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ABSTRACT
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Objective(s): The results of studies on vaccine development for foot-and-mouth disease (FMD) virus
show that the use of inactivated vaccines for FMD virus is not completely effective. Novel vaccinations
based on immuno-dominant epitopes have been shown to induce immune responses. Furthermore,
for safety of immunization, access to efficient adjuvants against FMD virus seems to be critical.
Materials and Methods: In this study, we produced epitope recombinant vaccines from the VP1 protein
of the FMD virus for serotype O of Iran. Constructs were included polytope (tandem-repeat multipleepitope), polytope coupled with interleukin-2 (polytope-IL 2) as a molecular adjuvant and IL-2.
Three expression vectors were constructed and expressed in Escherichia coli BL21 (DE3). To evaluate
whether these recombinant vaccines induce immune responses, BALB/c mice were injected with the
recombinant vaccines and their immune responses were compared with a negative control group. The
humoral and cellular immune responses were measured by ELISA.
Results: The results showed that IL-2 co-expressed or co-inoculated with Polytope protein enhances
the immune effect of multiple epitope recombinant vaccine against FMD virus. The results of total
immunoglobulin G (IgG), IgG1, and IgG2a levels and secretion of interferon gamma (IFN-γ), IL-4 and
IL-10 revealed that there were significant differences between negative control group and other
injected mice with the recombinant vaccines (P<0.05).
Conclusion: Observations indicated that the epitope recombinant plasmid of the VP1 protein coexpressed or co-inoculated with IL-2 was effective in inducing an enhanced immune response.
Therefore, IL-2 can be recommended as a potential adjuvant for epitope recombinant vaccine of the
VP1 protein from FMD virus.
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Introduction

Food and mouth disease (FMD) is a common viral
disease in cloven-hoofed animal such as cattle, buffalo,
sheep, goats and pigs. This disease is distinguished with
fever and bullous lesion on the tongue and lips in the
mouth, under the breast and between hoof, resulting
in weight loss, reduced milk production and growth
delays. FMD virus leads to remarkable economic losses
in livestock industry wherein cumulative negative
effects of this disease have impact on animal production.
FMD virus is one of the main obstacles to provide animal
health and animal production (1).
To date, seven serotypes of FMD virus have been
identified, including A, C, O, Asia 1, SAT1, SAT2 and
SAT3. Different variants and many subtypes exist
within the seven subtypes. FMD is a member of the
genus Apthovirus of the Piconaviridae family that the
viron contains a positive sense, single copy of 8.5 kbp
RNA genome wrapped with 60 copies of each of VP1,
VP2, VP3 and VP4 proteins (2). Studies showed that the
VP1 protein determines the serotype of FMD virus and
is one of the components responsible for induction of

neutralizing antibodies (3, 4).
Traditional FMD virus vaccines have some
disadvantages such as necessity of revaccination, and
problems in distinguishing infected animals from
vaccinated animals. The serotypes of FMD virus have
immunogenic difference that makes it necessary to
have serologic matches for the formulation of effective
vaccines (5). Also, there is a potential risk of the recovery
of live virus during vaccine production (6). On the other
hand, previous studies revealed that inactivated vaccines
against FMD virus induce neutralization antibodies (7,
8). Nevertheless, the inactivated vaccines pass through
the process of the culturing of live viruses during their
production (9). For these reasons, to control FMD
disease it is necessary to replace new-type vaccines that
do not require live virus material.
Immunological studies of FMD virus showed that
the amino acids in the lobe G-H of structural protein
VP1 are the main dominant epitopes responsible for
the induction of neutralizing antibody responses.
Two immunogenic sites on the VP1 protein in O and A
serotypes were located at residues 141-160 amino acids
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Figure 1. (a) Immuno-dominant epitopes of the VP1 protein of foot-and-mouth disease (FMD) virus. (b) A tandem-repeat multiple-epitope gene
(polytope). (c) Construction of the Polytope/interleukin-2 (IL-2)/FcIgG synthetic gene. (d) Gene fragments isolated from the polytope-IL-2-FcIgG
fusion gene that were used to construct recombinant vaccines

and 200-213 amino acids (10, 11).
As mentioned above, the development of safe
recombinant vaccines play a protective role against
FMD virus. However, practical applications of candidate
recombinant vaccines against FMD virus are limited.
Hence, applying appropriate adjuvants to stimulate
and enhance immune response to FMD virus seems
critical (12, 13). Based on several studies, some
cytokines were identified as effective adjuvants of DNA
vaccines and cause increasing the induction of immune
system (14). Interleukin-2 (IL-2), known as molecular
adjuvant, is reported to stimulate the proliferation and
differentiation of effector T cells (15).
The objective of the present study was to evaluate the
impact of IL-2 as adjuvant co-expressed or co-inoculated
with immuno-dominant epitopes of VP1 protein of FMD
virus on humoral and cellular immune responses in
BALB/c mice.

