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RESPONSES INDUCED BY TOXOPLASMA GONDII HEAT SHOCKED PROTEIN 70 (HSP70)

AGAINST TOXOPLASMOSIS IN MICE
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ABSTRACT:

Toxoplasma gondii is an obligate intracellular protozoan parasite and is able to infect birds and mammals

including humans. In order to find effective antigen-adjuvant combinations that can boost the immunogenicity and
protection of antigen vaccines against toxoplasmosis, we examined the protective efficacy in mice immunized with
recombinant protein HSP70 when co-administered with ginseng stem-and-leaf saponins (GSLS) isolated from Panax
ginseng. All immunized mice produced significantly high levels of specific antibodies against rTgHSP70, and splenocytes
from mice presented strong proliferative immune responses. Vaccinated mice displayed a significantly increased
percentage of CD4" and CD8" T cells, indicating a strong immune response was triggered. The cellular and humoral
immune responses were enhanced, which could be reflected of the increased mRNA levels of IFN-y and IL-4,
respectively. Immunization with rTgHSP70 and GSLS prolonged survival time of the treated mice compared to the
controls, which died within 6 days after challenge with the virulent 7. gondii RH strain. Our data demonstrate that by
addition with GSLS, rTgHSP70 induced a strong immune response and provided partial protection against 7. gondii;

therefore GSLS could be used as a promising vaccine adjuvant against acute toxoplasmosis.

Toxoplasma gondii, the agent of toxoplasmosis, is a worldwide
spread intracellular protozoan and is potentially capable of
infecting almost all warm-blooded animals including humans
(Weiss and Dubey, 2009; Innes, 2010). Toxoplasma gondii
infection in hosts with intact immunity is usually asymptomatic
or triggers mild symptoms (Weiss and Dubey, 2009; Furtado et
al., 2013). However, toxoplasmosis is a leading cause of death in
immunocompromised individuals such as AIDS patients (Yama-
moto et al., 2000; Jacobson et al., 2001). Moreover, toxoplasmosis
may cause stillbirths, abortions, or death in livestock, which
results in enormous economic losses and threatens the public
health because the infected livestock is a major route of
transmission to humans (Yu et al., 2011; Chaudhry et al., 2014).

Currently chemotherapeutic agents are the most important
interventions for acute toxoplasmosis, but these agents are not
effective against chronic 7. gondii infection (Maser et al., 2012;
Soeiro et al., 2013). There is an urgent need to develop an efficient
vaccine or immunotherapy against toxoplasmosis due to the rising
ratio of drug-resistant parasites, the unavoidable side effects to
individuals, and the chemical residues in meat (Hiszczynska-
Sawicka et al., 2014). During the past decades, various potential
vaccines against toxoplasmosis including attenuated-live parasites,
genetically engineered antigens, and DNA vaccines had been
evaluated for their immunological effects in mice models (Kur et
al., 2009), but so far only 1 vaccine has been licensed for clinical
use after considerations of efficiency and biosafety (Buxton, 1993).

Most vaccination studies have focused on the selection of
antigens involving in enhancing protective immunity against 7.
gondii, such as surface antigens, rhoptry antigens, and dense
granule excreted-secreted antigens (Kur et al., 2009). The heat
shock protein 70 of T. gondii (TgHSP70) is a highly immunogenic
protein expressed under stress conditions or during the stage
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conversion of T. gondii (Silva et al., 1998). Rapidly increased
expression of TgHSP70 before the death of T. gondii-infected mice
indicated that TgHSP70 might function as a danger signal and a
virulence factor in murine toxoplasmosis (Mun et al., 2000; Ahmed
et al., 2004). In addition, TgHSP70 can stimulate the release of
nitric oxide by macrophages via TLR2, MyD88, and IRAK4
(Mun et al., 2005). All these immunological characters make
TgHSP70 a potential vaccine candidate against toxoplasmosis.

Protective and long-lasting immune response could be induced
by the addition of an adjuvant into vaccines (Sun et al., 2007).
Recent researches showed that ginseng stem-and-leaf saponins
(GSLS) had the adjuvant activity and properties to enhance the
immune response to viral and bacterial antigens (Zhai et al.,
2011a, 2011b). However, the adjuvant effect of GSLS in
protection against toxoplasmosis has not been reported. The
present study was designed to examine the protective efficacy of
rTgHSP70 and the effect of GSLS on immune responses induced
by rTgHSP70 in the murine model.

