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chickens via inhibiting inflammation and apoptosis
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and Shi-Wen Xu*a

Selenium (Se) is recognized as a necessary trace mineral in animal diets. Se deficiency induces a number of

diseases and injuries in chickens including liver damage, which is related to oxidative stress.

Selenoprotein W (SelW) plays a crucial role in antioxidant defense mechanisms in mammals; however,

little is known about the role of SelW and cytokines in H2O2-mediated chicken liver damage since

chicken SelW has no cysteine (Cys) at residue 37 (Cys37) that is required for its presumed antioxidant

function in mammals. The aim of this study was to evaluate whether chicken SelW possessed the same

function as mammal SelW and to investigate the protective role of SelW against H2O2 by influencing the

expression of inflammation and apoptosis via building a model of overexpressed or/and knocked down

SelW in cultured chicken hepatic cells. The results showed that after the cells were exposed to H2O2, the

levels of P53, caspase-3, Bax, Bak, COX-2, PTGEs, TNF-a, iNOS and NF-kB were lower in the SelW

overexpressed cells but higher in the SelW knockdown cells compared to the H2O2-only treatment

group. However, the result for Bcl-2 was opposite to that of the other apoptosis-promoting genes.

Moreover, chickens were fed with a Se-deficient diet containing 0.032 mg kg�1 Se for 15, 25, 35, 45, and

55 days, and their liver tissues were collected and examined for apoptosis and inflammation. The results

showed that the levels of P53, Bax, Bak, COX-2, PTGEs, TNF-a, iNOS and NF-kB in the Se-deficient

chicken livers were dramatically higher than the levels in the normal control group. In conclusion, our

findings suggested that chicken SelW possess an antioxidant function similar to the mammalian

homologs despite the lack of Cys37 in the peptide, and SelW regulated related-inflammation and

apoptosis during H2O2-dependent chicken liver damage.
Introduction

The essential trace element selenium (Se) plays an important
antioxidant role in the biosphere.1 The biological function of Se is
primarily implemented through its presence in a family of Se-
containing proteins, known as selenoproteins.2 Se deciency
can induce oxidative stress, inammation, and apoptosis and can
also affect the expression of selenoproteins in several tissues.3

The liver, as one of themain organs of Se absorption, is the tissue
targeted by Se deciency.4 Se deciency can decrease the liver-
elimination abilities of toxic substances, which causes liver
damage characterized by hepatomegaly or liver atrophy, a rough
surface with red and yellow, liver cells having fatty degeneration,
cytoplasm disappearance, and diffuse cellular debris.5,6

The production of reactive oxygen species (ROS) is a natural
consequence of a variety of essential biochemical reactions;
however, excessive ROS is implicated in the pathogenesis of
gricultural University, Harbin 150030, P.

Northeast Agricultural University, Harbin

du.cn
several diseases, such as alcoholic liver diseases,7 non-alcoholic
fatty liver disease,8 liver brosis9 and hepatitis.10 ROS not only
initiates MAPK activation, but also potently regulates the pro-
inammatory transcription factor NF-kB.11 ROS stimulates the
production of pro-inammatory cytokines (tumour necrosis factor
alpha (TNF-a)), iNOS/NO, and COX-2/PTGE.12 NF-kB also has been
shown to negate the apoptotic pathway by regulating the expres-
sion of anti-apoptotic genes, including the caspase-3 inhibitors
XIAP and FLIP.13 The Bcl-2 family includes proapoptotic (e.g., Bax,
Bak, Bcl-Xs) and anti-apoptotic (e.g., Bcl-2, Bcl-XL) members that
coexist harmoniously at rest. Anti-apoptotic Bcl-2 and Bcl-XL
inhibit Bax activation by restricting its mitochondrial trans-
location and hindering its accessibility to pro-apoptotic signals,
respectively.14,15 In addition to the Bcl-2 family, P53 also has the
ability to regulate and control apoptosis by oxidative stress.16

