration in the body and the risk of cancer is shown by studies conducted to demonstrate GSH-P_
activity in various types of cancer [17].

Generally, it may be concluded that undoubtedly there is a relation between low selenium concentration
and an increased risk of cancer. However, there may be differences in optimal selenium levels for particular
populations or countries [18]. For example, in the United States, the level of selenium associated with the
lowest risk of colorectal adenomas is 2150 pg/1. Such differences between Europe and the United States may be
associated with a number of genetic and environmental factors, including exposure to chemical agents [15,18].
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Selenium versus lung cancer

The main reason for lung cancer is inhalation of carcinogens contained in cigarette smoke. This covers 80-
90% of cases. Amongst non-smokers, lung cancer is rare. Lung cancer develops as aresult of a very long biological
process. It rarely appears in smokers who smoked for only ten years. The ‘delay’ between the start of smoking
and the onset of the disease is 20, 30 or even 40 years. Currently, Poland has the lowest rate of smokers in the last
50 years. Unfortunately, cigarettes are still smoked by 28% of men and 18% of women.

Several prospective studies identified an inverse association between selenium concentration and the risk
of lung cancer [3,19].

As experimental work by Liu et al. suggests, selenium plays an outstanding role in prevention and inhibition
of proliferation not only of breast and prostate cancer but also of lung cancer. Objective studies showed that
methylselenic acid displays anti-cancer activity. Methylselenic acid (MSA) can significantly inhibit proliferation
and ability to form metastases in the L9981 cell line of highly metastatic lung cancer, as well as induce apoptosis.
The anti-cancer effect of MSA may be associated with regulation of expression related to cell cycle related genes,
and genes associated with apoptosis in humans with highly metastatic lung cancer of the L9981 cell line [20].

Available literature clearly indicates that the identification of low selenium concentrations may be very
helpful in selecting patients for control exams, such as computed tomography, aimed at early detection of
lung cancers. Over 20 studies have shown that low selenium levels in serum are associated with an increased
likelihood of lung cancer. Studies conducted by the International Hereditary Cancer Centre in Szczecin, in which
serum concentrations in the serum of 86 subjects with lung cancer and 86 healthy individuals were assessed,
also showed a strong correlation between the amount of selenium and lung cancer [21].

Among lung cancer cases, the average selenium level was 63.2 pg/l, compared to the average level of 74.6
pg/l in the control group (p<0.0001). Among throat cancer patients, the average selenium level was 64.8
ng/l, compared to the average level of 77.1 ug/l in the control group (p<0.0001). There was also a 10x lower
incidence of lung cancer in patients with selenium level in serum of >80 pg/1, compared to those with selenium
concentration of <60 pg/I.

In the above-mentioned comparison, patients displayed an approximately 3x lower incidence of laryngeal
cancer accompanied by a higher selenium concentration in serum. The comparison of selenium level in serum
of <60 pg/1 with >80 pg/l was linked to the odds ratio 0.1 for lung cancer and 0.23 for laryngeal cancer [22].
Individualsin the study group and control group were selected with regard to age, gender and smoking addiction.
The risk of developing both the lung cancer and laryngeal cancer decreased along with increased selenium
concentration in the blood, and this relation appears to be linear. It should be emphasised that the average
selenium level in the Polish population is 75.8 p/1. This level is far lower than the optimal level, which according
to Rayman’s proposition should be 120 pg/1 since that level would allow optimal expression and activity of
selenoproteins [23].

Thus far, a whole series of studies assessing the impact of selenium on the risk of lung cancer was carried
out. Four studies showed selenium’s protective effect against lung cancer, other four studies did not show such
relationship, while two other studies showed an adverse effect of higher doses of selenium on lung cancer
incidence [22]. However, it must be emphasised that the comparison of the above-mentioned study results is very
difficult. The studies differed in terms of plans and designs (population studies, specific control groups, with or
without selenium supplementation), high/low initial selenium level in the population, selenium measurement
methods (dietary intake of selenium, determination of selenium concentration in serum or nails) and the length
of the observation period [14].

