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ABSTRACT

High incidence of “diseases of affluence” (particularly cancer) motivates numerous research teams to

look for causes of morbidity, as well as to search for preventive methods and effective therapeutic meas-

ures. The aim of this paper is to present literature on effects of selenium on development of inherited

breast cancer in women. The results of national and international research show importance of selenium

in prevention and treatment of cancerous diseases, including inherited cancer; they also show the risk of

developing cancer in people with hereditary risks and low selenium level. It should be emphasized 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 the first and most important

step in prevention and treatment of cancer.

KEY WORDS: cancer, prevention, selenium, inherited cancer.

ADDRESS FOR CORRESPONDENCE: Katarzyna M. Sygit, Calisia University, 4 Nowy Swiat St., 62-800 Kalisz, Poland,

e-mail: k.sygit@akademiakaliska.edu.pl

INTRODUCTION

Selenium is one of the microelements necessary for
the proper development and growth of the human body
[1-3]. For a long time, however, this element was con-
sidered to be toxic. In areas with a high concentration
of selenium in soil, lethal cattle poisoning occurred,
while people experienced hair loss or skin problems [4].
It was only in the middle of the last century that scien-
tists proved a positive effect of selenium on the human
and animal body [1-3, 5-7].

In recent decades, it has been proven in numer-
ous studies that selenium, among other benefits: pro-
tects against the harmful effects of free radicals, as it is
a component of antioxidant enzymes, e.g. glutathione
peroxidase; inhibits the development of cancer cells; is
necessary for the proper development of the fetus; and
supports the thyroid gland, which contains the most
selenium of all body organs. Selenium is involved in the
synthesis of hormones produced by the thyroid and neu-
tralizes carcinogenic elements, such as cadmium, lead,
mercury, and arsenic [8, 9].

In the human body, selenium works through proteins
in which it is embedded in the form of selenocysteine.
As a component of selenoproteins, selenium plays a sig-
nificant structural and enzymatic role. It stimulates the
immune system in order to increase antibody produc-
tion, which leads to increased activity of immune cells.
Numerous studies have shown that selenium might have
an impact on the risk of cancer as it is an antioxidant
and therefore protects the body from the harmful effects
of free radicals, increases the activity of immune cells,
and inhibits the development of cancer blood vessels.
The protective role of this element against pro-oxidants
results from, among other things, the presence of sele-
nium in the active center of antioxidant enzymes. One
such enzyme is glutathione peroxidase (GPX), whose
function is to protect cellular components (DNA, lipids)
from the damaging effects of H,O, and various organic
peroxides produced during changes in the body [10-13].

This study presents the principal research achieve-
ments regarding the effects of selenium on the develop-
ment of inherited cancers in humans.
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REVIEW METHODS

This paper includes studies in Polish and English,
published from 1996 to 2018 and selected on the basis
of a review of the following databases: PubMed, Web of
Science, ResearchGate, and Google Scholar. The databas-
es were searched using the following keywords and their
combinations: selenium, cancer, breast cancer, inherited
cancer, treatment and prevention of cancer, and analysis
of literature on the subject matter. Searches were carried
out using mainly electronic databases. Of 123 publications
identified, those whose results were deemed to corre-
spond most closely to the topic of this work were selected.

