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Abstract

The results of this study describe the immunostimulatory propertiégi®fmania infantum Hsp83 (83) to elicit humoral and cellular
response against tiexoplasma gondii Rop2 protein in an adjuvant-free vaccination system. The analysis was performed by immunizing
three different mice strains (BALB/c, C57BL/6 and C3H). Mice immunized with fusion Rop2-83 elicited a stronger humoral and cellular

response in comparison to mice immunized with Rop2 alone, or a mix of LiHsp83 and Rop2. The fusion protein induced a Th1 type response,

with predominance of specific IgG2a/lgG2c isotype and H-Becretions, whereas Rop2 alone or mixed with LiHsp83 produced a Th1/Th2

mixed response. Vaccination with fusion protein conferred a remarkable resistance against oral infection with ME49 cysts in C57BL/6 and
C3H mice, in comparison to mice immunized with Rop2 alone or the protein mixture. Following lethal challenge, a significant survival rate

was observed in Rop2-83 immunized Balb/c and C57BL/6 mice in comparison to control groups.
© 2006 Published by Elsevier Ltd.

Keywords: Hsp90; Immunity;Toxoplasma gondii; Jaccine

1. Introduction against antigens fused to them. Suzue and Ydéhdave s
further shown the immunogenic potentialdfcobacterium =

Heat shock proteins (Hsps) are highly conserved mole- ruberculosis Hsp70 by immunizing mice with recombinant s
cules that play important roles in protein folding, assembly human immunodeficiency virus type 1 (HIV-1) p24-Hsp7Qs
of protein complexes, and translocation of proteins acrossfusion protein. Immunization of mice with a fusion 8f. 4«
cellular compartments. Increasing evidence also favors antuberculosis Hsp70-ovalbumin elicited a CD4-independent.
important role of Hsps in several immunological processes. cytotoxic T lymphocyte (CTL) respong@]. Similar results
Onthe one hand, Hsps are specialized carriers for representawere found for the fusion of.. infantum Hsp83 to maltose s
tion of antigenic peptidgd]. On the other hand, Hspsinduce binding protein (MBP])8,9], theTrypanosoma cruzi Kmpll 4
release of cytokines by differentimmune c¢#is3]. In addi- fused toT. cruzi Hsp70[10] and with thePlasmodium falci- s
tion, Leishmania infantum and Toxoplasma gondii Hsp70 parum EB200 fused t@. falciparum Hsp70[11]. a6
and/or Hsp90 (Hsp83), have been shown to be strong mito- 7. gondii is an obligate intracellular parasite, member of-
gens for mouse B cell[4,5]. These immunoproperties might the phylum Apicomplexa which can infect mammals ands
be the reason why different Hsps showed a considerable effi-birds. In humansT. gondii is known to cause transplacentalas
cacytoinduce astrong humoral and cellularimmunoresponseinfection leading to abortion or severe neonatal malformas
tions and eye disease. Recenfly,gondii has emerged as s

* Corresponding author. Tel.: +54 11 430323; fax: +54 11 424048. an opportunistic pathogen of major importance in immunce
E-mail address: sangel@intech.gov.ar (S.0. Angel). compromised individuals, frequently as cause of encephalitis

0264-410X/$ — see front matter © 2006 Published by Elsevier Ltd.
doi:10.1016/j.vaccine.2006.02.039
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[12]. The effective immune response is mediated by CD4+ filtration through 3.m pore size polycarbonate filters (Nucleaos
and CD8+ T cells, and is associated to IFNsroduction oprotein) and counted in a Neubauer chamber.
[13-16] Most of the immunization studies used DNA vacci-
nation to induce immunity in animal moddls7]. However,

it was observed that DNA vaccines have a restricted value for
their use in humand 8]. Recombinant antigens were further All recombinant proteins are fused downstream and in
assayed in immunization experiments, but require the use offrame with a sequence that encodes six histidine residues
an appropriate adjuvant. Up to now, only for formulations for purification with nickel resin.T. gondii rRop29s-_s61
that contain aluminum salts, evaluation of the adjuvant per se(Rop2) was induced and purified under non-denaturing
is not required19]. Immunizations with rSAG1, -tGRA4and conditions as described33]. Lihsp83 was induced asus
rRop2 adsorbed to alum conferred partial immunity against described[34] and purified under non-denaturing condima
toxoplasmosif20,21] However, alum was shown to promote tions similarly as described for Rop2 but without glycus
the production of Th2 cytokines with low level of CD8+ T erol. The region encoding Rop2 (residues 196-561) was
cell activation, conversely to the Thl response required to amplified from pQE-rRop@s_s61 plasmid [35] by poly-
induce immunity against gondii in mice[22]. merase chain reaction (PCR). An upstream sense primer

