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a  b  s  t  r  a  c  t

Melanoma  differentiation-associated  gene  5  (MDA5)  is  a member  of the  retinoic  acid-inducible  gene  I
(RIG-I)-like  receptors  (RLRs)  family  and  plays  a pivotal  role  in the  anti-viral  innate  immune  response.  As
RIG-I  is absent  in  chickens,  MDA5  is  hypothesized  to be important  in  detecting  viral  nucleic  acids  in the
cytoplasm.  However,  the  molecular  mechanism  of the  regulation  of  chicken  MDA5  (chMDA5)  expression
has  yet  to be  fully  elucidated.  With  this  in mind,  a ∼2.5 kb chMDA5  gene  promoter  region  was  examined
and  PCR  amplified  to  assess  its role  in immune  response.  A  chMDA5  promoter  reporter  plasmid  (piggybac-
MDA5-DsRed)  was  constructed  and  transfected  into  DF-1  cells  to establish  a Piggybac-MDA5-DsRed
cell  line.  The  MDA5  promoter  activity  was  extremely  low  under  basal  condition,  but  was  dramatically
increased  when  cells  were  stimulated  with  polyinosinic:  polycytidylic  acid (poly I:C),  interferon  beta  (IFN-
�) or  Infectious  Bursal  Disease  Virus  (IBDV).  The  DsRed  mRNA  level  represented  the  promoter  activity
IG-I-like receptor (RLR)
irus

and  was  remarkably  increased,  which  matched  the expression  of endogenous  MDA5.  However,  Infectious
Bronchitis  Virus  (IBV)  and  Newcastle  disease  virus  (NDV)  failed  to  increase  the  MDA5  promoter  activity
and  the  expression  of  endogenous  MDA5.  The  results  indicated  that the promoter  and  the  Piggybac-
MDA5-DsRed  cell line  could  be  utilized  to  determine  whether  a  ligand  regulates  MDA5  expression.  For
the  first  time,  this  study  provides  a tool  for testing  chMDA5  expression  and  regulation.

© 2016  Elsevier  Ltd. All  rights  reserved.
. Introduction

The innate immune system acts as the first defensive barrier
gainst invading pathogens, using pattern recognition recep-
ors to recognize viral pathogen-associated molecular patterns
PAMPs). Pattern recognition receptors consist of toll-like receptor,
ucleotide-binding oligomerization domain protein-like receptors
nd retinoic acid-inducible gene I (RIG-I)-like receptors (RLRs)
Janeway and Medzhitov, 2002; Meylan et al., 2006). The RLR fam-
ly is composed of RIG-I, melanoma differentiation-associated gene

 (MDA5) and laboratory of genetics and physiology 2, all of which

lay important roles in recognizing viral RNA in the cytoplasm
Yoneyama and Fujita, 2010). RIG-I and MDA5 both harbor a central
ExD/H-box RNA helicase domain, two N-terminal caspase activa-

∗ Corresponding authors.
E-mail address: luy800@gmail.com (Y.-Q. Lu).

ttp://dx.doi.org/10.1016/j.molimm.2016.06.006
161-5890/© 2016 Elsevier Ltd. All rights reserved.
tion and recruitment domains (CARDs), and a C-terminal regulatory
domain. The RNA helicase domain is responsible for ATP hydrolysis
(Yoneyama et al., 2005, 2004). The C-terminal regulatory domain
is essential for binding viral RNA (Cui et al., 2008; Takahasi et al.,
2009). The two CARDs function via CARD–CARD interactions with
interferon promoter-stimulating factor 1, leading to the activation
of interferon regulatory factor 3 and nuclear factor kappa-light
chain-enhancer of activated B cells (Belgnaoui et al., 2011), which
finally induces type I interferon (IFN-I) production and triggers a
series of initial antiviral activities (Stark et al., 1998). During viral
infection, swift upregulation of IFN-I is critical to the host antivi-
ral responses (Bracci et al., 2005). Specifically, the expression of
RIG-I and MDA5 are greatly induced by IFN-I as a positive-feedback
mechanism, which results in signaling cascade to promote antiviral

response (Gack et al., 2008).

