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Newcastle disease (ND) is an acute and contagious avian disease caused by Newcastle disease virus (NDV).
MicroRNAs (miRNAs) play a significant role in host-pathogen interactions and the innate immune response.
However, the role of miRNAs in the host response to NDV infection is not clearly understood. In this study, we
showed that expression of the cellular miRNA gga-miR-455-5p was downregulated in vivo and in vitro in response
to NDV infection. Next, we found that the transfection of chicken embryonic fibroblasts (CEFs) with gga-miR-

455-5p suppressed NDV replication, while the blockade of endogenous gga-miR-455-5p expression with in-
hibitors enhanced NDV replication. In addition, gga-miR-455-5p enhanced the expression of type I interferon
and the interferon-inducible genes (ISGs) OASL and Mx1 by targeting SOCS3, a negative regulator of type I IFN
signaling. Altogether, these findings highlight the crucial role of gga-miR-455-5p in host defense against NDV by
targeting the SOCS3 gene to inhibit NDV replication.

1. Introduction

Newcastle disease (ND) is an acute and highly contagious infectious
disease in the poultry industry. After first being reported in 1926, ND
rapidly spread around the world (Seal et al., 2000). ND is caused by
Newcastle disease virus (NDV), which belongs to genus Avulavirus of
family Paramyxoviridae. NDV has a nonsegmented, negative-sense,
single-stranded RNA genome that contains six genes in the order 3’-NP-
P-M-F-HN-L-5’ and two nonstructural V and W proteins formed by RNA
editing (Steward et al., 1993). Despite the use of vaccines to prevent
this disease, ND outbreaks are frequently reported in many countries
(Zhu et al., 2016; Dimitrov et al., 2017). Therefore, to prevent an NDV
epidemic, there is an urgent need to explore new prevention and
treatment strategies to inhibit NDV.

MiRNAs are noncoding small RNAs composed of 20-24 nucleotides
that conduct the posttranscriptional regulation of target genes by in-
teraction with their 3’untranslation regions (UTRs), triggering the de-
gradation of mRNA or translation inhibition (He and Hannon, 2004).
miRNAs play significant roles in cancer (Qin et al., 2016a; Liu et al.,
2016), cell differentiation (Zhou et al., 2007), and cell apoptosis (Guo
et al., 2009; Chai et al., 2015). An increasing number of studies have
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reported that miRNAs play an important role in the process of viral
infection (Fu et al., 2017; Wang et al., 2019a). During viral infection,
viruses may promote their own replication through utilizing their own
encoded miRNAs or host miRNAs (Hu et al., 2015). Moreover, host
miRNAs can inhibit viral replication by directly targeting the viral
genome or regulating host innate and adaptive immune responses (Fu
et al., 2017).

Although NDV is one of the most studied avian viruses, the influence
of host miRNAs on NDV infection and their underlying molecular me-
chanisms have been rarely reported. In our previous study, we found
that gga-miR-455-5p was downregulated after NDV infection (Jia et al.,
2018). miR-455-5p was reported to be involved in the development and
differentiation of cancer (Qin et al., 2016b; Liu et al., 2016; Chai et al.,
2015); however, the role of miR-455-5p in the cellular response to viral
infection remains unclear. In this study, we demonstrated that gga-miR-
455-5p acts as an antagonist of NDV infection via suppressing viral
replication and upregulating the expression of type I interferon and the
interferon-inducible genes (ISGs) OASL and Mx1. We identified sup-
pressors of cytokine signaling 3 (SOCS3), a negative regulator of the
JAK-STAT signaling pathway, as targets of gga-miR-455-5p. Ectopic
expression of gga-miR-455-5p effectively suppressed NDV replication
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and enhanced IFN-f and ISG expression via inhibiting the expression of
SOCS3, indicating that gga-miR-455-5p plays a significant role in the
host response to NDV infection.

2. Materials and methods
2.1. Ethics statement

All chicken embryos were handled according to the guidelines of the
Ethics Committee at Northwest A&F University. Experiments were
carried out in accordance with the approved guidelines.

2.2. Cells and virus

Ten-day-old specific pathogen-free (SPF) chicken embryos (Jinan
SAIS Poultry Co., Ltd.) were used to make primary chicken embryonic
fibroblasts (CEFs). HEK-293 T and BHK-21 cells were maintained in our
laboratory and cultured in Dulbecco’s modified Eagle’s medium
(DMEM) supplemented with 10% fetal bovine serum (FBS) in a 5% CO,
environment in a 37 °C incubator. The NDV virulent strain F48E9 and
lentogenic strain LaSota-GFP used in this study were maintained in our
laboratory and propagated in 10-day-old SPF chicken embryos. The
virus was stored at -80°C until further use.

