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ABSTRACT

Neoplastic diseases, whose incidence is on the increase, rank the second among the diseases
in which oxidative stress and disturbances in the organism’s protective functions contribute
to the development. The neoplastic process is a long-lasting and multi-level phenomenon. One of
the main reasons for the initiation of carcinogenesis is DNA damage caused by mutagenic
(genotoxic) factors, which include free radicals. This paper discusses the role of selenium in the
risk and prevention of neoplastic diseases, based on a review of scientific reports and the results
of studies conducted in different centers. The greatest biological significance of selenium is
associated with its occurrence in enzymes and proteins. Moreover, it has been demonstrated
that there is a strict correlation between the Se content in a diet and the incidence of neoplastic
diseases and related mortality. Research evaluating medical applications of selenium has made
significant progress, showing that the optimal level of selenium is correlated with a reduction in
total mortality and cancer risk. Both excessively low and excessively high selenium concentra-
tions are unfavourable. However, the optimal level of selenium varies and is population-depen-
dent. This may be related to the contamination of the environment with different chemical
compounds that are neutralized by selenium. Selenium decreases the risk of lung, urinary
bladder, large intestine, liver, oesophagus, stomach and prostate neoplasms. A low selenium
level in the blood, hair or nails may significantly increase the risk of neoplasms. It is possible to
enhance the positive role of selenium in maintaining human health through the optimization
of its content owing to research into genotypes.
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INTRODUCTION

Neoplastic diseases, whose incidence is on the increase, rank the second
among the diseases in which oxidative stress and disturbances in the orga-
nism’s protective functions contribute to the development. The neoplastic
process is a long-lasting and multi-level phenomenon. One of the main
reasons for the initiation of carcinogenesis is DNA damage caused by muta-
genic (genotoxic) factors, which include free radicals (STRZELCZYK, WICZKOWSKI
2012). As shown by scientific research, antioxidants effectively neutralize the
formation of free radicals and, when delivered to the organism, they support
health and contribute to a reduced risk of diseases of affluence, including
neoplasms (OLEJNIK et al. 2010, ZABrLocKA, BIERNAT 2010). Among many tested
substances with such properties, selenium deserves special attention,
although the results of clinical trials are not unambiguous (VINCETI et al. 2014).

Selenium in the organism

The greatest biological significance of selenium is associated with its oc-
currence in enzymes and proteins. As selenocysteine, it is a necessary cofac-
tor of selenium-dependent enzymes: glutathione peroxidases, thioredoxin
reductases, iodothyronine deiodinases and other selenoproteins. The best
known selenoenzymes occurring in mammals are as follows: glutathione pe-
roxidase, selenoprotein P and tetraiodothyronine 5’ deiodinase. Except for
the latter one, all catalyze redox reactions (BrRonowska et al. 2016, KLECHA,
Bukowska 2016). The main tasks of glutathione peroxidase include removal
of organic peroxides and hydrogen peroxide, which are toxic to tissues, by
reducing them to hydroxyl compounds — water or alcohol (BRIGELIUS-FLOHE,
MaioriNo 2013). In the case of selenium deficiency, it has been found that
the level of this enzyme decreases, while reactive oxygen species production
increases, and this raises the risk of neoplastic disease. Thioredoxin reducta-
ses, whose tasks include thioredoxin and protein disulfide reduction, are an
important group of selenium-containing enzymes that participate in the pre-
vention and repair of oxidative stress-induced damage. They also take part
in DNA synthesis and influence apoptosis processes (ADBULAH et al. 2005,
GROMADZINSKA et al. 2008). As an antioxidant, selenium reduces the harmful
processes of lipid, DNA and RNA peroxidation and thus protects cells against
deformation and genetic damage (TaPIERO et al. 2003). Selenium is very acti-
ve in many selenoproteins that support the immune function and, through
specific cellular pathways, may perform the preventive role in initiation and
promotion of specific types of cancer.

