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bstract

A DNA vaccine against infectious bronchitis virus (IBV) can induce specific humoral and cell-mediated immunity. However, compared to
onventional vaccines, DNA vaccines usually induce poor antibody responses. To develop a more potent IBV DNA vaccine formulations, a
onocistronic vector encoding the nucleocapsid protein of IBV and a bicistronic vector separately encoding the nucleocapsid protein and immune-

timulatory interleukin-2 were constructed. When the DNA vaccines were administered to the quadriceps muscle of chickens, the induced humoral
nd cellular responses were evaluated. There was a significant difference in ELISA antibody levels elicited by either monocistronic or bicistronic

+ + + + +
NA vaccines. The percentage of CD3 , CD3 CD8 and CD3 CD4 subgroups of peripheral blood T-lymphocytes in chickens immunized with
icistronic DNA vaccine were higher than those in chickens immunized with monocistronic DNA vaccine. When chickens were challenged with
virulent strain of IBV, the protective efficacy could be enhanced significantly after immunization with bicistronic DNA vaccine. These results
emonstrated that bicistronic DNA vaccine is an effective approach to increase IBV DNA vaccine immunogenicity.

2008 Elsevier B.V. All rights reserved.
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. Introduction

Infectious bronchitis (IB) is an acute and highly contagious
espiratory disease of chickens. It is still a major health problem
n the chicken industry in the world. Vaccination to control IB
as been practiced for over half a century (Bijlenga et al., 2004;
avanagh and Naqi, 2003; Cavanagh, 2003). Such conventional
accines, although generally effective, do have some disadvan-
ages. Attenuated vaccines, which generally induce long-lasting
mmunity, have a risk of insufficient attenuation and/or genetic
nstability (Cook et al., 1986). The limitations of inactivated vac-
ines include high cost for manufacturing and lack of long-term

mmunity. Therefore a new generation of IB vaccines is called
or.
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E-mail address: whongning@163.com (H. Wang).
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Infectious bronchitis virus (IBV) is an enveloped coronavirus
hat contains an unsegmented, single-stranded, positive-sense
NA genome. In addition to the internally localized nucleo-
apsid (N) protein, the virion is composed of spike protein,
embrane protein and a small envelope protein. N protein car-

ies epitopes inducing cross-reactive antibodies and is the most
bundant virus-derived protein produced throughout infection
Seah et al., 2000; Boots et al., 1992; Seo et al., 1997; Yu et
l., 2001). The carboxyl end of N protein has CTL epitopes for
HC compatible chickens (Seo and Collisson, 1997). Chickens

noculated with DNA plasmids expressing the carboxyl end of
were protected from IBV infection (Seo et al., 1997).
In recent years, the development of DNA vaccines as a poten-

ially safe alternative has been explored. DNA immunization is
n important vaccination strategy that has many characters desir-

ble for an ideal vaccine, including induction of broad immune
esponses, long-lasting immunity and simple and cheap pro-
uction. Experimental DNA vaccines against viral, bacterial,
nd parasitic disease have been described (Tacket et al., 1999;

mailto:whongning@163.com
dx.doi.org/10.1016/j.jviromet.2008.01.017
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trugnell et al., 1997; Kalinna, 1997) and DNA vaccines have
een licensed for two nonhuman applications: one for West
ile virus for horses (Powell, 2004) and the other for infec-

ious hematopoietic necrosis virus for salmon (Lorenzen and
apatra, 2005). Hence DNA vaccines appear to be a useful

echnology.
It is believed that delivery of only a single DNA plasmid of

ntigen is not optimal to protect against infection. Adjuvants are
sed widely in various vaccine formulations for the enhance-
ent of immune responses. Among the adjuvants, cytokines

ave been explored extensively to augment the potency of DNA
accines (Gurunathan et al., 2000; Reyes-Sandoval and Ertl,
001; Scheerlinck, 2001; Barouch et al., 2004; Calarota and
einer, 2004; Stevenson, 2004; Barouch, 2006). Interleukin-2

IL-2), initially known as T-cell growth factor, is a powerful
mmunoregulatory lymphokine which produced by lectin- or
ntigen-activated T-cells (Morgan et al., 1976). It is secreted
y mature T-lymphocytes upon stimulation and certain T-cell
ymphoma cell lines constitutively. Plasmid IL-2 has been inves-
igated as a potential vaccine adjuvant in several studies and
as been shown to increase DNA vaccine protective immunity
gainst pathogens (Diane and Carlos, 2004; Rompato et al.,
006; Bu et al., 2003).