MATERIALS AND METHODS
Materials

Ginseng stem-and-leaf saponins were purchased from the
Hongjiu Ginseng Industry Co. (Jilin, China). The GSLS were a
light yellow powder that contained ginsenosides Rgl 8.0%, Re
20.3%, Rbl 1.4%, Rb2 4.8%, Rf 0.3%, Rc 3.7%, and Rd 11.9%
as determined by HPLC analysis (Zhai et al., 2011b).

Mice and parasites

Female ICR mice (6-8 wk old) were purchased from the
Zhejiang Academy of Medical Science (Hangzhou, China) and
kept in the animal experimentation laboratory under standard
conditions (12-hr light and 12-hr dark cycles, room temperature
controlled at 25 C) with plenty of food and water according to the
recommendations in the Guide for the Regulation for the
Administration of Affairs concerning Experimental Animals of
the People’s Republic of China. Experiments of mice were
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approved by the Zhejiang University Experimental Animal Ethics
Committee (Permit No. ZJU201308-1-10-072).

Tachyzoites of T. gondii RH strain were harvested from African
green monkey kidney (Vero) cell monolayer. The parasites were
washed twice in phosphate-buffered saline (PBS) and centrifuged
at 1,500 g for 5 min. Soluble tachyzoite antigen (STAg) was then
prepared as previously described (Qu et al., 2013). The genomic
DNA of T. gondii was extracted using a Universal Genomic DNA
Extraction Kit (TaKaRa, Shanghai, China) according to the
manufacturer’s instructions.

Preparation of recombinant HSP70 protein

Genomic DNA of T. gondii was used as template for PCR to
amplify the TgHSP70 using the following specific primers: 5'-
CGGGATCCTATGGCGGACTCTCCTGCTGTGGGTATT-3’
and 5-CCCAAGCTTTTAATCAACTTCCTCCACGGTGG-3'
based on the published sequence (GenBank U85648.1). Bam-HI
and Sac-1 restriction sites were introduced to the amplified
product, which was then digested and cloned into the expression
vector pET-28b (Novagen, Madison, Wisconsin) to obtain the
recombinant plasmid pET28-HSP70. The plasmid was then
transformed into Escherichia coli BL21 (DE3) cells (Novagen),
and gene expression was induced by adding 1.0 mM isopropyl-f-
D-thiogalactopyranoside. HIS fusion protein rTgHSP70 was
purified using a nickel-nitrilotriacetic acid agarose column system
(Qiagen, Shanghai, China), and the endotoxins were removed
through a Endotoxin Removal Kit (GenScript, Shanghai, China).
The purity and antigenicity of rTgHSP70 were analyzed and
confirmed through sodium dodecyl sulfate-polyacrylamide gel
electrophoresis and Western blot. Briefly, the purified recombi-
nant protein rTgHSP70 was separated in a 12% polyacrylamide
gel and then electroplated onto a nitrocellulose membrane, which
was incubated with the 7. gondii—positive serum of mice at a 1:400
dilution as the primary antibody and followed by anti-mouse
IgG-alkaline phosphatase conjugate horseradish peroxidase
(dilution, 1:5,000) (Sigma-Aldrich, Shanghai, China) as the
secondary antibody. Finally, the membrane was soaked in
Enhanced Chemiluminescence substrates (Thermo Scientific,
Shanghai, China) for signal development.

Immunization and infection

A total of 120 female ICR mice were randomly divided into 6
groups: Group A, PBS control; Group B, mice were subcutane-
ously injected with 50 pg GSLS; Group C, mice were subcuta-
neously injected with 100 pg rTgHSP70 and PBS; and Groups D-
F, mice were subcutaneously injected with 100 pg rTgHSP70 and
GSLS of dosages 25 pg, 50 pg, and 100 pg, respectively. Mice
were immunized 3 times with the same components at the same
dosage every 2 wk. All mice were intraperitoneally (i.p.)
challenged with 500 tachyzoites of 7. gondii RH strain 1 wk
after the final inoculation. Survival data of mice in different
groups were observed and recorded daily.

