
Selenoprotein W was Correlated with the Protective Effect
of Selenium on Chicken Myocardial Cells from Oxidative Damage

Wei Liu1,2
& Haidong Yao1 & Wenchao Zhao1 & Yuguang Shi3 & Ziwei Zhang1 &

Shiwen Xu1

Received: 15 August 2015 /Accepted: 29 September 2015 /Published online: 14 October 2015
# Springer Science+Business Media New York 2015

Abstract Selenium (Se) mainly performs its function through
Se-containing proteins. SelenoproteinW (SelW), one member
of the selenoprotein family, plays important roles in the nor-
mal function of the heart. To investigate the possible relation-
ship between Se and SelW for the regulation of oxidative
damage in chicken embryo myocardial cells, we treated myo-
cardial cells with Se and H2O2. Then, the levels of lactate
dehydrogenase (LDH) and 3,4-methylenedioxyamphetamine
in the culture media, levels of SelW, inflammatory genes
NF-κB, tumor necrosis factor (TNF)-α, p53, and the cell cycle
were analyzed. Furthermore, the correlation between SelW
and the levels of these factors was determined. The results
indicated that Se treatment increased the expression of SelW
(P < 0.05) and caused a downregulation of p53, NF-κB, and
TNF-α (P < 0.05). In contrast, H2O2 increased the expression
of p53, NF-κB, TNF-α, and LDH (P < 0.05) and induced
early cell apoptosis, which was alleviated by treatment with
Se. In addition, SelW had a positive correlation with the levels
of inflammatory genes investigated. Taken together, our find-
ings suggested that SelW is sensitive to Se levels and oxida-
tive stress, and may play a role in the protective function of Se

against oxidative damage and inflammation in chicken myo-
cardial cells.
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Introduction

Selenium (Se) is recognized as an essential nutritional trace
element for organisms. It plays a vital role in the normal phys-
iology of a wide range of species, including birds. Numerous
lines of evidence suggest Se has an important role in many
aspects of health, including chemopreventive effects [1, 2],
muscle metabolism [3], oxidant defense [4], neurobiology
[5], aging [6], and reproduction [7]. Se deficiency causes de-
generative muscle diseases in humans, cattle, pigs, turkey,
sheep, ducklings, and chicks [8–10] that are characterized by
the degeneration and necrosis of skeletal and cardiac muscle.
Therefore, Se is essential for the health of animals and cells
lines. Se performs its biological functions through the incor-
poration of the amino acid selenocysteine (Sec) into a unique
class of proteins called selenoproteins. Approximately 25
families of selenoprotein genes have been identified in ani-
mals, and a variety of beneficial biological functions of
selenoproteins on health have been described [10–14].

Selenoprotein W (SelW), one member of the selenoprotein
family, is highly expressed in the brain of chickens [15] and in
proliferating C2C12 myoblasts [16]. In a previous study, we
sequenced the complementary DNA (cDNA) of SelW from
chicken cerebral tissue [15] and observed that the structure of
chicken SelWwas similar to that of other mammals. Our prior
studies showed that chicken SelW has an antioxidative func-
tion in types of cell lines [17]. In addition, SelW promotes a
sensitive response to supplemental Se treatment in chickens
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[18]. However, there have been few reports of the role of SelW
in chicken myocardial cells; therefore, the specific role of
SelW requires further study.

Oxidative stress occurs when intracellular oxidative
factors exceed or damage the cell antioxidant protection
system. H2O2 is an oxidant that enhances the inflamma-
tory response and the expression of inflammatory factors,
tumor necrosis factor (TNF)-α, and NF-κB. However,
oxidative damage may alleviate by antioxidative enzymes
[19]. Cells can defend against excessive reactive oxygen
species by superoxide dismutase, catalase, and other an-
tioxidative selenoproteins such as the Gpx family mem-
bers, Gpx1, Gpx2 Gpx3, and Gpx4; Txnrd family mem-
bers, Txnrd1, Txnrd2, and Txnrd3 [19, 20]; and other
identified or possible antioxidative selenoproteins, SelW,
Selk, and Sepn1. In addition, Se also has an antioxida-
tive function in cells. Se reduces apoptosis induced by
H2O2 [21]. Thus, as the executor of Se, selenoprotein
may be directly related to the redox regulatory role of
Se. SelW is an important antioxidative selenoprotein in
the heart and might be related to the oxidative regulatory
role of Se and other oxidative factors. However, the pos-
sible relationship between Se and SelW during oxidative
damage in chicken embryo myocardial cells is unclear.
Whether SelW is involved in the process of Se protection
against oxidative damage is unknown. In the present
study, we investigated the effect of Se on oxidative inju-
ry biomarkers, inflammatory responses, and the expres-
sion of SelW in chicken embryo myocardial cells treated
with Se and H2O2 and analyzed the correlation between
SelW and oxidative injury and inflammatory gene
expression.

