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Purpose: Surface antigen 3 (SAG3) of Toxoplasma gondii
is very similar in structure to the major surface antigen 1
(SAGI). Although numerous studies have supported the im-
portance of SAG1 in protection against I. gondii infection,
few reports exist on SAG3. Materials and Methods: Gluta-
thione-S-transferase (GST)-fused SAG3 of T. gondii (ISAG3)
were immunized into BALB/c mice alone or in combination
with Quil A (rSAG3/Quil A), and then evaluated the protec-
tive immunity in vivo and in vitro against murine toxoplas-
mosis. Results: Immunization with rSAG3 or rSAG3/Quil A
resulted in significantly more survival days and fewer brain
cysts after challenge with T. gondii compared to an infected
control group. Mice immunized with rSAG3 alone or in
combination with Quil A produced significantly more specific
IgG2a antibody, whereas specific IgG1 antibody titers did not
increase. The percentage of CD8+ T cells, IFN-v mRNA
expression, and nitric oxide production significantly increased
in 1SAG3- and rSAG3/Quil A-immunized mice. Conclusion:
These results indicate that vaccination with Toxoplasma
rSAG3 results in partial protective immunity against 7. gondii
infection through induction of a Thl-type immune response,
and that protective immunity is accelerated by the modulating
effects of Quil A.
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INTRODUCTION

Toxoplasma gondii is an obligate intracellular
protozoan parasite with a global distribution
among humans and mammals. Although this
parasite most often causes subclinical infection,
primary infection during pregnancy can induce
fetal pathology and abortion in both humans and
animals. In the chronic phase, reactivation of the
infection can be life-threatening for immunocom-
promised individuals." Thus, a vaccine against T.
gondii would be valuable for preventing both fetal
infection and reactivation in at-risk groups.

Surface antigens of T. gondii play an important
role in attachment, signaling, invasion, transport,
and interaction with the host’s immune system.”
The representative major surface antigens of T.
gondii tachyzoites are SAG1 (surface antigen 1 or
P30), SAG2 (P22), and SAG3 (P43).>” The use of
parasite antigens for vaccination remains contro-
versial because it is difficult to standardize the
methods of purification and the quality of puri-
fied antigens. To overcome these drawbacks,
many researchers have recently begun using re-
combinant antigens. SAG1 represents 3 - 5% of the
total protein of the parasite.” Immunization with
recombinant SAG1 induces protective immunity
against lethal infection in mice, and numerous
studies have supported the role of SAGI in
protection against T. gondii infection.®” However,
Kasper et al”’ reported that vaccination with
SAGI provided insufficient protection.

SAGS3 is very similar to SAG1 in structure and
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function. SAG1 and SAG3 antigens are anchored to
the membrane via glycosylphosphatidylinositol
groups,3’11 and these two surface proteins have been
shown to participate in cellular invasion and at-
tachment."""> However, few studies have been per-
formed with SAG3.” In this report, we produced
recombinant SAG3 (rSAG3) in Escherichia coli as a
hybrid protein fused to glutathione-S-transferase
(GST). Mice were immunized with rSAG3- GST
alone or in combination with saponin adjuvant Quil
A, and protective immunity against murine toxo-
plasmosis was evaluated in vivo and in vitro.

MATERIALS AND METHODS
Mouse and parasite strains

Inbred BALB/c mice were obtained from the
Korea Research Institute of Bioscience and Bio-
technology, Daejeon, Korea. All mice were female,
6-8 weeks old, and documented to be specific-
pathogen-free. Animal studies were carried out in
a pathogen-free barrier zone at the College of
Medicine, Chungnam National University, in
accordance with the procedure outlined in the
Guide for the Care and Use of Laboratory Ani-
mals. Two strains of T. gondii were used. The RH
strain was used to prepare Toxoplasma lysate
antigen (TLA) and to evaluate parasite multipli-
cation in vitro, and mice were orally infected with
the Me49 strain to evaluate survival time and
parasite burden in vivo.

