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Abstract

Alterations in extracellular matrix (ECM) expression in the central
nervous system (CNS) usually associated with inflammatory lesions
have been described in several pathological situations including neu-
roblastoma and demyelinating diseases. The participation of fibronec-
tin (FN) and its receptor, the VLA-4 molecule, in the migration of
inflammatory cells into the CNS has been proposed. In Trypanosoma
cruzi infection encephalitis occurs during the acute phase, whereas in
Toxoplasma infection encephalitis is a chronic persisting process. In
immunocompromised individuals such as AIDS patients, T. cruzi or T.
gondii infection can lead to severe CNS damage. At the moment, there
are no data available regarding the molecules involved in the entrance
of inflammatory cells into the CNS during parasitic encephalitis.
Herein, we characterized the expression of the ECM components FN
and laminin (LN) and their receptors in the CNS of T. gondii- and T.
cruzi-infected mice. An increased expression of FN and LN was
detected in the meninges, leptomeninges, choroid plexus and basal
lamina of blood vessels. A fine FN network was observed involving T.
gondii-free and T. gondii-containing inflammatory infiltrates. More-
over, perivascular spaces presenting a FN-containing filamentous
network filled with a4+ and a5+ cells were observed. Although an
increased expression of LN was detected in the basal lamina of blood
vessels, the CNS inflammatory cells were a6-negative. Taken to-
gether, our results suggest that FN and its receptors VLA-4 and VLA-
5 might be involved in the entrance, migration and retention of
inflammatory cells into the CNS during parasitic infections.
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Introduction

The central nervous system (CNS) is con-
sidered to be an immunoprivileged site able
to restrict the entry of inflammatory cells. In
Chagas� disease, a parasitic infection caused
by Trypanosoma cruzi, meningoencephali-
tis rarely occurs (1). It is more frequently
found during the acute stage of infection in
children under 2 years of age and in immu-
nosuppressed transplanted or AIDS patients,
the latter usually presenting symptoms com-
patible with reactivation of the disease (1-4).
The neuropathologic picture produced by
experimental infection with T. cruzi in im-
munocompetent animals showed amastigote
forms and parasite antigens in neurons, glial
and microglial cells. The presence of en-
cephalitis in multiple foci of variable inten-
sity and random distribution, with nodular
arrangement of the inflammatory mono-
nuclear cells, has been reported (5-7). Toxo-
plasma gondii infection is another parasitic
disease with involvement of the CNS. This
infection is usually controlled by the host
immune system, resulting in an asymptomat-
ic chronic infection maintained by dormant
parasitic cysts, mainly in nervous tissue (8).
In immunocompromised individuals the in-
fection with T. gondii can lead to severe
CNS damage (9). Also, intense inflamma-
tory infiltrates with irregular distribution com-
posed mainly of macrophage, CD8+ and CD4+

T cells (10,11) have been observed in the
CNS during experimental toxoplasmic in-
fection.

In the nervous system, extracellular ma-
trix (ECM) components participate in vari-
ous physiological processes regulating cell
migration, proliferation and axonal pathfind-
ing (12,13). Alterations in ECM expression
in the CNS have been observed in several
pathological situations including demyeli-
nating diseases and neuroblastoma (12,14-
16). In demyelinating diseases such as ex-
perimental allergic encephalomyelitis (EAE),
a fibronectin (FN)-containing network is

observed in the perivascular cuffs (16). In
addition, recent studies have shown that in
EAE the VLA-4 integrin, a ligand for FN and
the adhesion molecule VCAM-1, is involved
in the entrance of antigen-specific activated
CD4+ T cells into the CNS leading to demy-
elination (17,18). Increased expression of
soluble fibronectin in serum (19) and alter-
ations of ECM expression in cardiac tissue
have been reported to occur during experi-
mental T. cruzi infection (20; Santos PVA
and Lannes-Vieira J, unpublished data).
Moreover, a recent study showed that anti-
bodies recognizing laminin (LN) and its re-
ceptor the VLA-6 molecule are able to block
the migration of splenic CD4+ T cells ob-
tained from chronically T. cruzi-infected mice
to cardiac tissue, suggesting the participa-
tion of these molecules in the migration of T
cells into the inflamed myocardium during
experimental chagasic infection (21). How-
ever, there are no available data concerning
the molecules involved in the entrance of
inflammatory cells into the CNS during para-
sitic infections. To address this question, we
studied the expression of the ECM compo-
nents and their receptors in the CNS of T.
gondii- and T. cruzi-infected mice.

