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Abstract Cadmium (Cd) is an environmental pollutant that is
considered to be a potent toxin to organisms. Selenium (Se)
has been known for its concomitant biological effects and
characteristics with Cd. Due to the lack of the research regard-
ing how the duality of Cd/Se affects immune cytokines in
poultry, this paper aims to partly tackle this question.
Chicken splenic lymphocytes with Cd (10−6 mol/L CdCl2),
Se (10−7 mol/L Na2SeO3), Cd + Se (10−7 mol/L Na2SeO3

and 10−6 mol/L CdCl2), and a control group were incubated
for 12, 24, 36, 48, and 60 h, respectively. At each time point,
the cells were collected and the messenger RNA (mRNA)
expression levels of interleukin (IL)-1β, IL-2, IL-4, IL-10,
IL-17, and interferon-γ (IFN-γ) were also examined.
Compared with the control group and the Se-alone-treated
group, the mRNA expression levels of IL-2, IL-4, IL-10, IL-
17, and IFN-γ decreased significantly in the Cd-alone-treated
group. By contrast, the mRNA expression level of IL-1β
markedly increased. Levels of IL-2, IL-4, IL-10, IL-17, and
IFN-γ in Cd + Se-treated groups were significantly higher
than those in Cd-alone-treated groups; however, the levels
were not as high as the Se-alone-treated groups and the control
group. The mRNA expression level of IL-1β in the Cd + Se-
treated group was lower than in the Cd-alone-treated group.
The relationships with IL-2, IL-4, and IL-10 were found to be
closer in the PC 1 matrix and 3D plot of the principal compo-
nent analysis (PCA) loadings. IL-17 and IFN-γwere closer in
the matrix of PC 2. However, IL-1β gene expression appeared
to be isolated in the matrix of PC 3. In addition, the results of
cytokine cluster analysis showed that IL-2, IL-4, IL-10, IL-17,
and IFN-γ were in the first group and that IL-1β was in the

second group. Therefore, Se partly attenuate immune toxicity
induced by Cd in chicken splenic lymphocytes.
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Introduction

Cd is known for its comprehensive toxicity to mammals, and
numerous experiments have demonstrated that Cd causes var-
ious forms of damage to mammalian organs, including the
lung, kidney, testis, cardiovascular system, liver, ovaries, and
skeletal system [1–3]. The influence of Cd on immune func-
tions has also been widely reported. When mice were exposed
to Cd in drinking water, the cell-mediated immune responses
were significantly suppressed [4]. Mice exposed to Cd
(1.8mg/kg) experienced a 26% reduction in their mean relative
thymus weight 24 h after exposure and a 61 % reduction 72 h
after exposure, but the relative spleen weight increased almost
1.6-fold compared with the control group at 72 h [5]. Cd has
been shown to induce apoptosis in murine thymocytes, which
is accompanied by a loss in cell viability, significant DNA
fragmentation, increased ROS, and mitochondrial membrane
depolarization [6]. Cd markedly increased the levels of the
Streptococcus pneumoniae vaccine expression of T-dependent
and T- i ndependen t s e rum an t i bod i e s i n mice .
CD4+FoxP3+CD25+ (nTreg) cell percentages have been shown
to increase in the spleen and thymus in all Cd-exposed off-
spring. However, CD8+CD223+ T cells decreased sharply in
the spleens in all offspring at 7 weeks of age. These findings
suggested that even very low levels of Cd exposure during
gestation could result in detrimental impacts on the immune
system [7]. Experiments to date have demonstrated that cyto-
kines have an important role in immunomodulation; for
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example, secretion of interleukin (IL)-1β is greatly inhibited
when human peripheral blood mononuclear cells are exposed
to Cd. These findings suggest that low concentrations of Cd
(doses from 0.013 to 13.3 μM) exert immunomodulatory ef-
fects that are dependent on the cell activation pathway and that
Cd polarized the immune response toward type 2 in cells stim-
ulated via T cell receptors [8]. Hemdan et al. indicated that Cd
exposure of activated T cells led to a suppression of early TH1
cytokine events and stimulation of the TH2 cytokines IL-4 and/
or IL-10. This type-2-biased immune response might raise the
possibility of Cd-promoted allergic diseases and clarify previ-
ous data on the impaired inactivation of viruses and bacteria
exposure to Cd [8]. At present, the influence of Cd on poultry
has been reported. Lucia et al. reported that Cd triggered oxi-
dative stress and stimulated mitochondrial metabolism in lower
levels of Cd, triggering the repression of genes encoding for
catalase and acetyl-CoA carboxylase in higher amounts of Cd
in birds of the Anas platyrhynchos [9]. Cd accumulation has
been shown to increase with age in greylag geese [10], and Cd
influenced seminiferous tubule diameters in the male lesser
scaup (Aythya affinis) in the western boreal forest [11]. Li
et al. noted that Cd-induced hepatotoxicity in chickens and
oxidative stress and apoptosis have been discovered in the
chicken liver [12]. Li et al. have also confirmed that testicular
toxicity was induced by dietary Cd in cocks [13]. Yang et al.
indicated that the number of apoptotic cells in hen ovaries
increased in the Cd-alone-treated group, and extensive damage
has been observed in the ovaries [14]. In summary, Cd has
exhibited various damage to organs or systems of birds, includ-
ing effects on immune functions.