Materials and Methods

Isolation and Identification of Primary Chick Embryo
Myocardial Cells

Primary culture of chicken embryo-driven myocardial cells
was prepared as described by Yablonka and Sato with some
modifications [22, 23]. Briefly, cells were isolated from the
heart of 12-day-old chicken embryos, minced, and digested
with 0.12 % collagenase type II (Invitrogen, Carlsbad, CA,
USA). To release single cells, the suspension was triturated by
gentle pipetting and filtered to remove large debris. Then, the
supernatant was collected every 5 min. The cells were harvest-
ed by 800 cycles of centrifugation and by differential adher-
ence two times (1.5 and 1 h, respectively). Non-adherent cells
were grown after counting. Primary chick embryo myocardial
cells were seeded in six-well plates (Jet, China) coated at a
density of 2 × 105 cells/cm2 with DMEM/F12 at 37 °C in
humidified 95 % air—5 % CO2.

Effects of Se on the Expression of SelW

Real-time PCRwas used to detect the expression of SelW. The
cells were treated with 10−9–10−5 M sodium selenite for 24,
48, and 72 h, respectively. Cell morphology was observed.
Total RNAwas isolated from cells and the supernatant using
TRIzol reagent according to the manufacturer’s instructions
(Invitrogen). The dried RNA pellets were resuspended in
50 μL of diethyl-pyrocarbonate-treated water. The concentra-
tion and purity of the total RNAwere determined spectropho-
tometrically at 260/280 nm. First-strand cDNA was synthe-
sized from 5 μg of total RNA using oligo dT primers and
Superscript II reverse transcriptase according to the manufac-
turer’s instructions (Invitrogen). Synthesized cDNAwas dilut-
ed five times with sterile water and stored at −80 °C before
use. Reaction mixtures were incubated in the ABI PRISM
7500 real-time PCR system (Applied Biosystems, USA).
The primers used in this study were SelW: forward:
gcaggaggtcacgggatggt and reverse: acgggagggcgacttggat; β-
actin: forward: ccgctctatgaaggctacgc and reverse:
ctctcggctgtggtggtgaa. Reactions consisted of the following:
10 μL of 2× SYBRGreen I PCRMaster Mix (Takara, China),
2 μL of either diluted cDNA, 0.4 μL of each primer (10 μM),
0.4 μL of 50× ROX reference Dye II, and 6.8 μL of PCR-
grade water. The PCR program for SelW was 1 cycle at 94 °C
for 3 min, 40 cycles at 95 °C for 30 s, and then 60 °C for 30 s.
The melting curve analysis showed only one peak for each
PCR product. Electrophoresis was performed with the PCR
products to verify primer specificity and product purity. The

Fig. 1 Primary chicken embryo myocardial cell separation. The chicken
embryomyocardial cells were seeded in six-well plates 0, 24, 48, and 72 h
after isolation. The myocardial cell was visualized under light microscopy
(magnification, ×100; bar, 100 μm)
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messenger RNA (mRNA) relative abundance was calculated
according to the method of Pfaffl, accounting for gene-
specific efficiencies and was normalized to the mean expres-
sion of actin.

Cell Viability Assay

Cell viability was measured by the MTT method. Briefly, cells
were cultured in a 96-well plate with a flat bottom in a final
volume of 100 μL/well culture medium. The cells were treated
with 0, 1, 5, 10, 50, 100, or 200 μM H2O2 for 2, 4, or 24 h,
respectively. MTT was added to each well, and the cells were
cultured for an additional 2.5 h. The absorbance of samples was
measured at a wavelength of 450 nm using a microtiter plate
reader (Sunrise Remote/Touch screen, Columbusplus, Austria).

