
Summary. Schistosoma mansoni synthesizes
glycoconjugates which interact with galectin-3, eliciting
an intense humoral immune response. Moreover, it was
demonstrated that galectin-3 regulates B cell
differentiation into plasma cells. Splenomegaly is a
hallmark event characterized by polyclonal B cell
activation and enhancement of antibody production.
Here, we investigated whether galectin-3 interferes with
spleen organization and B cell compartment during
chronic schistosomiasis, using wild type (WT) and
galectin-3-/- mice. In chronically-infected galectin-3-/-
mice the histological architecture of the spleen,
including white and red pulps, was disturbed with
heterogeneous lymphoid follicles, an increased number
of plasma cells (CD19-B220-/lowCD138+) and a reduced
number of macrophages (CD19-B220-Mac-1+CD138-)
and B lymphocytes (CD19+B220+/highCD138-),
compared with the WT infected mice. In the absence of
galectin-3 there was an increase of annexin-V+PI- cells
and a major presence of apoptotic cells in spleen
compared with WT infected mice. In spleen of WT
infected mice galectin-3 was largely expressed in
lymphoid follicles and extrafollicular sites. Thus, we
propose that galectin-3 plays a role in splenic
architecture, controlling distinct events such as
apoptosis, macrophage activity, B cell differentiation and
plasmacytogenesis in the course of S. mansoni infection.
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Introduction

Schistosomiasis is one of the major infectious
diseases in the world and affects more than 200 million
people in developing countries (Hotez et al., 2008). In
humans, it is one of the most important causes of liver
fibrosis (Warren, 1980). The adult worms live in the
mesenteric venous system, depositing continuously their
eggs that elicit a granulomatous inflammatory reaction
in the intestinal wall and intra hepatic microvasculature.
In murine model, the first response during experimental
schistosomiasis is a well-defined macrophagic-
dependent reaction, essentially constituted by mobilizing
circulating monocytes, driving the oviposition
granulomas (Von, 1964; Domingo and Warren, 1968;
Boros et al., 1975). Lymphocytes and eosinophils are the
predominant cells in intra hepatic granulomas during
acute phase (El-Cheikh and Borojevic, 1990; Grzych et
al., 1991), whereas in the chronic phase, the granuloma
organization is widely modified presenting smaller and
more fibrotic, in spite of continuous stimulation of the
immune system by the egg and worm antigens (Boros et
al., 1975; El-Cheikh et al., 1991; Borojevic, 1992).
Concomitantly, a robust humoral immune response is
well-defined by a T lymphocyte reaction and polyclonal
B cell activation, with consequent splenomegaly and
high levels of immunoglobulin production (Lopes et al.,
1990; Weinberg et al., 1992; El-Cheikh et al., 1994;
Lenzi et al., 1996).

S. mansoni adult worms and eggs synthesize a great
number of glycans structures that play an important role
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excreted continuously by S. mansoni eggs and adult
worms in the absence of galectin-3, one of the most
important macrophage glycan-binding proteins.
Material and methods

Mice and Schistosoma mansoni infection

Inbred C57/BL6 wild type (WT) and galectin-3-/-
mice (backcrossed to C57/BL6 for 9 generations) (Hsu
et al., 2000) matched by age and sex, were obtained
from a colony bred at the Federal University of Rio de
Janeiro (Brazil). All mice procedures were performed in
accordance with institutional guidelines (protocol
number DAHEICB 009, Federal University of Rio de
Janeiro). Uninfected mice were used as control groups.
Thirty day-old mice were infected by percutaneous
penetration of 40 S. mansoni cercariae (BH strain,
Oswaldo Cruz Institute, Rio de Janeiro, Brazil), and the
chronic phase of the disease was considered to be 90-95
days after cercariae penetration (El-Cheikh et al., 1998).
Mice were euthanized using a carbon dioxide chamber. 
Histological preparations

