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Previous work in our laboratory, mainly foccused the prospects of achieving resistance
against Schistosoma mansont infection with adult worm-derived antigens in the form of a soluble
extract (SE). This extract obtained by incubation of living adult schistosomes in saline, contains
a large number of distinct molecules and was actually shown to be significantly protective in
different outbred animals models such as Swiss mice and rabbits.

It thus appeared worthwhile to investigate the potential protective activity of SE in different
inbred strains of mice, known to be highly susceptible to the infection. Herein we present data
showing that DBA/2 mice, once immunized with SE acquire significant levels of resistance to
a S. mansoni cercarial challenge. In addition, preliminary studies on the immune system of
immunized animals revealed that, injection of SE caused no general inbalance of B or T cell

responses.
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Schistosomiasis 1s a parasitic disease of
major public health concern. Despite the de-
velopment of active and relatively safe drugs,
1ts 1s still spreading to new areas in some re-
gions of the world. Hence, the development of
efficient procedures to prevent infection and
reinfection 1s essential. For this, a prerequisite
1s the search for specific antigens that mediate
protective immunity.

To investigate and identify potentially pro-
tective antigens, different approaches have been
used. “Concomitant immunity” hypothesis re-
ferning to the situation in which “invading schis-
tosomula are destroyed by the immune response
are unaffected” was the idea that has domi-
nated the field of schistosoma immunology
since 1t was originally stated (Smithers & Terry,
1965). This concept suggested the vulnerabil-
ity of larval stages to immune attack, and sub-
sequent work showed that the schistosomulum
can be subjected to in vitro killing by antibody
together with complement, or by cytotoxic cells

This work was supported in part by CNPqg (Brazil) and
UNDP/WORLD BANK/WHO Special Programme for
Research and Trainning in Tropical Diseases.

(Smithers & Doenhoff, 1982). It was thus as-
sumed that schistosomulum surface antigens-
were likely to be targets to protective immu-
nity effector mechanisms, and it is easily un-
derstandable the large number of studies that
have concentrated particularly on schistosomu-
lum components as a rationale to the 1dentifi-
cation of antigens involved in the induction of
protective immunity (reviewed by Smithers &

Doenhoff, 1982).

Variability on the host’s immune response
to the parasite, as well as the immunogenic
role and vulnerability of adult worms, were
further analyzed more extensively and shown
to be relevant for protective immunity to
schistosomiasis (reviewed by Damian, 1984).
In our laboratory, research on schistosomiasis
mainly foccused the prospects of achieving
resistance with adult worm-derived protective
antigens in the form of a soluble extract (SE).
This extract was obtained by incubation of
ltving adult schistosomes in a chemically-de-
fined medium (Tendler & Scapin, 1979) and
contains a large number of distinct molecules.
The rationale for our approach towards the
identification of potential protective molecules
was centered on two major ideas: the obtention
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of adult worm-derived secretory/excretory prod-
ucts as well as tegumental components, and
the antigen-combined strategy. Actually, we
demonstrated that in a partially permissive ani-
mal model such as the New Zealand rabbit,
SE injected subcutaneously could generate high
and long lasting protection against challenge
infection, with reduction on worm burden of
up to 90% (Tendler et al., 1982, 1986). It thus
appeared worthwhile to investigate the poten-
tial protective activity of SE in a further ani-
mal model for schistosomiasis, namely the
mouse, which is known to be highly suscep-
tible to the infection. Herein we present data
showing that DBA/2 mice, once immunized
with SE acquire significant levels of resistance
to a Schistosoma mansoni cercarial challenge.
In addition, preliminary studies on the immune
system of immunized animals revealed that,
injection of SE caused no general inbalance of
B or T cell responses.

MATERIALS AND METHODS

Reagents — Tntiated thymidine was pur-
chased from New England Nuclear (Boston,
USA); 2,4-dimitro-1-fluorbenzene (DNFB) and
phytohemagglutinin-P (PHA) were Sigma prod-
ucts (Saint Louis, USA). PPD and BCG (Mo-
reau strain) were obtained from Ataulpho de
Paiva Foundation (Rio de Janeiro, Brazil).

