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Abstract
Selenium levels can regulate the function of T cells, macrophages, B cells, natural killer cells and other immune
cells. However, the effect of selenium on the immune function of dendritic cells (DCs) isolated from selenium-
supplemented mice is unknown. In this study, C57BL/6J mice were randomly divided into three groups and fed
diets containing low (0.08 ppm), medium (0.25 ppm) or high (1 ppm) selenium levels for 8 weeks. Immature
(imDCs) and mature (mDCs) dendritic cells were then isolated from the bone marrow. Next, the migration, phago-
cytic capacity and mixed lymphocyte reaction (MLR) for imDCs and mDCs were detected by transwell and flow
cytometry. The levels of C-C chemokine receptor type 7 (CCR7), major histocompatibility complex II (MHCII) and
reactive oxygen species (ROS) were assayed by flow cytometry. F-actin and superoxide dismutase (SOD) activity
was detected by fluorescence microscopy and SOD assay kit, respectively. In addition, the extracellular signal-
regulated kinase (ERK), Akt, Ras homolog gene family member A/Rho-associated protein kinase (RhoA/ROCK)
signalling, selenoprotein K (SELENOK) and glutathione peroxidase 1 (GPX1) levels were measured by western blot
analysis. The results indicated that selenium deficiency enhanced the migration of imDCs by ROS and SELENOK-
mediated ERK, Akt and RhoA/ROCK pathways but impaired the antigen uptake of imDCs. Although a high
selenium level inhibited the migration of imDCs, it had no effect on phagocytic capacity. For mDCs, low selenium
levels impaired free migration, and high levels inhibited the chemotactic migration involved in F-actin and CCR7,
respectively. Low and high selenium levels impaired the MLR by inhibiting MHCII surface localisation, which
might be related to ROS- and SELENOK-mediated ERK, Akt and RhoA/ROCK signalling pathways. In summary,
selenium may regulate the immune function of mouse DCs through the ROS- and SELENOK-mediated ERK, Akt
and RhoA/ROCK signalling.
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Abbreviations
AO Average optical
CCR7 C-C chemokine receptor type 7
DCs Dendritic cells
ERK Extracellular signal-regulated kinase
GPX1 Glutathione peroxidase 1
GSH Glutathione
IL Interleukin
imDCs Immature dendritic cells
LPS Lipopolysaccharides
MAPK Mitogen-activated protein kinases
mDCs Mature dendritic cells
MHCII Major histocompatibility complex II
MLR Mixed lymphocyte reaction
MoDCs Monocyte-derived DCs
PBS Phosphate-buffered saline
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RhoA Ras homolog gene family member A
ROCK Rho-associated protein kinases
ROS Reactive oxygen species
rmGM-CSF Recombinant mouse

granulocyte-macrophage CSF
rmIL-4 Recombinant mouse interleukin-4
SELENOK Selenoprotein K
SOD Superoxide dismutase

Introduction

Dendritic cells (DCs) can be divided into plasmacytoid DCs,
conventional DCs, monocyte-derived DCs (MoDCs) and
Langerhans cells and play an important role in the innate
and adaptive immune response [1, 2]. Functionally, DCs in-
clude immature (imDCs) and mature (mDCs) subsets. DCs
are present in almost all tissues, including cancerous tissue,
in which their function may be inhibited. As a result, DC
vaccines for cancer immunotherapy have shown disappoint-
ing results because of the disruption of robust antigen presen-
tation and migration [3–5]. Previous studies have demonstrat-
ed that selenium is an essential trace element that performs
important functions in innate and adaptive immune cells
[6–9]. Selenium supplementation can enhance T cell prolifer-
ation, natural killer cell activity and lymphocyte function in
humans [6, 9]. The levels of selenium can also influence the
differentiation of T cells and macrophages, the numbers of B
cells and antibody production in mice [8]. Recently, it was
reported that the differentiation and immune function of
chicken DCs can be regulated by selenium [10, 11].
However, the immune function of DCs from selenium-
supplemented mice and the detailed underlying mechanism
remain unclear.