Protection Assay

Cells were seeded into six-well plates at appropriate densities
and cultured overnight. Then, the cells were divided into four
groups: 1, normal cell group; 2, sodium selenite pretreatment
group; 3, sodium selenite pretreatment plus H2O2 injury
group; and 4, H2O2 injury group. Cells of the sodium selenite
pretreatment group and the sodium selenite pretreatment plus
H2O2 injury group were treated with different concentrations
of 107 M of sodium selenite for 48 h, and then the cells in the
sodium selenite pretreatment plus H2O2 injury group and the
H2O2 injury group were treated with 50 μM H2O2 for 2 h.

Finally, the following indicators were measured for each
group:

A. LDH content in the supernatant from each group was
measured by Nanjing Jiancheng kit. Separated culture
media was stored at 2–8 °C, and assays were completed
within 8 h.

B. Cell cycle assay in each group. (1) The cell density was
adjusted to 106/mL, and the cells were seeded to 6-well
plates, with each well containing 1.0 mL cells; (2) cells
were grouped and treated as above; (3) cells were harvest-
ed and washed with ice-cold phosphate-buffered saline
(PBS); (4) cells were fixed with 1 mL 70 % ice-cold
ethanol for 2 h at 4 °C and then centrifuged at 1000×g
for 5 min. Next, the cells were washed and resuspended in
500 μL PBS containing 25 μL propidium iodide (PI,
2.5 mg/mL) and 10 μL RNase A (2.5 mg/mL) for
30 min at 37 °C in the dark; (5) cells were immediately
observed by flow cytometry.

C. Real-time PCR assay. Real-time PCR was used to detect
the expression of inflammatory factors. The primers used

Fig. 3 Culturedmyocardial cells, exposed to 50μMH2O2 for 0, 2, 4, and
24 h. The myocardial cell was visualized under light microscopy
(magnification, ×100; bar, 100 μm)

Table 1 Effect of Se on the changes of LDH concentrations in culture medium (mean ± SD), n = 3

Control 10−9 Se 10−8 Se 10−7 Se 10−6 Se 10−5 Se

24 h 374.06 ± 46.0 390.19 ± 39.3 332.00 ± 33.2 307.06 ± 26.7 302.41 ± 24.1 319.28 ± 28.1

48 h 348.27 ± 27.8 323.19 ± 31.9 327.84 ± 34.8 327.59 ± 36.2 365.25 ± 55.2 379.28 ± 62.8

72 h 319.28 ± 29.8 360.59 ± 56.9 356.69 ± 49.9 389.94 ± 65.8* 494.59 ± 75.4 627.59 ± 97.5#

*P < 0.05 vs. control; #P < 0.05 vs. 10−7 M Se treatment

Fig. 2 Effects of Selenite on expression of SelW. The chick embryo
myocardial cells were incubated with 10−9, 10−8, 10−7, 10−6, and
10−5 M Se for 24, 48, and 72 h, respectively. Data were obtained from
three experiments for each group (n = 3). *P < 0.05 vs. control
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in this study were p53: forward: gagatgctgaaggagatgaatgag
and reverse: gtggtcagtccgagcctttt; TNF-α: forward:
gcccttcctgtaaccagatg and reverse: acacgacagccaagtcaacg;
NF-κB: forward: tcaacgcaggacctaaagacat and reverse:
gcagatagccaagttcaggatg.

D. Western blotting assay. Briefly, protein extracts were sub-
jected to SDS-polyacrylamide gel electrophoresis under
reducing conditions on 15 % gels. Separated proteins
were then transferred to nitrocellulose membranes using
a tank transfer for 2 h at 100 mA in Tris-glycine buffer
containing 20 % methanol. Membranes were blocked
with 5 % skim milk for 1 h and incubated overnight with
diluted primary antibodies (SelW, p53, TNF-α, NF-κB)
followed by a horseradish peroxidase conjugated second-
ary antibody rabbit IgG (1:1000, Santa Cruz Biotechnol-
ogy, USA) or goat (1:1000, Santa Cruz Biotechnology).
To verify equal loading of samples, the membrane was
incubated with a monoclonal β-actin antibody (1:1000,
Santa Cruz Biotechnology), followed by a horseradish
peroxidase conjugated goat anti-mouse IgG (1:1000).
The signal was detected by an X-ray film (Trans Gen
Biotech Co., Beijing, China).