Mice — Male DBA/2 and Swiss, 6-8 week-
old mice were obtained from FIOCRUZ’s ani-
mal house, and weighted 20-25 grams by the
beginning of the experiments.

Parasites — LE strain of §. mansoni is cur-
rently maintained in our laboratory in Swiss
mice and Biomphalaria glabrata. The snail
colony is kept in a moluscary with continuous
water flow system and acclimation conditions.

Preparation of worm-derived immunogenic
extract — S. mansoni adult worms were recov-
ered from the portal system of Swiss mice by
retrograde perfusion with heparinized saline,
45 days post-infection (Pellegrino & Siquetra,
1956). After rinsing in PBS, living worms were
left to stand at room temperature in fresh PBS
for 2-3 h before being stored at —20 °C. Sus-
pensions containing 1.0 g of worms tn 10 ml
PBS/batch were then tawed, filtered through a
wire mesh and centrifuged at 10,000 g for | h
at 4 °C (Tendler & Scapin, 1979). Protein
content of each batch was assessed by the
classical method of Lowry. This SE was em-
ployed for immunizing mice.
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Immunization protocol - The basic immu-
nization protocol applied consisted of 2 weekly
subcutaneous/intradermal injections of SE (100
ug emulsioned 1n CFA) in the mouse foot pads,
followed by an intra-peritoneal (i.p.) booster
of 100 ug SE 3 weeks later. Age matched
control groups were maintained untreated.

Challenge infection — Challenge protocol
consisted of 100 + 20 living cercariae, subcu-
taneously injected into the neck region of the
animal according to Peters & Warren (1969),
30 days following the immumzing booster.
Infection was performed at the same day on
both immunized and untreated groups.

Protective assay — Immunized animals,
challenged as described above as well as re-
spective controls, had their worm burden evalu-
ated 45 days post-infection. The degree of pro-
tection for each group was evaluated either by
direct adult worm counts or as percentage
of protection as follows: % protection = C —
V/C x 100, where C = mean of parasites re-
covered from controls and V = mean of para-
sites recovered from vaccinated animals.

Plague forming cell assay — Quantitative
determination of splenic cells forming direct
hemolytic plaques was accomplished using the
Cunningham’s method, shightly modified (Cun-
ningham & Szemberg, 1968). Briefly, animals
vaccinated 30 days before with 3 x 100 pg SE
+ CFA were subjected to an 1.p. injection of
10® SRBC. Four days later, splenic cells form-
ing direct hemolytic plaques were determinated.
The results were expressed by the number of
hemolytic plaques formed by 10° spleen cells
after 60 minutes of incubation at 37 °C.

Mitogenic response — Mice from control or
SE-uimmunized groups were sacrificed and their
spleen cells were cultured in RPMI 1640,
supplemented with 10 pg/ml gentamicin, 3
mM-glutamine, 0.05 mM 2-mercaptoethanol
and 5% 1nactivated human serum. Spleen cell
suspensions (4.10° cell/well in 0.1 ml) were
then subjected to etther PHA 5 ug or PPD
20 pg. After three days in culture, cells were
pulsed with trititated thymidine (1 puCi./well)
and harvested for scintilation counting 20 h
later.

Contact hypersensitivity to 2,4 DNFB —

Mice were sensitized by skin painting with
50 ug of 2,4 DNFB on the razor shaved ab-
dominal skin, and challenged 15 days later in
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Fig. 1 - SE PROTECTIVE ACTIVITY IN DBA/2 MICE

H

GROUPS TREATMENT WORM BURDEN PROTECTION P
RECOVERY (%)

(mean ¥ SEM)
E
SE 3X100ug SE + CFA 48.3612.56 (11) 34.2 <0.0001
{vaccinated)

c PBS 73.4310.84 (7)

{control)

E

() n? of animals/group

% protection = 1 - (worm burden immune/control) x 100
Statistical significance by ANOVA probability by F test.
Challenge infection: 100 cercariae/animal (SE an C groups), 30 days after SE injection.

the ear, with 25 ug of the sensitizing agent.
Ear thickness was measured (using a dial mi-
crometer) 48 h after chalienge and the data
compared to those obtained just before the chal-
lenge,

Cutaneous hypersensitivity to PPD - Three
weeks after an i.p. injection of viable BCG