For histological analyses, the spleens of both
uninfected and infected WT and galectin-3-/- (5 animals
per group) were removed, cut into 0.5 mm-thick slices,
washed in cold saline and fixed in 10% buffered
formalin fixative. After 24h of fixation, the specimens
were dehydrated in alcohol and embedded in paraffin.
Sections of 5 µm were obtained and stained with
hematoxylin & eosin (H&E).
Immunohistochemistry

Paraffin-embedded sections of splenic samples were
de-waxed and hydrated. After inhibition of endogenous
peroxidase, sections were incubated for 1h with 0.01 M
PBS containing 5% BSA, 4% skim milk, 0.1% Triton x-
100 (Sigma Aldrich, USA), 0.05% Tween-20, and 10%
normal goat serum and incubation with the following
purified antibodies: anti-gal-3 (clone M3/38; American
Type Culture Collection, Manassas, VA, USA, at 1:30 in
PBS, 3% BSA and 1% normal goat serum), anti-B220,
anti-CD138 (BD Biosciences, USA, at 1:150 and
1:1800, respectively, in PBS, 3% BSA), and Blimp-1
(Santa Cruz Biotechnology, USA, at 1:100 in PBS, 3%
BSA) overnight at 4°C in a humid chamber. Antibodies
were detected with a biotinylated anti-rat IgG (BA-4001,
Vector Laboratories, Burlingame, CA, USA) and
developed with avidin-peroxidase (1:100 in PBS)
(Sigma Aldrich, USA), using diaminobenzidyne (DAB)
as chromogen. Sections were counterstained with Harris’
hematoxylin. Bright-field pictures were acquired using
an Evolution MP 5.0 RTV Color camera (Media
Cybernetics, Canada). As negative controls, sections of
WT and galectin-3-/- mice tissue were incubated with
non-immune rat serum instead of anti-galectin-3
antibody.
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in the host-parasite interface, modulating innate and
acquired immunity (Cummings and Nyame, 1996; van
Remoortere et al., 2000; Hokke and Yazdanbakhsh,
2005). Glycans containing N-acetyllactosamine-type,
including GalNAcß1-4GlcNac (LacdiNAc, LDN),
GalNacß1-4(Fucα1-3)GlcNAc (fucosylated LacdiNAc,
LDN-F) and GalNacß1-4(Fucα1-3)GlcNAc (Lewis, Lex)
are the main targets of the humoral immune response,
serodiagnosis and development of vaccines (Nyame et
al., 1999). Studies using monoclonal antibodies
indicated that LDN, LDN-F and Lex are present in
cercarial, schistosomulum, adult and egg stages of the S.
mansoni, as well as in the surrounding tissues in the
excreted and secreted forms, associated with other
glycosylated antigens (Ko et al., 1990; van Remoortere
et al., 2000; Robijn et al., 2005). On the other hand,
glycan structures may act as ligands of lectins, such as
galectin-3, which can mediate its recognition and
phagocytosis by macrophages (van den Berg et al.,
2004). The interaction between galectin-3 and
schistosome glycans seems to be relevant in the host
response, since it involves the pathogen-associated
molecular patterns (Pamps) (Linehan et al., 2000),
mediating important steps of the immune response such
as phagocytosis and antigen presentation. 

Galectins are conserved ß-galactoside-binding
animal lectins with crucial roles in cell-matrix
interactions, signaling and inflammation (Barondes et
al., 1994). The members of the galectin family are
classified into three distinct groups: proto, which has a
single carbohydrate recognition domain (CRD); tandem,
lectins with two CRD; and chimeric, composed of a
carboxyl-terminal carbohydrate recognition domain and
amino-terminal tandem repeats. Galectin-3 is unique
among galectins, considered a chimeric protein, is found
in the nucleus, cytoplasm and on the cell surface.
Galectin-3 acts as a powerful pro-inflammatory
molecule to myeloid cells, inducing chemotaxis of
monocytes and phagocytosis by macrophage (Sano et
al., 2000, 2003). Galectin-3 is largelly distributed in
hematopoietic cells, such as macrophages, activated B
and T lymphocytes and mature dendritic cells (Sundblad
et al., 2011).

