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Abstract. Breast cancer is the second most common cause 
of mortality in women; therefore, the identification of novel 
putative markers is required to improve its diagnosis and 
prognosis. Selenium is known to protect mammary epithe-
lial cells from oxidative DNA damage, and to inhibit the 
initiation phase of carcinogenesis by stimulating DNA repair 
and apoptosis regulation. Consequently, the present study 
has focused attention on the selenoprotein family and their 
involvement in breast cancer. The present study performed 
a global analysis of the seleno‑transcriptome expression in 
human breast cancer MCF‑7 and MDA‑MB231 cell lines 
compared with healthy breast MCF‑10A cells using reverse 
transcription‑quantitative polymerase chain reaction. The 
present data revealed the presence of differently expressed 
genes in MCF‑7 and MDA‑MB231 cells compared with 
MCF‑10A cells: Four downregulated [glutathione peroxidase 
(GPX)1, GPX4, GPX5 and GPX7] and three upregulated 
(deiodinase iodothyronine, type II, GPX2 and GPX3) genes. 
Additionally, interactomic investigation were performed by 
the present study to evaluate the association between the 
downregulated and upregulated genes, and to identify puta-
tive HUB nodes, which represent the centers of association 
between the genes that are capable of direct control over the 
gene networks. Network analysis revealed that all differen-
tially regulated genes, with the exception of selenoprotein T, 
are implicated in the same network that presents three HUB 

nodes interconnected to the selenoprotein mRNAs, including 
TP53, estrogen receptor  1 and catenin‑β1 (CTNNB1). 
Overall, these data demonstrated for the first time, a profile 
of seleno‑mRNAs specific for human breast cells, indicating 
that these genes alter their expression on the basis of the 
ER‑positivity or negativity of breast cancer cells.

Introduction

Human breast cancer is the most common invasive cancer and 
the second most common cause of mortality in women (1‑3). 
Age, being overweight, early menarche, late menopause, first 
pregnancy at a late age, the use of postmenopausal hormones, 
including estrogen and progesterone, and the presence of an 
inherited mutation in the BRCA1 or BRCA2 breast genes 
are major risk factors for breast cancer development (4). The 
growth of breast cancer cells is known to be regulated by 
estrogen via binding to estrogen receptors (ERs), which induces 
cell proliferation (5,6) and prevents apoptosis of cells (7,8). 
Additionally, oxidative stress has been associated with breast 
cancer development. Oxidative stress may cause DNA damage 
and induce the overexpression of vascular endothelial growth 
factor, which is key in tumor angiogenesis and neovasculariza-
tion (9). Furthermore, evidence suggests that oxidative stress 
directly affects neoplastic progression and metastasis  (9). 
Consequently, treating oxidative stress in tissues may decrease 
the metastatic potential of tumors (9). 

Selenium (Se) is an important micronutrient that is involved 
in antioxidant, anti‑inflammatory and antiviral mechanisms, 
and is co‑translationally incorporated into proteins in the form 
of selenocysteine (Sec) (10). Selenoproteins are classified into 
two groups. The first group are selenoproteins that have incor-
porated Sec using a specific process, which requires a UGA 
codon, Sec insertion sequence element and a specific tRNA 
(tRNA [Ser] Sec) (10). In these selenoproteins, the Sec residue 
is often observed at the active site, where it is critical for the 
function of the protein. A total of 25 selenoproteins have been 
identified in the human genome (11,12). Their biological func-
tions, including glutathione peroxidases (GPXs), deiodinase 
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iodothyronines (DIO) and thioredoxin reductases (TXRs), 
have been extensively studied, whereas those of other seleno-
proteins, such as selenoprotein K, remain largely unknown. 
By contrast, the second group of selenoproteins consists of 
Se‑binding proteins, where Se is bound by specific cysteine 
residues (13). It has been reported that Se protects mammary 
epithelial cells from oxidative DNA damage (14,15), inhibits 
the initiation phase of carcinogenesis, stimulates DNA 
repair, regulates apoptosis, and prevents angiogenesis (16,17). 
Furthermore, the association between Se status and breast 
cancer risk has been documented from clinical observations; 
Se levels in the sera of patients with breast cancer is decreased 
compared with healthy control sera (18), and alterations in Se 
homeostasis aggravate oxidative stress by stimulating tumor 
progression and metastasis (19).

