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Abstract

AIM: To detect the effects of DNA vaccines in combination
with duck IFN-y gene on the protection of ducks against
duck hepatitis B virus (DHBV) infection.

METHODS: DuIFN-y cDNA was cloned and expressed in
COS-7 cells, and the antiviral activity of DulFN-y was
detected and neutralized by specific antibodies. Ducks
were vaccinated with DHBpreS/S DNA alone or co-
immunized with plasmid expressing DUIFN-y. DuUIFN-y
mRNA in peripheral blood mononuclear cells (PBMCs) from
immunized ducks was detected by semi-quantitative
competitive RT-PCR. Anti-DHBpreS was titrated by
enzyme-linked immunosorbent assay (ELISA). DHBV DNA
in sera and liver was detected by Southern blot
hybridization, after ducks were challenged with high doses
of DHBV.

RESULTS: DulFN-y expressed by COS-7 was able to
protect duck fibroblasts against vesicular stomatitis virus
(VSV) infection in a dose-dependent fashion, and anti-
DuIFN-y antibodies neutralized the antiviral effects. DUIFN-y
in the supernatant also inhibited the release of DHBV DNA
from LMH-D2 cells. When ducks were co-immunized with
DNA vaccine expressing DHBpreS/S and DulFN-y gene as
an adjuvant, the level of DUIFN-y mRNA in PBMCs was
higher than that in ducks vaccinated with DHBpreS/S
DNA alone. However, the titer of anti-DHBpreS elicited by
DHBpreS/S DNA alone was higher than that co-immunized
with DUIFN-y gene and DHBpreS/S DNA. After being
challenged with DHBV at high doses, the load of DHBV in
sera dropped faster, and the amount of total DNA and
cccDNA in the liver decreased more significantly in the
group of ducks co-immunized with DulFN-y gene and

DHBpreS/S DNA than in other groups.

CONCLUSION: DHBV preS/S DNA vaccine can protect
ducks against DHBV infection, DUIFN-y gene as an immune
adjuvant enhances its efficacy.

© 2005 The WIG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

An estimated 350 million people are chronically infected
with hepatitis B virus (HBV). Cytotoxic T lymphocytes
(CTLs) play a critical role in the clearance of HBV from
patients by lysis of virus-infected hepatocytes!. However,
IFN-y and TNF-a have been shown to inhibit HBV
replication in HBV transgenic mice, without lysing infected
hepatocytes™. An 7 vitro model in which lymphocytes from
HBsAg positive patients are co-cultured with HBV replicating
hepatocytes, shows that the secretion of IFN-y from
lymphocytes inhibits HBV replication!”. Consequently, in
addition to enhancing the cytotoxicity of CTLs, IFN-y also
mediates the non-cytolytic inhibition of HBV replication,
and shows its significance in the host defense against HBV
infection and recovery from virus infection.

Recombinant woodchuck IFN-y up-regulates MHC class
I molecule transcription, but hardly inhibits or clears
woodchuck hepatitis virus replicating intermediates and
RNAs in persistently infected woodchuck primary
hepatocytes®. However, treatment of primary duck
hepatocytes with recombinant duck IFN-y can inhibit
DHBYV teplication in a dose-dependent manner!. The role
of IFN-y in hepadnavirus infection is still controversial.

DHBYV and HBV share common genomic and structural
features, with an envelope surrounding a spherical
nucleocapsid that contains a similar viral DNA genome in
terms of size, structure, and organization. This is why
DHBV-infected ducks have become a useful animal model
to explore the molecular mechanism of host defense against
HBYV infection”). Animals immunized with antigen and
IFN-vy gene develop Thl-biased immune responses, and it
has been reported that IFN-v, as a genetic adjuvant has
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stronger effects on the nature of immune response in
neonates than in adults!'”. To date, whether IFN-y inhibits
DHBY replication 7 vive has not been reported. Whether
DNA vaccine protects ducks against DHBV infection is
still controversial ¥, To test the function of IFN-y as an
immune adjuvant and to validate the efficacy of DHBV
vaccines, ducks were immunized with the mixture of plasmid
expressing DHBV preS/S protein and IFN-y. The results
support the view that DulFN-y inhibits DHBV replication
and increases the protective efficacy of DNA vaccines
expressing DHBV preS/S protein.

