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Received 05 Mar 2017 Abstract
Aecepted 10 Oct 2017 Background: Toxoplasma gondii is a widely prevalent intracellular protozoan parasite
which causes serious clinical and veterinary problems. Development of an effective
vaccine for controlling toxoplasmosis is an extremely important aim. In the present
Keywords: study, the protective efficacy of recombinant multiepitope antigen (USM.TOXO1)
Tosoplasma gondii, expressing nine potential epitopes identified from SAG1, GRA2, and GRA7 of
Multiepitope peptide, Toxoplasma gondii was evaluated in BALB /¢ mice.
SAGI, Methods: Mice were immunized subcutaneously with three doses of
GRA2, USM.TOXOT1 antigen (10 pg/ml). Following the immunization, the IgG antibody,
GRA7, IgG subclass, IFN-y and IL-4 production were evaluated using ELISA, the study
Vaccine was conducted at Animal Research and Service Center (ARASC), USM Health
Campus in 2016.
*Correspondence Results: Mice immunized with USM.TOXO1 significantly induced a mixed
Email: Th1/Th2 response polatrized toward the IgG1 antibody isotype. While the cytokine
zeehaida@usm.my analysis revealed a significant release of IFN-y cytokines.
Conclusion: USM. TOXOL1 is a potential vaccine candidate that elicits strong im-
munity in BALB/c mice. The proven immunogenicity of the generated antigen can
serve as a premise for further use of epitope-based vaccine in the immunopreven-
tion of human and animal toxoplasmosis.
Introduction
Toxoplasmosis caused by the obligate disease with significant medical and veterinary
intracellular protozoan parasite Toxo- importance (1, 2). Controlling the lethal im-
Pplasma gondii, is a widespread zoonotic pact of the disease is currently depends on
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chemotherapy to completely prevent or cure
toxoplasmosis in humans (3). However,
chemotherapy provides limited results, and
several drugs could cause severe side effects
(4). Under this scenario, developing effective
and safe vaccines is the need of the hour be-
cause it becomes the appropriate way to pre-
vent the diseases (5).

Currently, vaccination is considered as a
highly effective strategy for disease prevention.
The efficacy of vaccination in controlling var-
ious infectious diseases, including toxoplas-
mosis, has been extensively studied and veri-
fied (5). Consequently, the vaccination ap-
proaches for T. gondii infection in the last 20
years were based on different types of immu-
nogens, including live-attenuated parasites,
killed vaccines, native parasite antigens, DNA
vaccines and recombinant antigens (6-8).

Developing of potential T. gondii vaccines
possessing high immunogenic characteristics
is a challenging research goal (9). An ideal vac-
cine against toxoplasmosis should express dif-
ferent stages of the parasite life cycle to allow
the induction of a strong and broad immune
response (10). Regardless of the intensive ef-
forts and significant advances in the develop-
ment of an effective T. gondii vaccine, no pro-
tective vaccine for human use has yet been
achieved (5). Meanwhile, the already approved
animal vaccine has shown limited efficacy (11).
The major challenge is the lack of efficacious
antigen candidates because of the complex T.
gondii life cycle. Nevertheless, various candi-
date antigens have been identified, and those
that are able to induce a strong and long-
lasting immunity are limited.

Recently, epitope-based vaccines have at-
tracted considerable attention as a potential
means for promoting protective immune re-
sponses against 1. gondiz infection (12, 13). The
application of such vaccine offers potential
advantages, such as the ability to enhance a
specific immunity against the selected epitopes,
the possibility to induce variety of immune
response types, increased safety and the op-
portunity to engineer the epitopes (14).
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Accordingly, considerable efforts have been
made to develop an epitope-based vaccine
against T. gondii infection. Indeed, epitope-
based vaccines induce protective immune re-
sponse against the T. gondii parasite (3, 12).
The variability of T. gondii antigens across the
complicated life cycle of the parasite renders
the use of multiepitope vaccines as a promis-
ing immunization strategy against toxoplas-
mosis (10).

