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a b s t r a c t

Lectins are sugar-binding glycoproteins that can stimulate, in a non-antigen-specific fashion, lympho-
cytes, leading to proliferation and cytokine production. Some lectins are utilized as in vitro mitogenic
lymphocyte stimulators and their use as immunomodulators against infectious diseases has been eval-
uated experimentally. In the experimental murine model, the immune response to schistosomiasis is
Th1-like during the initial stage of infection, with a shift towards a Th2-like response after oviposition.
We report the response of schistosomiasis patients’ (n = 37) peripheral blood mononuclear cells (PBMC)

to stimulation by lectins, including newly isolated lectins from Brazilian flora, and by Schistosoma mansoni
soluble egg antigens (SEA). Cytokine production upon lectin stimulation ex vivo was assessed in PBMC
supernatants, collected at 24 and 72 h, by sandwich ELISA to IL-5, IL-10, TNF-� and IFN-�. In PBMC from
infected patients all but one of the lectins induced a Th2-like cytokine response, characterized by elevated
IL-5 production that was higher than that induced by SEA stimulation alone. Our results show that the
Th2 environment present during schistosomiasis is not affected and that it may be further stimulated by
the presence of lectins.

© 2008 Elsevier B.V. All rights reserved.

. Introduction

Schistosomiasis is a tropical human disease with 200 million
eople infected worldwide and almost 600 million at risk (WHO,
006). The infection, caused by the trematode Schistosoma man-
oni, is related to poverty and poor sanitation in contexts where
eople are exposed to snail-infested water. The most severe human
athology follows granulomatous inflammation of the liver portal
racts leading to hepatic fibrosis, portal hypertension and related
omplications (Andrade, 2004). Late stage human infection is char-
cterized by a shift from potentially protective Th1-like immune
esponses to Th2-like responses (Pearce and MacDonald, 2002).

Abbreviations: SEA, S. mansoni soluble egg antigen; Ag, antigen; PBMC, periph-
ral blood mononuclear cells; Th, T helper cell; IL, interleukin; FCS, fetal calf serum;
-RPMI, complete medium; ELISA, enzyme linked immunosorbent assay.
∗ Corresponding author at: Fundação Oswaldo Cruz-FIOCRUZ, Rua Waldemar
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There is strong evidence from animal models to support a role for
Th2 cytokines in the severity of liver granulomatous inflammation
and fibrosis (Cheever et al., 2002; Farah et al., 2000; Reiman et al.,
2006). The role of Th2 cytokines in human disease is not so clear:
peripheral blood mononuclear cell (PBMC) responses with high
production tumor necrosis factor � (TNF-�) and gamma-interferon
(IFN-�) have been associated with the hepatosplenic form (Mwatha
et al., 1998) while production of IL-13, IL-4, IL-5 and IL-10 were
related to progressive liver disease by others (De Jesus et al., 2004;
Montenegro et al., 1999; Alves Oliveira et al., 2006).

Glycan binding proteins (lectins) are a structurally heteroge-
neous group of reversible carbohydrate binding proteins that are
ubiquitous in animals, plants and microorganisms (Van Damme et
al., 1998; Gabius and Gabius, 1997; Cavada et al., 2001). Some plant
lectins share the ability to act as lymphocyte mitogens and enhance
protein-specific immune responses, such as Concanavalin A (ConA)
from Jackbean (Canavalia ensiform). ConA has long been used in
immunological studies and recently additional plant lectins have
been characterized as potent stimulators of immune responses. For
instance, ConBr (from C. brasliensis) activates lymphocytes in vivo
(Barbosa et al., 2001) and reduces the size of lesions caused by leish-
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maniasis in BALB/c mice. Although this lectin is a potent stimulator
of IFN-� production, the protective mechanism seems to be inde-
pendent of this cytokine (Barral-Netto et al., 1996). Recently, ConBr
and another two lectins were evaluated as Th1-stimulating adju-
vants for specific leishmanial antigen immunization and all three
proved to be potent stimulators of IFN-�. ConBr resulted in lower
parasite numbers and a higher inflammatory response in the air
pouch model while KM+ (from Arcocarpus integrifolia) was associ-
ated with lower parasite counts and reduced lesions after challenge
(Teixeira et al., 2006). Thus, although different plant lectins may
yield diverse results as in vivo Th1 driving immunostimulants,
these observations highlight the potential use of these molecules
in conditions in which Th2 polarization are implicated in disease.
Importantly, plant lectins with highly conserved DNA sequences
and similar binding properties can exhibit distinct biologic effects
in different models (Cavada et al., 2001).