Statistical Analyses

Statistical analysis of Se concentration and mRNA levels were
performed using SPSS statistical software for Windows (ver-
sion 13; SPSS Inc., Chicago, IL, USA). The effect on mRNA

levels in chickens was assessed by one-way analysis of vari-
ance. Data were presented as the mean ± SD. Differences were
considered to be significant when P < 0.05.

Results

Primary Chick Embryo Myocardial Cell Separation
and Identification

As shown in Fig. 1, we isolated primary chick embryo myo-
cardial cells. Fibroblasts were removed using a differential
speed adherent culture method, and the remaining cells began
to adhere at 24 h, spread morphologically at 48 h, and indi-
vidual cells showed rhythmic contractions after 72 h, and all
cells formed a connection and displayed rhythmic contrac-
tions as a whole. We also identified these cells through
hematoxylin-eosin staining (not shown in here) and smooth
muscle actin staining. Taken together, these studies indicated
the isolated cells were primary chick embryomyocardial cells.

Effects of Se on the Expression of SelW

To investigate the roles of Se, we studied the effects of selenite
on SelWexpression. Compared with control group, there was
a significant increase in SelW expression at 48 h treated with
different concentration of selenite (P < 0.05 Fig. 2), indicating
selenite promotes SelW expression and that SelW might play
an important role in protection against selenite. However, our
results showed that the protein expression of SelW was sig-
nificantly decreased at 72 h (P < 0.05); thus, we considered
whether the phenomenon of selenium poisoning existed. We
examined the level of LDH in the supernatant of cells cultured
with different selenium concentrations at 24, 48, and 72 h. The
results in Table 1 show that the amount of LDH was increased
with an increase of incubation time and concentration of sele-
nium. The level of LDH was significantly elevated at 72 h in
the 10−7 M selenium group (P < 0.05) and was higher in the
10−5 M Se group compared with the 10−7 M selenium group.
These results suggested that the phenomenon of selenium poi-
soning exists. When the cells were treated with 10−7 M sele-
nite for 48 h, SelW was maximally increased. Therefore, this
condition was used for the protection test.

Table 2 The LDH concentrations in culture medium under Se and H2O2 (mean ± SD), n = 3

Control Se (10−7 M) Se/H2O2 (50 μM) H2O2 (50 μM)

LDH (U/L) 453.03 ± 73.3 461.34 ± 78.4 473.81 ± 85.1 881.13 ± 98.6*#

*P < 0.05 vs. control; #P < 0.05 vs. 10−7M Se treatment + H2O2

Fig. 4 H2O2 inhibition of myocardial cells. Viability of cultured
myocardial cells was decreased upon treatment of cells with 50 μM
H2O2 for 0, 2, 4, and 24 h
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H2O2 Inhibition of Myocardial Cells

As shown in Figs. 3 and 4, there was a significant inhibition of
H2O2 on the cell viability of the myocardial cells. Morpholog-
ically, we observed that cell contraction was increased,
myocyte volume was smaller, the bridge structure was re-
duced, and the gap increased between cells at 50–200 μM,
2 h. When the cells were treated with 50 μM of H2O2 for 2 h,
cell growth was suppressed; therefore, this condition was used
for the protection test.

The Protective Effects of Se

To study the specific function of Se, we found that LDH con-
tent from the selenite pretreatment group was significantly
lower than in the H2O2 injury group (P < 0.05) and that the
G0/G1 ratio in the selenite pretreatment group was significant-
ly lower than in the H2O2 injury group (P < 0.05) (Tables 2
and 3). These data suggested in myocardial cells, Se was pro-
tective against H2O2-induced damage.

