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Abstract

Background and aim: Rabies is a widespread neurological zoonotic disease causing significant mortality rates, especially in developing
countries. Although a vaccine for rabies is available, its production and scheduling are costly in such countries. Advances in recombinant
DNA technology have made it a good candidate for an affordable vaccine. Among the proteins of rabies virus, the Glycoprotein (RVG) has
been the major target for new vaccine development which plays the principal role in providing complete protection against RV challenge.
The aim of this study is to produce recombinant RVG which could be a DNA vaccine candidate and to evaluate the efficiency of this con-
struct in a prime-boost vaccination regimen, compared to commercial vaccine.

Methods: Cloning to pcDNA3.1(+) and expression of rabies virus glycoprotein gene in BSR cell line were performed followed by SDS-
PAGE and Western blot analysis of the expressed glycoprotein. The resulting genetic construct was used as a DNA vaccine by injecting 80
pg of the plasmid to MNRI mice twice. Prime-Boost vaccination strategy was performed using 80 g plasmid construct as prime dose and
the second dose of an inactivated rabies virus vaccine. Production of rabies virus neutralizing antibody (RVNA) titers of the serum samples
were determined by RFFIT.

Results: In comparisons between heterologous prime-boost vaccination strategy and DNA vaccinations, the potency of group D that
received Prime-Boost vaccine with the second dose of pcDNA3.1(+)-Gp was enhanced significantly compared to the group C which had
received pcDNA3.1(+)-Gp as first injection.

Conclusion: In this study, RVGP expressing construct was used in a comparative approach between Prime-Boost vaccination strategy
and DNA vaccination and compared with the standard method of rabies vaccination. It was concluded that this strategy could lead to induc-

tion of acceptable humoral immunity.
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Introduction

abies is well-known as a widespread neurological zoo-
R notic disease which affects almost all kinds of mammals,
including humans, leading to 100% mortality rate. Nearly
60,000 humans die of rabies all over the world each year, out of
which more than 95% occurin Asia and Africa.' Current rabies
vaccines and vaccination regimens are costly to many countries
which have the highest demands, demonstrating the need for more
economical rabies vaccines.> DNA vaccines introduced by Wolff
JA in 1990 appear to be highly promising in this context.’ Later,
other researchers have found DNA vaccine as a potential eliciting
cellular and humoral immune response against a variety of infec-
tions.** This potency, combined with the inherent advantages pro-
vided by DNA vaccine models such as low cost, ease of design
and administration, and relatively fast production make them suit-
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able for immunization purposes.’ However, DNA vaccines’ imple-
mentation as therapeutic or prophylactic agents cannot translate
small animal success to large animal models and human clinical
trials. As a result, several studies have found that parameters such
as plasmid dosage and inoculation route are factors capable of
enhancing RABV-specific virus-neutralizing antibody (VNA) ti-
ters in mice. Rabies virus glycoprotein (RVGP) has been the ma-
jor target for new vaccines development as it is responsible for
induction of virus neutralizing antibodies that provide protection
against RV challenge.'° Heterologous prime-boost vaccination has
been shown to be an efficient way of responses in animals and
humans.! In this study, the constructed RVGP expression plasmid
was used in a eukaryotic system in a comparative approach be-
tween Prime-Boost vaccination strategy and DNA vaccinations.
The application of this construct as a prospective DNA vaccine
has also been evaluated.

Materials and Methods

Rabies virus Glycoprotein (RVGP) gene cloning

Pasteur virus strain (PV) was obtained from the Pasteur Institute
of Iran. The original PV strain was isolated in 1882 in France from
a rabid cow infected by a rabid dog, passaged in rabbits and mice
and then in BHK cells at different levels.'? The glycoprotein gene
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of this strain with the expected size of 1575 bp was synthesized
and cloned into pBluescript vector (GENE-RAY, Hong Kong,
China). The synthesized plasmid as well as pcDNA3.1(+) (Invit-
rogen) were linearized with Nhel and EcoRI restriction enzymes
(Fermentas UAB, Vilnius, Lithuania) and the target fragment was
ligated into the linearized pcDNA3.1(+) plasmid using T4 DNA
ligase (Fermentas UAB, Vilnius, Lithuania). Then, the construct-
ed plasmid was checked by Nhel and EcoRI restriction enzymes
digestion (Fermentas UAB, Vilnius, Lithuania).

