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Summary
Background. Breast cancer is the most common malignant tumour in women in Poland.
To reduce the risk of breast cancer, appropriate prevention is necessary. Numerous studies
conducted over many years in Poland and throughout the world have demonstrated
a significant effect of selenium on prevention of disease, including breast cancer in women.
The following paper aims to present the literature on effects of selenium (Se) on prevention
of breast cancer in women.
Material and methods. Based on national and international literature, the paper presents
information on the role of selenium (Se) in prevention of breast cancer in women.
Results. Numerous studies conducted in research centres in Poland and abroad have shown
that female patients with breast cancer and individuals with gastrointestinal cancer have
significantly lower selenium concentration in their blood serum and whole blood, as well
as significantly lower GSH - Px activity in plasma and red blood cells, compared to healthy
women. Low selenium concentration may indicate an increased risk of breast cancer.
Selenium is an essential co-factor in the production of antioxidant enzymes and may affect
the development of cancer. Clinical trials which assessed selenium content in food showed
that its supplementation reduced cancer mortality.
Conclusions. Results of numerous national and prospective international studies indicate
that low selenium intake and/or concentration in serum/plasma/nails is a high-risk marker
of the majority of cancers, including breast cancer in women.
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Streszczenie
Wprowadzenie. Nowotwor gruczotu piersiowego jest najczestszym nowotworem ztosliwym
u kobiet w Polsce. Aby zmniejszy¢ ryzyko zachorowania na raka piersi niezbedna jest
odpowiedniaprofilaktyka. Liczne badania prowadzone od wielulatw Polsceina §wicie pokazaty
znaczgace dziatanie selenu w profilaktyce choréb nowotworowych - w tym nowotwordw piersi
u kobiet. Celem niniejszej pracy jest przedstawienie w $wietle literatury przedmiotu wptywu
selenu (Se) na zapobieganie nowotworom gruczotu piersiowego u kobiet.
Materiatimetody. W pracy zaprezentowano na przyktadzie dostepnej literatury przedmiotu
(krajowej jakizagranicznej) informacje dotyczace roli selenu (Se) w profilaktyce nowotworu
gruczotu piersiowego u kobiet.
Wyniki. Liczne badania prowadzone w os$rodkach zaréwno w Polsce jak i zagranica
wykazaty, ze u pacjentek z rakiem gruczotu piersiowego oraz u oséb z nowotworami
przewodu pokarmowego stwierdza sie znamiennie nizszg koncentracje selenu w surowicy,
w petnej krwi oraz znamiennie nizszg aktywnos$¢ GSH - Px w osoczu i krwinkach czerwonych
w poréwnaniu do kobiet zdrowych. Niska koncentracja selenu moze by¢ wskaznikiem
zwiekszonego ryzyka raka gruczotu piersiowego. Selen jest waznym kofaktorem w produkc;ji
enzyméw antyoksydacyjnych i moze wpltywaé na przebieg procesu nowotworowego.
W prébach klinicznych zwigzanych z ocena zawartosci Se w pozywieniu wykazano, ze
suplementacja Se zmniejsza $§miertelno$¢ z powodu raka.
Whioski. Wyniki licznych badan prospektywnych krajowych i zagranicznych wskazuja, iz
niskie spozycie selenu i/lub stezenia tego pierwiastka w surowicy/osoczu/paznokciach jest
markerem wysokiego ryzyka zachorowania na wiekszo$¢ nowotworéw, w tym nowotworu
gruczotu piersiowego u kobiet.
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Introduction

High incidence of breast cancer in women motivates numerous research teams to look for causes of morbidity,
as well as to search for preventive methods and effective therapeutic measures. Numerous studies conducted
over many years in Poland and throughout the world have demonstrated a significant effect of selenium in the
prevention of cancer, including breast cancer in women.

Ithas been proved that the chemical transformation of selenium into a methylated metabolite is an important
stepinachieving anti-cancer prevention. The studies based on carcinogenesis of breast cancer in an experimental
model in rats suggest that methyl cysteine is a precursor of endogenous formation of methyl selenol, which
enables blocking the clonal expression of precancerous lesions in the mammary gland [1,2]. The obtained results
confirm that cellular intervention of selenium takes place in the early stages of carcinogenesis. Selenium reduces
transformation of cancer cell colonies in vivo. Additionally, methyl selenecysteine (MSC) facilitates apoptosis.
The same cellular response was obtained in studies on pre-cancerous cells of human breast cancer. An analysis
of cDNA microarrays (a microarray - applicable to the study of a gene sequence) indicates that selenium is active
in numerous molecular cell sites [1]. The following paper aims to present the literature on effects of selenium
(Se) on prevention of breast cancer in women.