Numerous studies have shown that Se has an interesting
function in its ability to protect from Cd toxicity in mammals.
Jihen et al. reported that Se partially alleviated the damage of
Cd toxicity in the liver of the rat, and the same effect was
noted in the kidney [15]. Concurrent treatment with Se re-
duced Cd-induced liver histopathological changes, oxidative
stress, overexpression of NO, and apoptosis. These results
suggested that the toxic effects of Cd on the liver were partly
ameliorated by inorganic Se. Se supplementation has also
been shown to modify the distribution of Cd in the liver
[12]. Li et al. reported that the toxic effect of Cd on the testes
was ameliorated by Se [13]. Chen et al. studied the protective
effect of Se on Cd-induced change of HSP genes [16]. Zhao
et al. studied the protective effect of Se on Cd-induced chang-
es of selenoprotein K, selenoprotein N, selenoprotein S, and
selenoprotein T genes [17]. Liu et al. reported that Se amelio-
rated Cd-induced brain damage in chickens by regulating
iNOS-NO system changes. Therefore, Se could serve as a
potential therapy for Cd-induced lesions in chickens [18].

Cd causes spleen atrophy, oxidative stress, DNA damage,
and apoptosis in chicken splenic lymphocytes, and many stud-
ies have shown that Se protects against Cd toxicity in multiple
organs. Our previous studies have confirmed that Se

ameliorated Cd-induced apoptosis in chicken splenic lympho-
cytes [19]. However, the effects of Cd/Se in chicken splenic
lymphocytes’ immune cytokines messenger RNA (mRNA)
expression have not been reported. In this study, we examined
the transcription changes of IL-1β, IL-2, IL-4, IL-10, IL-17,
and interferon-γ (IFN-γ) in chicken splenic lymphocytes with
Cd, Se, and Cd + Se in a medium culture solution, and its
possible mechanisms were discussed. We also found that the
relationships of IL-2, IL-4, and IL-10 were closer in the matrix
of PC 1 with a 3D plot of the principal component analysis
(PCA) loadings. IL-17 and IFN-γ were closer in the matrix of
PC 2. However, IL-1β gene expression was isolated in the
matrix of PC 3. In addition, the results of the cytokine cluster
analysis showed that IL-2, IL-4, IL-10, IL-17, and IFN-γwere
the first group while IL-1β was in the second one. These
results not only helped unveil the immune toxicology of Cd
induction but also provided useful clues to understanding that
Se abated the toxic effect of Cd.

Materials and Methods

Preparation of Chicken Splenic Lymphocytes’ Suspension
and Treatment

All of the procedures used in this experiment were approved
by the Institutional Animal Care and Use Committee of
Northeast Agricultural University. The spleens were dissected
from Isa brown cocks (60 days old) and were collected asep-
tically and placed in a sterile phosphate-buffered saline (PBS,
0.1 M phosphate buffer with 0.85 % NaCl, pH 7.2). A single
cell suspension was prepared by gently pushing the splenic
pulp through a sterile stainless steel mesh with a pore size of
100 μM. Cells were washed and resuspended in 5 mL of
sterile PBS and were then layered over 5 mL of lymphocytes
in separation medium (Tian Jin Hao Yang Biological
Manufacture Co. Ltd., China). The splenocyte preparations
were enriched by centrifugation (2000×g) for 15 min at
18 °C. Cells were recovered from the interface, resuspended,
and washed two times in 8 mL of cell culture medium (RPMI
1640, Gibco, USA). The cells were suspended in complete
cell culture medium [RPMI 1640 containing HEPES and
2 mM glutamine, supplemented with 10 % fetal bovine serum
(FBS, Gibco, USA) and 1 % antibiotic-antimycotic solution
(Sigma, USA)]. The splenic lymphocytes’ density was adjust-
ed to 1.5×106 cells/mL, and the viability of the freshly isolat-
ed cells was always above 95 % (trypan blue exclusion test).
Tomonitor various parameters in the present investigation, the
control group was incubated for 12, 24, 36, 48, and 60 h
without reagents. Cd (10−6 mol/L, Cd-treated group), Se
(10−7 mol/L, Se-treated group), and a mixture of Se
(10−7 mol/L) and Cd (10−6 mol/L) (Cd + Se-treated group)
were added while cells were in a logarithmic growth phase
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and were incubated for 12, 24, 36, 48, and 60 h, respectively.
The concentrations of Cd and Se used in this study were in
accordance with the results of other studies [16, 20].