Material and Methods

Animals

Female C3H/He and C57BL/6 mice (5-7
weeks old) were obtained from the Animal
Facilities, Bio-Manguinhos, Fundação
Oswaldo Cruz. Groups of 10 animals were
kept in polypropylene cages with food and
water ad libitum throughout the experiments.

T. cruzi infection

Female C3H/He mice were infected in-
traperitoneally with 100 blood trypomasti-
gote forms of the Colombian type III strain
of T. cruzi (22), maintained by serial pas-
sages in C3H/He mice. Parasitemia was esti-
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mated according to Brener�s method (23),
and employed as a parameter to establish the
acute (42 days post-infection) and chronic
(90 days post-infection) phases.

T. gondii infection

Experimental toxoplasmosis was induced
in female C57BL/6 mice by injecting intra-
peritoneally 15 cysts of the ME-49 strain of
T. gondii. As previously determined (8), the
animals were sacrificed during the acute (20
days post-infection) and chronic phases (46
days post-infection).

Antibodies

Polyclonal antibodies specific for the
ECM proteins FN and LN and monoclonal
antibodies recognizing the a4, a5 and a6
chains of the VLA molecules were purchased
from PharMingen (San Diego, CA, USA).
The specific antibody recognizing T. cruzi
antigens was a gift from Dr. Rosa Teixeira de
Pinho (Department of Immunology, Oswaldo
Cruz Institute, Brazil). Biotinylated antibod-
ies recognizing rat or rabbit immunoglobulin
and the peroxidase-streptavidin complex
were purchased from Amersham Interna-
tional (Buckinghamshire, England). Appro-
priate controls were prepared by replacing
primary antibodies with purified rat immu-
noglobulin or normal rabbit serum.

Histopathological studies

Groups of 5 mice were submitted to car-
diac perfusion with saline (200 ml per ani-
mal) under anesthesia and sacrificed at vari-
ous times post-infection. Groups of 3 age-
matched control mice were sacrificed at the
same times. The encephalon was removed,
embedded in tissue-freezing medium (Tis-
sue Tek, Miles Laboratories, Clifton, NJ,
USA) and stored in liquid nitrogen. Serial
sections 5-7 µm thick were prepared by sag-
ittal cuts and fixed in cold acetone. These

sections were stained with hematoxylin and
eosin or submitted to indirect immunoper-
oxidase.

Immunohistochemistry

The indirect immunoperoxidase tech-
nique was used as previously described (24).
Briefly, serial cryostat sections were mounted
on poly-L-lysine-covered glass slides and
fixed for 10 min in cold acetone. Endoge-
nous peroxidase and nonspecific antibody
binding were blocked by incubating the speci-
mens with PBS containing 0.1% sodium azide
and normal goat serum (diluted 1/50). Next,
we performed sequential incubations with
primary unlabeled antibodies or species-
matched control Igs, secondary biotinylated
antibodies (goat anti-rabbit Ig or goat anti-
rat Ig) and the streptavidin-peroxidase com-
plex. All incubations were performed for 1 h
with antibodies diluted in 1% PBS-BSA and
were followed by washes in PBS. The per-
oxidase reaction was developed with amino-
ethylcarbazole in the presence of hydrogen
peroxide. The material was counterstained
with Mayer�s hematoxylin and analyzed un-
der the light microscope.

Results

C57BL/6 and C3H/He mice were infected
with the ME-49 strain of T. gondii and the
Colombian strain of T. cruzi, respectively, to
analyze the expression of ECM components
and their receptors in the CNS during para-
sitic infections. Initially, the pathological
alterations present in the CNS during these
infections were characterized. Intense in-
flammatory infiltrates localized mainly in
areas of incomplete blood-brain barrier, me-
ninges, leptomeninges, choroid plexus and
basal lamina of blood vessels were observed
during the acute phase of experimental T.
gondii and T. cruzi infection (data not shown).
During chronic infection, isolated T. gondii
cysts without surrounding inflammatory in-
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filtrates (Figure 1a) were frequently observed,
although inflammatory infiltrates associated
with cysts and T. gondii-free inflammatory
infiltrates were also detected (Figure 1b). As
previously reported, also in experimental
chagasic infection the inflammatory infil-
trates were frequently not related to the pres-
ence of T. cruzi-antigen (Silva AA, Marino
APM, Santos PVA, Roffê E, Quirico-Santos
T, Paiva CN and Lannes-Vieira J, unpub-
lished data). In contrast to T. cruzi infection
which presents a self-resolving acute en-
cephalitis, the inflammatory infiltrates were
more intense during the chronic phase of T.
gondii infection (Table 1).

