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Enhanced pathogenicity by
up-regulation of A20 after avian
leukemia subgroup a virus
infection
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Jing Liu!, Xiongyan Liang!* and Yuying Yang'*

!College of Animal Science, Yangtze University, Jingzhou, China, 2College of Agriculture, Yangtze
University, Jingzhou, China

Avian leukemia virus subgroup A (ALV-A) infection slows chicken growth,
immunosuppression, and tumor occurrence, causing economic loss to the
poultry industry. According to previous findings, A20 has a dual role in
promoting and inhibiting tumor formation but has rarely been studied in
avians. In this study, A20 overexpression and shRNA interference recombinant
adenoviruses were constructed and inoculated into chicken embryos, and
ALV-A (rHB2015012) was inoculated into 1-day-old chicks. Analysis of body
weight, organ index, detoxification, antibody production, organ toxin load,
and Pathological observation revealed that A20 overexpression could enhance
ALV-A pathogenicity. This study lays the foundation for subsequent exploration
of the A20-mediated tumorigenic mechanism of ALV-A.
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Introduction

Avian leukemia (AL) is a neoplastic disease caused by avian leukemia virus
(ALVs), which is classified into the A-K 11 subgroup of the retrovirus family (1-
3). Avian leukemia virus subgroup A (ALV-A) is an exogenous virus that causes
immunosuppression, slow growth, severe pathology, tumorigenesis, and death in
infected chickens (1, 4). In some European and American countries, it took several years
to eradicate ALV-A. However, there are still reports on ALV-A strain prevalence (5-9),
which causes economic losses to the poultry industry (2, 10). Currently, no vaccines or
drugs are available to prevent and control ALV-A infections.

A20 was discovered in 1990 by stimulating human umbilical epithelial cells with
tumor necrosis factor-alpha (TNF-a). Hence, A20 is known as tumor necrosis factor
a-induced protein 3 (TNFAIP3) (11), which negatively regulates the NF-«kB signaling
pathway (12). A20 is a ubiquitin-editing enzyme that plays diverse roles in various
diseases, such as periodontitis, viral myocarditis, and autoimmune disease (13-17). Many
reports on A20 in cancer mention that it can be used as a suppressor or promoter in this
disease, depending on its expression (18-23). A20 upregulation alleviates LPS-induced
activation of the NF-kB signaling pathway and generation of inflammatory responses in
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avian chicken intestinal epithelial cells (24). Moreover, there
have been no reports on A20 role in avian tumorigenic diseases.

Previous research has found that A20 transcription was
upregulated after ALV-A infection (HB2015012) in laying hens
(Supplementary Figure 1), implying that A20 may be involved
in ALV-A infection or tumorigenesis. Therefore, in this study,
we constructed A20-overexpressing and shRNA recombinant
adenoviruses and inoculated chicken embryos to evaluate the
role of A20 in ALV-A infection. These findings may help
establish the tumorigenic mechanism of ALV-A mediated
by A20.

Materials and methods

Cells, viruses, plasmids, and animal

HEK-293T  cells  (SC21091507, Hunan  Fenghui
Biotechnology Co., Ltd, China) were cultured in Dulbecco/s
modified Eagle’s medium (C11995500, Gibco, USA)

supplemented with 10% fetal bovine serum (FBS, Gemini,
900-108, USA), 100pg/mL streptomycin, and 100 U/mL
penicillin at 37 °C in an atmosphere of 5% CO;. The virus strain
rHB2015012 (GeneBank ID: KY612442) was rescued and stored
in our laboratory (25). The plasmids pShuttle-IRES-hrGFP-2
(240082, Agilent, USA), pshuttle-H1 (BioVector-922362,
NTCC, China), pAd-Easy-1 (240005, Agilent, USA), E. coli
BJ5183 (200154, Agilent, USA), and E. coli DH5a were
maintained in our laboratory. Jingfen No. 1, 4-day-old chicken
embryos were purchased from a hatchery in Hubei (China).

A20 recombinant adenovirus
construction

The overexpressed adenovirus primers were designed
according to NCBI sequences for chicken A20 (XR_005848478).
A20 was amplified using PCR and cloned into the vector
pShuttle-IRES-hrGFP-2. Two shRNAs were designed using
an online website (http://rnaidesigner.thermofisher.com/
rnaiexpress/) and cloned into the vector pShuttle-HI after
annealing. The primer sequences are listed in Table 1. The
recombinant adenoviruses were constructed according
to manufacturer’s instructions (26). The constructed A20
adenovirus was inoculated into 10-day-old chicken embryos
(108 TCIDsg/egg). The liver and kidneys were harvested 20
days after infection and treated with NP-40 cell lysate (PO013F,
Beyotime, China). It was analyzed using Western blotting as
previously described (27). The antibodies and dilutions used
for Western blotting were as follows: anti-ALV-A envelope
glycoprotein-specific antibody (prepared in our laboratory,
1:1,000), rabbit Anti-A20 antibody (GB112182, Servicebio,
China, 1:1,000), mouse anti-GAPDH monoclonal antibody

(60004, Proteintech, USA, 1:5,000), HRP-conjugated goat
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anti-rabbit IgG (D110058, Sangon Biotech, China, 1:5,000),
and HRP-conjugated goat anti-mouse IgG (D110087, Sangon
Biotech, China, 1:5,000).