Determination of antibodies

The levels of antibodies against 7. gondii in mouse sera were
determined by enzyme-linked immunosorbent assay (ELISA).
Briefly, 96-well microtiter plates (Corning, Shanghai, China) were
coated overnight at 4 C with 10 pg/ml purified rTgHSP70 diluted

in 100 mM carbonate-bicarbonate buffer (pH 9.6). After 3
washes, the wells were blocked with 10 mM PBS containing 5%
skim milk for 1 hr at 37 C. After 3 washes, 100 pl of serum
samples from mice diluted 1:1,000 in PBS-5% milk were added to
each well and incubated for 1 hr at 37 C. After washing, goat
anti-mouse IgG, IgGl, and IgG2a-horseradish peroxidase
conjugate antibodies (dilution, 1:1,500) were added as the
secondary antibody at 37 C for 1 hr. After washing, the immune
complexes were developed by the addition of 100 pl tetrame-
thylbenzidine chromogenic substrate (Sigma-Aldrich) for 20 min,
and stopped by adding 50 pl of 2 M H,SOy4. The optical densitiy
was measured at 450 nm with an ELISA reader (Chromate 4300;
Awareness Technology, Palm City, Florida) 3 times for each
sample.

Lymphoproliferation asssy

Splenocyte proliferation was assayed as described previously
(Qu et al., 2013). Briefly, splenocyte suspensions were obtained
from mice in each group by pushing the spleens through a steel
mesh. Splenocytes were resuspended in complete medium (RPMI
1640 containing 100 TU/ml penicillin, 100 pg/ml streptomycin,
and 10% FCS) after the red blood cells (RBCs) were removed by
using RBC lysis solution (Sigma). Cells were then seeded in 96-
well coaster plates with a density of 1 X 10* cells per well and
incubated with rTgHSP70 (10 pg/ml) or concanavalin A (ConA)
(5 pg/ml; Sigma) as control at 37 C with 5% CO,. After 68 hr, 50
ul of methyl thiazolyl tetrazolium (MTT) solution (2 mg/ml) was
added to each well. After incubating for 4 hr, the plates were
centrifuged at 1,400 g for 5 min, and the untransformed MTT
solution was carefully removed. Finally, 200 ul of DMSO
working solution (192 pl DMSO with 8 pl 1M HCI) was added
to each well, and the absorbance was measured at 570 nm with
an ELISA reader 3 times for each well after developing for 15
min.

Flow cytometry analysis of T cell subsets

Flow cytometry was performed to determine the levels of CD4"
and CD8" T cell subsets in the splenocytes of mice from all
groups. Splenocytes were suspended with a density of 1 X 10° cells
and stained with FITC-conjugated anti-mouse CD4 (eBioscience,
Shanghai, China) and APC-conjugated anti-mouse CD3 (eBio-
science) or PE-conjugated anti-mouse CD8a (eBioscience) and
APC-conjugated anti-mouse CD3 for 30 min at 4 C in the dark.
Cell subsets were analyzed on a FACScan flow cytometrer
(Becton Dickinson, San Jose, California) with a total of 5,000
cells of light scattering properties. Lymphocytes were determined
and gated by forward and side scatter profiles.

Determination of the expression of IL-4 and IFN-y in
splenocytes

Splenocytes (1 X 107) of mice from all groups were lysed in 1 ml of
Trizol reagent (Invitrogen, Shanghai, China), and total RNA was
isolated according to the manufacturer’s instructions. RNA was
reverse transcribed to cDNA in a DEPC-treated tube by using a
Reverse Transcription Kit (Takara). Quantitative reverse-transcrip-
tion polymerase chain reaction (QRT-PCR) was performed with the
SYBR Green Realtime PCR Master Mix (2 X, TOYOBO) on the
ABI 7500 (PE Applied Biosystems, Foster City, California). All
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Ficure 1. Expression and identification of recombinant HSP70 of

Toxoplasma gondii. (A) Sodium dodecyl sulfate—polyacrylamide gel
electrophoresis (SDS-PAGE) analysis of rTgHSP70 expressed in Escherichia
coliusing 12% acrylamide gel. Lanes 1-5: Expression of rTgHSP70 at 5 hr, 4
hr, 3 hr, 2 hr, and 1 hr after induction by IPTG, respectively; Lane 6: induced
control culture of cells without IPTG; Lanes 7: induced control culture of
cells with empty vector. (B) SDS-PAGE analysis of the purification of
rTgHSP70 by Ni**-charged agarose column system. (C) Western blot
detection of rTgHSP70 by serum of mice as primary antibodies, Lane 1: 7.
gondii—positive serum; Lane 2: T. gondii—negative serum.

samples were run in triplicate and normalized to B-actin. The PCR
primers were as follows: IL-4 forward: 5'-GTCATCCTG
CTCTTCTTTCTC-3’, reverse: 5'-GTGGACTTGGACTCATTC
ATG-3’; IFN-y forward: 5-CTCTGAGACAATGAACGC
TAC-3', reverse: 5-TTCTTCCACATCTATGCCACT-3’; B-actin
forward: 5-GATGGTGGGAATGGGTCAGA-3’, reverse: 5'-
TACGACCAGAGGCATACAGG-3'.

