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Abstract Heat shock proteins (Hsps) are protective proteins
present in nearly all species; they are used as biomarkers of
various stress conditions in humans, animals, and birds.
Selenium (Se) deficiency, which can depress the production
of Hsps, can cause chicken tissue injuries. To investigate Hsp
production, mRNA, and protein levels in Se-deficient chicken
spleens and thymuses, a total of 180 1-day-old sea blue white
laying hens (90 chickens/group) were harvested in two groups
(the control group and the Se-deficient group) in 15, 25, 35,
45, and 55 days, respectively. The results showed that mRNA
levels of Hsp27, Hsp40, Hsp60, Hsp70, and Hsp90 were sig-
nificantly increased in the spleens and thymuses of the Se-
deficient group compared to the control group. Further protein
levels of Hsp60, Hsp70, and Hsp90 were also significantly
increased in the spleen and thymus of the Se-deficient group
compared to the control group. Meanwhile, the spleen expres-
sion ratio of Hsp40 mRNA level and Hsp70 protein level were
higher in the Se-deficient group than other proteins. In the
thymus, the Hsp90 mRNA level and Hsp60 protein expres-
sion level were the highest level in the Se-deficient group
among other proteins. Based on these results, we concluded
that Se deficiency could induce a protective stress response in
chicken by means of promoting the mRNA and protein ex-
pression of Hsps, thus easing the effects of Se deficiency to
some extent.
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Introduction

Selenium (Se) is a biologically important trace element for
organs providing immunity. It plays a role in reducing oxida-
tive stress; regulating the function of neutrophils, NK cells, B
lymphocytes, and T cells [1]; and improving the immune sta-
tus and anti-inflammatory action [2]. Se-deficient diets inhibit
bursal and thymic growth [3] and suppress immune function
[4]. Further, Se deficiency weakens body resistance by lower-
ing antibody production and inhibiting immune response. The
spleen and thymus are main immune organs in chickens. Se
deficiency caused oxidative stress and showed negative ef-
fects on the spleen and thymus of chickens [5]. In addition,
studies in mice showed that Se deficiency caused dysfunction
of the adaptive immune response and caused moderate to se-
vere atrophy in the spleen and thymus [6].

Heat shock proteins (Hsps) are typical types of highly con-
served, stress-related proteins, generated by various factors
such as physiological disturbance, chemical factor, free radi-
cals, and environmental stress in the bodies of living species.
Hsps are complex networks of proteins that take part in the
assembly and disassembly, translocation, and folding and
unfolding of proteins [7]. Hsps are also major factors for en-
hancing various signal proteins such as Cdk4, cell cycle ki-
nase, and steroid hormones receptors for immune defense re-
action. Hsps protect cytoplasm contents, enhance immune re-
sponse, and act further as danger signal proteins in immune
cells [8]. Hsps rapidly activate in the tissues in any unfavor-
able conditions. The Lockwood study indicated that Hsp90,
Hsp70, and Hsp60 showed protective effects in cells of blue
muscle under heat stress [9]. Hsps play important roles in heat
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stress, antioxidant defense system, and inflammatory injury in
the livers of Pekin and Muscovy ducks through increased
expression of Hsp40, Hsp60, and Hsp70 [10]. Studies in
Sphincterochila species revealed that different types of Hsp
expression produce protection so the species can adapt to con-
ditions unfavorable for their survival in that environment [11].
Liu found that in pigeons, avermectin caused damage in the
spleen; high expression of Hsps provided protective effects for
the spleen [12]. Hsp27 enhanced the organization of cytoskel-
eton and took part in stabilizing intracellular actin filaments.
Expression of Hsp27 enhanced the ability of cells to prevent
injury in stress conditions, and lung cancer risk increased with
low levels of Hsp27 expression in lymphocytes [2]. In cul-
tured cells, organs, and whole animal models, Hsp27 and
Hsp70 showed cytoprotective effects [13]. Hsp40 and Hsp70
mRNA expression increased in oxidative stress conditions un-
der cold stress in the hearts of chickens [14]. Mitochondria-
specific cell stress directly related to expression of Hsp60.
Heat stress-produced oxidative damages caused increased ex-
pression of Hsp60 in the livers of Channa striatus [3]. Hsp70
protected stress cells and organs; it reduced oxygen radical tox-
icity and increased synthesis of inducible proteins. Experiments
on the liver, brain, kidney, and gills of common carp showed
that Hsp70 was increased with treatment of atrazine or chlorpyr-
ifos [15]. In the human bladder, lungs, skin, and increased levels
of lymphocytes, Hsp70 was associated with cancer in dose-
dependent manure [16]. Previous study has found that Se could
decrease the levels of Hsp70 in poultry [17]. Hsp90 has an
important role in innate immune functions and cellular response
and maintains oxidation reduction homeostasis, protein folding,
protein degradation, and signal transduction. High expression of
Hsp90 was recorded in heavy-metal oxidative stress. The
mRNA expression of Hsp90 was increased with treatment of
zinc in insects [18]. All of the previous study shows that Hsps
are sensitive to different supplements and unfavorable condi-
tions. However, no comprehensive study exists on effects of
Se deficiency on Hsps in the chicken spleen and thymus. In this
study, we checked the mRNA and proteins of Hsps in the spleen
and thymus of chickens because of chickens stress exposure
nature. We found that Hsp levels increased in the spleens and
thymuses of chickens with Se deficiency. This increase of Hsps
in Se deficiency showed a stressful hierarchy in the chicken
spleens and thymuses.