Numerous studies have suggested that redox signalling,
including reactive oxygen species (ROS) and glutathione
(GSH), is essential for the activation and function of immune
cells. Selenium levels can regulate the production of ROS,
which is the primary mechanism of selenium’s effect on the
immune system [6, 8, 12]. Studies have shown that oxidative
stress can regulate DC maturation and cytokine production
under conditions of stress [13, 14] and ROS can promote the
maturation and antigen presentation of DCs [15–17].
Intracellular GSH in human DCs can also regulate the produc-
tion of interleukin (IL)-27 and T cell polarisation [18]. It was
also reported that selenium deficiency can promote oxidative
stress-induced immune damage in chicken spleens [19].

A previous study demonstrated that different stimuli can
induce the maturation of human MoDCs through the
mitogen-activated protein kinase (MAPK) pathway, in-
cluding extracellular signal-regulated kinase (ERK) signal-
ling, which can regulate antigen uptake and DCs migration
[20]. The Akt signalling pathway also plays an important

role in the function of DCs [21]; however, it is unclear
whether the function of Akt in DCs is influenced by sele-
nium levels. Recently, Bros et al. suggested that the migra-
tion of DCs can be regulated by the Ras homolog gene
family member A/Rho-associated protein kinases
(RhoA/ROCK) signalling and that the interaction between
DCs and T cells was influenced by RhoA [22]. Taken to-
gether, the role of the ERK, Akt and RhoA/ROCK path-
ways in the function of mouse DCs regulated by selenium
is unclear.

The immunologic function of selenoproteins and the bio-
logical effect of selenium in T cells, B cells and macrophages
have been thoroughly studied. The immune-related
selenoproteins include selenoprotein K (SELENOK),
selenoprotein R, selenoprotein S and selenoprotein 15 [6–9].
SELENOK is the best example indicating that immune func-
tion, such as T cell migration and macrophage phagocytosis,
can be regulated by calcium flux and redox signalling.
SELENOK can regulate the immune function through post-
translational modifications of proteins as a non-enzymatic
selenoprotein [7, 23]. In addition, SELENOK may also con-
tribute to the development of cancer [23] and cancer therapy in
the context of DC activity [4, 5]. However, the immune func-
tion of SELENOK in mouse DCs remains unknown.

In this study, we evaluated the immune function and redox
balance of DCs from selenium-supplemented mice. imDCs
and mDCs were prepared from mice with low, medium and
high selenium diets, and the migration and phagocytic capac-
ity of imDCs and the migration ability and mixed lymphocyte
reaction (MLR) for mDCs were assessed. In addition, ROS
levels, superoxide dismutase (SOD) activity and glutathione
peroxidase 1 (GPX1) levels were determined. Finally, the po-
tential underlying mechanisms were evaluated, including F-
actin levels and SELENOK, as well as the ERK, Akt and
RhoA/ROCK signalling pathways.

Materials and Methods

Preparation of Mice and Sample Collection

Animal protocols were approved by the Institutional Animal
Care and Use Committee at the Guizhou Medical University.
Male C57BL/6Jmice (3 weeks old) were obtained and housed
in the Guizhou Laboratory Animal Engineering Technology
Center (Experimental Facilities certification: SCXK (qian)
2018-0001). After 1 week of standard diets containing
0.15 ppm selenium (Jiangsu Xietong Organism, China), the
mice were randomly divided into three groups. They were
subsequently provided diets (Beijing Keao Xieli Feed Co.,
Ltd.) containing low (0.08 ppm), medium (0.25 ppm) or high
(1 ppm) selenium levels for 8 weeks, as previously described
[8, 24]. The diets were formulated with purified ingredients
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(Supplemental Table 1), and sodium selenite was added to
achieve the targeted selenium levels. The mice were
anaesthetised and sacrificed after 8 weeks of feeding, and
the femurs were collected for the preparation of DCs.