In the present study, a bicistronic plasmid encoding the nucle-
capsid protein and immune-stimulatory interleukin-2 has been
onstructed and its immunogenicity and protective effect in
hickens has been evaluated. It has been shown that the delivery
f a bicistronic plasmid containing N gene and IL-2 can acceler-
te specific antibody induction with an increase T-cell responses.
he use of bicistronic vector may enable more efficient delivery
f both antigen and cytokine in DNA vaccination and promote
ynergistic responses.

. Materials and methods

.1. Virus, experimental animals, and cells

The specific-pathogen-free (SPF) chicken embryos were pur-
hased from Shangdong Institute of Poultry Science, Shandong,
R China. Chickens were hatched and housed in a specific-
athogen-free environment at the Laboratory Animal and
esources Facility, Sichuan University. The nephropathogenic

train of IBV, SAIBk strain was propagated in the allantoic cav-
ties of 10-day-old SPF embryonated chicken eggs, and then
arvested allantoic fluid 36 h post-inoculation. The 50% chicken
nfection dose (EID50) was determined by inoculating serial 10-
old dilutions of virus into 10-day-old SPF embryonated chicken
ggs. Vero cells were cultured in Dulbecco’s modified Eagle’s
edium (Gibco) supplemented with 10% FBS, 100 U/ml peni-

illin and 100 �g/ml streptomycin at pH 7.2 and were kept at
7 ◦C with 5% carbon dioxide.

.2. Construction of monocistronic and bicistronic

lasmids

The pIRES-EGFP/DsRed bicistronic plasmid which was
onstructed and identified previously, was used to construct

V
s
w
r
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onocistronic and bicistronic DNA vaccines. This plasmid con-
ained two fluorescent protein genes which were inserted into
he multiple cloning sites (MCS) located on either side of the
nternal ribosome entry site from the encephalomyocarditis virus
ECMV). The IBV N gene was subcloned from recombinant
lasmid pIBVN into EGFP of pIRES-EGFP/DsRed between
heI and XhoI restriction sites, and generated the plasmid
IRES-N/DsRed. The IL-2 gene was amplified by PCR from
he plasmid pDNAIL-2 as a template. The forward primer (5′-
CAGGATCCACCATGATGTG AAG-3′) and reverse primer

5′-GAAGCGGCCGCAGATTAGTTAGC-3′) specific for the
L-2 gene were employed. The PCR product of IL-2 was
igested with BamHI and NotI and ligated into similarly
igested pIRES-N/DsRed, then the bicistronic plasmid pIRES-
/IL2 was created. The plasmid pIRES-N/DsRed was digested
ith BamHI and NotI, gel purified and blunt ended to create
onocistronic pIRES-N. Identification of the recombinant plas-
ids was performed by double enzymes digestion and DNA

equencing.

.3. In vitro expression of the plasmid DNA

Six-well tissue culture plates were seeded with Vero cells
106/well), and the cells were grown until they were about
0% confluent. The purified plasmids, pIRES-N, pIRES-N/IL-
and pIRES were transfected respectively into the Vero cells
ith lipofectamine according to the manufacturer’s instructions

Invitrogen, CA, USA). The expression products were identified
fter 36–48 h.

