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Abstract

Trace elements (TEs) playing critical roles in chemical events that occur at the cellular level
in the body are necessary for biological processes in human health. The role of TEs and seleno-
proteins and their relationship with breast cancer (BC) have not been studied thoroughly
and therefore remain relatively unknown. Our study aimed to investigate possible changes
in the serum selenoproteins (Glutathione Peroxidase 1 (GPX1), Glutathione Peroxidase
6 (GPX6), Selenoprotein F (Sel-F), Selenoprotein H (Sel-H), Selenoprotein S (Sel-S), Selenopro-
tein V (Sel-V), Selenoprotein M (Sel-M)), and TEs (Se, Zn, Mn, Cu, and Fe) levels, and TEs
ratios (Fe/Se, Fe/Zn, Fe/Mn, Cu/Se, Cu/Zn, and Cu/Mn) in patients with BC before and after
treatment (surgery, radiotherapy, and chemotherapy), and to evaluate the results in the patient
groups with healthy controls. A total of 35 patients with BC and 25 healthy subjects were
included in the study. Blood samples were collected from the patient group on the day prior
to treatment, and on the day treatment was completed. Serum GPX1, GPX6, Sel- F, Sel-H, and
Sel-S levels were decreased in both before and after treatment groups compared to the control.
The treatment of BC resulted in increasing the concentration of Sel-V compared to before treat-
ment levels. The treatment of BC resulted in lowering serum Se, Zn, and Fe concentrations
compared to before treatment levels. Also, serum Se, Zn, and Fe levels were decreased in both
before and after treatment groups compared to the control. The ratios of Cu/Se, Cu/Zn, and
Cu/Mn were increased after treatment compared to the values before treatment. Cu/Se and Cu/Zn
ratios were increased, but Fe/Mn ratios were decreased after treatment compared to healthy
control. This study indicates that changes in serum levels of TEs such as Zn, Mn, Cu, and Se,
as well as their ratios and selenoproteins, may be related to the treatments of BC. Further
studies are required to clarify the exact specific mechanisms involved in the status of TEs and
selenoproteins in therapeutic strategies of BC.

Keywords: breast cancer, treatment, selenoproteins, selenium, zinc, copper, iron, manganese.



291

INTRODUCTION

Breast cancer (BC), the most common cancer in women worldwide, is multi-
-etiological and multifactorial. The major risk factors are age over 40 years,
history of cancer in first-degree relatives, history of mammary gland disease,
early menarche, and late childbearing. Local treatment for BC consists
of surgery and/or radiation therapy as well as drug therapies such as chemo-
therapy, anti-hormone therapy, and targeted therapies (Harris et al. 1992,
Mahata et al. 2003, Waks and Winer 2019).

Some trace elements (TEs) are necessary to biological processes and clas-
sified as essential. However, an overabundance or a deficiency of TEs may
promote the development of cancers (Popescu, Stanescu 2019). Changes
in levels of circulating TEs have been observed in BC patients in different
countries and areas. However, the relationship between these changes and
the metabolic and clinical course and outcome of BC is not fully understood.
There is still a gap in our understanding of the relationship between the
functions of TEs and the initiation, promotion, and inhibition of the carcino-
genic process (Banas et al. 2010, Ding et al. 2015). Experimental and epide-
miological studies suggest that the serum levels of TEs may be associated
with BC risk but their role in mutagenesis has been under-investigated.
Exposure to TEs mainly occurs through environmental contamination
of food, drinking water, and air. The increasing urbanization and industriali-
zation may lead to high exposure to heavy metals and consequently increa-
sed cancer risk (Lin et al. 2006).

Zinc (Zn) is an essential trace element, which plays an anti-carcinogenic
role through the structural stabilization of DNA, ribonucleic acid (RNA), and
ribosome. Zinc chloride was reported to significantly decrease DNA strand
breaks in human cutaneous fibroblasts exposed to a mutagen. There is also
limited evidence for an inverse association between Zn and BC, and again,
prospective studies are needed to confirm it (Jackson 2009). Studies reported
elevated copper (Cu) levels in BC, lymphoma, and thyroid gland carcinomas
compared to benign disease groups. They have focused on the role of Cu in
angiogenesis, a crucial process for cancer development, and by producing
DNA damage via toxic free radicals (Dragutinovié¢ et al. 2014). The role
of manganese (Mn) and iron (Fe) in carcinogenesis can be observed through
their role in the inhibition of apoptosis, generation of oxygen radicals, and
binding competition among metal ions at chromatin and other molecules.
Animal models revealed the association between parenteral Fe application
with tumor growth and higher tumor incidence (Lavilla et al. 2009).