Selenium versus breast cancer in women

Breast cancer is the most common malignant tumour in women in Poland, where it accounts for about 12%
of all cancers. It is the most common cancer among women in terms of the cause of death [3]. Every year, 12,000
new cases of this malignant tumour are diagnosed in Poland. Additionally, it causes 5000 deaths annually. It is
estimated that currently 50,000-60,000 Polish women are affected by this type of cancer. It is expected that
every 14" Polish woman will develop breast cancer in the future, while the incidence in most European countries
is even higher. For example, in the United Kingdom - a country with almost twice the rate of incidence of breast
cancer - every 9 woman will develop it. In contrast to other cancers, the chance to cure breast cancer increases
significantly if it is diagnosed at an early stage. In Poland, Early Breast Cancer Detection Program was introduced
in 2006, and there are already some visible changes in the structure of deaths. Thanks to the introduction of free
screening tests for early detection of breast cancer, the number of deaths in recent years has remained stable [4].

The majority of studies on the relationship between selenium and cancer development focus on experimental,
epidemiological and clinical research on breast cancer. Schrauzer et al. investigated the impact of diet which
mimicked the diet of American, Bulgarian and Japanese women concerning selenium content on the incidence of
virus-induced breast cancer in mice. The That study aimed to investigate the impact of a diet which mimicked
the diet of a typical American, Bulgarian and Japanese woman, on the development of nodules in C3M mice
after applying an oncogenic MMTV virus to mice’s mammary gland. The largest number of nodules appeared in
the group of mice which followed the American diet, i.e. rich in meat and fats, with little selenium (0.15 ppm).
The fewest nodules developed in the group of mice on the Bulgarian diet. This correlates with epidemiological
conclusions aboutlower incidence of breast cancer amongst Bulgarians, compared to residents of other European
countries and the United States. The Bulgarian diet contained more selenium (0.25 ppm), less fat, meat, sugar,
and more complex carbohydrates (cereal) than the American diet [5]. In mice on the Japanese diet, there was also
a delayed occurrence of breast cancer, and its frequency was lower. In the Japanese menu, fish was the primary
source of selenium. However, selenium contained in fish is not easily available biologically. Supplementation of
selenium in the diet of Japanese women also reduced the incidence of breast cancer. Based on these studies, the
authors propose recommendations to reduce the incidence of breast cancer through diet [6].

Studies by Pawlowicz et al. showed that female patients with breast cancer and individuals with
gastrointestinal cancer had significantly lower selenium concentration in blood serum and whole blood, as well
as significantly lower GSH - P_activity in plasma and red blood cells, compared to healthy women. Low selenium
concentration may indicate an increased risk of breast cancer [7].

Clinical studies conducted by Krsnjavi and Beker showed that selenium level in patients with breast cancer,
compared to women with fibrocystic cysts and healthy women, was significantly lower. The above-mentioned
authors concluded that identifying selenium level in blood serum may be useful as a non-invasive indicator in
the clinical assessment of malignancy of breast cancer patients. Krsnjavi and Beker studied the level of selenium
in blood serum in women with breast cancer, with mastopathy and in healthy subjects. There was no significant
difference in the level of selenium in women with fibrocystic breast changes and healthy women. These results
suggest that determination of selenium level in serum may be used as a non-invasive diagnostic parameter in
clinical assessments of malignant breast tumour [8].
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The same inverse correlation between selenium concentration in blood serum vs breast cancer incidence
and significantly lower mean selenium concentration in serum of cancer patients vs the control group was found
by Mc Connell et al. [9]. However, Basu et al. believed that the low level of A and E vitamins, beta-carotene and
selenium in patients with breast cancer may be a consequence of the disease - rather than a symptom of cancer
[10].

Epidemiological studies conducted in Sweden by a group of oncologists under the supervision of Hardell
showed the preventive effects of selenium on the occurrence of breast cancer. The above-mentioned effect was
more pronounced in post-menopausal women. For women before menopause, this trend was also observed,
but it was not statistically significant, which may indicate that both groups vary - at least partly - regarding
carcinogenesis mechanisms. GSH - P _level in red blood cells was not a marker of breast cancer risk and did not
correlate with the level of selenium in serum [11].

In an experimental development of breast cancer in animals, a chemical compound (abbreviated to DMBA)
was applied. DMBA induces breast cancer in animals. Rats treated with DMBA developed breast cancer, as DMBA
acts as a carcinogen. In 1992, in experimental studies on rats, Ip et al. demonstrated that chemically induced
breast cancer development may be prevented by the use of 7,12-dimethylbenz(a)anthracene (DMBA) by regular
use of garlic enriched with selenium [1].