Real-Time Polymerase Chain Reaction

Total RNAwas isolated from cells using a Trizol reagent ac-
cording to the manufacturer’s instructions (Invitrogen, USA).
The RNA concentrations were determined using the
GeneQuant 1300.

The reverse transcription reaction (40 μL) consisted of the
following: 10 μg of total RNA, 1 μL of M-MLV reverse tran-
scription, 1 μL of RNase inhibitor, 4 μL of dNTP, 2 μL of Oligo
dT, 4 μL of dithiothreitol, and 8 μL of 5× buffer. The procedure
of the reverse transcriptionwas performed in accordancewith the
manufacturer’s instructions (Invitrogen, USA). The reverse tran-
scription products (cDNA) were then stored at −20 °C for PCR.

To design primers, we used the chicken IL-1β, IL-2, IL-4,
IL-10, IL-17, and IFN-γ mRNA GenBank sequence with the
accession numbers of NM_204524.1, AY510091, AJ621249,
NM0010044142, AY744450, and NM_205290.1, respective-
ly. Chicken β-actin (GenBank accession number L08165)
was used as a housekeeping gene and an internal reference.
Primers (Table 1) were designed using the Oligo 6.0 software
and were synthesized by Invitrogen Biotechnology Co. Ltd. in
Shanghai, China.

Real-time quantitative reverse transcription PCR was used
to detect the mRNA expression of IL-1β, IL-2, IL-4, IL-10,
IL-17, and IFN-γ gene in cells by using SYBR Premix Ex
Taq™ (Takara, China), and real-time PCR work was per-
formed in an ABI PRISM 7500 real-time PCR system
(Applied Biosystems). The program consisted of 1 cycle at
95 °C for 30 s, 40 cycles at 95 °C for 5 s and at 60 °C for
34 s. Dissociation curves were analyzed using Dissociation
Curve 1.0 software (Applied Biosystems) for each PCR

reaction to detect and eliminate the possible primer-dimer
and nonspecific amplification. The mRNA relative abundance
was calculated according to the method of Pfaffl.

Statistical Analyses

Statistical analysis of all data was performed using SPSS
for Windows (version 18.0.0; SPSS Inc., Chicago, IL,
USA). When a significant value (P<0.05) was obtained
by one-way analysis of variance, further analysis was car-
ried out. All data showed a normal distribution and passed
equal variance testing. Differences between the means
were assessed using Tukey’s honest significant difference
test for post hoc multiple comparisons. Data are expressed
as the mean±standard deviation.

Correlation coefficient analysis was used to measure the
linear correlation between multiple variables. All data were
analyzed using the Pearson’s correlation coefficient to measure
the strength of the linear correlation of the two cytokines. PCA
was applied to analyze the relationships among the examined
cytokines. The variables were standardized using the means of
the z-scores and then calculated using squared Euclidean dis-
tance. Finally, hierarchical clustering was performed with the
standardized dataset using the Ward’s method.