In recent years, we have demonstrated the role of
galectin-3 in chronic murine schistosomiasis in the
organization of collagen distribution and mobilization of
inflammatory cells to intra hepatic granulomas.
Moreover, we described that galectin-3 interferes with
two important events during the chronic phase of the
infection: monocyte to macrophage differentiation and B
lymphocyte differentiation into plasma cells, increasing
the levels of circulating immunoglobulins (Oliveira et
al., 2007). Recently, we showed that in the mesenteric
lymph nodes (MLNs) of chronically-infected galectin-
3-/- mice there was a significant histological
disorganization in the B lymphocyte and plasma cell
niches, indicating that galectin-3 contributes to the
maintenance of MLN architecture (Oliveira et al., 2011).
Here, the aim of this study was to investigate how the
spleen responds to systemic antigens, secreted and



Morphometric analysis

Morphometric analysis was performed in H&E
staining slides and immunohistochemistry preparations.
The lymphoid follicle areas were measured in ten fields
of 25x magnification and data were analyzed throughout
a dispersion graphic, comparing WT and gal-3-/- infected
and uninfected mice. Galectin-3 positive cells were
quantified per area in ten fields of 400X magnification,
comparing uninfected and infected WT mice. For each
experiment, sectioned samples were obtained from the
spleen of five WT and gal-3-/- mice and analyzed using
Image J software.
Cell suspensions and antibodies

Cell suspensions from spleen of infected WT and
galectin-3-/- mice were obtained ex vivo by standard
mechanical procedures and washed twice with PBS, pH
7.2, containing 3% FBS, quantified, and their
concentration adjusted to 1x106 cells/mL for flow
cytometry analysis. The cells were incubated with Fc
blocker (Clone 2.4G2) for 10 min before adding the
following monoclonal antibodies: FITC anti-B220, anti-
Mac 1 and anti-CD4; PE anti-CD19, anti-CD8 and anti-
CD-138; PE Cy5.5 anti-Mac1, Gr1 and B220. All the
antibodies were purchased from BD Bioscences (San
Jose, CA, USA). The samples were acquired in a flow
cytometer (FACSCalibur, Becton Dickinson, San Jose,
CA, USA) and analyzed using two specific softwares:
CellQuest and WinMDI 2.9. The DNA-content was
measured by propidium iodide labeling using Vindelov
solution (Vindelov et al., 1980).
Phenotypic characterization of spleen cells

Spleen cells were characterized according to
phenotypical markers, as follows: monocytes (CD19-
B220- Mac-1+ Gr-1+/low CD4- CD8- CD138-),
macrophages (CD19- B220- Mac-1+ Gr-1- CD4- CD8-
CD138-), granulocytes (CD19- B220- Mac-1+ Gr-1+/high
CD4- CD8-CD138-), CD4+ T cells (CD19- B220- Mac-1-
Gr-1- CD4+ CD8- CD138-), CD8+ T cells (CD19- B220-
Mac-1- Gr-1- CD4- CD8+ CD138-), plasmacytoid
dendritic cells (CD19- B220+ Mac-1- Gr-1+ CD4+ CD8-
CD138-), B2/conventional B cells (CD19+ B220+/high
Mac-1- Gr-1- CD4- CD8- CD138-), B1 cells (CD19+
B220+/low Mac-1+ Gr-1- CD4- CD8- CD138-) and plasma
cells (CD19- B220-/low Mac-1- Gr-1- CD4- CD8-
CD138+).
Apoptosis assay and phagocytosis assays