The general concept that hepatosplenic schistosomiasis is asso-
ciated with Th2 response related immunopathology supports the
evaluation of Th1-like response stimulants in order to control or
revert chronic liver involvement. In this regard, vaccines combin-
ing egg antigens and IL-12 resulted in less granuloma formation
and reduced tissue fibrosis in BL/6 mice (Sher et al., 1996; Wynn et
al., 1995). In contrast, immunization with egg antigen and Freund’s
adjuvant, in the same mouse strain, resulted in earlier death and
larger granulomas in survivors (Rutitzky et al., 2001). In the present
work, we report on the effect of lectins, isolated from Brazilian flora,
in cytokine production by PBMC of individuals from an endemic
area with and without active S. mansoni infection. Our objective
was to evaluate the potential immunomodulatory effects of plant
lectins from Brazilian flora on S. mansoni infection.

2. Materials and methods

2.1. Subjects

The individuals included in this study were resident in a schis-
tosomiasis endemic area (Itaquara, Bahia, Brazil). We evaluated
37 individuals aged from 12 to 55 years old with a history of
treatment for schistosomiasis. The infection load was determined
by quantitative parasitological stool examinations and an estima-
tion of egg number was performed using the modified Kato–Katz
method (Katz et al., 1972). Three stool samples from each patient
were collected on consecutive days and the geometric mean num-
ber of eggs per gram of stool (EPG) was calculated for each
individual. All volunteers were informed as to the nature of the
research and the samples were collected with the written consent
of the subjects, according to a protocol approved by the Human
Ethical Committee of the Oswaldo Cruz Foundation. All patients
were subsequently treated for schistosomiasis and other parasitic
infections.

2.2. PBMC separation and cytokine assay

Blood (20 ml) was collected from each individual in heparinized
Vacutainer tubes (Sodium heparin BD). PBMC were isolated by
centrifugation on a Ficoll-paque gradient from Pharmacia Biotech
(Piscataway, NJ, USA) at 400 × g, 30 min, at 15 ◦C. The cells were
washed in RPMI 1640 or HBSS (Hank’s Balanced Salt Solution) Ca2+

Mg2+ free, and 2–3 × 106/ml were resuspended in RPMI 1640 sup-
plemented with 5% normal human serum AB, (Sigma–Aldrich), 1%
sodium pyruvate, 100 U/ml penicillin and 100 �g/ml streptomycin
(pen-strep), l-glutamine (4 mM), (GIBCO, Grand Island, NY) with or
without 10 �g/ml of SEA, 5 �g/ml of each lectins, in 24 well/plates
(Costar). The cells were incubated at 37 ◦C in 5% CO2. The super-

natants were collected at 24 h for IL-10 and TNF-�, and at 72 h for
IL-5 and IFN-� cytokine production.

2.3. Antigens and lectins

Soluble egg antigen (SEA) from S. mansoni was prepared as
described elsewhere (Harn et al., 1989). The lectins employed here
were derived from the seeds of Brazilian plants belonging to the
Diocleinae subtribe (like ConA) and including three genera not
used as a food source, Canavalia, Cratylia and Dioclea, as previously
described (Dam et al., 1998). Each lectin was isolated according
to previously reported procedures (as indicated below). All these
lectins have a very close structural identity and share primary car-
bohydrate recognition specificity ford-mannose andd-glucose and
stimulate human lymphocytes in vitro. ConA was used as a con-
trol for lymphocyte activation. The plant lectins used in this study
were: Cfl from Cratylia floribunda (Oliveira et al., 1991), ConBr from
C. braziliensis (Moreira and Cavada, 1984), Dgl from D. grandiflora,
(Moreira et al., 1996), Dguil from D. guianensis (Vasconselos et al.,
1991), Dros from D. rostrata (Cavada et al., 1996a), Dviol from D.
violacea (Moreira et al., 1996), DvirL from D. virgata (Cavada et al.,
1996b).