Statistical analysis

All statistical analysis was performed using the SPSS 20.0
software package (SPSS Inc., Chicago, Illinois), and the statistical
significance between all groups was tested by one-way ANOVA.
The result was considered significantly different if P value was less
than 0.05.
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RESULTS
Expression and Western blot of recombinant HSP70 protein

The fragment of TgHSP70 was cloned into expression vector
pET-28b and then transformed into E. coli as described in the
Methods section. Recombinant HSP70 protein (76 kDa, theoret-
ically) was successfully inducted by the addition of 1 mM IPTG
(Fig. 1A). Ni**-charged agarose column system was applied to
purify the protein, which was analyzed by SDS-PAGE as shown
in Figure 1B. In order to detect the immunity of rTgHSP70, the
result of Western blot indicated that rTgHSP70 could interact
with the T. gondii—positive serum of mice and could not be
recognized by the negative control sera (Fig. 1C).

Specific IgG induced by vaccination

Serum samples of mice from all groups were collected weeks 0,
1, 3, and 5, and then antibodies against rTgHSP70 were detected
by ELISA. No specific IgG was found in those mice injected with
PBS or GSLS throughout the test period, as shown in Figure 2A.
Anti-rTgHSP70 antibodies of mice from groups C-F were
detectable as early as 1 wk post-immunization at a significant
high level compared to control groups (P < 0.05). Co-
immunization of rTgHSP70 with GSLS (50 pg and 100 pg)
induced a significant higher specific antibody than that with 25 pg
GSLS or rTgHSP70 alone at 3 and 5 wk after the first
immunization (P < 0.05).

The IgG subclass of sera were analyzed by using STAg as coating
antigens, and both IgG1 and IgG2a were produced in immunized
ICR mice as shown in Figure 2B. The mice vaccinated with rHSP70
and GSLS (50 pg and 100 pg) induced notably higher specific IgG1
and IgG2a antibodies than the other groups (P < 0.05), and mice in
the PBS control group did not generate any antibody response.

Detection of cellular immune response

The splenocytes from immunized mice were prepared at weeks
1 and 5 to assess the proliferative immune responses to
rTgHSP70. Splenocytes from mice injected with rTgHSP70
present a significant higher proliferative response level to
rTgHSP70 compared to that from mice injected with PBS or
GSLS alone at both week 1 and week 5 (P < 0.05) (Fig. 3). A
strong increase of the splenocyte proliferative response to HSP70
was observed from mice immunized with rTgHSP70 and GSLS
(50 pg and 100 pg) compared with groups immunized with

FiGure 2. The effect of immuni-
zation on the antibody response de-
tected by ELISA. (A) Detection of
total IgG antibodies. Serum samples
were collected at weeks 0, 1, 3, 5 after
immunization for IgG analysis. (B)
Determination of the specific anti-
rTgHSP70 IgG subclass profile. Sera
were collected at week 5 after first
immunization. The values were pre-
sented as means of OD450 = SD (n =
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b
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Ficure 3. Splenocyte proliferation responses to rTgHSP70. Spleno-
cyte suspensions were obtained from mice in each group at weeks 1 and 5
after the first immunization and cultured with rTgHSP70. Splenocyte
proliferation was assessed by the MTT method as described in the text.
The values were presented as means of OD570 = SD (n = 5 mice per
group), Columns with different letters present statistical difference (P <
0.05).

rTgHSP70 alone or rTgHSP70 + 25 pg GSLS (P < 0.05), while
there was no significant difference among the control groups.

