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Abstract

Background: The mitogen-activated protein kinase kinase/extracellular-signal-regulated kinase (MEK/ERK) signaling
pathway is involved in viral life cycle. However, the effect of MEK/ERK pathway in enterovirus 71(EV71)-infected
immature dendritic cells (iDCs) is still unclear.

Methods: Human peripheral blood mononuclear cells (PBMCs) were isolated and induced to generate iDCs.
Unifected iDCs and EV71-infected iDCs with a multiplicity of infection (MOI = 5) were analyzed by flow cytometry.
Differential gene expressions of MEK/ERK signaling pathway molecules in EV71-infected iDCs were performed by
PCR arrays. The phosphorylation of MEK/ERK pathway molecules in EV71-infected iDCs preincubated without or with
U0126 (20 μM) at indicated times was detected by Western blot. The concentrations of IL-1α, IL-2, IL-6, IL-12, TNF-α,
IFN-α1, IFN-β and IFN-γ in culture supernatant were analyzed by the luminex fluorescent technique.

Results: When iDCs were infected with EV71 for 24 h, the percentage of CD80, CD83, CD86 and HLA-DR expressed
on iDCs significantly increased. PCR arrays showed that gene expressions of molecules in MEK/ERK signaling
pathway were remarkably upregulated in EV71-infected iDCs. EV71 infection activated both MEK1/2 and ERK1/2,
which phosphorylated their downstream transcription factor c-Fos, c-Jun, c-myc and Elk1. Importantly, the treatment
of U0126 significantly inhibited MEK/ERK signaling pathway molecules and severely impaired virus replication.,
Additionally, EV71 infection promoted the expression of son of sevenless (SOS1) and increased the secretion of
IL-1α, IL-2, IL-6, IL-12, TNF-α,IFN-β and IFN-γ. Furthermore,the release of IL-1α, IL-2,IL-6 and TNF-α could be effectively
suppressed by inhibitor U0126.

Conclusions: Our data suggest that the MEK/ERK signaling pathway plays an important role in EV71-infected iDCs
and these molecules may be potential targets for the development of new anti-EV71 drugs.
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Introduction
EV71 is a member of the Picornaviridae family, which is
composed of a large number of small non-enveloped,
positive strand RNA viruses with a genome size of ap-
proximately 7500 bp [1,2]. Increasing evidences indicate
that EV71 has become the major etiological agent of
current outbreaks of hand, foot, and mouth disease
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(HFMD) in the Asia-Pacific region, including China
[3-5]. In addition, the clinical features of EV71 infection
vary from mild HFMD or herpangina to aseptic menin-
gitis, encephalitis, pulmonary edema and even death [6-8].
Premature or impaired immunity upon EV71 infection
has been associated with increased morbidity and mor-
tality [9,10]. However, the molecular pathogenesis of EV71
infection remains elusive.
Mitogen activated protein kinases (MAPKs) are central

molecules mediating signaling pathways in innate immun-
ity. They belong to a family of serine/threonine protein ki-
nases which are largely conserved among eukaryotes and
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involved in many cellular processes such as inflamma-
tion, proliferation, differentiation, movement, and death
[11,12]. To date, seven distinct groups of MAPKs
have been characterized in mammalian cells, including
Figure 1 Flow cytometric analysis of human blood monocyte-derived
medium containing GM-CSF and IL-4 for 7 days were analyzed by flow cyt
antibodies (red lines). The data shown are representative of three independ
EV71 (MOI = 5) were analyzed using flow cytometry for the expression of C
control (thin lines) and specific antibodies (red lines). The data were expres
by Chi-square test.
extracellular regulated kinases (ERK1/2), c-Jun N-terminal
kinases (JNK1/2/3), p38 MAPK (p38 α/β/γ/δ), ERK3/4,
ERK5, ERK7/8 and Nemo-like kinase (NLK) [13,14].
Among these, the most extensively studied are ERK1/2,
iDCs and EV71-infected iDCs. (A) Monocytes cultured in the
ometry with isotype-matched control (thin lines) using specific
ent experiments. (B) Uninfected iDCs (control) or iDCs infected with
D80, CD83, CD86 and HLA-DR at 24 h p.i. using isotype-matched
sed as mean ± SE from three independent experiments and analyzed



Table 1 Differential expression of genes in MEK/ERK
signaling pathway in EV71-infected iDCs at different
time points

Gene
symbol

EV71/control (Fold changes)

