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Exposure of cells to type I interferon (IFN) induces an antiviral state that prevents viral infection, but
viruses can utilize multiple tactics to antagonize the host immune system. Enterovirus 71 (EV71) and
Coxsackievirus A16 (CVA16) are two major pathogens that cause hand, foot, and mouth disease (HFMD),
which is prevalent among children. We found that both EV71 and CA16 have different reactions to type I
IFN pretreatment and induction patterns of type I IFN on Rhabdomyosarcoma (RD) cells. Further, a
human-o and B IFN PCR array was employed to analyze the expressions of 84 genes related to the type
[ IFN pathway. We found significant up-regulation of multiple genes in the presence of type I IFN and dif-
ferential regulation patterns during EV71 or CA16 infection in RD cells. For instance, EV71 infection
repressed the JAK-STAT signaling pathway and interferon-stimulated gene (ISG) expression, whereas
CA16 infection normally triggers the JAK-STAT pathway, leading to the expression of ISGs. Taken
together, this study provides a comprehensive view of the differential impacts of EV71 and CA16 infec-
tion on 84 genes in the IFN pathway, shedding light on the different resistances of these viruses to type I
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1. Introduction

Hand, foot, and mouth disease (HFMD) is a serious epidemic
disease that is mainly prevalent in the Asia Pacific region in chil-
dren. The dominant causative agents are the nonenveloped viruses
Enterovirus 71 (EV71) and Coxsackievirus A16 (CVA16), which
belong to the Picornaviridae family [1,2]. The viral RNA genomes
of EV71 and CA16 are both single positive strand RNAs about
7500 nt in length that are translated into four structural
(VP1-VP4) and seven non-structural (2A-2C and 3A-3D) proteins.
Both viruses utilize a cell lysis mechanism to release progeny
virions for further infection [3,4]. HFMD due to EV71 and CA16
usually causes mild and self-limited infection. However, EV71
infection has a propensity to cause severe neurological disease,
especially in acute infection cases, which is rarely observed in

Abbreviations: HFMD, hand, foot, and mouth disease; IFN, interferon; EV71,
Enterovirus 71; CA16, Coxsackievirus A16; CPE, cytopathic effect; moi, multiplicity
of infection; ISGs, IFN-stimulated genes; IRF, interferon regulatory factor; RT-qPCR,
real time quantitative polymerase chain reaction; WB, Western blotting.
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CA16 infections [5,6]. Molecular studies of the evolution of human
enteroviruses show that EV71 and CA16 share a close genetic rela-
tionship, and the functions of their non-structural and structural
proteins are relatively similar and conservative [5]. However, no
effective vaccine or antiviral drug is yet available for HFMD |[7].
Type I interferons (IFNs) are widely expressed cytokines that
possess potent antiviral, antiproliferative, and immunomodulatory
effects. These cytokines are the first line of defense against viral
infections in cells [8]. As secreted factors, type I [FNs perform anti-
viral functions by binding to IFNAR, which results in the activation
of Janus-activated kinase 1 (JAK1) and tyrosine kinase 2 (TYK2)
tyrosine phosphorylation, which in turn activates the signal trans-
ducers and activators of transcription 1 and 2 (STAT1 and STAT2).
The activated STAT complex translocates into the nucleus and
binds to DNA regulatory sequences containing IFN-stimulated
response elements to stimulate the transcription of hundreds of
ISGs, leading to the generation of an antiviral response by the cell
[9,10]. In contrast, viruses (e.g., Influenza A Virus, Hepatitis C Virus,
Dengue Virus, and Respiratory syncytial virus) have adapted multi-
ple strategies to evade specific host defense mechanisms induced
by type I IFNs to establish infections [11-14]. EV71 also has the
ability to antagonize the IFN pathway in multiple ways [15-17].


http://crossmark.crossref.org/dialog/?doi=10.1016/j.bbrc.2014.04.021&domain=pdf
http://dx.doi.org/10.1016/j.bbrc.2014.04.021
mailto:tienpo@sun.im.ac.cn
http://dx.doi.org/10.1016/j.bbrc.2014.04.021
http://www.sciencedirect.com/science/journal/0006291X
http://www.elsevier.com/locate/ybbrc

W. Zhang et al./Biochemical and Biophysical Research Communications 447 (2014) 550-555 551

However, little is known about how CA16 infection influences the
IFN pathway. Thus, it is important to comprehensively explore the
interaction of these two related viruses with the type I IFN
pathway.

To elucidate the molecular basis of the host IFN pathway
response to EV71 and CA16 infection, an IFN-o and B response
PCR array was used to detect the impact of EV71 and CA16 infec-
tion on 84 genes associated with the IFN pathway, as well as to
identify ISGs responsible for the potential anti-viral effect(s) regu-
lated by virus infection.