Materials and Methods

Animal Diet and Experimental Design

This study was carried out at the College of Veterinary
Medicine, Northeast Agriculture University, China; the

Institution of Animal Care and Use Committee approved this
experiment. A total of 180 1-day-old sea blue white laying hens

(90 chickens per group) were divided into two groups. The
control group was fed a diet containing 0.15 mg/kg (sodium
selenite) of Se with a basal diet, and the Se-deficient group
was fed a diet containing 0.033 mg/kg of Se with a basal diet.
The basal diet was produced from corn and soy from the Se-
deficient area of Heilongjiang Province, China (Table 1). The
birds were provided a neat and clean environment according to
standard management practice of laying chickens. Before scar-
ification of the birds, they were first euthanized with sodium
barbital to avoid stress. Spleen and thymus tissues were collect-
ed on days 15, 25, 35, 45, and 55, and the tissues were imme-
diately processed and stored at —80 °C until use.

Method for Quantitative Real-Time PCR

According to the manufacturer’s instructions, TRIzol re-
agent (TaKaRa, Dalian, China) was used to extract total
RNA from the spleen and thymus tissues. Total RNA
purity and concentration were checked through spectro-
photometric technique at 260/280 nm. Primer Premier
Software (PREMIER Biosoft International, USA) was
used to design specific primers for Hsp27, Hsp40,
Hsp60, Hsp70, Hsp90, and GADPH (Table 2). General
PCRs were first performed to confirm the specificity of
the primers. First-strand complementary DNA (cDNA)
was synthesized from 5 pg of total RNA, using
oligo(dT)18 primers and SuperScript II reverse transcrip-
tase according to the manufacturer’s instructions
(Invitrogen, China). The reaction mixtures for quantita-
tive real-time PCR (qPCR) consisted of the following:
10 ul of 2x SYBR Green I PCR Master Mix (TaKaRa,
Dalian, China), 2 pl of diluted ¢cDNA, 0.4 ul of each
primer (10 uM), 0.4 ul of 50x ROX reference dye II,
and 6.8 ul of PCR-grade water. The PCR program was
managed as 1 cycle at 95 °C for 30 s, 40 cycles at 95 °C
for 15 s, and at 60 °C for 30 s. Quantitative real-time

Table 1 Basal diet

composition Se deficiency diet regime Total %

Feedstock 64.73
Mountain flour 1.3
Salt 0.27
Lysine 0.4
Chlorine chloride 0.07
Vitamins 0.04
Soybean 28
Calcium hydrophosphate 23
Soybean oil 25
DL-methonine 0.19
Complex minerals 0.2
Total 100
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Table 2 Gene-specific primers

used in the qPCR Gene Serial number Primer sequence (5,—3)

