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Abstract Selenoprotein has many functions in chicken, and
the expression of selenoproteins is closely associated with the
selenium (Se) level. However, little is known about the ex-
pression patterns of selenoproteins in chicken immune organs.
Here, we investigated the effect of dietary Se deficiency on the
expressions of 23 selenoproteins in broiler immune organs. In
this study, 150 broilers were randomly divided into two
groups (75 chickens per group). The chickens were main-
tained either on a diet supplemented with Se through the ad-
dition of 0.2 mg/kg of Se (C group) via sodium selenite or on a
Se-deficient granulated diet (L group) until the broilers exhib-
ited an onset of exudative diathesis (ED). Following euthana-
sia, the samples from the immune tissues (including the
spleen, thymus, and bursa of Fabricius) were quickly collect-
ed, and the messenger RNA (mRNA) expression levels of 23
selenoproteins were examined by real-time quantitative PCR
and analyzed using principal component analysis. The results
showed that Se deficiency decreased the mRNA levels of 23
selenoproteins in the thymus, spleen, and bursa of the
Fabricius tissues of broiler chickens. Furthermore, we found
that among 23 selenoproteins, the mRNA levels of Dio1 in the
thymus, Txnrd2 in the spleen, and Txnrd3 in the bursa of
Fabricius decreased significantly (90.9 %, 83.3 %, and

96.8 %, respectively). In addition, the principal component
analysis (PCA) results suggested that Se deficiency mainly
influenced the expression of antioxidative selenoproteins, es-
pecially glutathione peroxidases (Gpxs), thioredoxin reduc-
tases (Txnrds), and iodothyronine deiodinases (Dios) in chick-
en immune organs. The results of this study are valuable for
understanding the relevance of selenoprotein activity in vivo.
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Introduction

Selenium (Se) is an essential nutritional trace element for
many organisms, and it plays an important role in the normal
physiology of a wide range of species, including birds. Se
deficiency induces a variety of health problems in animals,
including effects related to chemoprevention [4, 15], oxidant
defense [28, 30], neurobiological functions [29], aging [23],
and reproduction [12]. In chicken, Se is essential for the nor-
mal function of the immune system [10, 24], and Se deficien-
cy can also cause ED, pancreas atrophy, diarrhea, reproductive
dysfunction, and immune or nerve damage. The immune sys-
tem is particularly sensitive to Se deficiency. Previous studies
have shown that Se-deficient diets can inhibit bursal and thy-
mic growth [22] and reduce T cell numbers [13]. Moreover,
compounds that affect Se have been reported to affect the
incorporation of Se into the spleen and lymph nodes [8].

Se is present in the body and exerts its biological functions
mainly in the form of selenoproteins [3, 27]. Selenoproteins
can be divided into two groups on the basis of the position of
selenocysteine (Sec). One group has a Sec near the C-terminus
of selenoproteins, for example, in thioredoxin reductases
(Txnrds), SelI, SelK, SelO, and Seps1, and the other group
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has a Sec near the N-terminus of selenoprotein L (Sel), for
example, glutathione peroxidases (Gpxs), iodothyronine
deiodinases (Dios), SelH, SelM, Sepn1, SelT, Sepw1, SPS2,
and Sep15 [1, 25]. These selenoproteins include the well-
characterized enzyme families, Gpxs, Dios, and Txnrds [21].
Txnrds (Txnrd1, Txnrd2, and Txnrd3) function as antioxidant
molecules in the body by regulating the protein dithiol/
disulfide balance. Gpxs are enzymes that are involved in the
catabolism of peroxide. Recently, Liu et al. [19] found Se
deficiency decreased the amount of four Gpxs in chicken
livers. Selenoprotein expression is regulated by the Se level
in humans and animals. An effect of Se deficiency on
selenoproteins was found in mammals. Se deficiency influ-
enced the expressions of selenoproteins in human, pig, and
rat [11, 18]. When there is a lack of Se in the diet, the expres-
sion levels of selenoproteins can be altered in a variety of
chicken organs, including the spleen [34], pancreas [35], and
the adipose tissue [16].

