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Abstract

Background: Avian leukosis viruses (ALVs) are important contagious suppressive factors of chicken immunity and
growth performance, resulted in enormous economic loss. Although virus eradication programs are applied in
breeder flocks, ALVs are still widespread globally. Therefore, other valuable adjunct to reduce the negative effect of
ALVs should be considered. Bursin-like peptide (BLP) showed remarkable immunomodulatory effects, whereas their
influence on ALV-infected avian groups has not been reported. Here, a designed hybrid BLP was expressed in E.
coli. The purified BLP was injected subcutaneously weekly in SPF chickens congenitally infected with a natural ALV
strain. Then the influences of this BLP on the growth performance, immune response and virus titer of ALV-infected
chickens were determined.

Results: This BLP injection significantly improved the body weights of ALV-infected birds (P < 0.05). BLP injection
significantly enhanced organ index in the BF in ALV-infected birds (P < 0.05). The weekly injection of BLP
significantly lengthened the maintenance time of antibodies against Newcastle disease virus (NDV) attenuated
vaccine of ALV-infected birds (P < 0.05) and boosted the antibody titer against avian influenza virus (AlV) Hs inactive
vaccine of mock chicken (P < 0.05). BLP injection in mock chickens enhanced the levels of serum cytokines (IL-2, IL.-4
and interferon-y) (P < 0.05). Surprisingly, the novel BLP significantly inhibited expression of the ALV gp85 gene in the
thymus (P < 0.05), kidney (P < 0.05) and bursa of Fabricius (BF) (P < 0.01) of ALV-infected chickens. Both viral RNA
copy number and protein level decreased significantly with BLP (50 ug/mL) inoculation before ALV infection in DF1
cells (P < 0.05).

Conclusions: This is the first report investigating the influence of BLP on the growth and immunity performance of
chickens infected by ALV. It also is the first report about the antiviral effect of BLP in vivo and in vitro. This BLP
expressed in E. coli showed potential as a vaccine adjuvant, growth regulator and antiretroviral drug in chickens to
decrease the negative effects of ALV infection.
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Background

Avian leukosis viruses (ALVs) are divided into 6 subgroups
(A, B, C, D, E and J) in chicken flocks. It can cause diverse
tumors [1], immunity suppression [2] and growth perform-
ance inefficiency [3], resulting in great economic losses.
Until now, various eradication and control programs have
been successfully developed and applied, including antibody
testing, antigen testing, virus isolation [1], hatching and
rearing chickens in small groups [4], and different vaccine
preparations [5]. Nonetheless, ALV infections still have
been reported worldwide [6]. As such, other adjuncts to
virus eradication programs in the field should be considered
to reduce economic losses caused by ALVs.

Bursin (BS), a tripeptide (Lys-His-Gly-NH,) hormone
[7], is known to selectively stimulate avian B cell differen-
tiation [8] and promote immune-globulin (Ig) switching
from IgM to IgG [9]. A novel stabilized bursin mimetic,
Gagnon’s tetrapeptide (Lys-Asn-Pro-Tyr), not only in-
duces the selective expansion of B cells but also stimulates
cytotoxic T lymphocytes [10]. A series of synthetic bursin
and bursin-like fusion peptides (BLPs) were used as po-
tential vaccine adjuvants in a Japanese encephalitis virus
(JEV) subunit vaccine [11] and a HgN, avian influenza
virus (AIV) inactivated vaccine [12] in mice, as well as in
an infectious bursal disease virus (IBDV) inactivated vac-
cine in chickens [13]. Nonetheless, previous studies have
mainly focused on the immunomodulatory effects of BS
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or BLP on mock animals and there is a lack of representa-
tion from actual flocks with various immune suppression
factors. As far as is known, the influence of BS or BLPs on
avian groups with ALVs infection has not been reported,
even though ALVs are provided with important effects on
chicken immunity and growth.

