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Abstract The biological function of selenium (Se) is main-
ly elicited through Se-containing proteins. Selenoprotein W
(SelW), one member of the selenoprotein family, is essential
for the normal function of the skeletal muscle system. To
investigate the possible relationship of Se in the process of
differentiation in chicken myoblasts and the expression of
SelW, the cultured chicken embryonic myoblasts were in-
cubated with sodium selenite at different concentrations for
72 h, and then the mRNA levels of SelW and myogenic
regulatory factors (MRFs) in myoblasts were determined at
12, 24, 48, and 72 h, respectively. Furthermore, the correla-
tion between SelW mRNA expression and MRF mRNA
expression was assessed. The results showed that the sodi-
um selenite medium enhanced the mRNA expression of
SelW, Myf-5, MRF4, and myogenin in chicken myoblasts.
The mRNA expression levels of MRFs were significantly
correlated with those of SelWat 24, 48, and 72 h. These data
demonstrate that Se is involved in the differentiation of
chicken embryonic myoblasts, and SelW showed correla-
tion with MRFs.
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Introduction

Selenium (Se) is an essential nutritional trace element and
involved in many aspects of health such as chemoprevention
[1, 2], neurobiology [3], immune function [4, 5], reproduc-
tion [6], aging [7], carcinogenesis [8], and muscle metabo-
lism [9, 10]. It has been reported that Se deficiency causes
degenerative muscle diseases in humans, cattle, pigs, turkey,
sheep, ducklings, and chicks [11–13] that are characterized
by the degeneration and necrosis of skeletal and cardiac
musculature [11, 14]. It has been demonstrated that Se
controls the development of several cell lines [15, 16].
However, the role of Se in the differentiation of chicken
myoblasts is not yet fully understood.

The process of myogenesis, which includes the specifi-
cation and differentiation of myoblasts, also produces mus-
cle fibers [17]. Myogenesis is initiated with the cell cycle
arrest of myoblasts, which contribute to cell fusion and the
formation of multinucleated myotubes [18]. This process is
regulated by several muscle-specific transcriptional regula-
tory factors including Myf-5, MyoD, myogenin, and MRF4
[19]. These transcription regulatory factors are the members
of the myogenic regulatory factor (MRF) family, which is
required for fiber formation and which cannot be replaced
by other factors [20–22]. The factors which influence the
expression of MRFs also influence the development of
skeletal muscles.

The biological functions of Se are mainly elicited through
its incorporation of selenocysteine (Sec) into the formation
of Se-containing proteins [23]. Approximately 25 kinds of
selenoprotein genes have been identified in mammals, and a
variety of beneficial biological functions of selenoproteins
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on health have been described [24–26]. Selenoprotein W
(SelW), one member of the selenoprotein family, is highly
expressed in the muscle of chickens [27] and in proliferating
C2C12 myoblasts [28]. However, as SleW decreases during
differentiation of C2C12 myoblasts, this shows that SelW is
involved in muscle growth and differentiation [28]. It has also
been demonstrated that supplemental Se can regulate the
expression level of SelW in chicken myoblasts [29]. Regard-
ing the role of SelW in the process of differentiation of C2C12
myoblasts, it is reasonable to hypothesize that SelW may play
a role in the process of differentiation in chicken myoblasts
treated with Se [30]. As far as the present studies, there was no
report that showed the role of Se in the regulation of differen-
tiation in chicken myoblasts and the relationship between
SelW and MRFs that play a crucial role in the differentiation
of myoblasts. Therefore, the aims of the present study were to
determine whether supplemental Se influences the process of
differentiation and to establish the possible relationship be-
tween SelW and MRFs in chicken myoblasts.