2. Materials and methods
2.1. Cells and virus propagation

Human Rhabdomyosarcoma (RD) cells were cultured in Mini-
mum Essential Medium (MEM) containing 10% fetal bovine serum
supplemented with 100 U/mL penicillin and 100 pig/mL streptomy-
cin. The EV71 (BrCr Shenzhen) and CVA16 (Shenzhen05-1) strains
were propagated on RD cells for 48 h, and supernatants were col-
lected and filtered through a 0.22-pm filter. Viral titers were mea-
sured by absolute real time quantitative PCR (RT-qPCR)
quantification combined with cytopathic effect (CPE) assays and
expressed as the 50% tissue culture infective dose (TCID50/mL).

2.2. Reagents and antibodies

Rabbit anti-STAT1, STAT2, phosphorylated STAT1 (p-STAT1) and
phosphorylated STAT2 (p-STAT2) were purchased from Cell Signal-
ing Technology. Rabbit anti-IFNAR1 and IFNAR2 were purchased
from Abcam. Rabbit anti-IFITM1/2/3, BST2, and ISG15 antibodies
were purchased from Proteintech. Rabbit anti-GAPDH antibody
was purchased from Sigma. IgG secondary horseradish peroxidase
(HRP) conjugated anti-rabbit antibody was obtained from Santa
Cruz Biotechnology. T4 DNA ligase and the pMD-19T cloning vec-
tor were purchased from TaKaRa. Bovine serum albumin (BSA)
was obtained from Becton, Dickinson and Company.

2.3. RNA extraction and RT-qPCR

Cells were collected for RNA extraction using Trizol reagent
(Life Technologies), and reverse transcription was performed using
a GoScript Reverse Transcriptase Kit (Promega). RT-qPCRs were
conducted using the Two-Step SYBR-Green method in an ABI
7300 real-time PCR system with the following amplification pro-
file: one cycle at 95 °C for 10 min and 40 cycles of 95 °C for 15 s
and 60 °C for 1 min. The target fragment of the 5’ untranslated
regions (UTR) was cloned into pMD-19T to generate pMD-19T-
5UTR, which was serially diluted 10-fold serial in distilled water
as a standard, and EV71 or CA16 virus RNA levels were assessed
by absolute RT-qPCR. The mRNA expression levels of IFN-o and
IFN-B were measured by relative RT-qPCR. The gapdh gene was
used as a control. The primers used in this study are listed in
Table 1.

Table 1
Primers sequence used in this study.

2.4. MTS viability assay for virus CPE

To assess the cytotoxic effects of virus infection on RD cells, MTS
assays were performed (CellTiter 96 AQueous One Solution Cell
Proliferation Assay, Promega). Briefly, cells were infected with
EV71 or CA16 with multiplicity of infection (moi) of 0.1 for 6, 12,
24, 32 and 48 h and then incubated with the MTS labeling reagent
for 4 h. The absorbance of soluble formazan produced by cellular
reduction of MTS was measured at 490 nm using a 96-well plate
reader.

2.5. Evaluation of IFN treatment and virus infection by PCR array

Confluent RD cells were divided into six groups (type I IFN-trea-
ted group, EV71-infected group, CAl16-infected group, IFN pre-
treated and EV71-infected group, IFN pretreated and CA16-
infected group, and the mock control group) and differentially trea-
ted with IFN-o2b and IFN-B (500 IU/mL) for 24 h, with or without
EV71 or CA16 infection (moi = 0.1) for another 48 h. Cells without
IFN addition and virus infection were used as mock controls. Total
RNA was extracted from cells using an RNeasy Mini Kit (Qiagen)
combined with potential genomic DNA elimination (RNase-Free
DNase, Qiagen). RNA purity and concentration were measured
using a NanoDrop ND-1000 (Thermo Scientific). Reverse transcrip-
tion of 1 pg of total RNA was performed using an RT? First Strand
Kit (Qiagen). Then, a Human IFN-o, § Response RT? profiler PCR
array (SuperArray Bioscience Corporation, Qiagen) was probed on
an ABI 7300 system (Applied Biosystems, CA) to analyze the rela-
tive expression of 84 genes involved in the IFN pathway. Data were
analyzed using the 2-2A% method with online SABiosciences Data
Analysis Software. All tested gene expression was normalized to
the expression of an internal control gene. The fold changes caused
by various treatments were mutually compared as described in
Table 1 in the Supplemental material.