2.3. Reagents

The psiCHECK2 vector was maintained in our laboratory. The re-
striction enzymes Xhol and NotI were purchased from TaKaRa (Dalian,
China). gga-miR-455-5p mimics and inhibitors were synthesized by
GenePharma Company (Shanghai, China), and their sequences are
listed in Table 1. Anti-HN monoclonal antibody and anti-SOCS3 poly-
clonal antibody were developed in our laboratory. Anti-p-tubulin
mouse monoclonal antibody was obtained from Sungene Biotech
(China). HRP-conjugated goat anti-mouse/rabbit IgG was obtained
from Abcam (USA).

2.4. Transfection of miRNA mimics or inhibitors

A total of 5 x 10° CEFs/well were cultured in a 12-well plate
overnight and then transfected with gga-miR-455-5p mimics or in-
hibitors (20 pmoi) using Lipofectamine 2000 reagent (Invitrogen,
Carlsbad, CA, USA). Twenty-four hours after transfection, the cells were
infected with NDV (multiplicity of infection (MOI) of 0.1). Cells and the
cellular supernatant were collected for further study twenty-four hours
after infection.

Table 1
Primers and miRNA mimics sequences used in this study.
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2.5. RNA isolation and quantitative real-time PCR (qRT-PCR) analysis

Total RNA was extracted from CEFs by using TRIzol reagent
(TaKaRa, China) according to the manufacturer’s protocol. Total RNA
was reverse transcribed using a First-Strand c¢DNA Synthesis Kit
(GeneStar, Beijing, China). Quantitative real-time PCR was carried out
with a real-time thermocycler (four-channel, Tianlong, China) using
RealStar Green Fast Mixture (GeneStar, Beijing, China) according to the
manufacturer’s instructions. The gga-miR-455-5p expression level was
normalized to that of U6, and other expression levels were normalized
to the 28S gene expression level. Relative expression of target mRNAs
was calculated using the 2~ 4T method as previously described (Livak
and Schmittgen, 2001). The primers used in this study are listed in
Table 1.

2.6. Plaque assay

Viral titers were measured with a plaque assay as previously de-
scribed (Chu et al., 2018). In brief, BHK-21 cells grown to a density of
85% in 12-well plates were incubated with the cellular supernatants of
different groups after NDV infection for 1h. The supernatants were
replaced with DMEM containing 2% FBS and 1% methylcellulose (So-
larbio, Beijing, China). After 3-5 days, cells were fixed with 4% for-
maldehyde dissolved in phosphate-buffered saline (PBS) and stained
with 1% crystal violet.

2.7. Western blot analysis

CEFs from different groups were lysed with 1 x SDS sample buffer,
boiled for 10min and separated by 12% SDS-PAGE, followed by
transfer to a nitrocellulose membrane (Millipore, Billerica, MA, USA).
After blocking for one night at 4 °C with 10% skim milk, the membranes
were incubated with diluted primary and secondary antibodies for 2 h
and 1h, respectively, at room temperature. The result was detected
with Clarity Western ECL Substrate (Bio-Rad, Hercules, CA, USA).

2.8. Luciferase reporter assay

The 3'UTR of the SOCS3 gene, which contains gga-miR-455-5p-
binding sites, was amplified and cloned into the psiCHECK2vector. We
also constructed the luciferase reporter plasmid psiCHECK2-SOCS3
3’UTR-MUT, which contained a putative gga-miR-455-5p-binding site
with a mutated region in the 3"UTR. The luciferase reporter assay was
performed as previously described (Jia et al., 2018). Briefly, 10° HEK-
293 T cells/well were cultured in a 24-well plate overnight and then
cotransfected with 500 ng of psiCHECK2 containing the target sequence
with or without 500 ng of gga-miR-455-5p mimics or miR-NC using
Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA). Cells were lysed

Name Forward primer (5’-3’)

Reverse primers (5’-3")

IRF3 (qRT-PCR) GCTCTCTGACTCTTTCAACCTCTT

IFN-B (qRT-PCR) GCTCACCTCAGCATCAACAA
OASL (qRT-PCR) AGATGTTGAAGCCGAAGTACCC
MX1 (qRT-PCR) AAGCCTGAGCATGAGCAGAA
28s (QRT-PCR) GGTATGGGCCCGACGCT