Selenium and cancers

Intensive research into the effect of selenium on the prevalence of diffe-
rent neoplasms has been pursued for more than 40 years now, demonstra-
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ting inter alia an inverse relationship between selenium intake and cancer
-related mortality (ScHRAUZER et al. 1977). The data from a meta-analysis
conducted by DENNERT et al. (2011) confirmed a 31% reduction in the inciden-
ce of new cases and a 45% decrease in cancer-related mortality in people
with the optimal level of selenium. Moreover, a strict correlation has been
demonstrated between the Se content in a diet and the incidence of neopla-
stic diseases and related mortality (Rayman 2005). The inclusion of sex as a
distinguishing factor is very important for analyzing the role of Se in the
prevention of neoplastic diseases. In a cohort study conducted in 5 countries,
it turned out that the plasma selenium level was lower by up to 23% in pe-
ople diagnosed with neoplastic diseases, particularly in men, than in healthy
people (WATERS et al. 2004). Selenium deficiency leads to the development of
various types of cancer more frequently in men than in women. In a study
group of men, a lower level of selenium was associated with a higher incidence
of prostate cancer, whereas no such relationship was shown in the case of
breast cancer in female patients.

The available results of prospective studies have provided evidence of
the effect of Se on the incidence of lung, urinary bladder, large intestine, liver,
oesophagus, stomach and prostate neoplasms (WEI et al. 2004, ZHUo et al. 2004,
BrinkMAN et al. 2006, PETERS, TaraTA 2008, AMARAL et al. 2010, Rayman 2012,
Fakniri et al. 2016). A low selenium level in the blood, hair or nails may
significantly increase the risk of neoplasms, e.g. in the case of thyroid cancer
the risk can be 8 times higher (GLATTRE et al. 1989). Selenium’s protective
role is confirmed by numerous studies carried out in many countries
(EL-Bavoumy 2001, Brozmanova 2011), but not all analyses investigating this
issue are coherent. A Chinese study found a statistically significant increase
in the incidence of oesophagus and stomach cancer in a population with a
low selenium content, but no such relationship was found in the case of lung
cancer (CHEN et al. 1992). A review of the epidemiological study concerning
lung cancer and selenium concentration in biological material undertaken by
Znuo et al. (2004) shows that Se has a certain protective effect, but only in
populations where its low level is noted. A team of scientists from Szczecin
also demonstrated a strong correlation between the level of selenium and
cancer. In patients with lung cancer, the average serum selenium concentra-
tion was 63.2 pg dm, while in healthy people it reached 74.6 pg dm™.
A ten-fold lower risk of lung cancer was also observed in persons with the
serum selenium level >80 pg dm= compared to patients whose Se concentra-
tion was <60 pg dm? (JAworska et al. 2013). An increased risk of lung and/or
larynx cancer in people with a low blood selenium level has been presented
in several publications (JABLONSKA et al. 2008, Borawska et al. 2009). Prospec-
tive studies have also revealed a reverse correlation between selenium con-
centration and lung cancer risk. Moreover, a reduced risk of lung cancer was
found in a study on selenium supplementation, which led to a nearly 3-fold
decrease in the risk of these neoplasms, provided that the initial serum sele-
nium concentration was no more than 106 pg dm™ (SCHRAUZER et al. 1977).
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In people with a significantly increased content of Se, its supplementation
was associated with up to a 25% increase in lung cancer risk. The above
results are confirmed by the data obtained in Polish research centers
(JABLOXSKA et al. 2008, JAworsKa et al. 2011).