Taking into account the requirement of a Thl response for (Rop2-F %-ggatcccctggagacgtcgtcatf3vith the recogni- 1o

an adequate immunity against the paraditgondii arose as  tion sequence for the endonucleaen HI, and a down- 1o
an interesting model to analyze the adjuvant and immuno- stream antisense primer lacking the stop codon (Ropz-
protective value of LiHsp83. In addition, there are different R 5-gcgcggtacctgccggttctccatcad-3vith the recognition 122
murine infection models with different strain-dependent sus- sequence for the endonucleakgn | were synthesized. 12

107

2.2. Plasmids and recombinant proteins 108

111

117

ceptibility to Toxoplasma, availablg23]. Balb/c mice {-2¢)

are resistant to infection, producing a very low level of cyst
loading[24,25]but have been used as model for lethal infec-
tion by the high virulentl. gondii RH strain[26,27] C3H
(H-2") is a strain of intermediate susceptibility to infection
[28] arising as an excellent model of chronical infection due
to the number of cyst loading after oral infection with an avir-
ulentT: gondii strain[21]. C57BL/6 {H-2") mice are highly
susceptible to infection, presenting low rate of surviving at
low dose of an avirulenf. gondii inoculation[29]. This
susceptibility is produced by an exacerbated inflammatory
response rather than by parasite groj&n,31] Interest-
ingly, Rop2 gave controversial immunoprophilactic results
in different murine infection models, eliciting immunity in
immunized C3H, but not in C57BL/6 mid&1,32] In order

to determine the value df. infantum Hsp83 (LiHsp83) as a
carrier of . gondii antigens, we constructed a fusion protein
containing rRop2 and LiHsp83 (Rop2-83). Different murine
strains were immunized with the fusion protein, Rop2 alone
and Rop2 mixed with LiHsp83, and the immune response
was analyzed. Finally, different murine strains were used to
perform lethal and non-lethal challenge tests.

2. Materials and methods
2.1. Parasite

T. gondii tissue cysts of the Me49 strain were obtained
from brains of C57BL/6 or C3H mice 1 month after intraperi-
toneally infection with 20 cysts. Cysts were purified by
isopicnic dextran gradient and counted under optical micro-
scope visualizatiorl gondii of the RH strain was grown in
human foreskin fibroblast monolayer with Eagle’s Minimum
Essential Media (Gibco) containing 10% Fetal Calf Serum
(Gibco). Parasites were purified from infected monolayer by

The PCR product was cloned into pGEM T easy vee
tor (Promega) and sequenced. The recombinant plasmid
was digested wittBam HI and Kpn | restriction enzymes, 1
the insert purified from agarose gel (Qiaex Il, Qiagenjs;
cloned into the corresponding sites of pQE-LiHsp83 vees
tor in frame, generating the pQE-RopdiHsp83 plas- 1z
mid. The fusion protein was purified under non-denaturing
conditions. 131

2.3. Immunization and challenge 132
The immunization doses and boosters of each antigen
were the following: Rop2 (44 kDa, 2g), LiHsp83 (86 kDa, 1z
61.9), Rop2-LiHsp83 120 kDa, 9.g) and the mixture of iss
Rop2 and LiHsp83 (2 + g, respectively). Balb/c, C57BL/6 13
and C3H mice were immunized by footpad injections ofx
days 0, 21, 35 and 45 with PBS (control) or recombinams
proteins. Each group was composed of eight animals. To ana-
lyze protection against virulert gondii strain (lethal chal- 10
lenge) immunized mice were challenged intraperitonealy
with 10° T. gondii RH tachyzoites 2 weeks after the lasts
immunization. To analyze protection against non-lethal chals
lenge, immunized mice were orally infected with 20 cysts.
of the ME49T. gondii strain 2 weeks after the last boosterus
The brain parasite load was evaluated 1 month after infeg-
tion. After removing brains, all of them were individually:4
homogenized in PBS at equal volume. The mean number
of cysts per brain was determined by observation under an
optical microscope, counting four samples of 2Ealiquots
for each brain. Values are means plus standard deviatien
(S.D.).