In this study, a synthetic multiepitope anti-
gen named as USM.TOXO1 expressing nine
potential B cell epitopes identified from SAGI,
GRA2, and GRA7 of T. gondii was developed.
Consequently, the humoral and cellular im-
mune responses elicited by this vaccine in
BALB/c mice were evaluated.

Materials and Methods

Epitopes prediction

The immunodominant B cell epitopes ex-
pressed within the SAG1, GRA2 and GRA7
of T. gondii were predicted by the ABCpred
online prediction server (15). Following the
prediction, and based on the immunogenicity
score three epitopes from each protein (16
amino acids in length each) were selected as
potential epitope candidates in the choice of
the synthetic gene construction.

Construction of USM.TOXOI1 synthetic
gene

The DNA sequences of the identified
epitopes were retrieved from the gene bank
and used to design a single synthetic gene en-
coding all selected epitopes with a final length
of 435 bp, expected to express the most reac-
tive epitopes within SAG1, GRA2 and GRA7
antigens. Consequently, the gene was con-
structed by assembly PCR (16). Subsequently,
the gene was cloned into pET32a vector.

Expression and purification of the recom-
binant multiepitope antigen

E. cli BL21 (DE3) pLyS cells containing
pET-32a.rMEP were grown in Luria—Bertani
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(LB) broth, supplemented with 100 pg/ml
ampicillin with various shaking (225 rpm) at
37 °C until the optical density (OD) at 600 nm
reaches 0.4-0.6. The protein expression was
then induced by isopropyl-D thiogalactopyra-
noside (IPTG) with final concentration 1 mM.
The synthetic protein was purified using Ni-
NTA column according to the manufacturer’s
instruction.

Mice and ethics statement

Fourteen male BALB/c mice (8-12 wk old)
purchased from Animal Research and Service
Center (ARASC), USM Health Campus in
2016, were used for the experiments. The ap-
proval for all experimental procedures was
obtained from the Animal Ethics Committee,
Universiti Sains Malaysia (approval No. 2015
(95) (608)).

Mouse immunizations

The immunization experiment was carried
out as described previously (17). Briefly, seven
mice (immunized group) were subcutaneously
immunized three times with 10 pg/ml of
USM.TOXO1 antigen emulsified with
Freund’s complete adjuvant in the first dose,
or Freund’s incomplete adjuvant in the second
and third doses, at two weeks intervals. While
phosphate-buffered saline emulsified with ap-
propriate adjuvant was similarly injected to
another group of mice (control group). The
mice were daily monitored to ensure that there
were no adverse effects of the vaccine.

Measurement of humoral response

Collected mice sera were used to quantify
the presence of anti-USM.TOXO1 specific

IgG and IgG subclass antibodies using ELISA.

Briefly, the purified USM.TOXOT1 was diluted
in 0.05 M carbonate buffer (pH 9.6) to the
final concentration of 2.5 pg/ml. A volume of
100 ul of this dilution was then added to each
well of a 96-well microplate and incubated at
4 °C overnight. Following the incubation, the
plate was then washed three times with PBS-T
for 5 min and blocked with PBS supplement-
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ed with 3% of bovine serum albumin (block-
ing buffer) at 37 °C for 1 h. The washing step
was repeated three times. Subsequently, 100 ul
of sera from immunized and control mice di-
luted 1:400 in blocking buffer was dispensed
into each well and incubated for 30 min at 37
°C. The wells were again washed prior to the
addition of 100 ul of HRP conjugated anti-
mouse IgG, IgG1, IgG2a and IgG2b antibod-
ies (Abcam, USA ) at a 1:10000 dilution in
PBS and the plate was incubated at 37 °C for
30 min. Another three rounds of washes were
carried out and the color reaction was allowed
to develop by adding 100 pl of TMB substrate
followed by 15 min incubation. Consequently,
the color development was stopped by the
addition of 100 ul of 2 M H,SO, and the opti-
cal density at 450 nm was determined on mi-
croplate readers.