Herein, we hypothesized that a novel recombinant hybrid
polypeptide consisting of a tandem array of Gagnon’s pep-
tide and albumin-binding peptide, heterologously expressed
in E. coli would have significant immunological activity. We
closely mimicked the route of congenital infection of ALV
recombinant strain FJ15HTO in SPF chicken embryos and
then injected this purified BLP weekly in ALV-infected and
mock control chickens. The influence of the BLP on the
growth and humoral response of chickens infected with
ALV was discussed, and then the effect of this BLP on ALV
replication in vitro and in vivo was evaluated.

Results

Heterologous expression of fusion BLP

Considering the molecular weight of the BLP was 8 kDa
and the molecular weight of the fusion tag peptide from
pET32a(+) was approximately 20 kDa, the theoretical mo-
lecular weight of fusion protein should be approximately
28 kDa. Following induction with IPTG, a protein band be-
tween 25 kDa and 30 kDa was seen via SDS-PAGE (Fig. 1),
indicating that the fusion protein was successfully expressed
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Fig. 1 Heterologously expression and purification of BLP. Lane M standard protein molecular-weight marker, Lane 1 the control, Lane 2 the expression
products of recombinant £. coli containing the hybrid polypeptide DNA, Lane 3 the supernate of the recombinant £. coli, Lane 4 purified recombinant BLP
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in E. coli BL21 (DE3). The soluble fusion protein was puri-
fied from E. coli culture supernatants using Ni**-chelating
affinity chromatography. After desalting and concentration,
the concentration of the purified BLP was approximately
500 pg/mL, as measured by BCA protein assay kit.

Effect of BLP on the body weight of ALV infected

chickens

As shown in Fig. 2a, the simulated congenital infection
with ALV FJ15HTO strain alone resulted in significant
growth suppression from day 7 to 42 of age, compared
with the two mock groups (P < 0.05). Injection of BLP in
mock SPF chickens showed no significant influence on
growth (P> 0.05). Interestingly, injection with purified
BLP weekly exerted a significant moderating effect on
growth performance from day 7 to 42 of age in ALV-
infected chickens, compared with those ALV infected
controls (P < 0.05).

Effect of BLP on the organ index of chickens

At 42 d of age, samples of liver, kidney, thymus, spleen
and BF were excised from all chicks and weighed to es-
tablish immune organ indices, as shown in Fig. 2b. This
novel BLP injection significantly reduced the organ
index of liver both in mock (P < 0.05) and ALV-infected
chickens (P<0.01), reduced the kidney organ index in
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infected birds (P<0.01) and decreased organ index in
the BF in ALV-infected birds (P < 0.05). These results in-
dicated that BLP modulated liver and kidney swelling, as
well as BF atrophy induced by ALV infection.

Effect of BLP on antibody titer against NDV live vaccine
and AlV inactivated vaccine
At 1 d and 14 d of age, all experimental birds were sim-
ultaneously inoculated with NDV live attenuated vaccine
(via eye and nasal drops) and AIV inactivated vaccine
(subcutaneously). Serum antibody titers against NDV
and AIV were then assessed by HL

As shown in Fig. 2c, no significant differences were
observed for antibody responses to NDV vaccination be-
tween the four groups (P > 0.05) from days 1 to 28 of age.
Nonetheless, BLP injection showed a significant promo-
tion of NDV antibody titer of ALV-infected birds at 42 d
of age, compared with the infection control (P < 0.01) and
the mock control groups (P <0.05), suggesting the BLP
showed no effect on the peak antibody titer value against
the NDV live vaccine, but significantly affected the main-
tenance time of its peak titer in ALV infected chickens. As
shown in Fig. 2d, although BLP showed no significant ef-
fect on the antibody response of ALV-infected hosts to
the AIV inactivated vaccine (P> 0.05) (1d - 42d), it was
obvious that the BLP significantly improved the antibody
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response of chickens in Mock BLP group to inactivated
AIV vaccine, compared with the birds in Infection Control
group (P<0.05) (14d - 42d), and also compared with
those in Mock Control group (P < 0.05) (28d - 42d).