The effect of A20 on the replication of
ALV-A in vitro

The constructed A20 adenovirus was used to infect DF-
1 cells at a density of 80% in a 6-well cell culture plate
(MOI = 100). After 24h, 103 TCIDsg of ALV-A rHB2015012
virus solution was added to each well of the cells, and only
ALV-A rHB2015012 was used as a control. Cells were harvested
on days 1, 2, 3, and 4 of infection. Total mRNA was extracted
using an RNA extraction kit (TSP413, Tsingke, China), and
reverse transcription was performed using a HiScripIIl Ist
Strand cDNA Synthesis Kit (R312, Vazyme, China). Reverse
transfection was carried out according to the manufacturer’s
instructions, and qPCR was performed using ChamQ Universal
SYBR qPCR Master Mix (Q711, Vazyme, China) according to
the manufacturer’s instructions. Chicken B-actin was used as
the endogenous control for A20 and ALV-A p27. qPCR was
performed on an ABI 7,500 qPCR system (USA). The relative
expression levels of each gene were calculated and normalized

72— AACt

using the method. The qPCR primer sequences used

are listed in Table 2.

Animal grouping and infectivity testing

Eighty chick embryos (not SPF) were divided into four
groups, with 20 in each group (at least 18 eggs were
successfully hatched in each group). The PBS control group was
negative. The positive group was inoculated only with ALV-A
(rHB2015012) at 1-day-old chicks, and each chick was injected
with 104 TCIDsy ALV-A virus (diluted to 0.2mL with PBS)
through the legs. The overexpression and shRNA groups were
inoculated with A20 recombinant adenovirus in the allantoic
cavity of 10-day-old chicken embryos, with 2 x 108 TCIDsq
(diluted to 0.2mL with PBS) of virus per chicken embryo;
meanwhile, negative and positive groups were injected with
0.2mL PBS in the allantoic cavity of each chick embryo. In
the positive, overexpression, and shRNA groups, each 1-day-
old chick was inoculated with 10* TCIDsq (diluted to 0.2 mL
with PBS) ALV-A (rHB2015012) through the leg muscle, while
the negative group was inoculated with 0.2 mL PBS through the
leg. A schematic diagram for the virus inoculation procedure is
displayed in Figure 1.

Body weight was measured 1, 3, 5, 7, 11, 14, 21, 28, and 35
days after infection. Blood and anal swabs were collected for
virus and antibody testing on days 7, 14, 21, 28, and 35 post-
infection. Three chickens were randomly selected for euthanasia
and autopsy at 7, 14, 21, 28, and 35 days after infection. The
heart, liver, spleen, lungs, kidneys, and bursa were collected to
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TABLE 1 A20 recombinant adenovirus construction primers.

Plasmids Primers Sequences (5°-3)
pShuttle-IRES-hrGFP-2-A20 F CACTAGTGATATCCGATCGGTCGACATGGCTGGCCAACACATC
R CTGGAACGTCATATGGGTACTCGAGGCCGTAGATCTGTTTGAACTGG
pShuttle-H1-A20-shRNA F TCGACGCTTTGTATCAGAGCAATATGTTCAAGAGACATATTGCTCTGATACAAAGCTTTTTTC
R TCGAGAAAAAAGCTTTGTATCAGAGCAATATGTCTCTTGAACATATTGCTCTGATACAAAGCG
TABLE 2 Primers for q-PCR.
Gene Primers Sequences (5-3’) Product size (bp)
B-actin F CAACACACTGCTGTCTGGTGGTA 204
R ATCGTACTCCTGCTTGCTGATCC
A20 F TGGGGCTCGAAACAGACTTC 222
R TTGTCGTAGCCGAGCACAAT
p27 F CCGGGGGAATTGGTTGCTAT 225
R ATCTGGCTGTGACTTCTGCC
4 ALV-A X
A20 adenovirus_ (rHB2015012) »
{7 ;
= =]
Fertilized egg ,10 day old 1 day old chicks
chicken embryo
FIGURE 1
A20 recombinant adenovirus and ALV-A vaccination schedule. Ten-day-old chicken embryos were inoculated with A20 recombinant
adenovirus, and one-day-old chickens were inoculated with ALV-A.

calculate the organ index (organ weight/body weight). The liver,
spleen, and kidney were collected for viral load determination
and preparation of pathological sections.