Results

The mRNA Expression of IL-1β in Chicken Splenic
Lymphocytes

The IL-1β mRNA level in chicken splenic lymphocytes was
measured by quantitative RT-PCR (Fig. 1a). Compared with
the corresponding control group, a significant increase

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

Gene Serial number Primer sequence Primer length (bp) Size of the products (bp)

IL-1β NM_204524.1 Forward 5′-CAGCAGCCTCAGCGAAGAG-3′ 19 86
Reverse 5′-CTGTGGTGTGCTCAGAATCCA-3′ 21

IL-2 AY510091 Forward 5′-GAACCTCAAGAGTCTTACGGGTCTA-3′ 25 111
Reverse 5′-ACAAAGTTGGTCAGTTCATGGAGA-3′ 24

IL-4 AJ621249 Forward 5′-GTGCCCACGCTGTGCTTAC-3′ 19 82
Reverse 5′-AGGAAACCTCTCCCTGGATGTC-3′ 22

IL-10 NM0010044142 Forward 5′-CGCTGTCACCGCTTCTTCA-3′ 19 88
Reverse 5′-TCCCGTTCTCATCCATCTTCTC-3′ 22

IL-17 AY744450 Forward 5′-CATGTTGTCAGCCAGCATTTCT-3′ 22 107
Reverse 5′-CATCTTTTTGGGTTAGGCATCC-3′ 22

IFN-γ NM_205290.1 Forward 5′-CATCTTTTTGGGTTAGGCATCC-3′ 22 158
Reverse 5′-ACTGGATGGCTGGCTTGG-3′ 18

β-Actin L08165 Forward 5′-CCGCTCTATGAAGGCTACGC-3′ 20 128
Reverse 5′-CTCTCGGCTGTGGTGGTGAA-3′ 20

216 Xu et al.



(P<0.05) in the expression of the IL-1β mRNA level was
observed in the Cd-alone-treated groups at 12, 24, 36, 48,
and 60 h. The increase in IL-1β mRNA expression was in a
time-dependent manner. Se supplementation was able to part-
ly reverse this status but did not return to the levels of the
control group.

The mRNA Expression of IL-2 in Chicken Splenic
Lymphocytes

As shown in Fig. 1b, the mRNA expression of IL-2 signifi-
cantly decreased (P<0.05) in the Cd-treated group compared
with the corresponding control group and the Se-treated

Fig. 1 The mRNA Levels of IL-1β, IL-2, Il-4, IL-10, IL-17, and IFN-γ
in chicken splenic lymphocytes. The relative mRNA expression levels
from the control group were used as the reference values, and the different

letters indicate that there were significant differences (P<0.05) between
any two groups. Each value represented the mean±SD of five individuals
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group. The Se-treated group increased but was not significant-
ly different at 12 h. The relative mRNA expression of IL-2 in
the Cd + Se-treated group was in between the Se-alone-treated
group and the Cd-alone-treated group at 12, 24, 36, and 48 h,
but there were no significant differences (P>0.05) between
the Cd + Se-treated group and Cd-alone-treated groups at
60 h after exposure.

The mRNA Expression of IL-4 in Chicken Splenic
Lymphocytes

As shown in Fig. 1c, the mRNA levels of IL-4 significantly
decreased (P<0.05) in the chicken splenic lymphocytes of the
Cd-alone-treated group compared with the corresponding
control group at 12, 24, 36, 48, and 60 h after exposure. The
increase in IL-4 mRNA expression was in a time-dependent
manner. In the Cd + Se-treated group, the IL-4 mRNA expres-
sion level improved significantly compared with the Cd-
alone-treated group but was not restored to the levels of the
control group and the Se-alone-treated group.

The mRNA Expression of IL-10 in Chicken Splenic
Lymphocytes

As shown in Fig. 1d, compared with the corresponding con-
trol group, a significant decrease (P<0.05) in the mRNA level
of IL-10 mRNA level was observed in all Cd-alone-treated
groups. The IL-10 mRNA expression increased in a time-
dependent manner. Se supplementation was able to partly re-
verse the status, but the IL-10 mRNA expression level did not
return to the levels of the control group and the Se-alone-
treated group.

The mRNA Expression of IL-17 in Chicken Splenic
Lymphocytes

The IL-17 mRNA level in the chicken splenic lymphocytes
was measured by quantitative RT-PCR (Fig. 1e). The level in
the Se-alone-treated group increased but was not significantly
different at 12, 24, and 60 h and was reduced significantly in
the Cd-alone-treated group compared with the control group
at each time point. The relative mRNA level of IL-17 of the
Cd + Se-treated group was between in the Se-alone-treated
group and the Cd-alone-treated group. IL-17 mRNA expres-
sion of the Cd-treated group increased gradually and then
decreased in all groups.