Spleen from WT and galectin-3-/- mice were
dissociated and cells were cultured in RPMI 1640
medium supplemented with 10% FBS in 12-well plates
(Corning, USA) for 2 h at 37°C and 5% CO2atmosphere. The non-adherent cells were collected and
induced to apoptosis by heating at 43°C for 60 minutes
(Montalvao et al., 2010). Subsequently, the apoptotic

and dead cells were marked with annexin V-FITC and
propidium iodide (PI), and quantified by flow cytometry.
Adherent cells were obtained and maintained at 37°C.
Apoptotic-induced non-adherent cells were co-cultured
with these adherent cells (ratio of 4 non-adherent to 1
adherent cells) during 24 h and 72 h days, at 37°C and
5% CO2 atmosphere. The floating cells were washed out
and the remaining cells were stained by the May-
Grunwald-Giemsa method. Adherent phagocytic cells
were identified by formation of translucent vacuoles and
phagosomes inside the cytoplasm and differentiated
from the adherent non-phagocytic cells by their absence.
Results represent a mean of three independent
experiments performed using spleen from infected WT
and galectin-3-/- mice. Images were captured using a
QColor-3 camera (Olympus, Japan) and analyzed with
the Q-Capture software.
Immunofluorescence to MOMA-2 marker

Direct immunofluorescence staining of spleen cells
was carried out after de-waxing and rehydration of
sections. Auto-fluorescence and charge affinity were
inhibited by 0.06% potassium permanganate and 50 nM
ammonium chloride. Triton 0.3%-BSA5% was used to
block possible non-specific biding before incubation
with Alexa 488-conjugated anti-MOMA-2 monoclonal
antibody (Serotec,USA) overnight at 4°C in a humid
chamber. Sections were counterstained with DAPI and
visualized using an Olympus IX81 confocal microscope
(Olympus, Japan). Images were acquired using the Cell
M software (Olympus, Japan).
Statistical analysis

The statistical tests were accomplished using
Tukey’s multiple comparison test (t-test); significance
threshold was fixed at p≤0.05.
Results

In galectin-3-/- infected mice we demonstrated that
granulomas were smaller in diameter, displaying thinner
collagen fibers with a loose orientation compared to the
classical concentric fibers observed in wild type mice
(Oliveira et al., 2007). Both groups of infected mice had
the same survival curve and parasite and egg burden
(Breuilh et al., 2007). Splenomegaly and polyclonal B-
cell response were described in chronically WT and
galectin-3-/- infected mice, although serum levels of IgG
and IgE were significantly increased in the absence of
galectin-3. 

In order to investigate the relationship between the
absence of galectin-3 and the distribution of splenic B
lymphocytes and plasma cells, we first compared the
morphology of the spleens of uninfected and infected
WT and galectin-3-/- mice. As expected, in the spleen of
uninfected WT mice, the white and red pulps were well
distinguished, with a classical pattern of cellular
distribution (Fig. 1A). In gal-3-/- mice the lymphoid
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Fig. 1. Morphological analysis of the spleen from uninfected and Schistosoma mansoni-infected mice. A and B. Spleen of uninfected WT and galectin-
3-/- mice, respectively, showing disturbed organization in the absence of galectin-3. C and D. Spleen of chronically-infected WT and galectin-3-/- mice,
respectively, showing significant alterations in the structural organization of white and red pulps in the spleen of galectin-3-/- mice. E and F. Frequency
distribution graphic of lymphoid follicle areas of uninfected and infected mice, respectively. Data are reported as mean ± SEM and are representative of
three independent experiments. x 50
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Fig. 2. Immunohistochemistry to localize B lymphocyte and plasma cell niches in the spleen. A. Immunoreactivity for B cells using anti-B220 antibody
revealed these cells preferentially inside lymphoid follicles in chronically-infected WT mice. B. In infected galectin-3-/- mice, B220+ cells were randomly
dispersed throughout the red pulp. In infected WT mice, CD138+ plasma cells and Blimp-1+ antibody secreting cells were found in red pulp sinusoids (C
and E, respectively). In infected galectin-3-/- mice, CD138+ and Blimp-1+ plasma cells were randomly scattered throughout the red pulp (D and F,
respectively). Insert in D represents a CD138+ cell. Arrow: CD138+ cells inside lymphoid follicle. MZ: marginal zone; RP: red pulp; LF: lymphoid follicle.
Data are reported as mean ± SEM and are representative of three independent experiments. A, B, E, F, x 100; C, D, x 200; inserts, x 400