The effect of selenium on the prostate cancer incidence is analyzed most
frequently. Many studies show the existence of a relationship between a high
Se level in the organism and a reduced risk of the development and growth
of this neoplasm (BRINKMAN et al. 2006, ALLEN et al. 2016). In a Dutch cohort
study, which lasted 6 years, a high nail selenium concentration was associa-
ted with a much reduced risk of prostate cancer (vaN DEN BRANDT et al. 2003).
In two large studies relating to the male population in the United Kingdom
and Canada, no such relationship was found based on the evaluation of nail
selenium content (ALLEN et al. 2016, GHADIRIAN et al. 2000). The study
SELECT (Selenium and Vitamin E Cancer Prevention Trial), conducted
in the USA over the years 2001-2009 and designed to evaluate the effect of
selenium and/or vitamin E supplementation on prostate cancer risk, proved
to be of key importance (LipPMAN et al. 2009). This study did not prove the
efficacy of selenium supplementation in chemoprevention of this cancer nor
did it confirm a decrease in the incidence of neoplasms in the selenium-
-supplemented groups compared to the placebo group. However, the results
of the SELECT trial confirm the observations from the NPC (Nutritional
Prevention of Cancer) trial (DUFFIELD et al. 2003a) that supplementation with
selenium depends on its initial concentration and is beneficial only for people
with its low serum level (<106 pg dm?®) — in men participating in the
SELECT trial, the initial Se concentration was ~137 pg dm™, that is, it was
much too high to observe the protective effect of its administration. Supple-
mentation with selenium in men with non-metastatic prostate cancer at an
amount of 140 pg per day or more may increase the risk of mortality
(KenrFIELD et al. 2015). The relationships between selenium and prostate
gland cancer are complicated, as shown by the analyses published in 2014.
In an American study, the study group comprised 1739 men with prostate
cancer, while the control group consisted of 3117 people in the same age ran-
ge. Selenium supplementation had no effect on the increased prostate cancer
growth in people with a low initial selenium content. However, the study
showed a 91% increase in the incidence of advanced prostate cancer in
people with a high initial content of selenium who were additionally supple-
mented with this element (KristaL et al. 2014). The results of a Dutch study,
which comprised 817 men with advanced prostate cancer and 1048 healthy
persons, suggest that a low selenium content in the body is associated with
an increased risk of the advanced form of this tumor, regardless of the ge-
netic variability for glutathione peroxidase 1 and selenoprotein P plasma 1
(GEYBELS et al. 2014).

Selenium toxicity symptoms (nail deformation, hair loss, nausea, irrita-
tion of airways, vertigo, and metallic aftertaste in the mouth) reduce doses
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used in chemoprevention. Administration of 400 png per day and reaching a
concentration of 1000 ng cm® in the blood plasma did not cause adverse
effects. A study by REID et al. (2004) presented blood plasma selenium levels
and reports on selenium toxicity in 24 men suffering from biopsy-confirmed
prostate cancer. Over a period of one year, the patients were given 1600 or
3200 pg of selenium-enriched yeasts, reaching an Se concentration of 492.2
and 639.7 ng cm™, respectively. The performed analysis of the haematological
parameters showed that these parameters were within the normal range in
both groups. No significant toxicity symptoms were observed at the selenium
doses administered, while monitoring the functioning of the kidneys and
liver as well as the condition of the hair and nails. Dietary supplementation
with selenium may be used to prevent changes related to benign prostatic
hyperplasia without neoplastic changes, which is very common in men after
40 years of age. As shown by the results of an analysis performed by Ameri-
can scientists, in more than 2400 men over 60 years of age a high plasma
selenium content (>126 pg dm ) was associated with a less frequent inciden-
ce, by even 50%, of adverse symptoms of prostatic hyperplasia in relation to
men with a lower content of this element (RoHRMANN et al. 2004).

The results of a study conducted among a group of people suffering from
oesophageal and cardiac cancer as well as from bladder cancer showed a
significant relationship between higher serum selenium concentrations and
a decreased risk of these neoplasms (MARK et al. 2000, ZEEGERS et al. 2002).
A Polish-Estonian study that evaluated a similar relationship found an over
13-fold higher probability of colorectal cancer in people with a Se concentra-
tion <40 pg dm? compared to those where it was >72 png dm™ (LENER et al.
2013). The results obtained by Jacoss et al. (2004) and Ou et al. (2012) also
indicated that a higher level of selenium may be associated with a lower risk
of colorectal cancer. On the other hand, the study by TakaTa et al. (2011) and
SoBIECKI (2017) found no such relationship.

Existing research into the correlation between selenium concentrations
and breast cancer risk is not unambiguous (GHADIRIAN et al. 2000, SUSANA
et al. 2009). In the study conducted by scientists from Szczecin on a group of
women without the BRCA1 gene mutation, the blood serum selenium concen-
tration >100 pg dm™ was associated with an increased risk of breast cancer
incidence. Also in this group, at a low blood serum selenium concentration
(<73 pg dm?), an increased risk of neoplasms of different organ localization
was observed (LENER et al. 2016). As shown in the NPC trial, effective cancer
prevention through supplementation of selenium depends not only on its
initial concentration in the organism but also on the localization of an organ
affected by cancer, and it was associated with a reduced risk of prostate,
colon and lung cancer, but a trend towards an increased risk of breast cancer
was observed.