Se-dependent proteins in human and animal organisms
include selenoprotein W, which are one of the selenoproteins
having important biochemical functions. SelW binds gluta-
thione17 and has been suggested to act as an antioxidant in
vivo.18,19 The expression of mutant SelW in which selenocysteine
13 or cysteine 36 were replaced by serine did not confer resistance
to H2O2, implicating the antioxidant activity of SelW in mice.20
This journal is © The Royal Society of Chemistry 2017
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Table 2 S-RNA Sequences for SelW RNA

S-RNA
(sequence location) Primer sequences (50–30)

SelW_stealth (268) Forward: CGGCUUCGUGGACACCGACGCCAA
Reverse: UUUGGCGUCGGUGUCCACGAAGCCG

SelW_stealth
(negative control)

Forward: CGGUCGUGGACACCGACGCCCUAAA
Reverse: UUUAGGGCGUCGGUGUCCACGACC
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Cells that have an overexpression of SelW were found to be more
resistant to oxidative stress.21 However, the sequences of SelW
among humans, mice, and chickens are different; for instance,
the mouse SelW has glutathione bound to it22 and subsequently
has been shown to be bound to residue number 37 cysteine,
using the primate SelW;23 whereas, the chicken SelW does not
contain cysteine at residue number 37 that is necessary for the
anti-oxidative function in rats.24 However, whether chicken SelW
possesses the same function is still unclear.

This study was conducted to determine whether and how the
chicken SelW gene plays a role in protecting the chicken liver
against oxidation stress. First, the over-expressed and knock-
down SelW hepatocytes of chicken were cultured; furthermore,
the extent of the H2O2-induced apoptosis by TUNEL, the
abundance of apoptosis and inammation factors mRNA by q-
PCR and proteins by western blot techniques were observed.
Second, to further detect the function of SelW, a model of
chicken liver damage induced by Se deciency was built, and
then the liver tissue at different time points were collected to
detect the mRNA and protein levels of apoptosis and
inammation-related genes. The present study provides some
data about the effect of SelW on regulating inammation and
apoptosis in chicken liver induced by oxidative stress.

Materials and methods
Ethics statement

All chicken experiments were approved by the Institutional
Animal Care and Use Committee of Northeast Agricultural
University, under the approved protocol number SRM-06.

Hepatocyte culture and treatment

Chickens were fed on a commercial stock diet (proteins 20%,
lipids 2.5%, carbohydrates 57.5%, minerals 6%, moisture 14%),
pre-anesthetized by an intramuscular injection (83 mg kg�1), and
anesthetized by an injection of a mixture of natrium thiopental
(17.5 mg kg�1) and heparin (1750 U kg�1). The methods of
hepatocyte isolation and culture were according to our prior
study.25 The liver cells were grown at 37 �C in 5%CO2 atmosphere
in William's E supplemented with 10% FBS (Sigma, USA). One-
third of the cells comprised the control group, while another
one-third of the hepatic cells were transiently transfected with
pcDNA3.1/SelW (O-SeW) (Table 1) using X-treme GENE HP DNA
transfection reagent (Roche, USA), and the remaining one-third
of the cells were knock downed with siRNA (K-SelW) (Table 2)
using Lipofectaminet mRNAi MAX (Invitrogen, USA) in accor-
dance with the manufacturer's recommendations. For SelW
Table 1 Primers for qPCR

Gene (accession number) Primer sequences (50

SelW (GQ919055) Forward: TCTAAGCT
Reverse: CGGAATTC

b-Actin (U20114) Forward: GGCTCCCA
Reverse: GCCACCGA

This journal is © The Royal Society of Chemistry 2017
overexpression experiment, the best transfection optimization
condition is that 8 mL transfection reagents add 2 mg pcDNA3.1/
GFP and the transfection efficiency is more than 80%. For the
SelW knockdown experiment, the transfection optimization
condition was 0.9 mL S-RNA + 1.5 mL RNAiMAX and the trans-
fection efficiency was about 75%. Aer transfection for 24 h (the
highest/lowest SelW mRNA levels), the cells were analyzed with
an inverted microscope and were treated with 0.2 mMH2O2 (IC50

was 0.2 mM) for 6 h, 12 h, 18 h, and 24 h, respectively, and were
then harvested for analysis.
Animal and treatment