follicles were increased in size (WT 8612±345.7 and
gal-3-/- 10860±435.8; *, P<0.05; Fig. 1B). In spite of the
difference in sizes, follicles in both groups were
homogeneous as demonstrated in figure 1E. However,
these morphological differences between WT and
galectin-3-/- mice were more visible in infected mice
(Fig. 1C and 1D, respectively). In gal-3-/- infected mice
lymphoid follicles also increased in area (WT
12360±561.6 and gal-3-/- 16610±1262; *, P<0.05) and
their sizes were more heterogeneous between the groups
(Fig. 1F). Thus, in the absence of galectin-3, the
infection amplified the histological changes previously
observed in lymphoid follicles of uninfected galectin-3-/-
mice. 

Subsequently, we studied the distribution of B
lymphocytes (B220+ cells), plasma cells (CD138+ cells)
and antibody secreting-plasma cells (Blimp-1+ cells) in
infected WT and galectin-3-/- mice. In WT mice, B220+
cells were mainly scattered around the lymphoid
follicles with scarce cells in the red pulp region (Fig.
2A), while part of the B220+ cells in the absence of
galectin-3 were also largely distributed throughout the
red pulp of the spleen (Fig. 2B). Moreover, the
distribution of CD138+ plasma cells in these mice was
severely modified, with cells dispersed throughout both
red pulp (as expected) and white pulp, and abnormally
located inside the lymphoid follicles (Fig. 2D, arrow).
CD138+ plasma cells were not observed inside the
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Fig. 3. Phenotypic characterization of splenic myeloid and lymphoid cells. Splenic cells derived from infected wild type mice are represented by solid
bars whereas splenic cells of infected galectin-3-/- mice are represented by open bars. The phenotype was described in material and methods section.
A) Monocytes; B) Macrophages; C) Granulocytes; D) CD4+ T cells; E) CD8+ T cells: F) Plasmacytoid dendritic cells; G) B2/conventional B cells; H) B1
cells; I) Plasma cells. The data were obtained from three independent experiment carried out with three wild type and galectin-3-/- mice. Statistical
analysis: Tukey’s multiple comparison test (*, P≤0.05).
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Fig. 4. Cell cycle analysis and apoptosis index in the spleen of infected WT and galectin-3-/- mice. A. Stages of cell cycle in the spleen of WT and
galectin-3-/- infected mice showing significant differences in fragmented DNA and hyperploid cells. B and C. Lymphoid follicles of S. mansoni-infected
WT and galectin-3-/- mice, respectively, containing an intense presence of apoptotic bodies in the absence of galectin-3 (arrows). D. Quantification of
Annexin-V+/Propidium iodide (PI)- apoptotic cells (gated in R2 region) and Annexin-V+/PI+ dead cells (gated in R3 region), in WT and galectin-3-/- mice.
(E) Quantification of apoptotic cells induced by high temperature. Solid bars represent WT mice and open bars indicate galectin-3-/- mice. Data are
reported as mean ± SEM and are representative of three independent experiments. Statistical analysis: Tukey’s multiple comparison test (*, P<0.05). x
200



cells were the major cell population in the splenic
lymphoid follicles of infected galectin-3-/- mice, we
observed a decrease of B220+ cells, e.g., B2 cells and B1
cells (Fig. 3G and 3H, respectively) concomitant with an
increase of CD138+ plasma cells (Fig. 3I). Altogether,
these data indicate that the lack of galectin-3 severely
disturbs B lymphocyte and plasma cell populations in
the spleen, with continuous worm antigen stimulation.
Thus, in these galectin-3-/- mice, the pathway of
monocyte/macrophage differentiation is down
modulated, whereas B cell differentiation into plasma
cells is exacerbated.