Expression and purification of recombinant
antigens

Recombinant SAG3 fusion protein was pro-
duced as previously described.”” Briefly, template
DNA was extracted with phenol/chloroform/
isoamylalcohol from tachyzoites pretreated with
1 mM K buffer [0.1M Tris (pH 7.5), 125 mM
EDTA, 015M NaCl, 1% SDS, 20 mg/mL pro-
teinase K] at 58C for 1h and 37T for 16 h. To
produce recombinant SAG3, the corresponding
genes were amplified by PCR using the fol-
lowing oligonucleotide primers: sense primer, 5'-
GGGCCGGATCCCAGCTGTGGCGGCGCA-3,
antisense primer, 5-GGGCCGAATTCGCAGCCA

CATGCAC-3'. The forward primer contained a
BamHI restriction site (bold nucleotides), and the
reverse primer contained an EcoRI site. PCR
products were digested with BamHI and EcoRI,
cloned into the pGEX-4T-1 system (Amersham
Pharmacia Biotech, Uppsala, Sweden), and the
resulting clones were sequenced. GST fusion
proteins were expressed in E. coli BL21 (DE3).
Fusion proteins were present in both supernatant
and pellet, and were purified from supernatant
using prepacked GST-Sepharose 4B columns in
accordance with the manufacturer’'s instructions
(Amersham Pharmacia Biotech). The purity of
the recombinant proteins was confirmed using
SDS-PAGE. Endotoxins were removed using
AffinityPak Detoxi-Gel Endotoxin Removing Gel
(Pierce Biotechnology Inc., Rockford, IL, USA).
After endotoxin removal, the lipopolysaccharide
content was measured by the Limulus amoebo-
cyte lysate assay. Less than 10 pg/mL of LPS
was detected in the protein preparations.

As a control protein, GST protein was expressed
by E. coli transformed with only the expression vec-
tor and was purified using a GST affinity column.

Vaccination of mice with rSAG3 alone or in
combination with Quil A

BALB/c mice were intraperitoneally vaccinated
with 5011g of rSAG3 alone, rSAG3 in combination
with 20pg of Quil A (Accurate Chemical and
Scientific Co., Westbury, NY, USA) or GST alone
twice weekly for 4 weeks. Mice were divided into
six groups of 25 mice: 10 to evaluate survival, 5
to measure the number of parasitic cysts in the
brain, and 10 to evaluate immunologic charac-
teristics (which were examined twice using 5 mice
each). Experimental groups were as follows: mice
immunized with rSAG3 in combination with Quil
A (rSAG3/Quil A); mice immunized with rSAG3
(rSAG3), GST (GST), or Quil A alone (Quil A);
mice immunized with GST and Quil A (GST/Quil
A); and untreated mice (Control).

Evaluation of survival and brain cysts after
challenge with T. gondii

Mice were orally infected with an avirulent
Me49 strain of T. gondii 3 weeks after the final

Yonsei Med J Vol. 48 No. 3, 2007



398 Young-Ha Lee, et al

immunization. A lethal dose (1,500 cysts per
mouse) was used and mortality was checked
every day for 4 weeks. A nonlethal dose (20 cysts
per mouse) was used to assess brain cyst numbers
and immunological characteristics. Age- and sex-
matched, un-immunized control mice were in-
fected with similar doses of parasite.

Titration of serum antibodies by ELISA

Three weeks after the final immunization, sera
were collected and IgG subclasses measured
through titration. 96-well plates were coated with
TLA (10 pg/mL) and incubated overnight at 4C.
After blocking, serum samples were diluted 1 : 100
in PBS containing 0.1% BSA and 0.05% Tween 20,
and 100 uL of diluted serum was added to each
well. After 2h, HRP-conjugated goat anti-mouse
IgG, IgG1, or IgG2a (Southern Biotechnology Asso-
ciates Inc., Birmingham, AL, USA) was applied.
After washing, freshly prepared O-phenylenedia-
mine dihydrochloride was added, and the reaction
was stopped by the addition of 4N H»SO,. OD at
492 nm was read using an automatic ELISA plate
reader.

Splenocyte preparation and phenotypic analysis
by flow cytometry

Three weeks after the final immunization, spleens
were harvested and homogenized, and erythro-
cytes were lysed using Tris-NIH,Cl (pH 7.2). Spleno-
cyte preparations containing 1 X 10° cells were in-
cubated with 50 uL of FITC-conjugated anti-mouse
CD4, CD8a, or v6 monoclonal antibodies or an iso-
type-specific control (1:100 dilution in 0.1% BSA/
PBS; PharMingen, San Diego, CA, USA) for 1 h at
47C. Cells were washed three times in 0.1% BSA/
PBS by centrifugation, fixed with 1% paraformal-
dehyde, and analyzed by flow cytometry (Becton
Dickinson, Franklin Lakes, NJ, USA). Data were
analyzed using Cell-Quest (Becton Dickinson).