Materials and Methods

Design and synthesis of multiple-epitope gene from
FMD virus
In our previous studies, the Polytope-IL2-FcIgG fusion
gene was synthesized and cloned into the pUC57 vector
by Gene Script Company (US) (16). For constructing
polytope-IL2-FcIgG gene, four immunogenic epitopes
corresponding to amino acid residues 140 to160 (B-cell
epitope), 200 to 213 (B-cell epitope), 16 to 44 (T-cell

Table 1. Sequences of specific primers with restriction sites

Primer name and
restriction enzymes
Epi – EcoRI
Epi - XhoI

Epi-IL2- EcoRI
Epi-IL2- XhoI
IL2 – EcoRI
IL2 - XhoI

1

epitope) and 66 to 80 (T-cell epitope) from the VP1
capsid protein of FMD virus for serotype O isolated
from Iran (GenBank accession no. HQ663879) were
selected. These antigenic epitopes have been reported
in previous studies (12, 13, 17). Mouse IL-2 (GenBank
accession no. NM-008366.3) and FC fragment of the
mouse immunoglobulin (Ig) gamma (CHO2–CHO3)
(GenBank accession no.AAB59660.1) were selected as
molecular adjuvants to design and construct a synthetic
fusion gene. According to the selected epitopes of the
VP1 protein, a tandem-repeat multiple-epitope gene
was designed, which contained three copies of two
epitopes (fragments A and B) and two copies of one
epitope (fragment C) (named Polytope) (Figure 1). Then,
the Polytope sequence was linked to the IL-2 and FcIgG
sequences. To minimize interference between epitopes,
linker sequences GG were used to separate epitopes. In
this study, the Polytope-IL-2 gene was used to construct
recombinant vaccines.
Tertiary structure of the recombinant Polytope
protein in comparison with the natural VP1 protein of
FMD virus and polytope-IL2 protein were predicted by
Swiss Model software.
PCR amplification
Oligonucleotide primers with restriction sites at
the 5´ ends (underlined) were designed using Primer
Premier 5 (Premier Biosoft International) (Table1).

primer sequences (5'-3')

The amplified
regions

Length
(bp)

F-CCGGAATTCCGCGGGATCCGATACTTACCATG
R- CCGCTCGAGCGGGCTGGTGCTAATAATGCTCTG

Polytope-IL-2

1637

IL-2

524

F-CCGGAATTCCGCGGGATCCGATACTTACCATG
R-CCGCTCGAGGGCCAGCTGCATGCTATACATG

F-CCGGAATTCATGTATAGCATGCAGCTGGCGAGCT
R- CCGCTCGAGGTGCGGGCTGGTGCTAATAATGCT
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The PCR amplification was carried out in total volume
of 20 µl containing 2 μl of 4 mM MgCl2, 2 μl of 10X
PCR buffer, 2 μl of 20 mM dNTPs, 1 μl of 10 pmol/μl of
each primer, 1 μl of 50 ng/μl template DNA (pCU57polytope-IL2/FcIgG), 1u/μl of pfu DNA polymerase and
some deionized water up to a final volume of 20 µl. The
PCR program to amplify polytope and IL-2 genes was
performed with an initial denaturation step at 95 °C for
3 min followed by 30 cycles of denaturation at 94 °C for 1
min, annealing at 66 °C for 30 sec and extension at 72 °C
for 30 sec, and a final extension at 72 °C for 10 min. Also,
the PCR program to amplify Polytope-IL-2 fusion gene
was carried out as described below by using 94 °C for 3
min, 35 cycles of 94 °C for 45 sec, 62 °C for 45 sec, and 72
°
C for 120 sec, and a final extension for 10 min at 72 °C.
The amplicons were purified and stored at -20 until use.