Selenium (Se) is a trace element with the most important antioxidant
properties and has an inhibitory effect on viral and chemical carcinogenesis
by modulating cellular proliferation in both normal and neoplastic cells. Data
from in vitro and animal model systems show that Se compounds exert pro-
tective effects throughout BC. Several cellular and molecular mechanisms
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have been implicated in Se chemoprotection, chemoprevention, and chemo-
therapy effects in BC. Se is an essential micronutrient with promising BC
prevention and treatment potential since it is proven with preclinical
research that it may inhibit mammary carcinogenesis (Reid et al. 2002,
Cox et al. 2016). But studies showed that Se supplementation decreased the
risk of prostate, colon, and lung cancers, whereas it increased the risk of BC.
The evidence currently available appears to support an inverse association
between Se exposure and cancer risk, but the evidence is inconsistent,
so additional prospective studies are needed (Reid et al. 2002, Duffield-Lillico
et al. 2003, Thompson et al. 2016).

Se 1s the primary component of selenoproteins, which have roles in coun-
teracting oxidative stress and regulating the redox status of other molecules
(Goldhaber, 2003). Se exerts most of its biological effects through selenopro-
teins which it is incorporated into as selenocysteine (Steinbrecher et al.
2010). Glutathione peroxidases (GPXs) belong to the selenoprotein family
related to antioxidant enzymes, involved in the reduction of hydrogen perox-
ide (H,0,), detoxification of hydroperoxides, and maintaining cellular redox
homeostasis, Selenoprotein F (Sel-F) and Selenoprotein M (Sel-M) are invol-
ved in protein folding in the endoplasmic reticulum (ER), Selenoprotein S
(Sel-S) related to the elimination of misfolded proteins from the ER, also
Selenoprotein H (Sel-H), and Selenoprotein V (Sel-V) is one of the thioredo-
xin-like (Rdx) family proteins that protects against endoplasmic reticulum
stress (Davis et al. 2012, Méplan, Hesketh, 2012, Labunskyy et al. 2014,
Kang et al. 2020). In the processes of carcinogenesis, a reduced expression
of the genes encoding selenocysteine-containing proteins leads to either
inhibition of the oncotransformation or the return of the cell to the onco-
phenotype. It is reported that selenoproteins have been implicated in cancer
development (Steinbrecher et al. 2010).

In light of the aforementioned information, there are studies in the liter-
ature on the action of TEs in BC (Wu et al. 2004, Siddiqui et al. 2006, Saleh
et al. 2011, Rehman, Husnain 2014, Lappano et al. 2017, Choi et al. 2019).
However, possible changes in selenoproteins and TEs with treatments have
not been investigated in BC. Therefore, the present study aimed to deter-
mine the effect of treatment (surgery, radiotherapy, and chemotherapy)
on serum Glutathione Peroxidase 1 (GPX1), Glutathione Peroxidase 6 (GPX6),
Sel-F, Sel-H, Sel-S, Sel-V, Sel-M, Se, Zn, Mn, Cu, Fe levels, and TEs ratios
(Fe/Se, Fe/Zn, Fe/Mn, Cu/Se, Cu/Zn, and Cu/Mn) in patients with BC. Also,
TEs and selenoproteins levels were evaluated for before and after treatment
and in control groups, and were discussed in terms of their potential role
in therapeutic strategies of BC.
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MATERIALS AND METHODS

Case selection

A total of 35 patients (range 30-68 years) diagnosed with BC were inclu-
ded in the study. The 25 healthy female volunteers of similar age (range
29-64 years), who did not receive any medication, constituted the control
group. Diabetes, hypertension, chronic inflammatory diseases, infectious
diseases, and distant metastases or other malignant diseases were designa-
ted as exclusion criteria for both the patients with BC and healthy control
subjects. All patients gave written informed consent, and the present
study was approved by the Local Ethics Committee (Approval number:
E-54022451-050.05.04-38194) and performed under The Declaration of Helsinki.

Sample collection

Five milliliters of a venous blood sample were drawn after 12 h over-
night fasting before treatment, and after the treatment from patients with
BC. The same volume of blood samples was collected from the forearm ante-
cubital veins of all cases to be included in the study before any treatment
or from controls. Then the blood samples were separated by centrifugation
at 3000 rpm for 10 min and the separated sera were put into capped plastic
tubes and kept at —80°C until assays. Selenoproteins and TEs were deter-
mined in serum samples.

Measurement of selenoproteins

The levels of GPX1, GPX6, Sel-F, Sel-H, Sel-S, Sel-V, and Sel-M in serum
samples were quantified according to the manufacturer’s instructions and
guidelines using ELISA kits (Abbkine Scientific Co., Ltd, Wuhan, Hubesi,
China). The intra-assay and interassay variabilities of the ELISA kit for
GPX1, GPX6, Sel-F, Sel-H, Sel-S, Sel-V, and Sel-M were 6.9 and 7.8%; 6.6
and 6.9%; 6.6 and 7.3%; 5.5 and 5.8%; 5.3 and 5.9%; 5.8 and 6.2%; and 7.4
and 8.3%, respectively.