LNP (FNP) (clone)

SOCS3 wt (3’'UTR)

SOCS3 mut (3'UTR)
miR-455-5p Reverse Primer
miR-455-5p (QRT-PCR)
gga-miR-455-5p mimics
mimics control
gga-miR-455-5p inhibitor
Inhibitor Control

UAUGUGCCCUUGGACUACAUCG
UUCUCCGAACGUGUCACGUTT
CGAUGUAGUCCAAGGGCACAUA
CAGUACUUUUGUGUAGUACAA

CCGCTCGAG ATGTCCTCCGTATTT GATGAG
CCGCTCGAGGAGGCTGGCAGAGGGAAATCAC
CCGCTCGAGCAGATGAAACTTTCGTGTATTT

ACACTCCAGCTGGGTATGTGCCCTTGGA

AATGCTGCTCTTTTCTCCTCTG
GGGTGTTGAGACGTTTGGAT
CTGAAGTCCTCCCTGCCTGT
TCTCAGGCTGTCAACAAGATCAA
CCGATGCCGACGCTCAT
ATAAGAATGCGGCCGCTCAATACCCCCAGTCGGTGTC
ATAAGAATGCGGCCGCGGGTTTATTAAAAAATAGTGC
ATAAGAATGCGGCCGCGGGTTTATTAAAAAATAGTGC
CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAG CGATGTAG
AACTGGTGTCGTGGAGTCG
AUGUAGUCCAAGGGCACAUAUU
ACGUGACACGUUCGGAGAATT
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36 h after transfection, and luciferase activity was measured using a
dual-luciferase reporter assay kit (Beyotime, Shanghai, China) ac-
cording to the manufacturer’s instructions. The primers used in this
study are listed in Table 1.

2.9. Statistical analysis

All data presented are from at least three independent experiments.
Student’s t-test was performed for statistical analysis using GraphPad
Prism 5 software (San Diego, CA, USA). Statistically significant differ-
ences are presented as follows: *P < 0.05, **P < 0.01.

3. Results

3.1. gga-miR-455-5p expression is downregulated during NDV infection in
vivo

To identify the miRNAs involved in the host response to NDV in-
fection, we performed a high-throughput sequencing assay to obtain the
miRNA profiles of chicken embryos infected with F48E9 or LaSota (Jia
et al., 2018). Ninety-eight miRNAs were shown to be involved in the
host response to NDV infection. Among these miRNAs, 31 and 25
miRNAs were downregulated in the F48E9-infected (Table S1) and
LaSota-GFP-infected (Table S2) groups, respectively. In addition, 17
miRNAs were downregulated in both groups (Fig. 1A, B and Table S3).
In a previous study, the miRNAs involved in the response of CEFs to
HON2 infection were also identified (Peng et al., 2015). The gga-miR-
455-5p and gga-miR-155 miRNAs were both shown to be down-
regulated in the two datasets. gga-miR-155 has been well reported to
participate in IBDV infection (Wang et al., 2018). We focused on the
role of gga-miR-455-5p in the cellular response to NDV infection be-
cause the role of this miRNA during NDV infection remains unclear.

3.2. gga-miR-455-5p expression is downregulated in CEFs after NDV
infection

To investigate the expression of gga-miR-455-5p in vitro during NDV

infection, CEFs were infected with F48E9 or LaSota-GFP at an MOI of
0.1 for 6, 12, and 24 h, and qRT-PCR was performed to determine gga-

A B

F48E9 VS Control Lasota VS Control

Veterinary Microbiology 239 (2019) 108460

miR-455-5p expression in the NDV-infected cells. As shown in Fig. 2A
and B, NDV infection significantly reduced the expression of gga-miR-
455-5p in a time-dependent manner, and F48E9 inhibited the expres-
sion of gga-miR-455-5p more effectively than LaSota-GFP. Further-
more, the effects of infection with F48E9 or LaSota-GFP at different
MOIs on gga-miR-455-5p expression were also determined by qRT-PCR.
As shown in Fig. 2C and D, gga-miR-455-5p expression was decreased
in CEFs infected with NDV at different MOIs in a dose-dependent
manner. These results suggest that gga-miR-455-5p expression is
downregulated during NDV infection.