Construction of the recombinant plasmids
pET32a (+) vector was double digestion by EcoRI
and XohI enzymes. Purified fragments were ligated into
pET32a through T4 DNA ligase procedure in 16 hr at
16 °C. Recombinant pET32a/Polytope-IL2, pET32a/
IL-2 and pET32a/Polytope plasmids were transformed
to Escherichia coli strain DH5α cell and were grown
overnight at 37 °C on LB agar plates containing ampicillin
(100 μg/ml). The recombinant expression plasmids
were screened by PCR colony and confirmed by digestion
with EcoRI and XohI enzymes. Also, the recombinant
plasmids were sequenced using T7 universal primers.

Protein expressions and purification
For expression, the positive pET32(a)+ recombinant
constructs were cultured in LB ampicillin medium. The
recombinant vectors were induced with 1 mM isopropyl
β-D-1-thiogalactopyranoside (IPTG) in a culture of
bacteria with an optical density (OD)=0.6. Bacteria were
incubated for 4 hr at 37 °C with shaking at 240 rpm.
Bacteria were then harvested by centrifugation (3000
g, 20 min, 4 °C) and stored at -80 °C. The pellet from a
100 ml bacterial culture was suspended in lysis buffer
containing Tris 50 mM, ethylenediaminetetraacetic
acid (EDTA) 5.0 mM, urea 8.0 M, at pH=8.0 and lysed by
sonication. Cell lysate was subjected to centrifugation at
8000 g for 10 min at 4 °C to separate the supernatant
containing soluble materials from the pellet. Both the
supernatant and the pellet were investigated to analyze
protein expressions on SDS-PAGE 12%.
Purification of the expressed pET32a-Polytope-IL-2
and pET32a-Polytope proteins were performed by
chromatography through Ni-agarose (Qiagen, Hilden,
Germany) from the insoluble phase, according to
the manufacturer’s protocol. Also, the recombinant
pET32a-IL-2 protein was purified from the soluble
phase, according to the manufacturer’s protocol.
The concentration of each expressed protein was
determined by Bradford assay (18). In order to identify
the recombinant proteins, the purified proteins were
analyzed by SDS-PAGE (12%) and dot-blotting analysis.
For dot-blotting, 2 μg/ml of each induced protein
and uninduced extract of the transformed bacteria
were dot-blotted on nitrocellulose membranes. The
membranes were immersed in 1% bovine serum
albumin and were shaken in the incubator for 30 min
304
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at room temperature. After that, the membranes were
washed with PBST (phosphate-buffered saline, 0.1%
(v/v) Tween) for 5 min, and then they were immersed
in anti-His6 antibody (Roche) diluted 1:2000 for 1 hr
on shaking incubator at room temperature. After that,
the nitrocellulose membranes were washed four times
for 5 min each time in PBST, and were incubated with
anti-mouse immunoglobulin G -horseradish peroxidase
(IgG-HRP) -conjugate antibody (Sigma, USA) that was
diluted 1:1000 for 1 hr on shaking incubator at room
temperature. The membranes were washed four times
for 5 min each time in PBST. Color development was
observed by adding diaminobenzidine dissolved in PBS
and H2O2.

Experimental groups of mice and immunization
Six to eight week old female BALB/c mice (Razi
Vaccine and Serum Research Institute, Mashhad, Iran)
were randomly distributed into five experimental groups
(6 mice/group). The mice were kept in conventional
animal facilities and received water and food ad libitum.
All animal care and procedures were in accordance with
institutional policies for animal health and well-being.
The
BALB/c
mice
were
immunized
by
intraperitoneally injection on days 7 and 14 with the
recombinant vaccines. Experimental groups consisted
of 5 groups: Polytope (100 μg), Polytope+IL-2 (50 μg+50
μg), Polytope-IL-2 (100 μg) and inactivated monovalent
vaccine of FMD virus for serotype O (100 μl). Similarly,
a group of mice received 100 μl of PBS -1X as a negative
control.