Preparation of DCs from Mouse Bone Marrow

DCs were prepared from mouse bone marrow according to a
previously described method [25]. Briefly, the femoral bone
marrow suspensions (with red cells discarded) isolated from
mice fed with low, medium and high selenium diets were
cultured in RPMI 1640 medium containing 10% foetal bovine
serum (HyClone, USA), 20 ng/mL recombinant mouse
granulocyte-macrophage CSF (rmGM-CSF) and 10 ng/mL
recombinant mouse interleukin-4 (rmIL-4) (PeproTech,
Germany) in 6-well plates at a density of 2 × 106 cells/mL.
Half of the medium was replaced once every 2 days, and the
imDCs were obtained on day 7 of the culture process. The
imDCs were transformed into mDCs by adding 100 ng/mL
lipopolysaccharides (LPS) (Sigma-Aldrich, Germany) for 2
additional days.

Migration Ability of imDCs and mDCs

The imDCs and mDCs, prepared from mice fed with low,
medium and high selenium diets, were seeded into the upper
compartment of Transwell chambers (5μm,Millipore), which
contained serum-free RPMI 1640 medium. For free migration
of imDCs and mDCs, the lower chamber contained complete
RPMI 1640 medium. To induce chemotactic migration of
mDCs, 100 ng/mL of chemokine (C-C motif) ligand 19
(PeproTech, Germany) was added to the lower chamber.
The cells were incubated at 37 °C for 36 h, and the cell num-
bers in the upper and lower chambers were counted separately
with a cell counter (Cellometer Mini, Nexcelom, USA). The
cell migration rate was analysed and normalised to that in the
low selenium diet group [26].

Phagocytic Capacity of imDCs

The phagocytic capacity of imDCs prepared from mice fed
with low, medium and high selenium diets was determined by
flow cytometry. Briefly, imDCs were resuspended and cul-
tured with FITC-dextran (40KD, Sigma-Aldrich) in
phosphate-buffered saline (PBS), followed by fixation with
3.7% paraformaldehyde. After washing with PBS, the cells
were resuspended at a density of 1 × 106 cells/mL in PBS
and analysed by flow cytometry (NovoCyte, ACEA
Biosciences). The fluorescence intensity was analysed and
normalised to that in the low selenium diet group [25].

Mixed Lymphocyte Reaction

Themouse T cells were isolated from the spleen homogenate of
wild mice and separated using a Nylon Wool Fiber Syringe
(Gamma Irradiated; Polysciences, England). The T cells were
then incubated at 37 °C for 2 h and co-cultured with mDCs
isolated from mice fed with low, medium and high selenium
diets for 48 h. The ratios of mDCs to T cells were 1:1, 1:10 and
1:100. Subsequently, T cell proliferation was assayed using the
CCK8 assay according to the manufacturer’s instructions [26].

C-C Chemokine Receptor Type 7 and Major
Histocompatibility Complex II Detection

PE anti-mouse CCR7 and MHCII antibodies were obtained
from BD Pharmingen. The mDCs were collected and washed
twice with PBS, followed by fixation with 4% paraformalde-
hyde. After washing with PBS, the cells were incubated with
fluorescent antibodies at the recommended concentration at
4 °C for 30 min. The cells were then washed twice with ice-
cold PBS, resuspended in 300 μL PBS at a density of 1 × 106

cells/mL and analysed using flow cytometry [25].

F-Actin Observation

Mouse DCs were collected and seeded into 6-well plates con-
taining 0.1 mg/mL polylysine-coated coverslips. After fixa-
tion with 4% paraformaldehyde at 37 °C for 30 min, the cells
were permeabilised with 0.1% Triton X-100 in PBS for
30 min. The coverslips were then washed twice with PBS
and blocked in 1% BSA for 30 min. F-actin was stained with
FITC-Phalloidin (Invitrogen, USA) at 4 °C overnight. The
cells were then washed and stained with DAPI (Invitrogen,
USA) in a fluorescent quencher. The plates were imaged with
a fluorescence microscope (Olympus, Japan), and the average
optical (AO) data were analysed using Image J software
(National Institutes of Health) [27].

