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Schistosomiasis Protects against Multiple Sclerosis

Anne Camille La Flamme/*, Kanishka Canagasabey, Marina Harvie,
B Thomas Backstréom™*

School of Biological Sciences, VictoriaUniversity of Wellington, P.O. Box 600, Wellington, New Zealand *Malaghan Institute
of Medical Research, Wellington, New Zealand

The incidences of schistosomiasis and multiple sclerosis (MS) are mutually exclusive worldwide suggesting that
schistosomiasis may offer protection against the induction of the immune-mediated disease, MS. Recent studies
using the mouse model of MS, experimental autoimmune encephalomyelitis, support a direct suppression of the
onset of MS by chronic Schistosoma mansoni infection. Self-reactive Thl but not Th2 responses develop in infected
mice immunized with myelin oligodendrocyte glycoprotein albeit at reduced levels indicating that the induction of
auto-reactive T cells is not abolished nor phenotypically altered. CNS infiltration by inflammatory cells, particu-
larly macrophages, is significantly reduced in S. mansoni-infected, immunized mice compared to uninfected, immu-
nized mice. Because activated macrophages are crucial to the induction of clinical disease, these findings support
the hypothesis that differences in macrophage activation may contribute to the reduced incidence and delayed
progression of experimental autoimmune encephalomyelitis during schistosomiasis.
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MULTIPLE SCLEROSIS AND EXPERIMENTAL AUTOIM-
MUNE ENCEPHALOMYELITIS (EAE)

Multiple sclerosis (MS) is a neurodegenerative dis-
ease characterized by progressiveimpairment of mobility,
vision, and coordination. The course of disease is vari-
able but can be grouped into severa distinct patterns:
primary progressive, secondary progressive, and relaps-
ing-remitting (LycklamaaNijeholt & Barkhof 2003, Miller
2002). The immune system mediates the progression of
MS, asthe myelin sheaths, which insulate the nerve axons,
are targeted by myelin-specific T cells and the resulting
inflammation ultimately leadsto neuronal damage (Ewing
& Bernard 1998).

EAE istheanimal model commonly used to study MS
(Miller & Shevach 1998). Immunization of miceor ratswith
myelin proteinsin the presence of astrong adjuvant leads
to the development of self-reactive T cells (Kuchroo &
Weiner 1998). Although the specific myelin protei ns/pep-
tides and animal strains used can induce the full range of
disease courses as found in human disease, all models
share one important feature — the infiltration of
autoreactive T cellsinto the central nervous system (CNS)
(Kuchroo & Weiner 1998). Type1 CD4 T cellsare essen-
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tial to theinduction of thisdisease, however itisbelieved
that during the chronic stages CD8 T cells contribute to
the CNS pathology (Abdul-Majid et al. 2003). While | FN-
y does not appear to be critical for the induction of dis-
ease (Hjelmstrom et al. 1998), the IL-12p40 subunit of 1L -
23isessentia (Cua2003). IL-23ishelieved to becentra in
the activation of macrophages, which arerequired for the
initial infiltration of auto-reactive T cells into the CNS
(Tranetal. 1998). In addition, macrophages mediate sig-
nificant neuronal damage through the production of reac-
tive oxygen and nitrogen intermediates and other pro-
inflammatory mediators (Hooper et a. 1997, Kahana 2000).

Although the cause of MSis not known, both genetic
and environmental factors appear to regulate disease in-
duction (Kahana2000). Geographically, the frequency of
MSinthe populationisdirectly correlated to | atitude such
that countries further away from the Equator (e.g. North-
ern Europe, Britain, Canada, and New Zealand) have a
high frequency whilethoseinthe Equatorial area (Africa,
South America, and Southeast Asia) have an extremely
low frequency (Kurtzke 2000). In these areas of low fre-
guency, chronic helminth diseases such as schistosomia-
sisarecommon. Using the EAE model of M S, recent work
has now shown that schistosomiasis can protect against
the development of MS (LaFlammeet al. 2003).

SCHISTOSOMIASIS

Schistosomiasis is caused by infection with parasitic
wormsof the Schistosoma species (Butterworth et al. 1994).
While the worms themselves are not thought to induce
significant host pathology, the deposition of eggs in the
liver or bladder induces a vigorous granulomatous re-
sponse (Butterworth et al. 1994). The response generated
to the eggs of S. mansoni is characterized by high levels
of Th2 cytokines(IL-4, IL-5, and IL-13) and IgE (Grzych et
al. 1991). Several weeks after the onset of egg deposition
and acute production of Th2 cytokines, the chronic stage
begins where granulomatous pathology is down modu-
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lated and the IL-10 production isenhanced (Grzych et al.
1991). Because of the chronicity and high global preva-
lence of schistosomiasis, several groups haveinvestigated
theinteraction of thischronic parasitic infection with other
diseases both infectious and non-infectious (Cooke et al.
1999, Araujoeta. 2000, LaFlammeet a. 2002, 2003, Sewell
et al. 2003). In addition to preventing EAE, schistosomia-
sis has also been shown to inhibit the induction of other
non-infectious diseases such as insulin dependent dia-
betesmellitus (Cookeet al. 1999). Studies are now under-
way to determine the mechanism behind this disease sup-
pression.