Materials and Methods

Cell Culture of Primary Chicken Embryonic Myoblasts
and Se Treatment

The chicken embryonic myoblasts were prepared by us as
described by Ruan [29], with some modifications. The myo-
blasts were isolated from the pectoralis of 12-day-old ISA
layer chicken embryos, minced, and digested with 0.1 %
collagenase type I (Invitrogen, Carlsbad, CA, USA). To
release single cells, the suspension was dispensed by repet-
itive passage and filtered to remove large debris. The cell
suspension was washed twice and subjected to a density
gradient centrifugation in three discontinuous layers with
20, 30, and 55 % Percoll (Pharmacia, Uppsala, Sweden),
and the cells between the interface of 30 and 55 % Percoll
were harvested. The cell mass was washed and resuspended
in proliferation medium (PM) that consists of Dulbecco's
modified Eagle's medium (DMEM; Gibco-BRL), 10 %
horse serum (Hyclone, Logan, UT, USA), 5 % chicken
embryonic extract, 100 IU/ml penicillin, and 100 μg/ml
streptomycin. Myoblasts were seeded in six-well plates
(Jet, China) coated with 0.1 % gelatin (Sigma, St. Louis,
MO) at a density of 2×105 cells/cm2 with PM at 37 °C in
humidified 95 % air–5 % CO2. The differentiation of myo-
blasts was induced by replacing PM with serum-free differ-
entiation medium (containing DMEM with various levels of
Se as sodium selenite containing 10−9 M, 10−8 M, 10−7 M,
10−6 M, 10−5 M, 100 IU/ml penicillin, and 100 μg/ml
streptomycin) after 48 h proliferation. The Se contents in
the present were chosen based on the previous study work
by Ruan [29]. The medium was changed every day. The

RNA of myoblasts was harvested at 12, 24, 48, and 72 h
after induction of differentiation.

Chicken Embryonic Myoblasts' Morphometric
Measurement

The morphology of chicken embryonic myoblasts treated or
untreated with Se was visualized under light microscopy
(Eclipse-Ti, Nikon, Japan) at ×400 magnification. Under a
light microscope, digital images were taken from ten ran-
domly selected fields which contained more than 20 cells.

Determination of the SelW, Myf-5, Myogenin, and MRF4
mRNA Levels by Quantitative Real-Time PCR

Total RNAwas extracted from individual cells of myoblasts
using TRIzol reagent (Invitrogen, China). The concentration
and purity of the total RNA were determined spectrophoto-
metrically at 260/280 nm. First-strand cDNA was synthe-
sized from 5 μg of total RNA using oligo dT primers
(TaKaRa, China) and Superscript II reverse transcriptase
according to the manufacturer's instructions (Invitrogen,
China). Synthesized cDNAwas stored at −80 °C before use.

Primer Premier Software 5.0 (PREMIER Biosoft Inter-
national, USA) was employed to design specific primers for
SelW, Myf-5, myogenin, MRF4, and β-actin based on
known chicken sequences (Table 1). General PCRs were
first performed to confirm the specificity of the primers. The
PCR products were electrophoresed on 2 % agarose gels,
extracted, cloned into the pMD18-T vector (TaKaRa, Chi-
na), and sequenced. Quantitative real-time PCR was per-
formed on an ABI PRISM 7500 Detection System (Applied
Biosystems, USA). Reactions were performed in a 20-μl
reaction mixture containing 10 μl of 2×SYBR Green II
PCR Master Mix (TaKaRa, China), 2 μl of 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 procedure
consisted of 95 °C for 30 s followed by 40 cycles of 95 °
C for 5 s and 60 °C for 34 s. The melting curve analysis
showed only one peak for each PCR product. Electrophore-
sis was performed with the PCR products to verify primer
specificity and product purity. A dissociation curve was run
for each plate to confirm the production of a single product.
The amplification efficiency for each gene was determined
using the DART-PCR program [31]. As a housekeeping
gene was used as an internal reference, chicken β-actin
expression was used. The mRNA relative abundance was
calculated according to the method of Pfaffl [32].

