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The Identification and Characterization of New
Immunogenic Egg Components: Implications for
Evaluation and Control of the Immunopathogenic T Cell
Response in Schistosomiasis
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In schistosomiasis, granuloma formation to parasite eggs signals the beginning of a chronic and
potentially life-threatening disease. Granulomas are strictly mediated by CD4+ T helper (Th) cells
specific for egg antigens; however, the number and identity of these T cell-sensitizing molecules are
largely unknown. We have used monoclonal T cell reagents derived from egg-sensitized individuals as
probes to track down, isolate and positively identify several egg antigens; this approach implicitly
assures that the molecules of interest are T cell immunogens and, hence, potentially pathogenic. The
best studied and most abundant egg component is the Sm-p40 antigen. Sm-p40 and its peptide 234-246
elicit a strikingly immunodominant Th-1-polarized response in C3H and CBA mice, which are H-2k
strains characterized by severe egg-induced immunopathology. Two additional recently described T
cell-sensitizing egg antigens are Schistosoma mansoni phosphoenolpyruvate carboxykinase (SmPEPCK) and thioredoxin peroxidase-1 (Sm-TPx-1). In contrast to Sm-p40, both of these molecules
induce a more balanced Th-1/Th-2 response, and are relatively stronger antigens in C57BL/6 mice,
which develop smaller egg granulomas. Importantly, Sm-p40 and Sm-PEPCK have demonstrated immunogenicity in humans. The findings in the murine model introduce the important notion that egg
antigens can vary significantly in immunogenicity according to the host’s genetic background. A better
knowledge of the principal immunogenic egg components is necessary to determine whether the immune responses to certain antigens can serve as indicators or predictors of the form and severity of
clinical disease, and to ascertain whether such responses can be manipulated for the purpose of reducing pathology.
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Infection with Schistosoma mansoni causes
hepatic granuloma formation and fibrosis in response to parasite eggs; however, the magnitude
of resulting disease varies greatly, both in humans
as well as in an experimental mouse model. In humans, clinical schistosomiasis ranges from a relatively benign and symptomless “intestinal” form
to a less frequent but severe “hepato-splenic” form,
characterized by hepatic fibrosis, portal hypertension, gastro-intestinal hemorrhage and death. In
mice, the CBA and C3H inbred strains develop sig-
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nificantly larger egg granulomas than the C57BL/6
(BL/6) and BALB/c strains.
Granuloma formation is dependent on, and mediated by, MHC class-II-restricted CD4+ T helper
(Th) lymphocytes with specificities directed against
egg antigens (Mathew & Boros 1986, Hernandez et
al. 1997a), and can occur in environments dominated by either Th-1-or Th-2-type cytokines (Pearce
et al. 1991, Chikunguwo et al. 1991, Henderson et
al. 1992, Wynn et al. 1993). Recent studies in humans have demonstrated that a Th-1-biased
cytokine profile is preferentially associated with
hepato-splenic schistosomiasis (Mwatha et al.
1998), whereas patients with the milder intestinal
disease display elevated anti-inflammatory Th-2type cytokines, notably IL-10 (Araujo et al. 1996,
Malaquias et al. 1997). In mice, a common initial
Th-1 response to soluble schistosome egg antigens (SEA) switches to a mixed Th-1/Th-2 phenotype in the large granuloma-forming C3H strain
(Hernandez et al. 1998) and to an entirely Th-2 phenotype in the small granuloma-forming BL/6 strain
(Stadecker & Hernandez 1998). It has been surmised
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that severe pathology in schistosomiasis is due to
a defective spontaneous down-regulation
(“immunomodulation”) of the pathogenic immune
response, for which various mechanisms have been
proposed.
Despite considerable advances in the understanding of the immunopathological basis of the
granulomatous inflammation in schistosomiasis, the
nature of most of the T cell-sensitizing egg antigens remains largely unknown. This contrasts with
the relatively more plentiful available information
about schistosomular and/or adult worm antigens,
of which several have been cloned and are currently considered as candidates for an anti-infection vaccine (Bergquist 1998). Egg antigens are
host-immunogenic glycoproteins that are primarily,
but not necessarily exclusively, associated with the
egg stage, and include those that are actively secreted and those that are released after the egg’s
death and disintegration. In any case, these egg
components become available for accessory cell
processing and presentation to T cells, and their
immunogenicity and pathogenicity will vary in accordance with genetically determined host factors,
including the MHC haplotypes and the T cell repertoire.
For many years, numerous efforts have been
made by several laboratories to elucidate the immunogens present in SEA preparations. More recently, egg components separated on the basis of
their physical and chemical properties, have been
tested functionally for their ability to stimulate
lymphoproliferation and cytokine production in
vitro (Harn et al. 1989, Lukacs & Boros 1992). Even
though these assays more closely ascertain their
pathogenic potential, a precise identification of individual molecules has not been forthcoming. Figure represents an SDS-PAGE analysis that conveys
an idea of the complexity of SEA, showing at least
30 components with apparent molecular masses
ranging from <25 to >200 kDa. It is improbable that
all of these components are strong immunogens.
However, several of them likely contribute to sensitizing the host for granuloma formation, although
the precise number in each individual case is presently unknown.