MATERIALS AND METHODS

Animals and cells

Cherry valley ducks (Anas platyrhynchos) were supplied by
Breeding Center of Shanghai Institute of Veterinary Medical
Sciences, China. Duck embryo fibroblasts were prepared
as previously desctibed™, and maintained in Dulbecco’s
Modified Eagle’s Medium (DMEM) containing 2 mmol/L
glutamine, 100 U/mL penicillin and streptomycin,
supplemented with 2% duck sera (prepared from DHBV-free
ducks and filtered through a 0.22 pm membrane) and 8%
fetal calf sera (FCS). COS-7 cells wete cultured in DMEM
containing 10% FCS. LMH-D2, a chicken hepatoma cell
line and a gift from Dr. William S. Mason (Fox Chase
Cancer Centet), was incubated in DMEM/F12 medium
supplemented with 2% chicken sera and 8% FCS.

Separation of duck PBMCs and amplification of DulFN-ymRNA
by RT-PCR

Blood was taken from adult ducks and diluted by an equal
volume of heparinized PBS. PBMCs were separated with
Ficoll as desctibed previously, 5xX10° PBMCs in 1 mL of
RPMI 1 640 supplemented with 10% FCS were transferred
into 24-well plates and stimulated with PHA at 10 mg/mlL
for 24 h. Total RNA was extracted from PBMCs with
TRIzol reagent (Gibco BRL, USA) and 4 pg of total RNA
was reverse transctibed into cDNA by Supetscript IT™ and
hexamer random primer (Gibco BRL). The sequences of
sense and anti-sense primers are 5-CGCCGGATCCAT-
GACTTGCCAGACCTACTGCTT-3 and 5-CGCCG-
ATATCTCATTAACATCTGCATCTCTTTGG-3. cDNA
of DulFN-y was amplified for 30 cycles at 94 “C for 5 min,
94 °C for 1 min, 54 C for 1 min, and at 72 ‘C for 2 min.

Expression of recombinant DulFN-y in COS-7 cells

For expression of recombinant DulFN-y, the amplified
DulFN-y DNA fragment was cloned into eukaryotic
expression vector pcDNA3.1 (Invitrogen) at the EcoRV/
BamHI sites. Transfection was performed by the method
of calcium phosphate precipitation. At 72 h post-transfection,
the culture supernatant were harvested and centrifuged to
remove the cell debiis.

Titration of recombinant DulFN-y

Duck embryo fibroblasts were seeded into 96-well plates
and incubated in the presence of serial four-fold dilution
of DulFN-y in the supernatant. After 12 h incubation, the
cells were challenged with VSV at 100 TCIDs, for 36 h.

Under microscope, the cytopathic effects (CPE) were
observed and MTT was added for another 8 h. MTT could
be degraded by mitochondrial enzymes and developed blue
color. Consequently, the optical density could indicate the
coutse of virus infection and cellular pathogenesist'”.
DulFN-y titers were expressed as reciprocals of the
dilutions that resulted in 50% protection against virus-induced
cell CPE. The role of DulFN-y in protecting cells against
virus infection also was confirmed by specific IgG of anti-
DulFN-y provided by Dr. C.J. Burrel (University of
Adelaide, Australia).

Treatment of LMH-D2 cells with DulFN-y

LMH-D2 cells were seeded at 1Xx10° cells/flask at 37 “C in
50 mL/L CO,, and incubated with 10% of recombinant
DulFN-y supernatant (titrated as 4’-4%) or the same volume
of supernatant derived from transfected pcDNA3.1
vector. After the culture supernatant was collected, fresh
DMEM/F12 was refilled everyday or every other day, the
collected cultute supernatant was centrifuged at 5 000 t/min
%10 min, and 5 pL of the supernatant was spotted onto
positively charged nylon membranes and the DHBV DNA
was detected by dot hybridization.