.3.1. RT-PCR analysis
The transfected cells were harvested after 36 h and total

ellular RNA was prepared from the transfected cells by
RIZOL reagent (Gibco BRL, USA). The transcription prod-
cts were detected by reverse-transcription polymerase chain
eaction (RT-PCR) with specific primer sets for the N gene
nd IL-2 as listed. N forward primer: 5′-CATCTCGAGTCTT-
TATCATGGCAAGC-3′, reverse primer: 5′-GGCGAATTCA-
TAGAGTTCATTTTCAC-3′; IL-2 forward primer: 5′-
CAGGATCCACCATGATGTGCAAAG-3′, reverse primer:
′-GAAGCGGCCGCAGATTAGTTAGC-3′.

.3.2. Indirect immunofluorescence analysis
The medium was aspirated 48 h after transfection, and the

ells were washed once with phosphate-buffered-saline (PBS),
xed with 100% acetone for 10 min at −20 ◦C, then washed

hree times for 5 min each with PBS. Thereafter, transfected
ells were incubated at 37 ◦C for 1 h with the antibody, which
as antiserum of rabbit to IBV. Then the cells were washed

wice for 5 min each with PBS and incubated for a further 1 h at
7 ◦C with the secondary FITC-conjugated goat-anti-rabbit IgG
ntibody that included 0.05% azovan blue (purpose of using
zovan blue was to identify the positive Vero cells and negative

ero cells). The positive Vero cells expressing N protein were
tained green; the negative Vero cells were stained red. The cells
ere washed twice with PBS and analyzed the expression of the

ecombinant plasmid by fluorescence microscopy.
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.4. Immunization of chickens with plasmid DNA vaccines

The plasmids pIRES-N/IL2, pIRES-N, pIRES were ampli-
ed in Escherichia coli JM 109 and extracted using the alkaline

ysis method as described previously (Sambrook et al., 1989).
fter purification by PEG8000 precipitation, the plasmids were

esuspended in phosphate-buffered saline (PBS, pH 7.2) and
ept at −20 ◦C until used for immunization. For vaccination,
he chickens were randomly divided into four groups (n = 20
ach). The 7-day-old chickens were injected intramuscularly
nto the quadriceps muscle with 150 �g of plasmid pIRES-N/IL2
group 1). A second group was given 150 �g of plasmid pIRES-

(group 2). Other groups included chickens administered with
50 �g of empty vector pIRES (group 3), and chickens injected
ith 0.5 ml PBS only (group 4). All groups were boosted with

n equivalent dose at 21 days after the initial inoculation.

.5. Detection of anti-IBV specific antibodies

Pre-vaccination sera were collected from all vaccinated
hickens. Blood was also collected before booster vaccination
s well as before challenge. Sera were stored at −20 ◦C for sero-
ogic analysis. Total serum immunoglobulin G (IgG) specific for
BV was measured by indirect enzyme-linked immunosorbent
ssay (ELISA) as described previously, with brief modifications:
LISA plates were coated with IBV lysate at 5 �g/ml in car-
onate buffer, PH 9.6, for overnight at 4 ◦C and blocked with
0% non-fat dried milk in PBS at 37 ◦C for 3 h. Serum sam-
les were tested in 1:20 dilution in 10% dried milk in PBST.
gG against IBV was revealed with horseradish peroxidasela-

eled goat-anti-chicken conjugate diluted 1:2000 in PBST. The
ubstrate solution used was TMB microwell peroxidase. After
0 min of incubation in the dark, the reaction was stopped by
he addition of 100 �l of 2 M H2SO4, and the optical density

1
a
a
d

Fig. 1. Strategy for construction of the monoc
al Methods 149 (2008) 42–48

t 450 nm was measured in an ELISA microplate reader. Sera
ere run in duplicate. Negative and positive control sera were

ncluded in each assay. Total serum immunoglobulin G (IgG)
pecific for IBV are represented as the optical density.