Effects of Selenite on the Expression of SelW
and Inflammatory Genes

To further demonstrate the effect of SelW, SelW mRNA ex-
pression in myocardial cells during the protection assay was
examined (Fig. 5). The results confirmed that the expression
of SelW decreased after H2O2 treatment (P < 0.05, vs. con-
trol). However, in the group with Se and H2O2, a greater
increase of SelW mRNA expression was observed
(P < 0.05, vs. H2O2 treatment).

We examined the roles of cell signaling pathway-
associated proteins after selenite and H2O2 treatment. At the
mRNA level, p53, TNF-α, and NF-κB transcription-related
factors in the Se pretreatment group were significantly lower
than in the H2O2 injury group (P < 0.05) (Fig. 6). Furthermore,
the change of protein level was similar to the gene expression
(Fig. 7). These results suggest that selenite protects cells from
H2O2 damage by inhibited activating genes, which regulate
the cell cycle, which was activated by p53. Calculations of the
Pearson correlation coefficients (Table 4) for inflammatory
genes and SelW indicated a correlation (r < −0.40;
P < 0.05), and the correlation (r > 0.90; P < 0.05) between

inflammatory gene expressions was high indicating there may
be interaction between these inflammatory genes.

Discussion

Se plays an important role in normal physiology in a wide
range of species, including birds. Poultry diets lacking Se
results in slow growth and development, reduced egg produc-
tion, decreased hatchability, pancreatic degeneration, nutri-
tional muscular dystrophy, and necrotic lesions in the liver,
muscle, and heart [24–26]. Se plays important roles in the
regulation of oxidative injury in mammalian cells [27]. In a
previous study, Gu et al. [28] indicated Se was necessary for
the normal differentiation of oligodendrocyte lineage cells.
The effect of Se deprivation on oligodendrocyte differentia-
tion was caused by the influence of Se on the activity of GSH-
Px or other Se-containing enzymes, which resulted in oxida-
tive stress. In this study, we described the quantity-dependent
effects of Se in oxidative damage and protection. We demon-
strated that Se at moderate concentrations might protect
cardiomyocytes against inflammation injury induced by reac-
tive oxygen radicals.

H2O2 induces oxidative damage in several cell lines and
induces inflammatory responses [29, 30]. Yasuo et al. [29]

Fig. 6 Effects of Selenite and H2O2 on the relevant inflammation genes.
SelW, p53, NF-κB, and TNF-α mRNA expression levers in chicken
embryo myocardial cells were measured by quantitative real-time PCR.
*P < 0.05 vs. control; #P < 0.05 vs. H2O2 (50 Μm)

Fig. 5 The protective effects of SelW. The results confirmed that the
expression of SelW was decreased by H2O2 treatment, but in the group
of Se and H2O2, the greater increase of SelW mRNA expression was
observed. *P < 0.05 vs. control; #P < 0.05 vs. H2O2 (50 μM)

Table 3 Effect of Se and H2O2 on the cellular proliferation cycle
(mean ± SD), n = 3

Control Se (10−7 M) Se/H2O2 (50 μM) H2O2 (50 μM)

G0/G1 55.8 ± 5.6 59.61 ± 6.2 52.05 ± 5.0 66.7 ± 7.6*#

S 26.94 ± 3.7 24.65 ± 2.8 23.17 ± 2.4 18.05 ± 1.8

G2/M 17.26 ± 2.1 15.73 ± 1.9 24.78 ± 2.3 15.26 ± 1.4

*P < 0.05 vs. control; #P < 0.05 vs. 10−7 M Se treatment + H2O2
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indicated that H2O2 at low concentrations caused premature
senescence in human keratinocytes by activating the p53-p21
signaling pathway, and that NF-κB activation caused prema-
ture senescence in primary keratinocytes. Similar to these pri-
or studies, the results in the present study showed that H2O2