The mRNA Expression of IFN-γ in Chicken Splenic
Lymphocytes

The IFN-γ mRNA level in the chicken splenic lymphocytes
was measured by quantitative RT-PCR (Fig. 1f). The IFN-γ
mRNA level showed no statistically significant difference

(P>0.05) between the control group and the Se-treated group
at 24 and 36 h. Compared with the corresponding control
group, a significant decrease (P<0.05) of the IFN-γ mRNA
expression level was observed in all of the Cd-alone-treated
groups. The status was reversed partly by Se but did not return
to the levels of the control group.

Chemometrics

The six different cytokine expressions were analyzed from 20
samples of five time points and four treatment groups of
chicken spleen lymphocytes. A 3D plot of the PCA loadings
is presented in Fig. 2 which clearly indicates that IL-2, IL-4,
and IL-10 were closer to the space distance between each
other in the matrix of PC 1, meaning that they had closer
relationships. IL-17 and IFN-γ were closer to the space dis-
tance between each other in the matrix of PC 2, meaning that
their relationships were closer. However, IL-1β gene expres-
sion was isolated in the matrix of PC 3 and was far away from
these interleukins.

The results of the cytokine cluster analysis are shown in
Fig. 3. The cluster had the following two groups: the first
group contained IL-2, IL-4, IL-10, IL-17, and IFN-γ, and
the second one included only IL-1β.

Discussion

Many heavy metals might cause functional alterations to the
immune system via humoral and cellular immune responses.
After exposure to excessive manganese, IL-1β and IL-2
mRNA levels have been shown to decrease in immune organs.
The immune system of cocks were shown to be injured, and
the immune functions were also suppressed due to manganese
[21]. Van Ooik et al. demonstrated that Ni and Cu directly

Fig. 2 A 3D plot of the PCA of cytokines measured in chicken splenic
lymphocytes after exposure to Cd (n=20)
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inhibit immune function [22]. Lafuente et al. reported that B
and T lymphocytes decreased in peripheral blood with 5 and
10 ppm of CdCl2 in drinking water [23]. Dong et al. reported
that Cd was able to cause apoptosis in mouse thymocytes in a
time- and dose-dependent manner and that Cd treatment also
altered thymocyte surface marker expression, leading to evi-
dent phenotypic changes [24]. The susceptibility to Cd-
induced toxicity was influenced by a number of factors. Se
is an important nutritional trace element. It is primarily incor-
porated into selenoproteins as the amino acid selenocysteine
to perform its biological functions [25, 26]. Se may not only
play roles in some tissues, such as the liver, pancreas, muscles,
neutrophils, and thyroids [27–32], but may also have impor-
tant roles in immune responses [33]. Moreover, Se has been
shown to biologically interact with Cd. Many studies have
indicated that Se could protect against Cd toxicity. Because
cytokines could provide important information of immune
function, we cultivated chicken splenic lymphocytes in vitro
and tested the cytokine expression (including IL-1β, IL-2, IL-
4, IL-10, IL-17, and IFN-γ) to reflect the immune function.
We found that the mRNA expression of IL-2, IL-4, IL-10, IL-
17, and IFN-γ decreased at 12–60 h after exposure in the Cd-
alone-treated group, while the mRNA expression of IL-1β
increased. In the Cd + Se-treated group, the mRNA expres-
sions of IL-2, IL-4, IL-10, IL-17, and IFN-γ were higher than
the Cd-alone-treated group; however, the levels were not as
high as the Se-alone-treated group and the control group.
These results indicated the protective effect of Se against the
toxicity of Cd.

IL-1 is secreted by activated T lymphocytes. This cytokine
is an important mediator of the inflammatory response and is
involved in a variety of cellular activities, including cell pro-
liferation, differentiation, and apoptosis [33]. IL-1β (pro-
inflammatory cytokines) is a member of the IL-1 cytokine
family. The upregulation of IL-1β induced by simvastatin
led to immunosuppression in human T cells in vitro [34].
Marth et al. reported that the highest accumulation of
mRNA was found in peripheral blood mononuclear cells
(PBMCs) in adults exposed to 5 μmol/L of CdCl2. A 5–6-fold
increase in IL-1β mRNA levels was observed compared with

the control group, and the inhibition of IgE synthesis reflected
the suppression of immune function [35]. Our results showed
that Cd could lead to an increase in the levels of IL-1β in-
creased, indicating certain immune damage with Cd. The
mRNA expression levels of IL-1β in the Cd + Se-treated
group were lower than that of the Cd-alone-treated group.
Similar to these result, Seda et al. reported that selenium at
0.625 mg/kg/day decreased IL-1β levels during the treatment
of ischemia-reperfusion-induced brain injury in rats [36]. It is
possible that Se attenuated Cd-induced immune toxicity
through reducing the levels of IL-1β.