.6. Analysis of CD4+, CD8+ and CD3+ T-lymphocytes

Peripheral blood samples from immunized chicken were col-
ected from the jugular vein in 2.5 ml syringes preloaded with
.2 ml of sodium heparin to prevent clotting on day 7 after the
oosting vaccination. Peripheral blood mononuclear cells were
solated from each blood sample by Ficoll-Hypaque density gra-
ient centrifugation. PBMC were adjusted to 1 × 107 cells/ml.
he 100 �l of samples (1 × 106 cells) were incubated for 1 h at

oom temperature with antibody as follows: mouse anti-chicken
D4-PE, mouse anti-chicken CD8-FITC, mouse anti-chicken
D3-SPRD (BD Biosciences Pharmingen). Leukocyte sam-
les were triply labeled with CD3, CD4 and CD8 antibodies.
he samples were processed on fluorescence activated cell
orter.

.7. Virus challenge experiment

All of the chickens were challenged with 100EID50 of the
BV SAIBk strain in 0.1 ml by the nasal-ocular route at 15 days
fter the boosting immunization. The challenged chickens were
xamined daily for signs of clinical illness such as coughing,
neezing, ataxia, dyspnea or death for 2 weeks. Dead chickens
ere necropsied to confirm death by IBV infection. The chal-

enged chickens generally began to show clinical signs from 4 to

0 days after challenge. Chickens in each group were euthanized
t 14 days post-infection. Necropsies were performed immedi-
tely postmortem and kidney tissues were collected for further
etection of virus.

istronic and bicistronic DNA vaccines.
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.8. Detecting of virus in kidney tissues by RT-PCR

The kidney tissues were incised individually from either
he dead or euthanized chickens at 14 days post-challenged.
he virus in the kidney tissues of the challenged chicken
as detected by RT-PCR. Total RNA was extracted using
rizol LS reagent and subjected to RT-PCR using primers
irected to the 3′ untranslated region (forward primer:
′-GATGAGGAGAGGAACAATGC-3′; reverse primer: 5′-
GGGCGTCCTAGTGCTGT-3′). Total protection was defined
s negative for the presence of virus in the kidney.

.9. Statistical analysis

Data were analyzed using the one-sided Student’s t test. Dif-
erences were considered statistically significant with P < 0.05.

. Results

.1. Construction of monocistronic and bicistronic DNA
accine

The monocistronic and bicistronic DNA vaccine plas-
ids encoding IBV N protein and IL-2 were constructed

sing bicistronic plasmid pIRES-EGFP/DsRed as shown in
ig. 1.

.2. Transcription of recombinant plasmids in Vero cells

To confirm the transcription of constructs pIRES-N/IL2,
IRES-N in a eukaryotic system, the plasmids were transfected
espectively into Vero cells. Total RNA was extracted from trans-
ected cells at 38 h and analyzed by RT-PCR for the presence
f each corresponding mRNA. The predicted RT-PCR products

ere of 1.3 kb in size for N and 0.6 kb for IL2, all of which were

onfirmed by gel electrophoresis. No specific band of a similar
ize was seen in any of the mRNA samples in the absence of
everse transcription (Fig. 2). This result showed that constructs

fl
f
t
i

ig. 3. Indirect-immunofluorescence detection of the expressed N protein in Vero ce
ells transfected with the pIRES-N plasmid showed positive results and (C) cells tran
as extracted from Vero cells 36 h after transfection with pIRES-N/IL2, pIRES-
. The templates used for RT-PCR were as follows: lane 1, Marker III; lane 2,
egative control; lane 3, plasmid pIRES-N/IL2; lane 4, plasmid pIRES-N.

ncoding N and IL-2 gene can be transcribed successfully in the
ukaryotic system.

.3. Expression of recombinant plasmids in Vero cells

The expression of pIRES-N/IL2, pIRES-N was demonstrated
y indirect immunofluorescence assay. After transfection with
ipofectamine, the transfected cells displayed positive signals
uorescence. Expression of N protein was not detected in trans-
ected empty plasmid control cells (Fig. 3). This result shows
hat constructs encoding N protein can be successfully expressed
n the eukaryotic system.

ll. (A) Cells transfected with the pIRES plasmid showed negative results, (B)
sfected with the pIRES-N/IL2 plasmid showed positive results.
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Fig. 4. ELISA antibodies of different vaccines inoculated groups. Sera from all
of animals were sampled weekly. The result was obtained from average of five
sera in each group.
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ig. 5. The percentage of CD3+, CD4+CD3+ and CD8+CD3+ T-lymphocytes
f different vaccines inoculated groups. This test was performed at one week
fter boosting immunization.