In vitro proliferation assay

Splenocytes were dispensed in 96-well culture
plates at a concentration of 2 x 10° cells per well
in RPMI 1640 containing 10% FBS. Cells were
cultured for 72 h with or without TLA (25uL/mL)
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at 37C, 5% CO,. After incubation, wells were
pulsed with 05uCi [*H]-thymidine (Amersham
Belgium, Gent, Belgium) for 12h and harvested
onto glass-fiber filters using an automatic cell
harvester. [3H]-thymidine incorporation was as-
sessed using a liquid scintillation counter, and re-
sults were expressed as counts per minute (CPM).
Data reported represent the mean + standard
error (SE) of triplicate cultures.

Cytokine mRNA expression in tissue assessed
by RT-PCR

Three weeks after the final immunization, cyto-
kine mRNA expression in the spleens of vacci-
nated mice was assessed according to the method
of Deckert-Schluter et al."* Total RNA was isolated
using a RNAgent kit (Promega, Madison, WI,
USA). A preparation of cDNA was produced
using a starting mixture containing 5ug of total
RNA, 8 uL of 5 X RT buffer, 4 uL. of dANTPs, 25 uM
oligo-dT20, and 1L of AMV reverse transcrip-
tase. PCR was performed with 2 to 13 uL of cDNA
reaction mixture containing 10 X polymerase
buffer, 250 pM dNTPs, 0.4 uM of 3’- and 5 -primers,
and 2.5U Tag polymerase at 94C for 1 min, 57°C
for 1 min, and 72C for 1 min in a thermal cycler
(Applied Biosystems, Foster City, CA, USA). Cyto-
kine-specific primer pairs were as follows: HPRT,
5 -GAGGGTAGGCTGGCCTATGGCT-3" and 5-TT
GGATACAGGCCAGACTTTGTTG-3; IFN-y, 5-C
TCATGGAATGCATCCTTTTTCG-3" and 5-ACGC
TACACACTGCATCTTGG-3"; TNF-q, 5- ATCTCA
AAGACAACCAACTAGTG-3 and 5-CTCCAGCT
GGAAGACTCCTCCCAG-3; and IL-10, 5-TGTCT
AGGTCCTGGAGTCCAGCAGACTCAA-3 and 5'-
CCAGTTTTACCTGGTAGAAGTGATG-3. After 35
cycles, PCR products were separated by electro-
phoresis on 2% agarose gels. Quantification of
mRNA was performed using an imaging densi-
tometer (Bio-Rad, Hercules, CA, USA).

Measurement of nitric oxide (NO) in peritoneal
macrophages

Three weeks after the last immunization, peri-
toneal cells were harvested by repeated lavage of
the peritoneal cavity with Hanks” balanced salt
solution (HBSS). After washing, cell pellets were
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resuspended in RPMI 1640 containing 10% heat-
inactivated FBS and antibiotics and were cultured
in a 13-mm coverslip (Nunc, Roskilde, Denmark)
for 2h at 37C in 5% CO,. Nonadherent cells were
removed by rinsing with warm IHBSS. Cultures
were then incubated for 3 days to obtain macro-
phage monolayers, after which an aliquot of
supernatant was harvested for measurement of
nitrite (NO7) levels by the Griess assay.” In brief,
100 pL of supernatant was mixed with 600 pL of
a 1:1 mixture of 1.5% sulfanilamide in 1 N HCI
and 0.15% N-(1-naphthyl)ethylenediamide in dis-
tilled water. After a 30 min incubation at room
temperature, absorbance was read at 540 nm and
NO; concentration was calculated using a stan-
dard curve generated with NaNO..

Statistical analysis

Results are expressed as the mean * standard
error (SE) for each group. Statistical evaluation of
the difference in survival rates was checked by
Kaplan-Meier test, and then a Log-Rank test was
done. Statistical differences in parasite loads, anti-
body titers, phenotype profiles, mRNA levels, and
nitrite levels were determined using the Kruskal
Wallis test. Differences among the various groups
were considered significant when p < 0.05.

RESULTS

Expression of GST fused SAG3 (rSAG3) protein
from E. coli and Western blot

With a set of primers used to amplify the ORF
of the SAG3 gene, a 1,158-bp DNA fragment was
obtained by RT-PCR. After EcoRI and BamHI diges-
tion, each fragment was inserted into pGEX- 4T-1
(Promega). pGEX4T-1 and recombinant plasmids
were transformed into E. coli BL21. Immunoblot an-
alysis using GST detection confirmed the expres-
sion of GST and GST fused SAG3 and the reaction
of purified rSAG3 with GST detection (Fig. 1).