Subcloning of DHBV-preS/S gene into eukaryotic expression
vector and detection of gene expression in COS-7 cells

The full length of DHBV genome clone (pCMV-DHBVY)
was also a gift from Dr. William S. Mason. DHBV preS/S
gene was subcloned into pcDNA3.1 with Af/IT/EcoRI
restriction sites introduced by PCR primers. The sequences
of sense and antisense primers are 5-CGCCTTAAGA-
TGGGGCAACATCCAGCAAAATC-3 and 5-CGCG-
AATTCAGTTTATTCTTATTCCTAACTCTT-3,
respectively. The subcloned DHBV preS/S gene was
transfected into COS-7 cells by calcium phosphate
precipitation. The expressed protein was detected by indirect
immunofluorescence (IMF) staining with mAb against
DHBV-preS/S protein as previously described™. A reporter
gene secreting alkaline phosphatase (SEAP)I'® was
transfected into COS-7 cells simultaneously for detection
of the efficacy.

Vaccination protocol

Three-day-old ducks were vaccinated intramuscularly in
the quadriceps anterior muscle. DHBpreS/S DNA and
DulFN-y DNA were extracted with a kit (QIAGEN Mega
DNA extracted kit) following the manufacturer’s instructions.
All ducks were grouped. Group 1 was vaccinated with
plasmid pcDNA3.1-DHBpreS/S at 200 pg/duck, group 2
with DHBpreS/S DNA at 200 pg and plasmid pcDNA3.1-
DulFN-y at 200 pg/duck, group 3 was injected with an
equal volume of PBS. The same procedure for DNA
vaccination was repeated after 4 wk.

Detection of mRNA of DulFN-yin PBMCs after being stimulated
with DHBsAg by competitive RT-PCR

Competitive RT-PCR method has been described!”. Briefly,
[-actin gene functioned as a housekeeping gene. Competitive
internal control (IC) was constructed by deleting the partial
segment of DulFN-y cDNA using a pair of specific PCR
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primers. The sequences of sense and anti-sense primers
are 5-GGATGTAGCTGATGGCAATCC-3 and 5-
TCATTAACATCTGCATCTCTTTGGGACAGTTCC-
ACGAGGTC-3, respectively. The sequence of anti-sense
primer for amplification of the target segment of DulFN-y
cDNA is 5-TCATTAACATCTGCATCTCTTTGG-3
(partial sequences of anti-sense primer for 1C), and the
sequence of sense primer is the same as the one used for
constructing IC. After peripheral blood was separated using
Ficoll, PBMCs were transferred into 24-well plates at 5x10°
cells/well, and then stimulated with purified DHBsAg at
1 pg/mL for 24 h. IC (1.25X10° ug/mlL) wasused to
quantify the samples. The conditions of amplification
were at 94 ‘C for 4 min, 94 “C for 1 min, 60 C for 45 s,
at 72 °C for 1 min. In the next five cycles, the temperature
for annealing was decreased at 1 “C per cycles and another
25 cycles were performed at 94 C for 1 min, 55 C for
455,72 “C for 1 min, at 72 “C for 10 min.

Serological assay

DHBYV preS protein was expressed in E.co/i and 100 pL. of
purified protein (1 pg/mL) was coated on 96-well
microdilution plates at 4 'C overnight. Non-specific sites
were blocked with 200 pL skim milk (Shanghai Guangming
Milk Co., Ltd) in PBS-0.05% Tween 20. The plates were
incubated with 2-fold serially diluted serum sample and then
with 100 pL of HRP-goat anti-duck immunoglobulin Y at
1/1 000 dilution (KPL). The color was developed by
substrate of TMB system in darkness for 15 min and
terminated by 50 pL 2 N H,SO,. The optical density at
450 nm (Ays0) was read on an automatic ELISA reader.
The antibody titer in each serum sample was defined as the
highest serum dilution that resulted in S/N>3 (S for Ays
of serum sample, N for 45 of control normal duck serum
sample at the same dilution).

Viral challenge and DHBV DNA assay

All vaccinated ducks were boosted again at wk 7, vaccinated
ducks were challenged with DHBV at a high-titer dosage
(1.0x10" DHBV DNA genomes/mL) at wk 13. The
volume for injection was adjusted according to the body
weight of ducks: volume (mL) = weight (g)X7%Xx10%. The
ducks were cannulated via the jugular vein. Blood samples
were collected before virus challenge and at 1, 5, 15, 30,
45, 60, 90, 120 min post-challenge. After being challenged

Table 1 CPE inhibition assay to quantify recombinant DulFN-y

with virus for 5 d, the ducks were killed and livers were
taken out for extraction of DHBV DNA. DHBV DNA in
sera and liver was detected by Southern blot as previously
described® . The whole DHBV genome from pCMV-
DHBV9 was used as DNA template for producing specific
probes labeled by [0-*P] dCTP with a random primer.

