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Introduction

Avian reovirus (ARV) belongs to the genus Orthoreovirus, family Reoviridae.
It mainly causes viral arthritis, chronic respiratory diseases, reduction in egg
production, and runting-stunting syndrome and causes severe
immunosuppression, all of which bring great economic losses to the poultry
industry ( 1 - 3 ). Chicken susceptibility to ARV infection is age-dependent,
with older birds being more resistant to both infection and viral-induced
lesions. Most birds appear to be infected via the fecal-oral route, but also
through the respiratory tract and through skin lesions ( 4 ). Histological
analyses have show that, major gross pathological lesions included marked
swelling, edema, and hemorrhages. Serous exudate was present between
the tendons and hock joint. Histological examination demonstrated necrosis
and inflammation of muscle fibers, and mixed inflammatory infiltrate was

observed in subcutaneous tissue and tendon sheaths ( 5, 6).

After infection with virus, the innate immune signaling pathways of host are
first activated. Type | interferons (IFNs) are important cytokines that play
important roles in inhibiting viral replication, regulating immune functions,
and inhibiting malignant cell carcinogenesis ( 7, 8 ). IFNs cannot directly
exert antiviral functions, but they initiate the downstream Janus kinase (JAK)-
signal transducer and activator of transcription (STAT) signaling pathway by
binding to their receptors interferon alpha and beta receptor subunit 1
(IFNAR1) and IFNAR2 to induce the transcription of hundreds of interferon-
stimulated genes (ISGs) to carry out antiviral functions ( 9, 10 ). IFNs have
been applied extensively in treatment of viral diseases. ISGs are the major
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antiviral executors of IFNs, so further investigation of the effect of IFN-

induced ISGs on viral replication is important.

There are many types of ISG proteins with many different biological
activities. Different ISGs can target different stages of viral replication to
inhibit replication and achieve an antiviral effect ( 11 ). Common avian ISGs
include myxovirus resistance (MX), interferon-induced transmembrane
protein 3 (IFITM3), interferon-induced protein with tetratricopeptide repeats
5 (IFIT5), oligoadenylate synthase (OAS), protein kinase R(PKR), virus
inhibitory protein (VIPERIN), interferon-stimulated gene 12 (1SG12), zinc
finger protein 313 (ZFP313), interferon-alpha-inducible protein 6 (IF16),
integrin-associated protein (CD47), and DNA damage-inducible transcript 4
(DDIT4). MX has inhibitory effects on various viruses, including influenza
virus and vesicular stomatitis virus, and plays a role in the viral invasion
stage. Its structure is highly conserved between species, and it has a broad
specificity of antiviral activities through amino acids at specific sites ( 12 - 14
). The IFITM family proteins can affect the invasion and release of various

viruses because they can exert antiviral effects by reducing membrane

fluidity and stability ( 15, 16 ). Different IFITM family proteins exhibit

different inhibitory effects on different viruses. Chicken fibroblast cells with
IFITM3 gene knockout are more susceptible to influenza A virus, indicating
that IFITM3 can inhibit influenza A virus replication ( 16 ). IFIT5 is the only
member of the chicken IFIT family. It localizes to mitochondria, interacts with
retinoic acid-inducible gene | (RIG-1) and mitochondrial antiviral signaling
protein (MAVS), and can enhance the innate immune signaling pathway to

enhance the antiviral effect ( 17 ). OAS and PKR are the first-discovered
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enzymes that are activated after interaction with double-stranded RNA of
viruses. These two enzymes rely on their own functions to inhibit viral
protein synthesis and viral infection. Chicken OAS has excellent antiviral
activities and localizes to the cytoplasm ( 18 ). PKR can be activated by
double-stranded RNA produced after viral invasion and replication in cells to
exert antiviral functions through various routes ( 19 ). The ARV OA protein
can antagonize IFN-induced antiviral functions. oA protein exerts its function
by downregulating the activity of PKR. oA protein can irreversibly interact
with double-stranded RNA to block PKR activation and effectively prevent

ARV from being recognized by the cellular immune system ( 20, 21 ).

VIPERIN has broad antiviral activities ( 22 ). It mainly localizes to the
endoplasmic reticulum (ER) and lipid droplets. /n vivo and in vitro findings
show that infectious bursa disease virus and influenza virus can induce
significant upregulation of chicken VIPERIN . ISG12 protein is a newly
discovered ISG protein. It mainly localizes to mitochondria and may exert
antiviral functions by regulating cell apoptosis and reciprocally regulating

type I IFN signaling pathways ( 23 ).