In vitro production of cytokines from
splenocytes after USM.TOXOI1 stimula-
tion

The levels of cytokines production were de-
termined using splenocytes from three mice
per group two weeks after the final immuniza-
tion. The splenocytes were cultured with
USM.TOXO1 (10 pg/mL) in 96-well plates at
37 °C in 5% CO; (18). Parallelly, Concanavalin
A and PBS were used as positive and negative
controls respectively. The cells were harvested
and the supernatants were assessed for the
secretion of interleukin-4 (IL-4) at 24 h and
interferon gamma (IFN-y) at 72 h, using
commercial ELISA kit (Thermo Scientific,
USA) according to the manufacturet’s instruc-
tions.

Statistical analysis

The statistical analysis between the two
groups was performed using SPSS software
(Chicago, IL, USA). The levels of antibodies
and cytokines production in the immunized
and control groups of BALB/c were analyzed
by the U Mann—Whitney test. Differences
were considered to be significant with P<0.05.
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Results

Production of the USM.TOXO1 multi-
epitope antigen

A single synthetic gene encoding the most
reactive epitopes within SAG1, GRA2, and
GRA7 antigens was constructed using assem-
bly PCR. The corresponding DNA was suc-
cessfully used to express a novel multiepitope
USM.TOXO1 antigen in E. co/i system and
purified as previously described (16).

Antibody  responses in Immunized
BALB/c mice

The titers of total IgG antibodies, besides
the IgG isotypes (IgG1, IgG2a, and IgG2b)
induced by the USM.TOXO1 in immunized

mice at weeks 0, 2, 4 and 6 post immunization

were measured by using ELISA. High levels
of specific anti-USM.TOXO1 IgG antibodies
were detected in immunized mice following
booster immunization, especially on the
fourth and sixth weeks after the first immun-
ization (P < 0.05) (Fig. 1 A), However, analy-
sis of IgG production in control mice showed
no increase in the IgG titers following booster
immunizations.

The recombinant USM.TOXO1 antigen-
stimulated a high IgG1 response two weeks
after the first immunization. The antibody re-
sponse was continuously increased after the
second and third booster immunization, in
which the IgG1 titer was statistically signifi-
cant in the immunized mice versus control

group (P<0.05) (Fig, 1B).

Fig. 1: Serum levels of total IgG (A), IgG1 (B), IgG2a (C) and IgG2b (D) antibodies (OD4so + SD) in im-
munized and control groups of mice, at week 0, 2, 4, and 6. Significant differences between control and im-

munized groups are marked with (*¥), where *P < 0.05

In contrast, IgG2a isotype showed a slight
increase in the antigen-specific IgG2a levels
after the first and second immunization.
However, a significant increase in anti-
USM.TOXO1 IgG2a antibody titers were ob-
served in immunized mice sera (P<0.05) two
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weeks after the final booster immunization.
While in control group, the level of IgGG2a an-
tibodies remained low throughout the immun-
ization period and was equivalent to the level
prior to immunization. The USM.TOXOT1 has
the potential to induce mixed Thl and Th2
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response. However, the antibody pattern pre-
dominantly exhibited a Th2-type response. Ad-
ditionally, significant increase in the IgG2b lev-
el was also observed in the immunized group
compared to the control group (Fig. 1 D).

In vitro production of cytokines from sple-
nocytes after USM.TOXO1 stimulation

A significant level of IFN-y (fivefold) was
released in the supernatants of the re-

stimulated splenocyte culture from
USM. TOXO1 immunization mice compared
with the control group (Fig. 2). On the other
hands, there was no significant evidence of
released IL-4 in the splenocyte cultures from
both immunized and control mice. Mice im-
munization with USM.TOXO1 antigen did
not enhance the 7 vifro release of 1L-4 follow-
ing the stimulation.