Survival rates significantly increased in rSAG3-
and rSAG3/Quil A-immunized mice

Mice were vaccinated with rSAG3 alone or in
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Fig. 1. SDS-PAGE and glutathione-S-transferase (GST) de-
tection of the rSAG3 protein of T. gondii. Lane 1, isopropyl
B-D-thiogalactopyranoside (IPTG) induced GST; lane 2,
non-induced; lane 3, induced GST fusion SAG3 (rSAG3);
lane 4, purified rSAG3.
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Fig. 2. Survival rates of BALB/c mice immunized with
rSAG3 protein alone or in combination with Quil A after
oral infection with a lethal dose of the T. gondii Me49
strain (1,500 cysts per mouse). Mice were observed daily
until 4 weeks after T. gondii infection. Each group con-
sisted of 10 mice.

combination with Quil A according to the pro-
tocol. Three weeks after the final vaccination,
mice were challenged with a lethal dose of T.
gondii strain Me49 cysts, and survival rates were
evaluated for 4 weeks after infection. As shown
in Fig. 2, 20% of rSAG3-immunized mice sur-
vived the experimental period. This was a signi-
ficant improvement in survival compared to the
infection control, GST-, Quil A-, or GST/Quil A-
immunized groups (p < 0.05). Moreover, immu-
nization with rSAG3 in combination with Quil A
resulted in a further increase in survival com-
pared to rSAG3-immunization alone (p > 0.05).

Parasite burdens significantly decreased in
rSAG3- and rSAG3/Quil A-immunized mice

Three weeks after the last immunization, mice
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were infected with a nonlethal dose of T. gondii
Me49. Mice were killed 4 weeks after infection,
and cysts in the brain were counted under a
microscope. The average number of cysts + SD
was 980 + 86 per mouse in the infection control
group. The number of brain cysts was not signif-
icantly different in GST-(920 + 86), Quil A-(860 *
68), or GST/Quil A-(800 + 71) immunized mice.
However, rSAG3- and rSAG3/Quil A-immunized
mice had significantly fewer brain cysts compared
to the GST- or GST/Quil A-immunized mice (438
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Fig. 3. Brain cyst load of mice immunized with rSAG3
alone or in combination with Quil A. Three weeks after
the last immunization, mice were orally challenged with
a nonlethal dose of the T. gondii Me49 strain (20 cysts per
mouse) and evaluated 4 weeks after infection. IC, infec-
tion control group; G, GST-immunized group; Q, Quil A-
immunized group; G/Q, GST/Quil A-immunized group;
1S3, GST fusion SAG3 (rSAG3)-immunized group; rS3/Q,
rSAG3/Quil A-immunized group. Data are represented as
the mean + SE of 5 mice.
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* 39 in 1SAGS3, p < 0.05; 402 + 34 in rSAG3/Quil
A, p < 0.05). No significant difference was ob-
served between rSAG3- and rSAG3/Quil A-im-
munized mice (Fig. 3).

rSAG3- or rSAG3/Quil A-immunized mice had
significantly increased IgG2a titers, but not IgG1
titers

Serum samples from vaccinated mice were
assayed for IgG subclass by ELISA. The specific
IgG, 1gG1, and IgG2a titers of GST-, Quil A-, and
GST/Quil A-immunized mice were similar to that
of the control group. The specific 1gG, IgG1, and
IgG2a titers of 1SAG3- and rSAG3/Quil A-immu-
nized mice were significantly higher than those of
GST-, Quil A-, or GST/Quil A-immunized mice (p
< 0.05). However, the increase in IgG2 titer was
greater than the increase in IgGl1 titer (Fig. 4).

DNA synthesis by TLA-treated splenocytes and
the percentage of CD8+ splenic T cells signifi-
cantly increased in rSAG3- and rSAG3/Quil A-
immunized mice