Viremia and shed virus detection

Genomic DNA was extracted from the collected blood using
a blood DNA extraction kit (D1800, Solarbio, China). ALV-A
infection was detected using ALV-A/J/K multiplex PCR with the
primers listed in Table 3.

ALV-A detection in the collected chicken serum (10 times
dilution with PBS) and anal swabs was performed using a
p27 group-specific antigen ELISA detection kit (99-09254,
IDEXX, USA). According to the manufacturer’s instructions,
if S/P is > 0.2, the sample is positive; otherwise, it is
negative. S/P = (sample absorbance value-negative control
absorbance value)/(positive control absorbance value-negative
control absorbance value).
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TABLE 3 ALV-A/J/K multiplex PCR primers.

Primers Sequences (5-3’) Product
size (bp)

ALV-A/J/K-F CGGAGAAGACACCCTTGCT

ALV-AR GCATTGCCACAGCGGTACTG 715

ALV-JR CGAACCAAAGGTAACACACG 422

ALV-KR TTGCGGCCTGGACCAATC 535

Anti-ALV-A and anti-p27 antibody
detection

Purified ALV-A Gp85 protein (2 pg/well) and P27 protein
(2 pg/well) were coated in a 96-well microtiter plate and
incubated at 4 °C for 16-18 h. The ELISA plate was washed
thrice with PBS containing 0.05% Tween-20 (PBST). Skim milk
diluted in 5% PBST was blocked at 37 °C for 2h and washed
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three times with PBST. A total of 100 L test serum was
added, and the negative serum was diluted in equal proportions
in different wells. The samples were then incubated for 2h
and washed thrice with PBST. A 100 nL of HRP-conjugated
goat anti-chicken IgG (D110205, Sangon Biotech, China) was
added and diluted 5,000 times with 5% skim milk to each
well, followed by incubation for 1h and washing (in triplicate)
with PBST. Chromogenic analysis was performed using a
TMB Kit (PA107, Tiangen, China) following the manufacturer’s
instructions. If P/N > 2, the sample is positive; otherwise, the
sample is negative. P/N = sample absorbance value-negative
control absorbance value.

Viral load determination in infected
chicken organs
Total mRNA was extracted from the liver, spleen, and kidney

using an RNA extraction kit, and reverse transcription was
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performed using the HiScript III 1st Strand cDNA Synthesis
Kit. B-actin, A20, and p27 transcript levels were detected using
qPCR, and each gene was analyzed using the 2722t method.

Relative expression of ALV-A Gp85 in
infected chickens

The harvested liver, spleen, and kidney tissues were treated
with NP-40 cell lysates. The relative expression of ALV-A Gp85
was determined using Western blotting, as previously described.
Anti-ALV-A envelope glycoprotein Gp85 specific antibody was
prepared in our laboratory (1:1,000 dilution).

Statistical analysis

GraphPad Prism 6 (https://www.graphpad.com/) was used
for statistical data analysis. The data are presented as means &
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Effects of A20 on ALV-A rHB2015012 in vitro replication. (A) A20 recombinant adenoviruses capable of overexpressing and interfering with A20
production in DF-1 cells. (B) A20 promotes the replication of ALV-A rHB2015012 in DF-1 cells. a, b, ¢, and d indicate differences, with the same
letter indicating no difference and different letters indicating a difference.
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FIGURE 4

Net gain in animal body weight. There was a net increase in the
weight of animals in the four groups. PBS group had the largest
weight gain, different from others. After A20 overexpression,
ALV-A rHB2015012 group had the smallest body weight. Growth
was suppressed in A20-disrupted group, although body weight
was higher than in rHB2015012 group. *P < 0.05, **P < 0.01,
***p < 0.001.

standard error of the mean (SEM). The data differences were
evaluated using the Student's t-test or one-way ANOVA test.
P < 0.05 was considered statistically significant (* P < 0.05,
** P <0.01, and *** P < 0.001).

Results

A20 recombinant adenovirus
construction

The A20 gene was amplified by PCR to obtain the
expected fragment size (2,466 bp, Figure 2A) and cloned

Frontiersin Veterinary Science

into the vector pshuttle-IRES-hrGFP2 (Figure 2B). pshuttle-
IRES-hrGFP2-A20 was linearized with restriction endonuclease
Pmel and transformed into BJ5183 containing the backbone
plasmid pAdEasy-1 for natural recombination (Figure 2C). The
plasmid Ad-pshuttle-IRES-hrGFP2-A20 was digested with the
restriction enzyme Pacl (Figure 2D), and the largest fragment
was recovered and transfected into HEK293 cells. After most
of the HEK293 cells fell off, the culture supernatant and cells
were collected, frozen and thawed three times, and stored at
—80 °C. Synthetic single-stranded shRNA was annealed with
annealing buffer for DNA Oligos (D0251, Beyotime, China) and
cloned into pshuttle-H1 (Figure 2E); the construction process
was the same as A20 overexpressing adenovirus (Figure 2F). The
constructed A20 adenovirus can overexpress and interfere with
A20 expression (Figures 2G,H).