Although knowledge of the effects of Se deficiency has
increased markedly within the past several years, such studies
have mainly focused on the effect of Se deficiency on the
expressions of a few selenoproteins. The effects of Se defi-
ciency on all selenoproteins are unknown. It is also unknown
whether selenoproteins differentially respond to Se deficiency
or whether there is a different response to Se deficiency in the
immune organs. Thus, we examined 23 selenoproteins in
broiler immune tissues (thymus, spleen, bursa of Fabricius)
and analyzed and compared their expression patterns follow-
ing Se deficiency.

Materials and Methods

Poultry and Tissue Collection

All of the procedures used in the present study were
approved by the Institutional Animal Care and Use
Committee of Northeast Agricultural University. One
hundred and fifty broiler chicks (1 day old; Weiwei
Co. Ltd., Harbin, China) were randomly divided into
two groups (75 chickens per group). The chickens were
maintained either on a diet supplemented with Se
through the addition of 0.2 mg/kg Se (C group) via
sodium selenite or on a Se-deficient granulated 76 diet
(L group, from the Se-deficient region of Heilongjiang
Province in China, containing 0.008 mg/kg Se) until the
broiler chicks exhibited ED onset. Feed and tap water
were supplied ad libitum. When the symptoms of Se
deficiency occurred in the L group at 20 days, the birds
were euthanized, and the immune tissues (including the
spleen, thymus, and bursa of Fabricius) were quickly
collected. The tissues were excised immediately on an
ice-cold plate, washed in a physiological saline solution,

and then divided into three portions; one potion was
stored at −80 °C until the isolation of RNA.

Design of Primers and Quantitative PCR

Total RNA was isolated from the tissue samples using
TRIzol reagent according to the manufacturer’s instruc-
tions (Invitrogen, China). The dried RNA pellets were
resuspended in 50 μl of diethyl-pyrocarbonate-treated
water. The concentration and purity of the total RNA
were spectrophotometrically determined at 260 nm/
280 nm according to the spectrophotometer instructions
(Gene Quant 1300/100, General Electric Company,
USA). First-strand complementary DNA (cDNA) was
synthesized from 5 μg of total RNA using oligo dT
primers and superscript II reverse transcriptase accord-
ing to the manufacturer’s instructions (Roche, USA).
The synthesized cDNA was diluted five times with ster-
ile water and stored at −80 °C before use.

Pr imer Premier sof tware (PREMIER Biosof t
International, USA) was used to design specific primers
for Hsps based on known chicken sequences (Table 1).
Real-time quantitative PCR (qPCR) was performed on
an ABI PRISM 7500 Detection System (Applied
Biosystems, USA). The reactions were performed in a
20-μl reaction mixture containing 10 μl of 2× SYBR
Green I PCR Master 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 procedure for Hsps was
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. Melting curve
analysis showed only one peak for each PCR product.
Electrophoresis was performed with the PCR products
to verify the primer specificity and product purity. The
relative messenger RNA (mRNA) abundance was calcu-
lated according to the ΔΔCt method, which accounts
for gene-specific efficiencies and was normalized to
the mean expression of the abovementioned index.

Statistical Analysis

Statistical analysis of all of the data was performed using
SPSS for Windows (version 19, SPSS Inc., USA).
Differences between the Se deficiency group and the control
group were considered to be significant at P < 0.05. The data
are expressed as the mean ± SD. In addition, principal com-
ponent analysis (PCA) was used to define the most important
parameters, which could be used as key factors for individual
variations using the Statistics 6.0 program (version 19, SPSS
Inc., Chicago, IL, USA).
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Result

The Effect of Se Deficiency on the mRNA Expression
Levels of Selenoproteins in Broiler Chicken Immune
Organs