As a first attempt to determine which
molecules are involved in the migration of
inflammatory cells into the CNS during para-
sitic infections, we performed immunohisto-
chemical assays for the detection of ECM
components, namely FN and LN. There was
an increased expression of FN and LN in the
CNS of both acute and chronically T. gondii-
and T. cruzi-infected mice when compared
to the pattern found in uninfected controls
(Table 1). The increased FN expression was
detected mainly in the meninges, leptome-
ninges, cerebellum and basal lamina of blood

vessels in both infections (data not shown).
Also, a fine FN filamentous network involv-
ing T. gondii-free and T. gondii-containing
inflammatory infiltrates was frequently ob-
served in the CNS parenchyma (Figure 1c).
Although an increased expression of LN was
found in the basal lamina of blood vessels,
choroid plexus, meninges and leptomenin-
ges of acute and chronically T. gondii- and T.
cruzi-infected mice, the expression of this
molecule was not associated with the pres-
ence of inflammatory infiltrates (Figure 1d).

Immunohistochemical assays were also
applied to investigate the expression of ECM
receptors in the CNS. The blood vessels
present in the brain tissue of acutely T. gondii-
and T. cruzi-infected mice showed intense
expression of a4 and a5 molecules. Also,
perivascular spaces presenting a FN-con-
taining filamentous network filled with a4-
(Figure 2a,b) and a5-bearing cells were de-
tected during acute infection. Although the
expression of the LN and a6 molecules was
detected in the endothelial layer of blood
vessels, the CNS infiltrating mononuclear
cells were a6-negative (Figure 2c,d). In T.
gondii-infected mice the intense alterations
in expression of a4 and a5 molecules ob-
served during acute infection persisted dur-
ing the chronic phase. In contrast, during
chronic T. cruzi infection a slightly increased
expression of a4 and a5 molecules restricted
to the endothelial layer of blood vessels
was detected. These data are summarized in
Table 1.

Discussion

In the present study we investigated the
pattern of ECM components and their recep-
tors in the central nervous system during
parasitic infections. We observed an in-
creased expression of FN and LN during the
acute and chronic stages of experimental T.
gondii and T. cruzi infection similar to that
observed in the CNS in other inflammatory
processes, such as tumors and autoimmune

Table 1 - The presence of parasite antigens and inflammatory infiltrates, and the
expression of ECM components and their receptors in the CNS of T. gondii- and T.
cruzi-infected mice.

The occurrence/intensity of the analyzed parameters was scored as follows: +++,
many; ++, moderate amounts; +, few; ±, very few; -, negative staining. NT, Not tested;
FN, fibronectin; LN, laminin.

Analyzed parameter Experimental groups

T. gondii T. cruzi

Uninfected Acute Chronic Uninfected Acute Chronic

T. gondii cysts - - ++ NT NT NT
T. cruzi antigen NT NT NT - + -
Inflammatory infiltrates - ++ +++ - +++ ±
FN + ++ ++ + ++ ++
a4 - ++ + ± + ±
a5 - ++ + ± + ±
LN ++ +++ +++ ++ +++ +++
a6 ± + + ± + +
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diseases (14-16). During the acute phase of
both T. gondii and T. cruzi infection, the
appearance of a fine FN-containing network
in the enlarged perivascular spaces coin-
cided with the formation of mononuclear
inflammatory infiltrates, suggesting the par-

ticipation of this ECM glycoprotein in the
migration of inflammatory cells into the CNS
during these infections. In multiple sclerosis
and experimental allergic encephalomyelitis
the altered expression of FN in the CNS was
paralleled by the formation of inflammatory

Figure 1 - Isolated T. gondii cysts
(a) or parasite cysts surrounded
by inflammatory infiltrates (b)
were observed in the CNS of
chronically infected mice. Immu-
nohistochemical assays revealed
the expression of a fine FN fila-
mentous network involving mon-
onuclear inflammatory cells (c).
LN expression, however, was
restricted to blood vessels (d). T.
gondii cysts are indicated by the
dotted line. Magnification: 400X.

