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Distinct B-cell populations are present in hepatic and
intestinal Schistosoma mansoni granulomas
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Abstract

Although it is generally accepted that schistosomal granuloma
formation results from a T-cell dependent host response towards the
parasite egg, attention has recently been focused on the involvement
of B-cells in the induction of schistosome-induced pathology. In this
study we investigated the involvement of two functionally different
B-cell populations in the formation of the Schistosoma mansoni
granuloma : naive and antigen-stimulated B-cells. In liver granulomas
two distinct B-cell populations were found, namely unstimulated B-
cells at the periphery of the granuloma and antigen-stimulated,
syndecan-1 positive B-cells in the inner part near the deposited egg.
Intestinal granulomas differed by their relative lack of unstimulated
B-cells at the granuloma periphery, but like hepatic granulomas
intestinal granulomas also have syndecan-1 positive B-cells. From
our results, we conclude that B-cells are important constituents of
the S. mansoni granuloma. (Acta gastroenterol. belg., 1999, 62, 178-
181).
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Introduction

Schistosomiasis is a helminthic disease caused by
pathogenic blood dwelling (mesenteric and bladder
veins) trematodes of the genus Schistosoma. It is
estimated that 600 million people are at risk for the
disease and 200 million are actually infected with an
annual death rate of 500,000 - 800,000 (1). In the case
of infection with Schistosoma mansoni or S. japonicum,
the disease results from a delayed hypersensitivity
response generated against parasite eggs deposited in
the target organs (liver, intestine) leading to the de-
velopment of granulomatous inflammation (2). Clini-
cally, the disecase ranges from the relatively mild
intestinal to the severe hepatosplenic form. The latter
is seen in a small subpopulation (< 10%) of infected
patients and is characterized by the formation of
extensive liver fibrosis (Symmers’ fibrosis) resulting in
portal hypertension, oesophageal varices, and haema-
temesis.

Cellular adhesion molecules are important immuno-
logical mediators in the formation of the schistosomal
granuloma (3,4). One cellular adhesion molecule be-
longing to the group of heparan sulphate proteoglycans
is syndecan-1 (CD138). In murine tissues, syndecan-
1 immunoreactivity is observed at the surface of cells
from epithelial origin and on plasma cells (5). Sanderson
et al (6) demonstrated that syndecan-1 is a stage
specific B-cell marker. Expression of syndecan-1 is only
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seen on immature B-cells present in the bone marrow
or on antigen-driven B-cells in the connective tissue.
It is suggested that syndecan-1 is expressed only when
and where B-cells associate with extracellular matrix
(e.g. in bone marrow and in connective tissue) and thus
that changes in syndecan-1 expression on B-cells are
a mechanism for controlling B-cell localization within
specific microenvironments (7).

The aim of this morphologic study was to investigate
the involvement of ontogenically different B-cells (naive
CD40 positive B-cells and antigen-stimulated, syndecan-
1 positive B-cells) in the formation of S. mansoni
induced granulomas in the liver and intestine.

Materials and methods

Male OF1 mice (Iffa Crédo, St. Germain sur I’Ar-
bresle), 6 weeks of age, were infected with 70 cercariae
of the Puerto Rican strain of S. mansoni via the
transcutaneous route. The animals were sacrificed at
8 and 13 weeks post-infection (respectively acute and
chronic stage of infection, n = 6 for each group). Liver,
proximal colon, distal ileum, and dorsal skin were snap
frozen in liquid nitrogen and stored at -80°C.