In this study, we examined the mRNA expression levels of
selenoproteins using real-time quantitative PCR. The results
in Figs. 1, 2, and 3 show that compared with the C groups, the
mRNA levels of 23 selenoproteins were lower in the thymus,
spleen, and bursa of Fabricius tissues of broiler chickens in the
L groups. The results (Figs. 1, 2, and 3) indicated that 22, 20,
and 23 selenoproteins were significantly decreased in the thy-
mus, spleen and bursa of Fabricius tissues, respectively, from
the L group (P < 0.001), with the exception of Txnrd3 in the
thymus (P > 0.05) and Gpx4, Txnrd1 (P < 0.05), and Sepp1
(P > 0.05) in the spleen. As shown in Fig. 1, in the thymus
tissues of broiler chickens, the mRNA level of SPS2 was
highest in both of the C group and L group, and at the same
time, the expression levels of Txnrd1 and Gpx2 were lowest,
respectively, in the C group and L group. Figure 2 shows that
in the spleen tissues, the highest and lowest expression levels
of selenoproteins in the C group were Sepx-15 and Txnrd1,
respectively, and that the selenoproteins with a similar

expression in the L group were SelM and Txnrd2. Figure 3
shows that in the bursa of Fabricius, the mRNA level of
Txnrd3 was highest in the C group and lowest in the L group,
the SelI mRNA level was the lowest in the C group, and the
Sepn1 mRNA level was highest in the L group.

The Expression Pattern of Selenoproteins in Broiler
Chickens Immune Organs

Tables 2, 3, and 4 show that the expression levels of the
selenoproteins were different from each other. Compared
to the C group, we found that the mRNA levels of Dio1,
SelI, and Txnrd2 were the most significantly reduced
(90.9, 86.7, and 76.6 %, respectively) and that Txnrd3,
Gpx3, and SepW had the minimum differences (12.6,
34.3, and 40.2 %, respectively). We also observed that
Txnrd2, Gpx2, and Sepx-15 were mostly decreased in
the spleen tissues (83.3, 81.1, and 76.0 %, respectively)
and Sepp1, Gpx4, and Txnrd1 were changed the least
(14.1, 27.1, and 27.4 %, respectively). Table 4 shows
that Txnrd3, Txnrd2, and SelO had the most reduced
mRNA levels (96.8, 94.6, and 94.3 %, respectively)
and Sepx1, Gpx1, and Sepp1 had the least reduced

Table 1 Gene-special primers
used in the real-time quantitative
reverse-transcription PCR