PROTECTION AGAINST THE INDUCTION OF EAE BY
SCHISTOSOMIASIS

Schistosomiasis protected against the induction of
EAE by delaying the induction of disease significantly
and by reducing the overall incidence of disease (Tablel)
(LaFlammeet al. 2003). Although the onset isdelayed in
infected micethat devel oped EAE, the peak disease score
issimilar to uninfected micewith EAE suggesting that the
protective effect of schistosomiasis may be primarily at
the induction stage. In addition to live infection with S.
mansoni, a recent study has shown that injection of a
high number of the eggs alone has a similar effect on the
course of EAE and that protection is only evident when
the eggs are injected before disease onset (Sewell et al.
2003). Together these studies indicate that schistosomia-
Sis protects against the induction of EAE and that egg-
induced responses alone can mediate this protection.

REDUCTION IN SELF-REACTIVE TH1 RESPONSES

As EAE is mediated by myelin protein-specific Thl
responses, the effect of schistosome infection on these
responses was investigated. Real time PCR analysis of
spinal cord transcripts and myelin peptide-specific T cell
responses in the spleen showed a similar reduction in
IFN-y and other pro-inflammatory mediators (IL-12p40,
TNF-a, and NO), but no differencein thelevelsof IL-10
was observed (LaFlammeet al. 2003). In addition, while
low levels of 1L-4 were produced by antigen-stimulated
splenocytes from uninfected micewith EAE, noIL-4 was
produced by myelin peptide-stimul ated splenocytesfrom
S mansoni-infected micewith EAE (LaFlammeet a. 2003).
Despite the absence of antigen-specific Th2 responsesin
infected micewith or without disease, polyclonal stimula-
tion of splenocytesinduced enhanced Th2 cytokine pro-
duction compared to uninfected micewith or without EAE
(Fig. 1). Interestingly, immunization with adjuvant alone
appeared to enhance Th2 cytokine responses in infected

mice (Fig. 1), and this increase was also evident in the
serum of thesemice (LaFlammeet a. 2003). Thedetection
of Th2 cytokines in the serum of infected mice suggests
that this systemic Th2 environment could be mediating
the protection afforded by schistosomeinfection. Indeed,
Sewell et al. (2003) showed that the protective effect of
schistosome egg injection isabolished in STAT-6-/- mice,
which cannot develop Th2 responses, and this finding
supports our conclusion.

ALTERED CNS INFLAMMATION AND ENHANCED RE-
SOLUTION

The induction of EAE is dependent upon theinfiltra-
tion of autoreactive T cellsintothe CNS. Thedelay inthe
onset of disease by schistosomiasis correlates to an ab-
sence of lesion development inthe CNS. Whilethe devel-
opment of disease in schistosome infected mice corre-
latesto theinfiltration of inflammatory cellsin the CNS,
the composition of theseinfiltratesissignificantly differ-
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Fig. 1: schistosome-infected mice with EAE have enhanced Th2
responses compared to uninfected mice with EAE. C57BL/6 mice
were infected percutaneously with 70 Schistosoma mansoni cer-
cariae and immunized with myelin oligodendrocyte glycoprotein
peptide 35-55 (MOG) in complete Freund's adjuvant (CFA) 6 weeks
later as described (13). Two weeks after immunization splenocytes
were isolated and stimulated with 3 pg/ml Con A for 72 h. IL-4 (a)
and IL-10 (b) were measured by ELISA; schisto: schistosome-in-
fected, CFA-injected; M/C: MOGI/CFA injected; SMC: schistosome
infected, MOG/CFA injected. Shown are the means and SEM from 1
of 2 identical experiments.

TABLE |
Initiation and progression of experimental autoimmune encephalomyelitisis altered by schistosomiasis
Day of disease Day of peak
Treatment group  Incidence (%) 2 onset (avg) disease (avg) Peak disease (avg) Nr of mice
MC 82 12.3 +/- 0.62 16.1+/- 0.75 35+/-04 11
SMC 57 18.3+/-3.0P 233+/-39P 31+-0.2 7

Shown are theresultsfrom 1 of 3 similar experiments except incidence, which has been cal culated from 3 experiments; a: p < 0.03,
MC vs SMC incidence; paired t test from 3 experiments; b: p < 0.03, MC vs SMC



Mem Inst Oswaldo Cruz, Rio de Janeiro, Vol. 99(Suppl. 1), 2004 35

ent from uninfected mice with EAE. At peak disease, the
number of infiltrating macrophagesissignificantly reduced
as detected by F4/80 immunohistochemical staining (La
Flamme et al. 2003) and by Mac-1M9"/CD45M 9" expres-
sion analysis by flow cytometry (Table Il). In contrast,
CDAT cell infiltration was similar at peak disease (Table
I1). However, by 6 weeks after theinduction of EAE, there
wasamarked reductionin CNSinflammation in the schis-
tosome infected mice that developed EAE compared to
uninfected micewith EAE (LaFlammeet al. 2003). This
reduction included CD4 T cells, CD8 T cells, macroph-
ages, and neutrophilsbut not microglial cells(LaFlamme
et a. 2003). These results suggest that in addition to de-
laying the onset of disease, schistosomiasis may also
accelerate theresolution of CNSinflammation.