In mammals, RIG-I and MDA5 recognize distinct, but overlap-
ping, families of RNA viruses (Kawai and Akira, 2007; Ramos and
Gale, 2011). However, chickens lack RIG-I and this may  provide

dx.doi.org/10.1016/j.molimm.2016.06.006
http://www.sciencedirect.com/science/journal/01615890
http://www.elsevier.com/locate/molimm
http://crossmark.crossref.org/dialog/?doi=10.1016/j.molimm.2016.06.006&domain=pdf
mailto:luy800@gmail.com
dx.doi.org/10.1016/j.molimm.2016.06.006
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 rationale for increased susceptibility to certain pathogens in
omparison to ducks and mammals, such as Highly Pathogenic
vian Influenza (Barber et al., 2010; Karpala et al., 2011). This
uggests that chicken MDA5 (chMDA5) may  have an important
ole in chicken during viral invasion. Unlike ducks and mammals,
hMDA5 is able to recognize both long and short poly (I:C) and
nduce IFN-I beta (IFN-�) expression (Hayashi et al., 2014; Karpala
t al., 2011) and the expression of chMDA5 is upregulated and plays

 role during infection with influenza. Interestingly, the expres-
ion of chMDA5 does not seem to be sufficient to prevent influenza
roliferation (Karpala et al., 2011). A plethora of research exists per-
aining to MDA5 function in mammals, little is known about the role
f chMDA5 and the ligands that interact with chMDA5. Similar to
ammalian MDA5, the expression of chMDA5 is enhanced by IFN-

 (Kang et al., 2002; Lee et al., 2012), but the molecular mechanism
s not yet known. A greater understanding of the transcriptional
egulation of chMDA5 is essential to elucidating the role of MDA5
n chicken antiviral response.

In the present study, we cloned and characterized a 2.5 kb pro-
oter of chMDA5. This promoter was inserted into a reporter

lasmid and transfected into chicken cells to generate a cell model
hich could be used to investigate the promoter activity. The activ-

ty of the promoter reflected the expression of endogenous MDA5,
ndicating that the system could be used to determine potential

DA5 ligands.

. Materials and methods

.1. Amplification of the 5′- upstream region of chMDA5 gene

An about 2500 bp of the 5′-flanking region of MDA5 gene was
mplified using White Leghorn chicken genomic DNA as the tem-
late. Primers (F1 and R1, listed in Table 1) were designed according
o the sequence published on NCBI GenBank. PCR amplification was
erformed using KOD-Plus-Neo polymerase (TOYOBO) according
o the manufacturer’s instruction. The PCR product was cloned into
he pMD19-T vector (Takara) to generate the 19T-MDA5 plasmid
nd was completely sequenced.

Seven MDA5 promoter sequences from birds, fish and mam-
als obtained from the NCBI (http://www.ncbi.nlm.nih.gov/), were

ompared with the chMDA5 promoter sequence. Turkey was cho-
en to representative for birds that lack RIG-I and duck for birds
hat have RIG-I. Zebrafish and the mammals all have RIG-I. The tree
as generated using MEGA4.0 by the Bootstrap of Test (neighbor-

oining method, 1000 replicates; seed = 58150).

.2. Construction of chMDA5 promoter reporter plasmid

The promoter was amplified using primers designed with a PciI
estriction site on the forward primer and a BamHI restriction
ite on the reverse primer (Table 1). The PCR reaction was car-
ied out as described above. The amplification product was  purified
nd double digested with restriction enzymes PciI  and BamHI. The
urified MDA5 promoter was ligated into the pDsRed1-N1 Vector
CLONTECH) that was previously digested with the same restriction
nzymes to replace the CMV  promoter. This recombinant plasmid
s referred to as the MDA5-DsRed plasmid. Primers were designed

ith a SfiI  restriction site on the forward primer and a NheI restric-
ion site on the reverse primer (Table 1) and PCR reaction was
arried out using the MDA5-DsRed plasmid as a template to amplify
he region containing the MDA5 promoter and the coding region of

sRed. The amplification product was purified and digested with

estriction enzymes SfiI  and NheI and the purified MDA5-DsRed
ragment was ligated into piggybacGFP Plasmid (SBI), which was
reviously digested with the same restriction enzymes to replace
munology 76 (2016) 1–6

the CMV  7 promoter, generating the piggybac-MDA5-DsRed plas-
mid.

