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Abstract

The role of different cytokines in the peripheral blood mononuclear
cell (PBMC) proliferative response and in in vitro granuloma forma-
tion was evaluated in a cross-sectional study with patients with the
different clinical forms and phases of Schistosoma mansoni infection,
as well as a group of individuals �naturally� resistant to infection
named normal endemic (NE). The blockage of IL-4 and IL-5 using
anti-IL-4 and anti-IL-5 antibodies significantly reduced the PBMC
proliferative response to soluble egg (SEA) and adult worm (SWAP)
antigens in acute (ACT), chronic intestinal (INT) and hepatosplenic
(HS) patients. Similar results were obtained in the in vitro granuloma
formation. Blockage of IL-10 had no significant effect on either assay
using PBMC from ACT or HS. In contrast, the addition of anti-IL-10
antibodies to PBMC cultures from INT patients  significantly  in-
creased the proliferative response to SEA and SWAP as well as the in
vitro granuloma formation. Interestingly, association of anti-IL-4 and
anti-IL-10 antibodies did not increase the PBMC proliferative re-
sponse of these patients, suggesting that IL-10 may act by modulating
IL-4 and IL-5 secretion. Addition of recombinant IL-10 decreased the
proliferative response to undetectable levels when PBMC from pa-
tients with the different clinical forms were used. Analysis of IFN-γ in
the supernatants showed that PBMC from INT patients secreted low
levels of IFN-γ upon antigenic stimulation. In contrast, PBMC from
NE secreted high levels of IFN-γ. These data suggest that IL-10 is an
important cytokine in regulating the immune response and possibly
controlling morbidity in human schistosomiasis mansoni, and that the
production of IFN-γ may be associated with resistance to infection.
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Introduction

Infection by Schistosoma mansoni (S.
mansoni) in man induces multiple cellular
and humoral immune responses to the para-
site antigens that are believed to determine
the outcome of the disease. These responses
have been shown to be correlated with the
phase (acute vs chronic) and the clinical
form of the infection (1,2). Several laborato-
ries have demonstrated that during the de-
velopment of the disease significant changes
in cellular proliferative responses occur.
While peripheral blood mononuclear cells
(PBMC) from individuals with the acute
phase (ACT) show significant in vitro prolif-
erative responses to soluble egg antigens
(SEA) and to adult worm antigens (SWAP),
the PBMC response of patients with the
chronic asymptomatic intestinal (INT) clini-
cal form of the disease to SEA is significant-
ly reduced. This decrease has been suggested
to be due to the regulation of the immune
response to the parasite eggs trapped in the
tissues. Analysis of the cellular immune re-
sponse of individuals with the severe form of
the disease (hepatosplenic schistosomiasis)
has demonstrated that those with the com-
pensated form have an increased response to
SEA while patients with the decompensated
form show a significant decrease in the re-
sponse to both SEA and SWAP, thus being
considered non-responders (3,4).

The identification of immune mechanisms
involved in resistance to infection has fo-
cused mainly on the analysis of the immune
response of patients with the intestinal clini-
cal form of schistosomiasis. The fact that
this group presents infection by S. mansoni
argues against these individuals having an
effective immune response to the invading
parasites. With this assumption in mind we
have identified a group of patients consisting
of individuals who have continuous water
contact but no infection. This group was
named �normal endemic� (NE) (5) and is
assumed to be naturally resistant to infec-

tion. We have also included this group in the
studies described in this review.

Several laboratories have been working
on the identification of the immune mecha-
nisms involved in the development of pa-
thology and resistance to infection or re-
infection. Among the most extensively stud-
ied immune factors are the anti-schistosome
antibodies. Within this context, idiotype/anti-
idiotype interactions (6,7), adherent cells
(8,9), �suppressor cells� (10), immunocom-
plexes (11) and soluble factors (12) have
been demonstrated to play a role in cellular
responses. A crucial role of T cells in the
pathology of the infection has been well
demonstrated both in experimental models
and in man (13,14). Furthermore, an effec-
tive immune response capable of partially
preventing the infection has been correlated
with the activity of antibodies (15) and mac-
rophages (16).