A20 promotes viral replication in vitro

Overexpression and perturbation of A20 protein production
in DF-1 cells by A20 recombinant adenovirus infection. It
was revealed that the constructed adenovirus could overexpress
and interfere with the expression of A20 protein (Figure 3A).
It has also been shown that A20 promotes the replication
of ALV-A rHB2015012 and that A20 protein expression was
disturbed and inhibited the replication of ALV-A rHB2015012
(Figure 3B).

A20 overexpression caused slow growth

To explore the A20 effect on body weight after ALV-A
infection, all chickens were observed and weighed at set

frontiersin.org
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ALV-A infection status, viremia and viral shedding. (A) Identifying ALV-A infection by blood DNA PCR. (B) Viremia after ALV-A infection was
detected by ELISA. (C) Detecting viral shedding after ALV-A infection by anal swab p27 group-specific antigen ELISA.

time points, and the results are demonstrated in Figure 4.
At 35 days of ALV-A infection, the average net weight
gains of the negative, positive, ShRNA, and overexpression
groups were 293.4, 216.9, 263.0 and 195.7 g, respectively. These
data suggest that A20 could regulate chicken growth after
ALV-A infection.
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A20 overexpression promoted
hepatomegaly

To explore the A20 effect on organs and tissues after

ALV-A infection, the organ index was calculated for the heart,
liver, spleen, lung, kidney, and bursa. Surprisingly, differences
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The viral loads in liver, spleen and kidney after ALV-A infection was determined by Western blotting. (A) Liver viral loads. (B) Spleen viral loads. (C)
Kidney viral loads. a, b, and c indicate differences, with the same letter indicating no difference and different letters indicating a difference.

were found in the liver but not in the spleen or kidney
(Figure 5).

A20 overexpression caused severe
viremia

To monitor the occurrence of chicken viremia in the
four groups, ALV-A/J/K multiplex PCR detection and p27
ELISA detection were performed on collected blood, and
p27 ELISA detection was carried out on collected anal
swabs, and the results are displayed in Figure 5. Blood
DNA PCR (Figure 6A), viremia p27 ELISA (Figure 6B), and
anal swab p27 ELISA (Figure 6C) revealed similar results;
the overexpression group had the highest positive rate,
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followed by the positive group, and the shRNA group had
the lowest.

Antibody level in the A20 shRNA group
was higher than A20 overexpression

group

To explore the effect of A20 expression on antibody
production after ALV-A infection, collected blood was
centrifuged to prepare serum for ELISA detection. On days
7, 14, 21, 28, and 35, the shRNA group had higher levels of
Gp85 antibody than the positive group, and the levels in the
overexpression group increased steadily (Figure 7A). Moreover,
P27 antibody was detected. After 21 days, the antibody level in
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the shRNA group decreased slightly but was still higher than
that in the positive and overexpression groups (Figure 7B).

A20 overexpression promoted expression
of envelope protein Gp85

The expression of the envelope protein Gp85 in the liver,
spleen, and kidney of ALV-A rHB015012 infected chickens
was determined using Western blotting. Gp85 was differentially
expressed in the liver between the A20 overexpression and
interference groups (Figure 8A). Differential expression in the
spleen at 14 and 21 days (Figure 8B). Differential expression in
the kidney was observed only at 14 days (Figure 8C).

A20 overexpression promoted viral
replication in vivo

The time and extent of onset are closely related to the viral
load. The viral loads of the four chicken groups were analyzed,
and it was observed that the chickens in the negative group
were uninfected. The results are displayed in Figure 9. The viral
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loads differed in the liver, spleen, and kidneys at 7, 14, 21, 28,
and 35 days. Although the viral loads detected at different time
points were incompletely consistent, they suggested that A20
overexpression promoted ALV-A replication in vivo.

Pathological observation

The collected tissues were prepared by slice preparation,
and the results showed that the liver, spleen and kidney
were congested 100 days after ALV-A rHB2015012 infection
(Figures 10B,E]), whereas the liver, spleen and kidney were
congested after ALV-A rHB2015012 infection after A20
interference. All were in remission (Figures 10C,G,K), while
ALV-A rHB2015012 infection following A20 overexpression
resulted in massive lymphocytic infiltration in the liver
(Figure 10D), myeloid tumor cells were found in the spleen
(Figure 10H), and exacerbated renal Hyperemia (Figure 10L).