To investigate whether the lack of galectin-3 is
associated with the numeric imbalance in the splenic cell
populations, we performed cell cycle and apoptosis
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Fig. 5. Immunohistochemistry to localize monocyte/macrophage cells (MOMA-2+) in the spleen of infected mice. A. Immunoreactivity for MOMA-2
Alexa 488 (green cells) in spleen of WT and B. in galectin-3-/- mice. C. Detailed MOMA-2+ cell in WT mice and (D) rare MOMA-2+ cells in the absence
of galectin-3. The nuclei were counter-stained with DAPI. Data are representative of three independent experiments, each carried out in three mice with
chronic infection. A, B, x 200; C, D, x 400

splenic lymphoid follicles in the infected WT mice (Fig.
2C). In both groups of mice, the majority of the antibody
secreting-plasma cells (Blimp-1+ cells) were present in
the red pulp (Fig. 2E and 2F).

Considering the modification in B lymphocyte and
plasma cell niches in the spleen of infected galectin-3-/-
mice, we evaluated the phenotype and quantified splenic
lymphoid and myeloid cells. In chronically-infected
galectin-3-/- mice, the number of monocytes and
granulocytes was significantly increased, while the
macrophages were decreased (Fig. 3A-C respectively).
CD4+ cells (Fig. 3D) and plasmacytoid dendritic cells
(Fig. 3F) were not modified in either groups of infected
mice. In contrast, splenic CD8+ cells were also reduced
in these galectin-3-/- mice (Fig. 3E). Although B220+
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Fig. 6. Quantification of phagocytic and non-phagocytic cells of spleen
of WT and galectin-3-/- infected mice. Non-adherent splenic cells were
collected, induced to apoptosis by high temperature and co-cultured
with adherent cells to be engulfed. Measurement of phagocytic and non-
phagocytic cells after 24 h (A) and 72 h (B) of co-culture procedures.
The solid bars indicate the wild-type mice and the open bars represent
the gal-3-/- mice. Data are reported as mean ± SEM and are
representative of three independent experiments using splenic cells
derived from chronically-infected mice. Statistical analysis: Tukey’s
multiple comparison test (*, P<0.05).

interactions in immunological synapses (Liu et al., 1995;
Rabinovich et al., 2002; Acosta-Rodriguez et al., 2004;
MacKinnon et al. 2008; Oliveira et al., 2007, 2009,
2011). To evaluate the participation of this lectin in
splenic responses against schistosomal antigens, we
analyzed the tissue distribution of cells expressing
galectin-3 in noninfected conditions and during the
chronic phase of the disease. Galectin-3+ cells were
randomly distributed in the spleen of uninfected WT
mice, preferentially around the lymphoid follicles at the
edge of the white and red pulps (Fig. 7A). However,
these cells were significantly increased in the spleen of
infected WT mice (Fig. 7B,C). It is interesting to point

assays analyzing total cells of the spleen derived from
infected WT and galectin-3-/- mice. Although the phases
G0/G1, S and G2/M of the cell cycle were not modified
in either animals (Fig. 4A), we observed that in the
absence of galectin-3 there was a significant increase of
cells containing a low DNA-content in sub-G0/G1
phase, suggesting the presence of apoptotic cells with
fragmented DNA. In these mice, we also observed
higher rates of cells containing abnormal hyperploid
DNA-content (Fig. 4A). The presence of cells containing
fragmented and hyperploidy DNA promptly encouraged
us to investigate the possible splenic microenvironments
where dead cells were distributed. As expected, in
infected WT mice there were scarce apoptotic bodies
inside lymphoid follicles (Fig. 4B). In contrast, there
was abundant cellular debris dispersed by lymphoid
follicles of infected galectin-3-/- mice (Fig. 4C, arrows).

As we observed a significant number of apoptotic
bodies inside splenic lymphoid follicles from
chronically-infected galectin-3-/- mice, we decided to
quantify apoptotic cells obtained ex vivo, comparing
both groups of mice. Approximately 21 % of the cells
were annexin V+ PI- in galectin-3-/- mice, whereas about
12 % of the cells were annexin V+ PI- in WT mice (Fig.
4D). We did not find differences in the number of
annexin-V+ PI+ dead cells when compared to uninfected
WT (2.6 % of total cells) and galectin-3-/- mice (3.66 %
of total cells). To study a possible involvement of
galectin-3 as an anti-apoptotic molecule, splenic non-
adherent cells of S. mansoni-infected WT and galectin-3-
/- mice were induced to apoptosis by raising the
temperature to 43°C in vitro. We found that annexin-V+
cells were significantly increased in galectin-3-/- mice
compared with WT mice (Fig. 4E). These data suggested
that, at least in part, the absence of galectin-3 renders the
splenic cells more susceptible to apoptosis during
chronic infection. 