Measurement of ROS

ROS content in mouse DCs was measured using a flow cy-
tometry kit according to the manufacturer’s protocol. Briefly,
DCs were co l l ec t ed and incuba t ed wi th 2 ′ , 7 ′ -
dichlorodihydrofluorescein diacetate (Solarbio, China) for
20 min at 37 °C. After washing twice with PBS, the cells were
resuspended in PBS at a density of 1 × 106 cells/mL, and ROS
levels were determined by flow cytometry [28].

SOD Activity

The SOD activity of DCs was determined using a total SOD
assay kit with WST-8 (Beyotime, China), according to the
manufacturer’s protocol. Briefly, the cells were washed twice

Zhang et al.3362



with cold PBS and then homogenised in ice-cold PBS. After
incubation withWST-8 at 37 °C for 30 min, the absorbance of
the homogenate supernatant at 450 nm was measured using a
microplate reader (Cytation 5, BioTek).

Western Blot Analysis

Cell lysates were prepared in RIPA buffer containing a prote-
ase inhibitor cocktail, and western blot analysis was per-
formed as described by Jia et al. [27]. The antibodies included
SELENOK (ab139949) and GPX1 (ab108427) purchased
from Abcam; ERK (AF0155), pERK (AF1015), Akt
(AF6261), pAkt (AF0016) and GAPDH (AF0911) obtained
from Affinity; and RhoA (2117) and ROCK (4035), which
were acquired from Cell Signalling Technology.

Statistical Analysis

All data are presented as the mean ± SD. Analysis of variance
was used to determine the statistically significant differences
between groups, followed by Tukey’s test for multiple com-
parisons. P values less than 0.05 were considered statistically
significant.

Results

Selenium Can Regulate the Immune Function of
imDCs

To verify the effect of selenium on DCs in vivo, we performed
experiments on the separation and induction of DCs from the
bone marrow of mice provided with low, medium and high
selenium-containing diets for 8 weeks. First, immune function
was investigated in imDCs, including migration and phagocytic
capacity. The results indicated that the free migration ability of

imDCs gradually decreased with increased selenium concentra-
tion (P < 0.05) (Fig. 1a). Compared with the medium selenium
diet group, low selenium levels increased the migration of
imDCs (P < 0.001), whereas high selenium levels inhibited the
migration ability of imDCs (P < 0.05). The phagocytic capacity
of imDCs was significantly inhibited in the low selenium diet
group compared with the medium and high selenium diet groups
(P < 0.001), whereas there was no difference between the medi-
um and high groups (Fig. 1b and c).

SeleniumCan Regulate the Immune Function ofmDCs

Next, we assessed the migration and MLR of mDCs prepared
frommice fed with low, medium and high selenium diets. The
results indicated that low selenium inhibited the free migration
of mDCs (P < 0.01), but had no effect on chemotactic migra-
tion (Fig. 2a). In contrast, high selenium inhibited the chemo-
tactic migration ability of mDCs (P < 0.01), but had no effect
on free migration. The chemotactic migration ability of mDCs
was then verified by measuring the expression of CCR7 by
flow cytometry. The results (Fig. 2b) indicated that low sele-
nium had no effect on CCR7 expression, whereas high sele-
nium significantly inhibited the expression of CCR7
(P < 0.05), consistent with the results of chemotactic migra-
tion. The results for the MLR of mDCs showed that it was
significantly inhibited in the low and high selenium diet
groups compared with the medium selenium diet group
(P < 0.05) (Fig. 2c). This result was consistent with the
MHCII expression levels (Fig. 2d and e).