3.3. gga-miR-455-5p inhibits NDV replication

To determine the effects of gga-miR-455-5p overexpression on NDV
replication, CEFs were transiently transfected with gga-miR-455-5p
mimics or mimics NC, and qRT-PCR showed that gga-miR-455-5p mi-
mics transfection for 24 h significantly increased the expression of gga-
miR-455-5p in CEFs (Fig. 3A). Furthermore, at 24 h after transfection
with mimic NC or gga-miR-455-5p mimics, CEFs were infected with
LaSota-GFP or F48E9 at an MOI of 0.1 for 24 h. As shown in Fig. 3B and
C, the rate of LaSota-GFP infection was significantly reduced in CEFs
overexpressing gga-miR-455-5p mimics, and the viral titer was also
significantly decreased when compared with that of the mimic NC
group. Furthermore, we examined expression of the F48E9 HN viral
protein. Consistently, overexpression of gga-miR-455-5p also decreased
HN protein expression in CEFs compared with that in the mimics NC
group (Fig. 3D), and a plaque assay showed that F48E9 replication was
significantly decreased in infected CEFs (Fig. 3E). These results suggest
that gga-miR-455-5p overexpression decreased NDV replication in
CEFs.

3.4. Inhibition of endogenous gga-miR-455-5p enhances NDV infection

To further examine the effects of gga-miR-455-5p on NDV replica-
tion, we knocked down the expression of endogenous gga-miR-455-5p
in CEFs using inhibitors. At 24 h after transfection, the expression of
gga-miR-455-5p was markedly suppressed in CEFs transfected with gga-
miR-455-5p inhibitors (miR-455-5p In) compared with its expression in
the inhibitors NC (miR-NC In) group (Fig. 4A). At 24 h after transfection

gga-miR-133a-5p M 1
gga-miR-133b

gga-miR-155

gga-miR-383-5p

gga-miR-140-3p 05
gga-miR-140-5p
gga-miR-9-3p
gga-miR-124c-5p
gga-miR-206
gga-miR-124a-3p
gga-miR-9-5p
gga-miR-205a

gga-miR-183

gga-miR-203a
gga-miR-204
gga-miR-124c-3p

gga-miR-455-5p

Control

F48E9 LaSota

Fig. 1. Downregulated miRNAs indicated by transcriptome data from both F48E9-infected chicken embryos and LaSota-infected chicken embryos. (A) Venn diagram
displaying the number of downregulated miRNAs in different groups. (B) Heat map analysis was used to classify gene expression patterns.
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Fig. 2. Effects of F48E9 and Lasota-GFP infection on gga-miR-455-5p expression in CEFs. (A, B) The relative expression of gga-miR-455-5p in CEFs after infection
with F48E9 or LaSota-GFP at an MOI of 0.1 for 6, 12, and 24 h was determined by qQRT-PCR. (C, D) The relative expression of gga-miR-455-5p in CEFs after infection

with F48E9 or LaSota-GFP at an MOI of 0.01, 0.1, and 1 for 24 h was determined by qRT-PCR. Values are the means =+
Significant differences between groups are indicated by *p < 0.05, **p < 0.01.

with inhibitors NC or miR-455-5p In, CEFs were infected with LaSota-
GFP or F48E9 at an MOI of 0.1 for 24 h. As shown in Fig. 4B and C, the
rate of LaSota-GFP infection was significantly increased in CEFs over-
expressing miR-455-5p In, and the viral titer was also significantly
higher than that in the mimics NC group. Furthermore, we examined
expression of the F48E9 HN viral protein. Consistently, the inhibition of
endogenous gga-miR-455-5p increased HN protein expression in CEFs
compared with its expression in the mimics NC group (Fig. 4D), and a
plaque assay showed that F48E9 replication was significantly increased
in infected CEFs (Fig. 4E). These results clearly establish the role of gga-
miR-455-5p as an antiviral factor in the cellular response to NDV in-
fection.