One hundred male chickens (1 day-old; Wei Wei Co. Ltd, Har-
bin, China) were kept in an air-conditioned animal house with
a normal day/night cycle and randomly divided into 10 groups
(10 chicken per group): ve control groups were fed basal diet
and ve treatment groups were fed a Se-decient diet contain-
ing 0.032 mg kg�1. The feed and tap water were supplied ad
libitum. On 15, 25, 35, 45 and 55 days, following euthanasia with
sodium pentobarbital, the liver tissues were quickly collected
from the chickens, immediately frozen in liquid nitrogen, and
subsequently stored at �80 �C before use.
Analysis of gene expressions by real-time quantitative reverse
transcription PCR

Real-time quantitative reverse transcription PCR (q-PCR) was
used to detect the expressions of the SelW, P53, caspase-3, Bax,
Bak, Bcl-2, COX-2, PTGEs, TNF-a, iNOS, and NF-kB genes.
Primer Premier Soware (PREMIER Bioso International, USA)
was used to design specic primers for those based on known
sequences (Table 3).

Total cDNA from hepatic cells and liver tissue were prepared.
Quantitative real-time PCR was performed on an ABI PRISM
7500 Detection System (Applied Biosystems, USA). Reactions
were performed in a 20 mL reaction mixture containing 10 mL of
2 � SYBR Green I PCR Master Mix (TaKaRa, China), 2 mL of
–30) Product (bp)

TAGTGCCATCGCCATGCCGCT 473
TGGCGTAAAGCAGACCCACACC
GCACCATGAA 185
TCCACACAGAGT

RSC Adv., 2017, 7, 15158–15167 | 15159
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Table 3 Primers for qPCR

Gene Primer sequences (50–30)
Product
(bp)