The immunopathology of Schistosoma
mansoni infection is characterized by a de-
layed type inflammatory granulomatous re-
action to the parasite eggs trapped in the
tissues of the vertebrate host. This immune
response can eventually lead to the develop-
ment of severe hepatic fibrosis, portal hyper-
tension, gastrointestinal hemorrhage, and
death (17-19). This response, however, de-
creases significantly as described above for
cellular proliferation and this phenomenon
has been named granuloma modulation
(20,21). The decrease in granuloma size co-
incides with the reduction of the symptoms
observed during the chronic phase of the
infection (22).

In this review we describe the recent
findings about the role of cytokines in the
development of pathology and resistance to
infection. We have performed a cross-sec-
tional study in which patients in the acute
phase of the disease, or with the chronic
intestinal or hepatosplenic (compensated and
decompensated) clinical forms were evalu-
ated. The normal endemic group was also
included in an attempt to identify differences
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between these groups of patients that might
explain the severe vs mild clinical forms and
resistance to infection, both in terms of PBMC
proliferative response and in vitro granu-
loma formation.

The acute phase of schistosomiasis

The limited number of studies on the
immune response of the acute phase of schis-
tosomiasis is due to the fact that in endemic
areas the occurrence of this clinical form of
the disease is very low or negligible. It is also
possible that the symptoms are mild and the
patient does not suffer any major distress
from the infection.

Analysis of the proliferative responses of
PBMC from ACT patients in the presence of
blocking antibodies to IL-4 and IL-5 demon-
strated that anti-IL-4 antibodies significantly
reduce the cellular proliferative response to
SEA but not to SWAP. Similar results were
obtained in the in vitro granuloma assay,
further supporting the role of these cytokines
in the immune response during the acute
phase and in granuloma modulation. These
results are in agreement with those previ-
ously published by Cheever (18) for murine
schistosomiasis, suggesting that IL-4 is an
important cytokine in granuloma formation.

IL-10 has been shown to be a major
cytokine with down-regulatory activity for
both Th1 and Th2 T cell subpopulations
(23). Analysis of the role of IL-10 in both
PBMC proliferative response (to SEA and
SWAP) and in vitro granuloma formation
demonstrated that blockage of this cytokine
had no significant effect on either assay.
These results can be interpreted as a lack of
production of this cytokine by PBMC from
acute patients or inability of PBMC from
these individuals to respond to IL-10. To
evaluate these possibilities the effect of ad-
dition of recombinant IL-10 to the cultures
as well as the effect of soluble IL-10 levels
on tissue culture supernatants were deter-
mined. The results obtained demonstrated

that very low levels of IL-10 are secreted by
PBMC from these patients, thus explaining
results obtained in the cultures to which anti-
IL-10 monoclonal antibodies were added.
The fact that the addition of recombinant IL-
10 led to a significant decrease in PBMC
proliferative response and in vitro granu-
loma formation demonstrates that PBMC
from patients are responsive to IL-10.

Flow cytometry analysis of the PBMC
populations of patients in the acute phase of
the disease demonstrated a significant in-
crease in CD4+HLA-DR+ T cells as well as
in CD3-CD2+ (NK) cells. These results sug-
gest that significant cell activation occurs
during the acute phase of the disease and that
this activation may involve IFN-γ secretion
by NK cells. The observed increase in IFN-γ
may be important during this phase of the
infection for activation of macrophages that
in turn will interact with CD4+ T cells during
their process of differentiation. It is not clear
whether an early activation of Th1 cells oc-
curs with a switch to a Th2 response as eggs
are laid. The fact that patients in the acute
phase of the disease are diagnosed only after
they start passing eggs in their stool further
impairs this evaluation. Whether IFN-γ se-
cretion is also an important factor in the
development of the severe acute cases re-
mains to be determined. It is possible that
IFN-γ secreted by these cells acts via prim-
ing of macrophages and T cells, inducing the
production of TNF-α acting directly on granu-
loma formation.