Gene Forward primer Reverse primer

GPx1 5′-ACGGCGCATCTTCCAAAG-3′ 5′-TGTTCCCCCAACCATTTCTC-3′

GPx2 5′-ATCGCCAAGTCCTTCTACGA-3′ 5′-ACGTTCTCGATGAGGACCAC-3′

GPx3 5′-CCTGCAGTACCTCGAACTGA-3′ 5′-CTTCAGTGCAGGGAGGATCT-3′

GPx4 5′-CTTCGTCTGCATCATCACCAA-3′ 5′-TCGACGAGCTGAGTGTAATTCAC-3′

Txnrd1 5′-TACGCCTCTGGGAAATTCGT-3′ 5′-CTTGCAAGGCTTGTCCCAGTA-3′

Txnrd2 5′-GCTCTTAAAGATGCCCAGCACTAC-3′ 5′-GAACAGCTTGAGCCATCACAGA-3′

Txnrd3 5′-CCTGGCAAAACGCTAGTTGTG-3′ 5′-CGCACCATTACTGTGACATCTAGAC-3′

Dio1 5′-GCGCTATACCACAGGCAGTA-3′ 5′-GGTCTTGCAAATGTCACCAC-3′

Dio2 5′-ATTTGCTGATCACGCTTCAG-3′ 5′-GCTCAGAAACAGCACCATGT-3′

Dio3 5′-CTGTGCATTCGCAAGAAGAT-3′ 5′-GCCGACTTGAAGAAGTCCAG-3′

Sepn1 5′-CAGGATCCATGCTGAGTTCCA-3′ 5′-GAGAGGACGATGTAACCCGTAAAC-3′

Sepp1 5′-CCAAGTGGTCAGCATTCACATC-3′ 5′-ATGACGACCACCCTCACGAT-3′

SPS2 5′-CGTTGGGTATCGGAACTGAC-3′ 5′-CGTCCACCAGAGGGTAGAAA-3′

SelK 5′-ATGACGACCACCCTCACGAT-3′ 5′-CCAGCGTTAACCGGAATGAT-3′

Selpb 5′-AGGCCAACAGTACCATGGAG-3′ 5′-GTGGTGAGGATGGAGATGGT-3′

Sepx15 5′-ACTTGGCTTCTCCAGTAACTTGCT-3′ 5′-GCCTACAGAATGGATCCAACTGA-3′

SelW 5′-TGGTGTGGGTCTGCTTTACG-3′ 5′-CCAAAGCTGGAAGGTGCAA-3′

SelH 5′-CATCGAGCACTGCCGTAG-3′ 5′-GACACCTCGAAGCTGTTCCT-3′

SelI 5′-TGCCAGCCTCTGAACTGGAT-3′ 5′-TGCAAACCCAGACATCACCAT-3′

SelM 5′-AAGAAGGACCACCCAGACCT-3′ 5′-GCTGTCCTGTCTCCCTCATC-3′

SelO 5′-CCAGCGTTAACCGGAATGAT-3′ 5′-ATGCGCCTCCTGGATTTCT-3′

SelS 5′-GCCTGCGTCGCCATCTATCTCA-3′ 5′-TTCTGCCTTCGCTTCTGTTCTTCAA-3′

Sepx1 5′-TGGCAAGTGTGGCAATGG-3′ 5′-GAATTTGAGCGAGCTGCTGAAT-3′

SelU 5′-GATGCTTTCAGGCTTCTTCC-3′ 5′-CTGTCTTCCTGCTCCAATCA-3′
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expression (52.4, 54.0, and 63.6 %, respectively) in the
bursa of Fabricius tissues.

Principal Component Analysis

Using PCA, all of the parameters were distinguished on ordi-
nation plots corresponding to the first and second principal
components (71.26 and 12.23 % in the thymus, 83.2 and
10.54 % in the spleen, and 79.44 and 16.73 % in the bursa
of Fabricius, respectively) (Figs. 4, 5, and 6). In addition, the
observed relationships among the parameters were confirmed
and quantified by Spearman’s test (Tables 5, 6, and 7). The
results show that there were positive correlations between dif-
ferent selenoproteins, except that of SelW and Gpx2 in the
thymus, Sepp1 and SelM in the spleen, and Sepp1 and SelH
in the bursa of Fabricius. Furthermore, as shown in Figs. 4, 5,
and 6, most of selenoproteins were grouped in the rotating
component matrix. In response to Se deficiency,
selenoproteins generally showed a similar expression pattern.
After analyzing the component matrix, we found that in the
thymus organs, Sepx1 had a strong positive correlation with
component 1, but was not correlated with component 2
(Table 8); Gpx3, Dio1, SelH, and SelU had different positive
correlation between components 1 and 2 (Table 9) in the

spleen tissues; and SelM was correlated with component 1,
but not with component 2 (Table 10).

Discussion

Much of the beneficial influence of Se on animal health is
attributed to its presence within selenoproteins. Moreover, dif-
ferent families of selenoproteins have been identified, and
decreases of these proteins may cause various impairments
and diseases in chicken [14, 26]. Previous studies revealed
that selenoproteins in animals respond to dietary Se. In broiler
chicken, Se deficiency influenced the expressions of more
than 20 selenoproteins in the liver [19], thyroid tissues [17],
and adipose tissues [16]. These previous studies suggest that
selenoproteins show different expression patterns and re-
sponses to Se deficiency. However, it is still unclear which
selenoproteins play major roles in different organs.
Therefore, we examined the mRNA expression levels of 23
selenoproteins in the broiler chicken thymus, spleen, and bur-
sa of Fabricius tissues. Similar with the aforementioned stud-
ies, our results showed that diet Se deficiency could decrease
the mRNA expression levels of selenoproteins in broiler
chicken immune organs.