COX-2 Forward: TGTCCTTTCACTGCTTTCCAT 105
Reverse: TTCCATTGCTGTGTTTGAGGT

iNOS Forward: CCTGGAGGTCCTGGAAGAGT 82
Reverse: CCTGGGTTTCAGAAGTGGC

NF-kB Forward: TCAACGCAGGACCTAAAGACAT 162
Reverse: GCAGATAGCCAAGTTCAGGATG

TNF-a Forward: GCCCTTCCTGATACCAGATG 98
Reverse: ACACGACAGCCAAGTCAACG

PTGEs Forward: GTTCCTGTCATTCGCCTTCTAC 115
Reverse: CGCATCCTCTGGGTTAGCA

BCL-2 Forward: ATCGTCCGCCTTCTTCGAGTT 150
Reverse: ATCCCATCCTCCGTTGTCCT

P53 Forward: GAGATGCTGAAGGAGATCAATGAG 145
Reverse: GTGGTCAGTCCGAGGCTTTT

Bak Forward: ATGGATGCCTGTCTGTCCTGTTC 106
Reverse: GCAGAGCAGTCCAAAGACACTGA

Caspase-3 Forward: ACTCTGGAAATTCTGCCTGATGACA 129
Reverse: CATCTGCATCCGTGCCTGA

Bax Forward: GTGATGGCATGGGACATAGCTC 90
Reverse: TGGCGTAGACCTTGCGGATAA

SelW Forward: CTCCGCGTCACCGTGCTC 150
Reverse: CACCGTCACCTCGAACCATCCC

b-Actin Forward: CCGCTCTATGAAGGCTACGC 128
Reverse: CTCTCGGCTGTGGTGGTGAA

RSC Advances Paper

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

7 
M

ar
ch

 2
01

7.
 D

ow
nl

oa
de

d 
on

 7
/1

3/
20

25
 1

0:
52

:1
3 

PM
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n-
N

on
C

om
m

er
ci

al
 3

.0
 U

np
or

te
d 

L
ic

en
ce

.
View Article Online
either diluted cDNA, 0.4 mL of each primer (10 mM), 0.4 mL of 50
� ROX reference dye II, and 6.8 mL of PCR-grade water. The PCR
procedure for SelW, P53, caspase-3, Bax, Bak, Bcl-2, COX-2,
PTGEs, TNF-a, iNOS, NF-kB, and b-actin consisted of 95 �C for
30 s, followed by 40 cycles of 95 �C for 15 s, and nally 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 specicity and product purity. A
dissociation curve was separated for each plate to conrm the
production of a single product. The amplication efficiency for
Fig. 1 The expression of SelW mRNA in chicken hepatic cells with SelW
into four treatment groups: control group, pCDNA3.1 group, transfecte
down group, divided into three treatment groups: control group, negativ
letters were significantly different (p < 0.05). The data are represented a

15160 | RSC Adv., 2017, 7, 15158–15167
each gene was determined using the DART-PCR program. The
mRNA relative abundance was calculated.

Western blot assay

Briey, protein extracts were subjected 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, Cox-2, PTGEs, NF-kB,
Bax, P53), followed by a horseradish peroxidase conjugated
secondary antibody rabbit IgG (1 : 1000, Santa Cruz Biotech-
nology, USA) or goat (1 : 1000, Santa Cruz Biotechnology). To
verify equal loading of samples, the membrane was incubated
with a monoclonal GAPDH antibody (1 : 1000, Santa Cruz
Biotechnology), followed by a horseradish peroxidase conju-
gated goat anti-mouse IgG (1 : 1000). The signal was detected by
an X-ray lm (Trans GenBiotech Co., Beijing, China).

Measurement of apoptosis by TUNEL assay

Apoptotic cells were identied using a terminal deoxyribonucleo-
tide transferase-mediated dUTP nick end labeling (TUNEL) with
the In Situ Cell Death Detection kit (TMR red; Roche Applied
Science, USA). Aer treatment with H2O2 for 6 h, cells grown on
coverslips (1 � 105 cells per well of a 12-well plate) were washed
with PBS and xed in paraformaldehyde solution (4% in PBS) for
30 min at room temperature. The cells were permeabilized in
a solution containing 0.1%Triton X-100 in 0.1% sodium citrate for
2 min on ice, followed by incubation in freshly prepared TUNEL
reaction mixture for 60 min at 37 �C in the dark. The coverslips
were washed with PBS. Aerwards, the DAPI stain slides were then
mounted and evaluated under a uorescence microscope.

Statistical analysis

Statistical analysis was performed using SPSS statistical so-
ware (version 13; SPSS Inc., Chicago, IL, USA) and signicant
overexpression and knockdown. (A) The overexpression group, divided
d SelW group, and transfected pCDNA3.1/SelW group. (B) The knock-
e control group, and transfected SelW RNAi group. Bars with different
s the mean � SD, n ¼ 6.

This journal is © The Royal Society of Chemistry 2017
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values (p < 0.05) were obtained by one-way analysis of normal
distribution and equal variance. All the data showed a normal
distribution and passed equal variance testing. Differences
between the means were assessed by Tukey's honest signicant
difference test for post hoc multiple comparisons. Data are
expressed herein as the mean � standard deviation. Bars that
do not share a common letter were considered to be signi-
cantly different to each other (p < 0.05).
Fig. 2 The expression of SelW protein in chicken hepatic cells with SelW
treatment, O-SelWmeans hepatic cells transfected with pCDNA3.1/SelW
different letters were significantly different (p < 0.05). The data are repre

Fig. 3 Effects of SelW on the mRNA expression of NF-kB, COX-2, PTG
without exposure to H2O2; control + H2O2, hepatic cells exposed to 0.2m
SelW before exposure to 0.2 mMH2O2, control + KSelW + H2O2, hepatic
different letters were significantly different (p < 0.05), and those sharin
represented as the mean � SD, n ¼ 6.