2.6. Protein extraction and Western blotting (WB) analysis

Proteins were extracted from cells using RIPA lysis buffer
(50 mM Tris HCI, pH 7.4, 150 mM NaCl, 1 mM EDTA, 0.25% sodium
deoxycholate, 0.5% Triton X-100 and Complete Protease Inhibitor
Cocktail Tablets, Roche) on ice for 30 min. Supernatants were col-
lected after centrifugation and mixed with 5x SDS loading buffer.
After boiling for 10 min, samples were separated on 12% polyacryl-
amide gels and transferred onto PVDF membranes (GE) for WB
analysis. Membranes were incubated with 5% skim milk for 1h
at room temperature and incubated with the indicated primary
antibody at different dilutions at 4 °C overnight. After three
washes, membranes were incubated with 1:5000 HRP-conjugated
secondary antibody for 1 h at room temperature. GAPDH was used
as a control. Signals on the membranes were detected by the ELC
(Millipore) method.

2.7. Statistical analysis

For statistical significance tests, data were compared using Stu-
dent’s t-test. Differences in virus titers among the groups are

Gene Forward primer

Reverse primer

Virus 5-UTR
Human IFN-o
Human IFN-B

5" CCGTGTAGATCAGGTCGATGAG 3’
5" GAAATACAGCCCTTGTGCCTG 3’
5’ CTGCATTACCTGAAGGCCAAG 3’

5" GGGCCGGAGGACTACTAACTAG 3’
5" GAAAGCGTGACCTGGTGTATGA 3’
5" GAAGCAATTGTCCAGTCCCAG 3’
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expressed as the means + standard deviations. Values were consid-
ered significantly different at P < 0.05.

3. Results

3.1. EV71 and CA16 infection induces the CPE and IFN production in
RD cells

To investigate the impact of EV71 and CA16 infection on RD
cells, cell viability and type I IFN production were measured. The
viability of RD cells after EV71 or CA16 infection did not exhibit
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Fig. 1. RD cell viability and type I IFN production upon EV71 or CA16 infection. RD
cells were infected with EV71 or CA16 with a MOI = 0.1 for 6, 12, 24, 36, and 48 h.
Cell viability was assessed by MTS assay (A), and the expression of IFN-o (B) or IFN-
B (C) at different time points was measured by relative RT-qPCR. Gapdh was use as
control to normalize the expression of each gene. Cellular viral loads were
quantified by absolute RT-qPCR at the indicated time point p.i. Uninfected cells
were used as controls (D). *P < 0.05; **P < 0.01 (Student’s t-test, n=3).

obvious differences at 6 h post-infection (p.i.). At 12 h p.i., the via-
ble cell count slightly decreased in EV71-infected cells, but CA16
infection had no significant viability effect. When virus infection
was extended to 24 and 32 h, the RD cells displayed a distinct via-
bility decrease in the EV71-infected group, and CA16 infection also
induced a loss in viability though less than that caused by EV71. At
48 h p.i., cell viability declined even further in both the EV71- and
CA16-infected groups (Fig. 1A).

Next, the level of IFN-o and IFN-B production stimulated by
EV71 and CA16 infection was measured by RT-qPCR at the same
time points examined above. Neither virus caused an obvious dif-
ference of IFN-o and IFN-B expression at 6 h p.i. From 12 to 32 h
p.i., IFN-at and IFN-B levels began rising in both EV71- and CA16-
infected cells. The IFN mRNA levels stimulated by EV71 were rela-
tively lower than those stimulated by CA16 at the same time-
points. EV71 infection tended to stimulate the production of IFN-
B, whereas IFN-o expression was more enhanced in CA16-infected
cells (Fig. 1B and C). RT-qPCR detection of EV71 and CA16 viral
loads revealed that EV71 viral RNA levels were higher than CA16
(Fig. 1D). These results demonstrate that both EV71 and CA16
infection produced the CPE in RD cells. EV71 infection has more
robustly cytotoxic, with a higher replication rate than CA16, which
is consistent with the relatively weak type I IFN stimulation caused
by EV71 in RD cells.

3.2. Type 1 IFN treatment inhibits EV71 and CA16 replication

Nest, the effects of type I IFNs on EV71 and CA16 replication
were explored. As shown in Fig. 2A and B, both low doses of IFN-
o2b and IFN-B did not significantly affect intracellular EV71 repli-
cation, except high levels of IFN-a2b (2000 IU/ml) and IFN-B (1000
and 2000 IU/ml), which displayed an obvious repressive effect on
EV71 in RD cells. However, CA16 was more sensitive to IFN
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Fig. 2. Different inhibitory patterns of type I IFN treatment on EV71 and CA16
replication. RD cells were pretreated with increasing concentrations of IFN-o2b or
IFN-B (100, 500, 1000, or 2000IU/mL) for 24 h followed by EV71 or CA16
(MOI =0.1) infection for 48 h. Cells were collected for RNA extraction, and EV71
(A) and CA16 (B) RNA levels were measured using absolute quantitative RT-qPCR.
Cells without type I IFN addition were used as controls. Copies represent the load of
virus in 100 pg RNA. *P < 0.05; **P < 0.01 (Student’s t-test, n = 3).