Fig. 2: 1L-4 (A) and IFN-y (B) production by splenocytes isolated from USM.TOXO1-vaccinated and non-

vaccinated mice

BALB/c mice stimulated in vitro with USM.TOXOT1, PBS or ConA. Antigen-induced cytokines release was
determined after 24 h (IL.-4) or 72 h (IFN-y) of stimulation by ELISA. The concentration of 11.-4 and IFN-y
in experimental and control samples was calculated on the basis of the respective standard curves. Results are
representative of one of three similar experiments. Data are expressed as mean £SD. * P < 0.05

Discussion

Development of effective vaccines against 7.
gondii parasite may contribute significantly in
preventing and controlling the spread of the
disease, which is important for the improve-
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ment of toxoplasmosis outcome in both hu-
mans and livestock animals (5). In this study, a
multiepitope-based vaccine expressing nine
potential immunodominant epitopes identified
from SAG1, GRA2, and GRA7 was evaluated

as potential T. gondii vaccine. The rational se-
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lection of the T. gondii antigens that possess
conserved T and B cell epitopes is crucial for
the successful application of this epitope-
based strategy (19). Thus, SAG1, GRA2, and
GRAT7 have been selected as the candidate an-
tigens to be assessed in the current project. All
of these antigens have been the subject of vari-
ous fundamental studies. The findings of most
of these studies demonstrated the potential of
these antigens to become more successful di-
agnostic reagents or/and effective vaccines.

SAGT is of particular interest because it rep-
resents around 5% of the tachyzoite antigen
(20). Investigations on the immunogenicity
and immunoreactivity of SAG1 repeatedly
yielded significant results (21, 22). These rea-
sons explain the selection of SAG1 as an anti-
gen candidate in this study. GRA7 is a promis-
ing vaccine candidate and novel diagnostic
reagent (23). Direct contact of GRA7 with the
host immune system enhances the induction
of strong antibody and cell-mediated respons-
es in both acute and chronic infection (24).

Similar to SAG1 and GRA7, GRA2 is also
characterized as a highly immunogenic antigen
during T. gondii infections; it has the potential
to induce protective immune response in both
human and experimental models (25). SAG1,
GRA7, and GRA2 antigens could advance the
development of effective diagnostic reagents
tor T gondi.

USM.TOXO1 wvaccine was able to elicit
strong humoral and cellular immune respons-
es. Significantly high levels of total IgG anti-
bodies were observed in the sera of
USM.TOXO1-immunized mice compared to
the PBS- immunized mice. In particular, the
level of USM.TOXO1-specific IgG antibodies
in the sera obtained from vaccinated mice
gradually increased with booster immunization,
especially on the fourth and sixth weeks after
the first immunization (P<0.05). However, the
IgG levels did not increase and remained low
throughout the experiment in the control mice.
There was the substantial role of the IgG an-
tibodies in the protection against 1. gondii in-
fection (20, 26). The production of anti-T.
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gondii 1gG antibodies enable parasite destruc-
tion via various mechanisms, including activa-
tion of the complement system, phagocytosis,
and blocking the parasite receptor. These
strategies were found to be directly correlated
with protection against toxoplasmosis (27, 28).
Thus, the IgG response is considered as an
important component of immunization
against T. gondii.

Immunization of BALB/c mice with
USM.TOXOL1 led to the production of high
anti-USM.TOXO1 IgGT1 levels. By contrast, a
significant increase in anti-USM.TOX1 IgG2a
antibody was also observed in the immunized
mice sera. Similarly, the immunized mice gen-
erated high levels of IgG2b than those inject-
ed with PBS (P<0.05). Mice immunization
with  USM.TOXO1 generated a mixed
Th1/Th2 response, with a predominant syn-
thesis of IgG1 isotype after the booster im-
munization. Interestingly, USM.TOXOL1 is a
promising vaccine; this finding is supported by
the assumption that a good vaccine should
induce both cellular Thl and humoral Th2
responses (29).

