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The role of chemokines in Schistosoma mansoni infection:
insights from human disease and murine models
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Chemokines are a superfamily of low-molecular-weight cytokines that were initially described for their
chemoattractant activity. It is now clear chemokines have several other activities that modulate immune processes.
More than 50 chemokines ligands and at least 19 receptors have been described to date. Depending on the number
of N-terminal cysteine residues, chemokines are grouped in the subfamilies CXC, CC, C or CX3C. A growing body
of evidence suggests a role for chemokines in the pathogenesis of several inflammatory diseases. Our studies involv-
ing mice and humans infected with Schistosoma mansoni suggest an important role of the chemokine CCL3 and its
receptors (CCRI and CCRY) in the pathogenesis of severe schistosomiasis. We suggest that the differential activa-
tion of CCRI or CCR5 during the course of schistosomiasis may dictate the outcome of the disease.
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While many good reviews have been published on
the pathogenesis of schistosomiasis and the role of
cytokines on tissue and vascular events leading to the
main alterations associated with disease morbidity and
mortality (Vennervald & Dunne 2004), the specific contri-
bution of chemokines to these changes has not been ad-
dressed in details. Accumulating data in the recent litera-
ture justifies the need for an integrated re-examination of
this issue with a focus on this important group of inflam-
matory mediators. Thus, this review aims at confronting
complementary evidence from human and mice studies to
sum up that chemokines are indeed relevant co-players in
the intricate mechanisms that explain why some schisto-
somiasis patients deal relatively well with the infection
while others are prone to develop severe forms of the
disease.

Chemokines: structure and function

Chemokines belong to the superfamily of low-molecu-
lar-weight cytokines that were initially described for their
chemotactic activity. They are important mediators of cell
migration. However, it is clear that chemokines affect sev-
eral other processes, including differentiation and activa-
tion, tissue specific homing of leukocytes under physi-
ologic conditions, infiltration of cells in sites of tissue
injury. By performing the activities described above,
chemokines have been shown to play a relevant role in
angiogenesis, infectious, and autoimmune diseases
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(Mackay 2001). More than 50 chemokine ligands and at
least 19 signalizing chemokine receptors are known today
in both humans and mice (Charo & Ransohoff 2006).

Despite the low sequence similarity between some
chemokines, an important feature of this class of molecules
is their disulfide-stabilized tertiary structure composed of
three beta sheets linked by short loops with a carboxy-
terminal alpha helix in a Greek key formation. Depending
on the number of N-terminal cysteine residues they are
grouped in the subfamilies CXC (two N-terminal cysteines
separated by one amino-acid residue), CC (two directly
linked cysteines), C (only one N-teminal cysteine) or CX3C
(two N-terminal cysteines separated by three aminoacid
residues) (Olson & Ley 2002). This classification is help-
ful since there seems to be some specificity regarding the
cellular types responding to a certain group of chemokines.
Nonetheless, chemokines commonly bind to several re-
ceptors, and cells, in turn, may bear multiple types of
chemokine receptors, which may result in considerable
superposition or redundancy of responses.

Differently from other cytokines that act on tyrosine
kinase receptors, all chemokines signal via G protein-
coupled seven transmembrane spanning receptors
(Proudfoot et al. 2003). The nomenclature of chemokine
receptors is directly based on the type of chemokine that
binds them. Six years have passed since the [IUPHAR de-
liberation on the systematic nomenclature of chemokine
ligands and receptors (Murphy et al. 2000). Although the
system was initially developed for human chemokines, it
may be extended to rodents as well. Thus, this nomencla-
ture will be employed in this review.