150
152
153

2.4. IgG and subclasses determination

Immunized animals were bled at days 0, 21, 35 and
60 after first immunization and on day 30 after challenges

JVAC 6049 1-9
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Antigen-specific antibodies were analyzed by enzyme-linked 2.6. Cytokine analysis 210
immunosorbent assay (ELISA) as described previoj 38y,
Briefly, each well of the microtiter plate (Immuno Plate Spleen cell cultures (& 10° cells in 1 ml of complete 2.
Maxisorp; Nunc) was coated overnight at@ with 100l medium in duplicate in 24-well flat-bottom microcultures:.
of 5pg/ml recombinant proteins diluted in 0.05M car- plates) from mice 2 weeks after the last booster were stig
bonate buffer (pH 9.6). Immune complexes were revealed ulated with 1Qug of Rop2. Supernatants were harvested at
with orthophenylenediamine (OPD, Sigma) as the chro- 48 htoanalyze interleukin-4 (IL-4) or 72 h to analyze gamma
mogen and 0.15% #D, as the substrate for a horseradish interferon (IFN<) and stored at-70°C until samples were s
peroxidase-conjugated goat anti-mouse IgG antibi@®y} measured by ELISA. Briefly, microtiter plates (Immuno Plater
diluted 1:4000. Absorbance at 450 nm (A450) was mea- Maxisorp; Nunc) were coated overnight &t@with 3pg/ml 21
sured with an automatic ELISA reader (Dynatech MR4000). of the capturing rat anti-mouse-IFiand IL-4 monoclonal 2
Results were determined in duplicate for each serum. At antibodies (Pharmigen) dilutedin 0.1 M N4POy pH 9. The 22
least two independent ELISAs were performed for each wells were washed thoroughly with 0.05% Tween 20 in PB%:
serum. Empty binding sites were blocked by 2 h incubation atG7 2

Isotype-specific analysis was performed by ELISA using with 1% bovine serum albumin in PBS. The supernatanis
the horseradish peroxidase-conjugated goat anti-mouse IgGXrom the cell cultures were tested in triplicates at 00 22
(rat anti-mouse IgG1l heavy chain, LO-MG1-2, Serotec) per well, and serial dilutions of recombinant murine 1FN- 22
diluted 1:2000 and IgG2a (rat anti-mouse lgG2a heavy and IL-4 (Pharmigen) proteins were used at 20—4000 pg/eml
chain, LO-MG2a-9, Serotec) diluted 1:4000. Results were for the standard curves. After incubation for 1h at°@7 2
expressed as absorbance value at 450 nm (A450). C57BL/Ghe plates were washed four times anddlml of biotiny- 2
mice express thighl-b gene, which encodes the IgG2ciso- lated rat anti-mouse IFN-and IL-4 monoclonal antibod- 2.
type rather than IgG287]. However, here we used an anti- ies (Pharmigen) were added for 1 h at°87 Streptavidin- 2z
IgG2a isotype which cross-reacts with IgG2c as observed in peroxidase conjugate (Sigma) diluted 1:1000 was added:40
other casef37]. This analysis was performed for three inde- the washed wells and allowed to react for 30 min at@7 2z
pendent experiments. Bound complexes were detected by a solution of 0.15%

Sera were used at 1:125 to 1:2000 dilutions. To graph H,0,—0.15% OPD (Sigma) in citrate (0.1 M)—phosphate.
the 1gG profiles, serum samples were used at 1:500 becaus€0.1M) buffer, pH 4.5. Absorbance was read at 450 nm i
the low level of reactivity of those obtained after day 21. an automatic ELISA reader (Dynatech MR4000). At leasts
In order to attain a comparative analysis of isotype pro- two independent ELISAs were performed for each supes:
files serum samples obtained after immunization plan were natant and the analysis was performed over three independent
used at dilution 1:2000, since they showed to be in lineal experiments. 239
phase.

2.7. Statistical analysis 240
2.5. Analysis of Rop2-dependent proliferation of spleen
cells Levels of significance between groups of mice for braim
cyst loads were determined by a Student®st. Sur- 2.

In vitro proliferation assays were performed with RPMI viving curve was analyzed by product limit method ofs
culture medium supplemented with 10% fetal calf serum, Kaplan and Meier, using the log-rank test for comparisons
2-mercaptoethanol at a final concentration of 50> M, (Prism, version 3.0 GraphPad Software, San Diego, C#s
penicillin (100 U/ml) and streptomycin (1Qdy/ml). Spleens  USA). 216
from four immunized mice from each group were removed
from mice 2 weeks after the last booster. Four phosphate-

buffered saline (PBS)-injected mice were added as control 3. Results 247
group. Viable spleen cells were plated in triplicates in g00
of medium at 3x 10° cells per well in 96-well flat-bottom  3.1. Expression and purification of Rop2-83 28
microculture plates (Costar, Cambridge, MA). Cells were recombinant protein 249
stimulated with optimal concentration of @ of Rop2. Pos-
itive controls were assayed with concanavalin Ain allexperi-  Fig. 1 shows the recombinant proteins used in this