W. Zhang et al./Biochemical and Biophysical Research Communications 447 (2014) 550-555 553

pretreatments, with IFN-o2b (100 IU/mL) and IFN-B (500 IU/mL)
displaying significant repression effects. A more obvious inhibitory
effect was observed with high doses of IFNs on CA16 infection.
However, it should be noted that the viral load of EV71 was
approximately 2-4folds higher than CA16 under the same IFN
treatments as demonstrated by RT-qPCR analysis. These results
indicate that the replication of EV71 was more resistant than
CA16 to type I IFN pretreatment, which is consistent with the dif-
ferent replication rates and CPEs displayed by EV71 and CA16 in
RD cells.

3.3. Different reactions of EV71 and CA16 to the Type I IFN pathway

Based on previous results, a human IFN alpha, beta response RT?
profiler PCR microarray was utilized to obtain a comprehensive
view of the expression level changes of 84 genes caused by type |
IFN treatment and EV71 or CA16 infection in RD cells. All array data
are listed in Table 1 in the Supplemental material. Overall, the

expression of multiple genes increased, including JAK-STAT path-
way-related genes and multiple ISGs with known antiviral func-
tions, indicating that the RD cells established a viral defense
post-IFN treatment (Fig. 3A). IFN pathway genes displayed signifi-
cantly different reactions to EV71 or CA16 infection, with only a
small number of genes being up-regulated upon EV71 infection
whereas the majority of genes, including many ISGs, displayed sig-
nificant down-regulation. In contrast, only a small number of genes
were down-regulated by CA16 infection whereas multiple genes
displayed obvious up-regulation (Fig. 3B). When IFN-pretreated
virus-infected cells were compared with IFN-treated mock-
infected RD cells, almost all 84 genes were inhibited by EV71 infec-
tion with different degrees. On the contrary, CA16 infection yielded
a completely different regulation pattern, which was characterized
by strong up-regulation of IFNs, JAK-STAT pathway genes, and ISGs
(Fig. 3C). These data indicate that EV71 infection partially
repressed gene expression in the type I IFN pathway, whereas
CA16 infection has IFN pathway stimulation effect.
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Fig. 3. Effects of IFN treatment and virus infection on IFN pathway gene expression. RD cells were divided into six groups as described in the materials and methods. Cells
were collected for RNA extraction, and the expression of 84 genes was assessed using an IFN PCR array based on the relative RT-qPCR method. Fold-changes of each gene were
compared between two groups. IFN treated group versus control group (A); virus-infected groups versus control group (B); IFN pre-treated virus-infected groups versus IFN
treated group (C).
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3.4. Effects of EV71 and CA16 infection on JAK-STAT pathway and ISG
expression

To verify the influence of EV71 and CA16 infection on the JAK-
STAT pathway and ISG expression, proteins collected from IFN
treated and virus-infected RD cells were analyzed by WB. As
shown in Fig. 4A, the levels of IFNAR1, IFNAR2, STAT1 and STAT2
were reduced at different degrees by EV71 infection. However,
CA16 infection had no inhibitory effect on these proteins. Besides,
the levels of multiple ISGs were measured upon virus infection. All
ISGs stimulated by IFN were down-regulated in EV71-infected
cells, whereas the expression of these ISGs was enhanced by
CA16 infection (Fig. 4B). Next, the activation of JAK-STAT pathway
influenced by virus infection was investigated. IFN treatment
induced STAT1 and STAT2 phosphorylation in the mock-infected
cells, which indicates that the JAK-STAT pathway was activated.
However, the phosphorylated STAT1 and STAT2 were significantly
reduced in the EV71-infected cells compared with CA16-infected
cells (Fig. 4C). These results indicate that EV71 infection sup-
pressed the activation of JAK-STAT pathway, which further
repressed the expression of ISGs. However, CA16 infection
enhanced the expression of multiple ISGs.

4. Discussion

During virus infection, host cells utilize multiple mechanisms to
combat the infection. Similarly, viruses have also evolved multiple
ways to inhibit host immune responses [9,10]. To explore the path-
ophysiological differences between EV71 and CA16 infections on
host and cells, we focused on the type I IFN pathway and

uncovered evidence supporting the different effects of EV71 and
CA16 infection on type I IFN pathway.