As shown in Fig. 5, thymidine incorporation by
TLA-treated splenocytes from rSAG3- or rSAG3/
Quil A-immunized mice significantly increased in
comparison to the GST-, Quil A-, and GST/Quil
A-immunized mice. DNA synthesis in GST-, Quil
A-, and GST/Quil A-immunized mice was similar
to that of the control group.
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Fig. 4. IgG, IgGl and IgG2a titers of sera from mice immunized with rSAG3 alone or in combination with Quil A. Sera
from vaccinated mice were obtained and IgG subclasses measured by ELISA. C, untreated control group. The data are
represented as the mean + SE of 5 mice and are representative one of two separate experiments.
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To evaluate the change in T cell subsets after
rSAG3 vaccination, we performed a phenotype
analysis of murine splenocytes. As shown in Fig.
6, the percentage of CD4" T cells from rSAG3- and
rSAG3/Quil A-immunized mice did not change
significantly during the experimental period com-
pared to the control, GST-, Quil A-, and GST/Quil
A-immunized groups. However, the percentage of
CD8+ T cells in rfSAG3- and rSAG3/Quil A-immu-
nized mice was significantly higher (p < 0.05).
When compared to GST-immunized mice, the
percentage of 6 T cells of tSAG3-, or rSAG3/Quil
A-immunized mice had increased significantly (p
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Fig. 5. Proliferative responses of splenocytes from mice
immunized with rSAG3 protein alone or in combination
with Quil A. Spleen cells were cultured in the presence
of Toxoplasma lysate antigen (TLA) for 72h. Proliferation
was assayed by [3H]-thymidine incorporation. The data
are represented as the mean + SE of 5 mice and are
representative of two separate experiments.
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< 0.05). However, there was no significant differ-
ence in the percentages of CD8 and v6 T cells in
GST/Quil A- and rSAG3/Quil A-immunized mice.

IFN-vY expression significantly increased in
rSAG3- and rSAG3/Quil A-immunized mice

The expression of IIPRT mRNA in splenocytes
was almost equal in all groups during the ex-
perimental period (data not shown). To determine
whether rSAG3 immunization augments a Thl or
Th2 cytokine response, splenocytes were obtained
from mice 3 weeks following the last immuniza-
tion and assayed for IFN-y, TNF-q, and IL-10
mRNA expression by RT-PCR. As shown in Fig.
7, the expression of IFN-v mRNA in rSAG3- and
rSAG3/Quil A-immunized mice significantly in-
creased compared to the GST-, Quil A-, or GST/
Quil A-immunized groups (p < 0.05). However,
there was no significant difference in TNF-a and
IL-10 mRNA expression.

NO production significantly increased in rSAG3-
and rSAG3/Quil A-immunized mice

NO production by peritoneal macrophages
from control mice was 3.4 + 0.13 uM. No statisti-
cally significant difference was found among the
control, GST-, and Quil A-vaccinated groups.
However, NO production in rSAG3- and rSAG3/
Quil A-immunized mice was significantly higher
(9.7 + 0.54 and 11.9 + 0.40pM, respectively; p <

30 - 35 25
® ® cps*Tcells ® BTcells
25 - * E ® o % L d
) ] 20 -
]
2 25 - i §
S 20 A §
a ]
3 + i L § 15 4
8 ® cpatTcells 20
et
5 1 ¢ ¢ ¢
2 15 -
[ 10 4
£ 10
2 ]
8 10 - ()
&
5 -
5 | 5
0 T T T T T T 0 T T T T T T 0 T T T T T T
Cc G Q G/Q rS3 rS3/Q (o3 G Q G/Q rS3 rS3/iQ C G Q G/IQ rS3 rS3iQ

Fib. 6. Percentages of T cell subsets in splenocytes from mice immunized with rSAG3 protein alone or in combination
with Quil A. Splenocytes were stained with FITC-conjugated CD4, CDS8 or ¥v6 mAb, and then analyzed by FACScan. The
data are represented as the mean + SE of 5 mice and are representative of two separate experiments.
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Fig. 8. Nitric oxide production in peritoneal macrophages
from mice immunized with rSAG3 alone or in combina-
tion with Quil A. Culture supernatants were obtained
from macrophage monolayers, and nitrite levels were
measured by Criess assay. The data are represented as
the mean + SE of 5 mice and are representative of two
separate experiments.

0.05) compared to the GST- and GST/Quil A-
immunized groups (Fig. 8).