2.3. Cell culture, transfection and puromycin-selection

DF1, a chicken embryonic fibroblast cell line (Himly et al.,
1998), was  cultured in Dulbecco’s modified Eagle’s medium
(DMEM)(GIBCO) supplemented with 3.7 mg/mL sodium bicar-
bonate, 1 × MEM  Non-Essential Amino Acids (GIBCO), 100 U/mL
penicillin, 100 ng/mL streptomycin and 10% fetal bovine serum
(FBS) (Hyclone), in a 5% CO2 incubator at 37 ◦C. The piggybac-
MDA5-DsRed plasmids were transfected into DF1 cells using
Lipofectamine® LTX & PLUSTM Reagent (Invitrogen) according to
the manufacturer’s instructions. 48 h after transfection, 5 �g/mL
puromycin was  added to the culture media for selection. The con-
tinuous cell line was  passaged 3–5 times with puromycin selection
to obtain a stable cell line containing piggybac-MDA5-DsRed plas-
mids and that expressed GFP (Piggybac-MDA5-DsRed).

2.4. Poly (I:C), IFN-  ̌ and virus challenge

Piggybac-MDA5-DsRed cells were seeded overnight in 12-well
plates to 70–80% confluence prior to treatment. For Poly (I:C)
challenge, 2.5 �g/mL of long synthetic dsRNA analog poly (I:C)
(size:1.5–8 kb) (Invivogen) or 2.5 �g/mL short synthetic dsRNA
analog poly(I:C) (size: <1 kb) (Yuanye) was  transfected into cells
using Lipofectamine® LTX & PLUSTM Reagent (Invitrogen) accord-
ing to the manufacturer’s instructions. Cells were harvested 24 h
post-transfection for fluorescence assay, fluorescence-activated
cell sorting (FACS) and qPCR analysis. For IFN-� treatment, 8 �g/mL
chicken IFN-� was  added into the culture medium for 48 h before
the cells were collected for fluorescence assay, FACS and qPCR anal-
ysis. For viral challenge, live vaccines of Infectious Bursal Disease
Virus (IBDV) NF8, Newcastle Disease Virus (NDV) Lasota and Infec-
tious Bronchitis Virus (IBV) H52, obtained from Qianyuanhao, were
diluted with DMEM without FBS and used to replace the culture
medium. For the mock treatment, DMEM without FBS was used to
replace the culture medium. After 2 h incubation, the diluted virus
was replaced with DMEM supplemented with 2% FBS. Cells were
observed and collected for analysis 84 h post infection (hpi).

2.5. Gene expression analysis by real-time quantitative PCR

RNA was  extracted using Total RNA kit II (OMEGA) followed
by reverse transcription using PrimeScriptTM RT Reagent Kit with
gDNA Eraser (Perfect Real Time; TaKaRa) according to the manu-
facturer’s instructions. The relative quantitation of gene expression
from the Piggybac-MDA5-DsRed cell line following treatment was
performed on a LightCycler® 96 (Roche) to determine transcript
levels of DsRed, MDA5, IFN-�, IFN-� and �-actin, using the compar-
ative threshold cycle (��CT) method. 2 �L of cDNA was  amplified
in a 25 �L reaction using SYBR® Premix Ex Taq II (TliRNaseH Plus;
TaKaRa). The corresponding primer sets are listed in Table 1. The
relative expression levels of target genes were expressed in terms
of CT value normalized to �-actin as described previously (Lee et al.,
2014). The fold changes for each gene were normalized to the �-
actin expression in each sample. The relative expression of target
gene normalized to �-actin is showed as 2−�CT, where �CT = CT
targetgene- CT�-actin. The relative expression in the treatment group
versus that in the mock group was calculated using the formula

2−��CT, where ��CT = �CT targetgene in the treatment group–�CT
targetgene in the mock group. The geometric mean of the fold change
in expression is shown as log2 scale. The mean of ��CT was based
on three samples (n = 3).

http://www.ncbi.nlm.nih.gov/
http://www.ncbi.nlm.nih.gov/
http://www.ncbi.nlm.nih.gov/
http://www.ncbi.nlm.nih.gov/
http://www.ncbi.nlm.nih.gov/
http://www.ncbi.nlm.nih.gov/
http://www.ncbi.nlm.nih.gov/
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Table  1
Sequences of primers used.

