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Different toxoplasma antigens were entrapped within liposomes and evaluated, in this form, for their
ability to protect Swiss mice against toxoplasma infection: soluble tachyzoite antigen (L/TAg), tissue
cyst (L/CAQ), tachyzoite plus tissue cyst (L/ITCAQ) or purified antigen of tachyzoite (L/pTAg). The pro-
tein used in L/pTAg was purified from tachyzoites using a stage-specific monoclonal antibody which
reacted at a molecular weight of 32 kD in SDS PAGE and silver stain using reduced condition. To
compare the immuno-adjuvant action of liposomes and of Freund’s Complete Adjuvant (FCA), another
group of mice was immunized with soluble tachyzoite antigen (STAg) emulsified in FCA (FCA/TAQ).
Control groups were inoculated with (STAg) alone, phosphate-buffered saline (PBS), FCA with PBS
(FCA/PBS) and empty liposomes (L/PBS). Mice were inoculated subcutaneously with these antigens six
four and two weeks before a challenge with 80 tissue cysts of the P stif@irapflasma gondibrally.

All mice immunized with or without adjuvant showed a humoral response, as measured by Elisa. How-
ever, no correlation was found between antibody titer and protection against the challenge. All mice

immunized with L/pTAg or L/ITCAg survived (100), whereas 80% and 90% of mice from groups which

received respectively PBS or FCA/PBS and L/PBS died. All mice immunized with antigens entrapped
within liposomes (L/TAg, L/ICAg, L/ITCAg and L/pTAg) showed low numbers of intracerebral cysts.
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Toxoplasma gondig an obligate intra-cellular Vaccination attempts with live, attenuated,
parasite, affecting a wide range of animals, includkilled or lysed parasites, as well as different anti-
ing humans. Infection consists of a transient acutgenic fractions of the parasite, have been conducted
phase caused by proliferative tachyzoites followedith varying success (Aradjo 1994). Vaccines with
by the formation of dormant tissue cysts containlive organisms are currently in use (Buxton 1993,
ing bradyzoites. The disease can be serious if abubey et al. 1994) but they represent a potential
quired congenitally (Wong & Remington 1994) orhazard. However, the development of vaccines in
in immunosuppressed individuals, particularly pathe future will not only have to take into account
tients with acquired immunodeficiecy syndromeall life-cycle stages that need to be targeted but

(Aids) (Luft et al. 1993). will also have to consider which immune responses
Toxoplasmosis, in an immunocompetent hosheed to be generated and in which tissue sites.
leads to the induction of a lfieng protective im- The induction of protective immunity is depen-

munity against illness due to reinfection. Theseent on the nature of the immune response to be
privileged protective antigens are candidates fayenerated. Antibodies have been shown to trans-
the development of a vaccine strategy (Alexandder protection passively (Johnson et al. 1983).
et al. 1993). There is also evidence that protective immunity
against toxoplasmosis can be mediated by CD8 and
CD4 lymphocytes (Gazzinelli et al. 1998). Thus,
an adjuvant that promotes activation of these T-
cell subsets would theoretically be an ideal com-
ponent of al. gondiivaccine.
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non-ionic surfactant vesicles (Alexander et almined by demonstration of reactivity on Western
1993), was found to enhanpeotection against blots of T. gondiilysates (Fig. 1), a positive reac-
infection byT. gondiiin mice. Immunization with tion with tachyzoite antigen in Elisa, but a nega-
Escherichia coliexpressed recombinant SAG1tive reaction with the bradyzoite antigen in Elisa.
(Petersen et al. 1998) or with STAg, together with
cytokine interleukin-12 (Yap et al. 1998), induce g
partial protection against lethal infection with 66.0 kDa ’
gondii in mice. ; ;

In this study, we determined the ability of dif-
ferent soluble antigens @t gondiiincorporated
into liposome vesicles to induce protective immu- 43.0 kDa #
nity responses in mice against a natural route of '
infection, namely oral infection with tissue cysts.