The typical symptom of ARV infection is arthritis. There is no report about
the effect of ARV infection on ISG gene expression in host joints. The specific
ISGs against various virus differ. Investigation of the changes in ISG
transcription in host joints after ARV infection would be helpful for identifying
the specific anti-ARV ISG. Therefore, this study experimentally infected 7-
day-old specific-pathogen-free (SPF) chickens with the ARV S1133 strain to
observe the dynamic pathological changes in chicken joints after infection.

Real time quantitative polymerase chain reaction (Real time quantitative
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PCR) was performed to detect the pattern of changes in the viral load in
joints after infection and the changes in the expression of IFNs and ISGs at
the transcription level. This study aimed to identify the ISG that may affect
ARV replication and to provide a theoretical basis for the prevention and

control of ARV.

Materials and Methods

Ethics Statement

The present study was approved by the Animal Ethics Committee of the
Guangxi Veterinary Research Institute. Sample collections were conducted
based on the protocol #2019C0406 issued by Animal Ethics Committee of

Guangxi Veterinary Research Institution.

Virus

ARV strain S1133 was purchased from the China Institute of Veterinary Drug
Control. Before use, ARV was propagated using SPF chicken embryos via yolk
sac inoculation. Viruses were harvested and inoculated into LMH cells. The

viral titer was measured by the Reed-Muench method ( 24 ).

Animal Experiments

SPF White Leghorn chicken eggs were purchased from Beijing Boehringer
Ingelheim Vital Biotechnology Co., Ltd. (Beijing, China). Eggs were kept in
incubators for 21 days until hatching to obtain 72 1-day-old SPF chickens.
Hatched 1-day-old SPF chickens were raised in SPF chicken isolators to 7

days of age. Chickens were randomly divided into the experimental group
(group A) and the control group (group B), with 36 animals in each group.

Each chicken in group A was challenged with 0. 1 ml of ARV S1133
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containing 10 # tissue culture infection doses, 50% endpoint (TCID 50 )
through foot pad injection. Each chicken in group B was injected with the
same volume of PBS in the foot pad. After virus challenge, the clinical
symptoms of the two groups were observed and photographed. At 1, 2, 3, 4,
5,6,7,10, 14, 21, 28, and 35 days postinfection (dpi), three chickens in
each group were randomly collected for pathological observation and real

time quantitative PCR detection.

Pathological Observation

Pathological observation was performed on disease lesions of experimental
chickens. Joint samples were collected, fixed in 10% formalin solution, and
prepared into pathological sections by Guangxi University of Chinese
Medicine. Pathological section preparation involved dehydrating the tissue
samples, embedding them in paraffin, sectioning, and staining with
hematoxylin and eosin to observe histopathological changes of chicken

joints.

RNA Extraction and cDNA Synthesis

Total RNA was extracted from same-weight (30 mg) joint samples (tendon,
synovium, and articular cartilage), using the GeneJET RNA Purification Kit
(Thermo scientific, USA) per the manufacturer's protocol. The concentration
and purity of the total RNA were determined using a NanoDrop ND1000
spectrophotometer (Thermo Scientific, Boston, MA, USA). The extracted RNA

of different samples were formulated to the same concentration (150 ng/uL),

and was reverse-transcribed into cDNA with Maxima ™ H Minus cDNA
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Synthesis Master Mix with dsDNase (Thermo scientific) and stored at —80°C

for fluorescence quantitative detection.

Real Time Quantitative PCR

Based on gene sequence information in GenBank, specific primers for the
IFN, ISG, and ARV o C genes were designed ( Table 1 ). All primers were
synthesized by Invitrogen. ARV o C genes were amplified and cloned into the
pMD18-T vector (TaKaRa, Dalian, China), and the constructed recombinant
plasmid was desighated o C-pMD18-T. The o C-pMD18-T recombinant
plasmid was used to generate the standard curve as described previously (

31 ). The transcription levels of /FN, ISG , and ARV o C genes were quantified

by qPCR with PowerUp ™ SYBR ™ Green Master Mix (Thermo Scientific) in a
QuantStudio 5 real-time PCR system (Thermo Lifetech ABI). GAPDH , a
housekeeping gene, served as the internal control to normalize the relative
expression levels of the detected genes. The real time quantitative PCR mix
had 20 pL, including 10 pL of the SYBR mix, 1 pL of each of the upstream and
downstream primers at the final concentration of 0. 5 uM, and 2 pL of the
cDNA template. The thermal cycling program was 50°C activation for 2 min,
95°C predenaturation for 5 min, and 40 cycles of 95°C denaturation for 15 s,
annealing at 60°C for 1 min, and extension at 72°C for 10 s. After the
reaction was completed, melting curve analysis was performed at 95°C for

15 s, 60°C for 1 min, and 95°C for 1 s.