The present study performed an analysis of the global 
expression of the seleno‑transcriptome family of genes in 
the human breast cancer MCF‑7 and MDA‑MB231 cell 
lines compared with healthy breast MCF‑10A cells using 
reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR). In addition, the present study performed network 
studies on the genes identified, in order to evaluate their 
inter‑associations and identify HUB nodes, which are impor-
tant in controlling associated genes.

Materials and methods

Cell culture. Two human breast cancer cell lines, ER‑positive 
MCF‑7 (HTB‑22; adenocarcinoma) and ER‑negative 
MDA‑MB231 (HTB‑26; adenocarcinoma), and human 
non‑cancerous mammary epithelial MCF‑10A cell line 
(CRL‑10317; fibrocystic disease) were obtained from Lonza 
(Verviers, Belgium). MCF‑7 and MCF‑10A cells were cultured 
in Dulbecco's modified Eagle's medium (DMEM; Lonza) and 
MDA‑MB231 cells were cultured in RPMI‑1640 (Lonza). 
The medium of all the cells was supplemented with 10% 
fetal bovine serum (Invitrogen™; Thermo Fisher Scientific, 
Inc., Waltham, MA, USA), penicillin/streptomycin (100X; 
Euroclone Ltd, Paignton, UK), Glutamax (100X; Invit-
rogen™) and non‑essential amino acids (100X; Invitrogen™) 
at 37˚C in a humidified atmosphere of 5% CO2. In addition, 
for MCF‑10A cells, DMEM was supplemented with human 
insulin (10 µg/ml; Thermo Fisher Scientific, Inc.), human 
epidermal growth factor (20 ng/ml; Thermo Fisher Scientific, 
Inc.) and hydrocortisone (0.5 µg/ml; Sigma‑Aldrich, St. Louis, 
MO, USA), according to a previously reported procedure (20).

RNA preparation and RT‑qPCR. Total RNA was extracted 
from MCF‑7, MDA‑MB231 and MCF‑10A cells using the 
RNAeasy Mini kit (Qiagen, Inc., Valencia, CA, USA), 
according to the manufacturer's protocol. The extracted RNA 
was dissolved in diethyl pyrocarbonate treated water, and 
its concentration and purity were assessed by measurement 
of optical density at 260⁄280 nm, using a NanoDrop 2000 
spectrophotometer (Thermo Scientific, Inc., Wilmington, 
DE, USA). In total, 2 µg of total RNA of each sample was 
reverse‑transcribed with SuperScript VILO cDNA Synthesis 
kit (Invitrogen™), according to the manufacturer's protocol, 
and subsequently diluted to 1:20 with nuclease‑free water 
(Ambion®; Thermo Fisher Scientific, Inc.). RT were performed 

in a Veriti® Thermal Cycler (Thermo Fisher Scientific, Inc.) 
with the following thermal cycling conditions: 25˚C for 10 min, 
followed by 42˚C for 60 min, 85˚C for 5 min and chilling at 
4˚C. The RT products were used to perform a qPCR in order to 
evaluate the expression level of seleno‑transcripts. Sequences 
for mRNAs from a nucleotide data bank (National Center for 
Biotechnology Information, U.S. National Library of Medi-
cine, Bethesda MD, USA) were used to design primer pairs for 
qPCR (Primer Express software v.3.0.1; Applied Biosystems®; 
Thermo Fisher Scientific, Inc.) (Table I). Oligonucleotides 
were synthesized by Sigma‑Aldrich. The efficiency of each 
primer pair was calculated according to standard method 
curves, using the equation E=10‑1/slope. Five serial dilutions 
were set up to determine Cq values and reaction efficiencies 
for all primer pairs. Standard curves were generated for each 
oligonucleotide pair using Cq values vs. the logarithm of each 
dilution factor. qPCR assays were run on an ABI 7900HT 
Fast Real‑Time PCR System (Applied Biosystems®). Total 
RNA (2  µg) was reverse-transcribed using SuperScript 
VILO cDNA Synthesis kit (Invitrogen™), according to the 
manufacturer's protocol. In total, 10 ng cDNA was amplified 
in a total volume of 25 µl containing 1X SYBR Green PCR 
Master Mix (Applied Biosystems®) and 300 nM of forward 
and reverse primers. The thermal cycling conditions were as 
follows: 5 min of denaturation at 95˚C followed by 44 cycles at 
95˚C for 30 sec, and 60˚C for 1 min. An extra cycle was used 
for melting curve analysis (95˚C for 15 sec, 60˚C for 15 sec 
and 95˚C for 15 sec) to verify the presence of a single product. 
Each assay included a no‑template control for each primer pair. 
To capture intra‑assay variability, all RT‑qPCR reactions were 
performed in triplicate. For all RT‑qPCR experiments, the 
data from each cDNA samples were normalized using β‑actin 
mRNA as an endogenous level (21). Sample ΔCq values were 
calculated as the difference between the means of selenopro-
tein markers Cq and housekeeping assay Cq from the same 
sample. 2∆∆Cq values were determined in order to define the 
fold change of selenoprotein expression levels in tumor cells 
compared to the non‑cancerous MCF‑10A cells (22). These 
data were also confirmed by Relative Expression Software 
Tool (www.gene‑quantification.com/rest.html) based on the 
Pfaffl method (23,24). Fold expression >1x indicated a signifi-
cance between selenoprotein expression levels.