Effect of BLP on serum cytokine titer

The results indicated that ALV infection alone and BLP
inoculation alone in chickens invoked significantly higher
serum IL-2, IL-4, and IFN-y responses (P<0.05 or P<
0.01) at 14 d and 28 d compared with mock control chick-
ens, albeit to differing degrees, as shown in Table 1.

Effect of BLP on the tissue ALV titer of infected chickens
The expression level of the ALV gp85 gene in different
tissues in ALV-infected chickens was assayed by qRT-
PCR at 4 2d of age (Fig. 3a). Unexpectedly, weekly injec-
tion with purified BLP resulted in a significant reduction
of ALV gp85 gene expression in the thymus (P < 0.05),
kidney (P <0.05) and BF (P<0.01), showing the favor-
able antiviral action in vivo of this novel BLP.

BLP antiviral action in vitro

In order to explore the antiviral action of BLP in vitro,
BLP was assayed under different conditions. All treat-
ments were applied to cells in vitro and antiviral activity
was detected by ELISA for ALV p27 antigen. The results
showed that the p27 S/P value of the BA group was sig-
nificantly lower than the virus control, and also lower
than that of AB and A&B groups (Fig. 3b). This means
that BLP might inhibit virus adsorption onto DF-1 cells.
The expression of p27 in the AB group was lower than
the virus control but the difference was not significant
(P> 0.05), which indicated that treatment with BLP after
virus inoculation did not significantly decrease virus
infection.

The expression of the ALV gp85 gene in cells with
different treatments was detected by qRT-PCR (Fig. 3c).
The expression of the ALV gp85 gene decreased signifi-
cantly after treatment with 50 pg/mL BLP (P > 0.05).

Discussion

A multitude of important viruses including ALVs [14],
IBDV, avian reovirus, Marek’s disease virus (MDV),
hemorrhagic enteritis virus [15] and avian reticuloen-
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dotheliosis virus (REV) [4] have been implicated in avian
immunosuppression. Until now, there are limited reports of
the in vivo or in vitro action of naturally-occurring sub-
stances and heterosynthetic immunomodulators in chick-
ens infected with viruses causing immune-suppression. A
previous report revealed that dietary allicin supplementa-
tion ameliorated REV-induced dysplasia and immune
dysfunction in infected chickens [16]. Taishan Pinus mas-
soniana pollen polysaccharide and propolis generated posi-
tive effects on improving the immune effectiveness of
immune-suppressed chickens caused by co-infection of
REV and ALV-J [17]. Treatment with synthetic thymulin
by daily subcutaneous injection failed to modify the time
course of Marek’s disease (MD) and did not prevent the de-
velopment of macroscopic tumors [18]. Low MW poly-
saccharides from Grateloupia filicina [19], lithium chloride
[20] and baicalin [21] showed antiviral activity against
ALV-J in vitro. Previous studies have been conducted on
the positive effects of BS and BLP on immunity in different
animals [7, 11, 12, 22], indicating the remarkable potential
of BS and its analogs. However, to our knowledge, the effect
of BS and BLP on poultry flocks infected with pathogens
resulting in immune suppression has not been reported.

Interestingly, we found that BLP injection led to body
weight regain in ALV-infected chickens. It is worth not-
ing that BLP given to uninfected chickens showed no
significant increase in growth performance. The effect of
BLP injection on growth performance and its regulatory
mechanism requires further research.

