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Abstract Selenoprotein W (SelW) and selenium

(Se) plays important roles in gastrointestinal function

and that SelW expression in the gastrointestinal system

of mammals is sensitive to Se levels. However, little is

known about the pattern of SelW expression in the bird

gastrointestinal tract. To investigate the distribution of

SelW and effects of dietary Se levels on the SelW

mRNA expression in the gastrointestinal tract tissues

of birds, 1-day-old male chickens were fed either a

commercial diet or a Se-supplemented diet containing

1.0, 2.0, 3.0 or 5.0 mg/kg sodium selenite for 90 days.

The gastrointestinal tract tissues (tongue, esophagus,

crop, proventriculus, gizzard, duodenum, small intes-

tine, cecum and rectum) were collected and examined

for Se content and mRNA levels of SelW. The mRNA

expression of SelW was detected in all tissues. The

greatest increase in SelW mRNA levels was observed

in the gizzard, whereas Se content was highest in the

duodenum and small intestine. A significant increase in

SelW mRNA levels was observed in the gastrointes-

tinal tract tissues of chickens fed the diets containing

1–3 mg/kg sodium selenite while decreased SelW

mRNA levels were observed in the esophagus, crop,

proventriculus, gizzard, duodenum and cecum in

chickens fed the diet containing 5 mg/kg sodium

selenite. These data indicate that SelW is widely

expressed in the gastrointestinal tract tissues of birds

and the transcription of the SelW gene is very sensitive

to dietary Se.
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mRNA expression � Gastrointestinal tract tissues

Introduction

Selenium (Se) is an essential nutritional trace element

that is critical to the normal physiology of a wide range

of species, including birds. Previous data suggest

that Se plays important roles in chemoprevention

(Combs et al. 2001; Li et al. 2010), neurobiology

(Schweizer et al. 2004), aging (Martin-Romero et al.

2001), immune functions (i.e. immune responses, and
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anti-inflammatory and antiviral activity) (Rayman

2000; Hoffmann and Berry 2008), muscle metabolism

(Chariot and Bignani 2003), reproduction (Kaur and

Bansal 2005), redox reactions (Rayman 2000), and in

many other aspects of health (Brown and Arthur 2001;

Mahmoud and Edens 2005). The activity of Se within

animal systems is mainly elicited via selenoproteins

(Stadtman 2000), a group of proteins that contain the

amino acid selenocysteine (Sec) as an integral part of

their polypeptide chain. These proteins have been

found in the three domain of life but not in all species

of bacteria, archaea and eukaryotes. Much of seleno-

proteins beneficial on health is attributed to its

presence with at least 30 selenoprotein families

(Kryukov et al. 2003; Kryukov and Gladyshev 2004;

Castellano et al. 2005; Zhang et al. 2005; Papp et al.

2007). In recent years, 25 families of human seleno-

protein genes have been identified, 24 of which are

also present in rodents (Kryukov et al. 2003). How-

ever, the selenoproteome in birds remains unclear.

Most members of the selenoprotein families exhibit

diverse tissue distribution patterns, ranging from

ubiquitous to tissue-specific expression. The subcel-

lular localization of selenoproteins also varies, as some

selenoproteins are exclusively expressed in specific

organelles or as transmembrane proteins, while others

are expressed in the extracellular spaces or plasma

(Reeves and Hoffmann 2009). These and other prop-

erties have provided important information about the

physiological roles of selenoproteins.

Selenoproteins are involved in cellular defense

against oxidative damage, metabolic and develop-

mental pathways and in the responses to environmen-

tal challenges (Lu and Holmgren 2009). There is

increasing evidence that the biological functions of Se

are mediated by selenoproteins; thus, it is important to

identify, characterize and determine the functions of

all selenoproteins. In particular, the roles of seleno-

protein W (SelW) have yet to be fully determined.

SelW is highly conserved among mammalian species

(83% homology) with the Sec residue present in the

N-terminal region as part of the—CXXU—redox

motif (Beilstein et al. 1996; Gu et al. 1999; Aachmann

et al. 2007). We have cloned the avian SelW gene

(GenBank accession no. GQ919055), and observed

that the structure of chicken SelW is similar to that of

mammals. This selenoprotein can bind reduced glu-

tathione (GSH) (Beilstein et al. 1996), suggesting that

its expression may be an important component of the

cellular defense system against oxidative stress

(Beilstein et al. 1996; Wang et al. 2010). SelW is

ubiquitously expressed in tissues, and its expression is

regulated by Se status and intake. Se deficiency was

shown to reduce the expression of SelW in skeletal

muscles, heart, intestine, prostate, esophagus and skin,

but not its expression in the brain, in rodents

(Whanger 2000). Although the biological character-

istics of SelW, including its amino acid sequence,

distribution and the regulatory effect of Se on its

expression, are already known in rodents, the charac-

teristics of avian SelW remain unknown, except for its

amino acid sequence.

