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Induction of Protective Immunity against Schistosoma
mansoni Infection by Antigens Purified from PIII, a Fraction

of Adult Worm, Associated to the Downregulation of
Granuloma Formation
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This study was performed in order to define Schistosoma mansoni antigens able to function as modu-
lator agents in BALB/c mice granulomatous hypersensitivity to parasite egg. The antigens P-24, P-35
and P-97 were purified by affinity chromatography from a fraction of  S. mansoni adult worm antigenic
preparation, denominated PIII, involved in the inhibition of granulomatous response to eggs. Immuni-
zation of mice with these antigens, in the presence of  Corynebacterium parvum and Al(OH)3 as adju-
vant, induced a significant protection degree against challenge infection, as observed by the decrease
on worm burden recovered from portal system. In vitro blastogenesis assays revealed that purified anti-
gens were able to induce significant proliferation of spleen cells from S. mansoni-infected mice. This
protection was correlated to significant decrease in granuloma size induced by PIII. From these results,
we concluded that PIII preparation contains antigens capable of mediating protective anti-parasite
immunity and down-regulating granulomatous hypersensitivity to S. mansoni eggs.
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One of the features of schistosomiasis
immunobiology is the gradual and spontaneous
reduction in the size of granulomatous inflamma-
tion around the continuously incoming eggs. This
phenomenon, termed immunomodulation
(Andrade & Warren 1964), has been the subject of
numerous studies showing the participation of cel-
lular as well as subcellular mechanisms in regula-
tion of granulomatous process (Goes et al. 1991,
Cheever et al. 1992, Rezende et al. 1998).

Therefore, the identification of Schistosoma
mansoni antigens and an assessment of their role
in host-parasite interaction, notably in the preven-
tion or decrease in granuloma size by immuniza-
tion procedure, are essential for the development
of an anti-schistosome  vaccine (Bergquist 1990).
The future progress in this field depends on the
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understanding of the complex immunoregulatory
events that modulate the evolution of granuloma-
tous hypersensitivity to S. mansoni eggs and the
basis of protective immunity in man (Butterworth
1992). Several experimental approaches have been
carried out to identify S. mansoni antigens that elicit
T cell proliferation and granuloma formation, in-
cluding parasite antigens purified by conventional
purification techniques (Carter & Colley 1979,
Payares et al. 1985, Harn et al. 1989, Lukacs &
Boros 1992), by affinity chromatography with
monoclonal antibodies (Dissous et al. 1982, Harn
et al. 1985, Smith & Clegg 1985, Hsu et al. 1986,
Hirsch et al. 1997) or by recombinant DNA tech-
nology (Boulanger et al. 1991, Jeffs et al. 1991).
Conflicting results were reported by different labo-
ratories, notably respect to the type of antigens
which yield the highest levels of resistance, a single
or cocktail antigen capable of giving significantly
increase of resistance, and whether a vaccine would
aggravate or ameliorate the granulomatous egg
pathology (Warren et al. 1967). Our laboratory has
produced PIII, an anionic fraction from soluble
adult worm antigen preparation (SWAP), able to
induce high levels of proliferation and low in vitro
granuloma reactions by human peripheral blood
mononuclear cells from chronic schistosomiasis
patients, besides smaller in vivo granuloma forma-
tion in mice (Hirsch & Goes 1996). In this paper,
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we have purified PIII components and determined
their capacity to induce protection against experi-
mental infection and to elicit spleen cells prolif-
eration.

MATERIALS  AND METHODS

Mice and parasites - Adult female BALB/c
mice purchased from Centro de Bioterismo, ICB,
UFMG, Belo Horizonte, MG, Brazil, and main-
tained under standard laboratory care, were used
throughout this study. Cercariae of S. mansoni were
obtained from Biomphalaria glabrata snails, pre-
viously infected with miracidia of the L.E. strain,
from Belo Horizonte, Brazil. Anesthetized mice
(10/group) were exposed to cercariae on the abdo-
men, using the ring method of Smithers and Terry
(1965). Vaccinated and control mice challenged
with cercariae were perfused eight weeks after
exposure (Smithers & Terry 1965). The protective
immunity of each group was evaluated by com-
paring the recovery of worms from immunized and
control mice.