.4. Humoral responses to IBV in chickens vaccinated with
ecombinant plasmids

The plasmids pIRES-N/IL2, pIRES-N induced detectable
ntibodies to IBV Ag in chickens one week after injection and the
evels increased with subsequent vaccination. There was no spe-
ific antibody response in the group of chickens receiving PBS
nd pIRES plasmid. There was a significant difference in ELISA
ntibody levels (P < 0.05) elicited by either monocistronic or
icistronic DNA vaccines since the 14th-day after first inocula-
ion. The result suggests that the bicistronic pIRES-N/IL2 can
nhance humoral responses (Fig. 4).

.5. Cellular immune responses induced by recombinant

lasmids vaccination

Peripheral blood lymphocytes were analyzed by flow cytom-
try on day 7 after the boosting immunization. The percentage

T
t
s
s

able 1
he mortality and protection rate of different groups challenged by virulent strain SIB

roups No. of death No. of affecteda

IRES-N/IL2 1/20 4/20
IRES-N 3/20 10/20
IRES 11/20 20/20
BS 13/20 20/20

a Affected was determined by RT-PCR positive bird from dead and euthanized chic
b Mortality was recorded for each day after challenge and is presented as total num
c Percent protection was determined by the number of unaffected chickens/total nu
al Methods 149 (2008) 42–48

f CD3+ and CD4+CD3+ T-lymphocytes significantly higher
P < 0.05) was observed from chickens immunized with pIRES-
/IL2 than the pIRES-N group. The percentage numbers of
D8+CD3+ T-lymphocytes subgroups of the pIRES-N/IL2-
accinated group were higher than the pIRES-N-vaccinated
roup but no significant difference (P > 0.05) (Fig. 5).

.6. Protection after challenge

Mortality, kidney infection and percent protection after chal-
enge of chickens were summarized in Table 1. Chickens that
tarted to show clinical signs or died from viral infection did so
eginning on day 5 after challenge. The chickens immunized
ith either control vector pIRES or PBS were not protected and
eveloped coughing, nasal discharge, dyspnea. The death rate
f the pIRES and PBS immunized chickens was 55 and 65%
t 14 days after challenge, respectively. The death rate of the
IRES-N/IL2 DNA vaccine immunized chickens was only 5%,
ower than that of the chickens injected with the pIRES-N DNA
accine. To evaluate the level of protective response after chal-
enge, the collected kidney samples were analyzed by RT-PCR.
CR results indicated that 20 and 50% of birds vaccinated with

he pIRES-N/IL2 and pIRES-N plasmids were positive for the
resence of virus in the kidney, respectively. All chickens immu-
ized with either control vector pIRES or PBS were positive in
T-PCR test. The protection percent of group that vaccinated
ith the pIRES-N alone was higher than that of the empty vec-

or or PBS. The group vaccinated with the pIRES-N/IL2 DNA
accine (80%) had the highest protection rate in all vaccinated
roups. This suggests that the plasmid expressing both N pro-
ein and IL-2 offers enhanced resistance against a virulent IBV
hallenge.

. Discussion

In order to increase the efficiency of this immunization pro-
edure, cytokine was co-expressed with the viral protein. This
trategy has already been used successfully to enhance the effect
f DNA vaccination procedures (Li et al., 2006; Chow et al.,
997; Henke et al., 2004). The pIRES-EGFP/DsRed bicistronic
lasmid which was constructed and identified previously was
sed to construct monocistronic and bicistronic DNA vaccines.

he plasmid pIRES-EGFP/DsRed enabled the simultaneous

ranslation of two genes of interest from the same RNA tran-
cript. Each gene is cloned into one of the multiple cloning
ites on either side of the internal ribosomal entry site of the

K of IBV

Mortalityb (%) Protection ratec (%)