REVIEW RESULTS

SELENIUM VERSUS INHERITED CANCER

Breast cancer and ovarian cancer are the second
and fifth leading causes of death from cancer (respec-
tively) in the United States. Women with breast cancer
have a 20-30% chance of having at least one relative with
this condition. However, only 5-10% of cases constitute
a direct result of genetic mutations in high-penetration
genes, such as BRCA1 and BRCA2, as well as in TP53 and
PTEN genes. Genetic tests for detecting these mutations
have been clinically available since 1996. Over 1,000
mutations have been identified in BRCAI and BRCA2
genes (over 700 different mutations in BRCAI and 300
in BRCA2). The position of mutation in a gene affects the
risk of developing both breast cancer and ovarian cancer.
The cancer risk associated with penetration in BRCAI
and BRCA2 mutations is subject to intensive genetic
testing. “Gene penetrance” means the incidence of a fea-
ture conditioned by a given gene in the phenotype of an
individual having this gene. Penetrance is expressed as
a proportion of the number of individuals having a fea-
ture conditioned by a given gene to the total number of
individuals having that gene. Gene penetrance may be
“complete” when a gene is manifested phenotypically in
all individuals with this gene variant, or “incomplete”
when the gene is either manifested or not - due to envi-
ronmental reasons. Table 1 presents (in %) the risk of
cancer associated with mutations of BRCA1 and BRCA2
genes, depending on the location of cancer (female
breast, ovary, prostate, pancreas) [8, 9, 14, 15].

Carriers of BRCAI-related breast cancer have can-
cers that are biologically distinct from cancers found in
carriers of BRCA2 gene mutations, or sporadic breast
cancers. BRCAI-related cancers typically develop in
younger women and have a more aggressive nature, are
of low histological grade, high proliferation rate, aneu-
ploidy, lack of estrogen (ER) and progesterone (PR)
receptors, and lack of epidermal growth factor receptor 2
(EGFR2). BRCA1I-related breast cancers have a “triple
negative phenotype” [9, 13].

The research focuses on specific BRCA gene muta-
tions as well as gene-gene and gene-environment inter-
actions as potential modifiers of the effects of these

mutations. Mutations in susceptibility of BRCAI and

BRCA2 genes are associated with a significant risk of

breast cancer. Breast cancer triggered by a mutation in

BRCA1I and BRCA2 genes accounts for about 5-10% of

all cancers. These mutations lead to a relative risk of

breast cancer 10 to 30 times higher than in the general
female population and lead to almost 85% certainty that
breast cancer will develop over the course of a woman’s
life (Table 1). In Ashkenazi Jewish women the incidence

of BRCAI mutation is 1 in 40 women [16].

The risk of breast cancer is determined by a studied
population. Higher risk is indicated in studies on families,
while a slightly lower risk is estimated in population stud-
ies. Furthermore, the risk of ovarian cancer is not identical
for all mutations. Mutations accumulated in the central
ovarian cluster region have a higher lifetime risk of cancer
development [17]. Breast cancer may develop as a result of
a combination of genetic and environmental factors.

Other factors, such as: birth control, number of
deliveries, use of oral contraceptives, age at the time of
first pregnancy; physical activity, show an impact on the
risk of gene penetration in the population [16].

Most cases of inherited breast and ovarian cancer
syndrome is caused by mutations in BRCAI and BRCA2
genes (Table 2). These mutations are rare: in most pop-
ulations they occur in 1:400 women, but are much more
common in Ashkenazi Jewish women. In that popu-
lation 1 : 210 women are carriers of one of three main
mutations causing this syndrome (two mutations of
BRCAI gene and one of BRCA2 gene) [19].

Factors suggesting BRCAI or BRCA2 gene muta-
tions are:

1. In non-Ashkenazi Jewish women:

o Two first-degree relatives (i.e. relatives on the same
side of the family), with breast cancer, one diagnosed
before the age of 50.

o Three or more first- or second-degree relatives with
breast cancer.

« Breast and ovarian cancer among first- and sec-
ond-degree relatives.

o First-degree relative with bilateral breast cancer.

 Breast cancer in a male relative.

 Two or more first- or second-degree relatives with
ovarian cancer.