2.4. ELISA assay

Cytokine levels were measured at 24 and 72 h in culture super-
natants according to the manufacturer’s instructions. TNF-� from
Duo-set kits (R&D System); IFN-� from Genzyme (Cambridge,
Mass.) and IL-5 and IL-10 were purchased from (PharMingen, San
Diego, CA). Briefly, polystyrene 96 well EIA/RIA plates 3590 from
Corning Costar Corp. (NY, USA) were coated with specific mAb,
blocked, and incubated with culture supernatants and recombinant
cytokines in 96 well/plates, washed then incubated with biotiny-
lated anti-human IgG antibodies. Bound antibodies were detected
using an avidin-peroxidase system, and the colored product was
measured at 450 nm in a UV Sofmax automated plate reader and
each assay was performed in triplicate.

2.5. Statistical analysis

All data in this paper are expressed as a mean ± S.E.M. unless
otherwise described. To compare levels of cytokine production
in different groups, the Kruskal–Wallis tested was used for non-
parametric analysis. Correlation coefficients between variables
were determined by Spearmann rank correlation. Differences with
a P < 0.05 were considered significant. The software used in the
present work was GraphPad Prism 4.0 (GraphPad Software, San
Diego, CA, EUA).

3. Results

3.1. Demographic and parasitilogic characteristics of subjects

Subjects were initially separated in two groups: positive for S.
mansoni eggs (n = 24; 65%) or negative for schistosomal eggs (n = 13;
35%) in their stools. The mean and standard deviation for age in
egg positive and negative groups were, respectively, 20.3 ± 10.4 and
37.0 ± 11.1 years (P < 0.001). Males represented 13/24 (54%) and 7/13
(54%) among the egg positive and negative groups, respectively. The
mean EPG of feces was 691 ± 959 in the egg positive group. Strat-
ification by infection load resulted in the following groups: <100
eggs (n = 6; 25%), 100–400 eggs (n = 6; 25%) and >400 eggs (n = 12;
50%). Out of 30 patients, where the stools were also evaluated for
other parasites, all but one (in the S. mansoni egg positive group)
were infected with other intestinal helminthes, the most common
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Fig. 1. Cytokine production in PBMCs after stimulation with soluble egg antigen (SEA) or lectins. Unst (unstimulated cell cutures). Results are expressed as mean ± S.E.M.
Groups were separated according to presence or absence of S. mansoni eggs in their stools: “egg pos”: egg positive individuals; “egg neg”: egg negative. Asterix indicates
statistical difference between groups.

being Ascaris lumbricoides (n = 17; 57% of all subjects) and Trichiurus
trichiura (n = 13; 43% of all subjects). A triple infection by S. mansoni,
A. lumbricoides and T. trichiura was observed in seven patients, the
S. mansoni egg negative group did not contain individuals infected
with both A. lumbricoides and T. trichiura.

3.2. Influence of Schistosoma infection on immune response to
lectins from Brazilian flora

As shown in Fig. 1A, there was no difference in IL-5 production
between unstimulated PBMC and those stimulated by Cfl or SEA.

Stimulation with Cfl or SEA resulted in a modest IL-5 production,
not statistically significant, from unstimulated cultures. In contrast,
significant higher cytokine levels for the other seven lectins tested
were detected in egg positive patients (P < 0.05). While there was
no difference upon SEA stimulation between egg positive and neg-
ative individuals, seven lectins induced higher IL-5 responses when
compared to SEA stimulation: ConA (5.7×, P < 0.001), ConBr (6.0×,
P < 0.001), Dgl (7.3×, P < 0.001), Dguil (4.5×, P < 0.001), Dros (4.7×,
P < 0.01), Dviol (4.9, P < 0.05) and DvirL (5.6×, P < 0.001).