(100 pg), control and SE-immunized mice were
intradermically tested with PPD 10 pg (in
10 pl) or saline, injected directly in the ear.
Ear thickness was evaluated 48 h later as de-
scribed above. Ear swelling was expressed as
the difference (in mm) between the values
recorded in the ear with PPD and the con-
tralateral ear, injected with saline.
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Statistical analysis — The Student’s T test
was applied when dealing with two experi-
mental treatments, and one way analysis of
variance, as fixed model for equality evalua-

tion (Snedecor & Cochran, 1967).
RESULTS

Protective activity of SE in DBA/2 mice —
Immunization with SE did promote a signifi-
cant degree of resistance in DBA/2 mice against
a cercarial S. mansoni challenge, performed
30 days post-booster. As depicted from the
Figure, the number of adult worms recovered
1n controls ranged from 70 to 76, thus highly
in contrast to the range 28 to 56 found in the
SE-treated group, which led to a significant
protection degree of 34.2%.

B and T cell responses are not affected by
vaccination with SE — Direct plaque forming
cells four days after immunization with sheep
red blood cells, performed in both control and
vaccinated mice, revealed no significant dif-
ference between the two groups; both being
good responders in terms of IgM anti-SRBC
production (Table).

Splenic T cell proliferation in vitro, in re-
sponse to a lectin (PHA) and to an antigenic
complex (PPD) also showed similar values in
both control and SE-immunized animals as can
be seen 1n the Table. In addition, in vivo de-
layed-type hypersensitivity to PPD as well as
contact hypersensitivity to DNFB did not re-
veal any differences between control and vac-
cinated mice (Table).
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DISCUSSION

The results presented in this brief report
clearly demonstrate that an antigen-containing
extract, derived from incubation of adult S.
mansoni 1n saline, can confer a partial, yet
highly significant, protection in DBA/2 mice
challenged with 100 infective cercariae, 30 days
after immunization, The first point meriting
discussion concerns the differences in terms of
protection degree, obtained in mice, as com-
pared to previous data achieved in rabbits. In
this latter partially permissive animal model to
S. mansoni, immunization with SE, achieved a
protection degree up to 100% (Tendler et al.,
1986), thus contrasting with protection degree
observed in this mouse model, which was iIn-
ferior to 50%. The incompleteness of protcc-
tive 1mmune response in the murine model,
has been widely observed (James, 1987) and
there are several possible explanations for this
phenomenon. Experimental systems are com-
plex, involving host models, protective anti-

gens and immune response thereof derived
(Philhips & Colley, 1978).

One of the most critical aspects refers to
host models, since earlier studies revealed a
great diversity of effector and regulatory im-
mune responses operating i mammal hosts,
leading to quite diverse results on resistance-
related immunity (reviewed by Smithers &
Doenhoff, 1982; Damian, 1984). It is now
generally accepted that, before the exact basis
of protective immunity in man is clearly un-
derstood, no broad conclusions can be drawn

TABLE

Groups of animals vaccinated with 3 x 100 ug SE + CFA and respective non-immunized controls were
submitted to the following treatments: A) 1. P. immunization with 108 SRBC 4 days before tests for splenic
PFC; B) 1. P. immunization with 100 ug of viable BCG bacili and evaluation of cutaneous hipersensivity to
PPD; C) Epicutaneous sensitization with 0.5 & 2,4 — DNFB to induce contact reactivity ; D) SC —
immunization with 100 ug BCG for in vitro evaluation of spleen lymphocyte blastogenesis

Plaque forming cells? Ear swelling (48 h)? Ear swelling (48 h)?

Splenic T cell proliferation?

Treatment (10° spleen cells) to 10 ug PPD to 20 ug DNFB PPD (5 ug) PHA (2 ug)
(X  SD) (X £SD) (X £ SD) (CPM % SD)
(A) (B) (O) (D)
SE + CFA 2264 £ 1782 0.48 0.1 2.110.2 7.113+1227 12,982 +1856
Saline 3846 +183,6 0.42 £0.08 2.4 104 6.680 280 11.565 *+886
— NS NS NS NS NS

a: assays A, B, C, D, were performed in different groups consisting of 10 animals each (S vaccinated and $
controls). Immune response (as above) was evaluated 30 days after injection with SE.