Statistical Analysis

Statistical analyses of Se concentration and mRNA levels
were performed using SPSS statistical software for
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Windows (version 13; SPSS Inc., Chicago, IL, USA). When a
significant value (P<0.05) was obtained by one-way
ANOVA, further analysis was done. All data showed a normal
distribution and passed equal variance testing. Differences
between means were assessed by Tukey's honestly significant
difference test for post hoc multiple comparisons. Data are
expressed as mean ± standard deviation. Bars that do not share
a common letter were considered to be different significantly
from each other (P<0.05); bars sharing a common letter are
not significantly different (P>0.05). The correlation was
assessed using Pearson's correlation coefficient.

Results

Effects of Se on the Morphology of Chicken Embryonic
Myoblasts

The cells from the 30–55 % Percoll interface were cultured
onto gelatin-coated culture dishes. After 48 h proliferation,
the medium was changed with a serum-free differentiation
medium. The morphology of the cells at different differen-
tiated stages was shown in Fig. 1. As shown in Fig. 1a, after
differentiation for 24 h, some cells were aligned in strings
with the formation of myotubes. As shown in Fig. 1c, after
differentiation for 48 h, the multinucleated myotubes in cells
were formed, and myotubes became dense. As shown in
Fig. 1b, after differentiation for 72 h, the cells were prom-
inently aligned as strings. However, many of the cells
contained vacuoles attributable to aging. Cells that were
treated with different levels of Se for 48 h, but not at other
time points, are shown in Fig. 1c–h. Whereas Fig. 1d shows
that the relatively low concentration of Se (10−9 M) had no
effect on the cells' differentiation, Se at the concentration of
10−5 M inhibited their differentiation and significantly de-
creased cell viability (Fig. 1h). When compared with the
control group, the cells cultivated at 10−7 M Se in the
medium were increasingly multinucleated and contained
myotubes. However, when cultivated at 10−6 M Se, the
percentage of multinucleated cells and of myotubes was

lower compared to the cells treated with 10−7 M Se, sug-
gesting that at the level of 10−6 M, Se begins to inhibit the
differentiation of the cells. Multinucleated cells and myo-
tubes in cells treated with 10−8 M Se were very dense, and it
became difficult to distinguish between multinucleated cells
and myotubes, which indicated that the optimal Se supple-
ment for differentiation in chicken embryo myoblasts was
10−8 M.

Effect of Se on Gene Expression of SelW in Primary
Chicken Embryonic Myoblasts during Differentiation

To further demonstrate the effects of Se on the expression of
SelW gene in chicken embryonic myoblasts, myoblasts
from the chicken pectoral muscle were isolated and cultured
in serum-free medium with various Se concentrations, and
the level of SelW mRNA expression of muscle cells during
the differentiation process was examined (Fig. 2a). The
results confirmed that the expression of SelW first increased
and then decreased with the increasing Se content in the
medium at different time points, except for the group with
10−5 M at 72 h. The greatest increase of SelW mRNA
expression was observed in the group of 10−7 M Se content
at different time points, which indicated that the optimal
content for the expression of SelW in chicken embryonic
myoblasts was 10−7 M.

Effect of Se on Gene Expression of MRFs in Primary
Chicken Embryonic Myoblasts during Differentiation

To investigate the potential effects of Se on the differentia-
tion of myoblasts, the levels of some MRF transcripts, such
as Myf-5, myogenin, and MRF4, were measured by using a
quantitative RT-PCR technique. The results in Fig. 2b–d
reveal that Myf-5, myogenin, and MRF4 transcripts were
increased in the Se-supplemented groups compared to the
controls, although a decrease during the differentiation was
observed in the 10−5 M Se group.

The Pearson correlation coefficients between Myf-5,
MRF4, myogenin, and SelW mRNA levels for different Se

Table 1 Primers used for quan-
titative real-time PCR Gene Accession no. Primer sequences (5′–3′) Product (bp)