Similarly, induction of protective immunity
accompanied by the production of antigen-
specific IgG1 and IgG2a antibody subclasses
was previously observed. Mice immunization
with recombinant antigens resulted in the in-
duction of a mixed Th1/Th2 antibody re-
sponse, with the predominance of the Th2
type (26). Conversely, the predominance of
Thl immune response is frequently reported
as a commonly observed phenomenon during
the evaluation of several T. gondii vaccines (23,
30).

Thl-biased immune response is known as
an effective immunological mechanism re-
quired in limiting parasite spread, reduce the
brain cyst formation, and prolong the survival
time of the immunized mice after challenge
with a lethal dose of tachyzoites (31, 32).
However, prolonged protection and increase
in survival rate, mediated by the Th2 immune
response have also been reported (33). More-
ovet, the type of immunity has also been cor-
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related with the genetic background of the
mice and the type of adjuvant used (34).
Therefore, directing the immune response
generated by USML.TOXO1 towards the Thl
type would be a very promising and valuable
strategy. This manipulation can be achieved by
using appropriate adjuvants (35). Besides, the
capability of the mixed Th1/Th2 response
generated by the USM.TOXO1 antigen in
protecting the mice and increasing the survival
rate after parasite challenge was not examined
in this study and hence requires further inves-
tigation.

Another important strategy in the resistance
against the T. gondii parasite is cellular immuni-
ty activation. This kind of immunity is the key
mechanism in developing effective host pro-
tection during T. gondii invasion (36). The ef-
fectiveness of cellular immunity against 7T.
gondyi infection has been suggested to be main-
ly due to the potential role of IFN-y in para-
site clearance (29). Therefore, an appropriate
vaccination strategy should promote signifi-
cant Th1 response marked by elevated IFN-y
production (12).

Splenocytes from both immunized and con-
trol mice were stimulated with USM.TOXO1
antigen in vitro. There was a significantly high-
er IFN-y level in the immunized mice than in
the control mice (Fig. 2). However, immuniza-
tion with the USM.TOXO1 antigen did not
increase the in vitro release of 1L-4 after sple-
nocyte stimulation with the purified antigen.
The  cellular  immunity  induced by
USM.TOXOL1 is a Th1 type response. Howev-
er, many factors can influence the differentia-
tion of the Th cells into Th1 or/and Th2. For
example, I.-12 and II.-18 enhance the Thl-
type immune responses, whereas IL-5 and IL-6
promote the Th-2 type immune responses. In
this study, these factors were not explored.

Compared with humoral immunity, a slight
variation in cellular immunity was detected.
The USM.TOXO1 elicited a2 mixed Thl and
Th2-type immune response, with the predom-
inance of IgG1 antibody isotypes. Meanwhile,
the cytokine analysis following the in vitro
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stimulation indicated a strong Thl immune
response. The immunization of BALB/c mice
with multi-antigenic vaccine induces protec-
tive immunity accompanied by the production
of IgG1 and IgG2a antibody responses with in
vitro synthesis of IFN-y cytokines (37).

Vaccination with Toxoplasma lysate antigen
(TLA) induced effective humoral and cell-
mediated immune responses, marked with
high levels of toxoplasma-specific IgGl,
IgG2a, and IFN-y (10). The generated im-
munity significantly reduced the number of
brain cysts in vaccinated mice. TLA is a mix-
ture of diverse T. gondii antigens; the protec-
tive immunity induced in immunized mice is
probably due to the potential property of TLA
to activate both innate and adaptive immune
responses. Immunization with a multi-
antigenic vaccine expressing different stages of
the parasite life cycle was shown to induce a
broader and longer lasting protection (10).
The finding strongly supported the result ob-
tained  after immunization with the
USM.TOXOT1 antigen, as USM.TOXOT1 also
express multi-antigenic determinant of T.
gondii parasite.