TABLE 1

Primers used in this study.
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Statistical Analysis

The cycle threshold (CT) value of the ARV o C gene was input into the
standard curve to calculate the viral copy number as described previously (

31 ), and analyze ARV replication in SPF chickens.

The CT values of the target genes (IFNs and ISGs) and the internal control
gene ( GAPDH gene) obtained from real time quantitative PCR were used to

calculate relative expression levels of target genes at different time points

using the 2 ~2ACT method ( 32 ). First, sample differences of internal
reference gene homogenization, ACt = Ct value (target gene)-Ct value
(GAPDH gene). Second, comparison of infected samples and control samples,
AACt = ACt values (infected samples) - ACt values (control samples). Third,

calculate the target gene changes in transcription levels, times change = 2

—AACT  The target gene times change were used for statistical analysis.
Statistical analysis was performed within IBM SPSS Statistics 2. 0. Student's ¢
-test was run to assess differences. p < 0. 05 indicated that a difference

between the experimental group and the control group was significant, in

which case the corresponding figure was labeled with *. p < 0. 01 indicated

that the difference between the experimental group and the control group

was very significant ( ™ in the figures). Figures were plotted by GraphPad

Prism 8 software.

Results

Pathological Changes in Joints After ARV Infection
The hock joints are the major target organ of ARV. The hock joints of SPF

chickens in the infection group showed redness and swelling ( Figure 1 ).
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Dissection results showed that exudates in the articular cavity of the hock
joints of chickens in the infection group increased. Throughout the
experimental process, the foot pads and hock joints of SPF chickens in the

control group were all normal and did not change significantly.

FIGURE 1

Pathological changes in SPF chicken joints after ARV infection.(A)Control

group, chickens were injected with 0. 1 ml PBS in the foot pad.

(B)Experimental group, chickens were challenged with 0. 1 ml of 10 4 median

tissue culture infectious doses/0. 1 ml ARV S1133 through foot pad injection.

The observation results of the pathological histology sections are shown in
Figure 2 . In the joint, tendon fibroblasts and synovial epithelial cells were
degenerated and necrotic, and a large number of infiltrated inflammatory

cells, mainly monocytes and macrophages, were noted.

FIGURE 2

Histopathological changes of SPF chicken joints after ARV infection.(A)Control

group, chickens were injected with 0. 1 ml PBS in the foot pad.

(B)Experimental group, chickens were challenged with 0. 1 ml of 10 4 median
tissue culture infectious doses/0. 1 ml ARV S1133 through foot pad injection.
The arrow indicates tendon fibroblasts and synovial epithelial cells were
degenerated and necrotic, and a large number of infiltrated inflammatory

cells.
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Viral Loads in Joints After ARV Infection

To analyze ARV proliferation in joints, the expression level of the ARV o C
gene was detected by real time quantitative PCR to measure the viral load of
ARV. The detection results ( Figure 3 ) showed that ARV rapidly proliferated
starting at 1 dpi. The viral load peaked by three dpi and was still high six dpi.
The ARV viral load rapidly decreased starting on day 7. The control group

was negative for the ARV o C gene throughout the experimental process.

FIGURE 3

Kinetics of ARV replication in SPF chicken joints after infection. Chickens

were challenged with 0. 1 ml of 10 # median tissue culture infectious
doses/0. 1 ml ARV S1133 through foot pad injection. At 1, 2, 3, 4, 5, 6, 7, 10,
14, 21, 28, and 35 days postinfection (dpi), three chickens in each group
were randomly collected for ARV viral loads detection by real time
guantitative PCR detection. Sampling was 30 mg joint (tendon, synovium,
and 133 articular cartilage). The cycle threshold (CT) value of the ARV o C
gene was input into the standard curve to calculate the viral copy number.
Viral copy number expressed as ARV copies in 1 L genome equivalent (150
NgRNA, about 1 mg joint tissues). Figures were plotted by GraphPad Prism 8

software.

Changes in Transcription Levels of IFNs in Joints After ARV Infection

IFNA expression in joints of the experimental group was upregulated
between 1 and 7 dpi (except for 3 dpi, when it was downregulated) after

artificial infection with ARV ( Figure 4 ). The expression level peaked on 5 dpi
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at 20 times that in the control group ( P < 0. 01). After 7 dpi, its expression

went down.

FIGURE 4

Changes in the transcription levels of IFNs in joints after ARV infection.