SelW GQ919055 Up: 5′-GCA GGA GGT CAC GGG ATG GT-3′ 134
Down: 5′-ACG GGA GGG CGA CTT GGA T-3′

Myf-5 NM_001030363 Up: 5′-GGA GGA GGC TGA AGA AAG TGA A-3′ 179
Down: 5′-GCT CTG TCT CGG CAG GTG AT-3′

MRF4 D10599 Up: 5′-GGC TGG ATA GGC AGG ACA AA-3′ 103
Down: 5′-CCG CAG GTG CTC AGG AAG T-3′

Myogenin NM_204214 Up: 5′-GGT GAC CCT GTG CCC TGA AAG-3′ 278
Down: 5′-GGC GCT CGA TGT ACT GGATGG-3′

β-Actin L08165 Up: 5′-CCG CTC TAT GAA GGC TAC GC-3′ 128
Down: 5′-CTC TCG GCT GTG GTG GTG AA-3′
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supplementations at the same time point are presented in
Table 2. Myf-5, MRF4, and myogenin mRNA levels in 24,
48, and 72 h were significantly correlated with the levels of
SelW mRNA for the different Se supplementations.

Discussion

Se plays important roles in muscle metabolism. Se deficien-
cy in cattle, humans, and avians causes the degeneration of
cardiac and skeletal muscles characterized by the presence
of calcium deposits, vascular lesions, and hemorrhages [33,
34]. However, Se also plays a crucial role in the develop-
ment of cells. In a prior study, FuKun [35] fed mice with
different contents of Se for 8 weeks and found that dietary
Se levels modulate free thiol levels and specific signaling
events during CD4+ T cell activation, which influenced their

proliferation and differentiation. In another prior study, Gu
[15] indicated that Se was necessary for the normal differ-
entiation of oligodendrocyte lineage cells. He found that the
differentiation of O-2A progenitor cells into mature oligo-
dendrocytes, as assessed by the upregulation of myelin-
specific genes, required the addition of Se into the culture
at an optimal concentration of approximately 30 nM, and he
postulated that the effect of Se deprivation on the oligoden-
drocyte differentiation was caused by the influence of Se on
the activity of GSH-Px or other Se-containing enzymes
which resulted in an oxidative stress to the cells. These prior
studies demonstrate that Se plays important roles in the
regulation of the differentiation of mammalian cells. How-
ever, it remains unclear whether Se supplement influences
the process of differentiation in chicken embryonic myo-
blasts. In the present study, the morphology assay of chicken
embryonic myoblasts showed that the optimal Se

Fig. 1 Effect of Se on the
morphology of chicken
embryonic myoblasts. The
chicken embryonic myoblasts
were cultured in DMEM with
10−9, 10−8, 10−7, 10−6, and
10−5 M Se for 24, 48, and 72 h.
The morphology of treated or
untreated myoblasts was
visualized under light
microscopy (magnification, ×
400; bar, 100 μm). Subpanel a
represented the cells in the
control group at 24 h; b
represented the cells in the
control group at 72 h; c
represented the cells in the
control group at 48 h; d
represented the cells treated
with 10−9 M Se at 48 h; e
represented the cells treated
with 10−8 M Se at 48 h; f
represented the cells treated
with 10−7 M Se at 48 h; g
represented the cells treated
with 10−6 M Se at 48 h;
h represented the cells treated
with 10−5 M Se at 48 h
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supplement (10−8 M) promotes the differentiation of cells;
however, excessive Se supplement (10−5 M) inhibited the
differentiation of chicken embryo myoblasts and significant-
ly decreased cell viability. These results demonstrated that
Se plays a role in the process of differentiation of chicken
myoblasts. In contrast, excessive high concentration of Se
(10−5 M) presented a toxic function.

In order to further investigate the effect of Se on differ-
entiation of chicken myoblasts, we also examined the
mRNA expression of MRFs following the treatment of
different contents of Se. It has been known that vertebrate
skeletal myogenesis is controlled by the MRF family that is
necessary for skeletal muscle determination and terminal
differentiation. Gene-targeting experiments have demon-
strated that MyoD and Myf-5 are important for myogenic
determination and are expressed in proliferating myoblasts,
whereas myogenin and MRF4 are important for terminal