Measurement of the trace elements

The trace element levels were measured with an inductively coupled
plasma optical emission spectrophotometer (ICP-OES, Thermo iCAP 6000,
Cambridge, UK). The serum samples were diluted (1:9) with distilled water
(Millipore, Bedford, MA, USA) containing 0.3% HNO, (Merck, Darmstadt,
Germany). Calibration standards were prepared using the stock solution
at a concentration of 1,000 mg L' (Chem-Lab, Belgium). Elemental solutions
of 0.0025, 0.005, 0.010, 0.025, 0.05, 0.25, and 0.50 ppm concentrations were
prepared by using stock solution and distilled water containing 0.3% HNO,.
The Se, Zn, Mn, Cu, and Fe element levels were determined at wavelengths
of 196.026, 213.800, 257.610, 324.754, and 259.940 nm respectively. Results
were presented as ug dl.
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Statistical evaluation

Data were presented as mean + the standard deviation (SD). Statistical
analysis was performed using the Wilcoxon signed-rank, and Mann-Whitney
U tests. Statistical Package for the Social Sciences — SPSS 21.0 for Windows
(SPSS Inc, Chicago, IL, USA) was used for calculations. P<0.05 was consi-
dered to indicate a statistically significant difference.

RESULTS

Demographic data

Demographic data of patient and control groups are presented in Table 1.
Besides, both the patients and controls did not report any occupational/acci-
dental exposure to heavy metals or use of hormone replacement therapy.
Moreover, no subjects reported impaired appetite, malnutrition, TEs supple-
mentation, or unusual weight change. The age of patients was greater than
40 in 91.43% and 80.00% in the control group. Only one patient had lobular
carcinoma and the rest were classified as invasive ductal carcinoma. The estro-
gen receptor status was negative in 2 patients while the progesterone recep-
tor status was negative in 3 patients. CerB2 was positive in 4 patients.
TNM status was 100% in MO. Patients’ characteristics for T stages were
10 patients (28.58%) in T1, 20 patients (567.14%) in T2, and 5 patients
(14.28%) in T3. Also, characteristics of patients according to N stages were
20 patients (57.14%) in NO, 11 patients (31.43%) in N1, 2 patients (5.71%)
in N2, and 2 patients (5.71%) in N3. The treatment applied was surgery
and radiotherapy in all cancer patients while only 13 patients (37.14%) also
received chemotherapy. All our cases underwent a fine needle aspiration
biopsy before surgery. Breast-conserving surgery was used to remove cancer
in all patients.

Results of serum selenoproteins’ measurement

Serum Sel-V levels were increased in the after treatment group com-
pared to the before treatment group (p<0.05). GPX1, GPX6, Sel-F, Sel-H,
Sel-S, and Sel-V levels were decreased in BC patients before treatment com-
pared to the control group (p<0.001, p<0.01, p<0.01, p<0.01, p<0.01, and
p<0.01 respectively). Similarly, GPX1, GPX6, Sel-F, Sel-H, and Sel-S levels
were decreased in BC patients after treatment compared to the control group
(»<0.001, p<0.05, p<0.05, p<0.01, and p<0.01 respectively) — Table 2.

Results of serum TEs levels and ratios in all groups

Mean serum Se, Zn, Fe, and Cu levels were within the normal range
(normal range; Se: 7.0-15.0 pg dI!, Zn: 66.0-110.0 pg dI, Fe: 40.0-155.0 pg dl?,
and Cu: 63.7-140.12 pg dI?) in BC patients, but Se, Zn, and Fe levels were
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Demographic data of breast cancer and control groups

Table 1

Variables Breast cancer Control
n (%) n (%)
Age (Year)
>40 32 (91.43) 20 (80.00)
<40 3 (8.57) 5 (20.00)
Gender
female 35(100) 25(100)
Alcohol consumption
yes - _
no 35(100) 25(100)
Smoking
yes - .
no 35(100) 25(100)
Breast cancer
one side 35(100)
two sides -
Biopsy before surgery
yes 35(100)
no -
Type of surgery
breast-conserving surgery 35(100)
mastectomy -
.Hlsto‘pathologlcal. types 34 (97.14)
invasive ductal carcinoma
: 1 (2.86)
lobular carcinoma
TNM status
T1 10 (28.58)
T2 20 (57.14)
T3 5 (14.28)
NO 20 (57.14)
N1 11 (31.43)
N2 2 (5.71)
N3 2 (5.71)
MO 35 (100)
Estrogen receptor status
positive 33 (94.29)
negative 2 (5.71)
Progesterone receptor status
positive 32 (91.43)
negative 3 (8.57)
CerbB2
0 31 (88.57)
1 4(11.42)
Treatment
breast surgery 35 (100)
radiotherapy 35 (100)
chemotherapy 13(37.14)
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Table 2
Serum selenoprotein levels of breast cancer and control groups
Selenoproteins Before treatment After treatment Control
P (n:35) (n:35) (n:25)
GPX1 (pg mlY) 5.327+1,3020"" 5.570+0.991°" 7.342+2.016
GPX6 (pg ml?) 1.237+0.334™ 1.331+0.294¢ 1.617+0.466
Sel-F (pg ml™) 5.344+2.077"" 5.787+2.074" 7.122+1.615

Sel-H (pg ml?)