Bioinformatics analysis. Network analysis was performed 
by Ingenuity Pathway Analysis (IPA) program (Ingenuity®; 
Qiagen, Inc.), using the same procedure reported previ-
ously (25). Briefly, IPA builds and investigates transcriptional 
networks to identify regulatory events from signaling to tran-
scriptional effects.

Results and Discussion

RT‑qPCR evaluations on human breast cancer and 
non‑cancerous cell lines. The gene expression profiles of 
human breast cancer MCF‑7 and MDA‑MB231  cells in 
comparison with non‑cancerous breast MCF‑10A cells were 
assessed using RT‑qPCR. The results revealed that there 
were four downregulated (GPX1, GPX4, GPX5 and GPX7) 
and eight upregulated [DIO1, DIO2, DIO3, selenoprotein T 
(SELT), selenoprotein  W1 (SEPW1), selenoprotein  X1 
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(SEPX1), GPX2 and GPX3] genes in MCF‑7 cells, and five 
downregulated (GPX1, GPX4, GPX5, GPX6 and GPX7) and 
four upregulated [DIO2, selenoprotein 15 (SEP15), GPX2 
and GPX3] genes in MDA‑MB231  cells compared with 
non‑cancerous cells (Fig. 1). In particular, four downregulated 

(GPX1, GPX4, GPX5 and GPX7) and three upregulated 
(DIO2, GPX2 and GPX3) genes were common between the 
two breast cancer cell lines. However, it cannot be excluded 
that this result may be due to intrinsic phenotypic differences 
between the two breast cancer cell lines, since MCF7 cells are 

Table I. Parameters for reverse transcription‑polymerase chain reaction analysis.

Gene	 Melting temperature, ˚C	 Annealing temperature, ˚C	 Primer sequence 5'‑3'	 Bp