ments. Culture medium alone was used for negative controls.work. Rop2, from residues 196 to 561, and LiHsp83 have
A 1 uCi/well of 3H-thymidine (specific activity 5Ci/mol,  been described previoud§4,35] Rop2-83 expression vec-zs:
Amersham Corp.) was added for 24%-thymidine incor- tor was generated by the fusion of a 6-histidine linkegs
poration was measured at 72 h in a LKB (Gaithersburg, MD) tag at the N-terminal part of ®op2 gene lacking the 2.
liquid scintillation counter. Results were expressed as stim- stop codon fused to th&iHsp83 gene Fig. 1A). Fusion zs
ulation index (Sl): the mean of counts per minute (cpm) of protein migrated with an apparent molecular weight afs
rRop2-stimulated cells divided by the mean of cpom fromnon- ~120kDa (lane 3Fig. 1B). In addition, a second productzs
stimulated cells. of ~80kDa was observed, which might be a degradatian

JVAC 6049 1-9
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Rop2 3.2. Humoral response against Rop2 in immunized mice 263
I ___ LiHspa3 The efficacy of vaccination in immunized mice was folze
l‘ ‘ lowed by serological analysis. Production of IgG antibodies
Rop2-LiHsp83 against Rop2 was evaluated by ELISA on days 0, 21, 35 and
: . 60. All immunized mice elicited a strong humoral response
l I | against Rop2, detected from day ¥5d. 2A). 268
Anti-Rop2 IgG1 and IgG2a (or IgG2c in case of C57BL/6Ges
mice) antibodies were evaluated in serum samples obtained
Rop2-83 Rop2 Rop2-83 Rop2 from immunized animals on day 60. All Rop2-83 immunizee
83 Rop2 Rop2-83 ., | 83 | | 8 mice produced high levels of anti-Rop2 1gG2a/IgG2cisotype;

(a) HHis,

kDa B 120— | B e whereas immunizations with Rop2 or Rop2 + 83 elicited 2
o7 — . : 1 predominant specific IgG1 respondég. 2B). There were 2.
o 80— == 4 also significant differences in anti-Rop2 reactivity at intets
66 — . g strain level, with C57BL/6 mice being the most responsives
L ‘ strain Fig. 2B). o
45 — 40— 2l Mice immunized with PBSKig. 2) or LiHsp83 (data not 2rs
shown) did not show any response against Rop2. 279

(B) (C) o-LiHsp83 a—Rop2
3.3. Cellular response against recombinant antigens 280

Fig. 1. Recombinant proteins. (A) Scheme of recombinant proteins utilized

in this study. (B) Purified recombinafft gondii antigens resolved by 10% Individual mice spleen cell suspensions were obtained %4
SDS-PAGE and stained with Coomassie blue. Lanes: 83, LiHsp83; Rop2, days after the last booster. Stimulation with Rop2 was pes:
ROp2gs-s61 and Rop2-83, fusion of Ropds-se1t0 LIHSP8S. (C) Same  ¢ornaq in order to analyze whether splenocytes from immuts
proteins were analyzed by Western blot using anti-LiHsp83 or -Rop2 serum ", .
samples. Molecular massed)are given on the left. nized mice were able to secrete IRNar IL-4. Splenocytes 2

from Rop2-83 immunized mice elicited significant highess

259

260

261

262

product. Both bands, 120 and 80kDa, were recognized by production of IFNy than PBS, Rop2 and 83 + Rop2 groupss

anti-Rop2 and -LiHsp83 serum samplésg; 1C). Similar

(Fig. 3. In addition, it could be also observed a significant:

patterns were observed with whole bacteria extract (data notdifference in IFN«y production in immunized C57BL/6 and s

shown). C3H mice with Rop2 or Rop2 mixed with LiHsp83 wherss
Balb/c C57BLI6 C3H
20.0+ 1254 20.0-
17.5 17.5- s
100+ :
15.0- /i 15.0- / P
i f 2 gt
= 754 T s0- < 75
5.0 _ 5.0~ I
25 ,
v P B
0.0 ! ——— [ — —— - ‘
10 20 30 40 50 60 70 0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70
(A) day day day
Balb/c C57BL/6 C3H igG1
124 45- T 25- - gG2a
40
10- el 20- -
8- - 30
8 8254 I B
<° -~ fa 9N
4- . 15-
J 1 10+ 5-
; 1 .
0 0-
(B) PBS 83-Rop2 Rop2 83+Rop2 PBS 83-Rop2 Rop2 83+Rop2 PBS 83-Rop2 Rop2 83+Rop2

Fig. 2. Anti-Rop2 humoral response of immunized Balb/c, C57BL/6 and C3H mice analyzed by ELISA. Serum samples were used at dilution of 1:500. (A)