Redox Balance in DCs Was Regulated by Selenium

We also studied the potential role of redox balance when
immune function was altered by selenium. Our results indi-
cated that ROS levels in imDCs gradually decreased with
increased concentrations of selenium (P < 0.001) (Fig. 3a

Fig. 1 Effect of selenium on the immune function of imDCs. Migration
ability (a) and phagocytic capacity (b, c) of imDCs isolated frommice fed
with diets containing low (0.08 ppm), medium (0.25 ppm) or high
(1 ppm) selenium for 8 weeks. Data are presented as the mean ± SD

(n = 3). *P < 0.05, ***P < 0.001, compared with Medium; ###P <
0.001, compared with low; low, medium and high respectively represent
DCs isolated from mice fed with different concentrations of selenium
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and b). ROS levels in mDCs were significantly decreased in
the low and high selenium diet groups compared with the
medium selenium diet group (P < 0.05), and there was no
difference between the low and high selenium diet groups
(Fig. 3c and d). The SOD activity in imDCs and mDCs
underwent similar changes (Fig. 3e and f). SOD activity was
significantly increased in the medium and high selenium diet
groups compared with the low selenium diet group (P < 0.05).
GPX1 levels in imDCs and mDCs gradually increased with
increased selenium concentration (P < 0.01) (Fig. 3g, h and i).

Changes in Selenium-Induced Migration Capacity
Were Related to F-Actin

The F-actin levels related to migration ability are shown in
Fig. 4. Our results indicated that the F-actin level in imDCs
was increased in the low selenium diet group compared with
the medium and high selenium diet groups (P < 0.05) and that
there was no difference between the medium and high seleni-
um diet groups. The levels in mDCs were significantly in-
creased in the low and high selenium diet groups compared
with the medium selenium diet group (P < 0.01). These results
indicated that high levels of F-actin were associated with high
mobility in imDCs and low levels of F-actin were conducive
to mDCs migration.

ERK, Akt and RhoA/ROCK May Be Involved in the
Immune Function of DCs by Selenium

The signalling pathways affected by seleniumwere examined.
The results indicated that the ERK, Akt and RhoA/ROCK
pathways were influenced in the low, medium and high sele-
nium diet groups. In imDCs, the protein levels of SELENOK,
pERK, pAkt, RhoA and ROCK gradually decreased
(P < 0.05) (Fig. 5a and b). In mDCs, the levels of
SELENOK, RhoA and ROCK in the medium group were
significantly increased (P < 0.05) (Fig. 5c and d). Compared
with the low and high selenium diet groups, the levels of
pERK and pAkt in the medium selenium diet group were
significantly decreased (P < 0.01).

Discussion

Numerous studies have found that selenium levels can regu-
late the function of immune cells [6–8, 29], such as the differ-
entiation of T cells and macrophages, the numbers of B cells
and antibody production in mice and natural killer cell activity
and lymphocyte function in humans. Studies have also dem-
onstrated that selenium levels can regulate the differentiation
and immune function of chicken DCs in vivo [10, 11] and
DC-stimulated T cell proliferation can be inhibited by high

Fig. 2 Effect of selenium on the immune function of mDCs. Free and
chemotactic migration ability (a), CCR7 levels (b), mixed lymphocyte
reaction (c) andMHCII levels (d, e) of mDCs isolated frommice fed with
diets containing low (0.08 ppm), medium (0.25 ppm) or high (1 ppm)

selenium for 8 weeks. Data are presented as the mean ± SD (n = 3). *P <
0.05, **P < 0.01, ***P < 0.001, compared with medium; #P < 0.05, com-
pared with low; low, medium and high respectively represent DCs iso-
lated from mice fed with different concentrations of selenium
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levels of ebselen in vitro [17]. We evaluated the role of sele-
nium in human DCs in vitro (unpublished); however, the role
of selenium in mouse DCs in vivo was unclear. Therefore, in
the present study, we investigated the immune function of
DCs isolated from mice provided with a low, medium and
high selenium diet. It was suggested that selenium deficiency
(low selenium) enhances imDCs migration but the antigen
phagocytosis ability was significantly inhibited. Conversely,
high selenium inhibited the migration ability of imDCs with
no effect on phagocytic capacity (Fig. 1). For mDCs, high
selenium inhibited the chemotactic migration ability by
down-regulating CCR7 expression, and both low and high
selenium impaired the MLR by down-regulating MHCII ex-
pression (Fig. 2). The results indicated that both low and high