This journal is © The Royal Society of Chemistry 2017
Results
Efficiency of SelW overexpression and knockdown

To estimate the levels of SelW in hepatic cell aer over-
expression and knockdown, the levels of SelW mRNA were
tested by q-PCR, respectively. The results showed that the
expression of SelW mRNA was much higher than the other
groups in the SelW overexpression group (O-SelW), and it was
highest on the 24 h time point (Fig. 1A). Moreover, it was
overexpression and knockdown. Control means hepatic cells without
, and K-SelWmeans hepatic cells transfected with SelW RNAi. Bars with
sented as the mean � SD, n ¼ 6.

Es, TNF-a, and iNOS in chicken hepatic cells. Control, hepatic cells
MH2O2; control +OSelW+H2O2, hepatic cells transfected pCDNA3.1/
cells transfected SelW RNAi before exposure to 0.2 mMH2O2. Bars with
g same letter were not significantly different (p > 0.05). The data are

RSC Adv., 2017, 7, 15158–15167 | 15161
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shown that the mRNA level of SelW was lower than the other
groups in the SelW knockdown group (K-SelW), and it was
lowest aer treatment for 24 h (Fig. 1B). Moreover, the relative
level of SelW protein is shown in Fig. 2, where it can be seen it
increased (p < 0.05) in the O-SelW group and decreased (p <
0.05) in the K-SelW group compared to the control group
(Fig. 2).
Fig. 4 Effects of SelW on the protein expression of NF-kB, COX-2, and PT
H2O2; control + H2O2, hepatic cells exposed to 0.2 mM H2O2; contro
exposure to 0.2 mM H2O2, control + K-SelW + H2O2, hepatic cells transf
letters were significantly different (p < 0.05), and those sharing same lette
the mean � SD, n ¼ 6.

Fig. 5 Effects of SelW on the mRNA expression of Bcl-2, Bax, Bak, casp
exposure to H2O2; control + H2O2, hepatic cells exposed to 0.2 mM H2O
before exposure to 0.2 mM H2O2, control + K-SelW + H2O2, hepatic ce
different letters were significantly different (p < 0.05), and those sharin
represented as the mean � SD, n ¼ 6.

15162 | RSC Adv., 2017, 7, 15158–15167
Effects of SelW on the expression of TNF-a, NF-kB, PTGEs,
COX-2, and iNOS in chicken hepatic cells

To assess whether SelW could inhibit inammation factors
expression in the liver of chickens, the mRNA levels of TNF-a,
NF-kB, PTGE, COX-2, and iNOS were monitored by q-PCR. As
shown in Fig. 3, the mRNA levels of TNF-a, NF-kB, PTGEs, COX-
2, and iNOS were signicantly lower in chicken hepatic cells in
GEs in chicken hepatic cells. Control, hepatic cells without exposure to
l + O-SelW + H2O2, hepatic cells transfected pCDNA3.1/SelW before
ected SelW RNAi before exposure to 0.2 mM H2O2. Bars with different
r were not significantly different (p > 0.05). The data are represented as

ase-3, and P53 in chicken hepatic cells. Control, hepatic cells without

2; control + O-SelW + H2O2, hepatic cells transfected pCDNA3.1/SelW
lls transfected SelW RNAi before exposure to 0.2 mM H2O2. Bars with
g same letter were not significantly different (p > 0.05). The data are

This journal is © The Royal Society of Chemistry 2017
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the O-SelW group (p < 0.05), whereas they were much higher in
cells with K-SelW than in the normal control group at 6 h, 12 h,
18 h, and 24 h aer H2O2 treatment. Treatment with O-SelW
signicantly decreased the levels of TNF-a, NF-kB, PTGEs,
Fig. 6 Effects of SelW on the protein expression of Bax and P53 in chicken
+ H2O2, hepatic cells exposed to 0.2 mM H2O2; control + O-SelW + H2O
H2O2, control + K-SelW + H2O2, hepatic cells transfected SelW RNA
significantly different (p < 0.05), and those sharing same letter were not s
SD, n ¼ 6.