DISCUSSION

We expressed the T. gondii SAG3 in E. coli as a
GST fusion protein (1SAG3) by PCR amplifying
the P43 coding sequence and cloning it into the
plasmid pGEX-4T-1. The rSAG3 protein reacted
with T. gondii-infected mouse serum in Western
blots. Specific antibody titers and splenocyte
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proliferation also increased remarkably in rSAG3-
and rSAG3/Quil A-immunized mice. These results
indicate that our rSAG3 shares immunologically
active epitopes with native T. gondii. In the pres-
ent study, rSAG3-immunized mice showed sig-
nificantly increased survival rates, serum IgG2a,
IFN-v mRNA expression, and percentage of CD8"
T cells as well as decreased cyst burdens in the
brain. When Quil A was used as an adjuvant, the
survival rate of rSAG3/Quil A-immunized mice
increased further. Similar patterns have been
shown in previous studies of Plasmodium yoelii
infection.”® Quil A has an immunomodulatory
ability'” and induces high levels of Thl-associated
cytokines such as IL-2 and IFN-v in malarial infec-
tion." Quil A also has the capacity to activate
major histocompatibility complex (MHC) class-I-
restricted cytotoxic T cells.”"*

We analyzed the various immune responses to
rSAG3 vaccination to determine the mechanisms
of protective immunity. IgG2a antibody levels of
rSAG3- and rSAG3/Quil A-vaccinated mice sig-
nificantly increased. IgGl titers, however, were
similar to those of uninfected control mice. The
present data are similar to a previous report” and
suggest that rSAG3- or rSAG3/Quil A-vaccinated
mice shift toward a more Thl-like immune re-
sponse after immunization."” Generally, in the im-
mune response to T. gondii infection in mice, a Thl
response is believed to play a key role in early
protective immunity mainly by an IFN-v driven
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CTL response.”” CD8+ T cells constitute the major
cellular T cell subset involved in acquired im-
mune protection against T. gondii."*" v8 T cells
may play an important role in the early host
response to infection with T. gondii.”* In this study,
the percentage of CD8" and v8. T cells significantly
increased in rSAG3- and rSAG3/Quil A-immu-
nized mice, which suggests that tSAG3 alone or
in combination with Quil A may provide an ap-
propriate epitope for presentation on MHC-I, as
well as stimulating the first line of host defense
against intracellular  pathogen infection.””
However, the percentage of CD4" T cells after
rSAG3 vaccination was similar to that of the
control group. Efficient protection against T. gondii
has been shown to be the result of synergy
between CD8" and CD4" T cells.**” Therefore, this
basal level of CD4" T response may be one reason
for the low level of protection in this experiment.

We observed the production of mRNA for
selected Thl (IFN-v) and Th2 (IL-10) cytokines in
splenocytes from each experimental group. It is
well established that IFN-v plays a predominant
role in controlling both acute and chronic phases
of T. gondii infection." TFN-y mRNA production
was higher in 1SAG3/Quil A-immunized mice than
in the rSAG3-immunized group, although both
groups showed significant increases compared to
the control group. However, IL-10 mRNA expres-
sion in rSAG3- and rSAG3/Quil A-immunized
mice was not significantly different from the GST-,
Quil A-, or G5T/Quil A-immunized groups. These
results indicate that immunization with rSAG3
alone can elicit an immune response,” and that
the addition of Quil A can accelerate this response
toward Th1. Peritoneal macrophages are thought
to serve as major effector cells against T. gondii.
Murine peritoneal macrophages become activated
after treatment with a combination of IFN-v and
TNF-a in vitro, and activated cells inhibit the intra-
cellular replication of tachyzoites through the
generation of NO by iNOS.” In the present study,
peritoneal macrophages from rSAG3- and rSAG3/
Quil A-immunized mice produced significantly
higher NO levels than the other groups. This sug-
gests that rSAG3 alone or in combination with
Quil A can stimulate antigen-presenting cells and
that rSAG3- and rSAG3/Quil A-vaccinated mice
are sufficiently primed by IFN-v to inhibit the

multiplication of parasites.”

Host immunity is likely related to various
factors, including the route of challenge, mouse
strain, antigen preparation, and adjuvant.”’ The
present study was undertaken to determine
whether GST-fused T. gondii SAG3 protein
(rSAG3) could elicit protective immunity against
murine toxoplasmosis. Mice immunized with
rSAG3 revealed significant changes in survival
rate and parasite burdens. These findings may
have been due to the significant increases in
serum IgG2a antibody titers, IFN-y mRNA expres-
sion, and percentage of CD8" T cells in the spleens
of rSAG3-vaccinated mice. Moreover, the vaccina-
tion of rSAG3 with Quil A further increased the
survival rate after the T. gondii infection and
parasite burdens in vivo and in vitro. These results
indicate that vaccination with rSAG3 can induce
partial immunity against T. gondii infection
through the induction of a Thl-type immune
response, and that this immunity is further
increased by the immuno-modulating effects of
Quil A"
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