1/2 h 2 h 8 h 24 h

KRAS −1.09 +1.94 +2.21 +1.18

NRAS −1.05 +1.08 +1.42 −1.07

Raf-1 +1.07 +6.51 −1.25 −1.21

MEK1 +1.26 +1.26 −1.02 −1.09

MEK2 +1.15 +1.19 −1.04 −1.15

ERK1 +1.27 −1.16 −1.10 −1.20

ERK2 +1.73 +1.23 −1.36 −1.65

c-Fos +5.46 +7.65 +4.62 +3.71

c-Jun +1.64 +2.05 +2.78 +3.67

c-myc +1.20 −1.31 +2.54 −1.15

Elk1 −2.57 +1.94 +1.69 +2.47

SOS1 +1.89 +16.70 −1.78 −1.15

IL-1α −1.00 +5.49 +3.82 −1.17

IL-2 +1.23 +3.12 +2.76 +1.79

IL-6 +1.68 +2.33 +2.84 +1.67

IL-12 +1.34 +1.76 +2.36 +1.84

IFN-α1 −1.56 +1.58 +1.37 −1.75

IFN-β −1.26 +2.72 +2.04 −1.49

IFN-γ −1.10 +2.69 +1.40 −1.82

TNF-α +1.28 +2.27 +2.62 +1.41

Upregulated and downregulated transcripts are indicated as ‘+’ and ‘–’
values respectively. The values presented in the table are the average of
three experiments.
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JNKs and p38 MAPKs [15,16]. Acute activation of MAPK
signaling cascades is utilized by both viruses for their repli-
cation and hosts for defense against the viruses [17,18].
Virus infection activates the MEK/ERK signaling pathway,
which further promotes activation of transcription factors
and increases the secretion of different cytokines to affect
virus propagation [19,20]. Furthermore, transcription of
many MAPK-regulated pro-inflammatory or antiviral cyto-
kines such as IL-2, IL-6, IFN-β and TNF-α is dependent on
transcription factor NF-κB, c-Fos and c-Jun.
DCs are the first line of host defense. They initiate

specific host immune responses by capturing, process-
ing, and presenting antigens through MHC-I and MHC-
II molecules on the cellular surface and activating naïve
T cells [21,22]. The effect of MEK/ERK signaling cas-
cades during EV71 infection in many other cells has
been extensively explored. For example, it has been re-
ported that the MEK/ERK signal cascade is required for
replication of EV71 in embryonic rhabdomyosarcoma
(RD) cells and HEK cells [23,24]. However, MEK/ERK
signaling pathway in EV71-infected iDCs remains largely
unknown.
To explore the roles of MEK/ERK signaling pathway

in EV71-infected iDCs, we induced iDCs from PBMCs
in the presence of granulocyte-macrophage colony-
stimulating factor (GM-CSF) and IL-4. The iDCs were
then infected with EV71 and used to investigate the
effect and mechanism of MEK/ERK signaling pathway
associated molecules during EV71 infection.

Results
EV71 infection increased activation of iDCs
iDCs were prepared from monocytes purified from per-
ipheral blood by induction with GM-CSF and IL-4. Flow
cytometric analysis indicated that most iDCs were posi-
tive for CD11c, HLA-DR and CD80, but only 3.5% ±
1.2% and 6.8% ± 2.2% of cells were positive for CD3 and
CD83, respectively, confirming that they were indeed
iDCs (Figure 1A). After being infected with EV71
(MOI = 5) for 24 h, the percentages of CD80 and
HLA-DR didn’t increase in EV71-infected iDCs com-
pared to non-infected iDCs (p > 0.05). However, CD83
and CD86 distinctly increased at 24 h postinfection
(p.i.) (p < 0.01), suggesting that EV71 infection pro-
motes activation of monocyte-derived iDCs (Figure 1B).

Differential expression of molecules in MEK/ERK signaling
pathway
At 1/2 h, 2 h, 8 h and 24 h p.i. with EV71, iDCs were
collected and expression of molecules involved in the
MEK/ERK signaling pathway was examined by PCR
arrays. The results showed that the expression levels
of KRAS, Raf-1, c-Fos, c-Jun, c-myc, SOS1, IL-1α,
IL-2, IL-6, IL-12, TNF-α, IFN-β and IFN-γ mRNAs
were upregulated by 2.04-16.7 folds in EV71-infected
iDCs at different time points, while IFN-α1 expression
was not changed within 24 h. Elk1 was downregulated
by 2.57-fold at 1/2 h, but upregulated by 2.47-fold at
24 h p.i. However, EV71 infection did not enhance
mRNA levels of MEK1/2 and ERK1/2 molecules
(Table 1).

The effect of inhibitor U0126 on EV71 infection
U0126, a specific inhibitor of MEK1/2, was used to study
the effect of cellular ERK activation on expression of
VP1, a capsid protein of EV71. Compared with EV71 in-
fection, U0126 (20 μM) significantly reduced the EV71
virus titer as determined by TCID50 (Figure 2A). Mean-
while, the treatment with U0126 (20 μM) inhibited the
expression of EV71/VP1 protein at 4 h, 8 h, 12 h and
24 h p.i., respectively (Figure 2B).

EV71 infection triggered the activation of MEK1/2 and
ERK1/2 molecules
To determine whether the MEK/ERK signaling pathway
is involved in EV71 infection, we examined the levels of



Figure 2 The inhibitory effects of U0126 on EV71 replication. (A) iDCs (3 × 105/well) pretreated with or without U0126 (20 μM) for 1 h and
infected with EV71 (MOI = 5) for 24 h. Culture supernatants were collected after infection to determine viral titers. (B) Western blot results of the
supernatants and cell lysates of iDCs pre-incubated without or with U0126 (20 μM) for 1 h and infected with EV71 at a MOI of 5, using a
specific antibody against VP1. The intensity of VP1 protein band was quantitated by densitometric analysis and normalized to GAPDH. The
data were expressed as mean ± SE from three independent experiments and analyzed by two-way ANOVA with Bonferroni post-hoctests
(**p < 0.01,***p < 0.001).