Expression of RVGP and Western blot analysis

BSR cells were cultured in a 96-well cell culture plate in Dul-
beco modified Eagle medium (DMEM) supplemented with
10% fetal bovine serum (FBS) for 48 hrs at 37°C supplemented
with 5% CO,. Once 75%-90% confluency was observed, the
cells were transfected with 4 pg of pcDNA3.1(+)/G using lipo-
fectamine 2000 (Invitrogen™, USA). The cells were lyzed in a
buffer containing 150 mM NaCl, 1% NP40, 50 mM Tris (pH 6.8)
and protease inhibitor 48 hours after transfection. Protein extract
was separated by SDS-PAGE using a 10% gel and the resolved
proteins were transferred onto a nitrocellulose membrane for fur-
ther analysis by Western blot. Membrane was blocked (TBS, 3%
skimmed milk). Target protein was detected with HRIG (Human
Rabies Immunoglubin, diluted 1:100 in TBS, 0.7% skim milk) as
primary antibody. Whole human IgG conjugated with horseradish
peroxidase (Sigma, UK) diluted 1:1000 in TBS, 0.7% skim milk
was used as a secondary antibody and the reaction was visualized
using chemiluminescence substrate (ECL).

DNA Vaccine constructs preparation

Recombinant vector pcDNA3.1(+)/G was grown in Escherichia
coli, strain TOP10F'in Lauria Broth medium supplemented with
Ampicillin. Large scale purification was conducted using Plas-
mid Mega Kit (Qiagen, Valencia, CA). The quality and quantity
of purified plasmid were checked by agarose gel electrophoresis
and spectrophotometer, respectively. 80 pg of the purified plasmid
was used for each inoculation in MNRI mice.

Animals study

Recombinant plasmid pcDNA3.1(+)/G as well as Rabvet-PII,
killed animal rabies (PV strain) produced in the Pasteur Institute
of Iran were used for mice immunization. According to Table 1,
five-week old NMRI mice were classified into five individual
groups. Ethical aspects were applied to this study and handling
or bleeding of mice were done in humane way. The mice were
kept under daily surveillance. All groups received relevant boost-
er for dose 10 days after primary immunization. In each injec-
tion, every mouse was vaccinated with either 80 pg of plasmid
DNA subcutaneously or 1.5 U of Rabvet-PII intraperitoneally.

Heterologous Prime-boost Rabies DNA Vaccination

Group A was immunized and boosted with recombinant plasmid
pcDNAS3.1(+)/G, while both injections in group B were done us-
ing Rabvet-PII. The mice in group C were first immunized with
recombinant plasmid pcDNA3.1(+)/G and boosted with Rabvet-
PIL In contrast, group D was first vaccinated by Rabvet-PII and
then boosted by recombinant plasmid pcDNA3.1(+)/G. As a neg-
ative control, both injections in group D were done using plasmid
pcDNAZ3.1(+) alone (Tablel).

Neutralizing titer determination and interpretation

To analyze humoral immune response, sera were collected 10
days after the second injection and tested for rabies antibodies us-
ing rapid fluorescent focus inhibition test (RFFIT). Briefly, each
serum sample was heated at 56°C for 30 min for decomplementa-
tion. Serial five-fold dilutions of the sera were made in 96-well
plates and 100 focus forming dose (FFD50) of CVS (challenge
virus standard) was added to each well. Serial dilutions (1/2, 1/5,
1/10) of the reference standard serum (anti-rabies immunoglobu-
lin, Swiss serum and vaccine institute Bern 750 IU) were ana-
lyzed in parallel. Plates were incubated for 90 minutes at 37°C
supplemented with 5% CO,. BSR cells were added 50000 cells
per well and plates were incubated at 37°C with 5% CO2. Twenty
hours later, medium was removed and cells were fixed in 80%
acetone for 30 min, then air dried and stained with FITC (fluo-
rescein isothiocyanate) conjugated anti-rabies nucleoprotein an-
tibody (Bio-Rad, Hercules, CA, USA). Fluorescent foci resulting
from infected cells were detected and quantified by fluorescence
microscopy. The results were compared with reference levels.