Discussion

ALVs are classified into different subgroups based on their
envelope proteins, and the tumorigenicity of each subgroup
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FIGURE 10

Pathological observations (H,E) of ALV-A infection at 100 days
(400x). (A,E,I) Liver, spleen and kidney tissue sections in PBS
group. ALV-A rHB2015012 infection caused liver congestion (B),
and tissue congestion was relieved after A20 expression was
interfered with (C), while A20 overexpression aggravated
congestion with lymphocyte infiltration (D). ALV-A rHB2015012
infection caused spleen congestion (F), and tissue congestion
was relieved after A20 expression was interfered with (G), while
A20 overexpression aggravated congestion with myeloma-like
cells (H). ALV-A rHB2015012 infection caused kidney congestion
(J), and tissue congestion was relieved after A20 expression was
interfered with (K), while A20 overexpression aggravated
congestion (L).

varies (28). ALV-A primarily causes classic lymphomas with
an increasingly broad tumorigenic spectrum over time (28,
29). In 2015, we isolated an ALV-A strain (HB2015012) that
caused lymphoma and myeloma. This finding was confirmed by
animal regression experiments (30). The expanded tumorigenic
spectrum of ALV-A can significantly affect the poultry industry.

A20 is involved in various diseases, including tumors.
Adenovirus vectors have the advantages of a large vector
capacity, a high transfection rate, and expressed proteins close to
the natural conformation. Recombinant adenoviruses can infect
several hosts, including dividing and non-dividing cells, but
do not integrate with the host genome (26, 31, 32). Therefore,
recombinant adenovirus was selected as the vector for A20
overexpression and shRNA interference in chickens.

The experimental animals were divided into four groups:
negative, positive, overexpression, and shRNA. After inoculating
chicken embryos with recombinant adenovirus, the negative and
positive groups were injected with equal volumes of dilution
(PBS) to eliminate the dilution effect on animals. When 1-day-
old chicks were inoculated with ALV-A, the negative group
received an equal dilution volume. After 3 days of ALV-A
infection, the net growth of chickens began to differ, and the
differences became more obvious with time (Figure 4). ALV
infection usually causes enlargement of the liver, spleen, and
kidney (28, 33, 34). Unexpectedly, only the liver’s organ index
was higher than that of the negative group, but there was no
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difference between the spleen and kidney (Figures 5A-E). This
may be related to the nature of the virus or the chicken breed.

ALVs are retroviruses that integrate the viral genome into
the host genome after vertical transmission (35). The blood
DNA PCR results demonstrated that the positive rate of the
positive and overexpression groups was 100% at 14 days, while
that of the ShRNA group reached 100% at 35 days, indicating
that A20 may play a role in ALV-A replication (Figure 6A).
Blood and anal swab p27 ELISA results were similar to blood
DNA PCR results, although the positive rate did not reach
100% (Figures 6B,C). Although there may be endogenous virus
interference in serum samples using p27 ELISA, the fact that it
can reflect the presence of when combined with other methods.
ALV infection can cause immunosuppression, affecting antibody
production and vaccine efficacy (33, 35-38). Gp85 antibody
can neutralize the virus, whereas the p27 antibody reflects
viral replication. The results showed that the positive rate of
antibody production increased after A20 expression was reduced
(Figures 7A,B). The viral load determines the onset time and
degree of onset (33). In this study, Western blotting (Figure 8)
was used to measure the expression of envelope protein Gp85,
and qPCR (Figure 9) was used to measure the viral load.
Since many factors affect Western blotting, this method is as
inaccurate as qQPCR. However, it can reflect the trend of facts;
A20 overexpression could promote ALV-A replication in vivo.
Because adenovirus existence has a certain time limit, A20
overexpression and interference did not work after 28 days by
Western blotting (Supplementary Figures 2D,E). However, the
data before 28 days may still indicate that A20 can promote ALV-
A replication in vivo (Supplementary Figures 2A-C). Q-PCR
showed that the adenovirus lost its effect at 35 days, but
the viral load was still different between the overexpression
and interference groups (Figures 9A,E). Pathological profiling
revealed that A20-overexpressing chickens exhibited severe liver,
spleen, and kidney lesions (Figure 10).

In conclusion, we constructed A20 recombinant adenovirus
inoculated animals and evaluated the A20 effect on ALV-A in
terms of body weight, viremia, antibody, and viral load. These
results confirmed that A20 plays a role in promoting ALV-A
replication. This study lays the foundation for future research
on the tumorigenic mechanism of ALV-A mediated by A20.

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

Ethics statement

The animal study was reviewed and approved by
Yangtze University.

frontiersin.org


https://doi.org/10.3389/fvets.2022.1031480
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org

Chen et al.

Author contributions

XC and CF designed the study. XC conducted
the experiments and analyzed the data. YuyY, XL
and JL provided funds. XC, XW, YuxY, CE JL, XL,
this All
the article and approved the

and YuyY participated in writing article.

authors contributed to

submitted version.

Funding

This work was supported by the National Nature
Science Foundation of China (No. 31972646), Scientific
of the Education of

(B2019028), Scientific Research
City  (2020CB21-31),

Science

Research  Project
Hubei
Project  of
Hubei  Nature  Province
China (2021CEB173).