45.250+13.090°"

47.350+8.862¢

62.270+25.180

Sel —S (pg ml?)

37.360+9.616%"

39.060+5.591<

45.890+11.260

Sel-V (pg ml?)

6.431+2.488"0™

7.200+2.369

8.583+2.410

Sel-M (pg ml?)

16.340+3.652

16.240+3.444

16.810+3.794

All values were presented as the mean + standard deviation. “ before treatment vs. after treatment,
b before treatment vs. control, ¢ after treatment vs. control, * p<0.05, ** p<0.01, *** p<0.001.

decreased in the after treatment compared to the before treatment group
(p<0.05, p<0.01, and p<0.05, respectively). Serum Cu/Se, Cu/Zn, and Cu/Mn
ratios were increased in the after treatment group compared to the before
treatment group (p<0.001, p<0.001, and p<0.05, respectively). There were no
significant changes in Fe/Se, Fe/Zn, and Fe/Mn ratios between before treat-
ment and after treatment groups (p>0.05) — Table 3.

Serum Se, Zn, and Fe concentrations were found within the normal
range both in the before treatment group and the control group, but decrea-
sed in the before treatment group compared to the control group (p<0.01, and
p<0.05, and p<0.001, respectively). The Cu/Se and Cu/Zn ratios were increa-

Serum trace element levels and ratios of breast cancer and control groups fables
Elements Before treatment After treatment Control
(n:35) (n:35) (n:25)
Se (ug dl') 12.880+5.3170™ 11.001+£3.952¢ 17.052+5.395
Zn (ng dl?) 90.410+22.2706* 82.130+21.340°™ 103.600+22.002
Mn (ug dl'?) 0.967+0.186 0.920+0.167¢ 1.056+0.215
Cu (pg dl') 97.660+23.370”" 104.101+25.370¢" 88.260+20.220
Fe (ng dl) 92.140+27.2400" 84.640+24.740< 129.302+31.150
Cu/Se ratio 8.511+3.365%""0™ 10.490+4.412 5.660+1.992
Cu/Zn ratio 1.155:+0.4349 b 1.356+0.492¢ 0.897+0.318
Cu/Mn ratio 104.800+35.520% 114.900+41.330 111.5004+33.160
Fe/Se ratio 8.223+3.735 8.595+3.762 8.617+3.838
Fel/Zn ratio 1.097+0.468 1.116+0.475 1.310+0.438

Fe/Mn ratio

99.280+39.660°™"

91.320+30.440

165.20+58.270

All values were presented as the mean + standard deviation. ¢ before treatment vs. after treatment,
b before treatment vs. control, ¢ after treatment vs. control, * p<0.05, ** p<0.01, *** p<0.001.
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sed, but the Fe/Mn ratio was decreased in the before treatment group com-
pared to the control group (p<0.05, p<0.05, and p<0.001, respectively).

Serum Se, Zn, and Fe levels were decreased, but Cu levels were increa-
sed in the after treatment group compared to the control group (p<0.001,
p<0.001, and p<0.01, respectively). Also, the Cu/Se and Cu/Zn ratios were
increased, but the Fe/Mn ratios were decreased in the after treatment group
compared to the control group (p<0.001 for all) — Table 3.

DISCUSSION

Oxidative stress induces a cellular redox imbalance that has been repor-
ted to be present in various cancer cells more than in normal cells; the redox
imbalance thus may be related to oncogenic stimulation. In previous studies,
some results have been suggested cancerogenesis associated with oxidative
damage. It has been reported that oxidative stress and free radicals produc-
tion increased in the various cancer types (Harris et al. 1992, Feng et al.
2012, Gan et al. 2014, Yang et al. 2015, Cox et al. 2016, El-Deeb et al. 2016).
TEs such as Se, Mn, Zn, Cu, and Fe participate in the control of various meta-
bolic and signaling pathways. Imbalance in the composition of TEs recog-
nized to be essential to human homeostasis, besides the accumulation
of potentially toxic or nonessential TEs may cause disease (Kiziler et al.
2010). In this study, levels of some TEs and selenoproteins in the patients
and healthy controls were determined to understand their roles in the etio-
pathogenesis of BC and their changes with treatment. To our knowledge, our
study 1s unique in examining serum Se, Mn, Zn, Cu, Fe, GPX1, GPX6, Sel-F,
Sel H, Sel M, and Sel S levels in terms of the treatment of patients with BC.