Humoral immune response
One week after the last immunization, mice were
bled and serum was collected by centrifugation at 3000
g for 20 min. After that, the supernatant was stored at
-80 °C. The humoral immune response was measured by
indirect ELISA assay. Briefly, 96-well plates were coated
with 10 μg/ml of the epitope recombinant protein in
PBS at 4 ºC overnight. Plates were followed by blocking
with 5% non-fat dry milk in PBST 0.01% for 2 hr at 37 °C.
Then, 100 µl of the diluted serum (1:100) was added to
the wells and incubated for 90 min at 37 °C. Coated plates
were washed five times and 100 µl of 1:10000 dilution
of HRP-conjugated goat anti-mouse IgG (subtypes IgG1
and IgG2a) (Sigma, USA) were added to the wells and
incubated for 90 min at 37 °C. After extensive washing,
the reaction was developed by adding 100 μl/well TMB
(3, 3′, 5, 5′-tetramethylbenzidine) substrate. Color
development was stopped by adding 50 μl/well 2N
H2SO4 after 10 min of incubation of the plates in dark
at room temperature. The OD was measured at 450 nm
/ 630 nm wavelength using an ELISA reader (Bio-Rad,
USA).
Cellular immune response
In order to investigate the cellular immune response
against immune-dominant epitopes of FMD virus, mice
were sacrificed one week after the final immunization.
Spleen cells were homogenized in 10 ml PBS containing
5 mM EDTA on ice. The spleen cells were washed twice
with PBS-EDTA and mononuclear cells were isolated.
Splenocytes enriched in culture medium RPMI-1640
Iran J Basic Med Sci, Vol. 22, No. 3, Mar 2019
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Figure 3. (A) Enzymatic digestion of the recombinant plasmids by
EcoRI and XhoI (lane 1: undigested pET32a, lane 2: digested pET32a,
lane 3: 1 kb DNA size marker, lane 4, 5 and 6: digested pET32/Polytopeinterleukin-2 (IL-2), pET32/Polytope and pET32/IL-2 plasmids

Figure 2. (A) Predicted 3D structure of the polytope protein in
comparison with the natural VP1 protein of foot-and-mouth disease
(FMD) virus. This figure showed the structure superimposition
between the polytope protein and the VP1 of FMDV by PyMOL
software. The natural VP1 of FMDV was shown by blue line and
the polytope protein was shown by red line. (B) 3D structure of the
polytope-IL-2 protein

from mice (3×106 cells) were coated in 24-well plates
and stimulated with the epitope recombinant proteins
(10 μg/ml). Plates were incubated for 3 days at 37 °C
in a humidified atmosphere, and 5% CO2. At the end of
incubation, cell culture supernatants were harvested
and centrifuged at 300 g for 10 min and stored at
-80 °C for cytokine measurement. Interferon gamma
(IFN-γ), IL-10 and IL-4 were measured in cultured
supernatants using commercial ELISA kits, according
to the manufacturer’s instructions (R&D System,
Quantikine, USA). The standard curve was made for each
cytokine by ELISA reader (Bio-Rad, USA). The cytokine
concentration values for each sample were given in pg/
ml.

Statistical analysis
Differences in humoral and cellular responses
between groups were analyzed by one-way ANOVA,
followed by Turkey’s multiple comparisons test analysis
using GraphPad v6.07 software (GraphPad Software Inc.,
SanDiego, CA, USA) to detect any significant differences
among groups of the immunized mice. P-values less than
0.05 were considered statistically significant. Values
were expressed as mean± SD in the text and figures.