Department
Province
and

of

Jingzhou
Foundation

Conflict of interest

The authors declare that the research was conducted in
the absence of any commercial or financial relationships

References

1. Wang X, Zhao P, Cui ZZ. Identification of a new subgroup of avian
leukosis virus isolated from Chinese indigenous chicken breeds. Bing Du Xue Bao.
(2012) 28:609-14. doi: 10.13242/j.cnki.bingduxuebao.002329

2. Payne LN, Nair V. The long view: 40 years of avian leukosis research. Avian
Pathol. (2012) 41:11-9. doi: 10.1080/03079457.2011.646237

3. Clark DP, Ball RE, Dougherty RM. Analysis of avian leukosis virus
infections with an enzyme immunoassay. Infect Immun. (1981) 32:716-
22. doi: 10.1128/iai.32.2.716-722.1981

4. Cui Z, Sun SH. Prevalence situation and prevention and control of avian
leukosis. Chin ] Vet Drug. (2009) 43:37-41.

5. Relova D, Merino A. Avian leukosis virus subtype A and subtype J in different
flocks with tumor disease. Rev Salud Anim. (2013) 35:70.

6. Li D, Qin L, Gao H, Yang B, Liu W, Qi X, et al. Avian leukosis virus
subgroup A and B infection in wild birds of Northeast China. Vet Microbiol. (2013)
163:257-63. doi: 10.1016/j.vetmic.2013.01.020

7. Liu S, Zhang Z], Wang J, Sun SH, Cui ZZ. The separation of subgroup A
and J ALV in soft tissue sarcomas of “817” broiler hybrids. Acta Veterinaria et
Zootechnica Sinica. (2011) 42:396-401.

8. Zhang QC, Zhao DM, Guo HJ, Cui ZZ. Isolation and identification of a
subgroup a avian leukosis virus from imported meat-type grand-parent chickens.
Virol Sin. (2010) 25:130-6. doi: 10.1007/s12250-010-3095-3

9. Fenton SP, Reddy MR, Bagust TJ. Single and concurrent avian leukosis virus
infections with avian leukosis virus-J and avian leukosis virus-A in australian meat-
type chickens. Avian Pathol. (2005) 34:48-54. doi: 10.1080/03079450400025356

10. Cui ZZ. Technical scheme on prevention and control of avian
leucosis in breeding chicken farm. Chin  Poultry. (2015) 37:1-7.
doi: 10.16372/j.issn.1004-6364.2015.23.001

11. Opipari AW Jr, Boguski MS, Dixit VM. The A20 cDNA induced by tumor
necrosis factor alpha encodes a novel type of zinc finger protein. J Biol Chem. (1990)
265:14705-8. doi: 10.1016/S0021-9258(18)77165-2

Frontiersin Veterinary Science

10

10.3389/fvets.2022.1031480

that could be
of interest.

construed as a potential conflict

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be
found online at: https://www.frontiersin.org/articles/10.3389/
tvets.2022.1031480/full#supplementary-material

SUPPLEMENTARY FIGURE 1
Validation of 40-week-old chicken liver RNA-seq sequencing and
gRT-PCR results.

SUPPLEMENTARY FIGURE 2

Western blotting tissue viral load assay. Tissue viral loads in (A)
7-day-old, (B) 14-day-old, (C) 21-day-old, (D) 28-day-old, and (E)
35-day-old chickens.

12. Ai L, Wang X, Chen Z, Lin Q, Su D, Xu Q, et al. A20 reduces lipid storage
and inflammation in hypertrophic adipocytes via P38 and Akt signaling. Mol Cell
Biochem. (2016) 420:73-83. doi: 10.1007/s11010-016-2768-0

13. Song C, Kendi AT, Lowe VJ, Lee S. The A20/TNFAIP3-CDC20-CASP1
axis promotes inflammation-mediated metastatic disease in triple-negative
breast cancer. Anticancer Res. (2022) 42:681-95. doi: 10.21873/anticanres.
15527

14. Rossi MN, Federici S, Uva A, Passarelli C, Celani C, Caiello I, et al.
identification of a novel mutation in TNFAIP3 in a family with poly-autoimmunity.
Front Immunol. (2022) 13:804401. doi: 10.3389/fimmu.2022.804401

15. Liu L, Jiang Y, Steinle JJ. TNFAIP3 may be key to TLR4-activation
of the inflammasome in the retinal vasculature. Exp Eye Res. (2022)
220:109108. doi: 10.1016/j.exer.2022.109108

16. Li B, Xie X. A20 (TNFAIP3) alleviates viral myocarditis through
ADAR1/miR-1a-3p-dependent regulation. BMC Cardiovasc Disord. (2022)
22:10. doi: 10.1186/s12872-021-02438-z