RESULTS

Expression of recombinant DulFN-y in vitro and biological
assay

Monolayer of duck embryo skin fibroblast cells was
incubated with the supernatant from recombinant plasmid
pcDNA3.1-DulFN-y transfected COS-7 cells, and then
infected with VSV at 100 TCIDs. The results indicated
that the supernatant from pcDNA3.1-DulFN-y transfected
cell culture could protect the duck embryo fibroblast cells
against VSV infection, while the supernatant from pcDNA3.1
transfected cells showed no antiviral effect (Figure 1A). The
protective effect was dose-dependent. The antiviral effect
of DulFN-y in the supernatant was titrated in a series of
four-fold dilution, and titer was expressed as 4-4° (Figure 2
and Table 1). The antiviral activity of the supernatant from
pcDNA3.1-DulFN-y transfected cells could be neutralized
by anti-DulFN-y (Figure 1B), indicating that recombinant
DulFN-y played a role in the control of viral infection.

Inhibition of the DHBV replication by DulFN-y

For investigation of anti-DHBV effect of recombinant
DulFN-y, LMH-D?2 cells continuously producing DHBV,
were incubated with the supernatant from pcDNA3.1-
DulFN-y transfected cells, culture fluid was collected
everyday or every other day. DHBV in the supernatant
was spotted on the nylon membrane and detected by
hybridization with a DHBV DNA probe. The results showed
that the amount of DHBV DNA decreased dramatically
1 d after treatment with DulFN-y and the anti-DHBYV effect
lasted for 4 d, while no anti-DHBV effect of recombinant
DulFN-y on the supernatant from pcDNA3.1 transfected
cell culture was observed. After treatment for 4 d, no
apparent difference was observed between cells treated with
the recombinant DulFN-y and the control supernatant
(Figure 3). The results demonstrated that the recombinant
DulFN-y temporally inhibited the DHBV replication in
LMH-D2 cells.

IFN-y CPE Average Inhibition Accumulation of Accumulation Inhibition Inhibition
(Diluted by log4) (Four wells) of CPE of CPE inhibitory CPE of CPE of CPE of CPE (%)
1 0,0,0,0 0 4.00 27.25 0 27.25/27.25 100
2 0,0,0,0 0 4.00 23.25 0 23.25/23.25 100
3 1,0,0,0 025 3.75 19.25 025 19.25/19.50 98.70
4 0,1,0,0 025 3.75 15.50 050 15.50/16.00 96.90
5 1,0,1,0 050 3.50 11.75 1.00 11.75/12.75 92.20
6 1,123 175 225 825 275 8.25/11.00 75
7 1,221 150 2.50 6.00 425 6.00/10.25 58.50
8 2,1,2,3 2.00 2.00 350 625 3.50/9.75 35.90
9 3,3,3,2 275 125 150 9.00 1.50/10.50 1430
10 3,4,4,4 375 0.25 025 12.75 0.25/13.00 1.90
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Figure 2 Morphology of normal duck fibroblasts (A) and cytopathic effect
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Figure 3 Effects of recombinant DulFN-y on release of DHBV DNA from LMH-D2
cells.

Effects of DulFN-y as adjuvant of DNA vaccine on DulFN-y
mRNA transcription in duck PBMCs

Three-day-old ducks were immunized with plasmids
expressing DHBV-preS/S gene alone (group 1) ot expressing
DHBV-pteS/S gene and DulFN-y DNA (gtoup 2), ot PBS
alone (group 3), and boosted at wk 4 and 7 after the first
immunization. The blood was taken and separated
PBMCs wete incubated with putified DHBsAg at 1 pg/mL
for 24 h. The cellular total RNA was extracted and
DulFN-y mRNA was quantified by competitive RT-PCR.
The ducks co-vaccinated with plasmids expressing DHBV-
preS/S and DulFN-y showed a higher ratio of DulFN-y
T/IC (1.56£0.08) than those immunized with plasmid
expressing DHBV-preS/S alone (the ratio is 1.29+0.09), or
normal ducks (0.9220.06) 3 wk after immunization (P<0.05)

(CPE) of duck fibroblasts when infected with VSV (B).