Chemokines in schistosomiasis

Abundant literature attests the role of chemokines in
the physiopathology of several diseases including atopic
dermatitis, leishmaniosis, rheumatoid arthritis, multiple
sclerosis, asthma, pulmonary sarcoidosis, sepsis, athero-
sclerosis, HIV infection, ulcerative colitis among others
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(reviewed in Gerard & Rollings 2001, Maurer & von Stebut
2004, Charo & Ransohoff 2006). These studies are based
on strategies such as the use of neutralizing antibodies,
knockout mice, peptidic and non-peptidic antagonists.
Besides, the identification and/or measurement of che-
mokines in human biological fluids, i.e. serum, plasma or
cerebrospinal fluid (CSF), may suggest their involvement
in the pathological process.

Some studies have focused on the role of chemokines
in schistosomiasis. Data obtained from murine models
suggest that chemokines dictate the type and intensity of
inflammatory infiltrate during the granulomatous response
against egg antigens (Qiu et al. 2001). For instance, the
chemokine macrophage inflammatory protein-1a (MIP-1a/
CCL3) was released after embolization of schistosome eggs
into the lungs of immunized mice. Interestingly the anti-
body neutralization of CCL3 decreased the size of the
granuloma (Lukacs et al. 1994a,b). In addition, CCR 1-defi-
cient mice exhibited a 40% reduction in egg-induced pul-
monary granulomas corroborates this assumption (Gao et
al. 1997). It is important to note that data from CCR1-defi-
cient mice must not be considered equivalent to the re-
sults involving CCL3 knockouts as CCL3 may bind to
other receptors, including CCRS5 (Post et al. 1995, Nibbs et
al. 1997). The studies described only evaluated the in-
flammatory response after injection of eggs into animals.
In our experiments in Schistosoma mansoni-infected mice,
we found that CCL3-deficient mice displayed decreased
liver eosinophilic peroxidase activity (EPO) and hydrox-
yproline content (Souza et al. 2005). These findings paral-
leled reduced worm burden and egg content in this organ.
The mechanisms responsible for the reduced parasitic
burden are still unclear. However, we found a significant
reduction in granuloma area compared to wild type ani-
mals and this effect was clearly dependent on the role of
the chemokine on pathology (Souza et al. 2005). These
results indicate that the granulomatous response and
schistosomiasis is less severe in the absence of CCL3.

Similar results were also shown for other knockout
mice. When CCR2-deficient mice were subjected to the
model of venous injection and subsequent lung embo-
lization with schistosome egg antigen (SEA)-coupled
beads, a decrease in granuloma size, attributed to the re-
duction of the number of lymphocytes, was observed
(Warmington et al. 1999). The mRNA levels for inter-
leukin(IL)-4 and interferon(IFN)-y were found to be de-
creased, while there were increased mRNA levels for CCR2
ligands such as CCL2, CCL7, and CCL12. This result may
suggest that the synthesis of CCR2 ligands would be regu-
lated by a receptor activation-induced negative feedback
mechanism (Warmington et al. 1999). The effect of CCR2
depletion on the course of S. mansoni infection has not
been reported to date.

Intravenous injection of schistosoma eggs into CCR8-
deficient mice resulted in impaired Th-2 cytokines syn-
thesis and significantly reduced eosinophilic infiltration
in lung granulomas (Chensue et al. 2001). The reduction
in Th-2 cytokine synthesis in CCR8-deficient mice cor-
roborates the fact that this chemokine receptor mediates
selective expression of Th-2 lymphocytes. It is worth
mentioning that, with the exception of our study, the data
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discussed previously were based on a model of intrave-
nous injection of either eggs or antigen-coupled beads,
which causes pulmonary embolization followed by granu-
loma formation. Although this model has the advantage
of synchronizing the kinetics of granuloma development,
it does not take into account the host-parasite cross-talk-
ing that may have profound influence on the regulation
of inflammatory response. Moreover the lung is not the
most affected organ by naturally occurring granuloma-
tous response in schistosomiasis.