Until now, there have not been any reports on the ef-
fect of BLPs on animal humoral immune responses
against active vaccines. In a previous report, we found
that the vertical infection of the recombinant ALV strain
FJ15HTO in chickens exerted a negative effect on the
humoral immune response to active vaccines but not to
inactive vaccines [3]. Coincidentally, in this report we
found that injection of our novel BLP maintained the
antibody titer peak against the active NDV vaccine in
ALV FJ15HTO infected chickens but not mock birds
(Fig. 2c), revealing the immune modulating effect of this
novel BLP to withstand the immune suppression in-
duced by the ALV FJ15HTO strain. This result may be
explained by the suppression of BLP on ALV replication
in immune organs (Fig. 3a). In keeping with previous

Table 1 Effect of BLP on the Serum Cytokines of Chickens (Mean + SE, pg/mL)

Cytokines IL2 L4 IFN-y

Treatment 35d 42d 35d 42d 35d 42d

Mock Control 64.13 + 2.87°" 180.25 + 6.57°" 60.05 + 3527 83.28 + 0757 3686 + 1.77°" 4161 + 149"
Mock BLP 14495 + 129°" 22725 + 742°® 62.05 + 2337 95.87 + 3.74°"® 50.96 + 1.42°° 56.66 + 1.98°°
Infection Control 219.06 + 629 261.95 + 504 8647 + 2.28° 102.12 + 4.05°5¢ 5040 + 2.29° 5522 + 1.60°8
Infection BLP 21034 + 889 26941 + 446 86.33 + 2.34°" 113,66 + 4.94C 5271 + 1.02° 5977 + 1.74°

Note: The different lowercases and capitals indicated significant difference at level of P < 0.05 and P < 0.01
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Fig. 3 The antiviral action of BLP in vivo and in vitro. A Effect of BLP on ALV gp85 gene relative expression measured by gRT-PCR in different
tissues in vivo at 42 d of age (Log2). B Influence of BLP on the expression of p27 antigen at different stages of virus infection in vitro (mean + SE).
The groups in the figure were cell control (CC), ALV control (AC), ALV infection 2 h before BL21 supernatant incubation (AS), ALV infection 2 h
before BLP incubation (AB), BLP incubation 2 h before ALV infection (BA), ALV and BLP together (A&B). The final concentrations of BLP were all

50 pg/mL in these three administrations (AB, BA, A&B). C ALV gp85 gene relative expression in different groups measured with gRT-PCR in vitro
(Log2). DF-1 cells with or without ALV inoculation were used as ALV control (AC) and cell control (CQ), respectively. The different lowercases and
capitals indicated significant difference at level of P < 0.05 and P <0.01. Data were expressed from three independent experiments

reports [11-13], we found that the injection of BLP led
to a significant boost in the antibody titer against AIV-
Hs inactivated vaccine inoculated subcutaneously in
mock SPF chickens but not in birds infected with ALV
(Fig. 2d). This result implied that differences in the
mechanism of action of BLP might exist between differ-
ent vaccine types.

In the present study, increased production of IL-2 and
IFN-y in ALV-infected chickens reflected an interaction
between the ALV FJ15HTO strain and host, and the re-
sult aligns with previous studies [23]. The increased pro-
duction of IL-2 and IFN-y (Thl cytokines) suggested an
induction of the Thl axis in response to BLP [13]. These
findings demonstrated that BLP may have immune-
regulatory functions via cytokine promotion.

As a member of the retroviruses, ALV shares a similar
replication mechanism with human immunodeficiency
virus (HIV) [24]. Antiretroviral therapy (ART) has sig-
nificantly modified the history of HIV infection and is
responsible for delaying virus replication and preserving
the CD," T cell count in humans [25, 26]. Unexpectedly,
we found that BLP was an inhibitor of ALV, especially in
the central immune organs, the thymus and BF, in vivo.
This novel BLP also showed significant antiviral action
in vitro, especially in the pre-infection phase. This result
is interesting and to our knowledge has not been previ-
ously reported. The action of BLP is not species-specific
[9, 11, 22], and the mechanism of action of BLP as an
ALV inhibitor may have relevance for HIV control.

Conclusions

Overall, the comprehensive action of this novel BLP in
ALV-infected chickens was remarkably positive, includ-
ing significant growth-promoting action, an immunity-
regulating effect and antiviral activity, without significant

untoward effects, displaying remarkable potential for
future utilization. The effect of this BLP on other retro-
viruses or viruses associated with immunosuppression is
worthy of further research.