The replication rates of viruses reflect their ability to infect cer-
tain types of cells and further contribute to the CPE [18]. The pro-
duction of type I IFN stimulated by virus infection has an inhibitory
effect on the virus [11]. The differences in CPE, replication rate, and
IFN production that we observed, combined with the IFN pretreat-
ment experiments, demonstrated that EV71 is more resistant to
type I IFN inhibitory effects than CA16 in RD cells. The stimulation
patterns and selective inhibitory effect of IFN-a and IFN- on these
two viruses also indicated different regulation patterns of the type
[ IFN pathway in EV71- and CA16-infected cells.

Our array results revealed elevated expression of multiple ISGs
in RD cells upon IFN treatment, indicating that a strong anti-viral
state was established. However, EV71 infection could overcome
such a barrier by down-regulating the expression of multiple
genes, including those involved in the JAK-STAT pathway
(IFNAR1/2 and STAT1/2), interferon regulatory factors (IRFs), and
ISGs (IFITM1, ISG15, and BST2). The down-regulation of IFNA2
and MyD88 indicates that other inhibitory mechanisms are also
used by EV71 to repress the IFN pathway [15-17]. In contrast,
CA16 infection stimulated the IFN response pathway, especially
repressing GCH1 and OAS1 expression. One possible mechanism
of CA16 inhibition is via its non-structural proteins, which possess
DNA binding activity to direct inhibit the transcription of certain
ISGs during CA16 infection, because the JAK-STAT pathway was
not inhibited by CA16 infection. EV71 and CA16 have similar gen-
omes and proteins functions [5]. However, the structural differ-
ences between non-structural proteins that possess protease
activity (2A and 3C) and those with DNA binding activity may con-
tribute to the profound differences exerted on the IFN pathway by
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Fig. 4. Effects of EV71 and CA16 infection on JAK-STAT pathway and ISG expression. RD cells were pretreated with 500 IU/mL IFN-o2b plusing IFN-B for 24 h followed by
EV71 or CA16 (MOI = 0.1) infection for 0, 12, 24 and 48 h. Levels of IFNAR1, IFNAR2, STAT1, STAT2 in each experimental group were analyzed by WB (A). WB analysis was
conducted to detect changes in ISG levels in RD cells at 48 h p.i. (B). RD cells were infected with EV71 or CA16 (MOI = 10) for 24 h followed by 500 IU/mL IFN-o2b plusing IFN-
B stimulation for 2, 4, 6 and 8 h. The level of STAT1/2 and p-STAT1/2 were detected by WB analysis (C). GAPDH was used as an internal control for normalization.
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EV71 and CA16. Indeed, these proteins perform multiple roles dur-
ing virus infection, further influencing their pathogenicity
[17,19,20]. Future work will explore the reason(s) for these differ-
ent effects on the IFN pathway and search for ISGs that possess
anti-viral potential because high doses of IFN treatment still have
a strong inhibitory effect on EV71 and CA16. Collectively, EV71
evolved the ability to antagonize the innate IFN immune response,
mainly through weakening the activation of the JAK-STAT path-
way, whereas CA16 had no such inhibitory effect but stimulated
the JAK-STAT pathway and specially reduced the expression of a
few genes.

Besides, the up-regulation of HLA-DQAT1 by both EV71 and CA16
infection may reflect the susceptibility of individuals to HFMD
infection caused by EV71 or CA16, which can partly explain the dif-
ferent prevalence and severity of symptoms in HFMD patients [21].
CXCL10 is used as a predictor during early treatment of HCV by
IFN/ribavirin therapy and is highly elevated in HCV-infected IHH
cells [22,23]. The up-regulation of CXCL10 by EV71 and CA16 can
be used as a molecular marker during HFMD disease diagnosis.
SLC1A2 clears the excitatory neurotransmitter glutamate from
the extracellular space at synapses in the central nervous system
to prevent neuronal damage from excessive activation [24,25].
Combined with the rare neurological symptoms caused by CA16
infection, CA16 infection had no significant impact on SLC1A2
expression, but EV71 infection resulted in strong down-regulation
of SLC1A2. Thus, we speculate that the neurological symptoms
caused by EV71 infection may be associated with the down-regu-
lation of SLC1A2, though these conjectures require further study
for confirmation.

The results of our screen utilizing the PCR array and subsequent
verification experiments demonstrate that EV71 and CA16 infec-
tions result in different reactions to the type I IFN pathway and
ISG stimulation in RD cells, despite EV71 and CA16 being very sim-
ilar at the genome and structural levels. Understanding the differ-
ences between these two viruses will help to uncover ISGs with
potential inhibitory effects and lead to targeted therapy for HFMD
caused by EV71 or CA16 virus infection.

Author contributions

Po Tien and Wei Zhang designed the study and wrote the man-
uscript; Wei Zhang, Lei Zhang and Zhiyong Wu performed the
experiments and data analysis.