Chickens were challenged with 0. 1 ml of 10 4 median tissue culture
infectious doses/0. 1 ml ARV S1133 through foot pad injection. At 1, 2, 3, 4,
5,6,7,10, 14, 21, 28, and 35 days postinfection (dpi), three chickens in
each group were randomly collected for IFNs detection by real time

guantitative PCR detection. IFN gene changes in transcription levels = 2-

AACT  Relative gene expression was expressed as fold of control group
samples. Statistical analysis was performed within IBM SPSS Statistics 2. 0.
Student's ¢ -test was run to assess differences. Figures were plotted by
GraphPad Prism 8 software. Asterisks indicate significant differences (* P <

0. 05, ** P< 0. 01).

The expression of /FNB was very similar to that of /FNA . It was upregulated
between 1 and 7 dpi, peaking at 5 dpi at 118 times that in the control group
( P< 0.01). The expression levels of /FNB at 4 and 7 dpi were also very high,
at 18 and 14 times those in the control group, respectively (both P < 0. 01).
These genes were all downregulated after 7 dpi. These results indicate that,
after ARV infection. The expression levels of /IFNB and IFNB (type | IFNs) were

both upregulated, especially /IFNB. .

https://assignbuster.com/dynamic-changes-in-the-expression-of-interferon-
stimulated-genes-in-joints-of-spf-chickens-infected-with-avian-reovirus/



Dynamic changes in the expression of int... - Paper Example Page 12
Changes in Transcription Levels of ISGs in Joints After ARV Infection
Changes in the transcription levels of ISGs induced by IFNs are shown in
Figure 5 . The results showed that ARV infection rapidly and significantly
upregulated the mRNAs of 11 common avian ISGs in joints. The expression
levels of ISGs MX, IFITM3, IFIT5, OAS, PKR, VIPERIN, ISG12, IFI6 , and CD47
were upregulated on days 1-7 of infection. ZFP313 and DDIT4 expression
suddenly increased on day 1 or 2 and then decreased. The expression levels
of increase of MX, IFIT5, OAS, VIPERIN, ISG12 , and /Fl6 were the most
significant (several hundred-fold), and their expression levels throughout the
experimental process were all higher than those in the control group ( P < 0.
01). MX expression stayed at a higher level between 1 and 28 dpi. Its
expression on 1 dpi was 403 times that in the control group, and it was even
higher afterward. Its expression level on 7 dpi was the highest, at 748 times
that in the control group, and it began to decrease afterward. The expression
levels of IFIT5 and /SG12 were both rapidly upregulated on 1 dpi. /FIT5
expression peaked at 5 dpi at 661 times the control level. ISG12 expression
peaked at 2 dpi at 70 times the control level. The expression of /F/T5 and
ISG12 were both upregulated between 2 and 7 dpi. OAS expression was also
significantly upregulated at 1 dpi at 125 times higher than the control level.
It peaked at 2 dpi at 350 times the control level. Except at 10 and 21 dpi,
PKR expression was upregulated at all time points. Overall, its levels of
upregulation were not very high, though interestingly, at 4 dpi it was at 331
times the control level. The expression levels of VIPERIN and IFI6 were
upregulated at 1 dpi and stayed upregulated between 1 and 7 dpi. The
expression levels of IFITM3, ZFP313, DDIT4 , and CD47 were rapidly
upregulated in the early stage of infection, though not very highly. They
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were downregulated after 1-3 days of infection to levels similar to those in
the control group (except that the expression levels of ZFP313, DDIT4 , and

CD47 had significant downregulation at 10 dpi).

FIGURE 5

Changes in the transcription levels of ISGs in joints after ARV infection.

Chickens were challenged with 0. 1 ml of 10 4 median tissue culture
infectious doses/0. 1 ml ARV S1133 through foot pad injection. At 1, 2, 3, 4,
5,6,7,10, 14, 21, 28, and 35 days postinfection (dpi), three chickens in
each group were randomly collected for ISGs detection by real time

quantitative PCR detection. ISGs gene changes in transcription levels = 2-

AACT | Relative gene expression was expressed as fold of control group
samples. Statistical analysis was performed within IBM SPSS Statistics 2. 0.
Student's ¢ -test was run to assess differences. Figures were plotted by
GraphPad Prism 8 software. Asterisks indicate significant differences (* P <

0. 05, ** P< 0. 01).