In various types of malignant tumours, the expression of selenoproteins is reduced, especially when the level
of selenium is low in serum. At this point, a unique role of CHEK kinases (checkpoint kinases) in the regulation
of the cell cycle should be emphasized. CHEK kinases are essential proteins which delay progression of the cell
cycle in normal and damaged cells. They can affect three phases of the cell cycle: G,, S and G,. It was found
that the weakening of the CHEK2 gene function was associated with a two-fold increase in breast cancer in
Ashkenazi Jewish women. Hereditary breast and ovarian cancers are more common in the Ashkenazi Jewish
population than in other ethnic groups, which is determined genetically. CHEK2 is a gene responsible for the
susceptibility to cancers of various organs. Mutations in the CHEK2 gene are associated with an increased risk
of multiple organ cancers [12].

The observed risk increase is further deepened in case of a positive family history of cancer. A handful of
studies indicate that the risk of cancer in individuals who carry CHEK2 mutation may be modified by many
factors such as [13]:

— Family interview;

— Hormonal disorders;

— Other genetic factors;

— Environmental factors;

— Composition of the consumed nutritional products.

Various antioxidant agents contained in the diet have a significant effect as they serve as cancer prevention
factors by reducing the oxidative state which is associated with cancer. The study results suggest that many
factors - on their own or in combination with traditional chemotherapeutic agents - prevent the development
of cancer by inhibiting the formation of cancer and contributing to its curing. Reduction of cancer risk and lack
of cytotoxicity associated with high consumption of fruit and vegetables suggest that specific concentrations
of antioxidants from food sources may have chemo-preventive effects on cancer. Selenium may be one of the
critical chemo-preventive factors that lower the risk of cancer in individuals who carry CHEK2 mutation [14].

Selenium is an essential micro-nutrient, and its concentration in serum and tissues is regulated by
homeostasis mechanisms, which have not been fully understood yet. Selenium exists in the body in the form
of selenocysteine, which is a component of selenoproteins; it plays an important structural and enzymatic role,
such as antioxidant activity. Oxidative cell damage is a general mechanism of cell and tissue damage. Oxidative
stress in tissues is assumed to play an significant role in carcinogenesis. Therefore, identification of selenium
concentration in cancerous tissues and surrounding healthy tissues is a particularly important issue. Selenium
concentration in the breast cancer tissue in women and the surrounding unchanged tissues was investigated by
Charalabopoulos et al. [15].

These authors stated that the concentration of selenium in women with breast cancer was 42.5 + 7.5 pug/1
in blood serum, while 67.6 + 5.36 pg/l in the control group, selected according to age. The concentration of
selenium in breast cancer tissue was 2660+210 mg/g” of the tissue, while in healthy tissue adjacent to cancer, it
was 680+110 mg/g™ (P<0.001). Thus, the concentration of selenium in the breast cancer tissue was four times
higher than in the adjacent tumor-free tissue. This supports the hypothesis that the local effect of selenium
in cancer tissue is one of the crucial mechanisms of anti-tumour activity. This idea is consistent with the
antioxidant functions of selenium. It is not yet clear whether the increase in selenium concentration in cancer
tissue is responsible for the decrease in selenium concentration in serum, which is usually found in patients
with breast cancer or whether reduced selenium concentration in serum precedes the development of breast
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cancer. Identification of a decreased selenium concentration in the blood serum of women with breast cancer
and increased selenium concentration in breast cancer tissues is a discovery of great scientific importance. The
above-mentioned changes may reflect some of the body’s defence mechanisms against carcinogenesis in the
breast gland.

Additionally, Charalabopoulos et al. studied the concentration of carcinoma embryonic antigen (CEA) in
blood serum in women with breast cancer and a selected control female group. The concentration of CEA in the
serum of women with breast cancer was 10+1.7 ng/ml (norm <2.5 ng/ml in healthy non-smokers and <3.5 ng/
ml in healthy smokers). In contrast, CEA concentration in serum in the control group was 2.3 ng/ml (P<0.001).
There was a highly significant difference (P<0.001) in selenium concentration in serum and CEA level in serum
(<0.001) between the group of women with breast cancer and the control group of healthy women. There was
also aninverse correlation between selenium concentration in serum and CEA level in serum in both groups. Low
selenium concentration in serum amongst women with breast cancer may be attributed either to insufficient
selenium intake with food, or the deposition of this microelement in breast cancer cells, or simultaneous
occurrence of both of these processes [2,15].