MATERIALS AND METHODS
Mice - Six-eight week-old female Swiss mice

were obtained from the experimental animal breed- 34.7 kDa P
ing laboratory of the Federal University of Minas “ 32.0kDa
Gerais (UFMG), divided in nine groups of ten ani-
mals.
Parasites- Cysts were obtained from the brain -
tissue of Swiss mice infected two months previ- “
ously with T. gondiiP strain of low virulence or 24.0kDa !
C4 virulent strain isolated from dogs in Sao Paulo,
Brazil (Jamra & Vieira 1991). For antigen prepa- |8 4 k[Da h
ration, tissue cysts from the brain tissue of mice
infected with theT. gondii C4 strain were purified
on Dextran 30% (Kasper 1989). Purified cysts were 1 il
sonicated using ten periods of 30 s at 40 hertz at 1
min intervals. The supernatant was collected fol- . . 3
owng centfugaion at4°C (30 /13,000 g) anc s L sctopieic ot (505 7AGE 122 f e
Usefj as SO'_UbIe antigen (S/CAg) ,m ImmunOpro(lane 2). Molecglar Weight marke)r/s are shown in lane 1.
tection studies. Cysts of the P strain were used for
oral-challenge infection of immunized mice.
The N strain was isolated from a rabbit in S&o
Paulo (Noébrega et al. 1952), and was maintained Purification of tachyzoite antigeriTachyzoite
by serial passage in the peritoneal cavity of micentigen was purified by immunoaffinity, as previ-
Tachyzoites obtained by intraperitoneal washingusly described (Bulow & Overath 1986). Briefly,
were sonicated using five periods of 30 s at 40 herty strain STAg was applied to an affinity column
at 1 min intervals. The supernatant was collecteaf the anti-P32 mAb (4C3H4) coupled to cyano-
following centrifugation at 4°C (30min/13,000 g) gen bromide-activated Sepharose 4B, as recom-
and used as soluble antigen for purification ofmended by the manufacturer (Pharmacia). After
tachyzoite antigen (pTAg) and soluble tachyzoiteapplication of the antigen, the column was sequen-
antigen (STAQ). tially washed with PBS. Bound P32 was eluted
Production of monoclonal antibody (mAb) with 0.1 M glycine (pH 2.5). Immediately after
Tachyzoites were obtained from mice infected witkelution, fractions were neutralised with Trisma base
T. gondiiN strain and extracted with SDS sampldtris) salt. Fractions were analyzed by SDS-PAGE
buffer and electrophoresed on 12.5% gels. The parnd silver staining for the presence of P32 (Fig.
tion containing proteins from 25-35 kDa was cu®). We purified one protein with a molecular weight
and the tachyzoite antigen, eluted with ammoniuraf 32 kDa. It is exposed in the tachyzoite but not
bicarbonate/SDS buffer, was used to immuniza the bradyzoite by Elisa.
Balb/c mice. Splenocytes were fused with SP2/0 Multilamelar vesicles (MLVs) A chloroform
myeloma cells. The antibodies producing hybridsolution of an equimolar mixture of &-
were screened by Elisa using tachyzoites atistearoylphosphatidycholine (DSPC, Sigma
bradyzoites antigens to coat the plates. MAb prd=hemical Co.) and cholesterol (CHOL, Sigma) was
ducing cells were cloned twice limiting dilution. placed in a round-bottomed flask. After removal
Specificity for the tachyzoite antigen was deteref most of the chloroform under a stream of nitro-
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o metal from the probe were eliminated by centrifu-
Lol gation at 10,000 g for 10 min.