Discussion

ARV was first isolated in 1954 ( 33 ). Current studies mainly focus on its
etiology and epidemiology, and there have been relatively few studies about
its pathogenesis and regulatory signaling pathways that induce innate
immunity. After invasion of a host, a virus is recognized by pathogen-
associated pattern molecules to induce the body to produce type | IFNs to
further induce ISG production, thus eventually exerting the antiviral effect (
34 ). Therefore, analysis of changes in the transcriptional expression levels
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of ISGs after ARV infection is important to better understand the
pathogenesis of ARV, and may be helpful for determining the ISGs that may
be involved in the anti-viral defense against ARV. IFN-a and IFN- are type |
IFNs that play important roles in the antiviral process. The main symptom of
ARV infection is viral arthritis. Therefore, joints are the major target organ of
this virus. Our real time quantitative PCR showed that both of these type |
IFNs expression were upregulated in joints of SPF chickens after ARV S1133
infection, indicating that ARV infection can upregulate /FN expression. These
results are consistent with previous results (changes in IFNs after ARV
infection in CEF cells) ( 21 ). This upregulated expression occurred in the
early stage of viral infection. The expression level of /FNB (118. 5-fold on 5
dpi) was significantly higher than that of /FNA (19. 5-fold on 5 dpi).
Therefore, we speculate that the body mainly exerts antiviral functions

through IFN-B after ARV infection.

This study showed that mRNA expression levels of many ISGs in joints
showed a pattern of changes after SPF chickens were infected with ARV
S1133. The trend of changes was basically consistent with the viral load in
joints (when the copy number of ARV increased, the mRNA transcription
levels of the ISGs increased correspondingly; when ARV propagation was
inhibited, the mRNA transcription levels of the ISGs decreased accordingly)
and was associated with dynamic pathological changes in the joints. In SPF
chicken joints, the transcription levels of /FNA, IFNB , and ISG genes,
including MX, IFITM3, PKR, OAS, IFIT5, ISG12, VIPERIN, IFI6 , and CD47 , were
upregulated between 1 and 7 dpi. The ARV viral load in chicken joints rapidly

increased after 1 day of viral challenge. The viral load was high within the
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first 6 days of viral challenge but rapidly decreased starting on day 7. These
results suggest that days 1-7 after ARV infection are the critical period of
anti-ARV immune responses in the body. /FNA, IFNB , and ISGs, including MX,
IFITM3, PKR, OAS, IFIT5, ISG12, VIPERIN, IFI6 , and CD47 , play important
roles in defending against ARV invasion, inhibiting ARV replication and
propagation, and viral clearance. Among the expression upregulated ISGs,
MX, IFIT5, OAS, VIPERIN, ISG12 , and [IFl6 had the largest expression levels of
upregulation (hundreds-fold), and these ISGs all showed a certain pattern of
changes: persistent upregulation in the early stage of infection, peaking 3-5
days after infection. Accordingly, with expression increases in ISGs, the viral
load of ARV began to decrease. These results indicate that these ISGs are
important in the anti-ARV infection process in hosts, and these ISGs ( MX,
IFIT5, OAS, VIPERIN, ISG12 , and /IFI6 ) will be screened by overxpression and
silencing experiments to determine the specific anti-ARV ISG in our further

study.

The results of this study are similar to those of our previous study ( 27 )
considering the innate systemic immune responses. Our previous study ( 27
) showed that expression levels of type | IFNs, including /FNA and /IFNB , type
Il IFN IFN-y, and the ISGs MX, IFITM1 , and OSAL were all upregulated in
peripheral-blood lymphocytes of SPF chickens in the early stage of ARV
infection and peaked 3 days after infection. IFN-B induces significant

upregulation of MX, OAS, and PKR expression ( 13, 18 , 35 ) to defend

against infection by various viruses. The expression levels of MX, OAS, and
PKR were significantly upregulated in this study as well. These experimental

results enrich our understanding of the innate immune response
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mechanisms of hosts in defending against ARV infection and provide a

theoretical basis for prevention and control of ARV infection.

All ISG do not exhibit the same mechanism of anti-viral activity. Indeed the
ISGs that might be involved in anti-viral response differ according to the
virus. Shah et al. ( 36 ) confirmed that only the ISG protein VIPERIN was the
anti-Newcastle disease virus ISG. In this study, the anti-ARV activity and the
ARV replication inhibition activity of the ISGs that were significantly
upregulated or downregulated and the mechanisms by which ARV

antagonizes the antiviral effects of these I1SGs still require further research.

An interesting phenomenon in this study was that the levels of changes in
the expression of dsRNA-dependent protein kinase ( PKR ) did not change
much throughout the experiment except that at 4 dpi it suddenly increased
to 331 times the control level. This expression level of upregulation was far
higher than those of other ISGs on 4 dpi. PKR is an interferon-induced and
dsRNA-activated serine/threonine kinase. ARV 0A, infectious bursa disease
virus VP3, and influenza virus NS1 can all interact with dsRNA to inhibit PKR

activation and hinder the antiviral function of IFNs ( 19, 20, 37 ). The

meaning of the sudden, high PKR expression upregulation in joints at 4 dpi

after ARV infection requires further investigation.