Another significant term in oncology concerning breast cancer is protein kinase erb-2. It is a protein, coded
by a gene that is often called HER2 (from human epidermal growth factor receptor 2), or HER2/neu. HER2
belongs to human epidermal growth factor receptors. HER2/neu is a human epidermal growth factor receptor
2 [16].

Ithasbeenshownthatthe amplification or overexpression of this oncogene playsavitalrolein the development
and progression of aggressive breast cancers. In recent years, this protein has become an important biomarker
and the target of therapy in approximately 30% of women with breast cancer. Amplification or overexpression
of the HER2/neu gene occurs in about 15-30% of breast cancers and is closely associated with a higher rate of
relapse and poor prognosis. HER2 is the target of a monoclonal antibody called trastuzumab (proprietary name
Herceptin). Trastuzumab is effective when HER2 is overexpressed in cancer tissue. A significant effect at the sub-
cellular level is binding HER2 by trastuzumab and the growth of p27 protein, which inhibits cell proliferation
[17].

Approximately 10-15 percent of breast cancer patients are diagnosed with the so-called ‘triple negative
breast cancer’ (TNBC). This subtype of breast cancer is characterised by lack of expression of estrogen
receptors, progestagen receptors, and the physiological HER2 receptor present on its surface (no HER2
receptor overexpression). It is a more aggressive form of breast cancer than cancer with the expression of
hormone receptors. This subtype of breast cancer is particularly aggressive, associated with rapid relapses
after treatment, a more frequent occurrence of distant metastases, and shorter survival compared to other
types of breast cancer. The treatment of triple negative breast cancer depends on the stage of the disease. The
choice of therapy is influenced by the presence of metastases, the size of the primary tumour and the results
of detailed pathological tests, such as the degree of malignancy of the tumour, which determines the rate of
tumour cell division. The treatment of triple negative breast cancer involves surgical methods, radiotherapy and
chemotherapy [18].

In the treatment of TNBC patients, it is important to stop the process of formation of the network of blood
vessels that supply nutrients to the tumour tissue (so-called angiogenesis). Most cases of triple negative breast
cancer occur during the pre-menopausal period. Because of the ‘triple negative nature’ of cancer, TNBC patients
are not candidates for hormone therapy or anti-HER2 therapy. Thus, their therapeutic options are insufficient.
As already mentioned, there is not a large arsenal of drugs which may be used, as hormone therapy and drugs
effective on HER2 are excluded. Therefore, the average survival time in this group is still shorter than in patients
with other types of breast cancer. Chemotherapy is usually the standard procedure. The first line of drugs used
in chemotherapy are taxanes, such as paclitaxel or docetaxel - alone or in combination with anthracyclines.
Treatment of advanced breast cancer involves taxane drugs: paclitaxel (PXL), isolated initially from yew bark
Taxus brevifolia, and its derivative, docetaxel (DXL). Docetaxel (proprietary name: Taxorete, Company: Teva
Pharma) is a cytostatic drug belonging to the semi-synthetic taxane group, a derivative of the substance obtained
from the common yew needle (Taxus baccate). Docetaxel breaks the microtubule network, which is necessary
for vital cell functions during mitosis and interphase [3,18].

Phase II clinical trials showed a relatively high taxane activity in first-line therapy, but also in the 2 and
3 line of treatment in patients with anthracycline resistance. Taxanes and anthracyclines have a different
mechanism of anti-cancer activity. Taxanes bind with tubulin, initiating the formation of microtubules, and then
inhibit their depolymerisation. Additionally, they affect other biological processes, i.e. they stimulate apoptosis
and inhibit angiogenesis, cell motility and metalloproteinase production, which may further increase their anti-
cancer effects. Metalloproteinases belong to the super-family of proteolytic enzymes, which contain a catalytic
zinc ion in their characteristic centre. The increase in metalloproteinases activity is associated with cancer.
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Anthracyclines inhibit topoisomerase II, which in turn leads to increased DNA damage. A pressing issue is
the toxicity of taxane-containing patterns (fatigue, asthenia, neurotoxicity — usually in the form of peripheral
neuropathy). The occurrence of neurotoxicity depends on the dosage of the drug. Although patients tend to have
a rapid favourable response to the use of taxanes, the development of early resistance to this group of drugs
is also common. Hence the need to look for factors that could efficiently facilitate taxanes’ efficiency and help
overcome resistance. This is an urgent task, necessary for effective treatment - especially of the ‘triple negative
breast cancer’ (TNBC) [19].