Results

The recombinant proteins (pET32a/Polytope-IL-2,
pET32a/Polytope and pET32a/IL-2) were expressed
in E. coli)
Predicted 3D structure of the polytope protein in
comparison with the natural VP1 protein of FMD virus
Iran J Basic Med Sci, Vol. 22, No. 3, Mar 2019
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and polytope-IL2 protein are shown in Figure 2. This
figure showed the structure superimposition between
the Polytope protein and the VP1 of FMD virus by
PyMOL software. The loop-G-H region (amino acids
141-161) that plays an important role in binding the
virus to the receptor is coincident in the recombinant
and natural proteins. Also, the analysis showed that all
predicted B and T-cell epitopes located on the outside of
the VP1 antigen.
Designed constructs of the polytope-IL-2, polytope
and IL-2 were amplified using specific primers. The
recombinant plasmids were transformed into DH5α.
The integrity of the constructed recombinant plasmids
was confirmed by restriction analysis with EcoRI and
XohI enzymes. The existence3 of inserts into pET32a was
confirmed by this method (Figure 3). The results of DNA
sequencing of each construct showed that plasmids
were correctly constructed with sequence integrity and
right orientation.
Characterization of the expressed proteins by SDSPAGE and dot-blotting analysis
The recombinant proteins were expressed after
induction by IPTG. Proteins 79 kDa, 60 kDa and 39 kDa
that belonged to the pET32a/Polytope-IL-2, pET32a/
polytope and pET32a/IL-2, respectively, can be detected
in Coomassie blue staining (Figure 4). The recombinant
proteins were expressed in E. coli with peptide sequences
fused with the 109 aa Trx•Tag™ thioredoxin protein and
6-histidine tag of pET32a (+). These additional amino
acids increased the size of the expressed proteins about
20 kDa.
The recombinant proteins were purified using NiNTA agarose column (Figure 5A). Using Bradford assay,
the concentrations of recombinant Polytope-IL-2,
Polytope and IL-2 proteins were determined 2.29, 2.84
and 3.02 mg/ml, respectively. The purified proteins
were identified by SDSPAGE and dot-blotting analysis
(Figure 5B).
Humoral response was induced using different
vaccine combinations
Humoral immune response was determined by
measuring IgG antibodies using specific indirect ELISA
305
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Figure 4. (A) SDS-PAGE analysis of the recombinant polytope protein. Lane 1, 2, 3, 4, 5 and 6: bacterial lysate expressing the induced pET32a,
pET32a/polytope before the induction, pET32a/polytope protein in 1, 2 and 3 hr after induction and protein marker, respectively. (B) Analysis of
the recombinant polytope- interleukin-2 (IL-2) protein. Lane 1, 2, 3, 4, 5 and 6: the bacterial lysate containing pET32a/polytope-IL-2 before the
induction, pET32a/polytope-IL-2 protein in 1, 2 and 3 hr after induction, protein marker and induced pET32a, respectively. (C) Analysis of the
recombinant IL-2 protein. Lane 1, 2, 3, 4, 5 and 6: the bacterial lysate containing pET32a/IL-2 before the induction, pET32a/IL-2 protein in 1, 2, 3
and 4 hr after induction and protein marker

(50 μg)+IL-2 (50 μg) led to a strong specific total IgG and

Figure 5. (A) SDS-PAGE analysis of the purified recombinant proteins
including interleukin-2 (IL-2), polytope and polytope-IL-2. (B) Dot-blot
analysis using anti-His tag antibody. Lane 1: extract of the transformed
bacteria uninduced by isopropyl β-D-1-thiogalactopyranoside (IPTG),
Lane 2, 3 and 4: the extract of transformed bacteria (Escherichia coli/
pET32a/polytope-IL-2, E. coli/pET32a/Polytope and E. coli/pET32a/
IL-2) induced by IPTG

Figure 6. Antibody responses in the immunized mice. Data
represent the mean±standard error of triplicates from 6 mice/group.
Different letters refer to statistically significant differences between
experimental groups (P< .05)

IgG1 responses higher than the other groups (Figure
6). The results of immunization with the recombinant
polytope-IL-2 (100 μg) protein also showed a strong
in sera from the immunized and control mice. Results
specific IgG2a response higher than the other groups.
of total IgG, IGg1 and IgG2a showed that immunization 4 These results indicated that IL-2 could be recommended
using different treatments raised the level of antibody
as a potential adjuvant for the VP1 protein and enhanced
titer compared to the negative control group (P<0.05).
humoral immune response when co-expressed or coImmunization with the recombinant polytope protein
inoculated with the VP1 protein of FMD virus.
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Figure 7. Cytokine responses in the mice immunized with the recombinant vaccines. The concentrations of each cytokine were determined
(pg/ml) by ELISA. Data represent the mean±standard error of triplicates from 6 mice/group. Different letters indicate statistically significant
differences between the experimental immunized groups (P< .05)