The digestive tract of any animal, including chick-

ens, is important in converting the food they eat into

the nutrients their body needs for maintenance, growth

and production (such as eggs). The digestive tract is

also referred to as the gastrointestinal tract. The

gastrointestinal tract of a chicken is much stronger

than that of a human being due to the chicken’s lack of

teeth. SelW was expressed in the tongue, esophagus,

stomach, small intestine and colon in Se-supplemented

rats, but was not expressed in these tissues in

Se-deficient rats (Sun et al. 1998; Whanger 2000;

Pagmantidis et al. 2005). Provision of adequate Se

elicited a significant increase in SelW mRNA levels in

human intestinal Caco-2 cells. Additionally, Se sup-

plementation could prevent colorectal cancer (Combs

2005). These data indicate that SelW expression in the

gastrointestinal system of mammals is sensitive to Se

levels and that Se and SelW play important roles in

gastrointestinal function and during gastrointestinal

diseases. By contrast, the pattern of SelW expression

in the avian gastrointestinal tract remains unknown.

Therefore, the aims of the present study were to

(1) investigate the distribution of SelW and Se in the

gastrointestinal tract tissues of chickens and (2)

evaluate the dose-dependent effect of dietary

supplementation containing a range of Se levels on

the regulation of SelW mRNA expression in these

tissues.

Materials and methods

Birds and diets

All procedures used in this experiment were approved

by the Institutional Animal Care and Use Committee
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of Northeast Agricultural University. Fifty male

chickens (1-day-old; Weiwei Co. Ltd., Harbin,

China) were divided into five groups (10 chickens/

group) and fed either the commercial granulated diet

or the Se-supplemented granulated diet containing

1.0, 2.0, 3.0 or 5.0 mg/kg sodium selenite for

90 days. The basal commercial granulated diet was

shown by analysis to contain 0.145 mg/kg Se. On the

90th day of the experiment, all of the chickens were

fasted overnight. Following euthanasia with sodium

pentobarbital, the gastrointestinal tract tissues of the

chickens were quickly removed, blotted and then

rinsed with ice-cold sterile deionized water, frozen

immediately in liquid nitrogen and stored at -80�C

until required. Se content and mRNA levels of SelW

were measured in these tissues.

Determination of Se concentration in tissues

Se content in the tissues and whole blood was estimated

by the method described by Hasunuma et al. (1982). The

assay is based on the principle that Se contained in

samples is converted to selenous acid in response to acid

digestion. The reaction between selenous acid and

aromatic-o-diamines, such as 2,3-diamino-naphthalene

(DAN), leads to the formation of 4,5-benzopiazselenol,

which displays a brilliant lime-green fluorescence when

excited at 366 nm in cyclohexane. The fluorescence

emission in extracted cyclohexane was measured by a

fluorescence spectrophotometer with an excitation and

emission wavelengths of 366 and 520 nm, respectively.

The Se content was calculated by reference to a standard

curve.

Determination of the SelW mRNA level

by quantitative RT-PCR

Total RNA was isolated from the tissue samples

(50 mg tissue; n = 3/diet group) using TRIzol reagent

according to the manufacturer’s instructions (Invitro-

gen, China). The dried RNA pellets were resuspended

in 50 ll of diethyl-pyrocarbonate-treated water. The

concentration and purity of the total RNA were

determined spectrophotometrically at 260/280 nm.

First-strand cDNA was synthesized from 5 lg of total

RNA using oligo dT primers and Superscript II

reverse transcriptase according to the manufacturer’s

instructions (Invitrogen, China). Synthesized cDNA

was diluted five times with sterile water and stored at

-80�C before use.