Immunohistochemical testing on 5 um thick frozen
sections was performed using an indirect immunope-
roxidase or alkaline phosphatase/anti-alkaline phos-
phatase (APAAP) technique according to the method
described previously (3-4). Antibodies directed against
naive B-cells (rat anti-mouse CD40 IgG, Serotec,
Oxford, UK [dilution 1 :50]), antigen-stimulated, syn-
decan-1 positive B-cells (rat anti-mouse syndecan-1
IgGy, «, Pharmingen, San Diego, USA [dilution 1:320]),
or dendritic cells (rat anti-mouse NLDC-145 IgG
[dilution 1:50], BMA, Augst, Switzerland) were tested.
A mouse-anti-human a-neurofilament IgG antibody
(Dako) in a similar protein concentration as the
antibody under investigation was used as a negative
control.
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Results

In the liver, basal syndecan-1 expression was observed
in sinusoidal lining cells and bile duct epithelium.
Absence of syndecan-1 was noticed on endothelial cells
of portal tract vessels. In the intestine, syndecan-1
staining was sometimes observed on enterocytes, mainly
at the basolateral side of these cells and on rare, isolated
cells in the lamina propria. Cellular up-regulation of
syndecan-1 was seen in hepatic (Fig. 1), ileal and
colonic (Fig. 3) schistosomal granulomas. A typical
rimming pattern of immunoreactivity was seen in the
mner part of the granuloma close to deposited schis-
tosome eggs. A band of CDA40 positive cells was located
at the periphery of the hepatic granulomas (Fig. 2).
CD40 positive cells were sparsely present in the inner
part of the granuloma. Few CD40 positive B-cells were
seen in colonic granulomas and virtually no CD40
positive cells were present in the ileum. To distinguish
B-lymphocytes from dendritic cells in the CD40 positive
cell population, immunohistochemical staining for
NLDC-145 was performed. No immunoreactivity in the
granulomas was observed for NLDC-145 in contrast
to the murine skin (epidermis) where numerous NLDC-
145 immunoreactive dendritic cells were seen. These
results and the staining pattern in the various anatom-
ical parts of the liver and intestine are summarized in
Table 1.

—
Fig. 1. — Antigen-stimulated B-cells expressing the syndecan-
1 surface antigen are present in the inner part of a S. mansoni
liver granuloma (8 weeks post-infection) in the vicinity of
a deposited egg (figure 1, peroxidase stain, X145). CD40
positive, naive B-cells (figure 2) are located mainly at the
periphery of the hepatic granuloma (APAAP stain, X145,
8 weeks post-infection). This photograph was a serial section
from the same liver as in figure 1. Colonic granuloma (13
weeks post-infection) with central immunoreactivity for stim-
ulated B-cells (syndecan-1 positive) (figure 3). Enterocytes
also demonstate expression of the syndecan-1 antigen (pe-
roxidase stain, X180).

Table 1. — Expression pattern of the antibodies under investigation in the various organs

liver colon ileum skin
syndecan-1 granuloma + 1 (IP) granuloma | | (IP) gramiloma ++ (I1P) —
sinusoidal lining cells enterocytes enterocytes
bile ducts
CD40 granuloma ++ (OP) granuloma + (OP) granuloma —/+ (OP) epidermis +
NLDC-145 — — — epidermis -++
++ strong immunoreactivity ; + limited immunoreactivity ; — no immunoreactivity.

IP : inner part of the granuloma ; OP : outer part of the granuloma.
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Discussion

During schistosome infection, the host’s immuno-
logical response switches from a Thi-type cell response
during prepatent infection towards a Th2 cell response
after egg deposition (8-9). Th2 cytokines (e.g. 1L-4 and
IL-10) are pivotal in the genesis of the schistosome
granuloma (10-11). Several authors have pointed out
the importance of humoral immunity in the pathogene-
sis of human schistosomiasis (12-14). Recent experi-
mental observations clearly demonstrate that — like
T-cells — B-cells are also involved in the genesis and
modulation (15-16) of the S. mansoni granuloma since
B-cell deficient mice develop augmented tissue pathol-
ogy and fail to downmodulate the granulomas during
chronic infection (16). Furthermore, B-cells promote
Th2-type cell responses (16).