TABLE 1. Data referring to the risk of cancer associated with
mutations of BRCAT and BRCA2 genes, depending on the
location of cancer

Cancer location BRCA1 BRCA2
mutation (%) mutation (%)
Female breast 50-80 40-70
Ovary <40 <20
Prostate <30 <39
Pancreas 1.3-3.2 2.3-7

Source: [22]
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TABLE 2. Genes whose mutations cause inherited breast
and ovarian cancer syndrome

Type of mutated
gene

An approximate percentage
of the development

of a genetically determined
breast-ovarian cancer
syndrome in carriers

BRCA1 ~48
BRCA2 ~27
CHEK2, ATM, BPIP1, ~25
PALB2 and other genes

Source: [22]

2. In Ashkenazi Jewish women:

o First-degree relative with breast or ovarian cancer.

 Two second-degree relatives with breast or ovarian
cancer [18, 19].

The degree of relationship is a method of assessing
the connection between people from a common ancestor,
i.e. relatives. Determining the degree of relationship has
social and legal significance. Relationship is calculated by
means of lines and degrees. First-degree relatives are par-
ents, children, and siblings. Grandmothers/grandparents
are classified as second-degree relatives [18].

Cancerous transformation may occur as a result of
mutations arising within:

« proto-oncogenes,

* suppressor genes,

« apoptosis-controlling genes,

« genes controlling the repair of damaged DNA [15].

Genes whose mutations may increase the risk of
breast cancer, are not only BRCAI and BRCA2, but also:
ATM, p53, RAS [20].

Table 2 presents genes whose mutations cause hered-
itary breast and ovarian cancer syndrome. The table
lists an approximate percentage of the development of
hereditary breast-ovarian cancer syndrome in carriers.
It depends on the type of mutated gene. Four genes have
been identified that, if mutated, cause an increased but
moderate risk of breast cancer:

« CHEK2,

o ATM,

e BPIPI,

« PALB2[22].

In mutation carriers, each of these genes causes
about 2 to 3 times higher relative risk of breast cancer
[20]. Together, these genes are estimated to cause 2.3% of
inherited breast cancer. In contrast, mutations in BRCA1
and BRCA2 genes are thought to cause half of all domi-
nant inherited hereditary breast cancers.

The described strategy for treating women with
increased familial risk of breast and ovarian cancers
includes:

o genetic analysis,

o chemoprevention,

o screening, radiology tests (mammography),

« clinical evaluation and genetic counselling [14].

The above tests may be supplemented with ultra-
sound and computed tomography (CT), magnetic reso-
nance imaging (MRI) or positive emission tomography
(PET) examinations of breasts.

Apart from clinical evaluation and genetic counsel-
ling, genetic testing should be carried out. Blood samples
allow to assess the presence of BRCA1 and BRCA2, TP53,
PTEN and ATM genes. Tumour examination allows the
identification of growth factor receptor genes, particular-
ly the human epidermal growth factor receptor (HER-2)
(14,18, 19].

Chemoprevention means the use of natural or syn-
thetic substances to inhibit, reverse or delay carcinogen-
esis. Chemoprevention interferes with the early stages of
the cancer process, primarily inhibiting initiation and
promotion [21-23].

In terms of diet and lifestyle, women with increased
risk of breast cancer can be recommended:

« reduction of fat in the diet,

« avoiding obesity,

« reduction of alcohol and cigarette consumption,
« regular physical exercise [24-27].

The Egyptians used garlic as a medicine as early as
in 1550 BC to prevent many diseases, including cancer.
Historically speaking, this is probably one of the oldest
examples of chemoprevention.

One of the recently recommended chemoprevention
methods for women with high risk of breast cancer is
antiestrogen called Raloxifen (Ral), which is an effective
chemopreventive factor, in combination with Omega-3
fatty acids (n-3FA ). This combination is a viable strategy
that may be recommended in the future in chemopre-
vention tests for women with high risk of breast cancer.
Raloxifene (brand name: Raloxifene by Evista) is a selec-
tive estrogen receptor modulator (SERM). The drug acts
antagonistically at receptors located in bone tissue, thus
reducing its resorption, increasing bone density and
reducing the frequency of bone fractures. Raloxifene is
an estrogen receptor antagonist in the uterus and breasts.
Four-year treatment with Raloxifene significantly
reduced the risk of estrogen-dependent breast cancer in
postmenopausal women, compared to placebo [19, 20].