Cytokine response was induced using different
vaccine combinations
The secretion profiles of IFN-γ, IL-4 and IL-10 revealed
that the epitope recombinant vaccines significantly
stimulated the production of IFN-gamma, IL-4 and IL10 in the spleen cells from the immunized mice but not
from PBS-immunized mice (P<0.05). Also, the secretion
profiles of IL-4 and IL-10 revealed that there were no
significant difference between the mice immunized
with the inactivated vaccine, Polytope, Polytope+IL-2
(50 µg+50 µg) and Poltope-IL-2 (100 µg) groups
(P<0.05). The results of INF-gamma indicated that no
significant difference was observed between the mice
immunized with the inactivated vaccine and Polytope
groups (P<0.05). Additionally, the production of IFN-γ in
lymphocytes stimulated by the recombinant PolytopeIL-2 (100 µg) vaccine was significantly higher compared
to the other groups (528.333 pg/ml). The maximum
production of IL-4 was calculated in mice immunized
by the recombinant Polytope-IL-2 (100 µg) vaccine
(145 pg/ml). The production of IL-10 in lymphocytes
stimulated by the inactivated vaccine was significantly
higher in comparison with the other groups (141 pg/
ml) (Figure 7). The minimum production of the IFN-γ
(50.66 pg/ml), IL-4 (44 pg/ml) and IL-10 (40 pg/ml)
were calculated in negative group (Figurer 7). The data
showed that IL-2, as a molecular adjuvant for FMD virus
vaccine, enhanced the levels of antibodies and also the
secretion of IFN-γ, IL-4 and IL-10. It implies that IL-2,
as a molecular adjuvant, could enhance the production
of Th1 (IFN-γ) and Th2 (IL-4 and IL-10) cells when
co-expressed or co-inoculated with the recombinant
vaccines.

Discussion

The results revealed the possibility of appropriate
production of the recombinant polytope, polytopeIL-2 and IL-2 proteins. Our finding showed that the
produced recombinant proteins were expressed at
Iran J Basic Med Sci, Vol. 22, No. 3, Mar 2019

appropriate levels in prokaryote cell. These findings
are in accordance with the results of other surveys that
showed that E. coli could be used as a proper host to
produce the recombinant VP1 protein (3, 14, 17, 19,
20). SDS-PAGE analysis revealed the presence of protein
sizes of the purified recombinant proteins, which were in
agreement with the theoretical prediction of molecular
weights of the expressed proteins. Finding of this study
was in agreement with the results of investigators that
showed the protein VP1 of FMD virus is expressed in
insoluble phase (21, 22).
In order to evaluate whether IL-2 co-expressed or
co-injected with the epitope recombinant protein of
VP1 protein has the ability to stimulate humoral and
cellular immune responses for FMD virus, we evaluated
the secretion levels of three major cytokines. IFN-γ,
an important components of Th1 immune responses,
stimulates macrophages, increases the level of MHC
class II and induces IL-12 secretion, which induces the
differentiation of Th1 cells. Analysis of the mechanism
of inhibition on FMD virus recommended that IFN-γ
did not inhibit the viral replication through induction
of nitric oxide, but continuous treatment with IFN-γ
severely restricts FMD virus replication and even
cures persistently infected bovine epithelial cells
(23). According to our finding, using the Polytope
co-expressed or co-injected with IL-2 as a molecular
adjuvant could lead to Th1 immune response pattern.
IL-4 and IL-10, as other component of cytotoxic immune
response,
stimulate Th2 immune responses. These
7
cytokines are produced by various cells including
monocytes, macrophages, B-lymphocytes, CD4 + T cells
and CD8+T cells. In this study, secretion of IL-4 and IL10 in lymphocyte cells from the mice immunized with
the recombinant polytope-IL-2 vaccine and inactivated
vaccine groups were higher than other groups, but no
significant differences were found in comparison with
other groups immunized with the recombinant vaccines.
The lower ratio of IL-10 and IL-4 in comparison to INF-γ
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in this study indicated that the recombinant vaccines of
VP1 protein induced cellular immune response through
Th1 response pathway. The result demonstrated that
although immuno-dominant epitopes of the VP1 protein
(polytope) alone could induce immune response, but it
revealed that using a suitable adjuvant coupled with the
epitope recombinant proteins can improve vaccination
efficiency and induce better immune responses (24).
Therefore, the immuno-dominant epitopes of the
VP1 protein from FMD virus that are co-expressed or
co-injected with IL-2 enhance humoral and cellular
immune responses. The results indicated that IL-2
could induce both humoral and cellular immune
responses, suggesting that IL-2 could be used as potent
adjuvant. The results indicated that Th1 and Th2 type
cytokines were increased after co-inoculation with the
recombinant vaccines. Shi et al. (2006) reported that
although the VP1 protein of FMD virus alone could
induce both humoral and cellular immune responses
in mice, both humoral and cellular immune responses
could be considerably enhanced when the mice were coinoculated with the VP1 protein and bovine IFN-gamma
(25). Yang et al. (2008) showed that antigenic epitopes
of the protein VP1 of FMD virus induce not only humoral
and cell-mediated immune responses but also confer
full protection against FMDV in target animals (26). In
a study, Du et al. (2008) constructed the recombinant
adenovirus rAd-pIFNa-VP1 co-expressing VP1 and
porcine interferon alpha as fusion protein, which
could induce significantly higher humoral and cellular
immune responses than co-administration of rAd-VP1 +
rAd-pIFNa in mice and provide complete protection in
guinea pigs (27).
This result is in accordance with prior immunization
studies in mice, which revealed that the recombinant
FMD virus vaccines could stimulate humoral and cellular
responses (25- 28). Also, the result is in agreement with
finding of similar studies that revealed that IL-2 or IL-1,
as a molecular adjuvant, in combination with the VP1
protein of FMD virus improves the humoral and cellular
responses (15, 29).