Shi et al. Virology Journal  (2014) 11:227 Page 4 of 13
total and phosphorylated MEK1/2 and ERK1/2 at 0 h, 1/
2 h, 2 h, 4 h, 8 h and 24 h p.i. As shown in Table 1, the
results showed that virus infection did not enhance
mRNA levels of MEK1/2 and ERK1/2 molecules in PCR
assay, but significantly elevated their phosphorylation
(Figure 3A and C). Moreover, the enhanced phosphoryl-
ation was significantly suppressed by inhibitor U0126
(20 μM) in EV71-infected iDCs (Figure 3B and D). It
demonstrates that the activation of Raf/MEK/ ERK kin-
ase cascade plays an important role in EV71 replication
cycle, and phosphorylation of ERK1/2 by MEK1/2 is a
critical step in the MAPK cascade.
EV71 infection stimulated the phosphorylation of
transcription factor c-Fos, c-Jun, c-myc and Elk1
It is well known that phosphorylated ERK1/2 translocate
from cytoplasm to the nucleus where they activate a
variety of targets, including transcription factors c-Fos,
c-Jun, c-myc and Elk1. Therefore, we examined the ef-
fect of EV71 infection on c-Fos and c-Jun, and found
that the phosphorylation of c-Fos and c-Jun was en-
hanced in EV71-infected iDCs at a MOI of 5 (Figure 4A
and C). Moreover, the enhancement was attenuated by
treatment with U0126 (20 μM), 1 h prior to EV71 infection
(Figure 4B and D). In addition, EV71 infection (MOI = 5)
significantly increased the phosphorylation of Elk1 and
c-myc, and the pretreatment with U0126 (20 μM) remark-
ably decreased their phosphorylation level (Figure 5). The
data demonstrate that EV71 infection triggers ERK1/2-
dependent activation of c-Fos, c-Jun, c-myc and Elk1.
EV71 infection promoted the expression of SOS1 protein
The SOS1, as an activator of Ras, which activates the
MEK/ERK signaling pathway and plays a fundamental
role in growth and cellular differentiation. As mentioned
above, the expression of SOS1 gene was upregulated by
16.7-fold in EV71-infected iDCs at 2 h p.i. Compared
with 0 h, 1/2 h and 2 h p.i., SOS1 protein level gradually
increased at 4 h, 8 h and 24 h p.i., and no difference was
observed in the presence of U0126 (20 μM) (Figure 6).
Although the exact mechanism remains unclear between
the activation of SOS1 and virus infection, it indicates
that EV71 infection activates SOS1 gene, which may en-
hance the activation of Ras/Raf/MEK signaling cascade
in EV71-infected iDCs.
The secretion of cytokines and interferons in EV71-infected
iDCs
DCs secrete cytokines and interferons once they are acti-
vated by bacterial or viral infection. Thus, we examined
the levels of cytokines in culture supernatants collected
at 24 h from control, EV71-infected iDCs and iDCs pre-
incubated with U0126 (20 μM) using luminex fluores-
cent technique. The results showed that EV71 infection
(MOI = 5) significantly increased secretions of IL-1α,
IL-2, IL-6, IL-12, TNF-α,IFN-β and IFN-γ from iDCs
(Figure 7). In addition, the secretions of IL-1α, IL-2,
IL-6 and TNF-α were remarkably inhibited by U0126,
whereas those of IL-12, IFN-α1, IFN-β and IFN-γ were
not different between U0126 treated and EV71 infected
cells (Figure 8).



Figure 3 Activation of MEK1/2 and ERK1/2 by EV71 infection and its inhibition by U0126. iDCs were infected with EV71 at a MOI of 5. Cells
were collected at 0 h, 1/2 h, 2 h, 4 h, 8 h and 24 h p.i., and lysed for western blot analysis. GAPDH was used as an internal control. The total or
phosphorylated MEK1/2 and ERK1/2 at different time points were analyzed by western blot (A and C). iDCs were pre-incubated with U0126
(20 μM) for 1 h, and then infected with EV71 at a MOI of 5, U0126 was present throughout the experiment (B and D). The ratios of p-MEK1/2 to
MEK1/2 and p-ERK1/2 to ERK1/2 at different times were analyzed by densitometric scanning. The data were expressed as mean ± SE from three
independent experiments and analyzed by one-way ANOVA (*p < 0.05, **p < 0.01,***p < 0.001).
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Figure 4 Activation of c-Fos and c-Jun by EV71 infection. iDCs were infected with EV71 at a MOI of 5. Cells were collected and lysed at 0 h,
1/2 h, 2 h, 4 h, 8 h and 24 h p.i., and GAPDH was used as an internal control. The total or phosphorylated c-Fos and c-Jun at different time points
were analyzed by western blot (A and C). iDCs were pre-incubated with U0126 (20 μM) for 1 h, and then infected with EV71 at an MOI of 5
(B and D). The ratios of p-c-Fos to c-Fos and p-c-Jun to c-Jun at different times were analyzed by densitometric scanning. The data were
expressed as mean ± SE from three independent experiments and analyzed by one-way ANOVA (*p < 0.05, **p < 0.01, ***p < 0.001).
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Figure 5 The phosphorylation of nuclear transcription factor c-myc and Elk1. iDCs were infected with EV71 at a MOI of 5. Cells were
collected and lysed at 0 h, 1/2 h, 2 h, 4 h, 8 h and 24 h p.i., and GAPDH was used as an internal control. The total or phosphorylated c-myc and
Elk1 at different time points were analyzed by western blot (A and C). iDCs were pre-incubated with U0126 (20 μM) for 1 h, and then infected with
EV71 at a MOI of 5 (B and D). The ratios of p-c-myc to c-myc and p-Elk1 to Elk1 at different time were analyzed by densitometric scanning. The data
were expressed as mean ± SE from three independent experiments and analyzed by one-way ANOVA (*p < 0.05, **p < 0.01, ***p < 0.001).
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Discussion
DCs are essential for the induction of specific immune
responses against invading pathogens [17,25]. Two dis-
tinct DC subsets were originally defined in human blood
based on the expression of CD11c. The CD11c+ DCs are
generally called myeloid DCs (mDCs) because they ex-
press myeloid markers, whereas CD11c− DCs are called
plasmacytoid DCs (pDCs) because of their plasma cell-
like morphology and localization at the precursor stage
[26,27]. Human DCs, especially iDCs, are highly special-
ized and efficient in uptaking and processing antigens,
which have been shown to support the propagation of
several viruses including EV71 and dengue viruses, and
the infection of these viruses could increase the viability,
activation, cytokine release and T-cell priming activity in
DCs [28,29].
As previously reported, herpes simplex virus could in-