Figure 2 - A FN-containing net-
work (a) was observed involving
a4+ inflammatory cells (b) pres-
ent in the meninges of chroni-
cally T. gondii-infected mice. LN
(c) and a6 (d) were detected in
the endothelial cells of blood
vessels whereas the mono-
nuclear cells were a6-negative.
Magnification: 400X.
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perivascular cuffs (15,16). These findings
led to the proposal that ECM components
participate in the establishment of chronic
inflammation during autoimmune processes.

Interestingly, the presence of a fine FN
filamentous network was observed involv-
ing T. gondii-free and T. gondii-containing
inflammatory infiltrates. On the other hand,
LN was not detected by our immunohisto-
chemical assays in these inflammatory infil-
trates, suggesting a more effective involve-
ment of FN in the genesis of CNS inflamma-
tory lesions during T. gondii infection. Con-
cerning the origin of this FN, it is possible
that nervous or mononuclear cells present in
the inflammatory infiltrates could release
ECM molecules in nervous tissue (25-27).
Indeed, some studies have demonstrated that
motor neurons, glial cells and astrocytes are
able to secrete ECM molecules such as FN
and LN when neuronal-glial interaction oc-
curs and during the astrocyte proliferative
response following injury (25,26).

The modulators and the mechanisms lead-
ing to the alterations in ECM expression in
the CNS during parasitic infections are un-
known. We may speculate that corticoids or
cytokines such as IFN-g and TNF-a, which
have been shown to modulate ECM expres-
sion (24,28,29) and to be systemically en-
hanced during Chagas� infection (30-32) and
toxoplasmosis (11,33,34), could modulate
ECM expression in the CNS during parasitic
diseases besides contributing to damage to
the blood-brain barrier. During the chronic
stage of T. cruzi infection the CNS inflam-
mation does not persist, although an increased
expression of ECM was still observed in the
basal lamina of blood vessels. It is possible
that the soluble molecules such as cytokines
produced systemically or locally by the few
inflammatory cells restricted to areas of in-
complete blood-brain barrier could account
for the alterations in ECM expression. Also,
the altered ECM expressed in the CNS may
contribute to the generation/perpetuation of
the observed encephalitis, stabilizing and

presenting cytokines to inflammatory cells
(35,36).

ECM molecules play an important role in
the host cell-parasite interaction (37,38). In
this study we did not observe an association
between the presence of parasite cysts or
antigens and FN or LN expression in the
infected tissues. However, in vitro studies
showed that L929 fibroblasts and C2C12
muscle cells infected with T. cruzi or treated
with shed parasite antigens present an in-
creased expression of ECM proteins (Pinho
RT and Lannes-Vieira J, unpublished re-
sults). Thus, parasite antigens present in CNS
lesions as a result of antigen shedding or
parasite clearance by immune cells could
induce inflammatory and/or nervous cells to
produce ECM molecules. Further studies are
required to examine this possibility.

Regarding the expression of ECM recep-
tors, we showed that the enhancement of FN
expression is accompanied by an increased
expression of a4 and a5 and by the appear-
ance of a4- and a5-bearing inflammatory
cells during the acute phase of T. cruzi infec-
tion and during acute and chronic Toxo-
plasma encephalitis. Conversely, the in-
creased expression of LN detected in the
basal lamina of blood vessels was not paral-
leled by the presence of a6 on the surface of
infiltrating mononuclear cells. The presence
of a4+ and a5+ mononuclear cells inside a
FN-containing network suggests the partici-
pation of these molecules in the migration of
immune cells into the CNS leading to the
development of inflammatory processes dur-
ing parasitic diseases. In fact, this possibility
is supported by the findings that antibodies
recognizing the VLA-4 molecule, but not
antibodies against other adhesion molecules,
effectively prevented the accumulation of
leukocytes in the CNS and the development
of encephalomyelitis in Lewis rats. Also, in
in vitro experiments, anti-a4 antibody selec-
tively blocked the binding of lymphocytes to
inflamed endothelial cells (17,18). Recently,
it was demonstrated in a murine model of
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