17. Kedra J, Seror R, Dieude P, Constantin A, Toussirot E, Kfoury
E, et al. Lack of association between the TNFAIP3 Rs2230926 variant
and rheumatoid arthritis-associated lymphoma. Joint Bone Spine. (2022)
89:105390. doi: 10.1016/j.jbspin.2022.105390

18. Song Z, Wei W, Xiao W, Al-Saleem ED, Nejati R, Chen L, et al. Essential
role of the linear ubiquitin chain assembly complex and TAK1 kinase in A20
mutant hodgkin lymphoma. Proc Natl Acad Sci U S A. (2020) 117:28980-
91. doi: 10.1073/pnas.2014470117

19. Nadeem MS, Kumar V, Al-Abbasi FA, Kamal MA, Anwar F. Risk of
colorectal cancer in inflammatory bowel diseases. Semin Cancer Biol. (2020)
64:51-60. doi: 10.1016/j.semcancer.2019.05.001

20. Martens A, Priem D, Hoste E, Vetters ], Rennen S, Catrysse L,
et al. Two distinct ubiquitin-binding motifs in A20 mediate its anti-
inflammatory and cell-protective activities. Nat Immunol. (2020) 21:381-
7. doi: 10.1038/s41590-020-0621-9

frontiersin.org


https://doi.org/10.3389/fvets.2022.1031480
https://www.frontiersin.org/articles/10.3389/fvets.2022.1031480/full#supplementary-material
https://doi.org/10.13242/j.cnki.bingduxuebao.002329
https://doi.org/10.1080/03079457.2011.646237
https://doi.org/10.1128/iai.32.2.716-722.1981
https://doi.org/10.1016/j.vetmic.2013.01.020
https://doi.org/10.1007/s12250-010-3095-3
https://doi.org/10.1080/03079450400025356
https://doi.org/10.16372/j.issn.1004-6364.2015.23.001
https://doi.org/10.1016/S0021-9258(18)77165-2
https://doi.org/10.1007/s11010-016-2768-0
https://doi.org/10.21873/anticanres.15527
https://doi.org/10.3389/fimmu.2022.804401
https://doi.org/10.1016/j.exer.2022.109108
https://doi.org/10.1186/s12872-021-02438-z
https://doi.org/10.1016/j.jbspin.2022.105390
https://doi.org/10.1073/pnas.2014470117
https://doi.org/10.1016/j.semcancer.2019.05.001
https://doi.org/10.1038/s41590-020-0621-9
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org

Chen et al.

21. Feng Y, Zhang Y, Cai Y, Liu R, Lu M, Li T, et al. A20 Targets

PFKL And glycolysis to inhibit the progression of hepatocellular
carcinoma. Cell Death Dis. (2020) 11:89. doi: 10.1038/s41419-020-
2278-6

22. Lee E, Ouzounova M, Piranlioglu R, Ma MT, Guzel M, Marasco
D, et al. Correction: the pleiotropic effects of TNFALPHA in breast
cancer subtypes is regulated by TNFAIP3/A20. Oncogene. (2019)
38:5749. doi: 10.1038/s41388-019-0838-y

23. Weniger MA, Kuppers R. Nf-kB deregulation in Hodgkin lymphoma.
Semin  Cancer  Biol. (2016) 39:32-9. doi: 10.1016/j.semcancer.2016.
05.001

24. Gao JX, Zhang BB,Guo SS, Yuan JM, Nie W. Mechanism of zinc
relieves inflammatory response mediated by zinc finger protein A20 in
chicken intestinal epithelial cells. Chin ] Anim Nutr. (2019) 31:2254-66.
doi: 10.3969/j.issn.1006-267x.2019.05.032

25. Chen XY, Liang XY, Fang C, Gu YE Yang YY. Construction of infectious
clones from Alv-a isolates. Anim Husb Vet Med. (2019) 51:79-82.

26. Yan Y, Jing S, Feng L, Zhang J, Zeng Z, Li M, et al. Construction and
characterization of a novel recombinant attenuated and replication-deficient
candidate human adenovirus type 3 vaccine: “adenovirus vaccine within an
adenovirus vector”. Virol Sin. (2021) 36:354-64. doi: 10.1007/s12250-020-00
234-1

27. Zhang ], Cai B, Ma M, Luo W, Zhang Z, Zhang X, et al. ALDH1AIL
inhibits  chicken Preadipocytes’ proliferation and differentiation via
the PPARgamma pathway in vitro and in vivo. Int J Mol Sci. (2020)
21:3150. doi: 10.3390/ijms21093150

28. Liang X, Gu Y, Chen X, Li T, Gao Y, Wang X, et al. Identification
and characterization of a novel natural recombinant avian leucosis
virus from chinese indigenous chicken flock. Virus Genes. (2019)
55:726-33. doi: 10.1007/s11262-019-01695-7

29. Dai M, Feng M, Liu D, Cao W, Liao M. Development and application of
SYBR Green I real-time PCR assay for the separate detection of subgroup J Avian