fect both mature and immature DCs, whereas only iDCs
support a productive infection, which could lead to
apoptosis [30,31]. EV71 could also infect both mature
and immature DCs, and replicate in them even though
at slightly less and comparable amounts [28]. In this
study, we isolated mononuclear cells from peripheral
blood, purified monocytes and differentiated them into



Figure 6 EV71 infection stimulates the expression of SOS1
protein. EV71 infection: EV71-infected iDCs. EV71 infection + U0126:
EV71-infected iDCs in the presence of U0126 (20 μM). iDCs were
infected with EV71 at a MOI of 5. Cells were collected and lysed at
0 h, 1/2 h, 2 h, 4 h, 8 h and 24 h p.i. SOS1 expression at different
time points were analyzed by western blot. iDCs were pre-incubated
with U0126 (20 μM) for 1 h, and then infected with EV71 at a MOI of 5.
The intensity of SOS1 protein band was quantitated by densitometric
analysis and normalized to GAPDH. The data were expressed as
mean ± SE from three independent experiments and analyzed by
one-way or two-way ANOVA (**p < 0.01, ***p < 0.001).
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iDCs in the presence of GM-CSF plus IL-4. Subse-
quently, iDCs were infected by EV71 with a MOI of 5.
Previous report showed that EV71 could activate iDCs
and promote their T-cell priming activity, but failed to
induce the maturation (CD83 expression) of iDCs [14].
However, we found that EV71 infection increased the
percentages of CD83 and CD86 were expressed on iDCs.
It might be related to viral titer, infection duration and
experiment performance, and needed to be further stud-
ied. In addition, the percentages of CD80 and HLA-DR
were not changed in EV71-infected iDCs. These results
showed that EV71 infection could enhance the expres-
sion of maturation markers of iDCs and activate iDCs.
There are mainly three MAPK signaling pathways as-

sociated with virus infection, including ERK1/2, p38
MAPK, and JNK [32-35]. In contrast to the JNK cascade,
activation of the Raf/MEK/ERK pathway in host cells
(e.g., RD cells, HEK293 cells, vero cells, oval cells, and
lymphocytes) seems to be required for virus replication,
including EV71, herpes simplex virus 2, yellow fever
virus, hepatitis B virus and human immunodeficiency
virus type 1 [23,24,36-38]. Here, we showed that the
gene expression levels of KRAS, Raf-1, c-Fos, c-Jun,
c-myc, and Elk1, but not MEK1/2 and ERK1/2 in EV71-
infected iDCs increased at 1/2 h, 2 h, 8 h and 24 h p.i.,
suggesting that EV71 infection could activate Ras and
Raf-1, which in turn enhanced activation and phos-
phorylation of MEK1/2 and ERK1/2. Phosphorylated
ERK1/2 subsequently translocated into nucleus, where
they upregulated the transcription of c-Fos and c-Jun
to promote EV71 replication. Furthermore, we found
that the treatment with U0126 (20 μM) significantly
reduced phosphorylation of MEK1/2 and ERK1/2, as well
as their downstream molecules c-Fos, c-Jun, c-myc and
Elk-1. Because the activation of these transcription factors
participated in the regulation of cell proliferation and
differentiation, we hypothesize that the activation of
MEK/ERK signal cascade is required for EV71 replica-
tion in iDCs.
SOS was discovered in Drosophila melanogaster and

plays an important role in normal eye development in
Drosophila [39,40]. Human SOS (hSOS) has two ho-
mologues, SOS1 and SOS2, which are ubiquitously
expressed in different human tissues and cell lines
[41]. Upon growth factor stimulation, SOS1 is recruited by
growth factor receptor-bound protein 2 (Grb2) to the
plasma membrane with subsequent release of autoinhibi-
tion. Once SOS1 is activated, it interacts with Ras proteins
to promote guanine nucleotide exchange (GDP/GTP) and
subsequent formation of the active Ras-GTP complex
which stimulates the activation of Ras/MEK/ERK sigaling
pathway [42,43]. In this study, we found that EV71 infec-
tion significantly upregulated the expressions of SOS1
mRNA level and protein, which might further enhance
the activation of Ras/MEK/ERK signaling pathway. Al-
though the mechanism of SOS1 overexpression stimulated
by EV71 infection is still unknown yet, we speculate that
SOS1 plays an important role in EV71 infected-iDCs.
Several pro-inflammatory cytokines (e.g. IL-1, IL-6,

TNF-α, and IFN-β, etc) are induced by oxidant stress,
cytokines, and virus infection, which play a role in host
cell damage, chronic inflammation, and other immunor-
esponses [44,45]. EV71 infection can induce iDCs to se-
crete various cytokines. PCR array showed that EV71
infection increased the expression of IL-1α, IL-2, IL-6,
IL-12, TNF-α, IFN-β and IFN-γ, but not IFN-α1, by
2.04-5.49-fold in iDCs. In addition, EV71 infection stim-
ulated the secretion of IL-1α, IL-2, IL-6, IL-12, TNF-α,
IFN-β and IFN-γ as measured by luminex fluorescent
technique. For these cytokines, a good correlation was
obtained between PCR array and luminex data. Further-
more, treatment with ERK1/2 inhibitor U0126 (20 μM)
decreased the production of IL-1α, IL-2, IL-6 and TNF-
α through blocking the MEK/ERK signaling pathway.