Fig. 7 Effects of the Se-deficient diet on the mRNA expression of NF-
different letters were significantly different (p < 0.05), and those sharin
represented as the mean � SD, n ¼ 6.

This journal is © The Royal Society of Chemistry 2017
COX-2, and iNOS in the hepatic cells by more than 2-fold
(Fig. 3). To explicitly present the voluminous mRNA dataset
comprising all the signicantly induced mRNA expression in
each group and at each time point, a heat map analysis was
hepatic cells. Control, hepatic cells without exposure to H2O2; control

2, hepatic cells transfected pCDNA3.1/SelW before exposure to 0.2 mM
i before exposure to 0.2 mM H2O2. Bars with different letters were
ignificantly different (p > 0.05). The data are represented as the mean�

kB, COX-2, PTGEs, TNF-a, and iNOS in chicken liver tissue. Bars with
g same letter were not significantly different (p > 0.05). The data are

RSC Adv., 2017, 7, 15158–15167 | 15163

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/c6ra27911b


RSC Advances Paper

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

7 
M

ar
ch

 2
01

7.
 D

ow
nl

oa
de

d 
on

 7
/1

3/
20

25
 1

0:
52

:1
3 

PM
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n-
N

on
C

om
m

er
ci

al
 3

.0
 U

np
or

te
d 

L
ic

en
ce

.
View Article Online
applied based on the RT-qPCR results. The results demonstrate
a clear visualization of the induction patterns of all the identi-
ed mRNAs according to the abundance differences (Fig. 3). It
can be seen that K-SelW signicantly increases the expression
levels of the inammation factors, while O-SelW remarkably
decreases those levels.

Moreover, the relative protein levels of NF-kB, PTGEs, and
COX-2 are shown in Fig. 4, and it can be seen that they were also
increased (p < 0.05) in the O-SelW group and decreased (p <
0.05) in the K-SelW group compared to that in the H2O2-only
treatment group (Fig. 4).
Effects of SelW on the expression of Bcl-2 family, caspase-3,
and P53 in chicken hepatic cells

To determine whether SelW could affect apoptosis in chicken
hepatic cells, the mRNA levels of Bcl-2, Bax, Bak, caspase-3, and
P53 were tested by q-PCR. As shown in Fig. 5, there were higher
mRNA levels of caspase-3, Bak, Bax, and P53 in the K-SelW
treatment group and lower in O-SelW when compared with
those in the corresponding control group (p < 0.05). While the
mRNA level of Bcl-2 in O-SelW was higher than in K-SelW, with
the increase in H2O2 treatment time, the mRNA levels of these
Fig. 8 Effects of the Se-deficient diet on the protein expression of COX
were significantly different (p < 0.05), and those sharing same letter wer
mean � SD, n ¼ 6.

Fig. 9 Effects of the Se-deficient diet on the mRNA expression of Bax
significantly different (p < 0.05), and those sharing same letter were not s
SD, n ¼ 6.
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apoptosis-related genes showed an increased trend. In the heat
map, it can be seen that K-SelW could signicantly increase the
expression levels of the apoptosis-related genes (except Bcl-2),
while O-SelW remarkably decreased the mRNA level of those
genes (except for Bcl-2).