Hsp90 NM 001109785.1 Forward: TCCTGTCCTGGCTTTAGTTT
Reverse: AGGTGGCATCTCCTCGGT

Hsp70 NM _001006685.1 Forward: CGGGCAAGTTTGACCTAA
Reverse: TTGGCTCCCACCCTATCTCT

Hsp60 NM 001012916.1 Forward: AGCCAAAGGGCAGAAATG
Reverse: TACAGCAACAACCTGAAGACC

Hsp40 NM 001199325.1 Forward: GGGCATTCAACAGCATAGA
Reverse: TTCACATCCCCAAGTTTAGG

Hsp27 NM_205290.1 Forward: ACACGAGGAGAAACAGGATGAG
Reverse: ACTGGATGGCTGGCTTGG

{-actin L08165 Forward: CCGCTCTATGAAGGCTACGC

Reverse: CTCTCGGCTGTGGTGGTGAA

PCR (qPCR) was performed on an ABI PRISM 95 7500
Detection System (Applied Biosystems, Foster City, CA).
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. The mRNA relative abundance
was calculated according to the 27°““T method, account-
ing for gene-specific efficiencies, and normalized to the
mean expression of GADPH.

Western Blot Analysis

Spleen and thymus tissues were first centrifuged, and super-
natants were collected. The protein was then subjected to
SDS-PAGEs on 12 % gels on electrophoresis and transferred
to polyvinylidene difluoride (PVDF) membrane. The mem-
branes were incubated with 5 % skim milk overnight at
4 °C. After that, they were incubated 1 h at 37 °C with primary
antibodies. After washing, they were incubated in peroxidase-
conjugated secondary antibodies against rabbit IgG at 37 °C
for 1 h and washed. The signal was detected by ChemiScope
5300 (Clinx Science Instruments, Shanghai, China). The op-
tical density (OD) of each band was determined by Image
VCD gel imaging system. Hsp90, Hsp70, and Hsp60 expres-
sion levels were detected as the ratio of OD of Hsp90, Hsp70,
Hsp60, and OD of 3-actin, respectively.

Statistical Analysis

All data were statistically analyzed using the SPSS statistical
software for Windows (version 13; SPSS, Chicago, IL, USA).
A significant value (P < 0.05) was obtained by ¢ test analysis
of variance. Data are expressed as the mean + SE. Differences
were considered significant at P < 0.05 and highly significant
at P <0.01.
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Results
Health Status of Birds

Birds showed normal drinking and feeding, bright
feathers, good physical growth, and normal excreta in
the control group. No mortality or other diseases were
found in either group during the exposure of Se defi-
ciency. Near the end of the experiment, some abnormal-
ities, such as reduced movement, growth retardation,
and green-bluish or brown color spots on the face,
chest, and wing regions were observed in the Se-
deficient group.

Hsp mRNA Levels in the Spleen and Thymus of Chickens

To evaluate the effects of Se deficiency on Hsps mRNA
levels, we used quantitative real-time PCR. Results
showed that (Fig. la—¢) Hsp27, Hsp40, Hsp60, Hsp70,
and Hsp90 mRNA levels were significantly increased
(P < 0.05) in the spleen of the Se-deficient group com-
pared to the control group. Further, the Hsp40 mRNA
level was observed higher than other proteins in the
spleen. Thymus results showed that (Fig. 2a—e) Hsp27,
Hsp40, Hsp60, Hsp70, and Hsp90 mRNA levels were
significantly increased (P < 0.05) in the Se-deficient
group compared to the control group. The Hsp90
mRNA level was highly increased with Se deficiency
among other proteins in the thymus.

Hsps Protein Levels in the Spleen and Thymus
of Chickens

To determine the effects of Se deficiency on Hsps protein
levels, we performed the Western blot technique. Results for
Hsp protein levels showed that (Fig. 3a—c) Hsp60, Hsp70, and
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Fig. 1 Se deficiency effects on the Hsp27, Hsp40, Hsp60, Hsp70, and
Hsp90 mRNA expressions in the spleens of chickens. a—e The mRNA
expression of Hsp27, Hsp40, Hsp60, Hsp70, and Hsp90. *P < 0.05

Hsp90 were significantly increased (P < 0.05) in the Se-
deficient group compared to the control group in the spleens
of the chickens. The chicken thymus results showed that
(Fig. 4a—c) Hsp60, Hsp70, and Hsp90 protein levels were
significantly increased (P < 0.05) in the Se-deficient group
compared to the control group. Moreover, protein levels of
Hsp70 increased greatly in the spleen and thymus; Hsp60
protein levels increased more than the other proteins.