Primer Premier Software (PREMIER Biosoft Inter-

national, USA) was used to design specific primers for

SelW and GADPH 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, China) and

sequenced. Quantitative real-time PCR was performed

on an ABI PRISM 7500 Detection System (Applied

Biosystems, USA). Reactions were performed in a

20-ll reaction mixture containing 10 ll of 29 SYBR

Green I PCR Master Mix (TaKaRa, China), 2 ll of

either diluted cDNA, 0.4 ll of each primer (10 lM),

0.4 ll of 509 ROX reference Dye II and 6.8 ll of

PCR-grade water. The PCR procedure for SelW and

GADPH consisted of 95�C for 30 s followed by 40

cycles of 95�C for 15 s, 60�C for 30 s and 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. 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

(Peirson et al. 2003). The mRNA relative abundance

was calculated according to the method of Pfaffl

(2001), accounting for gene-specific efficiencies and

Table 1 Primers used for quantitative real-time PCR

Target gene GenBank accession no Primer Sequence (50–30) PCR fragment

length (bp)

Chicken SelW GQ919055 Forward 50-CTCCGCGTCACCGTGCTC-30 150

Reverse 50-CACCGTCACCTCGAACCATCCC-30

GADPH K01458 Forward 50-AGAACATCATCCCAGCGT-30 182

Reverse 50-AGCCTTCACTACCCTCTTG-30
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was normalized to the mean expression of GADPH,

and expressed as the ratio of Se dietary content.

Statistical analysis

Statistical analysis of Se concentration and mRNA

level was performed using SPSS statistical software for

Windows (version 13; SPSS Inc., Chicago, IL, USA).

When a significant value (P \ 0.05) was obtained by

one-way analysis of variance, 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 differ-

ence test for post hoc multiple comparisons. The

relationship between Se concentrations in whole blood

or tissues and the abundance of SelW mRNA were

assessed using Pearson’s correlation coefficient. Data

are expressed as mean ± standard deviation. Differ-

ences were considered to be significant at P \ 0.05.

Results

Se content in whole blood and tissues

The effects of the different concentrations of dietary Se

on Se content in whole blood and tissues are shown in

Fig. 1. Chickens fed the basal diet had significantly

lower (P \ 0.05) Se content in whole blood and in the

gastrointestinal tract tissues compared with those of

chickens fed Se-supplemented diets (Fig. 1a). A

significant increase in the whole blood Se concentra-

tion was observed for chicken fed diets containing

1–5 mg/kg sodium selenite for 90 days. When chick-

ens were fed the diets containing 1–3 mg/kg sodium

selenite, the Se content in the gastrointestinal tract

tissues dose dependently increased with increasing

dietary Se content (Fig. 1b). In contrast, although

the Se content in the gastrointestinal tract tissues

of chickens fed diets containing 3–5 mg/kg sodium
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Fig. 1 Whole blood (a; lg/ml) and gastrointestinal tract tissue

(b; lg/g, wet wt of tissue) Se content in chickens fed diets

containing various concentrations of Se. Bars represent

mean ± standard deviation (n = 3/group). Bars with asterisk
‘‘*’’ are statistically significantly different from control by one-

way analysis of variance followed by Tukey’s multiple

comparison test (* P \ 0.05, ** P \ 0.01, *** P \ 0.001).

Within the groups treated with various levels of Se, bars sharing

a common letter are not significantly different (P [ 0.05)
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selenite increased with increasing dietary Se concen-

trations, gastrointestinal tract Se content reached a

plateau in the proventriculus, gizzard, duodenum,

small intestine, cecum and rectum (P [ 0.05). Fur-

thermore, there was a significant decrease in the Se

content in the esophagus and crop in the chickens fed

diets containing 5 mg/kg sodium selenite, as compared

with 3 mg/kg (P \ 0.05).

Effect of Se supplementation on SelW mRNA

abundance

The SelW mRNA abundance measured by quantita-

tive RT-PCR is shown in Figs. 2 and 3. The basal

SelW expression level of the gastrointestinal tract

tissues of chicken in control group from high to low is

as follows: gizzard, duodenum, crop, small intestine,

esophagus, rectum, cecum, tongue, proventriculus

(Fig. 2). When chickens fed diets containing 3 mg/kg

sodium selenite, the SelW mRNA abundance from

high to low is as follows: gizzard, proventriculus,

duodenum, small intestine, crop, rectum, esophagus,

cecum, tongue (Fig. 2). Of note, the SelW mRNA

abundance in the gizzard was the highest in the

gastrointestinal tract tissues of chicken fed diets

containing 0–5 mg/kg sodium selenite (all, P \ 0.05).