DIO1	 59.8	 61.0	 F, AGCTTACTCTGGCTTTGCCGA	 21
			   R, TATTACCCGTCTTCTCGCCCA	 21
DIO2	 59.8	 60.0	 F, CTTACTCTGGCTTTGCCGAGA	 21
			   R, CAGGATGTTCCGCTTGACTCT	 21
DIO3	 59.8	 60.0	 F, GGTAGTTTCCCCCGCTTGTTT	 21
			   R, TTTAGGTGCTGCTTTGAGGCC	 21
GPX1	 59.8	 60.0	 F, TTATGACCGACCCCAAGCTCA	 21
			   R, ATGTCAATGGTCTGGAAGCGG	 21
GPX2	 57.3	 58.0	 F, GGAGAATGAACCCAAGCGAA	 20
			   R, CAGGTTTGTCACAGCCAGTGAT	 22
GPX3	 59.8	 60.0	 F, TCTCATCCCATGTCCACCATG	 21
			   R, TGCATCCATTTGTGCCAGG	 19
GPX4	 59.8	 60.0	 F, AGAGATCAAAGAGTTCGCCGC	 21
			   R, TCTTCATCCACTTCCACAGCG	 21
GPX5	 57.9	 58.0	 F, TCCTTCCACGACAATGGTTCA	 21
			   R, TGTGACTGTGACCCCATTGCT	 21
GPX6	 59.8	 61.0	 F, CAGAAACCCCACCTCACATGA	 21
			   R, TGCCATGACCTGAATGCACT	 20
GPX7	 57.9	 56.0	 F, TTGGTCCCATCATTCTTGTGG	 21
			   R, GGCTGGTGATTCACTGGTCAA	 21
SELI	 56.7	 59.0	 F, AAAGGCCAGGTTCCCAGAA	 19
			   R, CAATCCTGCTGCAGTCCAAGT	 21
SELK	 57.3	 59.0	 F, AATCAATCATCTGCGTGGCC	 20
			   R, TGGTCAGCCTTCCACTTCTTG	 21
SELM	 57.9	 61.0	 F, TCACGCAGGACATTCCATTCT	 21
			   R, CCTGCACTAGCGCATTGATCT	 21
SELS	 59.8	 56.0	 F, CAGCTGCTCGACTGAAAATGC	 21
			   R, GCATGCTGTCCCACATTTCAA	 21
SELT	 57.9	 58.0	 F, TCAATCCCACACCATCGATCA	 21
			   R, ACAACGAGCCTGCCAAGAAAG	 21
SEP15	 59.8	 59.0	 F, ATCGGAGGCATGCAGAGAGTT	 21
			   R, TCTGCAATCAGGATCCAGCTG	 21
SEPHS2	 57.3	 60.0	 F, CGGCTCGCTTTTGTTCTGAA	 20
			   R, TCGCGGCTTGTCAATGATC	 19
SEPX1	 59.8	 61.0	 F, AGCGGCTGTTGCTCCATAACT	 21
			   R, ATTTCAGCATCACCCACCCTC	 21
SEPW1	 59.8	 60.0	 F, GTTTATTGTGGCGCTTGAGGC	 21
			   R, CCATCACTTCAAAGAACCCGG	 21
TRXR1	 57.9	 60.0	 F, CACAATTGGAATCCACCCTGT	 21
			   R, GGTTTGCAGTCTTGGCAACA	 20
TRXR2	 57.9	 62.0	 F, AGGACATTTGCTGGTCGAAGC	 21
			   R, GGAATCCCCTGGAAAAACGTT	 21
β‑actin	 59.8	 61.0	 F, GGTGGCTTTTAGGATGGCAAG	 21
			   R, ACTGGAACGGTGAAGGTGACA	 21

DIO, deiodinase iodothyronine; GPX, glutathione peroxidase; SEL/SEP, selenoprotein; SEPH52, selenophosphate synthetase 2; TRXR, thio-
redoxin reductase; F, forward; R, reverse.
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ER‑positive and MDA‑MB231 cells are ER‑negative. Further-
more, MDA‑MB231 cells are known to constitutively express 
mutated tumor protein (TP) 53 gene, whereas MCF‑7 cells 
have wild‑type TP53; therefore, MDA‑MB231 cells are char-
acterized with a more malignant phenotype (26).

Recent advances in cancer research reveal that tumor 
development cannot be understood only through genetic muta-
tions of cancerous cells; gene and protein inter‑associations, 
which are associated with and regulate metabolic processes, 
should be also considered (27). Therefore, to understand the 
role of the seleno‑transcriptome in breast cancer, the present 
study focused on the functional role of the components of this 
family. In general, DIO1, DIO2, and DIO3 constitute a group 
of dimeric integral membrane thioredoxin fold‑containing 
proteins, which activate or inactivate the thyroid hormone, 
depending on their action on the phenolic or the tyrosyl ring 
of iodothyronines. In addition, it is well known that the thyroid 
hormone, as well as estrogens, acts via nuclear receptors, and 
the mRNA level of the hormone is altered in breast cancer 
tissues (28). It is also known that thyroid hormone receptors 
bind to an estrogen response element of target gene promoters, 
which affects the estrogen‑dependent gene transcription (29). 
A study on breast cancer cell lines have revealed that the 
thyroid hormone stimulates cell growth and division in the 
ER‑positive MCF‑7 cell line  (30). This highlights that the 
thyroid hormone is clearly associated with the expression of 
the three DIOs; therefore explaining their overexpression in 
the MCF‑7 cells observed in the present study.