Name Sequence (5′to 3′) Application

F1 TTCTGGAACGCTCTTCTCACA promoter amplification
R1  GCACCTTGTCCTTCTCCTCT
PciI/BamHIF GCTCACATGTTTCTGGAACGCTCTTCTCACA plasmid construction
PciI/BamHI R GGTGGATCCCGCTGCGCTGGCGGCGCCCGGGCCGGCTCTGCTGCT
SfiI/NheI F GGGGAAAAGGCCTCCAAGGCCTTCTGGAACGCTCTTCTCACA plasmid construction
SfiI/NheI R ATTCGCTAGCCTTAAGATACATTGATGAGTTTGG
DsRed F AGTTCCAGTACGGCTCCAAGGT RT-PCR
DsRed R CAGCCCATGGTCTTCTTCTGCATT
IFN-� F AACGCCAAAGCCTCCTCAAC RT-PCR
IFN-� R TTGTCTTGGAGGAAGGTGTG
IFN-� F TCCTGCAACCATCTTCGTCA RT-PCR
IFN-� R GCTGCTTGCTTCTTGTCCTT
MDA5 F CTGGTTGGGATTGAGACTGT RT-PCR
MDA5 R GTCTTTATCCTCTGTTCCTCCTG
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�-actin F TACGTCGCACTGGATTTCGA
�-actin R CAGGACTCCATACCCAAGAA

.6. Fluorescence activated cell sorting (FACS) analysis

Cells collected for FACS analysis were fixed with 4%
araformaldehyde for 15 min  and washed three times using
ulbecco phosphate-buffered saline (SIGMA), then the cell sus-
ensions were prepared in Dulbecco phosphate-buffered saline for
ACS analysis. All evaluations were performed on a Moflo XDP flow
ytometer (Beckman Coulter) and analyzed using Flow Jo-V10 soft-
are.

.7. Statistical analysis

Values were expressed as means ± standard deviation and sta-
istical significance among different experimental groups were
nalyzed by one-way ANOVA using SPSS 18.0 software.

. Result and discussion

.1. Sequence analysis of the promoter region of the chMDA5 gene

A ∼2.5 kb genomic fragment upstream of the chMDA5 gene
as cloned. The fragment sequence was aligned against the

′-upstream region of chMDA5 gene using the NCBI BLAST Assem-
led Genomes (http://blast.ncbi.nlm.nih.gov/Blast), indicating 99%
equence homology with 5′-promoter region. The full length
equence of the MDA5 promoter has been submitted to the
eneBank database (accession number KT335979). Sequence anal-
sis using the TFSEARCH ver.8.3 indicated that the MDA5 promoter
egion contains several putative transcription factor-binding sites,
ncluding binding sites for Sp1, GATA-1, TGGCA-binding protein,
P-1, AP-3, ER-alpha, T3R-alpha, C/EBP alpha, NF-1 (-like proteins)
nd NF-E4.

In order to exploit the evolutionary relationship of promoters
etween chicken and other species, a phylogenetic analysis was
erformed. The chMDA5 promoter demonstrated closer evolution-
ry distance to bird MDA  promoters, than to that of mammals. The
losest evolutionary distance was to MDA5 promoter of turkey,
n which RIG-I are also absent (Fig. 1A). This result was similar
o the phylogenetic analysis of the MDA5 gene in previous stud-
es (Huang et al., 2010; Lee et al., 2012; Su et al., 2010) and is
ikely a reflection of the taxonomic relationship between these
ertebrates. These results will be helpful for study of the innate

mmune system regarding to MDA5 and application of this pro-

oter in expression of antiviral genes, as promoters with high
omology would possibly bonded to similar transcription fac-
ors.
RT-PCR

3.2. Poly (I:C) and IFN-  ̌ challenge increases the activity of the
chMDA5 promoter and upregulates endogenous MDA5 expression

The chMDA5 promoter reporter plasmid (piggybac-MDA5-
DsRed) (Fig. 1B), in which the DsRed expression level represents
the promoter activity of chMDA5, was  transfected into DF-1 cells
to investigate the promoter activity. Fluorescence microscope
observations (Fig. 1C) and FACS analysis (Fig. 1D) demonstrated
that ∼80% of cultured Piggybac-MDA5-DsRed cells expressed GFP,
whereas virtually no DsRed expression could be noted. These
results indicated that the MDA5 promoter activity (as observed by
DsRed expression) was extremely low under basal conditions.