Moreover, the relative protein levels of Bax and P53 are
shown in Fig. 6, and they were also increased (p < 0.05) in the O-
SelW group and decreased (p < 0.05) in the K-SelW group
compared to those in the H2O2-only treatment group (Fig. 6).
Effects of Se deciency on the expression of TNF-a, NF-kB,
PTGEs, COX-2, and iNOS in chicken liver tissue

The effects of Se deciency on the mRNA levels of TNF-a, NF-kB,
PTGEs, COX-2, and iNOS genes in chicken liver tissue are shown
in Fig. 7, respectively. The levels were signicantly increased
over time in the low-Se treatment groups compared to that in
the control group (p < 0.05). With the increase in the Se de-
ciency time, the mRNA levels of these inammatory factors
showed an increased tendency. In the heat map, low-Se treat-
ment could signicantly increase the expression levels of
inammatory factors.
-2, NF-kB, and PTGEs in chicken liver tissue. Bars with different letters
e not significantly different (p > 0.05). The data are represented as the

, Bak, and P53 in chicken liver tissue. Bars with different letters were
ignificantly different (p > 0.05). The data are represented as the mean�
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In addition, the relative protein levels of PTGEs, NF-kB, and
COX-2 are shown in Fig. 8, where it can be seen that they were
increased (p < 0.05) in the Se-decient groups.
Effects of Se deciency on the expression of Bak, Bax, and P53
in chicken liver tissue

The effects of Se deciency on the mRNA levels of the related
apoptosis gene in chicken liver are shown in Fig. 9. The mRNA
levels of Bak, Bax, and P53 were signicantly increased in the
low-Se groups compared to the control group from 15 to 55
days. In the heat map, it can be seen that low-Se treatment could
signicantly increase the expression levels of the pro-apoptosis
factors.

In addition, the relative protein levels of Bax and P53 are
shown in Fig. 10, where it can be seen that they were increased
(p < 0.05) in the Se-decient groups, which is consistent with the
mRNA level.
Measurement of cellular apoptosis using the TUNEL assay

We performed the TUNEL assay in chicken hepatic cells
induced by H2O2 to conrm the occurrence of apoptosis.
Apoptotic cells had red-stained nuclei, while living cells had
blue-stained nuclei. Hepatic cells from the K-SelW group had an
increased number of apoptotic cells compared to the control
group and O-SelW group, which further demonstrated that
SelW could protect chicken livers against apoptosis induced by
Fig. 10 Effects of the Se-deficient diet on the protein expression of
significantly different (p < 0.05), and those sharing same letter were not s
SD, n ¼ 6.

Fig. 11 The results of tunnel assay by fluorescence microscopy. Control
cells transfected pCDNA3.1/SelW before exposure to 0.2 mM H2O2, K-S
H2O2. DAPI (blue) means living cells, TUNEL (red) means apoptotic cells. B
sharing same letter were not significantly different (p > 0.05). The data a

This journal is © The Royal Society of Chemistry 2017
H2O2 (Fig. 11). The effects of SelW on the percentage of
apoptotic cells in hepatic cells are shown in Fig. 11, where it can
be seen that the percentage of apoptotic cells in hepatic cells
was decreased (p < 0.05) in the O-SelW group compared to that
in the control group.
Discussion

SelW serves as an antioxidant in mammals.26 Rat SelW contains
Cys at residues 10 and 37, but chicken SelW has only a Cys at
residue 10.24,27,28 Han utilized the chicken SelW cDNA and
expressed it in CHO-K1 cells and found that an overexpression
of SelW cells resulted in a signicant decrease in sensitivity to
oxidative stress caused by H2O2 compared with the control cells,
and that the overexpression of SelW cells also had lower mRNA
levels of caspase-3 and fas.29 In proliferating myoblasts exposed
to H2O2, SelW caused an immediate response, suggesting that it
protected the developing myoblasts from oxidative stress.
Following deletion of SelW by RNA interference in the mouse
skeletal muscle cell line C2C12 (C3H), the viability of the SelW
siRNA-transfected group decreased signicantly by 21.5%
compared with non-SelW-depleted cells.30 In the current study,
we successfully constructed the models for the overexpression
of SelW and knockdown of SelW in chicken hepatic cells. We
used an efficient overexpressed SelW sequence and siRNA
sequence to successfully overexpress and suppress the gene and
protein expression of chicken SelW in chicken's hepatic cells by
Bax and P53 in chicken liver tissue. Bars with different letters were
ignificantly different (p > 0.05). The data are represented as the mean�

group, hepatic cells exposed to 0.2 mM H2O2; O-SelW group, hepatic
elW, hepatic cells transfected SelW RNAi before exposure to 0.2 mM
ars with different letters were significantly different (p < 0.05), and those
re represented as the mean � SD, n ¼ 6.
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more than 2100-fold and less than 40%, respectively. These
models were the foundation for the follow-up study.