Mice were immunized with PBI), Rop2-83 &), Rop2 (), 83 + Rop2 ¢). Production of IgG antibodies against Rop2 was evaluated by ELISA on days 0, 21,

35, and 60. (B) IgG isotype level generated against Rop2 protein. The antibody level was determined by ELISA. 1IgG1 and IgG2a antibodies prostuced again

Rop2 were evaluated in serum samples obtained on day 60. Data are relative absorbance (rA, mean absorbance of each group vs. absorbance of pre-imm
sera) values of pooled sera from eight mice per group. These data show representative results of at least three independent experiments.
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wl 1 Lymophoproliferation compared with control. In contrast, only mice immunizeeo
with -Rop2 or 83 + Rop2 showed a significant IL-4 producs:
124 l tion in comparison with Rop2-83 or PBS&ig. 3). 202

Splenocytes from Rop2-83 immunized mice showed.a
strong level of proliferation (stimulation index, Sl) aftepss
stimulation with Rop2, significantly higheP& 0.01) than e
6 those observed for Rop2, 83 + Rop2 and PBS groups in the
three mice strains tested. In the Balb/c strain the stimular
tion level was the highest~{g. 3). A significant level of 20
2+ lymphocyte proliferation was also observed when compass

0 -_i -_i_D_-_l ing 83 +rRop2 and Rop2 to PBS groups, especially in Balbig

83-Rop2 Rop2 83-Rop2 PBS mice. 4. ] ) ) oo
IL-4 Immunization with LiHsp83 protein produced a similago:

level of cellular immune response in the PBS control group
l (data not shown). 304

Si

12 - 3.4. Protection of immunized mice against challenge 305
- l with T. gondii 306

pg/mi
@
1

- To examine the immunoprotective value of Rop2-83.
- T against the high virulent RH strain, groups of Balb/c angs
C57BL/6 mice were immunized with Rop2, Rop2 + 83 01
Rop2-83 by footpad injections. Mice that received PBS wete
2 used as negative controls. The capacity of these immu-
0 nizations to protect mice was evaluated by the survive
83-Rop2 Rop2 83+Rop2 PBS ing rate after intraperitoneal injection of ARH tachy-
IFN-y zoites. Immunization with Rop2-83 results in a significantly.

higher survival rate than the PBS control in Balb/c ands

[ Balblc C57BL/6 mice, whereas immunization with Rop2 alones

showed a significant level of surviving only in Balb/c miceir

I [ C57BL/6 (Flg 4A) 318
200 - I C3H The immunoprotective value was also determined insa
chronic model, using the non-virulefitgondii strain Me49. 2o
Groups of C57BL/6 and C3H mice were immunized ang:
2 weeks after the last booster they were orally infected
100'4 with 20 cysts of Me49. Cysts in brain were counted s

T month after challenge. In all cases, immunizations showed
“ i i a significant £<0.01) level of protection in comparisonas
to the PBS group Kig. 4B). In addition, group Rop2- sz

83-Rop2 Rop2 83+Rop2 PBS 83 showed significant immunoprotection value in compad
ison to groups Rop2 and Rop2+83. The level of protees
Fig.3. Cellular response against Rop2 inimmunized mice. Splenocytes from tion observed in Rop2 group did not show significant difes

mice immunized with recombinant proteins or PBS (control) were stimulated ference when compared with 83+Rop2 immunized anio
in vitro 72 h (to analyze IFNy production and lymphoprolirferation) or 48 h

300

pg/mi

(to analyze IL-4 production) with 1@g of Rop2. Three (IFNy and IL-4) or mals. o ] ] ] o=
4 (lymphoproliferation) mice per group were analyzed. In the lymphoprolif- Immunization with LiHsp83 protein produced a similags.
eration analysis results are represented as stimulation index (SI): the mearlevel of cyst loading as in the PBS control group (data net
of counts per minute (cpm) of Rop2 stimulated cells divided by the mean shown). 334
of cpm from non-stimulated cells. Sl of concavalin A stimulation ranged

from 15.3 to 18.1." P<0.01 (Student’s-test). In all cases, immunizations 3.5. Humoral response against Rop2 after challenge s