Dehydration rehydration vesicles (DRV3)he
general procedure for the entrapment of protein
with DRVs has been described by Kirby and

I Gregoriadis (1984). Briefly, 1 ml of SUVs was
66,0 - | mixed with the following quantities 6f. gondii

' 400 pg of STAg, 400 pg (60,000 cysts) of CAg,
200 pg STAg + 200 ug CAg (30,000 cysts), or 50
1 pug of P32. The mixture was immediately frozen

and then dried overnight. Rehydration of the dried

powder was performed at 55°C as follows: one-
tenth of the original SUVs volume of distilled wa-
| [ ter was added, and the mixture was vortexed and
I - incubated (30 min, 55°C); 0.1 volume of PBS was
similarly added, and the mixture was vortexed prior
to the addition of 0.8 volume of PBS and incuba-
tion (30 min, 55°C). Antigens-containing DRVs
24,0 = were separated from free antigens by washing
DRVs three times in PBS with centrifugation
(43,000 g, 30 min, 4°C). The liposome pellet was
! finally resuspended in PBS at a DSPC concentra-
tion of 18 g/I. Parallel preparations of empty (PBS-

At loaded) DRVs were also made. The fraction of pro-
§=§ - L tein entrapped in liposomes was determined indi-

; I j rectly by protein titration in the supernatant of the
o ; first centrifugation (Bradford 1976).
Immunization and challenge of micAnimals
1 2 3 were immunized subcutaneously with three inocu-
lations at 2-week intervals using different type of
Fig. 2: immunoblotting characterization Téxoplasma gondii - antigens ofT. gondii(Table I). Each of the three
tachyzoites lysate transferred on to nitrocellulose. Lane 1: nogontrol groups were inoculated with PBS, FCA
mal mouse serum; lane 2: serum from mouse chronically iqgith PBS, and liposome (L) with PBS. All mice
fected withT. gondii lane 3: anti-tachyzoites monoclonal anti- . .
bodly (4C3H4). were challenged with 80 cysts of P stain (LD90)
orally 10 days after the final immunization. At the
end of the experiment, the animals surviving at day
gen, the residual solvent was eliminated for 2 5 after infection were evaluated. All surviving ani-
with a rotary evaporator. MLVs were produced bymals were killed and the number of cysts was cal-
hydration of the thin lipid film with distilled water culated.
for 1 hr at 55°C. The final lipid concentration was Immune response in immunized miédl mice
45 mM. were bled before immunization and seven days

Small unilamellar vesicles (SUV§UVs were after the third immunization. Antibodies were de-
prepared by sonication of MLVs at 55°C using dermined by enzyme-linked immunosorbent assay
3mm probe-sonicator (Misonix, ultrasonic liquid(Elisa), using tachyzoite antigen soluble to coat a
processor). Remaining MLVs and contaminatingnicroplate.

450 =
34,7 -

TABLE |
Immunization of mice with different antigens Tdxoplasma gondii
Dose/mouse L/TAg L/CAg L/TCAg L/pTAg STAg FCA/TAg
1 40 pg 2000 cysts 1000 cyst + 20 ug STAg 5 ug 40 g 40 pg
2 40 pg 2000 cysts 1000 cyst + 20 ug STAg 5 ug 40 g 40 pg
3 40 pg 2000 cysts 1000 cyst + 20 pg STAg 5 ug 40 ug 40 pg

L/TAg: soluble tachyzoites antigen in liposomes; L/CAg: soluble tissue cysts in liposomes; L/TCAg: tachyzoites
plus tissue cysts in liposomes; L/pTAg: purified antigen in liposomes; STAg: soluble tachyzoites alone; FCA/TAQ:
soluble tachyzoites with Freund’s complete adjuvant.
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Statistical analysis The survival rate was **° g
evaluated by the Qui-squared test. The mean nunwe e LicAg
ber of cysts in the brain tissue for each group ang | . + LITCAg

. . v |——L/pTAg
the means of absorbance of Elisa were examineg | e siAg
using the Duncan test (Duncan 1955) at 5% level | —— ACFITAg
of probability. 40 " ACFIPBS

RESULTS 21 — pas
0

Antibody responseThe immunization of mice 0 2 4 8 10 12 14 16 18 20 22 24 26 28 30
with :.‘;))(doplasfme'lf'alntlg[en,t\!\tl)ltf:jor Wltgou,:. adju.l\./a&t’Fig. 3: survival of immunized mice after oral infection with 80
resulted in significant antibody production ( abl&s girain cysts ofoxoplasma gondiL/TAg: soluble tachyzoites