Antigens and mitogens - Antigenic preparations
were obtained from schistosome eggs (SEA), adult
worms (SWAP) and cercariae (CAP), prepared as
soluble supernatant fluids from buffered saline
homogenates of the respective life-cycle stages
(Goes et al. 1989). PIII was obtained from SWAP
on FPLC system (Pharmacia, Upsala, Sweden)
using Q-Sepharose anion-exchange chromatogra-
phy (5 mm x 90 mm glass columns packed with
Q-Sepharose; bead size distribution: 45-165 mm;
Pharmacia), as previously described by Hirsch and
Goes (1996). PIII components (P-24, P-35, P-97)
were purified by affinity chromatography. Other
antigens used were Concanavalin A (Con-A,
Sigma, St. Louis, MO, USA) and bovine serum
albumin (BSA, Sigma). These materials were used
based on their protein content to give maximum
response in blastogenesis assay (25 mg/ml). All
stimulants were sterilized by filtration and stored
at -70oC.

Sodium dodecylsulfate polyacrylamide gel elec-
trophoresis (SDS-PAGE) and Western blot - PIII,
affinity purified PIII components and SWAP were
subjected to discontinuous electrophoresis using
10% SDS-polyacrylamide gels, under reducing
conditions (Laemmli 1970). Separated proteins
were electrophorectically transferred to nitrocel-
lulose paper (Towbin et al. 1979) and then reacted
with rabbit sera against SWAP and PIII (Hirsch et
al. 1997).

Production of specific antisera - P-24, P-35 and
P-97 were excised from SDS-PAGE and used as
immunogens to produce specific antisera. For each
immunization, Coomassie blue-stained proteins
were cut from two to three gels, washed with phos-

phate buffer saline (PBS), and homogenized with
0.5 ml of PBS. Antisera were obtained from rab-
bits immunized by i.m. injections of sample emul-
sified with Complete Freund Adjuvant at a 1:1 ra-
tio, and boosted twice, at 2-week intervals, with
identical antigen amounts but with Incomplete
Freund Adjuvant. Specific rabbit antibodies were
coupled to cyanogen bromide-activated Sepharose-
4B, and P-24, P-35 and P-97 components were
purified as described by Goding (1986).

Immunization of  mice with PIII and their puri-
fied components - Groups of five  BALB/c mice
were immunized by  s.c. injections of 10 mg of PIII,
P-24, P-35 or P-97 preparations, in the presence
of 100 mg of Corynebacterium parvum and 1 mg
of aluminium hydroxide [Al(OH)3] as adjuvant.
Animals were boosted twice, at 2-week intervals,
with identical amounts of antigen, but the last in-
jection was done by i.p. without adjuvant.

Measurement of hepatic granuloma formation
- PIII immunized and infected mice were killed
eight weeks after challenge infection. Livers were
removed and fixed with 4% paraformaldehyde in
phosphate buffer. Histologic sections were stained
with hematoxilin/eosin or Heidenhein’s azan
(Hirata et al. 1993). Only lesions with a single well-
defined egg nidus were measured. Results were
expressed as the average area (mm2 ± S.D.) calcu-
lated from 30 to 50 granulomas.

Spleen cell preparation - Single cell suspen-
sions, which had been prepared from spleens of
normal, infected or PIII and PIII-purified compo-
nents immunized mice, were treated with Tris-
ammonium chloride pH 7.2 to erythrocyte lysis,
washed and counted. Spleen cells were  resus-
pended in culture medium (RPMI 1640 with 20%
fetal bovine serum, 1.6% L-glutamine, 300 m/ml
of penicillin, 0.6 mg/ml of streptomycin and 0.05
mg/ml of gentamycin).