The GPX family is composed of seven components known 
to catalyze the reduction of H2O2 or organic hydroperoxides 
to water or corresponding alcohols using reduced glutathione 
as an electron donor. In mammalian tissues, there are five 
major Se‑dependent GPX isozymes: GPX1 are located in the 
cytosol, nucleus and mitochondria of erythrocytes, and the 
liver, lung and kidney; GPX2 in the cytosol and nucleus, and 
the gastrointestinal tract; GPX3 in the mitochondria of several 

organs, including the kidney, lung, epididymis, breast, heart 
and muscle; GPX4 in the nucleus, cytosol and mitochondria 
of various tissues; and GPX6 in the olfactory epithelium. By 
contrast, GPX5, secreted in the epididymis, does not have Sec 
at the active site, and GPX7, recently described as a novel phos-
pholipid hydroperoxide glutathione peroxidase, incorporates 
cysteine instead of Sec in the conserved catalytic motif (31). 
The best characterized member of the GPX family is GPX1, 
which uses reducing equivalents from glutathione to detoxify 
peroxides (32) and is decreased in tumor cells compared with 
their normal counterparts (33). Therefore, the present results 
for GPX1 in the two breast cancer cell lines are in agreement 
with data reported for other cancers (32,33). GPX5, which is 
androgen‑regulated (34), was demonstrated to be associated 
with overall survival among patients with non‑small cell lung 
cancer (35), but no data about its possible involvement in breast 
cancer has been reported. Therefore, the present study suggests 
for the first time the role of GPX5 in breast cancer. In addition, 
for GPX4 and GPX7, the present results confirmed the general 
observations that they are clearly inter‑associated from a func-
tional point of view, and this may explain why the two genes 
are downregulated in the present experiments. These two 
enzymes present similar structural features and are involved 
in countering the effects of oxidative damage particularly to 
membrane lipids, and they often have a reduced expression in 
cancer (34). In detail, GPX4 has been demonstrated to have a 
reduced expression in a number of cell lines, including breast 
cancer MCF‑7, colon cancer HT29 and ovarian cancer A2780 
cell lines (36), while the absence of non‑Sec phospholipid 
hydroperoxide glutathione peroxidase complex with GPX6 
expression has been identified in the majority of breast cancer 
cell lines  (37). The potential role in alleviating oxidative 
stress induced by dietary consumption of fatty acids has been 
suggested for GPX7 in breast cancer cells (38). By contrast, 
in the present study, GPX2 and GPX3 were upregulated in 
ER‑positive MCF‑7 and ER‑negative MDA‑MB231 cells. This 

Figure 1. Differences in the expression levels of (A) DIO, (B) seleno‑mRNAs and (C) GPXs in human breast cancer MCF‑7 (black) and MDA‑MB231 (grey) 
cells compared with human breast non‑cancerous MCF‑10A cells. Fold changes >±1 were considered significant. *P<0.05, **P<0.01 and ***P<0.001. DIO, 
deiodinase iodothyronine; GPX, glutathione peroxidase; SEL/SEP, selenoprotein; SEPH52, selenophosphate synthetase 2; TRXR, thioredoxin reductase.

  A   B

  C
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may be explained by their known effects in cancer. GPX2 is 
required in healthy tissues to maintain normal self‑renewing 
of the gastrointestinal epithelium and to reduce inflammatory 
processes. Therefore, GPX2 should inhibit carcinogenesis; 
however, once a cell has been programmed to proliferate in 
an uncontrolled way, GPX2 supports the growth of cells by 
inhibiting apoptosis (39). This appears to be consistent with 
the present results. GPX3 was also identified as upregulated in 
the present study; therefore, it may be considered that GPX3 is 
a major scavenger of reactive oxygen species produced during 
normal metabolism or following oxidative insult. In addition, 
GPX3 is downregulated by promoter hyper‑methylation in 
several types of human cancer, which suggests its function as a 
tumor suppressor (40). However, GPX3 has also been revealed 
to be highly upregulated in epithelial ovarian carcinoma, where 
it was proposed as a molecular marker that was highly specific 
for clear cell carcinoma  (41). In addition, GPX3 directly 
targets the ERα gene in white adipose tissue, for which it was 
proposed as an important mediator of the estrogen effects in 
association with fat mass (42). Considering the link between 
visceral fat and breast cancer initiation and progression (43), it 
is reasonable to observe an overexpression of GPX3 in breast 
cancer cells. However, more specific studies are required to 
deeply understand the specific role of GPX3 in breast cancer.