Among the publications, the most cited one is a meta-analysis of 16 studies on the relationship between
selenium and lung cancer, made by Zhuo et al. [14]. These authors showed in their collective analysis a relative
risk of 0.74 for individuals with high exposure to selenium, i.e. these people had a smaller chance of developing
lung cancer. However, this protective effect was more significant for individuals with lower average selenium
level (RR =0.72), who came from regions with low selenium concentration in soil, than for subjects from areas
with higher concentration of selenium in soil, who had a higher average level of selenium in their blood serum
(RR=0.86).

The results of this comparison correlate with the results obtained by the authors of a project entitled:
Nutritional Prevention of Cancer Trial (NPC). The project confirmed that the protective effect of selenium may
be limited to people with low baseline (pre-study) selenium level in blood. The study was conducted on 1,312
Americans who received 200 pg/day of selenium or placebo in a randomised trial. In the follow-up study after
7.9 years, the odds ratio for the incidence of lung cancer was 0.70. The beneficial effect, to a large extent, was
limited to those with a low baseline selenium level, as per the American population (<106 pg/1). In this subgroup
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of subjects, the correlation between selenium supplementation and a lower risk of lung cancer was the strongest,
and the odds ratio was 0.42. This protective effect occurred only in men with a basic PSA level in serum of <4 ug/
ml. and whose level of PSA in the blood was low (less than 123.2 pg/ml) [24].

It should be noted, however, that a clinical trial entitled: The Selenium and Vitamin E Cancer Prevention Trial
(SELECT) published in 2009 in the JAMA journal, found no benefits for men in a randomised trial who were
given 200 pg of selenium per day versus placebo in terms of the incidence of lung cancer (RR 1.12). However, in
that study, the mean baseline level of selenium was 137 pg/1, and the study results were not divided in terms of
selenium in blood serum [25].

In 2008-2011 in Szczecin, an Early Pulmonary Detection Programme was carried out. The programme involved
participants of both sexes, aged 55-65, with a history of tobacco smoking equal to at least 20 pack-years. The
most recent addition to the protocol of this programme (in 2012) was adding pre-selection of participants in
the form of measurement of selenium concentration in their blood serum. Only those with low selenium levels
(<75 pg/1) were invited for computed tomography. This resulted in more than two-fold increase in the detection
of lung cancer. The inclusion of selenium level in serum into prophylactic examinations for lung cancer yields
tangible clinical and economic effects [26].

Conclusions

Many clinical and experimental studies conducted nationally and internationally gathered evidence which
indicates the important role played by selenium in prevention and treatment of diseases - especially of cancer.

The search for factors causing the formation of cancer, as part of the epigenetic research, was largely focused
on demonstrating the role of micronutrients (especially selenium). Many aspects have been clarified, but there
is still a need for observational and diagnostic studies to clarify many issues raising doubts, as indicated for
example in Cochrane Database of Systematic Reviews.

Several clinical and experimental animal tests suggest that improving the supply of selenium to the body
may reduce the incidence of several types of cancer, such as lung, colon and breast cancer. The results of recent
clinical trials also indicate the anti-cancer effect of selenium on the prostate gland. Data from epidemiological,
experimental studies on animals and molecular biology data are convergent in terms of the anti-cancer function
of selenium. The obtained data indicate that there are essentially two models of selenium’s anti-cancer effect:
firstly, the functional model is related to the fact that selenium is a micronutrient that provides catalytic centres
for numerous selenoenzymes, including antioxidant and reductive-oxidative functions; while the other model
sees selenium as a source of selenium metabolites which act differently. To obtain the maximum protective
effect of selenium in the prevention of cancer, selenium supplementation should start at an early stage of life and
should be maintained throughout life.
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