5 80
15 50
55 0
65 0

kens’ kidneys.
ber of dead chickens in each group.
mber of chickens.
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ncephalomyocarditis virus (EMCV). The entire construct is
nder control of the cytomegalovirus (CMV) immediate-early
romoter allowing the expression of two individual proteins
rom one plasmid. In this study, an experimental immunization
trategy was developed and tested against IBV. Two recombi-
ant plasmids pIRES-N/IL2, pIRES-N were constructed. These
ecombinant plasmids were inoculated in chickens and tested in
protection-challenge experiment, demonstrating that vaccina-

ion with the co-expression plasmid pIRES-N/IL2 can induce
tronger immune response than vaccination with pIRES-N.
hus, it seems that vaccination with a bicistronic DNA vac-
ine expressing both IBV N protein and IL-2 may elicit potent
mmune response.

In this study, the level of specific antibodies developed in
IRES-N/IL2 group was higher than that of pIRES-N group.
owever, the precise role of antibodies for the control of IBV

nfection remains controversial. Some reports have shown that
irculating antibody titer did not correlate with protection from
BV infection (Gelb et al., 1998; Gough and Alexander, 1979;
aggi and Lee, 1965). Other studies demonstrated that humoral

mmunity plays an important role in disease recovery and virus
learance (Cook et al., 1991; Thompson et al., 1997; Toro and
ernandez, 1994). The antibody-dependence of the mechanism
f protection against the disease remains unclear, suggesting
n important role of the T-cell response in efficacy protec-
ion.

In order to evaluate recombinant plasmids induced T-cell
esponse, peripheral blood lymphocytes were analyzed by flow
ytometry. Results of T-lymphocytes subgroup detection indi-
ated, that the percentage numbers of CD3+, CD4+CD3+ and
D8+CD3+ T-lymphocytes subgroups in pIRES-N/IL2 vacci-
ated chickens group were higher than those in the pIRES-N
accinated chickens. This demonstrated that IL-2 has the
bility to stimulate T-cell growth. It has been shown that cell-
ediated immunity to IBV is also induced and is believed

o be a protective mechanism in IBV infection. CD8+ CTL
re critical in the control of infectious bronchitis in poul-
ry (Collisson et al., 2000; Dhinakar and Jones, 1997; Seo
t al., 2000). CD4+ T-cell responses may increase the pro-
iferation, maturation and functional activity of CD8+ CTL,
roviding increased help for B-cells and directly producing
ntiviral cytokines. By increasing the number of T-cells at the
ame site being able to respond to N antigen, there might have
een a limiting effect on viral replication leading to better pro-
ection.

To investigate the level of protection elicited by pIRES-N/
L2, vaccinated chickens were challenged with a
ephropathogenic strain of IBV. Chickens that received
he pIRES-N/IL2 plasmid DNA were better protected than
hat administered with the plasmid pIRES-N. Mortality of
IRES-N/IL2 group was lower than that of pIRES-N group.
he protection rate of pIRES-N/IL2 group was the highest in all

he vaccination groups, possibly indicating protective immunity

vercome by virus aggressiveness. These results suggested
hat vaccination with the co-expression plasmid of N protein
ene and IL-2 may have increased the protection rate against
hallenge.

D

al Methods 149 (2008) 42–48 47

Results of immune response and viral challenge showed
hat the group inoculated with pIRES-N/IL2 provided stronger
mmune response and better protection rate than pIRES-N
accinated group. This indicated that IL-2 might effec-
ively enhanced humoral-mediated immune and cell-mediated
mmune responses to some extent. This was consistent with the
esult of previous reports (Li et al., 2006; Chow et al., 1997;
enke et al., 2004). These results demonstrated that bicistronic
NA vaccine is an effective approach to increase IBV DNA
accine immunogenicity.

Our results showing the induction of both antibody and T-cell
esponses against the IBV challenge in chickens demonstrate
hat the delivery of antigens and cytokines via bicistronic vectors
s feasible in the chicken model.
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