Cellular proliferation assays - Spleen cell pro-
liferation assays were done in response to Con-A,
P-24, P-35, P-97 and other S. mansoni antigens
(SWAP, SEA and CAP). Briefly, 7.0 x105 spleen
cells were cultured in 200 ml of culture medium, in
96-well flat-bottom plates. Every experiment was
set up in triplicate. Cultures were stimulated with
25 mg/ml of each antigen (plus control without
antigen) and maintained at 37oC in 5% CO2 incu-
bator for three days. For the last 18 hr of incuba-
tion, cultures were pulsed with 0.5 mCi/well of tri-
tiated thymidine (specific activity, 37 Ci/ml; New
England Nuclear, Boston, MA, USA). Cells were
harvested for scintillation counting  and data were
calculated as mean ± S.E. of cpm values.

Statistics - Data were analyzed statistically by
the Student’s t-test with the level of significance
set at P < 0.05.
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RESULTS

Immunization of mice with PIII and its effect
on hepatic granuloma formation - Immunization
of mice with PIII resulted in a significant reduc-
tion in hepatic granuloma size after challenge in-
fection (Fig. 1). The foci in livers of infected mice
were more numerous and frequently very large
(Fig. 2A), extending up to 109 x 103 mm2 (Fig. 1).
Hepatic granulomas of PIII vaccinated group pre-
sented small foci and the size was reduced to 62 x
103 mm2 (Figs 1, 2B). The percentage of granu-
loma reduction in these animals was 43%, signifi-
cantly different from the controls (P < 0.05).

Immunoaffinity purification of PIII components
- Immunoaffinity chromatography was used to
purify antigens from PIII, prepared in the absence
of protease inhibitors. For that assay, specific rab-
bit antibodies against electroforeticaly isolated PIII
components were coupled to Sepharose-4B. SDS-
PAGE and Western blot analysis demonstrated that
these purified antigens present M.W. of 24 kDa
(P-24), 35 kDa (P-35), 44 kDa (P-44), and 97 kDa
(P-97) (data not shown).

In vitro stimulatory capacity of purified PIII
components - Splenic cells from infected and PIII
and purified components immunized mice were
tested for in vitro antigen-specific proliferation.
Results (Fig. 3) demonstrated considerable varia-
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Fig. 1: kinetics of hepatic granuloma size distribution in either
chronic infection or after challenge infection in PIII immunized
BALB/c mice. Animals were infected, as described in the Ma-
terials and Methods, sacrified 6 to 14 weeks after infection, and
histological analysis of livers HE stained sections were per-
formed. The size of each granuloma surrounding mature egg
was measured with the aid of an ocular micrometer. Results
average of 30 granulomas, (mm2 ± S.D.) from three animals per
group (n = 90/group).

Fig. 2: hepatic granuloma photomicrographs (x 250) of BALB/c mice, eight weeks after challenge infection, in either non-immu-
nized (A) or PIII immunized ones (B). Histological sections were stained by Heidenhein’s azan procedure.
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Immunization of mice with P-24 and P-35,  and
its effect on a subsequent infection with S. mansoni
cercariae - The protective effect of P-24 and P-35
was additionally investigated. As shown on Fig. 4,
the number of worms recovered eight weeks after
challenge infection of immunized mice was sig-
nificantly reduced when compared to that observed
in adjuvant-immunized or not immunized control
animals. The immunization with P-24 and P-35
established a protection of 55% and 67%, respec-
tively.
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Fig. 3: effect of P-24, P-35 and P-97 on cellular proliferation.
Spleen cells were collected from BALB/c mice infected (IN;
A) or immunized with SWAP (SW; A and B), PIII (A, B), P-
97(A),  P-35 (B) or P-24 (B), eight weeks after challenge infec-
tion. Cells were incubated with 25 mg/ml of these antigens, for
five days. Cultures were pulsed for the final 18 hr with 0.5 mCi
of tritiated thymidine and incorporated radioactivity was deter-
mined. Data are reported as mean of cpm ± S.E. for N = 5 for
each experimental group. Controls: cells in medium = 2.505 ±
0.700 cpm; Con-A = 26.321 ± 2.445 cpm.