with 83-Rop2 showed a significam? € 0.01) level of Sl in comparison with
PBS, Rop2 and 83+ Rop2 groups. In addition, groups Rop2 or 83 + Rop2
showed significantK < 0.01 or <0.05) S| than PBS. To analyze cytokines, Anti-Rop2 1gG1 and IgG2a/lgG2c levels in immunizedss
cell culture supernatants were analyzed by ELISA. Dataare pg/ml (mean plus C57BL /6 and C3H mices were individually tested by ELISAs
S.D.). IL-4: “P<0.01vs. Rop2-83; IFNy: P<0.01vs.Rop2,83+Rop2 1 month after challenge with 20 cysts of Me49 strainss
and PBS. IL-4 production of Rop2 and 83 +Rop2 immunized mice were Fig. 5 sh that i h in both strai d
also significant® < 0.05) in comparison with PBS control. . 9. oS _OWS al In all cases, In both s ralns,_ a pre O_mg
inant anti-Rop2 1gG2a/lgG2c response was elicited. Mice
from C57BL/6 and C3H strains immunized with Rop2-83.
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C57BL/6 Balb/c
100- 100- Balb/c
804 80-
2 60 2 oo
2 2
@ 401 2 40
X X
20+ 20
o= 0+ -
012345867 8 9101112 01234567 8 9101112
(A) day day
C3H
150~
200 -
100+
. 100 _
0 __
o 50-
2
(7 *%
> —
o
(B) PBS Rop2-83 Rop2 83+Rop2 PBS Rop2-83 Rop2 83+Rop2

Fig. 4. Challenge test. (A) Survival curves of BALB/c and C57BL/6 mice immunized with the different recombinant proteins indicated, or PBS emgedhall
intraperitoneally with 1Btachyzoite off. gondii RH strain 2 weeks after the last immunization. Mice were immunized with MBSRop2-83 &), Rop2 (v),
83+ Rop2 ¢). Each group was composed of eight mice. Panel C57BL/6: PBS and Rop2 groups showed identical survivil Bur@ed1;” P <0.05 (it was

used the product limit method of Kaplan and Meier, to compare survival curves using the log-rank test for comparisons between immunized gro8ps with PB

control group) (B). Assay for protection against oral challenge. Immunized C57BL/6 and C3H mice were orally infected with 20 cysts of tiiegE49
strain 2 weeks after the last booster. The brain parasite load was evaluated 1 month after infection. The mean number of qybtf pesi@Sample was
determined by observation under an optical microscope. Values are means standard deviation (S.D.) of the results from experiments perfayopedofith gr
eight mice.” P<0.01;" P<0.05 (Student's-test for comparisons between the Rop2-83 group and Rop2/Rop2 + 83 groups).

showed a significant fired up of IgG2a/lgG2c isotype in com- 4. Discussion
parison with other groups, but mice immunized with Rop2

alone or Rop2+83 also showed a significant fired up of  Inthe presentwork, we have analyzedthe value dffan-  as
anti-Rop2 1gG2a/lgG2c isotype in comparison with the PBS rum Hsp83 as carrier of thBvxoplasma antigen Rop2 in the s

347

group. murine model. Our study showed that the fusion of Ropa
C57BL/6 C3H
ik [ igG1
804 80+ Kk I igGea
60+ 60- ok
*%k 1
40 40-
* & *%
20+ ) 20- z
o Al I el
pre post pre post pre post pre post pre post pre post pre post pre post
PBS 83-Rop2 Rop2 83+Rop2 PBS 83-Rop2 Rop2 83+Rop2

Fig. 5. Anti-Rop2 IgG1 and IgG2a (IgG2c in case of C57BL/6) antibodies in immunized C57BL/6 and C3H mice pre-challenge (day 60) and post-challenge