IL-2 is widely recognized as a T cell growth factor and
plays an important role in immunoregulation. In addition to
promoting T cell proliferation, IL-2 increases cytokine pro-
duction and enhances proliferation of B cells and natural killer
cells, modifying the functional properties of fibroblasts and
possibly macrophages, thereby contributing to immune re-
sponses. Decreased IL-2 levels are associated with a general
decline in immune function and immune regulation [37]. IL-2
mRNA levels decreased when Hyline cocks were fed with
Mn-supplemented diet [21]. These findings suggested that
decreases of IL-2 could result in detrimental effects on the
immune system. Our results showed that the mRNA expres-
sion levels of IL-2 in the Cd + Se-treated group were higher
than the Cd-alone-treated group. The results agreed with
Montgomery et al., who suggested that Se might enhance
the immunity of young foals through increasing the expres-
sion of IL-2; they also found that IL-2 was essential for lym-
phocyte proliferation [38]. Se attenuated Cd-induced immune
toxicity through reducing the mRNA levels of IL-2. IL-4 and
IL-10, which are the key cytokines secreted by Th2 lympho-
cytes and are considered to be a pleiotropic anti-inflammatory
cytokine produced by activated CD4-T cells, mast cells, eo-
sinophils and basophils. These cells could affect T and B lym-
phocytes, natural killer cells, mast cells, synoviocytes, and
endothelial cells. They could activate and support the growth
of B cells and trigger the production of IgG and IgE [39]. Our
results showed that the levels of mRNA expression of IL-4
and IL-10 decreased significantly (P<0.05) in chicken splenic
lymphocytes of the Cd-alone-treated group compared with the
corresponding control groups at 12, 24, 36, 48, and 60 h.
However, Hemdan et al. have confirmed that the expression
of IL-4 and IL-10 were enhanced at lower doses of Cd from
13.3 to 133 nM in human peripheral blood mononuclear cells
[8]. Applying Cd under the same experimental conditions led
to a significant increase in the levels of IL-4 and IL-10 [40].
These studies were not consistent with our results and may at
least be in part due to the different experimental conditions
used, such as different application regimes or varying cell
models. IL-17 is a pro-inflammatory cytokine that plays an
essential role in host defenses against microbial infections and
is implicated in various inflammatory conditions, such as au-
toimmune diseases, metabolic disorders, and cancer [41].

Dendrogram using Average Linkage (Between Groups) 

Fig. 3 Dendrogram resulting from the Ward’s method of hierarchical
cluster analysis for the six variables and the 20 samples. Similarities
have been calculated from the Euclidean squared distance
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Jameel et al. confirmed that the levels of IL-17 production and
immune function have a positive relationship. IL-17 decreased
when immune function was reduced in human T cell re-
sponses in vitro [34]. In our experiment, the IL-17 mRNA
expression of the Cd + Se-treated group was higher than in
the Cd-treated group; however, the expression was not as high
as the Se-alone-treated groups and the control group. IFN-γ
regulates both innate and acquired immunities by participating
in host defenses or pathogenesis, such as sepsis syndrome and
autoimmune diseases. Expression of the IFN-γ gene de-
creased in all of the samples tested at doses from 133 nM to
13.3 μM [8]. Montgomery et al. suggested that Se might en-
hance the immunity of young foals through increased expres-
sion of IFN-γ and that Se was essential for cellular immune
response [38]. Our results agreed with previous data as IFN-γ
levels were higher in the Cd + Se-treated group comparedwith
the Cd-alone-treated group.

In summary, our results indicated that the mRNA expres-
sion levels of IL-2, IL-4, IL-10, IL-17, and IFN-γ significantly
decreased and IL-1β significantly increased in the presence of
Cd. On the other hand, Se attenuated Cd-induced immune
toxicity. We also found that IL-2, IL-4, IL-10, IL-17, IFN-γ,
and IL-1β had a negative relationship. IL-2, IL-4, IL-10, IL-
17, and IFN-γ belonged to the first group, and IL-1β
belonged to the second group. Therefore, these results indicat-
ed that Cd suppressed immune function and Se partly attenu-
ate immune toxicity induced by Cd in chicken splenic lym-
phocytes. The information presented in this study is helpful to
understanding the mechanism of Cd-induced immunotoxicity
and the protective role of Se.
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