1) Wher] compared With. non immun_ized groupSantigen in liposomes; L/CAg: soluble tissue cysts in liposomes;
The antibody level was significantly higher in miceL/TCAg: tachyzoites plus tissue cysts in liposomes; L/pTAg:

immunized with combined tachyzoite/cyst antigerﬁ’uriﬁed antigen in liposomes; STAg: soluble tachyzoites alone;

; ; ; ; CA/TAQ: soluble tachyzoites with Freund’s complete adjuvant;
mcorporatgd into Ilposomes .than m.Oth.er grouD{CA/PBS: Freund’s complete adjuvant with PBS; L/PBS: lipo-
Protection of mice after immunizationThe somes with PBS; PBS: saline alone (control).

protection afforded by the different types of im-
munization are presented in Fig. 3. Two (20%) of
the control mice injected with PBS with or with-

out liposomes and one mouse (10%) injected Withysts were found only in mice immunized with
FCA alone survived. All mice (100%) immunizedantigen containing liposomes. There are statisti-
with L/pTAg or LITCAg survived. Only 9 (90%), cally significant differences between the mice im-
7 (70%), 5 (50%) and 4 (40%) of the mice imMumynized with L/TAg, L/pTAg, L/TCAg and L/ICAg
nized with L/TAg, L/ICAg, STAg and FCA/TAg and control mice inoculated with PBS, FCA and
nificant differences in the degree of protection begpserved between L/TAg and TAg, as well as be-
tween mice immuni'zed with L/TCAg.and L/pTAQ tween L/TAg and FCA/TAg groups. On the other
when compared with the control mice (P<0.05)hang, there are no significant differences between
There is also a significant difference between thesge mice immunized with STAg and FCF/TAg

two groups (L/TCAg and L/pTAg ) and mice im-\hen compared with the control groups.
munized with STAg or FCA/TAg (P<0.05), and a DISCUSSION

significant difference was found between mice
immunized with L/TAg when compared with mice  We have described here a defined vaccine that
immunized with FCA/TAg (P<0.05). results in protection against death in experimentally
The number of brain cysts was evaluated as anfected mice. Of importance here is the use of a
indicator of protection at the chronic stage of inpurified antigen of tachyzoites with a cocktail of life-
fection. As shown in Table 11, low numbers of braircycle stagespecific antigen (tachyzoites and tissue

TABLE Il

Mean absorbance (Optical Density - OD) of mice sera before immunization and after the third immunization by
Elisa and number of brain cysts

Immunized mice OD +SD OD +SD Mean number of brain
before immunization after immunization cysts + SD
L/TAg 0.015 £0.010 0.219 £ 0.033 3322 £ 690
L/CAg 0.022 + 0.009 0.131 £ 0.067 3031 £ 1225
L/TCAg 0.020 £ 0.011 0.351 + 0.096 2330 + 1200
L/pTAg 0.016 £ 0.010 0.180 + 0.016 2410 +752
STAg 0.024 + 0.009 0.199 + 0.086 10916 + 3373
FCA/TAg 0.023 £ 0.009 0.192 + 0.027 7283 £ 3772
FCA/PBS 0.018 £ 0.010 0.025 + 0.008 11666 *+ 3629
L/PBS 0.017 £ 0.009 0.034 £0.014 13900 + 1819
PBS 0.024 +0.09 0.014 + 0.004 16466 + 8500

L/TAg: soluble tachyzoites antigen in liposomes; L/CAg: soluble tissue cysts in liposomes; L/ITCAg: tachyzoites
plus tissue cysts in liposomes; L/pTAg: purified antigen in liposomes; STAg: soluble tachyzoites alone; FCA/TAQ:
soluble tachyzoites with Freund’'s complete adjuvant; FCA/PBS: Freund’s complete adjuvant with PBS; L/PBS:
liposomes with PBS; PBS: saline alone (control).
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