Fig. 1 Effects of Se-deficiency
on Sels mRNA expression in the
broiler thymus. The results are
from at least five independent
experiments. Data are represented
as the mean ± SD (n = 6). Bars
with different superscript letters
represented statistically
significant differences (P < 0.05)
between the control group and the
low-dose group

Fig. 2 Effects of Se-deficiency
on Sels mRNA expression in
broiler spleen. The results are
from at least five independent
experiments. Data are represented
as the mean ± SD (n = 6). Bars
with different superscript letters
represented statistically
significant differences (P < 0.05)
between the control group and the
low-dose group
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Our results showed that under normal conditions, the
mRNA levels of Gpxs, Txnrds, Dios, SelW, SelH, SelS,
SelM, and SelI were high in broiler chicken immune organs.
The abovementioned selenoproteins are parts of antioxidative
selenoproteins, so it indicates that antioxidative selenoproteins
may heavily exist in and exert biological functions in broiler
immune organs. In the present study, the mRNA expressions
of selenoproteins were decreased by Se deficiency, and among
these selenoproteins, Gpxs, Txnrds, Dios, SelW, SelH, SelS,
and SelM belong to antioxidative selenoproteins [2]. Thus,
antioxidative selenoproteins may play the major roles in

broiler chicken immune organs for response to Se deficiency.
Even though some selenoproteins exert the similar function,
they may preserve different status in different tissues. In the
chicken liver, Se deficiency decreased the expressions of the
selenoproteins Gpx1, Gpx3, Gpx4, Txnrd1, Txnrd3, Dio1,
Dio2, SPS2, Sepp1, Txnrd2, Dio3, SelH, and SelS [19]. In
adipose tissues, more than 20 selenoproteins were decreased
by Se deficiency in a time-dependent manner, even among
which Gpxs, Dio3, SelI, SelU, Sepw1, and Sepn1 were highly
expressed [16]. However, in thyroid tissues, selenoproteins,
Dios, Txnrds, SelU, and SelO were highly expressed than

Fig. 3 Effects of Se deficiency
on Sels mRNA expression in the
broiler bursa of Fabricius. The
results are from at least five
independent experiments. Data
are represented as the mean ± SD
(n = 6). Bars with different
superscript letters represented
statistically significant differences
(P < 0.05) between the control
group and the low-dose group

Table 2 Relative mRNA levels
of selenoproteins in broiler
thymus

Control group (mean) Se deficiency group (mean) Reduced rate (% of control)