Thus far, the scientific studies have not clearly confirmed the effect
of selenium on the risk of various types of skin cancer. Researchers point to
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many different factors determining the development of cancer (PAYETTE et al.
2010, BronsNick et al. 2014, Murzaku et al. 2014, Karta, BRowN 2015, VINCETI
et al. 2017). Melanoma and nonmelanoma skin cancers arise from normal
cells in the epithelial layer of the skin. In animal studies, oral selenium sup-
plementation resulted in decreased melanoma tumor growth (Cassipy et al.
2013). The relationship between selenium and NMSC (nonmelonomena skin
cancer) clinically is less certain. The studies have found a potentially protec-
tive role of selenium for NMSC. In a case control study, the mean plasma
selenium level was significantly lower amongst NMSC cases than controls
(CLarK et al. 1984). Similarly, in an 8-year-long prospective study, partici-
pants with the highest selenium concentrations had an approximately 60%
lower incidence of BCCs (basal cell carcinoma) and SCCs (squamous cell
carcinoma) than participants with the lowest concentrations (vaAN DER PoLs
et al. 2009). DurrIELD-LiLLIcO et al. (2003b) investigated the impact of oral
selenium supplementation on NMSC and found no significant association
with the risk of BCC, but elevated risks of SCC and total NMSC. Other stu-
dies found no significant relationship between selenium levels and melanoma
risk (BErcowmi et al. 2005, HEINEN et al. 2007, AscarI et al. 2009).

Risk factors responsible for skin cancers are complex and involve many
inherited, environmental, and biological factors, including selenoproteins
which participate in the response of the skin to UV-induced oxidative stress
(HERCBERG et.al. 2007, LEITER, GARBE 2008, CassiDy et. al. 2013). In vitro stu-
dies suggest that selenium may protect cells from UVB-induced damage by
inducing DNA repair enzymes and transactivating p53, a tumor suppressor
protein that is involved in cell growth arrest and apoptosis in response to
DNA and other cellular damage (TraYNOR et al. 2006). The studies on mice
have shown that topical L-selenomethionine (SeMet) can prevent UVB-indu-
ced skin cancer when applied continuously before, during and after the
radiation exposure. Results obtained by BURKE et al. (2014) suggest that even
beginning SeMet supplementation late in the process of tumorigenesis can
help protect from UV-induced photodamage and skin cancer.

The correlations between a low selenium concentration and increased
cancer incidence are confirmed by the results of many studies (EL-Bavyoumy
2001, GroMADZINSKA et al. 2008, Rayman 2012). Doubts may arise from the
fact that the optimal serum selenium concentration is different in individual
populations. An American study demonstrated that in people with the serum
selenium concentration at a level of about 120 ng dm?, there is a several-fold
decrease in the total (regardless of the localization) cancer incidence and
cancer-related mortality (RaymMan 2005), while the serum Se concentration
associated with the lowest risk of intestinal polyps is >150 pg dm™. The dif-
ferences between Europe and America may be related to the genetic and
environmental factors, including the exposure to chemical compounds (Ou et al.
2012).

Recent research (Borawska et al. 2009, JAwoRsKA et al. 2013, LENER et al.
2013) has shown that the Polish population is characterized by a low serum/
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plasma selenium level, about 70 pg dm?3. The results indicate a significant
reduction in the risk of neoplasms (by as much as ten times) at higher sele-
nium levels in the case of cancer of the lung, larynx, large intestine, sto-
mach, thyroid and prostate. Based on many years of observations by the
Szczecin-based scientists, it can be agreed that the optimal serum/plasma
selenium concentration is 85-120 for men and about 75-85 pg dm™ for fema-
les, which correlates well with the results of the NPC trial, according
to which the optimal selenium level is similar and is 100-120 pg dm
in the serum/plasma. In the case of people whose threshold concentration is
<60 pg dm™, there is an increased risk of cancer and selenium supplementa-
tion is necessary (LENER et al. 2016). Supplements containing selenium in an
easily absorbed form can be a source of selenium in supplementation. Accor-
ding to the literature data on the metabolism of different forms of selenium,
selenates (IV) at a dose of about 25-50 pg of selenium per day would be the
best. The effect of selenium on the risk and course of cancer may be depen-
dent not only on its concentration, but also on the molecular basis of inheri-
tance. Selenoprotein-coding genes are genes that are significantly associated
with selenium activity. As regards the need of selenium supplementation,
women from a high risk group of breast/ovarian cancer are an exception
here. According to the data, about 40% of them have selenoprotein genotypes
that require a selenium level above 100 pg dm, while for the other ones the
optimal level is lower (LipPMAN et al. 2009).