Conclusions
To our knowledge, this study is the first report to show
the activation of MEK/ERK signaling pathway in EV71-
infected iDCs. The results provide evidences that the ac-
tivation of MEK/ERK pathway may be associated with
EV71 replication in iDCs. Moreover, we found that in-
hibition of the MEK/ERK cascade could effectively re-
duce virus replication and lead to a diminished release
of cytokines. The upregulation of SOS1 expression might



Figure 7 EV71 infection promotes cytokine releases in iDCs. The levels of cytokines in the culture supernatants of uninfected iDCs (control)
and EV71-infected iDCs harvested at 2 h, 8 h and 24 h p.i. were measured by luminex fluorescence technique. The data were expressed as
mean ± SE from three independent experiments and analyzed by two-way ANOVA with Bonferroni post-hoctests (**p < 0.01,***p < 0.001).
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further activate MEK/ERK signaling pathway. Together,
these data demonstrate that MEK/ERK signaling path-
way plays an important role in EV71-infected iDCs.
Therefore, understanding the fundamental mechanisms
of EV71-induced activation of MEK/ERK signaling path-
way is important for development of new antiviral drugs.



Figure 8 U0126 inhibits cytokine releases in EV71-infected iDCs. The culture supernatants of uninfected iDCs (Control), EV71-infected iDCs
(EV71 infection) and U0126 treatment were harvested at 24 h p.i. and cytokines were detected by the luminex fluorescence technique. The data
were expressed as mean ± SE from three independent experiments and analyzed by one-way ANOVA (*p < 0.05, **p < 0.01, ***p < 0.001).
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Materials and methods
Ethics statement
The study was approved by the Ethics Committee of the
Third Affiliated Hospital of Soochow University, and all
patients provided informed consents.

Antibodies and chemicals
Dulbecco's modified Eagle's medium (DMEM), fetal bo-
vine serum (FBS) and RPMI 1640 were purchased from
Thermo Scientific HyClone (UT, USA). Hybond C mem-
brane and ECL Western blot detection system were
from Pierce (Rockford, IL, USA). Rabbit polyclonal anti-
bodies against MEK1/2, p-MEK1/2, ERK1/2, p-ERK1/2,
c-Fos, p-c-Fos, c-Jun, p-c-Jun, p-c-myc, c-myc, Elk1,
p-Elk1, and HRP conjugated goat anti-rabbit IgG were
purchased from SAB (Pearland, TX, USA). SOS1 mouse
monoclonal antibody was provided from abnova Com-
pany (Taiwan). Antibodies against anti-glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) were obtained from
ProteinTECH Group (Chicago, IL, USA). Rabbit poly-
clonal antibody against EV71/VP1 was purchased
from Abcam Company (Cambridge, UK). The MEK1/2
specific inhibitor U0126 was acquired from LC La-
boratories (Woburn, MA, USA) and freshly prepared
as DMSO solution.

Cell culture and virus propagation
RD cells were cultured in high glucose DMEM (HyClone,
USA) supplemented with 10% FBS at 37°C and in a
humidified incubator with 5% CO2 atmosphere. When
cells reached 90% confluence, the original media were
removed and the monolayer cells were washed with
PBS once. Approximately 1 × 106 of RD cells were in-
cubated with EV71 strain GDV083 (ATCC VR-784) at
a MOI of 5 or as indicated and allowed for absorption
for 1.5 h at 37°C. Infected cells and culture superna-
tants were collected at different time intervals. Viruses
were propagated in up to 90% confluent cell mono-
layer in DMEM containing 2% FBS and antibiotics as
described above. The viral titer was determined by cy-
topathic effects (CPE) and expressed as 50% tissue cul-
ture infective dose (TCID50) per ml [46].

Generation of iDCs
PBMCs were isolated from healthy blood donors and
purified by Ficoll-Hypaque (Invitrogen, CA, USA) dens-
ity gradient centrifugation. Monocytes were isolated
from PBMCs by adhesion to plastic dishes for more than
2 h at 37°C and subsequently cultured with GM-CSF
(100 ng/ml) and IL-4 (50 ng/ml). iDCs were generated
for 7 days and infected with EV71 at a MOI of 5 for 1 h
at 37°C. After washed twice with PBS, iDCs were cul-
tured in RPMI medium for 24 h, and unifected iDCs
were used as control. The phenotypic patterns of CD3,
CD11c, CD80, CD83, CD86 and HLA-DR were charac-
terized by flow cytometry (Beckman coulter, CA, USA).
Meanwhile, the supernatants were stored at -80°C.