The CCL3 chemokine seemed to be particularly rel-
evant in schistosomiasis. This assumption was reinforced
by studies involving human subjects. We found that,
when compared with uninfected individuals, infected pa-
tients had elevated plasma concentrations of CCL3, CCLS5,
and CCL11 (Falcao et al. 2002). When patients were
grouped according to disease severity (intestinal x
hepatosplenic), subjects with increased plasma concen-
tration of CCL3 (> 400 pM) had a 10 times greater risk of
displaying hepatosplenic form of the disease (Falcao et
al. 2002). This preliminary data was confirmed in a second
subset of chronically infected patients who had been clas-
sified by ultrasonography (Souza et al. 2005). It was also
demonstrated that peripheral blood mononuclear cells
(PBMC) from infected patients, when exposed in vitro to
SEA-coupled beads, produced high levels of CCL3 and
that this production was antigen-specific (Falcao et al.
2002). Treatment of PBMC from hepatosplenic patients
with met-RANTES, a CCR1, and CCRS5 antagonist, was
capable of inhibiting the cellular reactivity in this in vitro
granuloma model. However the treatment of PBMC from
intestinal patients determined an exacerbation of the cel-
lular response. These apparently conflicting results re-
mained an issue of difficult interpretation and prompt us
to suggest that the balance between the expression of
these two chemokine receptors, CCR1 and CCRS, are cru-
cial to the outcome of schistosomiasis infection (see be-
low). It has also been shown that exacerbation of the in
vitro granulomatous response induced by nitro L-argin-
ine methyl ester (L-NAME), a nitric oxidase inhibitor, treat-
ment is associated with increases in CCL3 in the culture
supernatant of human PBMC (Oliveira et al. 1999).

Recently, we also investigated the chemokine levels
in serum and CSF of schistosomal myeloradiculopathy
(SMR) patients (Sousa-Pereira et al. 2006). SMR is the
most common neurological form of S. mansoni infection
and seems to be determined by the inflammatory response
to schistosomal eggs ectopically deposited in the ner-
vous system (Nobre et al. 2001, Silva et al. 2004). SMR
patients presented increased serum levels of CCL11 and
CCL24 when compared to controls. In contrast to the de-
terminations in serum, there were no differences in the
concentration of chemokines in CSF of SMR patients when
compared to neurologically healthy controls. This unex-
pected finding may be consistent with a lack of intrathe-
cal production of the chemokines (Sousa-Pereira et al.
2006).

The CCL3 receptors, CCR1 and CCRS, are expressed
in a series of cell types, including neutrophils, monocytes,
macrophages, T and B lymphocytes, eosinophils, den-
dritic cells (DC), natural killer (NK) cells, thymocytes, plate-
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lets, endothelial, and striated cardiac muscle cells (re-
viewed in Menten et al. 2002). At least in the context of
schistosoma granuloma, macrophages are the main source
of this chemokine (Lukacs et al. 1993). It is believed that,
when activated by CCL3, macrophages may release addi-
tional quantities of this same chemokine, causing extra
influx of macrophages. Considering the major type of T
helper lymphocyte capable of synthetizing it, CCL3 would
be considered a Th1 chemokine (Schrum et al. 1996, Ritz
et al. 2004). CCL3 was also shown to induce selective
migration of Th1 lymphocytes (Siveke & Hamann 1998).
However, as the major source of CCL3 in the schistosome
granuloma is the macrophage, there is the “odd situation”
of Th2 polarization in egg-induced pulmonary granuloma
associated with the expression of CCL3.