3.5. gga-miR-455-5p enhances antiviral immune responses by targeting the
3’UTR of SOCS3

Next, we investigated the molecular mechanism underlying gga-
miR-455-5p-mediated suppression of NDV. Using TargetScan prediction
software, we identified SOCS3, which can utilize a feedback loop to
inhibit the type I interferon-dependent antiviral signaling pathway
(Shuai and Liu, 2003), as a putative target gene of gga-miR-455-5p in
host cells. A region of the SOCS3 3’UTR contains a gga-miR-455-5p

+ SDs of three independent experiments.

target site (Fig. 5A). The expression of SOCS3 was significantly upre-
gulated in the miRNA profiles of chicken embryos infected with F48E9
or LaSota-GFP (Fig. 5B). Thus, we constructed a firefly luciferase re-
porter gene plasmid containing the predicted target site in SOCS3
(psiCheck2-SOCS3-WT) and another construct with mutations in the
seed region (psiCheck2-SOCS3-Mut) (Fig. 5A) and transfected CEFs
with these reporter gene plasmids and miRNA mimics. gga-miR-455-5p
significantly inhibited the luciferase activities of psiCheck2-SOCS3-WT-
transfected CEFs. In contrast, transfection with psiCheck2-SOCS3-Mut
abolished gga-miR-455-5p-mediated inhibition of the gga-miR-455-5p
target sequence (Fig. 5C). Furthermore, overexpression of gga-miR-455-
5p reduced the cellular expression of SOCS3 at both the mRNA and
protein levels, and overexpression of miR-455-5p In enhanced the cel-
lular expression of SOCS3 at both the mRNA and protein levels
(Fig. 5D-G). These data demonstrate that gga-miR-455-5p directly in-
hibits NDV replication via targeting SOCS3.

3.6. gga-miR-455-5p enhances NDV-induced expression of type I interferon
and ISGs

SOCS3 can utilize a feedback loop to inhibit the type I interferon-
dependent antiviral signaling pathway (Shuai and Liu, 2003). To
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of this article).

explore the effect of miRNAs on antiviral signaling pathways, we
transfected CEFs with gga-miR-455-5p and then examined the expres-
sion of IFN-f and ISGs in response to NDV infection. The overexpression
of gga-miR-455-5p significantly enhanced NDV-induced expression of
IRF3, IFN-B, Mx1, and OASL (Fig. 6A-D). Furthermore, knockdown of
endogenous gga-miR-455-5p with an inhibitor markedly suppressed
NDV-induced expression of IRF3, IFN-B, Mx1, and OASL (Fig. 6E-H).
These data suggest that gga-miR-455-5p enhances the expression of
IFN-3 and ISGs in response to NDV infection.

4. Discussion

Host cells produce type I interferon upon the recognition of viral
dsRNA by pattern recognition receptors (PRRs) and then produce a
large number of ISGs through the JAK-STAT signaling pathway to
combat viral infection (Yoneyama et al., 2004). In turn, NDV has
evolved diverse strategies to counter the antiviral activity of IFN-I
during infection (Motz et al., 2013; Qiu et al., 2016). Recently, miRNAs,
a new player involved in regulating gene expression programs, were
shown to play important roles during viral infection. In this study, we
defined a novel signaling pathway involved in NDV evasion of the host
innate immune response. First, NDV infection was shown to down-
regulate gga-miR-455-5p expression and upregulate SOCS3 expression.
In addition, overexpression of gga-miR-455-5p decreased NDV re-
plication in CEFs, while knockdown of gga-miR-455-5p expression en-
hanced viral replication. Furthermore, mechanistic research showed
that gga-miR-455-5p downregulated SOCS3 protein expression by di-
rectly targeting its 3’UTR. Finally, gga-miR-455-5p enhanced the ex-
pression of IFN-f and ISGs in response to NDV infection (Fig. 7). Col-
lectively, our results demonstrate for the first time the role of gga-miR-
455-5p in NDV replication and that the effects of gga-miR-455-5p may

be mediated via regulating SOCS3.

The role of miRNAs in host defense against viral infection has been
well illustrated. Mounting evidence has revealed that miRNAs can assist
in host defense against viral infection (Wang et al., 2018; Fu et al.,
2017). The role of miRNAs in NDV infection has been elucidated in
several studies. The miRNAs gga-miR-375 (Wang et al., 2019b), miR-
324-5p (Kumar et al., 2018), and miR-485 (Ingle et al., 2015) were
reported to be involved in regulating NDV replication. Previously, we
performed a high-throughput sequencing assay to obtain miRNA pro-
files of chicken embryos infected with F48E9 or LaSota (Jia et al., 2018)
and found that a subset of miRNAs was dysregulated during NDV in-
fection. Among these cellular miRNAs, gga-miR-455-5p attracted our
attention because it is also involved in HON2 infection and its role in
viral infection remains unclear (Peng et al., 2015). miR-455-5p has
been shown to have an antitumor effect in various cancers (Qin et al.,
2016a; Liu et al., 2016; Chai et al., 2015). For instance, miR-455-5p can
suppress cell viability and induce cell apoptosis in colorectal cancer and
colorectal cancer by targeting RAF1 and RAB1S8, respectively (Chai
et al., 2015; Liu et al., 2016). In this study, we demonstrated that NDV
infection decreases the expression of gga-miR-455-5p and that over-
expression of gga-miR-455-5p inhibits NDV replication, while knock-
down of gga-miR-455-5p promoted NDV replication, indicating that
gga-miR-455-5p plays an important role during NDV infection.