Methods

Virus background

The recently isolated recombinant ALV FJ15HTO [3],
which associated with immunity and growth suppression
in infected chickens, was used in this study.

Construction of recombinant expression plasmid and
expression in E. coli

A fusion gene BLP was generated by concatenating the oli-
gonucleotides encoding a duplicated Lys-Asn-Pro-Tyr pep-
tide, a linker (GGGG), and albumin-binding peptide [27].
The gene was amplified by polymerase chain reaction
(PCR) using primers obtained from Sangon Co. Ltd.
(Shanghai, China). The PCR conditions were 30 cycles of
30s at 95°C, 30s at 55°C, and 1 min at 72°C. The ampli-
fied gene was cloned into the prokaryotic expression vector
pET-32a(+) (Sangon, Shanghai, China) and the resulting
BLP expression plasmids were transformed into E. coli
strain BL21 (DE3) (Stratagene, La Jolla, CA, USA). After in-
duction with 24 pg/mL isopropyl [B-D-thiogalactopyrano-
side (IPTG; Sigma, St. Louis, MO, USA) and 0.01 g/mL sac-
charose (Sigma, St. Louis, MO, USA) for 20h at 24.5°C,
the BLP fusion conjugate was purified using Ni-NTA affin-
ity resin (ThermoFisher, Shanghai, China). The recombin-
ant bacterial protein was separated on a 12% (v/v) SDS-
PAGE gel and a 28 kDa band corresponding to the recom-
binant hybrid polypeptide, including the vector fusion pro-
tein (20kDa) and the hybrid polypeptide (approx. 8 kDa),
was isolated. Protein concentration was determined with a
bicinchoninic acid (BCA) assay.
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Animal experimental design

The treatments applied to birds in different groups are
shown in Table 2. In total sixty one-day-old specific-
pathogen-free (SPF) chicken eggs (SPAFAS poultry com-
pany, Jinan, China) were randomly divided into four
groups (15 eggs per group). Birds in different groups
were hatched separately and then raised separately in
isolation feeding devices for 42 days (d). The ALV isolate
or placebo (DMEM) were inoculated via the vitellicle at
day 6 of embryonation in different groups. Infection of
inoculated SPF chickens was confirmed by the shedding
of ALV on the first day after hatching. At day 1 and day
14 of age, all experimental animals were simultaneously
inoculated with attenuated Newcastle disease virus
(NDV) vaccine (Harbin Veterinary Research Institute, a
plume, 0.2 mL, Strain LaSota, via eye and nasal drops)
and inactivated AIV Hs subtype vaccine (Harbin Veter-
inary Research Institute, a plume, 0.3 mL, Strains Re-6
and Re-7, subcutaneously). The BLP/placebo was sub-
cutaneously injected weekly.

The animals were maintained according to the Na-
tional Standards for Laboratory Animals of China (GB
14925-2010). All animal tests were approved by the In-
stitutional Animal Care and Use Committee and were
conducted following the guidelines of the Institutional
Biosafety Committee at Fujian Agricultural and Forestry
University.

Measurement of body weight and organ indices

To compare the effects of our novel BLP on growth retard-
ation and immunosuppression induced by ALV infection,
individual body weights (BWs) were measured at days 1,
14, 21, 28, 35 and 42 in the four experimental groups. At
42 d of age, animals were sacrificed by a lethal intravenous
injection of beuthanasia (0.3 mL/kg) after anesthesia with
ketamine- Xylazine. The samples of liver, kidney, thymus,
spleen and BF were excised from all chicks and weighed to
establish organ indices, which were calculated as organ
weight (wet weight, mg)/BW (g) x 100%.