The chronic phase
of schistosomiasis

Analysis of the role of cytokines in the
immune response of individuals in the chronic
phase of schistosomiasis was performed as
described above for the acute phase. PBMC
proliferative response as well as in vitro
granuloma formation were also evaluated.
The chronic phase of schistosomiasis pre-
sents with different clinical forms as de-
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scribed above. To facilitate the understand-
ing of the data, we will present the results for
each of the clinical forms of the disease.

Intestinal form of schistosomiasis

In contrast to the data presented for the
patients in the acute phase of the disease, the
addition of anti-IL-10 monoclonal antibod-
ies to PBMC cultures from INT individuals
induced a significant increase in the prolif-
erative response and in in vitro granuloma
size. This is an important observation since it
has been well demonstrated that these pa-
tients, in contrast to the ACT individuals,
have a significant decrease in anti-SEA re-
sponse and in vitro granuloma size. Anti-IL-
10 monoclonal antibodies also had a signifi-
cant effect on the PBMC response of INT
individuals to SWAP which, although less
dramatic, was significant, again contrasting
with the data obtained in the assays with
PBMC from ACT patients. To further inves-
tigate the role of different cytokines, anti-IL-
4 and anti-IL-5 monoclonal antibodies were
added to the cultures. Addition of anti-IL-4
but not anti-IL-5 antibodies leads to a de-
crease in both PBMC proliferative response
and in vitro granuloma formation. Due to the
inhibitory effect of IL-4 blockage, we com-
bined anti-IL-10 antibodies and anti-IL-4 or
anti-IL-10 and anti-IL-5 in the cultures from
the same patients. The data demonstrate that
the increase in the PBMC proliferative re-
sponse and in in vitro granuloma formation
observed by the blockage of IL-10 is readily
reversed by the addition of monoclonal anti-
bodies to either IL-4 or IL-5. These data
suggest that the increase observed in the
cultures with anti-IL-10 antibodies may be
due to the blockage of the regulatory effect
of IL-10, allowing the secretion of both IL-4
and IL-5 and a consequent increase in cellu-
lar proliferation. These data also suggest that
during the chronic INT phase of the disease
the response is mainly Th2 mediated, also
suggesting that the Th2 response has an im-

portant regulatory role in man. It is impor-
tant to mention that the addition of recombi-
nant IL-10 to the cultures decreased the re-
sponses to undetectable levels as observed
in the assays with PBMC from ACT indi-
viduals.

To investigate the role of a Th1 response
of these patients, PBMC proliferative re-
sponses, were evaluated in the presence of
monoclonal antibodies to IFN-γ. The data
obtained demonstrate that the response to
both SEA and SWAP is drastically reduced
by the blockage of IFN-γ. Although the mech-
anism involved in this decrease is still ob-
scure, we speculate that IFN-γ may have an
important effect on the antigen-presenting
cells and when its activity is blocked these
cells may not present antigens to the T cells,
blocking the expression of costimulatory
molecules such as B7 and CD28. Evaluation
of the levels of IFN-γ secretion in the super-
natants of PBMC cultures demonstrated that
very few cells from these patients secrete
low to undetectable levels of this cytokine.
We have further demonstrated that this is a
common feature of chronic schistosomiasis.

Taken together, these data suggest that
both Th1 and Th2 cytokines may have im-
portant effects on the T cell responses of INT
individuals. At this stage it is still premature
to attempt to determine what exactly is the
role of each cytokine and also whether they
are determinants of disease. However, if we
compare the data obtained with PBMC from
ACT with those of PBMC from INT, the role
of IL-10 in the down-modulation of the im-
mune response in chronic asymptomatic
schistosomiasis becomes evident, suggest-
ing a possible role of this cytokine in control-
ling morbidity.