selenium levels were detrimental to the immune function of
DCs. Blood inflammatory cytokines and spleen proteomics in
mice also showed that the immune function is indeed affected
by selenium (data not shown). Previous studies have shown
that selenium deficiency can impair the innate and adaptive
immune responses, including DCs in chickens [6–9, 11, 29].
In our study, selenium also impaired antigen phagocytosis and
MLR of mouse DCs. Consistent with the findings of Matsue
et al. [17], higher selenium levels could impair the prolifera-
tion of T cells and reduce the antigen uptake and presentation
efficiency of DCs by inhibiting the free migration of imDCs
and chemotactic migration of mDCs.

Redox balance, such as ROS levels, is known to be
important in the activation and function of immune cells

Fig. 3 Effect of selenium on the ROS levels in imDCs (a, b) and mDCs
(c, d), SOD activity in imDCs (e) and mDCs (f) and GPX1 levels in
imDCs and mDCs (g, h, i) isolated from mice fed with diets containing
low (0.08 ppm), medium (0.25 ppm) or high (1 ppm) selenium for
8 weeks. Data are presented as the mean ± SD (n = 3). *P < 0.05,

**P < 0.01, ***P < 0.001, compared with medium; #P < 0.05, ##P <
0.01, ###P < 0.001, compared with low; low, medium and high respec-
tively represent DCs isolated from mice fed with different concentrations
of selenium
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[6–9, 12–17, 30, 31]. We evaluated the ROS levels in
DCs isolated from mice provided with low, medium and
high selenium diets. The results indicated that selenium
deficiency increased ROS content in imDCs because of
lower SOD activity and GPX1 protein levels or activity
[29] compared with mice fed a medium selenium diet.
Higher selenium levels can reduce ROS levels in mDCs
without a change in the SOD activity. This result may be
related to increased protein levels or activity of GPX1
[29] compared with mice in the medium selenium group.
It has been demonstrated that ROS can promote the mat-
uration and antigen presentation of DCs [15–17]. With
respect to our finding, it appears that appropriate levels
of ROS are important for the immune function of DCs.
Our study also revealed that reduced antigen uptake due
to selenium deficiency was associated with higher ROS

levels in imDCs. The damage to MLR caused by both
selenium deficiency and high selenium levels was related
to lower ROS content in mDCs.

Studies have shown that F-actin is involved in cell migra-
tion [32–36]. Specifically, F-actin levels were shown to de-
crease when monocytes differentiated into imDCs and mDCs
[36]. In our study, the enhanced migration ability of imDCs
induced by selenium deficiency was associated with increased
F-actin levels compared with that in the medium selenium
group (Figs. 1 and 4). Also, the increase of mDCs migration
ability caused by medium selenium levels was associated with
decreased F-actin levels compared with the low and high se-
lenium groups (Figs. 2 and 4). Additionally, it has been dem-
onstrated that the migration of DCs can be regulated by RhoA/
ROCK signalling [22]. This study also revealed that the effect
of selenium on the migration ability of DCs was related to the

Fig. 4 Effect of selenium on the F-actin levels in imDCs (a, b) and mDCs
(a, c) isolated from mice fed with diets containing low (0.08 ppm), me-
dium (0.25 ppm) or high (1 ppm) selenium for 8 weeks. Data are present-
ed as mean ± SD (n = 3). *P < 0.05, **P < 0.01, compared with medium;

#P < 0.05, compared with low; low, medium and high respectively rep-
resent DCs isolated from mice fed with different concentrations of
selenium
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RhoA/ROCK signalling pathway. The gradual decrease in the
migration ability of imDCs in the low, medium and high se-
lenium groups may be the result of decreased RhoA and
ROCK expression (Figs. 1 and 5). Furthermore, the decreased
migration ability of mDCs in the low and high selenium
groups was also related to decreased RhoA and ROCK levels
(Figs. 2 and 5). Reports have also suggested that the interac-
tion between DCs and T cells is influenced by RhoA and that
RhoA can regulate theMHCII surface localisation in DCs [22,
37, 38]. In our study, T cell activation was inhibited by a
RhoA-induced reduction in MHCII surface localisation in
the low and high selenium groups (Figs. 2 and 5). Taken
together, selenium may regulate the immune function of
DCs through the RhoA/ROCK pathway.