In contrast to the results of IL-5, there was a trend towards higher
IFN-� production in egg negative individuals albeit those differ-

Fig. 2. IL-5 (A) and IFN-� (B) production in PBMCs in groups stratified by number of S. mansoni eggs per gram of feces. Unst (unstimulated cell cutures). Results are expressed
as mean ± S.E.M.



E.A.G. Reis et al. / Acta Tropica 108 (2008) 160–165 163

F
u

e
s
c
D

p
t
a

f
i
t
i
W
S
b

3

s

exhibited higher IL-5 levels for all stimulants except SEA, when
compared to egg negative individuals. In contrast, there was trend
in the group infected with >400 eggs towards lower IL-5 produc-
tion and, in these individuals, there was no significant difference
upon stimulation by Dguil, Dros, Dviol and SEA among egg positive
and negative individuals. As shown in Fig. 2B, no particular trend
or significant difference was observed regarding IFN-� production.

All stimulants exhibited a trend towards a negative correlation
between infection load and IL-5 production. The strongest (and only
significant) negative trend correlation was observed with the Dgl
lectin (Fig. 3, Spearmann coefficient = −0.4351, P < 0.05).

3.4. Influence of gender and age on cytokine production

In the group of individuals with active S. mansoni infection,
males had a mean egg count similar to females (548 ± 177 vs.
860 ± 378) and were in the same age range (21.7 ± 3.7 years vs.
18.5 ± 1.7 years). There was a trend among males towards a higher
IL-5 production in egg positive individuals. The difference between
males and females was significant upon ConA (P < 0.05) and ConBr
(P < 0.05) stimulation (Fig. 4A). Conversely, there was a trend among
males towards lower IFN-� levels although the difference was not
significant for any one lectin (Fig. 4B).

Gender was not relevant in the production of other cytokines,
nor was there a significant correlation between age and cytokine
production among the different groups and stimuli used. We did
not observe any influence of the helminth co-infections in cytokine
production upon stimulation albeit that this analysis was limited
due to the low number of subgroups and non-infected individuals
(data not shown).

3.5. Influence of other worm infections on IL-5 production

F
m

ig. 3. Negative correlation between IL-5 production and egg count upon Dgl stim-
lation.

nces between egg-positive and egg-negative individuals were not
tatistically significant (Fig. 1B). The evaluation of IL-5/ IFN-� ratio
onfirmed higher values for the seven lectins (ConA, ConBr, Dgl,
guil, Dros, Dviol and DvirL) among egg positive patients (Fig. 1E).

With regard to IL-10 production, SEA induced higher cytokine
roduction compared to all other stimulants in both egg posi-
ive and negative groups. IL-10 production by PBMC did not differ
ccording to the presence of S. mansoni eggs (Fig. 1C).

As shown in Fig. 1D, the highest levels of TNF-� were obtained
ollowing SEA stimulation. PBMC from egg positive patients exhib-
ted lower TNF-� production upon SEA stimulation when compared
o the egg negative individuals (P < 0.05). There were no differences
n TNF-� production following stimulation by any of the lectins.

hen the TNF-� response was compared among the stimulants,
EA induced higher levels compared to all lectins except for ConA,
oth in egg positive and negative groups.
.3. Influence of Schistosoma infection load on IL-5 production

The relationship between parasite load and IL-5 production was
tudied. As shown in Fig. 2A, individuals infected with 1–100 eggs

As all but one individual enrolled in this study exhibited at least
one geohelminth infection, we were not able to study a negative
control group for all parasites in endemic area. We investigated the
potential influence of other helminthiasis by comparing individuals

ig. 4. Effect of gender on IL-5 and IFN� production. Unst (unstimulated cell cutures). Results are expressed as mean ± S.E.M. Mal (males), Fem (females), pos (presence of S.
ansoni eggs in their stools), neg (negative for S. mansoni eggs). Asterix indicates statistical difference between groups.
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Fig. 5. Effect of other worm infections on the IL-5 production stimulated by soluble egg antigen (SEA) or lectins. (A) Comparison between cases of S. mansoni infection
associated with one other worm (double infection: “DI with Schisto”) with cases of monoinfection by any helminth other than S. mansoni (monoinfection: “MI without
Schisto”). (B) Comparison between cases of Ascaris lumbricoides monoinfection with double infections by A. lumbricoides and S. mansoni. (C) Comparison between cases of S.
mansoni infection associated with one other worm (“DI with Schisto”) with cases of triple infection by S. mansoni and two other helminths (“TI with Schisto”).