In this study, we could demonstrate the existence
in liver granulomas of 2 distinct functional populations
of B-cells, located at 2 distinct sites in the schistosome
granuloma. Naive, unstimulated B-cells were located
mainly at the periphery of the granuloma whereas
stimulated B-cells expressing the stage-specific marker
syndecan-1 were located in the inner part of the
granuloma near deposited schistosome eggs. Earlier

unstimulated B-cells (CD40)

antigen presenting macrophages

CD4+ T-cells
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work by our group (17) demonstrated that egg antigen
laden macrophages were present in a similar location.
It is therefore an attractive hypothesis to assume that
naive B-cells reside at the periphery of the granuloma
from where they can migrate towards the parasite egg
and become antigenically stimulated by T-lymphocytes
activated by egg antigen presenting macrophages (18-
19) (Figure 4). Although syndecan-1 positive B-cells are
clearly present in intestinal granulomas, colonic and
ileal granulomas often lack an outer lymphocytic halo,
which in liver granulomas is composed of numerous
B-cells (20). In intestinal granulomas, B-cells are likely
to be recruited from the surrounding connective tissue
where inflammatory cells are abundantly present during
schistosome-induced tissue inflammation.

We identified naive B-cells by their expression of the
CD40 marker on their cell membrane (21). Recent
observations have demonstrated that CD40 is not
exclusively B-cell specific but is also expressed on
antigen presenting dendritic cells (22). The presence of
antigen presenting dendritic cells was described in the
portal tract of the liver in auto-immune liver disease
and during chronic hepatitis (23). We have therefore
immunohistochemically tested hepatic and intestinal
granulomas for the presence of dendritic cells using the

Secreted egg antigens

antigen stimulated B-celils {(syndecan-1}

Fig. 4. — Schematic representation of the morphological
distribution of inflammatory cells in the hepatic S. mansoni
granuloma. Deposited schistosome eggs secreted soluble egg
antigens (dashed arrow) that are presented by antigen-
presenting macrophages (APC’s). These APC’s stimulate egg
antigen specific T-cell clones that can stimulate through
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specific cytokine pathways naive B-cells, located at the
periphery of the granuloma. When these B-cells become
antigen-stimulated, they migrate (full arrow) towards the egg
and express the syndecan-l antigen. B-cells — naive or
antigen-stimulated — can modulate the host’s immunological
response generated against the parasite egg antigens.
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monoclonal antibody NLDC-145 which specifically
recognizes dendritic cells (24). Since immunoreactivity
was seen in murine epidermis where dendritic cells are
commonly present, but not in schistosomal granulomas,
we can safely conclude that CD40 positive cells in the
granuloma are indeed of B-cell origin.

Marked differences between hepatic and intestinal S.
mansoni granulomas exist. Intestinal granulomas are
smaller in size compared to liver granulomas (19,25-
26) and are only mildly fibrogenic (26-27). Differences
in the cellular composition of hepatic, ileal, or colonic
granulomas also exist (20). Ileal granulomas fail to
downmodulate during chronic infection in contrast to
hepatic and colonic granulomas (19,25). The exact
mechanisms underlying schistosomal granuloma for-
mation in the various organs are poorly understood,
but organ-dependent differences (19) are likely to be
important. Since B-lymphocytes are potential modu-
lators of schistosome-induced granuloma formation
and fibrosis (15-16), organ-related differences in the
cellular composition of the evoked granulomas may be
a contributing element in the differential pathogenesis.

From our observations, we infer that in hepatic S.
mansoni granulomas 2 distinct populations of function-
ally different B-cells are present, located at two different
morphological sites in the granuloma. In contrast, in
ileal colonic granulomas, only one distinct B-cell pop-
ulation is present. Colonic granulomas display an
intermediate morphology. B-cells may exert important
pathophysiological functions and differences observed
may be a contributing factor for the differential genesis
of the schistosome granulomas in the liver, colon, and
leum.
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