Discussion

Se is an important element for normal function of the immune
system and protects the host immune system through its anti-
oxidant properties. Previous study in heat-stressed broiler
chickens showed that Se influenced the immune function
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indicates that there are significant differences between the control group
and the Se-deficient group at the same time point

and acted as an antioxidant element [19]. Zhang found that
Se-deficient diets induced oxidative stress in chickens’ im-
mune organs [20]. Hsps are major factors for enhancing var-
ious signal proteins such as Cdk4, cell cycle kinase, steroid
hormones receptors, and immune defense reaction [21]. Hsps
associated synthesis of misfold and polypeptide folding under
stress conditions. Hsps are concerned with immune functions
in immune systems, and Hsps are associated with adaptive and
innate immune systems. In different stress conditions, Hsps
and other physiological elements enhance immune functions.

There are different types of Hsps, known with different
names and their molecular weight, such as Hsp27, Hsp40,
Hsp60, Hsp70, and Hsp90. Free radicals, oxidized low-
density lipoprotein, ischemia, heat, oxidants, and cytokine
stimulation stress conditions increased artery wall cells” Hsp
levels [22]. There is enough evidence to show that Hsps play
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Fig. 2 Se deficiency effects on the Hsp27, Hsp40, Hsp60, Hsp70, and
Hsp90 mRNA expressions in the thymus of chickens. a—e The mRNA
expression of Hsp27, Hsp40, Hsp60, Hsp70, and Hsp90. *P < 0.05

protective roles. We found that Hsp27 levels increased
in the spleen and thymus of Se-deficient groups of
chickens. This increase in the Hsp27 level indicates
the protective mode of action during Se deficiency in
these organs. Similar to our results, Hollander showed
that ischemia—reperfusion injury of the heart decreased
with increased expression of Hsp27 in animals [23].
Zhao found that Hsp27 and other Hsps also played spe-
cial roles in chicken erythrocyte injury from Se defi-
ciency in chickens [24]. Hsp40 found different domains
of life and work for degradation, translocation, protein
translation, and folding and unfolding of proteins [25].
We showed that the Hsp40 level was increased in the
spleen and thymus under Se deficiency. Increase in
Hsp40 in the spleen and thymus of chickens may be
involved in the some critical function of degradation
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and translocation of the injured cells observed during
Se deficiency. Park showed that Hsp40 was increased
in Chironomus riparius with exposure of fenbendazole
[26]. Hsp60 increased in bovine urinary bladder mucosa
during neoplastic transformation, and this was an early
mark of this disease in bovines [27]. In the present
investigation, we also found that Hsp60 was increased
in the spleen and thymus of chickens with Se deficien-
cy. This increase in Hsp60 in both organs is also indi-
cation of the formation of disease during Se deficiency.
Chen found that Se deficiency particularly increased
Hsp40 and Hsp60 during Se deficiency in neutrophils.
Increases in Hsp40 have protective roles, and Hsp60
exerted an important function in inhibiting the produc-
tion of NO in neutrophils [28]. We found that Se defi-
ciency also increased Hsp40, which protected the spleen
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Fig.3 Se deficiency effects on the Hsp60, Hsp70, and Hsp90 protein expressions in spleens of chickens. a—¢ The protein expression of Hsp60, Hsp70,
and Hsp90. *P < 0.05 indicates that there are significant differences between the control group and the Se-deficient group at the same time point