Another example of chemoprevention is a diet rich
in tomato-based nutritional products that contain a high
amount of carotenoids and lycopene, which may reduce
the risk of advanced prostate cancer [28, 29].

Chemoprotection is a commonly used approach.
Tamoxifen is used in women carrying BRCAI or BRCA2
gene mutations. Tamoxifen (tamoxifenum by Sandoz)
is a non-steroidal drug with anti-estrogenic effects; it
competitively inhibits the binding of estrogens to cellu-
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lar receptors in the cytoplasm, which results in limited
cell division in estrogen-dependent tissues. Women with
breast cancer with positive estrogen receptors or cancers
with unknown receptor status who received supplemen-
tary tamoxifen therapy had significantly fewer relapses
and a higher survival rate of 10 years [18].

It should be emphasized, however, that the use of
tamoxifen in women with BRCAI and BRCA2 mutations
is not well established and the most favorable duration
of its administration is not known. A review of the main
results of currently published studies confirms a 38%
reduction in the incidence of breast cancer in women
receiving tamoxifen, but its use should be narrowed to
women with high risk of breast cancer and low risk of
potential side effects. The role of bilateral, risk-reducing,
breast removal (mastectomy) or preventive mastecto-
my is controversial in many ways. These controversies
include the psychological significance of breast in the
Western culture and the widely accepted conservative
approach to surgical treatment of breast cancer. Surgical
procedures should be aimed at removing breast tissue
from women at risk. However, there is some relationship
between reducing the risk of cancer and the cosmetic
outcome of the treatment. Bilateral prophylactic oopho-
rectomy reduces the risk of breast cancer even in women
who have previously had hormone replacement therapy.
There are no published randomized controlled clinical
trials on the effectiveness of mammographic screening
in women under the age of 50 who had a family history
of breast cancer. However, published results suggest that
mammography screening among women under 50 years
of age who have a family history of breast cancer may
detect cancer at a rate that is equivalent to that seen in
women ten years older with a normal risk of breast can-
cer. Other preliminary studies support the use of mag-
netic resonance imaging (MTI) in high-risk women as
it is more sensitive than mammography. Clinical exam-
ination and self-examination of the mammary glands are
often recommended, but their effectiveness has not been
proven. Based on numerous studies, it can be concluded
that a clinical examination and mammographic screen-
ing in high-risk women under 50 may detect breast
cancer with a frequency - as mentioned above - corre-
sponding to the frequency observed in women 10 years
older with regular risk [14, 18-20, 30, 31].

Studies carried out at the International Hereditary
Cancer Centre of the Pomeranian Medical University in
Szczecin, Poland have shown that carriers of the BRCA1
mutation display increased susceptibility to mutagens
measured by the bleomycin test. This susceptibility may
be normalized with some selenium formulations [4].

In Canada, there are National Hereditary Cancer
Task Force’ recommendations addressed to doctors who
work on clinical treatment for patients with high risk
of hereditary breast and ovarian cancer (HBOC) and
related cancers. These recommendations are based on