When compared with the control group, a signif-

icant increase in the SelW mRNA levels was observed

in all of the gastrointestinal tract tissues, except for the

cecum, in chickens fed diets containing 1–5 mg/kg

sodium selenite (Fig. 3). The greatest increases in

SelW mRNA expression were observed in the

gastrointestinal tract tissues, except for the tongue,

small intestine and rectum, in chickens fed the diet

containing 3 mg/kg sodium selenite (P \ 0.001). Of

note, the mRNA expression of SelW in the gizzard

increased by about 27.28-fold with 3 mg/kg diet Se,

as compared with the control group. When the

chickens were fed the diet containing 5 mg/kg sodium

selenite, the greatest levels of SelW mRNA were

found in the tongue, small intestine and rectum.

However, after reaching the maximal level, further

increases in Se dose actually led to a reduction in

SelW mRNA in the esophagus, crop, proventriculus,

gizzard, duodenum and cecum (Fig. 3).

Correlation between Se concentrations and SelW

mRNA abundance

The Pearson correlation coefficient between Se concen-

trations in whole blood or tissues and the SelW mRNA

abundance in the gastrointestinal tract tissues of chicken

are reported in Table 2. Tissue Se content was signif-

icantly correlated with the abundance of SelW mRNA in

the esophagus, proventriculus, gizzard, small intestine

and rectum (all, P \ 0.01) and crop (P \ 0.05), but not

in the duodenum or cecum (P [ 0.05). The whole blood

Se concentration was directly correlated with the

abundance of SelW mRNA in the small intestine and

rectum (both, P \ 0.01), and the proventriculus and
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Fig. 2 Comparisons of the same concentrations of Se on the

abundance of SelW mRNA in the different parts of the

gastrointestinal tract tissues of chicken, such as tongue,

esophagus, crop, proventriculus, gizzard, duodenum, small

intestine, cecum and rectum. Within the gastrointestinal tract

tissues of chicken, bars sharing a common letter are not

significantly different (P [ 0.05)
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gizzard (both, P \ 0.05), but not in the esophagus, crop,

cecum or duodenum (P [ 0.05).

Discussion

In our previous study, we determined the cDNA

sequence for SelW from chicken cerebral tissue and

found that SelW is expressed widely in chicken

tissues, with predominant expression in the nervous

tissue, muscle tissue, gizzard, blood vessel, and

cartilaginous tissue, and weak expression in the

pancreas, testis, ovary, kidney and veins (unpublished

data). In this study, we observed the mRNA expres-

sion of SelW in the gastrointestinal tract tissues of

90-day-old male chickens. The SelW mRNA levels in

rodents (Vendeland et al. 1995; Yeh et al. 1995,

1997b, 1998; Sun et al. 1998), primates (Gu et al.

1999, 2000; Bellingham et al. 2003), pigs (Terry et al.

2009; Zhou et al. 2009) and sheep (Yeh et al. 1997a;

Sun et al. 1999) are generally sensitive to Se status.

The results of the present work confirm that SelW

gene expression in the gastrointestinal tract of avian

is also sensitive to dietary Se content, consistent with

these earlier studies.

The tissue distribution of SelW differs among

animals. In previous studies, it was reported that

SelW was expressed in the gastrointestinal system

including tongue, esophagus, stomach, intestine and

colon in rodents, primates and sheep, and in a

gastrointestinal cell line (Caco-2) (Yeh et al. 1997a,

1998; Sun et al. 1998; Gu et al. 2000; Pagmantidis

et al. 2005). However, the distribution of SelW in the

avian gastrointestinal tract tissues was unknown until

now. We observed that the SelW gene was more

widely expressed in the gastrointestinal tract tissues

Fig. 3 Effects of different concentrations of Se on the

abundance of SelW mRNA in the gastrointestinal tract tissues

of chicken. Bars represent mean ± standard deviation (n = 3/

group). Bars with asterisk ‘‘*’’ are statistically significantly

different from control by one-way analysis of variance followed

by Tukey’s multiple comparison test (* P \ 0.05, ** P \ 0.01,

*** P \ 0.001). Within the groups treated with various levels

of Se, bars sharing a common letter are not significantly

different (P [ 0.05)

Table 2 Pearson correlation coefficients between whole blood Se, tissue Se and the abundance of SelW mRNA in the gastroin-

testinal tract tissues of chickens fed diets containing different concentrations of Se

Parameter Esophagus Crop Proventriculus Gizzard Duodenum Small intestine Cecum Rectum

SelW

Whole blood Se 0.184 0.275 0.514* 0.529* 0.013 0.936** –0.157 0.899**

Tissue Se 0.706** 0.619* 0.807** 0.760** 0.459 0.681** 0.430 0.664**

* P \ 0.05; ** P \ 0.01
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of male chickens fed the basal commercial diets and

Se-supplemented diets than we originally thought.