Data Availability Statement

The original contributions presented in the study are included in the article/

Supplementary Material , further inquiries can be directed to the

corresponding author/s.

https://assignbuster.com/dynamic-changes-in-the-expression-of-interferon-
stimulated-genes-in-joints-of-spf-chickens-infected-with-avian-reovirus/



Dynamic changes in the expression of int... - Paper Example Page 17

Ethics Statement

The animal study was reviewed and approved by Animal Ethics Committee of

the Guangxi Veterinary Research Institute.

Author Contributions
ZX and LZ designed and coordinated the study and helped to review the

manuscript. SW performed the experiments, analyzed the data, and wrote
the manuscript. LX analyzed the data and wrote the manuscript. LW, JH, XD,
ZgX, SL, TZ, YZ, and MZ participated in the Animal experiments. All authors

contributed to the article and approved the submitted version.

Funding

This work was supported by Guangxi Science and Technology Projects
(2018GXNSFAA138106 and AD17195083), the Natural Science Foundation of
China (project 31660715), and the Guangxi BaGui Scholars Program

Foundation (2019A50).

Conflict of Interest

The authors declare that the research was conducted in the absence of any
commercial or financial relationships that could be construed as a potential

conflict of interest.

Supplementary Material

The Supplementary Material for this article can be found online at:
https://www. frontiersin. org/articles/10. 3389/fvets. 2021.

618124/full#supplementary-material

https://assignbuster.com/dynamic-changes-in-the-expression-of-interferon-
stimulated-genes-in-joints-of-spf-chickens-infected-with-avian-reovirus/



Dynamic changes in the expression of int... - Paper Example Page 18

References
1. van der Heide L. The history of avian reovirus. Avian Dis. (2000) 44: 638-

41. doi: 10. 2307/1593104

2. Dandar E, Balint A, Kecskemeti S, Szentpali-Gavaller K, Kisfali P, Melegh B,
et al. Detection and characterization of a divergent avian reovirus strain from
a broiler chicken with central nervous system disease. Arch Virol. (2013)

158: 2583-8. doi: 10. 1007/s00705-013-1739-y

3. Teng L, Xie Z, Xie L, Liu J, Pang Y, Deng X, et al. Sequencing and
phylogenetic analysis of an avian reovirus genome. Virus Genes. (2014) 48:

381-6. doi: 10. 1007/s11262-013-1029-5

4. Jones RC. Avian reovirus infections. Rev Off Int Epizoot. (2000) 19: 614-25.

doi: 10. 20506/rst. 19. 2. 1237

5. Souza SO, De Carli S, Lunge VR, lkuta N, Canal CW, Pavarini SP, et al.
Pathological and molecular findings of avian reoviruses from clinical cases of
tenosynovitis in poultry flocks from Brazil. Poult Sci. (2018) 97: 3550-5. doi:

10. 3382/ps/pey239

6. Crispo M, Stoute ST, Hauck R, Egana-Labrin S, Senties-Cue CG, Cooper GL,
et al. Partial molecular characterization and pathogenicity study of an avian
reovirus causing tenosynovitis in commercial broilers. Avian Dis. (2019) 63:

452-60. doi: 10. 1637/12013-121418-Reg. 1

https://assignbuster.com/dynamic-changes-in-the-expression-of-interferon-
stimulated-genes-in-joints-of-spf-chickens-infected-with-avian-reovirus/



Dynamic changes in the expression of int... - Paper Example Page 19

7. Green AM, Beatty PR, Hadjilaou A, Harris E. Innate immunity to dengue
virus infection and subversion of antiviral responses. / Mo/ Biol. (2014) 426:

1148-60. doi: 10. 1016/j. jmb. 2013. 11. 023

8. lwasaki A, Pillai PS. Innate immunity to influenza virus infection. Nat Rev

Immunol. (2014) 14: 315-28. doi: 10. 1038/nri3665

9. Moraga |, Harari D, Schreiber G, Uze G, Pellegrini S. Receptor density is
key to the a2/B interferon differential activities. Mol Cell Biol. (2009) 29:

4778-87. doi: 10. 1128/MCB. 01808-08

10. Secombes CJ, Zou J. Evolution of interferons and interferon receptors.

Front Immunol. (2017) 8: 209. doi: 10. 3389/fimmu. 2017. 00209

11. Schneider WM, Chevillotte MD, Rice CM. Interferon-stimulated genes: a
complex web of host defenses. Annu Rev Immunol. (2014) 32: 513-45. doi:

10. 1146/annurev-immunol-032713-120231

12. Benfield CT, Lyall JW, Kochs G, Tiley LS. Asparagine 631 variants of the
chicken Mx protein do not inhibit influenza virus replication in primary
chicken embryo fibroblasts or in vitro surrogate assays. J Virol. (2008) 82:

7533-9. doi: 10. 1128/JVI. 00185-08

13. Benfield CT, Lyall JW, Tiley LS. The cytoplasmic location of chicken mx is
not the determining factor for its lack of antiviral activity. PLoS One. (2010)

5: e12151. doi: 10. 1371/journal. pone. 0012151

https://assignbuster.com/dynamic-changes-in-the-expression-of-interferon-
stimulated-genes-in-joints-of-spf-chickens-infected-with-avian-reovirus/



Dynamic changes in the expression of int... - Paper Example Page 20

14. Nigg PE, Pavlovic J. Oligomerization and GTP-binding requirements of
MxA for viral target recognition and antiviral activity against influenza A

virus. J/ Biol Chem. (2015) 290: 29893-906. doi: 10. 1074/jbc. M115. 681494

15. Brass AL, Huang IC, Benita Y, John SP, Krishnan MN, Feeley EM, et al. The
IFITM proteins mediate cellular resistance to influenza A H1IN1 virus, West
Nile virus, and dengue virus. Cell. (2009) 139: 1243-54. doi: 10. 1016/j. cell.

2009. 12. 017

16. Li K, Markosyan RM, Zheng YM, Golfetto O, Bungart B, Li M, et al. IFITM
proteins restrict viral membrane hemifusion. PLoS Pathog. (2013) 9:

€1003124. doi: 10. 1371/journal. ppat. 1003124

17. Santhakumar D, Rohaim M, Hussein HA, Hawes P, Ferreira HL, Behboudi
S, et al. Chicken Interferon-induced protein with tetratricopeptide repeats 5
antagonizes replication of RNA viruses. Sci Rep. (2018) 8: 6794. doi: 10.

1038/s41598-018-24905-y

18. Tag-El-Din-Hassan HT, Sasaki N, Moritoh K, Torigoe D, Maeda A, Agui T.
The chicken 2°-5" oligoadenylate synthetase A inhibits the replication of West

Nile virus. Jon J Vet Res . (2012) 60: 95-103.

19. Schierhorn KL, Jolmes F, Bespalowa J, Saenger S, Peteranderl| C,
Dzieciolowski J, et al. Influenza A virus virulence depends on two amino acids
in the N-terminal domain of its NS1 protein to facilitate inhibition of the RNA-
dependent protein kinase PKR. / Virol. (2017) 91: e00198-17. doi: 10.

1128/JVI. 00198-17

https://assignbuster.com/dynamic-changes-in-the-expression-of-interferon-
stimulated-genes-in-joints-of-spf-chickens-infected-with-avian-reovirus/



Dynamic changes in the expression of int... - Paper Example Page 21

20. Martinez-Costas ), Gonzalez-Lopez C, Vakharia VN, Benavente J. Possible
involvement of the double-stranded RNA-binding core protein sigmaA in the
resistance of avian reovirus to interferon. J Virol. (2000) 74: 1124-31. doi: 10.

1128/)VI. 74. 3. 1124-1131. 2000

21. Lostale-Seijo I, Martinez-Costas J, Benavente J. Interferon induction by
avian reovirus. Virology. (2016) 487: 104-11. doi: 10. 1016/j. virol. 2015. 10.

009

22.Zhong Z, Ji Y, FuY, Liu B, Zhu Q. Molecular characterization and
expression analysis of the duck viperin gene. Gene. (2015) 570: 100-7. doi:

10. 1016/j. gene. 2015. 06. 003

23. Li X, JiaY, Liu H, Wang X, Chu Z, Hu R, et al. High level expression of
ISG12(1) promotes cell apoptosis via mitochondrial-dependent pathway and
so as to hinder Newcastle disease virus replication. Vet Microbiol. (2019)

228: 147-56. doi: 10. 1016/j. vetmic. 2018. 11. 017

24. Reed LJ, Muench H. A SIMPLE METHOD OF ESTIMATING FIFTY PER CENT
ENDPOINTS12. Am J Epidemiol. (1937) 3: 493-97. doi: 10.

1093/oxfordjournals. aje. a118408

25. Kapczynski DR, Jiang HJ, Kogut MH. Characterization of cytokine
expression induced by avian influenza virus infection with real-time RT-PCR.