Next, we explored the mechanisms underlying the effects of gga-
miR-455-5p on NDV replication. Using bioinformatics analysis, we
found a region of the SOCS3 3’UTR containing a gga-miR-455-5p target
site. SOCS3 belongs to the suppressor of cytokine signaling (SOCS) fa-
mily of proteins, which have been shown to regulate the JAK/STAT
pathway through negative feedback (Qin et al., 2012; Baker et al.,
2009). SOCS3 can inhibit the autophosphorylation of JAK1 and JAK2
through binding and inhibiting JAKs through its Src homology 2 (SH2)
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Fig. 6. gga-miR-455-5p enhances NDV-induced expression of IRF3, IFN-f3, Mx1, and OASL in CEFs. (A-D) CEFs were transfected with gga-mi-455-5p mimics or a
mimics control. Twenty-four hours after transfection, cells were infected with NDV at an MOI of 0.1. Twenty-four hours after infection, cells were harvested, and the
expression of IRF3 (A), IFN-B (B), Mx1 (C), and OASL (D) was quantified by qRT-PCR. (E-H) CEFs were transfected with gga-miR-455-5p inhibitors mimics or an
inhibitors control. Twenty-four hours after transfection, cells were infected with NDV at an MOI of 0.1. Twenty-four hours after infection, cells were harvested, and
the expression of IRF3 (E), IFN-f (F), Mx1 (G), and OASL (H) was quantified by qRT-PCR. Values are the means * SDs of three independent experiments. Significant

differences between groups are indicated by *p < 0.05, **p < 0.01.
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Fig. 7. A model to explain the role of the gga-miR-455-5p/SOCS3 axis in as-
sisting NDV in evading the host innate immune response.

miR-455-5p

domain and N-terminal kinase inhibitory region (KIR) (Sasaki et al.,
1999). The JAK-STAT signaling pathway plays a critical role in the host
response to viral infection (O’Shea and Plenge, 2012; Stark and Darnell,
2012). Previous studies have demonstrated that many viruses, such as
HIV (Sood et al., 2019), HCV (Collins et al., 2014), DHAV-1 (Xie et al.,

2019), and IAV (Pauli et al., 2008; Jia et al., 2010), induce the ex-
pression of SOCS3 to escape the IFN-mediated antiviral response. We
previously found that overexpression of SOCS3 promotes NDV infection
(Wang et al., 2019b). In this study, we found that the targeting of gga-
miR-455-5p to SOCS3 was upregulated during NDV infection. Over-
expression of gga-miR-455-5p enhanced the expression of INF-f3 and
ISGs (OASL and Mx1). Determining whether gga-miR-455-5p affects the
JAK-STAT signaling pathway during NDV infection requires further
investigation.

The interactions between miRNAs and viruses are complicated. This
study raised several questions that need to be further investigated. For
example, how does NDV inhibit the expression of gga-miR-455-5p? Are
any other miRNAs besides gga-miR-455-5p involved in the host re-
sponse to NDV infection? Does gga-miR-455-5p act as a broad-spectrum
antiviral agent in the host defense against other viruses? More efforts
will be required to elucidate the molecular mechanisms underlying the
pathogenesis of NDV infection.

We propose a working model to explain the role of the gga-miR-455-
5p/SOCS3 axis in evasion of the innate immune response by NDV. In
this model, NDV infection strongly induces SOCS3 expression through
inhibiting gga-miR-455-5p expression. The inhibition of gga-miR-455-
5p expression inhibits ISGs, promoting NDV replication. In summary,
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although more research is needed to understand the delicate regulatory
mechanisms by which NDV evades innate immunity, our current find-
ings highlight the function of the gga-miR-455-5p/SOCS3 axis as a
critical regulator of NDV-induced immune escape and provide a po-
tential target for the treatment of NDV infection in the future.
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