For vaccines to be effective against 1. gondi
they should induce protective cellular and
humoral responses (38). The increased expres-
sion of IFN-y and the enhanced antibody re-
sponse reported in this study indicated the
induction of an efficient immune response
against the USM.TOXO1 antigen. The ques-
tion lies on whether the induced mixed im-
mune response can provide protective im-
munity against T. gondii infection after parasitic
challenge. The presented results also suggested
that the generated multiepitope antigen offers
the potential as a viable vaccine candidate.
Moreover, challenge experiments are needed
to verify the protective ability of the induced
immune response.

Conclusion
In the BALB/c model, vaccination with the

USM.TOXOL1 is sufficiently potent to elicit
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significant humoral and cellular immune re-
sponses. The strategy of using multi-epitope
antigens seems to be highly promising in the
development of potential vaccine candidates
that would generate lasting protective immune
responses against 1. gondii. Furthermore, the
use of epitope-based vaccine could be an im-
portant approach in investigating the im-
provement of the vaccination strategy in the
future.

Acknowledgements

This study was supported by the Universiti
Sains  Malaysia  Short-Term grant No.
304/PPSP/61313073.

Conflict of interest

The authors declare that there is no conflict
of interests.

References

1. Cong H, Yuan Q, Zhao Q, Zhao L, Yin H,
Zhou H, He S, Wang Z. Comparative efficacy
of a multi-epitope DNA vaccine via intranasal,
peroral, and intramuscular delivery against
lethal Toxoplasma gondii infection in mice. Parasit
Vectors. 2014; 7:145.

2. Dubey JP. History of the discovery of the life
cycle of Toxgplasma gondii. Int | Parasitol. 2009;
39(8):877-82.

3. Tan TG, Mui E, Cong H et al. Identification of
T. gondii epitopes, adjuvants, and host genetic
factors that influence protection of mice and
humans. Vaccine. 2010; 28(23):3977-89.

4. Zhang TE, Yin LT, Li RH, Wang HL, Meng
XL, Yin GR. Protective immunity induced by
peptides of AMA1, RON2 and RON4
containing T-and B-cell epitopes via an
intranasal route against toxoplasmosis in mice.
Parasit Vectors. 2015; 8:15.

5. Liu Q, Singla LD, Zhou H. Vaccines against
Toxoplasma gondii: status, challenges and future
directions. Hum Vaccin Immunother. 2012;
8(9):1305-8.

Available at: http://ijpa.tums.ac.ir

10.

11.

12.

13.

14.

15.

16.

Mendes EA, Fonseca FG, Casétio BM, Colina
JP, Gazzinelli RT, Caetano BC: Recombinant
vaccines against 1. gondii: compatison between
homologous and heterologous vaccination
protocols using two viral vectors expressing
SAGT. PloS One. 2013;8(5):¢63201.

Zhang NZ, Chen ], Wang M, Petersen E, Zhu
XQ. Vaccines against Toxoplasma gondii: new
developments and perspectives. Expert Rev
Vaccines. 2013; ;12(11):1287-99.

Garcia JL.. Vaccination concepts against
Toxoplasma gondii. Expert Rev Vaccines. 2009;
8(2):215-25.

Hiszczyfiska-Sawicka E, Li H, Xu JB, Holec-
Gagsior L, Kur J, Sedcole R, Bickerstaffe R,
Stankiewicz M. Modulation of immune
response to Toxgplasma gondii in sheep by
immunization with a DNA vaccine encoding
ROP1 antigen as a fusion protein with ovine
CD154. Vet Parasitol. 2011; 183(1-2):72-8.
Wagner A, Schabussova 1, Ruttkowski B et al.
Prime-boost vaccination with Toxgplasma lysate
antigen, but not with a mixture of recombinant
protein antigens, leads to reduction of brain
cyst formation in BALB/c mice. PloS One.
2014;10(5):e0126334-¢0126334.

Pinzan CF, Sardinha-Silva A, Almeida F et al.
Vaccination with Recombinant Microneme
Proteins ~ Confers ~ Protection  against
Experimental Toxoplasmosis in Mice. PLoS
One. 2015; 10(11):e0143087.