also induced oxidative damage in chicken embryo myocardial
cells. H2O2 increased the apoptosis rate and expression of an
oxidative injury marker, LDH. In addition, inflammatory fac-
tors, p53, NF-κB, and TNF-α were also increased by H2O2 in
chicken embryo myocardial cells. Thus, an oxidative injury
model in chicken myocardial cells was successfully
established. We then treated the cells with different concentra-
tions of Se and observed that Se treatment reversed the effect
of H2O2 in chicken embryo myocardial cells. Thus, Se has a
protective role against oxidative damage in chicken embryo
cardiomyocytes. As indicated in previous studies, the NF-κB
gene is the primary activator of inflammatory responses [31,
32]. Following the activation of NF-κB signaling by pro-
inflammatory molecules such as TNF-α [33], downstream
genes including iNOS, COX-2, and PTGES were also in-
duced [34]. The aberrant expression of these genes have im-
portant roles in the pathogenesis of inflammatory diseases and
different cancers [35]. Therefore, the reversed expression of
these genes in Se-treated cells showed that Se preserves cel-
lular functions by regulating inflammatory responses in chick-
en myocardial cells. However, in this process, we found that
high concentrations of Se injured cardiomyocytes, suggesting
the phenomenon of Se poisoning. Compared with some prior

studies, the present study investigated a larger number of
genes and showed a new effect of Se on injury-related genes.

However, how Se influenced the expression of these genes
is unclear. As the functional mediators of Se, selenoproteins
may provide important crosstalk between Se and target genes.
In vitro experiments found that Se depletion reduced SelW
mRNA levels in human intestinal Caco-2 cells and a neuronal
cell line (SH-SY5Y), while additional Se caused an increase
of SelW mRNA levels [36, 37], indicating that SelW expres-
sion is also sensitive to Se content alterations in vitro. To
investigate the relationship of SelW and oxidative stress re-
garding Se in chicken myocardial cells, we also examined the
level of SelW following treatment with Se and H2O2. The
level of SelW mRNA was increased when myocardial cells
were treated with additional Se, but deceased after 72 h incu-
bation. Thus, these data suggest Se is involved in the regula-
tion of SelW gene levels in chicken myocardial cells, and
10−7 M Se is the optimal concentration for SelW mRNA ex-
pression in chicken myocardial cells. This indicated that SelW
gene expression is increased by an appropriate Se supply rath-
er than excessive or deficient expression. Thus, SelW plays an
important antioxidative role in many cell types [37–39]. In our
prior study, we demonstrated SelW was a highly expressed
selenoprotein in myoblasts and had a crucial antioxidative
function. When the level of SelW was altered, the mRNA
levels of other selenoproteins were influenced, which may
depend on the levels of reactive oxygen species [40]. Al-
though the antioxidative roles of SelW in different cells have
been indicated, the possible role of SelW in chicken myocar-
dial cells has been rarely reported. In addition, whether the
inflammatory response induced by oxidative stress was relat-
ed to SelW is unknown. In the present study, we found that Se
treatment increased the expression of SelW and the Pearson
correlation coefficients showed that SelW mRNA levels were
negatively correlated with p53, NF-κB, and TNF-α. These
results indicated that similar to other mammalian cell lines,
SelW is sensitive to Se levels in chicken embryo myocardial
cells and that the protective role of Se may be related to the
levels of SelW. Thus, high SelW expression might play an

Table 4 Pearson correlation coefficients between NF-κB, TNF-α, p53,
and SelW mRNA levels in protection assay

SelW NF-κB TNF-α p53

SelW 1

NF-κB −0.45953* 1

TNF-α −0.40098* 0.994256 1

p53 −0.42755* 0.997326 0.988205 1

*P < 0.05

Fig. 7 Effects of Selenite on the relevant signaling pathway proteins by
Western blotting assay (a and b). SelW, p53, NF-κB, and TNF-α were
quantified by laser scanning densitometry. Results were normalized for

β-actin and the data are presented as fold stimulations. *P < 0.05 vs.
control; #P < 0.05 vs. 10−7 M Se treatment + H2O2 (50 μM)
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important role in chicken embryo myocardial cells and may
have a relationship with inflammatory responses.

In summary, our findings indicate that Se might reduce
oxidative damage induced by H2O2 and by influencing the
levels of p53, NF-κB, and TNF-α. Thus, Se regulates inflam-
matory injury in chicken myocardial cells. In addition, in this
process, SelW levels might be related to the protective role of
Se and have an important role in the redox regulation in chick-
en myocardial cells. The present study provides initial points
for further study of chicken SelW.
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