Effect of rTgHSP70-induced activation of CD4" and CD8" T
cells

To investigate the effect of rTgHSP70 and GSLS on the
activation of CD4" and CD8' T cells, splenocytes of mice were
collected at 1 wk after the last inoculation and were then evaluated
by flow cytometry. Percentages of CD4" and CD8" T cells in the
spleens of mice immunized with rTgHSP70 and GSLS (25 pg, 50
pug, and 100 pg) were remarkably higher than that in mice
immunized with rTgHSP70 alone (P < 0.05). In addition, mice
immunized with rTgHSP70 presented significant high level of CD4"
and CDS8* T cells compared with control groups (P < 0.05) (Fig. 4).

Expression of IL-4 and IFN-y by splenocytes

RNA was isolated from mouse splenocytes at 1 wk after the
final immunization in order to evaluate the effect of rTgHSP70
and GSLS on cytokine mRNA expression based on the qRT-
PCR. Compared to nonimmunized controls, splenocytes from
rTgHSP70-vaccinated mice presented significantly higher expres-
sion levels of IL-4 and IFN-y compared to control groups (P <
0.05) (Fig. 5). Dramatically IFN-y expression levels of spleen cells
in mice co-administration with rTgHSP70 and GSLS (50 pg and
100 pg) were observed compared with the groups immunized with
rTgHSP70 alone or rTgHSP70 + 25 pg GSLS (P < 0.05).

Protective effect of immunized mice against challenge with
T. gondii RH strain

To assess whether the vaccination of rTgHSP70 and GSLS
could induce effective protection against the lethal 7. gondii RH
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FIGURE 4.  Effect of rHSP70-induced activation of CD4" and CD8* T
cells in the spleen by flow cytometry. One week after the final
immunization, the percentage numbers of CD4" and CD8" T cells in the
spleens were evaluated and expressed as means = SD (n = 5 mice per
group), Columns with different letters present statistical difference (P <
0.05).

strain infection, mice from all groups were intraperitoneally
injected with 500 tachyzoites 1 wk after the last immunization and
observed daily to record the survival rate. Mice from 50 pg GSLS
group or rTgHSP70/PBS group lived slightly longer, but no
significant difference was observed when compared with PBS
control group, which died out within 6 days post-injection (Fig.
6). Substantially significantly longer survival times were observed
in mice co-immunized with rTgHSP70 and GSLS (50 pg and 100
ng) compared with the control groups (P < 0.05). Although all
experimental mice died eventually within 15 days, the total
survival time (117 days) of the mice immunized with rTgHSP70 +
50 pg GSLS was longer than any other groups.

DISCUSSION

Adjuvant is widely applied in vaccines as an innate immunity
enhancer by augmenting the interaction between antigens and
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FiGURE 5. The effect of rTgHSP70 and GSLS on mRNA expression of
IFN-y and IL-4 in splenocytes. Total mRNA of splenocytes were prepared
1 wk after the final immunization, and then the expression levels of IFN-y
and IL-4 were determined by RT-PCR. The values were presented as
means * SD (n=15 mice per group). Columns with different letters present
statistical difference (P < 0.05).
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FiGure 6. Survive rate of ICR mice after challenge of Toxplasma

gondii. Mice (n = 10/group) were intraperitoneally challenged with 500 7.
gondii RH strain tachyzoites 1 wk after the last immunization and
observed daily for mortality.

antigen-presenting cells and stimulating high levels of antibody
(Sun et al., 2007; Zhang et al., 2008). Our team has tried to search
for effective adjuvants in assisting vaccines against toxoplasmosis.
We demonstrated that ginsenoside Rgl (Qu et al., 2011) and
ginsenoside Re (Qu et al., 2013) had positive effects in assisting
the recombinant protein TgSAG1 and TgROPI8 vaccines,
respectively, which prolonged the survival time of 7. gondii—
infected mice. Ginseng stem-and-leaf saponins (GSLS) contained
ginsenosides Rgl 8.0%, Re 20.3%, Rbl 1.4%, Rb2 4.8%, Rf
0.3%, Rc 3.7%, and Rd 11.9% and was much cheaper and easier
to obtain than ginsenoside Rgl and ginsensoside Re, making it
more suitable in clinical application. Even though GSLS alone
provide limited protection, Zhai reported that oral administration
of GSLS could produce better vaccination against avian influenza
(Zhai et al., 2011a), Newcastle disease (Zhai et al., 2011b), and
infectious bursal (Zhai et al., 2014) diseases in chickens. All these
properties make GSLS a promising effective adjuvant. Some
vaccine studies had already revealed the protective effect of
HSP70 against toxoplasmosis, Makino et al. (2011) found that
DNA vaccine with Tghsp70 gene induced DC activation and Thl
polarization, and Kikumura et al. (2010) reported that Tghsp70
gene vaccine induced protective immunity and prolonged survival
time of T. gondii—infected mice.