Conclusion

We developed a recombinant polytope and polytopeIL-2 plasmids that were constructed with VP1 protein,
which contained the critical epitopes for inducing an
immune response to the FMD virus. According to our
finding, the epitope recombinant plasmid of the VP1
protein co-expressed or co-inoculated with IL-2 was
effective in inducing an enhanced immune response. The
data of current study revealed that IL-2, as an adjuvant
for epitope recombinant vaccines, could improve both
humoral and cellular immune responses when coexpressed or co-inoculated with the VP1 protein of
FMD virus. Therefore, IL-2 can be recommended as a
potential adjuvant for recombinant FMD virus vaccines.

Acknowledgment

The authors acknowledge Ferdowsi University of
Mashhad for the financial support of this study. This
report is part of a Ferdowsi University of Mashhad PhD
thesis.
308

IL-2 co-expressed or co-inoculated with VP1 protein

Conflict of Interest

The authors declare that there is no conflict of
interest.

References

1. Kim SA, Liang CM, Cheng IC, Cheng YC, Chiao MT, Tseng CJ,
et al. DNA vaccination against foot-and-mouth disease via
electroporation: study of molecular approaches for enhancing
VP1 antigenicity. J Gene Med 2006;8:1182-1191.
2. Mason PW, Grubman MJ, Baxt B. Molecular basis of
pathogenesis of FMDV. Virus Res 2003; 91: 9-32.
3. Kupper H, Keller W, Kurz C, Forss S, Schaller H, Franze R, et
al. Cloning of cDNA of major antigen of foot-and-mouth disease
virus and expression in E. coli. Nature 1981; 289: 555-559.
4. Saiz M, Nunez JI, Jimenez-Clavero MA, Baranowski E, Sobrino
F. Foot-and-mouth disease virus: biology and prospects for
disease control. Microbes Infect 2002; 4: 1183-1192.
5. Sutmoller P, Olascoaga RC. The risks posed by the importation
of animals vaccinated against foot and mouth disease and
products derived from vaccinated animals: a review. Rev Sci
Tech 2003; 22: 823–835.
6. Barteling SJ, Vreeswijk J. Developments in foot-and-mouth
disease vaccines. Vaccine 1991; 9: 75–88.
7. Doel TR. FMD vaccines. Virus Res 2003; 91:81–89.
8. Du Y, Dai J, Li Y, Li C, Qi J, Duan S, Jiang P. Immune responses
of recombinant adenovirus co-expressing VP1 of foot-andmouth disease virus and porcine interferon alpha in mice and
guinea pigs, Veterinary. Immunol. Immunopathol 2008;124:
274-283.
9. Chinsangaram J, Mason PW, Grubman MJ. Protection of
swine by live and inactivated vaccines prepared from a leader
proteinase-deficient serotype A12 foot-and-mouth disease
virus. Vaccine 1998; 16:1516-1622.
10. DiMarchi R, Brooke G, Gale C, Cracknell V, Doel T, Mowat
N. Protection of cattle against foot-and-mouth disease by a
synthetic peptide. Science 1986; 232: 639-641.
11. Liu XS, Wang YL, Zhang YG, Fang YZ, Pan L, Lu JL, et
al. Identification of H-2d restricted T cell epitope of foot-andmouth disease virus structural protein VP1. Virol J 2011;
7:426.
12. Fang M, Li J, Wang H, Yang M, Zhang Y, Zhou L, et al.
Correlation between efficacy and structure of recombinant
epitope vaccines against bovine type O foot and mouth disease
virus. Biotechnol Lett 2012;34: 839-847.
13. Morgan D, Moore D. Protection of cattle and swine against
foot-and-mouth disease, using biosynthetic peptide vaccines.
Am J Vet Res 1990;51: 40-45.
14. Zhang L, Zhang J, Chen HT, Zhou JH, Li NM, Ding YZ, et al.
Research in advance for FMD Novel Vaccines.Virol J 2011;
8:268.
15. Zhang C, Wang B, Wang M. GM-CSF and IL-2 as adjuvant
enhance the immune effect of protein vaccine against footand-mouth disease. Virol J 2011;8: 7.
16. Doosti M, Nassiri MR, Tahmoorespur M, Haghparast
A, Zibaei S. Design and construction of multiple-epitope
recombinant vaccine against foot-and-mouth disease virus
type O. Research On Animal Production 2017; 8: 115-123.
17. Shao JJ, Wong C, Lin T, Lee SK, Cong GZ, Sin FW, et al.
Promising multiple-epitope recombinant vaccine against
foot-and-mouth disease virus type O in swine. Clin Vaccine
Immunol 2011;18: 143-149.
18. Bradford MM. A rapid and sensitive for the quantitation
of microgram quantitites of protein utilizing the principle
of protein-dye binding. Anal Biochem1976; 72:248-254.
19. Masoudi S, Mohammadi AA, Mahboudi F, Roustai, MH,
Khedmati K. Molecular Cloning of VP1 gene of Foot-and-Mouth
Disease Virus Type Ol/lran. Arch. Razi ln 2001; 51.
20. Qiumei S , Guisheng G , Yanying Z , Hua X , Zengqiang Y,
Hongxuan H. Cloning of structural protein VPI gene of foot
Iran J Basic Med Sci, Vol. 22, No. 3, Mar 2019