The next step to understand the role of chemokines in
schistosomiasis pathogenesis would be the investigation
of the course of the infection in knockout mice for other
chemokine receptors for CCL3 and CCL5, i.e. CCR1 and
CCRS. Data from CCR1-deficient mice indicated that this
receptor was at least partially responsible for the detri-
mental effects of CCL3 (Gao etal. 1997). The role of CCR5
in models of inflammation is rather controversial. Either
inhibition or exacerbation of general aspects of inflamma-
tion has been observed. CCR5-deficient mice display re-
duced arthritis incidence and also inhibited anti-collagen
antibody production (Bao et al. 2005). These results are in
line with the inhibition of arthritis in rhesus monkeys
treated with a CCRS antagonist (Vierboom et al. 2005).
CCRS5-deficient mice infected with Tiypanosoma cruzi also
exhibited less myocarditis (Machado et al. 2005). On the
other hand, CCR5 deletion is associated with an increase
in delayed-type hypersensitivity (DTH) and enhancement
of T-dependent humoral response (Zhou et al. 1998), as
well as an improved tumor growth control and a more
intense graft rejection (Welniak et al. 2004).

These contradictory results prompted us to investi-
gate the course of schistosomiasis infection in CCR5-/-
mice. We noticed that of CCR5-/- mice developed a more
severe infection than wild type mice. This was not only
confirmed by the exacerbation of a series of inflammatory
parameters, such as liver N-acetylglucosaminidase (NAG)
activity, hydroxyproline concentration, and increased
granuloma area, but also by the enhancement (beyond
two-fold) in mortality rates. At a first look, these results
may sound conflicting considering the opposite effects
of CCL3 deletion on schistosomiasis (Souza 2005).

Interestingly, as opposed to the current view from many
research groups that the granuloma-associated pathol-
ogy in mice is Th2-mediated, it was demonstrated that an
inflammatory response amplified by complete Freund ad-
juvant (CFA) immunization, a treatment that is typically
considered to induce Thl polarization, exacerbates the
pathology in C57BL6 S. mansoni infected mice (Rutitizky
etal. 2001, Stadecker et al. 2004). More recently, the same
group has shown that a new class of T helper lympho-
cytes, named T CD4" IL-17, were crucial for the develop-
ment of these exacerbated lesions (Rutitizky et al. 2005),
and importantly, that these lymphocytes were character-
ized by the synthesis of the cytokines tumor necrosis
factor (TNF)-oand IL-6 and chemokines CCL2, CCL3, and
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CXCLS (Prof. Miguel Stadecker, pers. commun.). It is worth
emphasizing that the same chemokines were shown to be
elevated in the plasma of patients suffering the hepa-
tosplenic form of schistosomiasis (Falcao et al. 2002).

A model for the balance of expression of two chemokine
receptors and the outcome of S. mansoni infection

The main question in schistosomiasis research relates
to the explanation of why the great percentage of S.
mansoni infected hosts display only mild symptoms, while
a minority suffers from severe, sometimes life threaten-
ing, hepatosplenic symptoms (Fallon 2000). Conflicting
data from different species infected with S. mansoni should
also be reconciled in a comprehensive model of disease
pathogenesis. Based on what has been discussed above,
we propose a model in which the balance between two
chemokine receptors, namely CCR1 and CCRS5, may exert
a crucial role on the final presentation of S. mansoni in-
fection. We do not suggest, however, that the roles of
other mediators are to be disregarded, but that the two
chemokine receptors are important players in this multi-
faceted inflammatory context.

It is known that other chemokines exhibit significant
affinity for the receptors used by CCL3. For instance,
CCLS,CCL14,CCL15,and CCL23 are CCR1 agonists while
CCLA4, CCL5, and CCL8 are CCRS agonists (Murphy et al.
2000). Thus, a given chemokine can act on different
chemokine receptors, while one specific receptor may be
the target of several chemokines what would suggest that
this system operates with considerable redundancy. How-
ever, this view is not accepted by all researchers, since
some suggest that some level of compartimentalization
exists in the chemokine system. This scenario is depicted,
for instance, in some reviews that deal with the rational
design of new drugs based on the action of chemokines
(Proudfoot et al. 2000, 2003, Proudfoot 2002, Johnson et
al. 2004).

We suggest that the influence of the balance between
the CCR1 and CCRS5 chemokine receptors on the clinical
presentation of schistosomiasis depends on the occur-
rence of a fine temporal and spatial tuning of the action of
chemokines to reach specificity of response.