(day 90) withT. gondii cysts. Anti-Rop2 IgG1 and IgG2a/lgG2c levels in all the mice were individually tested by ELISA. The bars represent the means of
relative absorbance (rA, mean absorbance of each group vs. absorbance of pre-immune sera).
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with LiHsp83 elicited a strong humoral and cellular response and protective values as immunizations with Rop2 alone we
against Rop2, with high levels of specific IgG2a/lgG2c iso- considered that putative traces of LPS in our preparations ase
type, IFN+y production and lymphoproliferation level. More-  not interfering with the conferred immunity of immunizedis
over, immunization with the fusion protein elicited a predom- mice. a10
inant Thl response in all mouse strains (Balb/c, C57BL/6  After purification, two forms of the recombinant Rop2=u
and C3H), whereas mice immunized with Rop2 alone or 83 protein could be observed, which were recognized hy
Rop2 + LiHsp83 mixture showed a mixed Th1/Th2 and weak anti-Rop2 and anti-LiHsp83 antibodies. Whereas the approx-
cellular immune response. imately 120 kDA band corresponds with the expected produgt
Considering the response in the different strains, Balb/c of complete Rop2-83 fusion, the second band (80 kDa) seems
mice immunized with Rop2-83 showed the highest level of to be a degradation product. Since the His tag is fused at the
IFN-y production and lymphoproliferation. By contrast, it N-terminal portion of Rop2, it seems likely that the 80 kDa-
was observed that Rop2-83 immunized C57BL/6 and C3H product has the complete Rop2 fragment and approximateby
mice showed a stronger IgG2a/lgG2c response than Balb/cthe first 40kDa of LiHsp83. Presence of 80kDa produet
Since the non-immunized (PBS) Balb/c group also showed aseems not to disturb with the elicited immune response of the
high level of IFN<y production when stimulated with Rop2  full length. It will be interesting to examine if the N-terminal.:
in comparison to those observed in C57BL/6 and C3H-PBS region of LiHsp83 conserves the immunostimulatory prop:
groups, it could be considered that the Thl response woulderties as observed for the N-terminal region of LIHSPF0 s
be more marked in the latter mouse strains. Further analysis According to the generation of a strong Thl-type immune:
should be done to shed light on this point. response after immunization, fusion improved the immuss
Our study clearly shows that the antigen must be fused to nity againstT. gondii lethal and non-lethal infection in all s
LiHsp83 to generate the adequate Th1l immune response irmouse strains. In contrast, the Rop2 or 83 + Rop2 groups omly
all of the three mice strains. A strong humoral and cellular presented a poor cellular immune response against rRop2.
immune response against an antigen has been also observeflince IFNs was produced in all cases, it can be assumed
when it was fused to Hsp70 molecules as caffieB,10,38] that protection could be directly related, at least in part, t@
This suggests that Hsp83 and Hsp70 proteins present simithe production of this cytokine. Non-lethal infections allows:
lar mechanism of immunoresponse stimulation. In this sense,inferring what kind of immunological response was taking.
LiHsp83 and.. infantum Hsp70 had shown similarimmunos- place in C57BL/6 and C3H mice groups after challerifje. s
timulatory propertieqd4,9]. This leads to the assumption gondii showed to polarize a strong Thl response after infeg-
that the antigen is carried to the Hsp83 pathway of immune tion [50], as expected, we observed a marked fired up of
response stimulation. In fact, Hsps have been shown to belgG2a/lgG2c isotype antibody in all challenged mice. Thes
involved in several aspects of immune response modulationhighest level of specific IgG2a/lgG2c after infection was:
[39]. For LiHsp83, a T-cell independent B cell mitogenic observed in Rop2-83 immunized mice. In addition, the isas
activity has been determingd]. It was found that gp96, type profiles after infection witlf. gondii were inversed s
Hsp90 and Hsp70 are capable to recognize the CD91 recepto(lgG1l towards IgG2a/lgG2c) in both C57BL/6 and C3Huw
in phagocytic cells, antigen presenting cells (APC) and den- mice, immunized with Rop2 and Rop2 + 83. On the one handl,
dritic cells, inducing their activation and maturati@0—43] these data indicate that LiHsp83, as adjuvant, does not inter-
In addition, gp96, Hsp70 and Hsp90, among other Hsps, canfere with the normal immune response agaifgondii. On s
bind peptides for immune recognitidd4,45] suggesting  the other hand, additional conclusions can be drawn. In all
that Hsps can activate innate and adaptative immune responsanmunized groups the IgG2a/lgG2c isotype level was highes
[46]. On the other hand, it has been observed that bacterialthan the IgG2a isotype level of the PBS group. In additioms
Hsps directly induce cytokine secretion in macrophages andthe number of cyst loading was inversely related to the spe~
other cell type$47,48] These findings have led to the postu- cific IgG2a/lgG2c isotype levels observed after infection. Sas
lation that extracellular Hsps, either from pathogens or from these data indicate a correlation between the level of protee-
damaged cells, act as damage signals, whose abnormal pregion and the level of IgG2a/lgG2c and IFNproduction not 4so
ence would turn on the immune response. only before challenge but also during infection. 451
It is known that during lysis of bacterial cells for protein Here we observed a similar level of protection in both.
purification, endotoxin molecules are released from the outer C57BL/6 and C3H mice immunized with rRop2-83. By cOnsss
membrane ofEscherichia coli into the lysate and it is not  trast, immunization with recombinant Rop2 adsorbed witk:
surprising that traces of endotoxins like LPS are frequent con- alum orRop2 gene conferred immunity in C3H mice but notss
taminants of biochemical preparations. In general, the LPSin C57BL/6[21,32] In one case, the susceptibility or resissss
levels of purified recombinant antigens are below the stan- tance was related to the generation of Th2 or Thl response
dards set for pharmaceutical use. In addition, recently it was after immunization, respective[21]. However, in the other uss
shown that a fusion protein Hsp65-P1 can activate DC inde- case, a strong Thl response was also obtained in imn-
pendently of LPS, in spite of the requirement of a Toll-like nized C57BL/6 micg32], being suggested that Th1 responss
receptor 4 for an optimal CD8 T cell resporj48]. Since the induced after vaccination witRop2 gene could be the cause::
mix of LiHsp83 with Rop2 showed similar immune response of the high lethality observed in C57BL/6 mi¢80,31] In 4
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spite of this, Desolme et gl51] showed protection against  [6] Suzue K, Young RA. Adjuvant-free hsp70 fusion protein system elics
parasite infection in C57BL/6 immunized witra4 gene. In its humoral and cellular immune responses to HIV-1 p24. J Immunels
this case, vaccination elicited IFiland IL-10, suggesting a 1996;156(2):873-9. 517