Zn could act as an antioxidant, and it has the potential to replace redox-
-active metals (Fe, and Cu) from binding sites in proteins. Metallothionein
as a metal transporter is involved in the interaction between Zn and other
metal ions such as Cu. It also protects tissue from oxidative damage by bin-
ding to the sulfhydryl groups of proteins. Zn plays an important role in pro-
tecting cellular components from oxidation and damage to DNA (Lee 2018).
Se 1s an element that plays an important role in antioxidant/redox and
anti-inflammatory processes through various selenoproteins. It is stated that
transition metals such as Cu and Fe play a role in the formation of oxidative
damage in various types of cancer. Free metal ions such as Fe and Cu lead
to molecular damage and alteration of cell homeostasis due to the formation
of hydroxyl radical as a result of the Fenton reaction. Other means by which
Cu and Fe can affect carcinogenesis may be related to their role in angioge-
nesis, that is, the formation of new blood vessels. Thus, high levels of Cu and
Fe promote angiogenesis and thereby tumor growth. Alterations of levels
of some TEs and oxidant/antioxidant balance in various cancer types have
been reported. In the literature, there are studies, which have contradictory
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results related to cancer etiopathogenesis and TEs levels. It has been sug-
gested that a wide variety of factors may be the source of these conflicting
findings (Kiziler et al. 2010, Cihan et al. 2011, Feng et al. 2012, El-Deeb
et al. 2016, Zaichick et al. 2016). Selected populations, together with histo-
pathological results, therapeutic effects, environmental, metabolic, hormonal,
and genetic factors, are also important in this respect. Previous studies
reported that some TEs status and oxidant/antioxidant balance in circulating
changed in various cancer types. TEs have been found at different concentra-
tions in patients with cancer of different primary locations, such as in BC
(El-Deeb et al. 2016), lung cancer (Momen et al. 2015), prostate cancer
(Kiziler et al. 2010, Zaichick et al. 2016), and colorectal cancer (CRC)
(Stepien et al. 2017). Further studies are needed to answer the question:
“Do elemental alterations have a role in cancerogenesis or are they a conse-
quence of the disease itself?” (Juloski et al. 2020).

In previous studies, some explanations have been proposed for TEs and
antioxidant status associated with BC. Wu et al. found that the serum levels
of Se, Zn, and Mg were significantly lower, but Mn, cadmium (Cd), nickel
(N1), Fe, aluminum (Al), Cu, and chromium (Cr) levels were significantly
higher in BC compared to healthy subjects (Wu et al. 2004). But Ding et al.
informed that no significant differences between BC and control groups were
apparent in the Zn, calcium (Ca), lead (Pb), Se, and Ni levels (Ding et al.
2015). Choi et al. found that serum Cu levels were found significantly higher
in BC patients with distant metastasis, while Se levels were significantly
lower (Choi et al. 2019). Siddiqui et al. showed that blood Pb, Fe, and Zn
were significantly higher in the BC group compared to controls (Siddiqui
et al. 2006). Rehman and Husnain found that the levels of Fe, Cu, and Zn
in malignant breast tissues were estimated higher compared to benign tis-
sues (Rehman, Husnain 2014). However, Saleh et al. reported that the blood
levels of Cu, Zn, and Se were measured lower in BC patients as compared
to controls (Saleh et al. 2011). Gecit et al. showed that Mn and Zn levels
were lower in BC patients compared to healthy controls (Gecit et al. 2011).
Apart from the TE levels, it has also been suggested that TE ratios can be
used as biomarkers such as Cu/Zn ratio. It was reported that the serum
Cu/Zn ratio was significantly higher in BC patients than in control (Zowczak
et al. 2001, Golabek et al. 2012).

In our study, we found that serum Se, Zn, and Fe levels were decreased,
but Cu levels were increased in the after treatment group compared to the
before treatment group. Also, serum Se, Zn, and Fe levels were decreased,
but Cu levels were increased in both before and after treatment groups com-
pared to the control group. Increased levels of Cu, and decreased levels of Se,
Zm, Fe, and Mn in the after treatment group caused the ratios of Cu/Se and
Cu/Zn ratios were increased, but Fe/Mn ratios were decreased in the after
tretment group compared to the control group (Table 3). It is reported that
high levels of transition metals show pro-oxidant characteristics by genera-
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ting reactive oxygen species (ROS) and, in that way, inducing cell damage
(Kohzadi et al. 2017). It was argued that the tumor cells are rapidly growing
cells and Cu is a promoter of cellular growth. Moreover, tissue necrosis could
in turn increase the serum level by releasing Cu into the circulation by cerulo-
plasmin. Changes in the levels of these TEs in cancer patients may be due to
inflammation and oxidative damage associated with the development and
progression of cancer. Additionally, it is important that Fe/Se, Fe/Zn, Fe/Mn,
Cu/Se, Cu/Zn, and Cu/Mn ratios might serve as factors for the increased
severity of cancer progression and therapeutic effects.