Previous studies indicated that the chMDA5 recognizes both
short and long poly (I:C), with greater preference for short poly
(I:C) (Hayashi et al., 2014). However, in the present study, though
both short and long poly (I:C) could evoke the activity of the MDA5
promoter, short poly (I:C) caused a lesser increase in expression.
DsRed-expressing cells were present 24 h post-transfection with
poly (I:C) in Piggybac-MDA5-DsRed cells (Fig. 1C). The proportion
of DsRed-expressing cells transfected with long poly (I:C) and short
poly (I:C) were 18% and 10%, respectively (Fig. 1D). qRT- PCR results
showed that long poly (I:C) dramatically upregulated the DsRed
mRNA, which was  accompanied by an upregulation of endoge-
nous MDA5, IFN-� and IFN-�. Shor poly (I:C) resulted in a similar
effect, although the fold-change was lower for MDA5 and IFN-�
and short poly (I:C) stimulation failed to induce IFN-� expression
(Fig. 1E). Previous results in mda-5−/− mice demonstrated that IFN-
� response to poly (I:C) was  abrogated, while IFN-� response was
lower than the wild-type mice, suggesting that IFN-� was partially
independent of MDA5 (Gitlin et al., 2006). It is possible that the
upregulation of MDA5 by short poly (I:C) is not enough to induce
IFN-� in chicken, as the results in this study indicate that chMDA5
preferentially senses long poly (I:C).

As MDA5 is an IFN-inducible gene which primarily responds to
IFN-� (Kang et al., 2002), the MDA5 promoter response to IFN-�
was evaluated. The activity of the chMDA5 promoter was increased
after 48 h post-treatment with IFN-�, as observed when cells began
to express DsRed (Fig. 1C). The rate of the DsRed-expressing cells
was 2% (Fig. 1D). qRT- PCR results showed that the mRNA level of
DsRed was significantly enhanced by IFN-� (p < 0.05), as well as
endogenous MDA5 (p < 0.05) and IFN-� (p < 0.05) levels. However,
IFN-� expression did not change significantly (Fig. 1F). The pro-
moter activity was  stimulated by IFN-�, with a concurrent increase

in MDA5 expression, which is similar to previous reports (Karpala
et al., 2011). This confirms that the promoter responds to non-
viral inducers, as an indicator of the changes in endogenous MDA5
expression.

http://blast.ncbi.nlm.nih.gov/Blast
http://blast.ncbi.nlm.nih.gov/Blast
http://blast.ncbi.nlm.nih.gov/Blast
http://blast.ncbi.nlm.nih.gov/Blast
http://blast.ncbi.nlm.nih.gov/Blast
http://blast.ncbi.nlm.nih.gov/Blast
http://blast.ncbi.nlm.nih.gov/Blast
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Fig. 1. The chMDA5 promoter is dramatically activated in transfected cells that are incubated with poly (I:C) and IFN–�, accompanied by upregulation of endogenous MDA5.
(A)  Phylogenetic tree of the chMDA5 promoter and MDA5 promoter sequences from other birds, fish and mammals. The tree was generated using MEGA4.0 by bootstrapped
phylogenetic analysis (neighbor-joining method, 1000 replicates; seed = 58150). (B) Map  of recombinant plasmid piggy-pMDA5-DsRed. (C) Immunofluorescence analysis for
DsRed  from cells treated with mock, long poly (I:C), short poly (I:C) or IFN–�. Scale bars, 100 �m.  (D) FACS analysis of DsRed and eGFP from cells treated with mock, long poly
(I:C),  short poly (I:C) or IFN–�. The horizontal axis represents eGFP-expressing cells and the vertical represents DsRed-expressing cells. The ratios of DsRed and eGFP positive
cells  are indicated. (E, F) qRT-PCR analysis of cells treated with poly (I:C) (E) and IFN–� (F). The mRNA expression levels of DsRed, eGFP and endogenous MDA5, IFN-�, IFN-�
were  analyzed by qRT-PCR. Data are presented as means of three independent experiments. Significance was  analyzed with one-way ANOVA. The error bars represent the
mean  of Standard Error. Asterisk represents significant difference between treatment group and the mock (*p < 0.05).
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Fig. 2. The chMDA5 promoter is dramatically activated in transfected cells that are infected with IBDV, accompanied by upregulation of endogenous MDA5. Piggybac-MDA5-
DsRed cells were infected with IBDV, NDV or IBV. (A) Immunofluorescence analysis for DsRed of cells infected with virus. Cells infected with mock, IBDV, NDV and IBV. Scale
bars,  200 �m.  (B) FACS analysis of DsRed and eGFP-expressing cells. (C) mRNA expression levels of DsRed, eGFP, endogenous MDA5, IFN-� and IFN-� were analyzed by
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.3. IBDV challenge activates the chMDA5 promoter along with
pregulation of endogenous MDA5