Total RNA preparation and PCR arrays
After incubating at 37°C for 1/2 h, 2 h, 8 h and 24 h,
total cellular RNA was isolated from EV71-uninfected
and infected iDCs using the Trizol reagent. Complemen-
tary DNA (cDNA) was generated from mRNA by re-
verse transcription with oligo (dT) primer. Then, 1 μg of
cDNA was added into a 96-well plate pre-dispensed with
the indicated primers (CT biosciences, China). PCR
arrays were performed by LightCycler 480 (Roche
Diagnostics, Germany). The thermocycler parameters
were performed with an initial denaturation at 95°C
for 5 min followed by 40 cycles of denaturation at
95°C for 15 s, annealing at 60°C for 15 s and extension
at 72°C for 20 s. The housekeeping genes such as
B2M, ACTB, GAPDH, RPL27, HPRT1 and OAZ1 were
used to normalize RNA amount. Fold changes were
calculated using the formula of 2-ΔΔCt. Each experi-
ment was performed in triplicate.

Cell extraction and western blot analysis
iDCs were pre-incubated for 1 h with U0126 at different
concentrations as indicated and then infected with EV71
at a MOI of 5 in the presence of U0126 for 48 h. Cells
were harvested by centrifugation, washed and lysed with
50 mM Tris pH 6.8, containing 250 mM NaCl, 2% so-
dium deoxycholate, 0.5% NP-40 and 1 mM PMSF. After
vortexing and incubating on ice for 10 min, cell lysates
were centrifuged at 10,000 × g for 5 min. Total protein
concentration was determined by the bicinchoninic acid
protein assay kit (Pierce). Proteins in the lysates were
separated by sodium dodecyl sulfate polyacrylamide-
polyacrylamide gel electrophoresis (SDS-PAGE). The sepa-
rated proteins were transferred to PVDF membranes
(Millipore), and probed with specific primary anti-
bodies. After washed with PBS, the membranes were
incubated with horseradish peroxidase conjugated sec-
ondary antibodies. The specific proteins were detected
by ECL reagents (GE Healthcare), visualized on Super
RX film (Fujifilm) and quantitated by densitometric
analysis (ImageQuant, Molecular Dynamics and PDSI,
GE Healthcare). The relative amounts of the phospho-
ERK1/2 (p-ERK1/2) were normalized to GAPDH after
densitometry scanning and analysis with the band
leader software (version 3.0).

Evaluation of cytokine levels by luminex fluorescent
technique
iDCs were infected with EV71 at a MOI of 5 for 1 h at
37°C, washed twice and cultured in complete RPMI
medium. At 8 h, 12 h, and 24 h p.i., the supernatants
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were collected by centrifugation (2,000 × g). As previously
reported [47], the concentrations of IL-1α, IL-2, IL-6,
IL-12, TNF-α, IFN-α1, IFN-β and IFN-γ in culture super-
natant were analyzed with Milliplex Magnetic Beads
(Millipore, USA) using luminex fluorescent technique.

Statistic analysis
Quantitative data were presented as the mean ± SE and
statistically analyzed using GraphPad Prism software
(San Diego, CA). Qualitative data were analyzed with
Chi-square test. A p value less than 0.05 was considered
as being statistically significant.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
WS and JJ conceived and designed the experiments, participated in the data
analysis and manuscript preparation. XH, HP and LZ performed cell culture,
agar gel electrophoresis, Western blot and flow cytometry. YL and ZG
participated in the data analysis and manuscript preparation. QJ, MS and YJ
performed PCR-fluorescence probing assay, agar gel electrophoresis and
analyzed the data. All authors have read and approved the final manuscript.

Acknowledgments
The authors would like to thank Guanghua Luo, Ming Li, Rong Wang and
Haifeng Deng for their help in flow cytometry and statistical analysis. This
research project was supported by the National Natural Science Foundation
of China (NSFC) (81171653 and 30972703) and Natural Science Foundation
of Jiangsu Province (BK2011246 and BK2011247).

Author details
1Department of Clinical Laboratory, The Third Affiliated Hospital of Soochow
University, 185 Juqian Street, Changzhou, Jiangsu 213003, PR China.
2Department of Tumor Biological Treatment, The Third Affiliated Hospital of
Soochow University, 185 Juqian Street, Changzhou 213003, China.

Received: 20 July 2014 Accepted: 15 December 2014

References
1. Lin JY, Chen TC, Weng KF, Chang SC, Chen LL, Shih SR: Viral and host

proteins involved in picornavirus life cycle. J Biomed Sci 2009, 16:103.
2. Oprisan G, Combiescu M, Guillot S, Caro V, Combiescu A, Delpeyroux F,

Crainic R: Natural genetic recombination between co-circulating
heterotypic enteroviruses. J Gen Virol 2002, 83:2193–2200.

3. Solomon T, Lewthwaite P, Perera D, Cardosa MJ, McMinn P, Ooi MH:
Virology, epidemiology, pathogenesis, and control of enterovirus 71.
Lancet Infect Dis 2010, 10:778–790.

4. Huang YP, Lin TL, Hsu LC, Chen YJ, Tseng YH, Hsu CC, Fan WB, Yang JY,
Chang FY, Wu HS: Genetic diversity and C2-like subgenogroup strains of
enterovirus 71, Taiwan, 2008. Virol J 2010, 7:277.

5. Huang Y, Deng T, Yu S, Gu J, Huang C, Xiao G, Hao Y: Effect of
meteorological variables on the incidence of hand, foot, and mouth
disease in children: a time-series analysis in Guangzhou. China BMC Infect
Dis 2013, 13:134.