Given that the reduction in the number of splenic
macrophages of chronically-infected galectin-3-/- mice
could interfere with the clearance of cell debris, we
decided to investigate the tissue distribution of these
cells using a monocyte-macrophage marker (MOMA-2).
In WT mice, large MOMA-2+ macrophages were widely
distributed throughout the parenchyma (Fig. 5A,C). In
contrast, these cells were scarcely detected in the spleen
of infected galectin-3-/- mice (Fig. 5B,D). 

Considering the lower number of splenic
macrophages in gal-3-/- infected mice (Figs. 3, 5) we
performed in vitro phagocytic assays with adherent
splenic cells. As expected, phagocytic cells were
decreased in gal-3-/- infected mice compared to WT
infected mice, both at 24 and 72 hours (Fig. 6A,B,
respectively). Thus, we suggest that in the spleen of
galectin-3-/- the clearance of apoptotic cells by
macrophages was impaired as a consequence of the
disturbed monocyte-macrophage differentiation,
contributing to a long lasting presence of cellular debris
in contact with cells of the immune system.

Galectin-3 is secreted by inflammatory cells
modulating mainly cell-cell and cell-extracellular matrix



out that galectin-3 was expressed mainly around the
lymphoid follicles in uninfected and infected WT mice,
but its expression inside the lymphoid follicles was
prominent in the chronically-infected WT mice (Fig. 7B,
arrows), indicating a possible involvement of this lectin
in germinal center functions. As expected, galectin-3
was not detected in spleen of uninfected and infected
galectin-3-/- mice (inserts in Fig. 7A,B, respectively).
Through morphometric analysis, we showed that the
number of galectin-3+ cells was significantly increased
in the course of chronic phase of S. mansoni infection in
WT mice (Fig. 7C).
Discussion

Murine schistosomiasis is an interesting
inflammatory disease characterized by a granulomatous
periovular reaction that is widely exudative during acute
phase and shifts to a fibrotic pattern in the course of
chronic phase, leading to a progressive decrease in
granuloma diameter. This inflammatory scenario was

named by Domingo and Warren as “an endogenous
desensitization” and later renamed by Boros and
colleagues as “spontaneous modulation of
granulomatous hypersensitivity” (Domingo and Warren,
1968; Boros et al., 1975). The splenomegaly is caused
by a continuous stimulation of systemic worm antigens
generating an extensive hyperplasia of myeloid and
lymphoid cells (Lopes et al., 1990; Weinberg et al.,
1992; El-Cheikh et al., 1994; Lenzi et al., 1996). Here,
we demonstrated that the lack of galectin-3 imbalanced
these splenic cell populations, especially monocyte-
macrophage and B lymphocyte-plasma cell lineages. 

Although chronically-infected galectin-3-/- mice
display no differences in parasite burden, egg deposition
and parasite survival compared with WT mice, it has
been seen that schistosome glycoconjugates are the
major triggers of humoral and cellular immune
responses in a galectin-3-dependent manner (van den
Berg et al., 2004; Breuilh et al., 2007). These
interactions seem to be relevant to macrophage
activation and fibrosis establishment during the
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Fig. 7. Immunohistochemistry to localize galectin-3 expressing cells in the
spleen of WT mice. A. Immunoreactivity for galectin-3 was preferentially found
in follicular non-lymphoid cells of uninfected WT mice. Galectin-3 was not
detected in spleen of uninfected or infected galectin-3-/- mice (inserts). B.
Immunoreactivity for galectin-3 in infected WT mice, showing increased
amount of positive cells, compared to WT uninfected mice. C. Morphometric
analysis to quantify the positivity for galectin-3+ cells in WT uninfected and
infected mice. Arrows: gal-3+ cells inside lymphoid follicles. Original
magnification. Data are reported as mean ± SEM and are representative of
three independent experiments. Statistical analysis: Tukey’s multiple
comparison test (*, P<0.05). x 100