We also investigated changes in GPX1, GPX6, Sel-F, Sel-H, Sel-S, Sel-V,
and Sel-M levels in BC patients. Our examined selenoproteins’ cellular func-
tions were implicated in antioxidation (GPX1 and GPX6), redox regulation
(Sel-H, Sel-V, and Sel-M), and protein folding (Sel-S and Sel-F). Our results
showed that serum levels of GPX1, GPX6, Sel-F, Sel-H, and Sel-S were
statistically decreased in both before treatment and after treatment groups
compared to the control. Also, Sel-V increased in the after treatment com-
pared to the before treatment group (Table 2). The decreased GPX1, GPX6,
Sel-F, Sel-H, and Sel-S levels in the before and after treatment BC groups
may explain the effects of selenoproteins on carcinogenesis or the treatment
of cancer.

The actions of selenoproteins in carcinogenesis-associated processes have
been explained by decreased expression of genes encoding selenocysteine-con-
taining proteins (Varlamova et al. 2016). A study has been reported that
selenoproteins, including Sel-P, GPXs, thioredoxin reductases (TXNRD) and
Sel-F, can regulate tumorigenesis and progression through their effects on
cancer-related signaling pathways (Jia et al. 2020). It is suggested the pro-
tective effect of GPX1 in oxidative stress, and GPX1 expression are reduced
in many tumor types. GPX6 is another antioxidant enzyme that protects
against oxidative damage, but its role in cancer mechanisms has not been
fully elucidated (Gan et al. 2014, Yang et al. 2015, Varlamova et al. 2016).
Short and Williams have been reported that Sel-F downregulation in cancer
cell lines resulted with upregulation of the cell cycle inhibitors p21 and p27,
and decreased proliferation and growth arrest in colon and liver cancer cells
(Short, Williams 2017). Also, a study in cell culture shows that Sel-M sup-
ports intracellular calcium homeostasis, and protects against oxidative
stress. Altered Sel-M expression levels in humans have been associated with
hepatocellular carcinoma (Gong et al. 2016). It is reported that Sel-H regu-
lates redox homeostasis and suppresses DNA damage during development
and tumorigenesis. Sel-V has an important potential role in regulating tissue
Se metabolism or maintaining body Se homeostasis (Chen et al. 2020).
Se supplementation is known to affect selenoprotein expression, but chemo-
preventive effects of Se supplementation have produced conflicting results,
possibly regarding a combination of different baseline Se status and/or genetic
factors that modulate selenoprotein function. In vivo cancer studies using
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transgenic mice demonstrated the role of selenoproteins in both preventing
and promoting cancer (Cox et al. 2016).

In conclusion, we found decreased GPX1, GPX6, Sel-F, Sel-H, and Sel-S
in before and after treatment BC patients compared to the healthy controls.
Low levels of selenoproteins in patients with BC compared to controls could
impact the development and the progression of cancer. Free radicals can
damage DNA, proteins, lipids, and cell membranes in the body. The initial
target of the oxidation varies depending on the cell, the type and location
of oxidative stress and its severity, and the availability of metal ions. Chan-
ges in the serum levels of trace elements in BC patients might lead to in-
creased oxidative stress levels and alteration of cell hemostasis by various
cell pathways. However, further molecular studies are required to clarify the
specific mechanisms involved in the interaction between TEs and selenopro-
teins status and therapeutic strategies in BC.

Conflict of interest
The authors declare that they have no conflict of interest.

REFERENCES

Banas A., Kwiatek W., Banas K., Gajda M., Pawlicki B., Cichocki T. 2010. Correlation of con-
centrations of selected trace elements with Gleason grade of prostate tissues. J. Biol. Inorg.,
15:1147-1155.

Chen L.-L., Huang J.-Q., Xiao Y., Wu Y.-Y., Ren F.-Z., Lei X.G. 2020. Knockout of selenoprotein
V affects regulation of selenoprotein expression by dietary selenium and fat intakes in mice.
J Nutr., 150: 483-491.

Choi R., Kim M.-J., Sohn I., Kim S., Kim I., Ryu J.M., Choi H.J., Kim J.-M., Lee S.K., Yu J.
2019. Serum trace elements and their associations with breast cancer subgroups in Korean
breast cancer patients. Nutrients, 11: 37.

Cihan Y.B., Sézen S., Yildirim S.0. 2011. Trace elements and heavy metals in hair of stage IIT
breast cancer patients. Biol. Trace Elem. Res., 144: 360-379.

Cox A.G., Tsomides A., Kim A.J., Saunders D., Hwang K.L., Evason K.J., Heidel J., Brown K.K.,
Yuan M., Lien E.C. 2016. Selenoprotein H is an essential regulator of redox homeostasis
that cooperates with p53 in development and tumorigenesis. PNAS, 113: E5562-E5571.

Davis C.D., Tsuji P.A., Milner J.A. 2012. Selenoproteins and cancer prevention. Ann Rev
Nutrit, 32: 73-95.

Ding X., Jiang M., Jing H., Sheng W., Wang X., Han J., Wang L. 2015. Analysis of serum levels
of 15 trace elements in breast cancer patients in Shandong, China. Environ. Sci. Pollut.
Res., 22: 7930-7935.