Lu G, Wang L, Zhou A et al. Epitope analysis,
expression and protection of SAG5A vaccine
against Toxoplasma gondii. Acta Trop. 2015;
146:66-72.

Cao A, Liu Y, Wang J, Li X, Wang S, Zhao Q,
Cong H, He S, Zhou H. Toxoplasma gondi:
Vaccination with a DNA vaccine encoding T-
and B-cell epitopes of SAG1, GRA2, GRA7
and ROP16 elicits protection against acute
toxoplasmosis in mice. Vaccine.
2015;33(48):6757-62.

Ben-Yedidia T, Armon R. Epitope-based
vaccine against influenza. Expert Rev Vaccines.
2007; 6(6):939-48.

Saha S, Raghava GP. Prediction of continuous
B- cell epitopes in an antigen using recurrent
neural network. Proteins. 2006; 65(1):40-8.
Hajissa K, Zakaria R, Suppian R, Mohamed Z.
Design and evaluation of a recombinant multi-
epitope antigen for serodiagnosis of Toxvplasma

222


http://ijpa.tums.ac.ir/

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

223

Iran J Parasitol: Vol. 13, No. 2, Apr-Jun 2018, pp.215-224

gondii infection in humans. Parasit Vectors.
2015; 8:315.

Dziadek B, Gatkowska ], Grzybowski M,
Dziadek ], Dzitko K, Dlugonska H. The
vaccine potential of three trivalent antigen-
cocktails composed of recombinant ROP2,
ROP4, GRA4 and SAGI proteins against
chronic toxoplasmosis in BALB/c mice. Exp
Parasitol. 2012; 131(1):133-8.

Zhao G, Zhou A, Tu G et al. Identification
and characterization of Toxoplasma  gondii
aspartic protease 1 as a novel vaccine candidate
against toxoplasmosis. Parasit Vectors. 2013;
6:175.

Khan AM, Miotto O, Heiny A et al. A
systematic  bioinformatics  approach  for
selection of epitope-based vaccine targets. Cell
Immunol. 2006; 244(2):141-147

Cong H, Zhang M, Xin Q, Wang Z, 1i Y,
Zhao Q, Zhou H, He S. Compound DNA
vaccine encoding SAG1/SAG3 with A2/B
subunit of cholera toxin as a genetic adjuvant
protects BALB/c mice against Toxoplasma
gondyi. Parasit Vectors. 2013;6:63.

Lim SS-Y, Othman RY: Recent Advances in
Toxoplasma gondii Immunotherapeutics. Korean
J Parasitol. 2014, 52(6):581-593.

Wang Y, Yin H. Research progress on surface
antigen 1 (SAG1) of Toxogplasma gondii. Parasit
Vectors. 2014; 7:180.

Min ], Qu D, Li C, Song X, Zhao Q, Li XA,
Yang Y, Liu Q, He S, Zhou H. Enhancement
of protective immune responses induced by
Toxoplasma  gondii  dense granule antigen 7
(GRA7) against toxoplasmosis in mice using a
prime-boost  vaccination strategy. Vaccine.
2012; 30(38):5631-6.

Sun X, Wang Z, Li ], Wei F, Liu Q. Evaluation
of an indirect ELISA wusing recombinant
granule antigen GRA1, GRA7 and soluble
antigens for serodiagnosis of Toxoplasma gondii
infection in chickens. Res Vet Sci. 2015;
100:161-4.

Ching XT, Lau YL, Fong MY, Nissapatorn V.
Evaluation of Toxoplasma gondii-recombinant
dense  granular protein (GRA2) for
serodiagnosis by western blot. Parasitol Res.
2013; 112(3):1229-36.

Dziadek B, Gatkowska ], Grzybowski M,
Dziadek J, Dzitko K, Dlugonska H. Toxoplasma
gondiz: The vaccine potential of three trivalent

27.

28.

29.

30.

31.

32.

33.

34.