(Table 2 and Figure 4). The effects were more significant at
wk 5 and 7 post-immunization (P<0.01), the ratios of
DulFN-y T/IC were 2.51£0.11 and 1.81£0.10 in group 2,
1.96+0.17 and 1.26+0.11 in group 1, 1.33+0.11 and
0.94%0.04 in group 3 at wk 5 and 7, respectively. These
results suggested that DulFN-y mRINA transcription of duck
PBMCs was enhanced by DulFN-y as an immuno-adjuvant
co-immunized with DNA vaccines.

Table 2 Detection of DulFN-y mRNA of PBMCs from ducks after
immunization (mean+SD)

Immunized Ratio of DulFN-y/IC (weeks after first vaccination)
groups

1wk 3wk 5wk 7 wk
Group1 (DHBpreS/SDNA)  1.104£0.06 1.29+0.09** 1.96+0.17** 1.26+0.11*"
Group2

(DHBpreS/S DNA+DulFN-y) 1.15+0.08 1.56+0.08"
Group3 (PBS) 1.04+0.03 0.920.06

2.51+0.11° 1.81+0.10°
1.3320.11  0.9440.04

2P<0.05 vs group 2; °P<0.01 vs group 3.

Effects of DulFN-y as an adjuvant of DNA vaccine on anti-
DHBpreS antibody responses in ducks

Anti-DHBpreS antibody responses in immunized ducks were
detected by ELISA after the first vaccination (Figure 5), the
titers of anti-DHBpreS antibody increased gradually after
boost at wk 4 and 7. The titer of anti-DHBpreS in ducks
vaccinated with DHBV preS/S DNA alone, gradually
increased to 24-2'" from wk 4 to wk 13, and was higher
than that in ducks co-immunized with plasmid expressing
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Figure 4 Detection of DulFN-y mRNA of PBMCs from ducks after inmunization.

%12 O 4wk
< 110 O 5wk
¥ 10 -

5 ol B 7wk
Q . W13 wk
Q

g 7

o 6F

S]

g 0

= 4

|
preS/S preS/S+IFN-y
Immune group

Figure 5 Anti-DHBpreS antibody responses following DNA immunization of
DHBV-free ducks.

DulFN-y and DHBV preS/S DNA, whose titer of anti-
DHBpteS was 2°6-2%% from wk 4 to wk 13. The results
showed that DHBV vaccine expressing DHBV preS/S
induced antibody responses, but DulFN-y DNA down-
regulated the elicitation of IgY against DHBV preS.

Clearance of viremia in vaccinated-ducks after being
challenged with DHBV
To investigate the role of DulFN-y as an adjuvant of DNA
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vaccines in protecting ducks against DHBV infection, 6 wk
after the second boost, the vaccinated ducks were challenged
with a high dose of DHBV according to their body weight
(7.0X10"/kg). The peripheral blood was collected from
ducks at different time points after being challenged to detect
DHBYV DNA. The results showed that ducks co-vaccinated
with plasmids expressing DulFN-y and DHBV preS/S had
a stronger competence to remove DHBV from bloodstream
than ducks immunized with DHBV preS/S DNA alone
(Figure 6). After DHBV challenge, more than 50% of
DHBV DNA in the blood of co-vaccinated ducks was
removed in 5 min, whereas DHBV DNA in the ducks
immunized with DHBV preS/S DNA alone decreased only
a little in 45 min, and DHBYV in both groups was undetectable
at the last observation time point (120 min after virus
challenge). As a viral infection control, the ducks immunized
with PBS did not show significant viremia clearance in
120 min. We further detected the DHBYV in liver 5 d after
the challenge. Although total and ccc DHBV DNA could
be detected in the liver, DHBV DNA was much lower in
the ducks co-immunized with DulFN-y DNA than that in
ducks injected only with DHBV preS/S DNA or PBS. The
results indicated that DNA vaccine exptessing DHBV preS/S
protein enhanced the ability of ducks to exclude the DHBV
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from bloodstream and remove the DHBV from liver. The
capability of ducks was much more significantly upregulated
by co-immunization with DulFN-y DNA than simple
immunization with DHBV preS/S DNA (Figure 7).
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Figure 6 Exclusion of DHBV from bloodstream in DNA-vaccinated ducks
following challenge with viruses.