SPS2-1 5.809 SPS2-1 1.411 Dio1 90.9 %

Txnrd2 3.624 Dio1 1.272 SelI 86.7 %

SelI 2.603 SelS 0.938 Txnrd2 76.6 %

SelS 2.45 GPx3 0.854 Selm-1 76.5 %

Sepn1 2.37 Txnrd2 0.848 Sepx-15 75.8 %

Selm-1 2.178 Sepx1 0.804 SPS2-1 75.7 %

Txnrd1 2.046 Sepn1 0.703 Txnrd1 75.2 %

Sepp1 1.714 SelU 0.696 Sepn1 70.3 %

SelU 1.51 Sepp1 0.685 Dio2 67.8 %

Sepx-15 1.501 SelO 0.583 GPX1 65.5 %

Sepx1 1.436 GPx4 0.563 SelS 61.7 %

Dio1 1.401 Selm-1 0.512 Sepp1 60.0 %

GPx3 1.299 Txnrd1 0.507 GPx4 56.5 %

GPx4 1.292 SelK 0.483 SelK 55.3 %

SelO 1.189 SelH 0.456 Dio3 54.4 %

Dio2 1.097 Sepx-15 0.362 SelU 53.9 %

SelK 1.082 Dio2 0.353 SelO 51.0 %

GPx1 1 Txnrd3 0.35 GPx2 48.4 %

SelH 0.839 SelI 0.347 SelH 45.6 %

SelW 0.549 GPx1 0.345 Sepx1 44.0 %

Dio3 0.457 SelW 0.328 SelW 40.2 %

Txnrd3 0.4 Dio3 0.208 GPx3 34.3 %

GPx2 0.236 GPx2 0.122 Txnrd3 12.6 %
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other selenoproteins, and Gpxs family was relatively less
expressed [17]. From these prior studies, we can see that

selenoproteins preserve different expression levels in different
chicken tissues. Yao HD et al. [32] indicated that

Table 3 Relative mRNA levels
of selenoproteins in broiler spleen Control group (mean) Se deficiency group (mean) Reduced rate (% of control)

Sepx-15 1.636 Sepx-15 1.411 Txnrd2 83.3 %

Dio3 1.581 Selm-1 1.272 GPx2 81.1 %

GPx2 1.578 GPx3 0.938 Sepx-15 76.0 %

GPx3 1.476 SelS 0.854 Sepx1 70.4 %

SelS 1.424 Dio3 0.848 SPS2-1 69.3 %

SelI 1.319 SelO 0.804 SelW 67.7 %

Txnrd2 1.232 Dio1 0.703 Txnrd3 67.6 %

Sepx1 1.145 Sepp1 0.696 GPx1 66.0 %

SelW 1.033 SelI 0.685 SelI 65.9 %

Selm-1 1.001 Sepn1 0.583 SelH 65.6 %

GPx1 1.000 SelU 0.563 Dio3 65.0 %

Txnrd3 0.966 GPx4 0.512 SelS 57.8 %

SelU 0.849 Dio2 0.507 GPx3 57.3 %

SPS2-1 0.826 Sepx1 0.483 Dio2 54.0 %

SelO 0.819 GPx1 0.456 SelU 52.0 %

Dio2 0.791 SelW 0.362 SelK 51.0 %

Dio1 0.726 Txnrd3 0.353 SelO 38.6 %

SelH 0.709 SelK 0.35 Sepn1 33.5 %

Sepn1 0.672 GPx2 0.347 Dio1 33.0 %

SelK 0.635 Txnrd1 0.345 Selm-1 30.3 %

GPx4 0.547 SPS2-1 0.328 Txnrd1 27.4 %

Sepp1 0.533 SelH 0.208 GPx4 27.1 %

Txnrd1 0.399 Txnrd2 0.122 Sepp1 14.1 %

Table 4 Relative mRNA levels
of selenoproteins in broiler bursa
of Fabricius

Control group (mean) Se deficiency group (mean) Reduced rate (% of control)