Result

Production of Recombinant Plasmid and RVGP expression

In order to verify glycoprotein insertion in the expression vector,
plasmid was treated by the restriction enzyme. Figure 1 shows
rabies glycoprotein containing plasmid pcDNA3.1(+)/G digested
by restriction enzymes Nhel and EcoRI. The result demonstrates a
band migrating on agarose gel higher than 1500 bp that could cor-
respond to the glycoprotein gene. Following transfection of BHK
cells with pcDNA3.1(+)/G, the protein content was extracted and
resolved on acrylamide gel. The glycoprotein expression was
analyzed using Western blot technique and visualized with ECL
detection (Figure 2). Location of virus glycoprotein appeared as a
single band with molecular mass of 66 kDa.

Neutralizing antibody titers from vaccinated mice

Ten days after the second injection, antibody titer of vaccinated
mice was determined by RFFIT. In group A where both injections
were done using recombinant plasmid pcDNA3.1(+)/G, an aver-
age of 6 foci were observed in each microscopic field (Figure 3).

Table 1. Mice inoculation protocol.

Group First injection Second injection Production occulted Booster interval
A pcDNA3.1(+)-GP pcDNA3.1(+)-GP 80pg 10 days

B Rabvet-PII* Rabvet-PII 1.51U 10 days

C pcDNA3.1(+)-GP Rabvet-PII 80ug 10 days

D Rabvet-PII pcDNA3.1(+)-GP 30ug 10 days

E pcDNA3.1(+) pcDNA3.1(+) 80pg 10 days
Rabvet-PII* = killed animal rabies (PV strain) produced in the Pasteur Institute of Iran.
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Figure 1. Restriction enzyme analysis of recom- Figure 2. Western blot analysis of the expressed recombinant Gp protein. Part A shows protein
binant plasmid. A) DNA Ladder 1kb (Vivantis). marker by Sinaclon (Tehran — Iran). Part B1 shows recombinant glycoprotein and B2 is negative
B) Double digestion of recombinant plasmid control.

pcDNA3.1(+)/G by Nhel and EcoRI restriction
enzymes resulted in a 1575 bp Fragment.

Figure 3. RFFIT test for A to E group. Group A (recombinant plasmid pcDNA3.1(+)-Gp) :6 foci, group B (Rabvet-PlII: killed animal rabies (PV strain)): 0
focus, group C (recombinant plasmid pcDNA3.1(+)-Gp — Rabvet-PlI: killed animal rabies (PV strain)): 5 foci, group D (Rabvet-PlI: killed animal rabies
(PV strain) — recombinant plasmid pcDNA3.1(+)-Gp): 2 foci, group E (pcDNA3.1(+) as negative control): 12 foci.

Figure 4. RFFIT test for reference serum. Group 1) 1:2 dilution of serum: 0 focus. Group 2) 1:5 dilution of serum: 1 focus. Group 3) 1:10 dilution of serum: 4 foci.
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Figure 5. Results of comparison between Prime-Boost vaccination strategy and DNA vaccinations. Group A (recombinant plasmid pcDNA3.1(+)-Gp) : 6
foci, group B (Rabvet-PII: killed animal rabies (PV strain)): 0 foci, group C (recombinant plasmid pcDNA3.1(+)-Gp — Rabvet-PII: killed animal rabies (PV
strain)): 5 foci, group D (Rabvet-PlII: killed animal rabies (PV strain) — recombinant plasmid pcDNA3.1(+)-Gp): 2 foci, group E (pcDNA3.1(+)) as negative
control: 12 foci. And reference serum; Group 1) 1:2 dilution of serum: 0 focus. Group 2) 1:5 dilution of serum: 1 focus. Group 3) 1:10 dilution of serum: 4
foci. The result showed that serum neutralizing antibody response in DNA prime boosted group is similar to that of PVRV injected group.
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In group B, which was immunized and boosted using Rabvet-PII,
no foci were observed. In contrast, the result of RFFIT in group
C that was immunized by recombinant plasmid pcDNA3.1(+)/G
and boosted by Rabvet-PII showed 5 foci in each field. In the case
of group D, there were about 2 foci in each field. This group was
immunized by Rabvet-PII and boosted by recombinant plasmid
pcDNA3.1(+)/G. In group E, both injections were done with plas-
mid pcDNA3.1(+) as negative control and about 12 foci were ob-
served in each microscopic field after RFFIT. On the other hand,
reference standard serum was diluted in 1:2, 1:5, and 1:10 ratio
and numbers of the observed foci for these samples were 0, 1 and
4, respectively (Table 2).