Methods Mol Biol. (2014) 1161: 217-33. doi: 10. 1007/978-1-4939-0758-8_18

26. Chen S, Luo G, Yang Z, Lin S, Chen S, Wang S, et al. Avian Tembusu virus

infection effectively triggers host innate immune response through MDA5

https://assignbuster.com/dynamic-changes-in-the-expression-of-interferon-
stimulated-genes-in-joints-of-spf-chickens-infected-with-avian-reovirus/



Dynamic changes in the expression of int... - Paper Example Page 22

and TLR3-dependent signaling pathways. Vet Res. (2016) 47: 74. doi: 10.

1186/s13567-016-0358-5

27. Xie L, Xie Z, Wang S, Huang J, Deng X, Xie Z, et al. Altered gene
expression profiles of the MDAS signaling pathway in peripheral blood
lymphocytes of chickens infected with avian reovirus. Arch Virol. (2019) 164:

2451-8. doi: 10. 1007/s00705-019-04340-8

28. Smith SE, Gibson MS, Wash RS, Ferrara F, Wright E, Temperton N, et al.
Chicken interferon-inducible transmembrane protein 3 restricts influenza
viruses and lyssaviruses in vitro . J Virol. (2013) 87: 12957-66. doi: 10.

1128/)VI. 01443-13

29. Abdallah F, Hassanin O. Positive regulation of humoral and innate
immune responses induced by inactivated Avian Influenza Virus vaccine in
broiler chickens. Vet Res Commun. (2015) 39: 211-6. doi: 10. 1007/s11259-

015-9644-3

30. Daviet S, Van Borm S, Habyarimana A, Ahanda ML, Morin V, Oudin A, et
al. Induction of Mx and PKR failed to protect chickens from H5N1 infection.

Viral Immunol. (2009) 22: 467-72. doi: 10. 1089/vim. 2009. 0053

31. Vaitomaa J, Rantala A, Halinen K, Rouhiainen L, Tallberg P, Mokelke L, et
al. Quantitative real-time PCR for determination of microcystin synthetase e
copy numbers for microcystis and anabaena in lakes. App!/ Environ Microbiol.

(2003) 69: 7289-97. doi: 10. 1128/AEM. 69. 12. 7289-7297. 2003

https://assignbuster.com/dynamic-changes-in-the-expression-of-interferon-
stimulated-genes-in-joints-of-spf-chickens-infected-with-avian-reovirus/



Dynamic changes in the expression of int... - Paper Example Page 23

32. Livak K], Schmittgen TD. Analysis of relative gene expression data using
real-time quantitative PCR and the 2(-Delta Delta C(T)) Method. Methods.

(2001) 25: 402-8. doi: 10. 1006/meth. 2001. 1262

33. Fahey JE, Crawley JF. Studies on chronic respiratory disease of chickens
IV. A Hemagglutination Inhibition Diagnostic Test. Can J Comp Med Vet Sci.

(1954) 18: 264-72.

34. Schoggins JW, Wilson SJ, Panis M, Murphy MY, Jones CT, Bieniasz P, et al.
A diverse range of gene products are effectors of the type | interferon

antiviral response. Nature. (2011) 472: 481-5. doi: 10. 1038/nature09907

35. Amici C, La Frazia S, Brunelli C, Balsamo M, Angelini M, Santoro MG.
Inhibition of viral protein translation by indomethacin in vesicular stomatitis
virus infection: role of elF2a kinase PKR. Cell Microbiol. (2015) 17: 1391-404.

doi: 10. 1111/cmi. 12446

36. Shah M, Bharadwaj MSK, Gupta A, Kumar R, Kumar S. Chicken viperin
inhibits Newcastle disease virus infection in vitro : a possible interaction with
the viral matrix protein. Cytokine. (2019) 120: 28-40. doi: 10. 1016/j. cyto.

2019. 04. 007

37. Busnadiego |, Maestre AM, Rodriguez D, Rodriguez JF. The infectious
bursal disease virus RNA-binding VP3 polypeptide inhibits PKR-mediated

apoptosis. PLoS One. (2012) 7: e46768. doi: 10. 1371/journal. pone. 0046768

https://assignbuster.com/dynamic-changes-in-the-expression-of-interferon-
stimulated-genes-in-joints-of-spf-chickens-infected-with-avian-reovirus/



	Dynamic changes in the expression of interferon-stimulated genes in joints of spf...
	Introduction
	Materials and Methods
	Ethics Statement
	Virus
	Animal Experiments
	Pathological Observation
	RNA Extraction and cDNA Synthesis
	Real Time Quantitative PCR
	Statistical Analysis

	Results
	Pathological Changes in Joints After ARV Infection
	Viral Loads in Joints After ARV Infection
	Changes in Transcription Levels of IFNs in Joints After ARV Infection
	Changes in Transcription Levels of ISGs in Joints After ARV Infection

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Conflict of Interest
	Supplementary Material
	References