Supportive foundations

This work was supported by Grants from the National Basic
Research Program of China (973 Program) (Nos. 2011CB504703,
2010CB530102) and the National Natural Science Foundation of
China (NSFC, Grant Nos. 81321063, 31270211, 31370201).

Acknowledgments

We are grateful to Prof. Paul Chu of guest professor of Institute
of Microbiology, Chinese Academy of Sciences, for critically reading
the manuscript and providing constructive comments and sugges-
tions, and for Weihua Zhuang and Fulian Liao for their kind help
with the experiments.

Appendix A. Supplementary data

Supplementary data associated with this article can be found, in
the online version, at http://dx.doi.org/10.1016/j.bbrc.2014.04.021.

References

[1] XJ. Li, P.H. Fan, ]. Jin, W.H. Su, D. An, L. Xu, S.Y. Sun, Y. Zhang, X.Y. Meng, F. Gao,
W. Kong, C.L. Jiang, Establishment of cell lines with increased susceptibility to
EV71/CA16 by stable overexpression of SCARB2, Virol. J. 10 (2013) 250-261.

[2] M. Ho, E.R. Chen, K.H. Hsu, S.J. Twu, K.T. Chen, S.F. Tsai, J.R. Wang, S.R. Shih, An
epidemic of Enterovirus 71 infection in Taiwan, N. Engl. J. Med. 341 (1999)
929-935.

[3] Y. Nishimura, T. Wakita, H. Shimizu, Tyrosine sulfation of the amino terminus
of PSGL-1 is critical for enterovirus 71 infection, PLoS Pathog. 6 (2010)
e1001174.

[4] J. Jin, M.M. Han, L. Xu, D. An, W. Kong, C.L. Jiang, Replication kinetics of
coxsackievirus A16 in human rhabdomyosarcoma cells, Virol. Sin. 27 (2012)
221-227.

[5] P.C. McMinn, An overview of the evolution of enterovirus 71 and its clinical
and public health significance, FEMS Microbiol. Rev. 26 (2002) 91-107.

[6] L.C. Lum, K.B. Chua, P.C. McMinn, A.Y. Goh, R. Muridan, S.A. Sarji, P.S. Hooi, B.H.
Chua, S.K. Lam, Echovirus 7 associated encephalomyelitis, ]. Clin. Virol. 23
(2002) 153-160.

[7] CK. Ong, S. Devi, ].M. Cardosa, T.K. Wong, Formaldehyde-inactivated whole-
virus vaccine protects a murine model of Enterovirus 71 encephalomyelitis
against disease, J. Virol. 84 (2010) 661-665.

[8] L.C. Platanias, Mechanisms of type I and type II interferon mediated signaling,
Nat. Rev. Immunol. 5 (2005) 375-386.

[9] A. Garcia-Sastre, C.A. Biron, Type I interferons and the virus-host relationship:
a lesson in détente, Science 312 (2006) 879-882.

[10] C.G. Sen, Virus and interferons, Ann. Rev. Microbiol. 55 (2001) 255-281.

[11] EXK. Pauli, M. Schmolke, T. Wolff, D. Viemann, J. Roth, J.G. Bode, S. Lugwid,
Influenza A virus inhibits type I IFN signaling via NF-kB dependent induction
of SOCS-3 expression, PLoS Pathog. 4 (2008) e1000196.

[12] T. Zhang, R.T. Lin, Y. Li, S.D. Douglas, C. Maxcey, C. Ho, J.P. Lai, Y.J. Wang, Q.
Wan, W.Z. Ho, Hepatitis C virus inhibits intracellular interferon alpha
expression in human hepatic cell lines, Hepatology 42 (2005) 819-827.

[13] M. Jones, A. Davidson, L. Hibbert, P. Gruenwald, J. Schlaak, S. Ball, R.G. Foster,
M. Jacobs, Dengue virus inhibits alpha interferon signaling by reducing STAT2
expression, J. Virol. 79 (2005) 5414-5420.

[14] S.L. Mindy, M.R. Brazas, ]J.M. Holtzman, Respiratory syncytial virus
nonstructural proteins NS1 and NS2 mediate inhibition of stat2 expression
and alpha/beta interferon responsiveness, J. Virol. 79 (2005) 9315-9319.

[15] X.B. Lei, Z.M. Sun, X.L. Liu, Q. Jin, B. He, J.W. Wang, Cleavage of the adaptor
protein TRIF by Enterovirus 71 3C inhibits antiviral responses mediated by
Toll-Like Receptor 3, J. Virol. 85 (2011) 8811-8818.