progression of the acute to chronic phase of the disease.
The low number of splenic macrophages demonstrated
by flow cytometry and by confocal microscopy, per se,
could be crucial for the uptake and clearance of
apoptotic lymphoid cells. In galectin-3-/- mice, the
interactions between the schistosome glycoconjugates
and their counterpart cells, such as macrophages, which
normally express galectin-3, could be affected,
disturbing cell–cell and cell-extracellular matrix
interactions. In this context, galectin-3 could be
considered a “tissue organizer” lectin, which interacting
with the glycoconjugates could positively modulate
phagocytosis by macrophages and negatively modulate
B cell differentiation in to plasma cells. Here, we
demonstrated that the spleen of chronically-infected
galectin-3-/- mice presented significant modifications in
lymphoid compartments, including disclosed follicular
zones and B220+/CD138+ cell niches. The increase of
plasma cells, both in the spleen and bone marrow, could
explain the high levels of seric IgG and IgE in
uninfected and infected galectin-3-/- mice (Oliveira et al.,
2007). 

In spite of structural modifications and exacerbated
plasmacytogenesis in the spleen of infected galectin-3-/-
mice, we previously observed that the total number of
cells was greatly decreased (Oliveira et al., 2007). Here,
we detected cells containing low DNA-content,
suggesting a high number of cells in apoptosis. The low
DNA-content was compatible with a higher percentage
of annexin-V+ cells in splenic cells corroborating with
the quantity of apoptotic bodies found in infected mice
in the absence of galectin-3. The reduced phagocytosis
by adherent splenic cells of galectin-3-/- and the low
number of macrophages could be responsible for long
lasting maintenance of cellular debris through the
parenchyma. These data suggest to us that the clearance
of cellular debris is altered in galectin-3-/- infected
spleen mice, thus reinforcing our previous data described
in mesenteric lymph nodes of cronically-infected mice
(Oliveira et al., 2011).

In agreement with Kim and cols, we also observed in
spleen of uninfected and chronically-infected WT mice
galectin-3+ cells preferentially scattered around
lymphoid follicles, largely distributed in the red pulp and
partially distributed inside the lymphoid follicles (Kim et
al., 2007). Although we did not identify the type of
galectin-3+ cells, we suspected of monocytes,
macrophages, lymphocytes and follicular dendritic cells
(Liu et al., 1995; Dietz et al., 2000; Sano et al., 2003;
Oliveira et al., 2007). Considering that galectin-3 is
secreted by inflammatory cells and a high number of
splenic galectin-3+ cells , we suggest that this lectin
plays an important regulatory role interacting with
glycans in the extracellular matrix and contributes to the
maintenance of tissue structures. 

We demonstrated that even in the absence of
infection, the general histological organization of the
spleen in galectin-3-/- mice was widely disrupted,
containing numerous and heterogeneous lymphoid
follicles, suggesting an altered basal immune response.

Our results suggest that not only the intensity of the
immune response, but its quality too, can cause more
tissue damage by the amplified immunoglobulin
response, probably due to long permanence of self-
antigens in the spleen microenvironment. As a
consequence, the inflammatory tissue could be a good
“soil” for several lympho-proliferative diseases. We
showed that continuous schistosomal stimuli during the
chronic phase induced an atypical immune response in
the spleen of galectin-3-/- mice, where we found reduced
macrophages and displaced B lymphocytes and plasma
cells.

Here, we propose that galectin-3 is an important
molecule that drives B cell responses and specific tissue
organization in the course of schistosomiasis,
considering that the absence of this protein favored
significant modifications on splenic B cell niches.
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