tion in the degree of proliferative responses, be-
tween the antigens tested. Crude SWAP promoted
strong responses of splenic cells from infected and
immunized mice. In the same assay, spleen cells
were highly stimulated by P-35 and P-24 (Fig. 3B).
In additional experiments, we observed that P-97
was able to induce cell proliferation (Fig. 3A) as
well as to detect other purified antigens (Fig. 3B).
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Fig. 4: protective effect of P-24 and P-35. BALB/c mice were
immunized with 10 mg of each antigen, in presence of Coryne-
bacterium parvum and Al(OH)3, as described in Materials and
Methods. Worm burden was determined by perfusion of portal
system at eight weeks after challenge infection, in 5 mice/group.
% Protection = 100 - experimental/control x 100.

DISCUSSION

In the present work we described the charac-
terization and functional properties of P-25, P-35
and P-97, purified from PIII, an antigenic protein
fraction obtained from S. mansoni adult worms,
which fails to induce vigorous granulomatous hy-
persensitivity to eggs on liver, but also causes pro-
tection against a challenge infection in mice after
(s.c.) immunization (Hirsch et al. 1997). Our re-
sults demonstrated that mice vaccinated with PIII
can alter the kinetics of granulomatous hypersen-
sitivity reaction to parasite eggs. Vaccinated mice
developed hepatic granulomas lesser than unvac-
cinated controls.
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These findings are in accordance to previous
results reported by Hirsch and Goes (1996), using
an in vitro granuloma formation system, and by
Wynn et al. (1994) and Hirsch et al. (1997) in mice
in vivo model. The ability of PIII to suppress egg-
induced hepatic granulomatous responses indicates
the presence, within adult worm antigens, of sev-
eral molecules that might play a role in the modu-
lation of granulomatous hypersensitivity. Based in
these considerations, our efforts have been to pu-
rify and identify PIII components that  are respon-
sible for the modulation of granuloma formation,
and to provide protective immunity in schistoso-
miasis. Therefore, an important strategy for im-
proving vaccine efficacy is to define mechanisms
of immunity operating in a given vaccination pro-
tocol and attempt to enhance the response for young
parasite forms and decrease the granulomatous
hypersensitivity against eggs trapped in host tis-
sue.

The role of P-24 and P-35 as protective anti-
gens was supported by the  immunization of mice.
Three successive immunizations with these anti-
gens, in the presence of C. parvum and Al(OH)3,
gave a high level of resistance to a subsequent cer-
carial challenge. The parasite burden obtained by
liver perfusion was reduced to 55% and 67%, re-
spectively. Spleen cells from these mice exhibited
a strong proliferative responses to P-24, P-35 and
P-97, and even to PIII. It appears that PIII compo-
nents are responsible for inducing heterogeneity
in cell-mediated responses. Several groups have
demonstrated the potential vaccinating effect of
different S. mansoni antigens and obtained several
levels of protection (Harn et al. 1984, Smith &
Clegg 1985, Sher et al. 1986).

Data presented here clearly demonstrate that
PIII and its purified components P-24 and P-35
might be of help in the development of a vaccine,
which could reduce worm burden and contribute
to inhibit the pathology resulting from egg deposi-
tion.

A recent report on vaccines against schistoso-
miasis (Butterworth 1992) showed that certain as-
pects of host immune response were important on
the evaluation of the usefulness of schistosomiasis
vaccines. When vaccines were tried in mice, the
final result was always that a few organisms from
challenge infection developed into adult worms.
Because adult worms do not divide, any candidate
antigen capable of reducing the number of worms
and the granuloma size in human would be benefi-
cial (Colley & Colley 1989, Butterworth 1992).
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