current practices in clinics that work with high-risk can-
cer patients who have mutations in BRCAI and BRCA2
genes.
The above-mentioned recommendations apply to:
1. Supervision, including self-examination of breasts by
the patient;
2. Clinical breast examination;
3. Monitoring breasts by MRI methods;
4. Observing the patient in terms of ovarian cancer;
5. Supervision over male patients.
6. Reducing the risk of cancer by using strategies that
include:
o preventive removal of mammary glands (mastecto-
mie),
« preventive removal of ovaries and fallopian tubes (sal-
pingoophorectomia),
« pharmacological prevention,
« administration of exogenous hormones [5, 18, 31].
The main product of DNA oxidation is the oxidized
deoxyguanosine derivative, 8-0xo-dG. The concentra-
tion of 8-0x0-dG in the cell reflects the level of oxidative
stress. 8-0x0-dG is induced by factors that damage cell
DNA. 8-oxoGua and 8-0x0dG are molecular markers of
cancer. They are markers of oxidative DNA damage. The
above-mentioned markers may be useful in cancer diag-
nosis [32]. The anti-cancer properties of selenium are
associated with protection against oxidative stress. In the
subpopulation of female carriers of the BRCA1 mutation
with no evidence of breast cancer who have undergone
adnexectomy and who were previously supplemented
with selenium, the 8-0x0-dG level in their DNA signifi-
cantly decreased compared to the subgroup of women
without supplementation [2, 5, 11, 33-35]. 8-0x0-dG is
primarily repaired by a protein called BER (base exci-
sion repair). In carriers of mutations who received sele-
nium, there was a simultaneous 8-oxo0-dG reduction in
cells and increase in urinary excretion of 8-oxo-dG and
8-0x0-Guo. Based on the results of the above-mentioned

TABLE 3. Incidence and mortality rate of 7 most common
malignant tumors in European women in 2018

Type of malignant Incidence Mortality rate
tumour (%) (%)
Breast cancer 28.2 16.2
Colorectal cancer 123 13.2
Lung cancer 8.5 14.2
Uterine cancer 6.6 -
Melanoma 3.9 -
Pancreatic cancer - 74
Ovarian cancer - 5.2
Other 40.4 43.8
and unspecified

Source: [42]
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TABLE 4. Number of new diagnoses and number of deaths in women caused by breast cancer in Europe in 2018

Type of malignant

tumour

Number of new diagnoses

In thousands %

Number of deaths

In thousands %

Breast cancer 522.5

28.2

137.7 16.2

Source: [42]

study, it may be concluded that it is very likely that
selenium supplementation leads to an increase in BER
enzymatic activity, which in turn leads to a reduction in
the oxidative damage to the cell's DNA. To sum up, the
results of the study suggest that the BRCAI gene defect
contributes to the accumulation of 8-oxo-dG in a cell’s
DNA, which in turn may be responsible for the develop-
ment of breast cancer in women with a mutation of this
gene. Additionally, the risk of developing breast cancer
in female carriers of a BRCA1 mutation may be reduced
in women who have undergone adnexectomy (whose
surgery was preceded by selenium supplementation)
(1,7, 36-42].

SUMMARY

The incidence and mortality rate of malignant
tumors in European women is very high (Table 3).
Therefore, effective methods of preventing and treating
cancer should be sought.

Particular attention should be paid to the increasing
number of new diagnoses and deaths of women due to
breast cancer (Table 4).

Recent studies on the effects of selenium on inherit-
ed cancers have made significant progress, mainly due to
the fact that the optimal level of selenium correlates with
a reduction in mortality caused by cancer. It has been
proven that too low or too high a concentration of sele-
nium in the body is harmful, whereas the optimal level
of selenium varies and depends on the population. Pre-
sumably, this may be related to environmental pollution
through various chemical compounds that are neutral-
ized by selenium. Importantly, the role of selenium for
human health (especially those at risk of cancer) will be
greater if the optimal concentration of selenium for each
person is individualized through genotype testing. There
is evidence that optimizing selenium concentrations
may improve the treatment results of inherited cancer.

CONCLUSIONS

1. There is a strong correlation between selenium con-
centration and the risk of inherited cancers.

2. There is a need to indicate the optimal selenium con-
centration for each person through genotype testing.
3. Selenium (Se formulations) seems to be particularly

important, as well as a varied diet.
4. Selenium concentration in blood serum is a high-risk
marker for inherited cancers.

5. Further observation is recommended in order to
introduce selenium as a standard practice to reduce
the risk of inherited cancers.
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