Detection of specific antibodies and cytokines in chicken
serum

Serum samples were collected from each bird at 1, 14,
28 and 42days of age. Serum antibody titers against
NDV and AIV were assayed by hemagglutination

Table 2 Treatment of chickens in different groups

Group ALV/placebo Vaccination  BLP/placebo
Inoculation Inoculation

Mock Control DMEM NDV+AIV  purified BL21 culture

Mock BLP DMEM NDV+AlV 50 ug purified BLP

Infection Control  2.0x10° TCIDsg  NDV+AN  purified BL21 culture

Infection BLP 20x10° TCIDs;  NDV+AIN 50 ug purified BLP
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inhibition (HI) assay according to the OIE manual [28,
29]. The presence of the cytokines IL-4 and interferon-y
(IFN-y) in serum samples from vaccinated birds at 14 d
and 28 d was examined using commercially available
chicken cytokine ELISA Kkits (Jingmei Corporation, China).
In each assay, control recombinant chicken cytokine was
diluted over the recommended detection range to gener-
ate a standard curve. Sample concentrations were interpo-
lated from the standard curve.

In vivo anti-viral efficacy testing

RNA was extracted from tissues of all experimental ani-
mals at 42 d of age and quantitative real-time PCR
(qRT-PCR) for selected genes was performed as reported
previously [30]. The qRT-PCRs were performed using
SYBR Premix ExTaq™ II (Perfect Real Time) (TAKARA,
Japan) following the manufacturer’s instructions. Each
reaction contained SYBR Green I qRT-PCR primer sets
specific for the gp85 gene of the FJ1I5HTO strain.
Chicken pB-actin and glyceraldehyde-3-phosphate de-
hydrogenase (G3PDH) genes served as internal controls.
We performed qRT-PCR on an ABI7900HT and each
sample was run in triplicate. Gene expression levels were
calculated using the 272" method.

In vitro anti-viral efficacy testing

To reveal the antiviral action of this novel BLP in vitro, a
cell-based experiment was designed as shown in Table 3.
Chicken embryo fibroblast cell lines, DF1 cells (American
Type Culture Collection, USA) (4 x 10° cells/well) grown
in 6 well plates were randomly allocated to different treat-
ment groups with 12 samples per group. One day after the
cells were seeded at a ratio of 80:1, the cells in all groups
except the CC group were incubated with ALV FJ15HTO
(5% 10* TCIDs) for 45min. Purified BLP (50 pg) was
injected before ALV inoculation (BA), together with ALV
(A&B) or after ALV infection (AB) to investigate the
action phase of BLP. All assays included medium-only
control (CC), ALV infection only control (AC) and puri-
fied supernatant of BL21 with null vector control (AS) in

Table 3 Treatment of cells in different groups

Group ALV/placebo BLP/placebo Action Phase
Dosage Dosage

Cell Control (CC) DMEM N N

ALV Control (AC) 5x10* TCIDsg N N

ALV + BL21 5% 10% TCIDs, purified BL21 2 h after ALV

supernatant (AS) culture infection

ALV + BLP (AB) 5% 10% TCIDs, 50 pg purified 2 h after ALV
BLP infection

BLP + ALV (BA) 5% 10% TCIDs, 50 g purified 2 h before ALV
BLP infection

ALV and BLP 5x10*TCIDsy 50 ug purified  Together with

together (A&B) BLP ALV infection
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quadruplicate. Infected cells were incubated in the pres-
ence of BLP (AB, BA, A&B groups) or placebo (AS group)
in culture medium until 2 days post infection (dpi). The
medium containing BLP or placebo was then replaced
with normal culture medium and cells were incubated
until 5 dpi. To evaluate the ALV titer, supernatants and
cells were collected at 5 dpi from quadruplicate wells. The
titer of ALV-specific antigen p27 in all experimental
groups of DF1 cells was examined using a commercially
available ALV antigen test kit (IDEXX Corporation,
America), following the manufacturer’s instructions. The
gp85 gene expression levels in cells in groups CC, AC and
BA were measured by qRT-PCR as described above.

Statistical analysis

The data are presented as means + standard error (SE)
of the mean. Statistical analyses were performed by one-
way analysis of variance (ANOVA) at a significance level
of 0.05 and 0.01 using the SPSS statistical software pack-
age (version 19.0; SPSS Company, Chicago, IL, USA).
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