6. Wang SM, Lei HY, Huang KJ, Wu JM, Wang JR, Yu CK, Su IJ, Liu CC:
Pathogenesis of enterovirus 71 brainstem encephalitis in pediatric
patients: roles of cytokines and cellular immune activation in patients
with pulmonary edema. J Infect Dis 2003, 188:564–570.

7. Ooi MH, Wong SC, Lewthwaite P, Cardosa MJ, Solomon T: Clinical features,
diagnosis, and management of enterovirus 71. Lancet Neurol 2010,
9:1097–1105.

8. Lee TC, Guo HR, Su HJ, Yang YC, Chang HL, Chen KT: Diseases caused by
enterovirus 71 infection. Pediatr Infect Dis J 2009, 28:904–910.

9. Lei X, Liu X, Ma Y, Sun Z, Yang Y, Jin Q, He B, Wang J: The 3C protein of
enterovirus 71 inhibits retinoid acid-inducible gene I-mediated interferon
regulatory factor 3 activation and type I interferon responses. J Virol
2010, 84:8051–8061.

10. Chung YC, Ho MS, Wu JC, Chen WJ, Huang JH, Chou ST, Hu YC:
Immunization with virus-like particles of enterovirus 71 elicits potent
immune responses and protects mice against lethal challenge. Vaccine
2008, 26:1855–1862.

11. Kyriakis JM, Avruch J: Mammalian MAPK signal transduction pathways
activated by stress and inflammation: a 10-year update. Physiol Rev 2012,
92:689–737.

12. Levy DE, Marie IJ, Durbin JE: Induction and function of type I and III
interferon in response to viral infection. Curr Opin Virol 2011, 1:476–486.

13. Krishna M, Narang H: The complexity of mitogen-activated protein
kinases (MAPKs) made simple. Cell Mol Life Sci 2008, 65:3525–3544.

14. Chico LK, Van Eldik LJ, Watterson DM: Targeting protein kinases in central
nervous system disorders. Nat Rev Drug Discov 2009, 8:892–909.

15. Cuenda A, Rousseau S: p38 MAP-kinases pathway regulation, function
and role in human diseases. Biochim Biophys Acta 2007, 1773:1358–1375.

16. Porta H, Cancino-Rodezno A, Soberon M, Bravo A: Role of MAPK p38 in the
cellular responses to pore-forming toxins. Peptides 2011, 32:601–606.

17. Takeuchi O, Akira S: Innate immunity to virus infection. Immunol Rev 2009,
227:75–86.

18. Tung WH, Hsieh HL, Yang CM: Enterovirus 71 induces COX-2 expression
via MAPKs, NF-kappaB, and AP-1 in SK-N-SH cells: Role of PGE(2) in viral
replication. Cell Signal 2010, 22:234–246.

19. Katsuma S, Mita K, Shimada T: ERK- and JNK-dependent signaling pathways
contribute to Bombyx mori nucleopolyhedrovirus infection. J Virol 2007,
81:13700–13709.

20. Ehrhardt C, Seyer R, Hrincius ER, Eierhoff T, Wolff T, Ludwig S: Interplay
between influenza A virus and the innate immune signaling. Microbes
Infect 2010, 12:81–87.

21. Waithman J, Mintern JD: Dendritic cells and influenza A virus infection.
Virulence 2012, 3:603–608.

22. Belkaid Y: Regulatory T cells and infection: a dangerous necessity. Nat Rev
Immunol 2007, 7:875–888.

23. Wang B, Zhang H, Zhu M, Luo Z, Peng Y: MEK1-ERKs signal cascade is
required for the replication of Enterovirus 71 (EV71). Antiviral Res 2012,
93:110–117.

24. Zhang H, Feng H, Luo L, Zhou Q, Luo Z, Peng Y: Distinct effects of
knocking down MEK1 and MEK2 on replication of herpes simplex virus
type 2. Virus Res 2010, 150:22–27.

25. Hou W, Gibbs JS, Lu X, Brooke CB, Roy D, Modlin RL, Bennink JR, Yewdell
JW: Viral infection triggers rapid differentiation of human blood
monocytes into dendritic cells. Blood 2012, 119:3128–3131.

26. Cantisani R, Sammicheli C, Tavarini S, D'Oro U, Wack A, Piccioli D: Surface
molecules on stimulated plasmacytoid dendritic cells are sufficient to
cross-activate resting myeloid dendritic cells. Hum Immunol 2011,
72:1018–1021.

27. Kadowaki N: The divergence and interplay between pDC and mDC in
humans. Front Biosci 2009, 14:808–817.

28. Lin YW, Wang SW, Tung YY, Chen SH: Enterovirus 71 infection of human
dendritic cells. Exp Biol Med (Maywood) 2009, 234:1166–1173.

29. Dejnirattisai W, Duangchinda T, Lin CL, Vasanawathana S, Jones M, Jacobs
M, Malasit P, Xu XN, Screaton G, Mongkolsapaya J: A complex interplay
among virus, dendritic cells, T cells, and cytokines in dengue virus
infections. J Immunol 2008, 181:5865–5874.

30. Kinchington PR, Leger AJ, Guedon JM, Hendricks RL: Herpes simplex virus
and varicella zoster virus, the house guests who never leave.
Herpesviridae 2012, 3:5.