Txnrd2 7.356 Sepn1 1.521 Txnrd3 96.8 %

SelO 6.293 Dio2 1.299 Txnrd2 94.6 %

Sepn1 5.265 Selm-1 0.929 SelO 94.3 %

Dio2 5.065 Sepx1 0.846 SelU 93.3 %

Dio3 4.727 SelH 0.821 GPx4 89.2 %

Sepx-15 3.659 SelK 0.787 GPx2 88.5 %

SelK 3.619 Dio3 0.646 GPx3 87.9 %

Selm-1 3.408 SelW 0.614 Dio3 86.3 %

SelH 3.231 Sepx-15 0.592 Txnrd1 84.9 %

Dio1 3.111 Dio1 0.482 Dio1 84.5 %

Txnrd3 3.029 GPx1 0.460 Sepx-15 83.8 %

SelW 2.686 SelS 0.457 SelK 78.2 %

GPx2 2.593 Txnrd2 0.396 SelW 77.1 %

SelS 1.911 SelO 0.360 SelS 76.1 %

Sepx1 1.776 Sepp1 0.331 SPS2-1 74.9 %

GPx3 1.729 SPS2-1 0.314 SelH 74.6 %

SelU 1.691 GPx2 0.299 Dio2 74.4 %

SPS2-1 1.249 SelI 0.278 Selm-1 72.7 %

Txnrd1 1.210 GPx3 0.209 Sepn1 71.1 %

GPx4 1.017 Txnrd1 0.183 SelI 65.5 %

GPx1 1.000 SelU 0.114 Sepp1 63.6 %

Sepp1 0.907 GPx4 0.110 GPx1 54.0 %

SelI 0.805 Txnrd3 0.098 Sepx1 52.4 %
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selenoproteins Gpx3, Gpx4, and Sepw1 were highly
expressed in chicken muscles, and muscles preserved a higher
percentage of antioxidative selenoproteins that were highly
expressed. Similar with their study, we found the mRNA

levels of Gpxs, Txnrds, Dios, and SelI were high in broiler
chicken immune organs. So, antioxidative selenoproteins may
possess a crucial status in broiler chicken immune organs.
This inference was in accord with our previous study, which

Fig. 4 Ordination diagram of
PCA for the parameters that were
measured in the chicken thymus

Fig. 5 Ordination diagram of
PCA for the parameters that were
measured in the chicken spleen
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indicated that Se deficiency could induce oxidative damage in
immune organs of broiler chicken [31].

In recent years, several selenoprotein families have been
cloned and partially characterized according to their function
or structure. In general, there are three selenoprotein families,
the Gpxs family (including Gpx1–Gpx6), the Txnrds family
(including Txnrd1, Txnrd2, and Txnrd3), and the Dios family
(including Dio1, Dio2, and Dio3) [21]. Gpxs and Txnrds play
important roles in antioxidant defense and redox regulation.
Gpxs are a family of peroxide catabolism enzymes. Txnrds
(Txnrd1, Txnrd2, and Txnrd3) also play roles in the antioxi-
dant activities of the body and the oxidative stress response by
regulating the protein dithiol/disulfide balance. In addition,
other selenoproteins play important roles in the body, such
as SelH, SelS, and SelW, among others. SelH is present in a
variety of tissues and is relatively highly expressed during the
early stages of embryonic development [25]. SelS is a trans-
membrane protein that is located in the endoplasmic reticulum
(ER) and plasma membranes and is widely expressed in a
variety of tissues [33]. SelW has been suggested to play an
important role in muscle growth and differentiation by
protecting the developing myoblasts from oxidative stress
[20]. Se could regulate the expressions of these selenoproteins
in different animals and organs. Hoffmann PR et al. [9] found
that when Txnrds was significantly decreased, murine T cell
sulfur thioredoxin reductase (TR) was lower in the livers and
spleens of the Se-deficient group. Dio1 and Dio2 are
expressed in the kidney, thyroid, liver, and pituitary of

mammals. Lin SL et al. [17] found that the expression of
Dios genes in the thyroids of chickens decreased in response
to Se deficiency. SelI in the thymus and SelO and SelU in the
bursa of Fabricius are highly expressed; these results are con-
sistent with our prior studies [16, 17]. In this study, Se defi-
ciency decreased the expression levels of 23 selenoproteins in
broiler immune organs. Among the affected selenoproteins,
Gpxs, Txnrds, SelW, SelI, SelH, and SelS were related to
antioxidative functions or redox regulation functions [2, 6,
7]. Thus, in chicken immune organs, Se deficiency mainly
influenced the expression of antioxidative selenoproteins.
In recent year, groups of selenoproteins were classified into
a new selenoprotein family, the Rdx family. This novel
family includes the selenoproteins such as SelM, Sep15,
Sepw1, and SelH, because these selenoproteins to preserve
a similar thioredoxin (Trx)-like fold CxxC or CxxU (U is
Sec) motif [5]. The high mRNA expression levels of these
selenoproteins may be related to their similar fold motif. It
is interesting that all 23 selenoproteins were decreased in
over 50 % in the bursa of Fabricius tissues, but not in the
other two immune tissues. Moreover, most of the members
of Txnrds and Gpxs decreased by more than 85 %, and
among them, Txnrd3 and Txnrd2 were the first- and
second-most decreased Txnrds (96.8 and 96.4 %, respec-
tively). As an underlying reason, it suggested that some
selenoproteins may first use the Se with the price of other
uncrucial selenoproteins, which indicated that Gpxs,
Txnu rd s , D io s , and some o the r an t i ox i d a t i v e