Dragutinovié¢ V.V., Tati¢ S.B., Nikolié-Mandié¢ S.D., Tripkovié¢ T.M., Dunderovié¢ D.M., Paunovié¢ L.R.
2014. Copper as ancillary diagnostic tool in preoperative evaluation of possible papillary
thyroid carcinoma in patients with benign thyroid disease. Biol. Trace Elem. Res., 160: 311-315.

Duffield-Lillico A., Dalkin B., Reid M., Turnbull B., Slate E., Jacobs E., Marshall J., Clark L.,
Group NPoCS. 2003. Selenium supplementation, baseline plasma selenium status and
incidence of prostate cancer: an analysis of the complete treatment period of the Nutritional
Prevention of Cancer Trial. BJU Int., 91: 608-612.

El-Deeb M.M.K., El-Sheredy H.G., Mohammed A.F. 2016. The role of serum trace elements and
oxidative stress in Egyptian breast cancer patients. Adv Breast Cancer Res, 5: 37-47.



301

Feng J.-F., Lu L., Zeng P., Yang Y.-H., Luo J., Yang Y.-W., Wang D. 2012. Serum total
oxidant/antioxidant status and trace element levels in breast cancer patients. Int. J. Clin.
Oncol,. 17: 575-583.

Gan X., Chen B., Shen Z., Liu Y., Li H., Xie X, Xu X., Li H., Huang Z., Chen J. 2014. High
GPX1 expression promotes esophageal squamous cell carcinoma invasion, migration, proli-
feration and cisplatin-resistance but can be reduced by vitamin D. Int. J. Clin. Exp. Med.,
7: 2530.

Gecit 1., Kavak S., Demir H., Gunes M., Piringgi N., Cetin C., Ceylan K., Benli E., Yildiz I.
2011. Serum trace element levels in patients with bladder cancer. Asian Pac J Cancer Prev.,
12: 3409-3413.

Golabek T., Darewicz B., Borawska M., Socha K., Markiewicz R., Kudelski J. 2012. Copper,
zince, and Cu/Zn ratio in transitional cell carcinoma of the bladder. Urol. Int., 89: 342-3417.

Goldhaber S.B. 2003. Trace element risk assessment: essentiality vs. toxicity. Regul. Toxicol.
Pharmacol., 38: 232-242.

Gong T., Berry M.J., Pitts M.W. 2016. Selenoprotein M: Structure, Expression and Functional
Relevance. Selenium: Springer, 253-260.

Harris J.R., Lippman M.E., Veronesi U., Willett W. 1992. Breast cancer. N Engl J Med.,
327: 319-328.

Jackson M.J. 2009. Skeletal muscle aging: role of reactive oxygen species. Crit. Care Med.,
37: S368-S371.

Jia Y., Dai J., Zeng Z. 2020. Potential relationship between the selenoproteome and cancer. Mol
Clin Oncol, 13(6): 83.

Juloski J.T., Rakic A., Cuk V.V, Cuk V.M., Stefanovié¢ S., Nikolié¢ D., Jankovié S., Trbovich A.M.,
De Luka S.R. 2020. Colorectal cancer and trace elements alteration. J Trace Elem Med
Biol., 59: 126451.

Kang D., Lee J., Wu C., Guo X., Lee B.J., Chun J.-S., Kim J.-H. 2020. The role of selenium
metabolism and selenoproteins in cartilage homeostasis and arthropathies. Exp Mol Med,
52: 1198-1208.

Kiziler A., Aydemir B., Guzel S., Alici B., Ataus S., Tuna M., Durak H., Kilic M. 2010. May the
level and ratio changes of trace elements be utilized in identification of disease progression
and grade in prostatic cancer? Trace Elem Electroly., 27(2): 65-72.

Kohzadi S., Sheikhesmaili F., Rahehagh R., Parhizkar B., Ghaderi E., Logmani H., Shahmoradi B.,
Mohammadi E., Maleki A. 2017. Evaluation of trace element concentration in cancerous
and non-cancerous tissues of human stomach. Chemosphere, 184: 747-752.

Labunskyy V.M., Hatfield D.L., Gladyshev V.N. 2014. Selenoproteins: molecular pathways and
physiological roles. Physiol. Rev., 94: 739-777.

Lappano R., Malaguarnera R., Belfiore A., Maggiolini M. 2017. Recent advances on the stimula-
tory effects of metals in breast cancer. Mol. Cell. Endocrinol., 457: 49-56.

Lavilla I., Costas M., San Miguel P., Millos J., Bendicho C. 2009. Elemental fingerprinting
of tumorous and adjacent non-tumorous tissues from patients with colorectal cancer using
ICP-MS, ICP-OES and chemometric analysis. Biometals, 22: 863-875.

Lee S.R. 2018. Critical role of zinc as either an antioxidant or a prooxidant in cellular systems.
Oxid Med Cell Longev., 2018: 9156285.