the identity and cloning of the antigen, either by
search of existing databases or by reverse genetics. This approach implicitly assures that each of
the selected molecules is a T cell immunogen with
potential pathogenicity. T cell hybridomas and specific polyclonal CD4+ Th cells are then reused to
verify the stimulatory capacity and MHC restriction of the recombinant antigens, and of the corresponding antigenic fragments and synthetic peptides, in pursuit of the localization of the immunodominant epitope(s). Egg antigens are typical “exogenous” antigens that are processed in
accessory cell vesicular compartments, where selected peptides bind to the host’s MHC class II
molecules, which are then externalized and presented to specific CD4+ Th cells. The assessment
of MHC class II restriction of a particular antigenic
peptide is, therefore, an important step to determine its relative immunogencity in context with a
given haplotype.
THE MAJOR Sm-p40 EGG ANTIGEN

Sm-p40 is clearly the most abundant egg component, representing approximately 10% of SEA
(Figure, band 15). It was first reported as a family of

STRATEGY FOR THE IDENTIFICATION OF EGG
ANTIGENS

The basic approach taken by our laboratory is
to test the separated egg components (Figure) for
their ability to stimulate sets of SEA-specific monoclonal T cells (clones or hybridomas) derived from
infected or sensitized mice. Each T cell probe recognizing one particular band is used to track down
the stimulatory material through the necessary purification steps until partial sequences can lead to

SDS-PAGE profile of SEA on immunoblots stained with
amido black. 30 discernible bands (1a-24) are shown. The
antigens described in this paper are indicated after the corresponding bands. An asterisk indicates components currently under investigation. Molecular weight marker standards are indicated on the left. Frs: fractions.
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near identical 40 kDa proteins from eggs and miracidia, and the 354 amino acid sequence of one of
the isoforms revealed substantial homology to alpha crystallins and Drosophila small heat shock
proteins (Nene et al. 1986). We subsequently found
that Sm-p40 was the antigen recognized by cloned
granulomagenic T cells (Chikunguwo et al. 1993),
thereby documenting its pathogenicity; other laboratories described Sm-p40 independently (Cao et
al. 1993, Cai et al. 1996). The Sm-p40 antigen is strikingly immunodominant in the large granuloma-forming H-2k mouse strains such as C3H and CBA, as it
was the sole antigen recognized by all members of
a panel of clonally distinct SEA-specific T cell hybridomas (Hernandez et al. 1997b). In contrast, none
of the SEA-specific T cell hybridomas derived from
the small granuloma-forming BL/6 (H-2 b) strain responded to Sm-p40. The Sm-p40 antigen has one
immunodominant and at least two subdominant T
cell epitopes (Chen & Boros 1998, Hernandez et al.
1998). Close analysis of immunodominant 13mer
peptide 234-246 PKSDNQIKAVPAS reveals D237
as the MHC class II (I-Ak)-anchoring residue, and
N238, Q239 and K241 as the principal TCR contact
residues (Hernandez et al. 1999a). Unexpectedly,
the Sm-p40 antigen, as well as its immunodominant
13mer peptide 234-246, elicit a mesenteric lymph
node CD4+ T cell response that is strongly and
lastingly biased in favor of the Th-1 type (Cai et al.
1996, Hernandez et al. 1998). This finding is significant because the mature response to unfractionated
SEA is polarized towards the Th-2 type (Pearce et
al. 1991). Of equal significance is the distinct
immunodominance of Sm-p40 in large granulomaforming H-2k mouse strains, as it raises the possibility of a correlation between an elevated immune
response against Sm-p40 and the magnitude of disease. Preliminary data suggest that this is also the
case in humans (personal observations), although
more studies, currently in progress, are needed to
prove this point.
Sm-PEPCK