IL-2 co-expressed or co-inoculated with VP1 protein

and mouth disease virus and its expression in Escherichia
coli. J Animal Veterinary Adv 2012; 11:426-430.
21. Bae JY, Moon SH, Choi JA, Park JS, Hahn BS, Kim KY, et al.
Recombinant DNA and protein vaccines for foot-and-mouth
disease induce humoral and cellular immune responses in
mice. Immune Netw 2009;9: 265-273.
22. Gao SD, Du JZ, Chang HY, Cong GZ, Shao JJ, Lin T, et al. B cell
epitopes within VP1 of type O foot-and-mouth disease virus
for detection of viral antibodies. Virol Sin 2010;25: 18-26.
23. Zhang Z, Hutching G, Kitching P, Alexandersen S. The
effects of gamma interferon on replication of foot-and-mouth
disease virus in persistently infected bovine cells. Arch Virol
2002;147:2157-2167.
24. Czajkowsky DM, Hu J, Shao Z, Pleass RJ. Fc-fusion proteins:
new developments and future perspectives. EMBO Mol Med
2012; 4:1015-1028.
25. Shi XJ, Wang B, Zhang C, Wang M. Expressions of Bovine
IFN-γ and Foot-and-Mouth Disease VP1 antigen in P. pastoris

Iran J Basic Med Sci, Vol. 22, No. 3, Mar 2019

Doosti et al.

and their effects on mouse immune response to FMD antigens.
Vaccine 2006;24: 82-89.
26. Yang CD, Liao JT, Lai CY, Jong MH, Liang CM, Lin YL, et al.
Induction of protective immunity in swine by recombinant
bamboo mosaic virus expressing foot-and-mouth disease
virus epitopes. BMC Biotechnol 2007; 7: 62.
27. Du J, Chang H, Cong G, ShaoJ, Lin T, Shang Y, et al. Complete
nucleotide sequence of a Chinese serotype Asia1 vaccine
strain of foot-and-mouth disease virus. Virus Genes 2007;
35:635-642.
28. Gao F, Feng L, Zhang Q, Yan R, Li YG, Li XS. Immunogenicity
of Two FMDV nonameric peptides encapsulated in liposomes
in mice and the protective efficacy in guinea pigs. PLoS One
2013;8: e68658.
29. Park JH, Kim SJ, Oem JK, Lee KN, Kim YJ, Kye SJ, et al.
Enhanced immune response with foot and mouth disease
virus VP1 and interleukin-1 fusion genes. J Vet Sci 2006; 7:
257-262.

309