. . [7] Huang Q, Richmond JF, Suzue K, Eisen HN, Young RA. In vivais
modulation of the Th1l reSpon_se' _We measured hlghWN— cytotoxic T lymphocyte elicitation by mycobacterial heat shock prosis
but not IL-4 levels, after vaccination of C57BL/6 and C3H tein 70 fusion proteins maps to a discrete domain and is CD4(+) sk
mice with Rop2-83. Probably, the Hsp-based vaccine canreg-  cell independent. J Exp Med 2000;191(2):403-8. 521
ulate the inflammation processes durifigoplasma infec- [8] Rico Al, Del Real G, Soto M, et al. Characterization of the immunosszz

tion, besides providing a specific immune response against timulatory properties ofLeishmania infantum HSP70 by fusion to s23
Rop2 antigen Both features can be dependent of physical the Escherichia coli maltose-binding protein in normal and nu/nuszs

. . . BALB/c mice. Infect Immun 1998;66(1):347-52. 525
link t_’etween Hsp83 and Rop2 proteins. Also, it should be [g] Rico Al, Angel SO, Alonso C, Requena JM. Immunostimulatoryzs
considered that Vercammen et 2] used otheff. gondii properties of theleishmania infantum heat shock proteins HSP70 s27
strains, and observed high lethality in their model using and HSP83. Mol Immunol 1999;36(17):1131-9. 528

little doses of parasites In our case. we used the Me49[10] Maranon C, Thomas MC, Planelles L, Lopez MC. The immunizass

. . . . . tion of A2/K(b) transgenic mice with the KMP11-HSP70 fusionsso
strain, which did not show this level of Ietha“ty at low protein induces CTL response against human cells expressing thesT.

dose. cruzi KMP11 antigen: identification of A2-restricted epitopes. Mobsz
In conclusion, here we demonstrate that a member of heat  Immunol 2001;38(4):279-87. 533
shock protein 90 family, LiHsp83, is a good candidate to [11] Qazi KR, Wikman M, Vasconcelos NM,'Berzins K, Stah! S, Fersa
carry antigens and develop an adjuvant-free vaccine. This ~ handez C. Enhancement of DNA vaccine potency by linkage efs
: . . Plasmodium falciparum malarial antigen gene fused with a fragmentas
carrier based vaccine systgm has th.e capability t'o produce_ aN ot 1sp70 gene. Vaccine 2005:23(9):1114-25. .
immunoresponse that activates antibody secretion, cytoking[12] Tenter AM, Heckeroth AR, Weiss LM.Toxoplasma gondii:  s3s
production and stimulates cellularimmune response, all posi-  from animals to humans. Int J Parasitol 2000;30(12-13):121%se
tive features to control parasite infection. It will be interesting s8. _ _ 540
to analyze the behavior of oth@bxoplasma antigens, as 13l g?;i?illlai :na:jk”C“D';E ?IT% ;OSC;;E;“T; ?FMN ggrf]'m’z ?:’;(Eg;f;':”
. . - 42

Gra4 0!‘ SAG]‘,' fu_sed_ to LIHSp8.3, which have be?n ShO\{Vﬂ to and protective immunity induced by an attenudfeevplasma gondii 543
confer immunity in different animal models and immuniza- vaccine. J Immunol 1991;146(1):286-92. saa
tion assayq17]. Furthermore, LiHsp83 could be a carrier [14] Gazzinelli RT, Hayashi S, Wysocka M, et al. Role of IL-12 in the ini-=as
for antigens from a variety of pathogens, which require the tiation of cell mediated immunity bYoxoplasma gondii and its regu-  sas

generation of a Th1 response to confer immunity. lation by IL-10 and nitric oxide. J Euka_ryot Micro_b_iol 1994;41(5):9S 547
[15] Khan 1A, Ely KH, Kasper LH. Antigen-specific CD8+ T cell sss

clone protects against acuf@xoplasma gondii infection in mice. s

J Immunol 1994;152(4):1856-60. 550
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