Duck number
S P333223221311

Figure 7 Detection of DHBV cccDNA in ducks’ liver tissues after being challenged
with high dose of DHBV. S: Full length fragment of DHBV genome, 3.0 kb. P:
Positive control ducks infected DHBV.

DISCUSSION

IFN-y plays a critical role in the host defense against virus
infection. It was reported that IFN-y regulates immune
responses and induces strong Th1 biased responses, which
are weak in persistent infection and immune tolerance?' >,
Transfer of specific CTLs to HBV transgenic mice could
inhibit HBV replication in a non-cytolytic way and the CTL
capacity of inhibiting HBV infection contributes to IFN-y
and TNF-a??. The efficacy of IFN-y in inhibiting HBV
replication is also observed by Suti ez /™. Lu et /¥ showed
that woodchuck IFN-y 7# vitro upregulates the expression
of MHC class I molecules, but does not inhibit the
formation of WHYV intermediates. Schultz and Chisari.[,
reported that duck IFN-y inhibits DHBV replication in a
dose-dependent fashion. In the present study, we found
that recombinant duck IFN-y could inhibit the release of
DHBYV from LMH-D2 cells, suggesting that duck IFN-y
can inhibit DHBYV replication.

It has been reported that cytokines function as an efficient
immuno-adjuvant, when animals are immunized with DNA
vaccines??%, but it is unknown whether DulFN-y gene also
enhances the activity of DNA vaccine in protecting ducks
against DHBV infection. Whether DNA vaccine expressing
DHBYV preS/S protein elicits neutralizing antibodies is still

controversial. Triyatni ez @/, reported that, DNA vaccine
expressing DHBV preS/S induces high titer anti-DHBV
preS/S, but shows less protection against virus infection
than plasmid pCI/Amp expressing DHBV S protein.
Plasmids expressing DHBV preS/S elicits high neutralizing
antibodies and the protection could be transferred to
offsprings through specific IgY!'*'. We have also proved
the protective efficacy of DNA vaccine expressing DHBV
preS/S, and showed that it could promote DulFN-y mRNA
transcription of duck PBMCs and quicken the removal of
virus from bloodstream and inhibit virus replication in liver,
after being challenged with high titer viruses, when the
plasmid expressing DulFN-y functioned as an immuno-
adjuvant.

Little is known about the specific mechanism of
DulFN-y enhancing the protective capacity of DNA
vaccine. Since the titer of anti-DHBpreS elicited by DHBV
preS/S DNA vaccine was down-regulated by DulFN-y in
the present study, the affinity of antibody against antigen
may be enhanced and more Thl cytokines are induced to
take effects synergistically. Furthermore, the number and
killing capacity of specific cytotoxic lymphocytes could also
increase. Further studies are necessary to clarify these
important issues.

Thermet ez al.””, have shown that DHBV preS/S DNA
vaccine has some protective activity and eatly administration
of anti-DHBYV drugs such as lamivudine, significantly
increases the protection and clears virus from chronic
infection patient. However, it was not the case in our
experiments and no significant differences were observed
in virus-carriers between non-vaccinated and vaccinated
ducks, including the ducks co-administered with plasmid
expressing DulFN-y (data not shown). Many factors may
affect the efficacy of vaccines, such as pathway of vaccination,
DNA dosage and protocol. It is possible that the antigens in
different pathways of vaccination recruit different antigen
presenting cells. If the co-stimulatory signals are lost,
immune tolerance but not viral clearance occurs®-%, When
animals are vaccinated at different growth phases, their
ability to respond to antigens is significantly different. Also
the distribution of the same antigen may affect the pathway
of antigen presentation, which might be the reason, why
viral antigen in circulating bloodstream cannot be cleared
by host itself but DNA vaccines expressing antigen induces
the efficacy of immune protection and exclude the viruses,
when host is re-infected. Consequently, there is a long way
to go for defining the molecular mechanism of DNA
immunization and developing efficient vaccines.
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