Being part of numerous enzymes with protective activity against the
effects of oxidative stress, which 1s associated with an increased risk of neo-
plasm, selenium may affect this by blocking DNA synthesis in neoplastic
cells, enhancing the immunological cellular response, inhibiting lipid peroxi-
dation and oxidative DNA damage as well as by removing peroxides and free
oxygen radicals (ZABLOCKA, BIERNAT 2010, Rayman 2012, VARLAMOVA et al. 2017).
It exhibits antiproliferative activity towards neoplastic cells as well as
having an inhibitory effect on neoplasm growth and an antiangiogenic effect.
It is noted more and more frequently that some chemical forms of selenium
are responsible for ROS (reactive oxygen species) production in cells.
The prooxidant activity of selenium takes advantage of the fact that neopla-
stic cells have disturbed antioxidant-prooxidant balance because many reac-
tive oxygen species are produced in them as a result of intense glycolysis and
the pentose cycle. The mechanism of selenium action on neoplastic cells is
comprehensive and includes, among others, the production of reactive oxygen
species, the modification of thiol groups in proteins, and chromatin remode-
ling. Selenium contributes to cellular apoptosis by modifying proteins and
Inactivating the transcription factors as well as it may inhibit the cell cycle
(DraAKE 2006, FERNANDES 2015).
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Selenium and its potential therapeutic usage

Experimental research has shown that selenium availability is strictly
dependent on the chemical form of this element, which affects its intracellu-
lar distribution in the organism. Supplied to the organism with food or diet
supplements, selenium occurs both in organic forms, such as selenomethionine
(Se-Met) and selenocysteine (Se-Cys), and inorganic forms — selenates(IV) or
(VI). The biological activity of selenium in living organisms and its antican-
cerogenic or toxic effects depend on how it is metabolized in the body. Com-
bination with antioxidant vitamins (e.g. vitamin E) and zinc increases the
absorption of selenium from the alimentary canal and enhances the antioxi-
dant activity of this element. In tumor prevention, sodium selenate(IV),
L-selenomethionine and Se-methyl-L-selenocysteine deserve attention.
L-selenomethionine is absorbed better than sodium selenate(IV), but the
latter more effectively increases the gene expression of the main antioxidant
selenium-containing enzyme — glutathione peroxidase. These compounds
complement each other, influencing the expression of essential proteins rela-
ted to tumor prevention and suppression. Moreover, they all induce the
death of different types of neoplastic cells. L-selenomethionine increases
the death of neoplastic cells through apoptosis only in cells with the intact
p53 gene, whereas Se-methyl-L-selenocysteine induces apoptosis in mutated
cells that do not have this important control mechanism (Suzuki et al. 2010).

Some studies suggest that selenium may be useful in treating already
developed tumors through its cytotoxic activity that destroys tumor cells.
Selenate(IV) is used to support treatment of cancer of various organs, among
others: lung, prostate and uterus, and moreover its application may enhance
the action of radiation on well-developed hormone-independent prostate
tumors (FERNANDES et al. 2015).

A study by Fris-Borsuk et al. (2016) shows the possibility of applying
Selol (Se™ containing selenite-triglycerides) in tumor control. Initially, Selol
has prooxidant and antineoplastic effects, while during the second phase it
exhibits strong antioxidant and repair properties. The advantage of this
agent over sodium selenate(IV), which is used in treatment, is its low toxici-
ty that allows higher selenium doses to be taken.

SUMMARY

Research evaluating medical applications of selenium has made signifi-
cant progress, showing that the optimal level of selenium is correlated with
a reduction in total mortality and cancer risk. Both excessively low and ex-
cessively high selenium concentrations are unfavourable (VARLAMOVA et al.
2017). However, the optimal level of selenium varies and is population-de-
pendent. This may be related to the contamination of the environment with
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different chemical compounds that are neutralized by selenium. The role of
selenium in human health can be even greater if its optimal concentration is
customized for each person by studying individual genotypes.
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