31. Stefanidou M, Ramos I, Mas Casullo V, Trepanier JB, Rosenbaum S,
Fernandez-Sesma A, Herold BC: Herpes simplex virus 2 (HSV-2) prevents
dendritic cell maturation, induces apoptosis, and triggers release of
proinflammatory cytokines: potential links to HSV-HIV synergy. J Virol
2013, 87:1443–1453.

32. Tung WH, Hsieh HL, Lee IT, Yang CM: Enterovirus 71 modulates a COX-2/
PGE2/cAMP-dependent viral replication in human neuroblastoma cells:
role of the c-Src/EGFR/p42/p44 MAPK/CREB signaling pathway. J Cell
Biochem 2011, 112:559–570.

33. Tung WH, Tsai HW, Lee IT, Hsieh HL, Chen WJ, Chen YL, Yang CM: Japanese
encephalitis virus induces matrix metalloproteinase-9 in rat brain
astrocytes via NF-kappaB signalling dependent on MAPKs and reactive
oxygen species. Br J Pharmacol 2010, 161:1566–1583.



Shi et al. Virology Journal  (2014) 11:227 Page 13 of 13
34. Ceballos-Olvera I, Chavez-Salinas S, Medina F, Ludert JE, del Angel RM:
JNK phosphorylation, induced during dengue virus infection, is
important for viral infection and requires the presence of cholesterol.
Virology 2010, 396:30–36.

35. Fejer G, Freudenberg M, Greber UF, Gyory I: Adenovirus-triggered innate
signalling pathways. Eur J Microbiol Immunol 2011, 1:279–288.

36. Albarnaz JD, De Oliveira LC, Torres AA, Palhares RM, Casteluber MC,
Rodrigues CM, Cardozo PL, De Souza AM, Pacca CC, Ferreira PC, Kroon EG,
Nogueira ML, Bonjardim CA: MEK/ERK activation plays a decisive role in
yellow fever virus replication: implication as an antiviral therapeutic
target. Antiviral Res 2014, 111C:82–92.

37. Wang HY, Yang SL, Liang HF, Li CH: HBx protein promotes oval cell
proliferation by up-regulation of cyclin D1 via activation of the MEK/ERK
and PI3K/Akt pathways. Int J Mol Sci 2014, 15:3507–3518.

38. Popik W, Pitha PM: Inhibition of CD3/CD28-mediated activation of the
MEK/ERK signaling pathway represses replication of X4 but not R5
human immunodeficiency virus type 1 in peripheral blood CD4(+) T
lymphocytes. J Virol 2000, 74:2558–2566.

39. Rojas JM, Oliva JL, Santos E: Mammalian son of sevenless Guanine
nucleotide exchange factors: old concepts and new perspectives. Genes
Cancer 2011, 2:298–305.

40. Simon MA, Bowtell DD, Dodson GS, Laverty TR, Rubin GM: Ras1 and a
putative guanine nucleotide exchange factor perform crucial steps in
signaling by the sevenless protein tyrosine kinase. Cell 1991, 67:701–716.

41. Guerrero C, Rojas JM, Chedid M, Esteban LM, Zimonjic DB, Popescu NC,
Font de Mora J, Santos E: Expression of alternative forms of Ras exchange
factors GRF and SOS1 in different human tissues and cell lines. Oncogene
1996, 12:1097–1107.

42. Pierre S, Bats AS, Coumoul X: Understanding SOS (Son of Sevenless).
Biochem Pharmacol 2011, 82:1049–1056.

43. Poltorak M, Meinert I, Stone JC, Schraven B, Simeoni L: Sos1 regulates
sustained TCR-mediated Erk activation. Eur J Immunol 2014, 44:1535–1540.

44. Kapoor M, Martel-Pelletier J, Lajeunesse D, Pelletier JP, Fahmi H: Role of
proinflammatory cytokines in the pathophysiology of osteoarthritis.
Nat Rev Rheumatol 2011, 7:33–42.

45. Hafner S: SARS attacks! Microbes Infect 2013, 15:85–87.
46. Guo JP, Pang J, Wang XW, Shen ZQ, Jin M, Li JW: In vitro screening of

traditionally used medicinal plants in China against enteroviruses.
World J Gastroenterol 2006, 12:4078–4081.

47. Peng H, Shi M, Zhang L, Li Y, Sun J, Wang X, Xu X, Zhang X, Mao Y, Ji Y,
Jiang J, Shi W: Activation of JNK1/2 and p38 MAPK signaling pathways
promotes enterovirus 71 infection in immature dendritic cells. BMC
Microbiol 2014, 14:147.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods
	Results
	Conclusions

	Introduction
	Results
	EV71 infection increased activation of iDCs
	Differential expression of molecules in MEK/ERK signaling pathway
	The effect of inhibitor U0126 on EV71 infection
	EV71 infection triggered the activation of MEK1/2 and ERK1/2 molecules
	EV71 infection stimulated the phosphorylation of transcription factor c-Fos, c-Jun, c-myc and Elk1
	EV71 infection promoted the expression of SOS1 protein
	The secretion of cytokines and interferons in EV71-infected iDCs

	Discussion
	Conclusions
	Materials and methods
	Ethics statement
	Antibodies and chemicals
	Cell culture and virus propagation
	Generation of iDCs
	Total RNA preparation and PCR arrays
	Cell extraction and western blot analysis
	Evaluation of cytokine levels by luminex fluorescent technique
	Statistic analysis

	Competing interests
	Authors’ contributions
	Acknowledgments
	Author details
	References