MECHANISM OF PROTECTION

The protection afforded by schistosomiasis may be
mediated by several potential mechanisms, which include
but are not limited to: inhibition of autoreactive T cell
induction, the counter-regulation of self-reactive Thlre-
sponses by Th2 cytokines, and alteration in the cellular
activation required to allow auto-reactive T cellsto breach
theblood-brain barrier. Our resultsdemonstrate that MOG-
specific T cells do develop as evidenced by the produc-
tion of MOG-specific IL-10and IFN-y (albeit at low levels)
(LaFlamme et al. 2003). Because the systemic environ-
ment contains high levels of circulating Th2 cytokines, it
ispossiblethat these cytokines may be playing acounter-
regulatory rolein Thl development and associated effec-
tor functions. This conclusion is strongly supported by
the work of Sewell et al. (2003), who demonstrated that
schistosome egg-mediated protection is dependent upon
STAT-6 and thus Th2 response induction. This require-
ment for Th2 responsesin protection against EAE cannot
be directly assessed during live schistosome infection as
schistosome-infected mice suffer a severe and fatal dis-
easein the absence of Th2 responses (Brunet et al. 1997).
Previous work in EAE supports the protective effect of
Th2 responses and in particular I1L-4 during EAE, since
treatment of mice with IL-4 can significantly reduce the
severity of EAE (Shaw et al. 1997). Additionally, thelL-4
expression in the CNS correlates with disease recovery
and remission from relapsing episodes (Begolka et al.
1998). Moreover, IL-4 can directly reduce the ability of
encephalogenic Thl cellsto induce disease (van der Veen
& Stohlman 1993).

Other immune-mediated diseases can be altered by
schistosomeinfection. Recent work has demonstrated that
the onset of diabetes in NOD mice can be inhibited by
schistosomeinfection or theinjection of schistosome eggs
or antigens before the onset of disease (Cookeet al. 1999,
Zaccone et al. 2003). The authors concluded that alter-
ations in the innate immune responses after exposure to
schistosome antigens led to the protection against au-
toimmune disease induction. Specifically, Zaconne et al.
(2003) demonstrated that bone marrow dendritic cells ex-
posed to schistosome antigens in the presence of li-
popolysaccharide induced the production of IL-10 and
reduced IL-12 production. In a similar manner, we have
found that IFN-y-stimulated bone marrow-derived mac-
rophages produce more IL-10 and less IL-12p40 after
stimulation with LPSin the presence of schistosome egg
antigens (Fig. 2). In light of the fact that activated mac-
rophages and IL-12p40 are essential for the induction of
EAE, these results suggest that schistosomiasis may be
inhibiting the onset of EAE by altering macrophage acti-
vation to reflect amore anti-inflammatory nature. Whether
this protection is mediated solely by macrophages or by
other cells of the innate immune system as shown by
Zaccone et al. (2003) remainsto be determined.
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Fig. 2: schistosome products alter LPS-induced cytokine produc-
tion by macrophages. Bone marrow macrophages (5 x 105/ml)
were stimulated with IFN-y (20 U/ml) overnight and exposed to
LPS (10 ng/ml), schistosome antigen (8.5 pg/ml; SEA), or SEA
complexed with serum (1:100 dilution) from infected mice
(SEA:Smig) for 8 h. IL-12 (&) and IL-10 (b) were measured by
ELISA. Shown are the means and SEM from 1 of 3 identical experi-
ments.

TABLE I
Cell typesin the spinal cord at peak disease (20 days after immunization)

CD4+ CD8+ B220+ Mac-1+ CD45 high CD45 int. Average

CD45+ CD45+ I-Ab+ Gr-1+ Mac-1 + Mac-1 + EAE score
Expected cell type ~ CD4+ T cells CD8+ T cells B cells Neutrophils Macrophages  Microglia
Normal 0.8 04 0.4 0.8 17 40 NA
Schisto 14 21 0.8 0.9 6.5 49 NA
MC not sick 8.0 2.0 0.4 3.6 14 44 0
MC sick 16 30 0.5 17 89 58 275
SMC not sick 12 15 0.4 32 4.3 40 0
SMC sick 15 12 0.4 35 5.4 62 2.75
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CONCLUSION

Current research has shown that schistosomiasis can
offer protection against the devel opment of several non-
infectious immune-mediated diseases (La Flamme et al.
2003, Zaccone et a. 2003). While the precise mechanism
behind this protection is not known and may differ with
specific diseases, it is clear that aterationsin innate im-
mune responses and in the development or regulation of
acquired immune responses play critical rolesin the sup-
pression of immune mediated diseases by schistosome
infection. Furthermore, as studies have demonstrated that
exposure to specific components of schistosomes (eggs
and egg or worm antigens) can offer protection, it is pos-
sible that by understanding the precise mechanism by
which these components inhibit disease a greater under-
standing of how immune-mediated diseases like MS or
diabetes can be inhibited will be gained.
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