Oxidative stress could induce cell apoptosis and inamma-
tion. H2O2, one of the key oxidative stress factors, can promote
the cell inammation and apoptosis process. The mechanisms
by which H2O2 (ROS/RNS) causes or regulates apoptosis typi-
cally include caspase activation, Bcl-2 family gene and
proteins.13,31 Apoptosis was associated with both intrinsic and
extrinsic apoptosis pathways under the regulation of Bcl-2
family proteins and caspase-3 activation during the process.32

Oxidative stresses, such as an addition of extracellular hydrogen
peroxide, could induce NF-kB nuclear translocation in several
cell lines. NF-kB was distinctly induced in H2O2-treated hepa-
tocytes.33 In addition, inhibition of the production of NO, PGE2,
TNF-a, and IL-1b has been proposed to be a useful approach for
the treatment of various inammatory diseases.34,35 In the
present study, we detected the inammation- and apoptosis-
related factors to clarify the functions of SelW response to
oxidation stress damage. The mRNA levels of COX-2, NF-kB,
TNF-a, PTGEs, iNOS Bak, Bax, caspase-3, and P53 in the O-SelW
group were signicant lower than in the control group, while in
the K-SelW group they were higher than those in the control
group. On the contrary, the upregulation of Bcl-2 mRNA
expression resulted in the O-SelW group compared with the
control group, while downregulation of the Bcl-2 mRNA level
was observed in the K-SelW group. Silencing of the myoblast
SelW gene can increase their apoptosis rate and susceptibility to
H2O2 upregulated Bax and caspase-3 and downregulated Bcl-2.21

The siRNA-induced suppression of the SelW gene in cultured
chicken splenic lymphocyte resulted in a downregulation in Bcl-
2 expression and an upregulation in Bax, Bak, caspase-3, and
P53 genes.36 These results indicated that SelW prevents H2O2-
induced liver damage from downregulation of the pro-
inammation and pro-apoptosis factors and upregulation of
the anti-apoptosis factors.

In our previous study, we found that SelW expression was
lower in the liver of chickens fed a Se-decient diet than in
those fed a normal diet,25 and that SelW mRNA expression was
signicantly increased in a dose-dependent manner in cells
treated with 10�8, 10�7, and 10�6 mol L�1 of Se.36 In poultry, Se
deciency reduces growth performance and results in exudative
diathesis,37,38 and inhibits the function of neutrophils, NK cells,
B cells, and T cells.39 The supplementation of Se leads to
enhanced comparative metabolic and immune response of
chickens40 and inhibits cells apoptosis being induced.41

However, Se excess could stimulate cell apoptosis and aggravate
cell apoptosis induced by other inducers,42 and has shown
downregulation for Bcl-2 and upregulation of Bax and p53 in
cultured cortical neurons.43 In this study, we fed chicken with
a Se-decient diet to decrease the SelW intake and found Se
deciency can upregulate the expression of NF-kB, TNF-a, iNOS,
COX-2, PTGEs, Bax, Bak, and P53. This indicated that Se de-
ciency can upregulate the inammatory and apoptosis factors.

In summary, our results indicated that chicken SelW
resembles its mammalian homologs in protecting hepatic cells
against ROS-mediated inammation and apoptosis, despite the
lack of Cys37 in the peptide.
15166 | RSC Adv., 2017, 7, 15158–15167
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