35.

antigen-cocktails composed of recombinant
ROP2, ROP4, GRA4 and SAG1 proteins
against chronic toxoplasmosis in BALB/c
mice. Exp Parasitol. 2012; 131(1):133-138.
Sayles PC, Gibson GW, Johnson LL. B cells
are essential for vaccination-induced resistance
to virulent Toxoplasma gondii. Infect Immun.
2000, 68(3):1026-33.

Couper KN, Roberts CW, Brombacher F,
Alexander |, Johnson LL. Toxgplasma gondir-
specific immunoglobulin M limits parasite
dissemination by preventing host cell invasion.
Infect Immun. 2005; 73(12):8060-8.

Meng M, He S, Zhao G et al. Evaluation of
protective immune responses induced by
DNA  vaccines encoding Toxoplasma  gondii
surface antigen 1 (SAG1) and 14-3-3 protein in
BAILB/c mice. Parasit Vectors. 2012; 5:273.
Hiszczyfiska-Sawicka E, Li H, Boyu Xu ] et al.
Induction of immune responses in sheep by
vaccination with liposome-entrapped DNA
complexes encoding Toxgplasma gondii MIC3
gene. Pol | Vet Sci. 2012; 15(1):3-9.

Quan J-H, Chu J-Q, Ismail HAHA, Zhou W,
Jo E-K, Cha G-H, Lee Y-H. Induction of
protective  immune  responses by a
multiantigenic DNA vaccine encoding GRA7
and  ROP1 of  Toxgplasma  gondi.
Clin Vaccine Immunol. 2012,19(5):666-674.
Tao Q, Fang R, Zhang W et al. Protective
immunity induced by a DNA vaccine-encoding
Toxoplasma gondii microneme protein 11 against
acute toxoplasmosis in BALB/c mice. Parasitol
Res. 2013; 112(8):2871-7.

Dziadek B, Gatkowska ], Brzostek A, Dziadek
J, Dzitko K, Dlugonska H. Toxgplasma gondii:
the immunogenic and protective efficacy of
recombinant ROP2 and ROP4 thoptry
proteins in murine expetrimental toxoplasmosis.
Exp Parasitol. 2009; 123(1):81-9.

Sun X, Mei M, Zhang X et al. The extracellular
matrix protein mindin as a novel adjuvant
elicits stronger immune responses for rBAGI,
tSRS4 and tSRS9 antigens of Taxoplasma gondii
in BALB/c mice. BMC Infect Dis. 2014;
14:429.

Khorshidvand Z, Shahabi S, Mohamadzade H,
Daryani A, Hazrati Tappeh K. Mixture of
Alum—Naloxone and Alum—Naltrexone as a
novel adjuvant elicits immune responses for

Available at: http://ijpa.tums.ac.ir



http://ijpa.tums.ac.ir/

30.

37.

Hajissa et al.: Immunogenicity of Multi-epitope Vaccine Candidate against ...

Toxoplasma gondii lysate Antigen in BALB/c
mice. Exp Parasitol. 2016; 162:28-34.

Garcia |, Innes EA, Katzer F. Current progress
toward vaccines against Toxoplasma  gondii.
Vaccine Devel Ther. 2014;4:23-37.

Dziadek, B, Gatkowska, ], Grzybowski,
Dziadek, ], Dzitko, K, Dlugonska H.
Toxoplasma gondir. The vaccine potential of three
trivalent  antigen-cocktails composed  of
recombinant ROP2, ROP4, GRA4 and SAG1

Available at: http://ijpa.tums.ac.ir

38.

proteins against chronic toxoplasmosis in
BALB/c mice. Exp Parasitol. 2012, 131(1),
133-138.

Yin H, Zhao L, Wang T, Zhou H, He S, Cong
H. A Toxgplasma gondii vaccine encoding
multistage  antigens in conjunction with
ubiquitin confers protective immunity to
BALB/c mice against parasite infection. Parasit
Vectors. 2015;8(1):1-11.

224


http://ijpa.tums.ac.ir/