Thus, these data suggest that the tissue distribution of

SelW in the digestive system of birds may be similar

to that of mammals.

Numerous studies have shown that SelW levels

increase in response to Se dietary supplementation. SelW

mRNA and protein expression in muscles, hearts, testis

and spleen in rats and sheep are very sensitive to Se (Sun

et al. 1998; Yeh et al. 1995, 1997a, b, 1998). However,

there was a significant difference in terms of the changes

in gastrointestinal SelW expression between rats and

sheep in response to dietary supplementation with Se.

When animals were fed Se-supplemented diets, higher

levels of SelW were found in the tongue (rats and sheep)

and colon (rats), whereas an indistinct increase in the

levels of SelW was observed in the esophagus, stomach

and small intestine of rats (Yeh et al. 1997a; Sun et al.

1998; Pagmantidis et al. 2005). In the present study,

chickens fed diets containing 1–3 mg/kg sodium selenite

showed increased expression of SelW mRNA in the

gastrointestinal tract tissues. However, increasing the

dietary content of sodium selenite to [3 mg/kg diet,

SelW mRNA levels decreased in the esophagus, crop,

proventriculus, gizzard, duodenum and cecum (Fig. 2).

Thus, these data suggest that the transcription of the SelW

gene in the gastrointestinal tract tissues of birds are more

sensitive to Se than that in mammals. SelW appears to

bind to glutathione (Beilstein et al. 1996) and acts as an

antioxidant in vivo (Jeong et al. 2002) and in vitro (Wang

et al. 2010). Therefore, we hypothesized that Se and SelW

may play an important role in the function of the

gastrointestinal tract in birds and during digestive system

diseases. It was consistent with the previous study about

rats (Pagmantidis et al. 2005).

Previous studies have reported no correlations

between the relative tissue distributions of Se and

SelW (Gu et al. 2000; Yeh et al. 1997a). The results

of present study support these finding. The greatest

increase in SelW mRNA abundance was observed in

the gizzard (Fig. 2), whereas Se content was highest

in the duodenum and small intestine (Fig. 1b).

Nevertheless, there was a significant direct relation-

ship between tissue Se content and the SelW mRNA

abundance in the esophagus, proventriculus, gizzard,

small intestine and rectum of chickens fed

Se-supplemented diets (Table 2).

The question arises as to the mechanism by which

Se regulates SelW expression. Se is present in

selenoproteins as the amino acid Sec, and is incor-

porated during protein synthesis. This incorporation

requires the recoding of a UGA codon that involves

the formation of a complex between an RNA stem-

loop structure (SECIS) located in the 30-untranslated

region of selenoprotein mRNAs and various trans-

acting proteins (Berry 2005). Thus, selenoprotein

expression can depend on dietary Se intake and

genetic factors. Gu et al. (2002) reported that Se

stabilizes SelW mRNA but has no effect on its

transcription in cultured L8 rat skeletal muscle cells.

However, Pagmantidis et al. (2005) reported that

SelW expression in the colonic mucosa from rats and

human intestinal Caco-2 cells is highly sensitive to Se

depletion. Under circumstances of low Se, mRNA

is degraded through nonsense-mediated decay

(Moriarty et al. 1998). The levels of SelW mRNA

are highly dependent on adequate dietary Se intake

and on the levels of selenoprotein P (Pagmantidis

et al. 2005; Sunde et al. 2009; Hoffmann et al. 2007).

Thus, differences in SelW mRNA levels may be due

to multiple factors acting individually or in combi-

nation. However, the detailed mechanisms involved

by which Se regulates SelW transcription in the

gastrointestinal tract tissues of chickens remain

unclear.

In summary, SelW gene expression was found in

the gastrointestinal tract tissues of chickens. The

transcription of the SelW gene in the gastrointestinal

tract tissues of chickens is very sensitive to dietary

Se. SelW is an antioxidant protein and we believe

that it plays an important role in cellular defense

against oxidative damage and Se metabolic pathways

in the digestive system of birds. Further studies are

needed to determine the mechanism by which Se

regulates SelW gene expression in birds.
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