differentiation and lineage maintenance [36]. Myogenin is
crucial for differentiation, and its absence results in a defi-
ciency of muscle fibers despite muscle cell migration and
commitment [37]. Similarly, MRF4-deficient mice dis-
played a range of phenotypes consistent with a late role
for MRF4 in the myogenic pathway [38–41]. These results
suggest that MRFs play an important role in the process of
skeletal muscle development. In the present study, we in-
vestigated the expression of Myf-5, MRF4, and myogenin
in chicken embryonic myoblasts following the treatment of
Se. The data revealed that the mRNA levels of the three
MRFs first increased and then tended to decrease after Se
was supplemented in the medium, which indicated that an
optimal concentration of Se could promote the expression of
the three MRFs in chicken embryonic myoblasts, whereas
excessive Se inhibited their expression. The higher expres-
sion levels of MRFs in optimal-Se-treated groups indicated
that optimal Se can promote the differentiation of chicken
myoblasts, and the results were consistent with the results of
the morphology assay.

SelW is expressed ubiquitously in various tissues, but it is
specifically high in the skeletal muscle and brain of mam-
mals [28, 42, 43]. Due to the high expression of SelW in
skeletal muscles of the chicken [27], SelW may play a
crucial role in the biological function of this tissue. It has
been reported that SelW played a role in the process of
differentiation in C2C12 myoblasts [28] and had a relation-
ship with MyoD in C2C12 myoblasts [30]. Accordingly,
SelW may also play a role in the process of differentiation

Fig. 2 Effect of Se on the expression of SelW, Myf-5, myogenin, and
MRF4. The chicken embryonic myoblasts were cultured in DMEM
with 10−9, 10−8, 10−7, 10−6, and 10−5 M Se for 12, 24, 48, and 72 h,
respectively. SelW, Myf-5, myogenin, and MRF4 mRNA expression
levels in chicken embryonic myoblasts were measured by quantitative
real-time RT-PCR. Subpanels a, b, c, and d represented the expression

of SelW, Myf-5, myogenin, and MRF4, respectively. Bars represent
mean ± standard deviation (n03/group). Bars with a different small
letter are statistically significantly different from 12 h by one-way
analysis of variance followed by Tukey's multiple comparison test (P
<0.05); bars sharing a common letter are not significantly different (P
>0.05)

Table 2 Pearson correlation coefficients between myf-5, MRF4, myo-
genin, and SeW mRNA levels and for the different Se supplementa-
tions at the same time points

Myf-5 MRF4 Myogenin

12 h 0.723 0.739 0.739

24 h 0.909** 0.860* 0.990**

48 h 0.868* 0.973** 0.981**

72 h 0.845* 0.984** 0.822*

*P<0.05; **P<0.01
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in chicken embryonic myoblasts. In the present study, we
examined the possible relationship between SelW and
MRFs in chicken myoblasts treated with Se. The data indi-
cated that the production of SelW is highly favored both in
proliferating and differentiated myoblasts, consistent with
the observation by Noh [30] with rat myoblasts and differ-
ent, however, with those of Loflin [28] and Whanger [44].
This contradiction may result from different levels of Se in
the medium and diverse kinds of animals or cell lines. The
high expression of SelW in differentiated chicken myoblasts
may be related to the role of SelW in the regulation of
differentiation of chicken myoblasts, but this needs to be
further studied. In the present study, the mRNA level of the
SelW also first increased and then tended to decrease after
Se was supplemented in the medium. It is interesting that the
expression levels of SelW and MRFs have the same trend
following the treatment of Se in this study. Further correla-
tion analysis showed that MRF mRNA levels in 24, 48, and
72 h (differentiation time points) were significantly corre-
lated with SelW mRNA content for the different Se. We thus
hypothesize that SelW may have a possible relationship
with MRFs in chicken myoblasts, indicating that SelW
may play a role in the process of differentiation of chicken
embryonic myoblasts.

In summary, Se at optimal levels promotes the differen-
tiation of chicken embryonic myoblasts, and the expression
of SelW and the MRF levels in chicken embryonic myo-
blasts treated with Se are highly correlated. This demon-
strates that SelW might have a possible relationship with
MRFs in the process of differentiation in chicken myoblasts.
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