from damage, and increases in Hsp60 might have
inhibited the process of inflammation in the thymus of
chickens. Monari found Hsp70 response to physical and
chemical stress in Chamelea gallina with overexpressed
of Hsp70 during this condition [29]. We found that
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Hsp70 was also increased in the spleen and thymus of
chickens, which leads to stress from Se deficiency diet
in these tissues. Zhang investigated the possibility that
intracellular Hsp70 was increased during the exposure
of LPS in fish [30]. Further study in the heart and
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Fig. 4 Se deficiency effects on the Hsp60, Hsp70, and Hsp90 protein expressions in the thymus of the chicken. a—¢ The protein expression of Hsp60,
Hsp70, and Hsp90. *P < 0.05 indicates that there are significant differences between the control group and the Se-deficient group at the same time point
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blood vessels showed that mRNA levels of Hsp40,
Hsp60, and Hsp70 were increased in heat-stressed
broilers [31]. Hsp90 was crucial in stresses and heat
shock conditions [32]. We determined that Hsp90 in-
creased in the spleen and thymus of chickens with Se
deficiency, and increased Hsp90 in chicken spleen and
thymus expresses in stressful atmospheres with Se defi-
ciency. A study in the Pacific oyster, Crassostrea gigas,
showed that levels of Hsp90 were increased in concen-
tration high in Cd [33]. During treatment with di(2-
ethylhexyl) phthalate) concentration in C. riparius lar-
vae, the Hsp90 level was eclevated [34]. In chicken
spleen lymphocytes, manganese-induced cytotoxicity
caused increased mRNA levels of Hsp27, Hsp40,
Hsp60, Hsp70, and Hsp90 [35]. In the liver of chickens,
Se caused injuries and oxidative stress, which leads to
increased expression of Hsp27, Hsp40, Hsp60, Hsp70,
and Hsp90 mRNA and protein levels, and increased
expression of Hsps have protected liver tissues from
damage [36]. We determined that Se deficiency caused
increases in Hsp60, Hsp70, and Hsp90 in chicken
spleen and thymus (Figs. 5 and 6). Further, Hsp27,
Hsp40, Hsp60, Hsp70, and Hsp90 were significantly
elevated in the immune organs of chickens and showed
protective effect in oxidative stress conditions during
cold stress exposure [37]. Our previous study showed
that Hsps play important roles in immunosuppression
in the bursa of Fabricius of chickens with Se deficiency,
which enhances the Hsp60, Hsp70, and Hsp90 mRNA
and protein levels [38]. Li found that expression of
Hsps increased in the brain with AVM treatment, which
prevented neurotoxic effect and protected neuron tissues
in the brain of pigeons [39]. Further, Liu found that in
the bursa and spleen of the black-bone chicken, resver-
atrol caused overexpression of Hsp27, Hsp70, and
Hsp90 levels in heat-stress environments [40]. Studies

35d  45d  55d  35d

45d  55d

Fig. 5 The protein expression of Hsp60, Hsp70, Hsp90, and f(3-actin in
the spleens of chickens

@ Springer

w Qs

35d 45d 55d 35d  45d 55d
Fig. 6 Hsp60, Hsp70, Hsp90, and 3-actin protein expression in the thy-
mus of chickens

in the heart of chickens showed that Hsp27, Hsp40,
Hsp60, Hsp70, and Hsp90 were increased under cold expo-
sure [14]. Moreover, increased Hsp90, Hsp70, and Hsp60
amounts were observed after treatment with cis-bifenthrin
in rat adrenal pheochromocytoma cells [41]. In addition,
Hsps also increased in cold (hot) temperature, mild re-
straint, isolation in the dark, loud noise, stressful social
conditions, and inescapable stress situations.

As mentioned earlier, a wide range of causes triggers
protective mechanisms that are mediated by Hsps. It
has been reported that Hsp inductions were generally
correlated with early intracellular events and are sec-
ondary consequences of damage that affects cellular
integrity. The lipophilic nature of the compounds easily
allows them to pass plasma membranes and alter vital
cellular functions before interacting with cellular pro-
teins, denaturing them and triggering stress protein in-
duction. A possibility that Se deficiency could evoke
Hsps induction in the spleen and thymus of chickens
in a similar way cannot be ruled out.

Conclusion

The present results showed that Se deficiency caused
increase in Hsps expression in chicken spleen and thy-
mus. This increase in Hsps may be an indication of the
protective effects of Hsps in the spleen and thymus
under Se deficiency.
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