Discussion

Most of the current human rabies vaccines contain inactivated
whole virus particles and induce immune response by eliciting the
production of neutralizing antibodies against rabies virus glyco-
protein. The expensive production processes of available vaccines
are one of the major drawbacks of these vaccines. Since these vac-
cines originate from the whole virus particles, they are also prone
to transmitting the theoretical risk of live virus if inactivated im-
properly.'* However, there is no infectious agent in DNA vaccines.
In addition, DNA vaccination has been proposed as a cheaper and
easily producible vaccine that requires a few doses. Besides, these
vaccines are reasonably stable at room temperature which makes
them highly desirable in endemic countries." Multiple immuni-
zations are often required for many vaccines.>!® Over the past
decade, studies have shown that prime-boost immunizations can
be given with unmatched vaccine delivery methods, while using
the same antigen, in a heterologous prime-boost format. The re-
sults of the study conducted by Lu et al. showed that heterologous
prime-boost is more effective than the homologous prime-boost
approach.'® Furthermore, Hu ez al. demonstrated that priming with
a live recombinant virus and boosting with a subunit recombinant
protein can be more effective than immunization by either immu-
nogenic alone.'” Actually, DNA prime and recombinant protein
boost with primary HIV-1 Env antigens became the first approach
to elicit positive neutralizing antibodies in rabbit sera.'®!” Heter-
ologous approach has been successfully investigated for malaria,
tuberculosis and HSV-2.20-22

In this study, the RVGP expressing construct was used in a com-
parative approach between prime-boost vaccination strategies
and compared with the standard method of rabies vaccination.
The recombinant plasmid pcDNA3.1(+)/G was transfected to the
BSR cells. NMRI mice were inoculated with DNA plasmid, while
prime-boost vaccinations were done in other groups by prime dose
of the plasmid construct and the second dose of PVRV. Among ra-
bies virus antibody assay methods, RFFIT and Mouse Neutraliza-
tion Test (MNT) are the most common. Rapid fluorescent focus
inhibition test (RFFIT) described in 1973 by Smith, Yager & Baer
appeared promising because of its economical use of reagents and
test sample, its rapidity and suitability for testing large numbers
of samples.” In this study, RFFIT was performed due its rapid-
ity compared to the MNT method. Moreover, according to other
studies, RFFIT could also substitute the standard MNT.>* Hence,
Rabies virus neutralizing antibody (RVNA) titration of the serum
samples was determined by RFFIT. Analysis of the antibodies in
different groups indicated that group B which received two doses
of Rabvet-PII induced very high levels of RVNA which could also
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provide protection against rabies virus challenge. However, the
potency of group D that received Prime-Boost vaccine with the
second dose of pcDNA3.1(+)/G was enhanced more significantly
than group C. These results suggest that the described strategy
used in group D can lead to better immunization in laboratory
animals compared to group C.

Immunization with higher dilutions of PVRV rabies vaccine
(1/625) induced lower levels of RVNA. Inoculation of mice with
PVRV 1/5, PVRV 1/25, PVRV 1/125 and PVRV 1/625; consist-
ing of 100 pg of DNA and diluted vaccine preparations resulted
in higher levels induction of RVNA than inoculation with DRV
(DNA rabies vaccine) or PVRV 1/625 alone.” Furthermore, its
potency is at least 2-fold higher than that of undiluted vet RV. In
another study, the highest RVNA titer was elicited by injection of
protein as additional dose of PV vaccine.” In the present study,
data obtained from immunization in the prime-boost approach
showed comparable results by previous studies.>** According to
Figure 5, the prime-boost vaccination induces a higher antibody
response than DRV alone. It is noteworthy that humoral immunity
in the rabies virus neutralization is of pivotal importance. Inac-
tivated vaccine (PVRV) induces production of more antibodies
compared to DNA vaccines. This study demonstrated that immu-
nogenicity of the rabies DNA vaccine can increase by using het-
erologous prime-boost strategy of vaccination in a small animal
model. Nevertheless, further experiments with different animal
models should be repeated with a decreased amount dose of PV to
confirm the present results. Modification of vaccine formulation
and use of appropriate adjuvants along with DNA vaccines could
also be considered. Altogether, these strategies could lead to better
induction of humoral immunity and thus improve the immunoge-
nicity of a DNA vaccine.
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