[16] J. Lu, L. Yi, J. Zhao, J. Yu, Y. Chen, M.C. Lin, H.F. Kung, M.L. He, Enterovirus 71
disrupts interferon signaling by reducing the level of interferon receptor 1, J.
Virol. 86 (2012) 3767-3776.

[17] X. Lei, X. Liu, Y. Ma, Z. Sun, Y. Yang, Q. Jin, B. He, J. Wang, 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. 84
(2010) 8051-8061.

[18] K. Yohichi, CW. Day, M.K. Wandersee, B.P. Schow, ].S. Madsen, D. Grant, L.M.
Blatt, D.L. Barnard, Interferon alfacon 1 inhibits SARS-CoV infection in human
bronchial epithelial Calu-3 cells, Biochem. Biophys. Res. Commun. 371 (2008)
110-113.

[19] RL. Kuo, S.H. Kung, Y.Y. Hsu, W.T. Liu, Infection with enterovirus 71 or
expression of its 2A protease induces apoptotic cell death, ]J. Gen. Virol. 83
(2002) 1367-1376.

[20] R.L. Kuo, LT. Kao, SJ. Lin, Y.L. Wang, S.R. Shih, MDAS5 plays a crucial role in
Enterovirus 71 RNA mediated IRF3 activation, PLoS One 8 (2013) e63431.

[21] J.M. Blackwell, S.E. Jamieson, D. Burgner, HLA and infectious diseases, Clin.
Microbiol. Rev. 22 (2009) 370-385.

[22] A. Raychoudhuri, S. Shrivastava, R. Steele, H. Kim, R. Ray, ISG56 and IFITM1
proteins inhibit hepatitis C virus replication, J. Virol. 85 (2011) 12881-12889.

[23] G. Askarieh, A. Alsio, P. Pugnale, F. Negro, C. Ferrari, A.U. Neumann, ].M.
Pawlotsky, S.W. Schalm, S. Zeuzem, G. Norkrans, J. Westin, J. Soderholm, K.
Hellstrand, M. Lagging, DITTO-HCV and NORDynamIC Study Groups. Systemic
and intrahepatic interferon-gamma-inducible protein 10 kDa predicts the
first-phase decline in hepatitis C virus RNA and overall viral response to
therapy in chronic hepatitis C, Hepatology 51 (2010) 1523-1530.

[24] S.G. Lee, Z.Z. Su, L. Emdad, P. Gupta, D. Sarkar, A. Borjabad, D.J. Volsky, P.B.
Fisher, Mechanism of ceftriaxone induction of excitatory amino acid
transporter-2 expression and glutamate uptake in primary human
astrocytes, J. Biol. Chem. 283 (2008) 13116-13123.

[25] K.J. Reissner, P.W. Kalivas, Using glutamate homeostasis as a target for treating
addictive disorders, Behav. Pharmacol. 21 (2010) 514-522.