The Figure is a graphic representation of this hypoth-
esis. We propose that the majority of infected hosts or
patients, who present mild form of disease, are able to
develop an adaptive immune response in which there is
preponderance of CCRS5 receptor activation over CCR1.
On the other hand, severe forms of disease would result
from unbalanced chemokine receptor activation towards
an increased activation of CCR1 over CCR5. CCR1 activa-
tion would be predominantly mediated by CCL3, while
CCRS5 activation by CCLS5. The reason for the need of fine
mechanisms regulating spatial-temporal specificity of CCL3
and CCLS5 resides in complementary experimental obser-
vations from various research groups indicating that these
chemokines exhibit apparently opposing activities regard-
ing the clinical presentation of disease, despite sharing
nearly identical receptor affinity.

Evidence that supports the idea that CCL3 has a harm-
ful role in schistosomiasis derives from the following ex-
perimental observations: (1) a correlation between high
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levels of CCL3 and the presentation of hepatosplenic dis-
case in schistosomiasis patients (Falcdo et al. 2002, Souza
etal. 2005, Sousa-Pereira et al. 2006); (2) the development
of milder disease in a model of CCL3-deficent S. mansoni
infected mice (Souza et al. 2005); (3) a 40% inhibition in
lung granulomas in CCR1 knockout mice subjected to in-
travenous injection of S. mansoni eggs (Gao et al. 1997);
and (4) the phenotypic description of a class of IL-17-
producing T helper lymphocyte (Rutitzky et al. 2005), that
is also characterized by producing the chemokines CCL2,
CCL3, and CXCLS, with a demonstrated role in the devel-
opment of severe lesions associated with increased
morbidity and mortality in schistosomiasis (Prof.
Stadecker, pers. commun.).

Other set of evidences suggests that another che-
mokine, most likely CCLS, plays a modulatory role in the
immunopathology of schistosomiasis preventing the emer-
gence of severe forms of the disease: (1) a more severe
schistosomiasis infection in CCR5-deficient mice (Souza
2005); (2) a correlation between the risk of presentation of
periportal fibrosis and elevated TNF-a associated with
low CCL5 concentrations in the supernatant of PBMC
from schistosomiasis patients stimulated with SEA (Booth
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et al. 2004); (3) an increase in 50% on the size of pulmo-
nary granulomas from mice subjected to intravenous in-
jection of SEA-coupled beads and treated with antibody
against CCL5 (Chensue et al. 1999); (4) the observation of
increased CCRS5 expression on lymphocytes from intesti-
nal patients and low expression of the same receptor in
both control and hepatosplenic individuals (Prof. Andréa
Teixeira, pers. commun.); and (5) the tendency towards
exacerbation of cellular reactivity of PBMC from intesti-
nal patients treated with met-RANTES in the in vitro
granuloma model, contrary to the intense inhibition ob-
served with cells from hepatosplenic patients (Falcdo et
al. 2002). In hepatosplenic patients, the modulatory CCR5
wing would be absent. Thus, in these patients, the CCR1
and CCRS5 combined antagonism of met-RANTES equals
the isolate inhibition of CCR1 activation, causing granu-
loma reduction. In intestinal patients, whose CCR5 ex-
pression supersedes that of CCR1, met-RANTES activity
turns to be harmful.

In summary, accumulating evidence in the literature
suggests that chemokines are more than epiphenomena
of adaptive immune responses. This important group of
mediators may be related to the outcome of infectious
diseases at least in the context of S. mansoni infection.
Moreover the presence of key chemokines in plasma or
serum, besides reflecting pathogenic mechanisms, may
be used as surrogated markers of disease severity. This
support the efforts which are being made to design new
drugs that could act on the chemokine system and we are
hopeful that these drugs may be used for the manage-
ment of several inflammatory conditions.
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