Lin J.H., Giovannucci E. 2014. Environmental exposure and tumor heterogeneity in colorectal
cancer risk and outcomes. Curr. Colorectal Cancer Rep., 10: 94-104.

Lin L.-C., Que J., Lin L.-K., Lin F.-C. 2006. Zinc supplementation to improve mucositis and
dermatitis in patients after radiotherapy for head-and-neck cancers: a double-blind, rando-
mized study. Int.d. Radiat. Oncol. Biol. Phys., 65: 745-750.

Mahata J., Basu A., Ghoshal S., Sarkar J., Roy A., Poddar G., Nandy A., Banerjee A., Ray K.,
Natarajan A. 2003. Chromosomal aberrations and sister chromatid exchanges in indivi-



302

duals exposed to arsenic through drinking water in West Bengal, India. MRGTEM,
534: 133-143.

Méplan C., Hesketh J. 2012. The influence of selenium and selenoprotein gene variants on colo-
rectal cancer risk. Mutagenesis, 27: 177-186.

Momen A.A., Khalid M.A.A., Elsheikh M.A.A., Ali D.M.H. 2015. Trace elements in scalp hair
and fingernails as biomarkers in clinical studies. JHS, 3: 28.

Popescu E., Stanescu A.M.A. 2019. Trace elements and cancer. Mod. Med., 26: 170.

Rehman S., Husnain S.M. 2014. A probable risk factor of female breast cancer: study on benign
and malignant breast tissue samples. Biol. Trace Elem. Res., 157: 24-29.

Reid ML.E., Duffield-Lillico A.J., Garland L., Turnbull B.W., Clark L.C., Marshall J.R. 2002.
Selenium supplementation and lung cancer incidence: an update of the nutritional preven-
tion of cancer trial. Cancer Epidemiol. Biomark. Prev., 11: 1285-1291.

Saleh F., Behbehani A., Asfar S., Khan 1., Ibrahim G. 2011. Abnormal blood levels of trace
elements and metals, DNA damage, and breast cancer in the state of Kuwait. Biol. Trace
Elem. Res., 141: 96-109.

Short S.P., Williams C.S. 2017. Selenoproteins in tumorigenesis and cancer progression. Adv.
Cancer Res., 136: 49-83.

Siddiqui M., Singh S., Mehrotra P., Singh K., Sarangi R. 2006. Comparison of some trace
elements concentration in blood, tumor free breast and tumor tissues of women with benign
and malignant breast lesions: an Indian study. Environ. Int., 32: 630-637.

Steinbrecher A., Méplan C., Hesketh J., Schomburg L., Endermann T., Jansen E., Akesson B.,
Rohrmann S., Linseisen J. 2010. Effects of selenium status and polymorphisms in seleno-
protein genes on prostate cancer risk in a prospective study of European men. Cancer Epide-
miol. Biomark. Prev., 19: 2958-2968.

Stepien M., Jenab M., Freisling H., Becker N.-P., Czuban M., Tjenneland A., Olsen A., Overvad K.,
Boutron-Ruault M.-C., Mancini F.R. 2017. Pre-diagnostic copper and zinc biomarkers and
colorectal cancer risk in the European Prospective Investigation into Cancer and Nutrition
cohort. Carcinogenesis, 38: 699-707.

Thompson P.A., Ashbeck E.L., Roe D.J., Fales L., Buckmeier J., Wang F., Bhattacharyya A.,
Hsu C.-H., Chow H., Ahnen D.J. 2016. Selenium supplementation for prevention of colorec-
tal adenomas and risk of associated type 2 diabetes. JNCI, 108(12): 1-10.

Varlamova E., Goltyaev M., Fesenko E. 2016. Expression of human selenoprotein genes
selh, selk, selm, sels, selv, and gpx-6 in various tumor cell lines. Dokl Biochem Biophys.,
468(1): 203-205.

Waks A.G., Winer E.P. 2019. Breast cancer treatment: a review. Jama, 321: 288-300.
Wu T., Sempos C.T., Freudenheim J.L, Muti P., Smit E. 2004. Serum iron, copper and zinc con-
centrations and risk of cancer mortality in US adults. Ann. Epidemiol., 14: 195-201.

Yang W., Shen Y., Wei J., Liu F. 2015. MicroRNA-153/Nrf-2/GPx1 pathway regulates radio-
sensitivity and stemness of glioma stem cells via reactive oxygen species. Oncotarget,
6: 22006.

Zaichick V., Zaichick S., Davydov G. 2016. Method and portable facility for measurement
of trace element concentration in prostate fluid samples using radionuclide-induced energy-
dispersive X-ray fluorescent analysis. Nucl Sci Tech., 27: 1-8.

Zowczak M., Iskra M., Torlinski L., Cofta S. 2001. Analysis of serum copper and zinc concentra-
tions in cancer patients. Biol. Trace Elem. Res., 82: 1-8.