Fig. 6 Ordination diagram of
PCA for the parameters that were
measured in the chicken bursa of
Fabricius
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selenoproteins may play crucial roles in broiler chicken
immune organs.

In summary, 23 selenoproteins are expressed in the im-
mune organs of broilers, and among these selenoproteins, an-
tioxidative selenoproteins have the highest expression levels,
especially Gpxs. Se deficiency decreased the expressions of
23 selenoproteins, 6 of which belong to antioxidative
selenoproteins. Thus, Se deficiency mainly influences the ex-
pression of antioxidative selenoproteins in broiler immune
organs. Additional work is required to understand the exact
tissue distribution of the selenoproteins, the correlations be-
tween the 23 selenoproteins, and the potential functions of
these proteins in broilers under Se deficiency.
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Table 8 Component
matrix in broiler thymus Factor 1 Factor 2

Gpx1 0.01 −0.01
Gpx2 0.00 0.00

Gpx3 −0.05 −0.09
Gpx4 −0.02 −0.05
Dio1 0.08 0.04

Dio2 0.12 0.12

Dio3 0.00 −0.01
Txnrd1 0.01 −0.10
Txnrd2 0.09 −0.13
Txnrd3 0.00 0.00

SelW 0.00 −0.01
SPS21 0.41 −0.37
SelM −0.20 −0.40
SelS 0.12 0.06

SelH 0.00 −0.01
SelU 0.03 0.01

SelI 0.04 −0.13
SelO 0.01 −0.01
SelK 0.03 0.02

Sepn1 0.12 0.05

Sepp1 0.03 0.00

Sepx1 0.03 0.01

Sepx15 0.10 0.07

Table 9 Component
matrix in broiler spleen Factor 1 Factor 2

Gpx1 0.04 0.02

Gpx2 0.18 −0.16
Gpx3 0.04 0.24

Gpx4 0.00 0.00

Dio1 0.01 0.02

Dio2 0.01 0.05

Dio3 0.12 −0.12
Txnrd1 0.00 0.00

Txnrd2 0.10 0.02

Txnrd3 0.03 0.28

SelW 0.04 0.09

SPS21 0.03 0.00

SelM −0.03 0.50

SelS 0.08 0.00

SelH 0.02 0.04

SelU 0.01 0.08

SelI 0.07 0.03

SelO 0.01 0.06

SelK 0.01 0.03

Sepn1 0.01 −0.02
Sepp1 0.00 0.00

Sepx1 0.07 −0.09
Sepx15 0.17 −0.17

Table 10 Component
matrix in broiler bursa of
Fabricius

Factor 1 Factor 2

Gpx1 0.05 0.12

Gpx2 0.05 0.14

Gpx3 0.05 −0.02
Gpx4 0.05 0.12

Dio1 0.04 0.19

Dio2 0.04 0.19

Dio3 0.04 0.18

Txnrd1 0.05 0.05

Txnrd2 0.05 −0.01
Txnrd3 0.05 −0.08
SelW 0.05 −0.09
SPS21 0.05 0.08

SelM 0.05 −0.01
SelS 0.05 −0.06
SelH 0.05 −0.13
SelU 0.05 0.06

SelI 0.04 −0.15
SelO 0.05 −0.09
SelK 0.05 −0.03
Sepn1 0.05 −0.06
Sepp1 0.05 −0.12
Sepx1 0.05 −0.08
Sepx15 0.05 −0.06
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