Frontiersin Veterinary Science

11

10.3389/fvets.2022.1031480

leukosis virus and multiplex detection of avian leukosis virus subgroups A and B.
Virol J. (2015) 12:52. doi: 10.1186/512985-015-0291-7

30. Liang XY, Liu L, Li TE Fang SG, Yang YY, Gu YF. Preliminary
report on natural cases of mixed avian leukemia induced by ALV-a in
laying hens with myeloma and lymphoma. Chin Poultry. (2017) 39:63-6.
doi: 10.16372/.issn.1004-6364.2017.19.013

31. Su Q, Sena-Esteves M, Gao G. Purification of the recombinant adenovirus
by cesium chloride gradient centrifugation. Cold Spring Harb Protoc. (2019)
5. doi: 10.1101/pdb.prot095547

32. He TC, Zhou S, da Costa LT, Yu J, Kinzler KW, Vogelstein B. A simplified
system for generating recombinant adenoviruses. Proc Natl Acad Sci U S A. (1998)
95:2509-14. doi: 10.1073/pnas.95.5.2509

33. Wang P, Lin L, Shi M, Li H, Gu Z, Li M, et al. Vertical transmission of ALV
from ALV-] positive parents caused severe immunosuppression and significantly
reduced Marek’s disease vaccine efficacy in three-yellow chickens. Vet Microbiol.
(2020) 244:108683. doi: 10.1016/j.vetmic.2020.108683

34. Zhang Z, Hu W, Li B, Chen R, Shen W, Guo H, et al. Comparison
of viremia, cloacal virus shedding, antibody responses and pathological lesions
in adult chickens, quails, and pigeons infected with ALV-A. Sci Rep. (2019)
9:3027. doi: 10.1038/541598-019-39980-y

35. Fadly AM. Avian retroviruses. Vet Clin North Am Food Anim Pract. (1997)
13:71-85. doi: 10.1016/S0749-0720(15)30365-0

36. Li T, Yao X, Li C, Zhang J, Xie Q, Wang W, et al. Gp37 regulates the
pathogenesis of avian leukosis virus subgroup J via its C terminus. J Virol. (2020)
94: €02180-19. doi: 10.1128/JV1.02180-19

37. Feng M, Dai M, Cao W, Tan Y, Li Z, Shi M, et al. ALV-J strain SCAU-
HNO06 induces innate immune responses in chicken primary monocyte-derived
macrophages. Poult Sci. (2017) 96:42-50. doi: 10.3382/ps/pew229

38. Feng M, Dai M, Xie T, Li Z, Shi M, Zhang X. Innate immune responses in
ALV-J infected chicks and chickens with hemangioma in vivo. Front Microbiol.
(2016) 7:786. doi: 10.3389/fmicb.2016.00786

frontiersin.org


https://doi.org/10.3389/fvets.2022.1031480
https://doi.org/10.1038/s41419-020-2278-6
https://doi.org/10.1038/s41388-019-0838-y
https://doi.org/10.1016/j.semcancer.2016.05.001
https://doi.org/10.3969/j.issn.1006-267x.2019.05.032
https://doi.org/10.1007/s12250-020-00234-1
https://doi.org/10.3390/ijms21093150
https://doi.org/10.1007/s11262-019-01695-7
https://doi.org/10.1186/s12985-015-0291-7
https://doi.org/10.16372/j.issn.1004-6364.2017.19.013
https://doi.org/10.1101/pdb.prot095547
https://doi.org/10.1073/pnas.95.5.2509
https://doi.org/10.1016/j.vetmic.2020.108683
https://doi.org/10.1038/s41598-019-39980-y
https://doi.org/10.1016/S0749-0720(15)30365-0
https://doi.org/10.1128/JVI.02180-19
https://doi.org/10.3382/ps/pew229
https://doi.org/10.3389/fmicb.2016.00786
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org

	Enhanced pathogenicity by up-regulation of A20 after avian leukemia subgroup a virus infection
	Introduction
	Materials and methods
	Cells, viruses, plasmids, and animal
	A20 recombinant adenovirus construction
	The effect of A20 on the replication of ALV-A in vitro
	Animal grouping and infectivity testing
	Viremia and shed virus detection
	Anti-ALV-A and anti-p27 antibody detection 
	Viral load determination in infected chicken organs
	Relative expression of ALV-A Gp85 in infected chickens
	Statistical analysis

	Results
	A20 recombinant adenovirus construction
	A20 promotes viral replication in vitro
	A20 overexpression caused slow growth
	A20 overexpression promoted hepatomegaly
	A20 overexpression caused severe viremia
	Antibody level in the A20 shRNA group was higher than A20 overexpression group
	A20 overexpression promoted expression of envelope protein Gp85
	A20 overexpression promoted viral replication in vivo
	Pathological observation

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	Supplementary material
	References