The ERK pathway is also involved in the maturation of
human DCs by different stimuli and, to some degree,

exhibits a negative regulatory effect on the maturation of
DCs [17, 39–41]. Similarly, our results showed that in-
creased ERK phosphorylation induced by selenium defi-
ciency led to decreased antigen uptake in imDCs, and
decreased ERK phosphorylation levels induced by medi-
um selenium levels resulted in increased CCR7, MHCII
and MLR in mDCs (Figs. 1, 2 and 5). ERK activation
may promote the migration of imDCs [42, 43] but inhibit
the migration of mDCs [44, 45]. Furthermore, the Akt
pathway is also involved in the migration and maturation
of DCs under different stimulation conditions [21, 46,
47]. In our study, Akt activation induced by selenium
was consistent with ERK phosphorylation; however, ad-
ditional studies are needed to confirm the role of the ERK
and Akt signalling pathways in the selenium-induced dif-
ferentiation and maturation of DCs.

Fig. 5 Effect of selenium on the ERK, Akt and RhoA/ROCK signalling
pathway activity and SELENOK protein levels in imDCs (a, b) and
mDCs (c, d) isolated from mice fed with diets containing low
(0.08 ppm), medium (0.25 ppm) or high (1 ppm) selenium for 8 weeks.

Data are presented as mean ± SD (n = 3). *P < 0.05; **P < 0.01; ***P <
0.001; low, medium and high respectively represent DCs isolated from
mice fed with different concentrations of selenium
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Because of the important function of selenoproteins in the
immune system [6–9, 23], we determined SELENOK levels
in DCs isolated from mice provided with low, medium and
high selenium diets. The results indicated that the expression
level of SELENOKwas associated with the migration of DCs.
The overexpression of SELENOK enhanced the migration
ability of microglia cells [48], whereas SELENOK knockout
resulted in decreasedmigration of T cells and neutrophils [24].
In addition, SELENOK also mediated the migration of cho-
riocarcinoma cells [49] and BGC 823 cells [50]. These results
suggest that SELENOK is related to the migration of DCs.
Previous studies have shown that SELENOK-dependent
palmitoylation of Arf-GAP with SH3 domain, ANK repeat
and PH domain-containing protein 2 (ASAP2) was required
for FcγR-mediated phagocytosis of macrophages [51], and
the ERK and Akt pathways were involved in SELENOK-
mediated cell migration [49]. We hypothesise that
SELENOK may have a protein-modifying effect in DCs sim-
ilar to that of macrophages. In addition, SELENOK may reg-
ulate the immune function of DCs through the ERK, Akt and
RhoA/ROCK signalling pathways.

In this study, we investigated the immune function of DCs
isolated from mice fed with a low, medium or high selenium
diet (summarised in Fig. 6). The results indicated that seleni-
um deficiency enhances the migration of imDCs by ROS- and
SELENOK-mediated ERK, Akt and RhoA/ROCK pathways
but inhibits antigen uptake by imDCs. Although a high sele-
nium level inhibited the migration of imDCs, it had no effect
on phagocytic capacity. For mDCs, low selenium levels im-
paired free migration, and high selenium levels inhibited che-
motactic migration associated with F-actin and CCR7, respec-
tively. Low and high selenium levels impaired MLR by

inhibiting MHCII surface localisation, which may be associ-
ated with ROS- and SELENOK-mediated ERK, Akt and
RhoA/ROCK signalling pathways. In summary, selenium
may regulate the immune function of mouse DCs through
the ROS- and SELENOK-mediated ERK, Akt and RhoA/
ROCK signalling pathways.
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