http://dx.doi.org/10.1016/j.bbrc.2014.04.021
http://refhub.elsevier.com/S0006-291X(14)00652-4/h0005
http://refhub.elsevier.com/S0006-291X(14)00652-4/h0005
http://refhub.elsevier.com/S0006-291X(14)00652-4/h0005
http://refhub.elsevier.com/S0006-291X(14)00652-4/h0010
http://refhub.elsevier.com/S0006-291X(14)00652-4/h0010
http://refhub.elsevier.com/S0006-291X(14)00652-4/h0010
http://refhub.elsevier.com/S0006-291X(14)00652-4/h0015
http://refhub.elsevier.com/S0006-291X(14)00652-4/h0015
http://refhub.elsevier.com/S0006-291X(14)00652-4/h0015
http://refhub.elsevier.com/S0006-291X(14)00652-4/h0020
http://refhub.elsevier.com/S0006-291X(14)00652-4/h0020
http://refhub.elsevier.com/S0006-291X(14)00652-4/h0020
http://refhub.elsevier.com/S0006-291X(14)00652-4/h0025
http://refhub.elsevier.com/S0006-291X(14)00652-4/h0025
http://refhub.elsevier.com/S0006-291X(14)00652-4/h0030
http://refhub.elsevier.com/S0006-291X(14)00652-4/h0030
http://refhub.elsevier.com/S0006-291X(14)00652-4/h0030
http://refhub.elsevier.com/S0006-291X(14)00652-4/h0035
http://refhub.elsevier.com/S0006-291X(14)00652-4/h0035
http://refhub.elsevier.com/S0006-291X(14)00652-4/h0035
http://refhub.elsevier.com/S0006-291X(14)00652-4/h0040
http://refhub.elsevier.com/S0006-291X(14)00652-4/h0040
http://refhub.elsevier.com/S0006-291X(14)00652-4/h0045
http://refhub.elsevier.com/S0006-291X(14)00652-4/h0045
http://refhub.elsevier.com/S0006-291X(14)00652-4/h0050
http://refhub.elsevier.com/S0006-291X(14)00652-4/h0055
http://refhub.elsevier.com/S0006-291X(14)00652-4/h0055
http://refhub.elsevier.com/S0006-291X(14)00652-4/h0055
http://refhub.elsevier.com/S0006-291X(14)00652-4/h0060
http://refhub.elsevier.com/S0006-291X(14)00652-4/h0060
http://refhub.elsevier.com/S0006-291X(14)00652-4/h0060
http://refhub.elsevier.com/S0006-291X(14)00652-4/h0065
http://refhub.elsevier.com/S0006-291X(14)00652-4/h0065
http://refhub.elsevier.com/S0006-291X(14)00652-4/h0065
http://refhub.elsevier.com/S0006-291X(14)00652-4/h0070
http://refhub.elsevier.com/S0006-291X(14)00652-4/h0070
http://refhub.elsevier.com/S0006-291X(14)00652-4/h0070
http://refhub.elsevier.com/S0006-291X(14)00652-4/h0075
http://refhub.elsevier.com/S0006-291X(14)00652-4/h0075
http://refhub.elsevier.com/S0006-291X(14)00652-4/h0075
http://refhub.elsevier.com/S0006-291X(14)00652-4/h0080
http://refhub.elsevier.com/S0006-291X(14)00652-4/h0080
http://refhub.elsevier.com/S0006-291X(14)00652-4/h0080
http://refhub.elsevier.com/S0006-291X(14)00652-4/h0085
http://refhub.elsevier.com/S0006-291X(14)00652-4/h0085
http://refhub.elsevier.com/S0006-291X(14)00652-4/h0085
http://refhub.elsevier.com/S0006-291X(14)00652-4/h0085
http://refhub.elsevier.com/S0006-291X(14)00652-4/h0090
http://refhub.elsevier.com/S0006-291X(14)00652-4/h0090
http://refhub.elsevier.com/S0006-291X(14)00652-4/h0090
http://refhub.elsevier.com/S0006-291X(14)00652-4/h0090
http://refhub.elsevier.com/S0006-291X(14)00652-4/h0095
http://refhub.elsevier.com/S0006-291X(14)00652-4/h0095
http://refhub.elsevier.com/S0006-291X(14)00652-4/h0095
http://refhub.elsevier.com/S0006-291X(14)00652-4/h0100
http://refhub.elsevier.com/S0006-291X(14)00652-4/h0100
http://refhub.elsevier.com/S0006-291X(14)00652-4/h0105
http://refhub.elsevier.com/S0006-291X(14)00652-4/h0105
http://refhub.elsevier.com/S0006-291X(14)00652-4/h0110
http://refhub.elsevier.com/S0006-291X(14)00652-4/h0110
http://refhub.elsevier.com/S0006-291X(14)00652-4/h0115
http://refhub.elsevier.com/S0006-291X(14)00652-4/h0115
http://refhub.elsevier.com/S0006-291X(14)00652-4/h0115
http://refhub.elsevier.com/S0006-291X(14)00652-4/h0115
http://refhub.elsevier.com/S0006-291X(14)00652-4/h0115
http://refhub.elsevier.com/S0006-291X(14)00652-4/h0115
http://refhub.elsevier.com/S0006-291X(14)00652-4/h0120
http://refhub.elsevier.com/S0006-291X(14)00652-4/h0120
http://refhub.elsevier.com/S0006-291X(14)00652-4/h0120
http://refhub.elsevier.com/S0006-291X(14)00652-4/h0120
http://refhub.elsevier.com/S0006-291X(14)00652-4/h0125
http://refhub.elsevier.com/S0006-291X(14)00652-4/h0125

	Differential interferon pathway gene expression patterns in Rhabdomyosarcoma cells during Enterovirus 71 or Coxsackievirus A16 infection
	1 Introduction
	2 Materials and methods
	2.1 Cells and virus propagation
	2.2 Reagents and antibodies
	2.3 RNA extraction and RT-qPCR
	2.4 MTS viability assay for virus CPE
	2.5 Evaluation of IFN treatment and virus infection by PCR array
	2.6 Protein extraction and Western blotting (WB) analysis
	2.7 Statistical analysis

	3 Results
	3.1 EV71 and CA16 infection induces the CPE and IFN production in RD cells
	3.2 Type I IFN treatment inhibits EV71 and CA16 replication
	3.3 Different reactions of EV71 and CA16 to the Type I IFN pathway
	3.4 Effects of EV71 and CA16 infection on JAK-STAT pathway and ISG expression

	4 Discussion
	Author contributions
	Supportive foundations
	Acknowledgments
	Appendix A Supplementary data
	References