Several different viruses (IBDV, NDV and IBV) were used to infect
iggybac-MDA5-DsRed cells, but only IBDV was able to activate
he chMDA5 promoter (1% DsRed expression). Cellular expression
f DsRed was  coupled with apoptosis that was caused by IBDV
nfection. However, few cells infected with NDV (0.051%) and IBV
0.12%) infection expressed DsRed (Fig. 2A,B ). The level of DsRed
xpression was remarkably increased by the infection with IBDV
p < 0.05), as were the mRNA levels of endogenous MDA5 (p < 0.05),
FN-� (p < 0.05) and IFN-� (p < 0.05). In contrast, infection with
DV or IBV had no significant effect on the mRNA levels of DsRed,
ndogenous MDA5 or IFN-I (Fig. 2C). Moreover, the change fold
log2) of expression of DsRed, MDA5 and IFN-1 in an IBDV infec-
ion group (about 5–15) is higher than that in NDV infection group
nd IBV infection group (mainly under 3). The results could be par-
ially explained by differences between single stranded and double
tranded RNA, as previous study demonstrated that the expression
f chicken MDA5 was highly upregulated during influenza infec-
ion, which is a single stranded RNA virus (Karpala et al., 2011).
BDV is a double-stranded RNA virus that belongs to the Birnaviri-
ae family and causes considerable economical loses in the chicken

ndustry (Muller et al., 1979). In this study, the result supports pre-
ious reports that chMDA5 recognizes IBDV and the infection of
BDV (in vitro or in vivo) results in the upregulation of MDA5 and

DA5-related innate immune genes, including IFN-� and IFN-�
Hui and Leung, 2015; Lee et al., 2014; Smith et al., 2015). NDV, a

egative-stranded RNA virus belonging to paramyxoviruses, which
an infect most birds, including chickens (Alexander, 2000), is rec-
gnized by RIG-I in mammals. In this study, NDV failed to activate
he MDA5 promoter and enhance the expression of endogenous
as analyzed with one-way ANOVA. The error bars represent the mean of Standard
*p < 0.05).

MDA5 and IFN-I, in accordance with previous studies. It has been
demonstrated that paramyxovirus V proteins can inactivate MDA5
by disrupting the MDA5 ATP-hydrolysis site and preventing the
formation of the RNA-bound MDA5 filament (Motz et al., 2013).
Moreover, the V proteins act as IFN-I antagonists inhibiting the
increase of IFN-I and blocking binding of IFN to its receptors during
NDV infection in DF-1 cells (Jang et al., 2010; Munir et al., 2005). As
a result, the antiviral signaling pathway and the positive-feedback
mechanism are blocked, which further inhibits the MDA5 promoter
activity. Even so, several studies have reported that NDV induced
the expression of IFN-I in chicken splenocytes (Rue et al., 2011)
and macrophages (Sick et al., 1998) and this discrepancy is likely
due to the different cell types used. IBV is a positive-stranded RNA
virus belonging to the coronavirus family and causes a highly conta-
gious respiratory disease in poultry (Cavanagh, 2007). Global gene
expression profiling has demonstrated that MDA5 expression lev-
els were dramatically increased in chicken kidney tissue infected by
Nephropathogenic IBV, while IFN-I expression was not significantly
increased (Cong et al., 2013). Furthermore, a previous study found
that MDA5 was the primary sensor of IBV and delayed induction
of IFN-� in a cell type-independent manner (Kint et al., 2015). In
contrast, the expression levels of MDA5 and IFN-I were not upreg-
ulated and the MDA5 promoter was not activated by IBV infection
in the present study, which may  be explained by the differences in
virulence and adaptability of the IBV strain. In coronaviruses, 2′-O-
methylation of viral mRNA can disrupt recognition of the virus by
MDA5. In addition, several proteins encoded by some coronaviruses
are involved in counteracting IFN-I (Holmes and Darbyshire, 1978;

Liu et al., 2014; Zust et al., 2011). Collectively, the response of the
MDA5 promoter to virus inducers was consistent with endogenous
MDA5.
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. Conclusion

In summary, we cloned and characterized the promoter of
hMDA5, establishing a system that can be used to determine
he effects of viral or non-viral inducer on chMDA5 expression.
mportantly, the chMDA5 promoter could be used to express other
ntiviral genes, as its activity is extremely low under basal con-
itions and can be modulated by exogenous inducers. To our
nowledge, this study is the first to examine the importance of
he 2.5 kb promoter of chMDA5. Our results provide a foundation
or future research on the direct regulation of MDA5 expression,
hich could contribute in developing new strategies against viral

nfection.
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