Mem. Inst. Oswaldo Cruz, Rio de Janeiro, Vol. 87, Suppl. I, 1992 285

from striking limited results imposed by par-
ticular models (Capron & Capron, 1986).
Within the context of modulation of immuno-
logically mediated resistance to S. mansoni, T
cell-derived soluble regulatory factors, have
been demonstrated (Abe & Colley, 1984; Chen-
sue et al., 1983) as well as immunosupression
mechanism regulated by idiotypically depen-
dent pathways (Philhps et al,, 1988).

[t 1S noteworth to state, that the herc re-
ported data, showed that, at least for one un-
related antigen source, namely PPD, the im-
mune response is not changed, thus suggesting
that the immune system of SE-immunized mice
is specifically modulated in respect to schisto-
some derived antigens, This situation appears
to us a prerequisite for vaccine candidate an-
tigens. Interestingly it i1s not found in SWAP
+ BCG vaccinated Balb/c mice that did not
respond to PPD in vivo while BCG control
mice did and a supressor mechanism gener-
ated iIn SW AP-stimulated Balb/c, was suggested
to explain this finding (James et al,, 1988).

Thus, our results should also be discussed
in the context of data obtained in the murine
model using other S. mansoni-derived antigens.

In reinfection experiments or immunization
with radiation-attenuated cercariae, various
mouse strains develop partial resistance against
challenge infection and different immune re-
sponses have been indicated as potential effec-
tor mechanisms responsible for protection (re-
viewed by Smithers & Doenhoff, 1982). Re-
cently, vaccination of mice with a purified 28
kd protein, has been shown to induce resis-
tance associated with antibody response both
in vitro and in vivo models, Contrastingly, 1n
rats immunized with the same antigen, similar
immune response was ellicited, although higher
levels of protection were observed (Balloul et
al., 1987). In other studies, vaccinatton with
another purified antigen (Sm 97) tn conjunc-
tion with BCG, induced a 32% mean protec-
tton against challenge 1nfection in C57BL/6
inbred mice (Pearce et al., 1988). Resistance
triggered by this antigen was strictly related to
T-cell-dependent cell mediated immune re-
sponse and the method of immunization was
considered to be of outmost importance for

protective immunity 1n this system (James et
al., 1988).

Our studies have shown that SE contains a
large number of distinct molecules recognized

by sera from highly protected rabbits by means
of immunoblotting (Tendler, 1987),

Actually we were able to identify so far,
distinct SE-components namely paramyosin
(97/95/78 kda complex) (Lanar et al., 1986),
glutathione-S-transferase (p28), the heat shock
protein (Hsp 70), a 13 kd protein bearnng nucle-
otide sequence homology with mammalian
myelin p2, cathepsin B and haemoglobinase
(Tendler et al., 1990). The presence of a
cytokeratin-related peptide with 59/60 kd as a
further component of SE was also observed
(Tendler et al., 1989).

Importantly, earlier studies, showed that in
both permissive (mouse) and partially permis-
sive (rabbit) animal models, subcutaneously-
injected SE could generate a high and long-
lasting protection. In addition, the same proto-
col promoted a strong humoral and ceil medi-

ated immune response 1n both outbred hosts
(Tendler et al., 1982, 1986).

In addition in a systematic investigation on
a series of distinct vaccination protocols in
outbred mice, we were able to show that SE-
induced protection, can be modulated by pa-
rameters such as dose of antigen, immuniza-
tion/challenge interval and route of cercarnal
injection (Tendler et al., 1991).

However, regardless of mechanisms and
models, the here reported results confirm and
extend previous findings in two different host

systems thus suggesting a potential relevance
for the use of SE components as resistance-
promoting antigens.

In fact the optimization of the expression
of protective resistance to schistosomiasis is a
major goal for vaccine development.

Finally, distinct experimental protocols 1n
the murine model (both in inbred and outbred
strains) are in progress to test which lympho-
cytes are involved in the modulation of im-
mune response in infected mice as well as 1n
animals vaccinated with total SE or with SE-
derived selected potentially protective purified
protcins, aiming to throw some more hight on
the understanding of protective immune re-
sponse to schistosome infection,
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