with any other helminths with and without concurrent S. mansoni
infection, individuals with Ascaris lumbricoides infection with and
without detectable S. mansoni eggs, and individuals with double
or triple infections including S. mansoni. No changes in cytokine
response were observed when stratifications for other helminthi-
asis were performed. As seen in Fig. 5, most features described
above for IL-5 production were maintained. When considering indi-
viduals with one helminth other than S. mansoni, IL-5 production
persisted higher in S. mansoni infected subjects for all tested stim-
ulants except for SEA (Fig. 5A). When considering individuals with
A. lumbricoides infection and no other non-S. mansoni parasite, the
trend towards higher IL-5 persisted (even if only seven patients
remained as the egg positive group) but significance were reached
only for ConBr and Dvirl (Fig. 5B). Moreover, the presence of double
or triple infection in S. mansoni infected individuals did not affect
cytokine production upon any stimulation (Fig. 5C).

4. Discussion

In this study, subjects from an endemic area exhibited a high
prevalence of intestinal parasites and, in the case of S. man-
soni infection, a higher egg count was observed. Individuals with
detectable S. mansoni eggs were younger, which is in accordance
with the established higher prevalence of severe disease in ado-
lescents and young adults. As expected, individuals with active S.

mansoni infection exhibited lower TNF-� and IFN-� responses to
SEA, but the difference for the latter was not significant. Although
the difference in IL5 production was not significant among egg
positive and negative groups upon SEA stimulation, it was clear
that activation by the lectins induced high IL-5 levels. SEA was a
potent stimulator of IL-10 production regardless of an individu-
als S. mansoni egg status while lectins induced lower responses.
Previous studies using PBMC from subjects resident in endemic
areas from the state of Bahia, Brazil (De Jesus et al., 2004), and
other areas (Silveira et al., 2004) confirmed the immunomodulatory
properties of SEA on Th1-cytokine downregulation and upregula-
tion of IL-5 and IL-10. As all negative individuals enrolled in our
study had a previous history of treated schistosomiasis, the similar
patterns of IL-5 and IL-10 production upon SEA stimulation in egg
positive and negative groups probably reflects a memory response
to SEA. On the other hand, active S. mansoni infection appeared to
shift the immune response to an unspecific Th2 pattern of cytokine
production which could be further induced by lymphocyte stimu-
lants. The active infection includes the exposure to egg and adult
worm antigens and their immunomodulatory effects may induce
a Th2 polarizing state that is not observed in individuals with past
infection.

Strikingly, IL-5 production was clearly higher in egg positive
individuals but, in this group, there was a negative correlation
between egg counts and IL-5 levels. Recent findings from other
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endemic areas in Brazil report a positive correlation between egg
counts and IL-5 levels (Corrêa-Oliveira, manuscript in preparation).
There is no clear explanation for this discrepancy. Previously, we
showed that an egg sugar, Lacto-N-fucopentaose III (LNFPIII), stim-
ulates PBMC regardless of the infection load, although higher IL-10
responses were related to lower egg counts (Velupillai et al., 2000).
Egg sugars are targets of lectin binding (Zelck and Becker, 1990;
Yoshino et al., 1977) but it is not clear whether lectin activation and
the Th2 response induction share similar mechanisms with that of
immunomodulation by egg carbohydrates.

In conclusion, we studied the potential role of lectins from
Brazilian flora in order to evaluate whether they could polarize
PBMC towards a Th1-like cytokine response. Our results indicate
that the lectins tested were not able to change the Th2 shift typi-
cal of a S. mansoni infection. This precludes their use as potential
adjuvants or immunomodulatory agents in experimental models
of immunization or treatment, in contrast to the beneficial effects
seen in experimental leishmaniasis.
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