In the present study, the immunogenicity and protection
potency of rTgHSP70 in assistance with GSLS were comprehen-
sively evaluated in mice model. Mice immunized with rTgHSP70
developed a significantly high level of specific IgG antibodies
compared with the PBS control group as measured by ELISA (P
< 0.05), and those administrated with rTgHSP70 + GSLS (50 pg,
100 pg) generated notable higher IgG antibody level than that of
the rTgHSP70/PBS group (P < 0.05). In addition, the mice
vaccinated with rTgHSP70 and GSLS (50 pg and 100 pg) induced
significant higher specific IgG1 and IgG2a antibodies than the
other groups (P < 0.05). We found a tendency that the antibody
level rose along with the increase of the vaccination dosage of
GSLS. A similar tendency was observed when assessing the
proliferative immune response of splenocytes from mice immu-
nized with rTgHSP70 and GSLS, and these 2 groups co-
administrated with rTgHSP70 and GSLS (50 pg and 100 pg)
presented a distinctly high level of immune response compared
with the other groups at 1 and 5 wk after primary immunization.
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CD4"and CDS8" T lymphocytes are essential for host in long-term
resistance against 7. gondii infection probably through the
production of IFN-y, which is known as the central cytokine
responsible for the control of toxoplasmosis (Suzuki et al., 1988;
Dupont et al., 2012, 2014). CD3"CD4"CDS8 ™ is the surface marker
of T helper cells that is involved in the adaptive immune
responses, while CD3*CD4 CDS8" locates on the cytotoxic T
cells that play an important role in immune systems (Montoya et
al., 1996; Goldszmid and Sher, 2010). In this study, we observed a
notable difference in the percentage of CD4" and CD8' T cells
between the vaccinated and control groups evaluated by flow
cytometry. We found a significant increase in both of these
components in rTgHSP70 immunized mice (P < 0.05), and those
administrated with GSLS (25 pg, 50 pg, and 100 pg) presented a
slighter but significantly higher level compared to the rTgHSP70/
PBS group, suggesting that immunization with rTgHSP70 and
GSLS induced the activation of both CD4" and CD8" T
lymphocytes. Compared with the rTgHSP70/PBS group, immu-
nization with rTgHSP70 and GSLS (50 pg and 100 pg) enhanced
the Th1 immune responses by inducing dramatically high levels of
IFN-y (P < 0.05). In addition, a slight but significant increase of
cytokine IL-4, a factor of Th2 immune response, was observed in
spleen cells from mice vaccinated with rTgHSP70 + GSLS (25 pg,
50 pg, 100 pg) compared with control groups (P < 0.05). These
results were in accordance with that of the splenocyte proliferative
responses. Several studies had reported a similar tendency of Thl
response to recombinant protein vaccines against toxoplasmosis
(Dziadek et al., 2012; Qu et al., 2013; Yu et al., 2013; Pinzan et al.,
2015).

To evaluate the protection efficacy of the recombinant antigen
rTgHSP70 vaccine, all mice were intraperitoneally challenged
with 500 tachyzoites of 7. gondii RH strain. Results showed that
rTgHSP70 and GSLS (50 pg, 100 pg) could prolong the survival
time of 7. gondii-infected mice when compared with the control
group, demonstrating that this vaccination could afford partial
protection against 7. gondii RH strain. Data we gathered here
were in accordance with a few Tghsp70 gene vaccine studies.
Makino et al. (2011) found that DNA vaccine with Tghsp70 gene
induced DC activation and Th1 polarization and was able to limit
parasite loads in 7. gondii-infected mice, and Kikumura et al.
(2010) reported that Tghsp70 gene vaccine could induce protective
immunity to prolong survival time of T. gondii—infected mice.

In conclusion, the present study evaluated the immunogenicity
and protective efficacy of rTgHSP70 in assisting with different
dosages of GSLS for the first time. The vaccine of rTgHSP70 +
GSLS was able to elicit remarkable immune responses and
prolong the survival time of T. gondii-infected mice. Our results
suggested that rTgHSP70 and GSLS could provide partial
protection against T. gondii RH strain, and that GSLS could be
treated as a promising adjuvant in immunization against 7.
gondii.
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