Hepatosplenic form of schistosomiasis

The severe form of schistosomiasis (he-
patosplenic, HS) is defined clinically by the
enlargement of spleen and liver. Immuno-
logically it has been clearly demonstrated
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that these patients have distinct in vitro cel-
lular proliferative responses (3) as well as in
vitro granuloma formation (Falcão PL,
Malaquias LCC, Silveira MAS, Martins-Filho
AO, Passos VMA, Prata A, Gazzinelli G,
Coffman R and Corrêa-Oliveira R, unpub-
lished data) as described in the Introduction.
Along the same lines of the experiments
described above, we have evaluated the role
of different cytokines in the PBMC prolif-
erative response and the in vitro granuloma
formation. The results obtained with cells
from HS patients were similar to those of
ACT, where blockage of IL-4 caused a sig-
nificant decrease in the proliferative response
and in the in vitro granuloma formation.
However, addition of anti-IL-10 monoclon-
al antibodies to the cultures had no signifi-
cant effect on the cellular responses, although
the addition of recombinant IL-10 readily
decreased the already low responses of
PBMC from these patients to the parasite
antigens. These results are consistent with
the proposed important role of IL-10 in the
modulation of the immune responses of these
individuals and consequently in the control
of morbidity.

Analysis of IFN-γ secretion in superna-
tants of tissue cultures demonstrated that, as
described for the INT group, very low to
undetectable levels of this cytokine are se-
creted in PBMC cultures stimulated with the
parasite antigens (24).

Normal endemic individuals

Normal endemic individuals (NE) were
first described by our laboratory (5). These
endemic individuals were characterized
based on their high anti-schistosome antigen
response and the lack of infection, deter-
mined by the absence of S. mansoni eggs in
their stool. Furthermore, these individuals
also have continuous water contact and no
previous history of drug treatment for schis-
tosomiasis. In our initial studies we evalu-
ated the levels of IFN-γ secretion by PBMC

cultured in the presence of schistosome anti-
gens. The results clearly demonstrate that
PBMC from NE patients secreted high levels
of this cytokine in response to all antigenic
preparations. These results contrast signifi-
cantly with those observed in PBMC cul-
tures from patients in the chronic phase of
the disease. Furthermore, we demonstrated
that IFN-γ secretion correlates with resis-
tance to infection, supporting a role of the
Th1 response in immunity to S. mansoni (25).

It has been well documented that IgE
responses to SWAP can be correlated with
the development of resistance to reinfection
after treatment. IgE antibodies are an impor-
tant indicator of Th2 type response and there-
fore could be used as an indirect measure.
We evaluated the anti-SWAP antibody re-
sponses of these patients together with those
of the treated non-reinfected individuals. The
results did not show any significant differ-
ence in the anti-SWAP IgE responses be-
tween the NE and infected patients while
those treated and resistant to reinfection had
a significant increase in this antibody level.
The anti-IgE results with sera from treated
resistant individuals are in agreement with
those previously published (26-31). The most
interesting data were obtained when sera
from these individuals were used in IgE anti-
schistosomula tegumental antigen assays. The
NE patients had significantly higher levels
of IgE antibodies to these antigens when
compared to the treated group resistant to
reinfection. These data suggest that both the
Th1 and Th2 responses are effective in the
elimination of S. mansoni infection and that
the mechanism of resistance may be multi-
factorial. These results, although apparently
conflicting, suggest that an effective immune
response to the invading parasite may be
compartmentalized.

Final comments

The data presented in this review are an
initial analysis of the role of Th1 and Th2
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cytokines in the development of resistance
and pathology to Schistosoma mansoni in-
fection in man. Due to the fact that these
studies were performed in an endemic popu-
lation, we carried out a cross-sectional study
including all clinical forms and phases of the
disease as well as a group of individuals with
�natural� resistance to infection.

The studies described in this review al-
lowed us to speculate that IL-10 plays a
major role in the regulation of human im-
mune response to S. mansoni infection. Fur-
thermore, our data suggest that IL-10 is the
major cytokine involved in the control of
morbidity in human schistosomiasis.

The NE population constitutes a very
important group of individuals who, although
living in endemic areas with all the features
described above, do not get infected. Analy-
sis of the immune response of these indi-
viduals is highly relevant for the understand-
ing of immune effector mechanisms involved
in the elimination of S. mansoni infection.
Post-treatment responses are not similar to
those of NE, again suggesting differences in
immune protective mechanisms developed
�naturally� vs those acquired after drug treat-
ment. Studies on this population will con-
tinue and will be undoubtedly relevant for
the development of an effective vaccine.
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