Selene is an effective low-toxicity anticarcinogen. Anti-cancer effect of selenium depends on its form and
dosage. Methylselenic acid (MSA) is a potent compound containing 2. generation selenium. To date, only two
experimental studies on mice regarding the use of methylselenic acid in combination with paclitaxel in the
treatment of ‘triple negative’ breast cancer have been published. These are the works by Qi et al. [18] and Zeng
et al. [20]. Qi et al. The authors concluded that methylselenic acid significantly facilitates the anti-cancer effect
of paclitaxel in the treatment of ‘triple negative breast cancer’. Paclitaxel is an organic chemical compound from
the terpene alkaloids group of taxanes, with a cytostatic effect. It was introduced to oncological treatment for
the first time in 1992 under the name Taxol (Taxol; company: Bristol-Myers Squibb, BMS). Methylselenic acid
shows synergy with paclitaxel, facilitating the inhibitory effect of paclitaxel on the development of breast cancer
[18].

The above-mentioned authors came to the following conclusions:

— MSA (methylselenic acid) synergistically facilitates the efficacy of paclitaxel in suppressing tumor
growth by increasing the inhibitory effect of paclitaxel on tumour cells;

— MSA and paclitaxel synergistically inhibit tumour cell proliferation;

— MSA facilitates the effects of paclitaxel in the paclitaxel-induced suppression of the G,/M phase cell cycle.

— MSA facilitates paclitaxel-induced apoptosis. Paclitaxel-induced G,/M inhibition generally leads to
increased apoptosis.

The results of experimental studies conducted by Li et al., on combined treatment with methylselenocysteine
(MSC) with tamoxifen (Tamoxifenum) of breast cancer are very significant. In mice with transplanted MCF-7
breast cancer cell line, the combined treatment with MSC and tamoxifen inhibited the development of breast
cancer by increasing apoptosis and reducing tumor angiogenesis [21]. Organic selenium may provide additional
therapeutic benefits when used in combination with tamoxifen - both in prevention, as well as in complementary
therapy.

Combination treatmentwith methylselenocysteine and tamoxifen (Tamoxifenum)used totreattransplantable
breast cancer in mice inhibited the growth of cancer synergistically. This effect was more significant than when
MSC alone or tamoxifen alone (Tamoxifenum) were used. The combination of MSC + tamoxifen significantly
reduced the number of alpha (ER&) estrogen receptors, progesterone receptors (PR), D1 cyclin and the Ki67
index in cancer tissues. Additionally, the microvessel density decreased in the tumour, and apoptosis processes
increased. Importantly, the methylselenic acid, which acts synergistically with tamoxifen, induces apoptosis via
caspases in breast cancer cells. Caspases belong to the cysteine proteases family and play an important role in
apoptosis (programmed cell death). These proteins are referred to as ‘executioners’ because of their role in the
cell [20,21].

Selenium is an essential co-factor in the production of antioxidant enzymes and may affect the course of the
cancer process. Clinical trials which assessed selenium content in food showed that its supplementation reduced
cancer mortality. Harris et al. investigated whether dietary intake of selenium was associated with survival
among 3,146 women who were diagnosed with invasive breast cancer, based on a population study conducted
on a group of women in Sweden who underwent mammography (Swedish Mammography Cohort). An inverse
relationship was found between selenium intake with food and specific mortality due to breast cancer and
overall mortality. Women who had higher selenium intake displayed lower mortality rates compared to women
who consumed smaller amounts of selenium in food (P=0.009). Comparing women with higher and lower doses
of selenium in their diet, there was an inverse relationship between dietary selenium intake and mortality due
to breast cancer. This correlation seems to be the largest among women who never smoked cigarettes (P=0.01).
The results of the above authors’ research suggest that selenium intake before the diagnosis of breast cancer
may improve the mortality specific for this type of cancer, as well as the overall mortality rate of women [22].

Conclusions
Numerous epidemiological studies carried out in various countries, especially in the Scandinavian countries

and the United States, showed a negative correlation between the amount of selenium consumed and the
incidence of cancer in humans. The studies also showed a lower concentration of this microelement in the blood
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of patients with oncological diseases, in comparison to the values obtained in healthy subjects [2,7,9,12,15,23,24].
Data from a meta-analysis of 49 prospective studies showed that the overall risk of cancer was 31% lower, and
the risk of death from cancer was 45% lower in the groups with the highest exposure to selenium, compared
to groups with the lowest exposure to selenium [23]. To sum up, the results of above-mentioned prospective
studies indicate that low selenium intake and/or concentration of selenium in serum/plasma/nails is a high-risk
marker of the majority of cancers.
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