SEP15, SEPW1 and SELT proteins share a similar 
structural feature; they have a thioredoxin‑like domain in 

common. However, SEPW1 has been revealed to be involved 
in cell cycle progression (44), where it facilitates the G1 to 
S‑phase transition by downregulating the expression of the 
cyclin‑dependent kinase inhibitor p21 via controlling the 
levels of TP53 transcription factor (44). In the literature, it 
is also reported that SELT is involved in cell adhesion, the 
expression of several oxidoreductase genes, cell structural 
organization, redox regulation and cell anchorage. However, 
it has also been revealed that SEPW1 may functionally 
compensate for SELT expression (45). Therefore, these data 
demonstrate that SEPW1 and SELT are inter‑associated and 
may explain why they were upregulated in the present study. 
SEP15 is involved in redox function, as well as carcinogen-
esis (46). It has been demonstrated that SEP15 has a role in 
allelic loss during breast cancer development (47), which is in 
agreement with the present data.

By contrast, SEPX1 belongs to the methionine sulfoxide 
reductase B (MSRB) family, and for this reason it is also 
termed MSRB1 (48). High levels of its transcript were detected 
in human breast cancer MCF7 cells, whereas lower levels were 
detected in highly aggressive MDA‑MB231 cells (48). The 
present data are in clear agreement with this previous study.

Network analysis. To evaluate the inter‑associations between 
these downregulated and upregulated genes, as well as to 
identify putative HUB nodes capable of exerting direct control 

Figure 2. Network analysis of genes identified in human breast cancer cells. Downregulated and upregulated genes, yellow; HUB genes, blue; other genes, white.
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over them, the present study used an IPA algorithm. Fig. 2 
reveals that all the differentially regulated genes, with the 
exception of SELT, are implicated in the same network that 
presents three HUB nodes interconnected to the selenoprotein 
mRNAs, including TP53, estrogen receptor 1 (ESR1) and 
catenin‑β1 (CTNNB1).

In detail, analyzing the associations between downregu-
lated and upregulated genes using the IPA algorithm (Fig. 2) 
revealed the following: ESR1 binds TP53 and CTNNB1; TP53 
binds GPX family and SEPX1; and CTNNB1 binds DIO1, 
DIO2, GPX2, SEPW1 and SEP15 through cAMP response 
element‑binding protein (CREB). In general, CTNNB1 
regulates the coordination of cell‑cell adhesion and gene 
transcription, and acts in the Wnt signaling pathway as an 
intracellular signal. However, CTNNB1 is also known to 
bind ESR1 during estrogen signaling (49), and to increase 
the transcriptional activity of human TP53 (50), which is the 
most frequently mutated gene in human cancer and is often 
referred to as ‘the guardian of the genome’ (44). In response to 
genomic stresses, TP53 causes cell cycle arrest to allow time 
for genomic damage to be repaired prior to cell division, or 
induces apoptosis to eliminate irreparably damaged cells (44). 
In addition, TP53 activation is affected by the cellular tran-
scription factor CREB, which binds SEP15 (51,52). However 
it is inactivated by expression of SEPX1‑mRNA, which also 
involves the oncogenic mutant HRAS protein (53). Further-
more, the literature reports that CTNNB1 is involved in the 
expression of human SEPW1 (54), DIO1 (55), GPX2 and DIO2 
mRNA by binding to human T‑cell signaling factor (56).

Overall, the network analysis suggests a reasonable role for 
CTNNB1 as an upstream regulator, since it is an important 
link connecting the DIOs, the GPXs, the seleno‑mRNAs 
belonging to the thioredoxin‑like family, TP53 and the ER, 
which are important in ER‑positive MCF‑7 cells.

Conclusion. The present study revealed a profile of 
seleno‑mRNAs specific for human breast cells, and demon-
strated that these genes alter their expression on the basis of the 
ER‑positivity or negativity of breast cancer cells. In addition, 
the present study identified HUB nodes that represent the asso-
ciation centers and control the genes, and this data suggested 
the potential role of CTNNB1 in breast cancer cells. These data 
are notable, since there is little data reported in the literature 
concerning the evaluation of the entire seleno‑transcriptome 
in cancer cell lines and tissues; the literature only reports a few 
seleno‑mRNAs (57). Recently, the present authors evaluated 
the global expression of the seleno‑transcriptome in human 
hepatocellular carcinoma HepG2 and Huh7 cells compared 
with normal human hepatocytes. That study revealed 
seleno‑mRNAs that are specific to liver cancer in the absence 
of viral infection or genetic mutations (57).

Novel studies are required to evaluate the seleno‑transcrip-
tome in bioptic tissues of breast cancer patients to confirm 
the results obtained by the present study, and to suggest novel 
markers to improve the diagnosis and prognosis of this cancer.
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