The first egg antigen discovered as a result of a
direct match between a 62 kDa egg component (Figure, band 7) and a specific BL/6 T cell hybridoma is
S. mansoni phosphoenolpyruvate carboxykinase
(Sm-PEPCK), because an internal sequence from
the isolated molecule exhibited identity or near identity with one found in this gluconeogenic enzyme
of various other species (Asahi et al. 1999). SmPEPCK elicits a solid proliferative response in CD4+
Th cells from schistosome-infected mice, which, in
contrast to Sm-p40, is significantly stronger in the
BL/6 than in the CBA strain. Moreover, the relatively stronger cytokine response to Sm-PEPCK in
BL/6 mice is of a more balanced Th-1 and Th-2 type.
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The cloned, 626 amino acid recombinant Sm-PEPCK
effectively stimulates CD4+ Th cells from schistosome-infected and SEA-immunized mice (Asahi et
al. 2000); however, in three different infected mouse
strains, this response is distinctly polarized towards
the Th-1 type. Sm-PEPCK 12-mer peptide 398-409
(DKSKDPKAHPNS) contains the T cell epitope
recognized by the identifying T cell hybridoma and
by polyclonal CD4+ Th cells. Most importantly, SmPEPCK is also an immunogen in humans, as genetically influenced immune responses to Sm-PEPCK
have been detected in schistosomiasis patients in
Brazil (Bethony et al. 2000).
Sm-TPx-1

Another immunogenic schistosome egg component with an apparent molecular mass of 26 kDa
(Figure, band 22) was recently identified as
thioredoxin peroxidase-1 (TPx-1), a member of a class
of antioxidant proteins called peroxiredoxins (Williams et al. 2001). TPx-1 is secreted by the eggs and
has been localized by immunohistochemical analysis to the region between the miracidium and the
eggshell (von Lichtenberg’s envelope). The native
TPx-1 effectively stimulates proliferation and a mixed
Th-1 and Th-2-type cytokine production by CD4+
Th cells from schistosome-infected BL/6 and CBA
mice; by comparison, the responses to the recombinant TPx-1 are smaller and more polarized towards
the Th-1 type. Like Sm-PEPCK, TPx-1 is a relatively
stronger antigen than Sm-p40 in BL/6 mice, whereas
in the CBA strain Sm-p40 elicits a stronger response
than TPx-1. TPx-1 has also been found to stimulate
a humoral response in BL/6, CBA and BALB/c mice;
the most significant antibody production takes
place following parasite oviposition, peaks after 9
weeks of infection and declines thereafter.
OTHER EGG ANTIGENS

Partial sequence analysis of a 29 kDa egg component (Figure, band 21) recognized by a BL/6 T
cell hybridoma has revealed homology to a previously reported isoform of glutathione-S-transferase
(GST) (Tiu et al. 1988). Other egg components are
currently being analyzed. These are indicated with
asterisks in the Figure, and include moieties with
molecular weights of 150-165 kDa (band 2a) and 19
kDa (band 24); the availability of EST should facilitate their identification. Several additional bands
shown in the Figure may be potentially immunogenic egg components that remain to be elucidated.
At least one of these probably represents leucine
aminopeptidase (Xu et al. 1990).
DISCUSSION AND CONCLUSIONS

The use of monoclonal T cell probes has made
it possible to positively identify several schisto-
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some egg antigens. This strategy could eventually
lead to the identification, in order of importance, of
most egg immunogens, assuming that the chance
of obtaining a T cell hybridoma for any given antigen is proportional to the frequency of T cell clones
with specificities for it. Another advantage of this
approach is that the isolated antigens are T cell
immunogens and thus likely involved in granuloma
formation, which is mediated by MHC class II-restricted CD4+ Th cells. These pathogenic T cells
recognize peptide epitopes on the egg antigens,
which is confirmed by their stimulation with recombinant antigens and synthetic peptides.
Of considerable interest is the observation that
the isolated egg antigens stimulate significant
CD4+ Th-1-type cytokine responses in CD4+ Th
cells at a time of infection when the overall T cell
response to SEA is inclined towards the Th-2 type.
This is particularly true in the case of the Sm-p40
antigen. In turn, recombinant antigens stimulate
even more Th-1-polarized responses than their natural counterparts. One plausible explanation for this
phenomenon is that natural antigens are
glycosylated and recombinant antigens are not.
Several N- and O- glycans and glycolipids capable
of inducing antibody responses have been described in the various stages of the schistosome
life cycle, including the eggs (Cummings & Nyame
1999), although the level of glycosylation of the
various antigens, or the type of glycan(s) attached
to them, have not been determined. For example,
indications from its amino acid composition and
relative electrophoretic mobility suggest that Smp40 is only lightly glycosylated. Another possibility is that factors in SEA, structurally unrelated to
these antigens, promote Th-2-type cytokine secretion. Regardless, it is likely that normal antibody
responses to glycans contribute to the development of a beneficial host-protective Th-2 milieu;
this notion stems from the observation that in Bless mice and in B7-1/B7-2 costimulatory moleculedeficient mice, which cannot mount normal antibody responses (Borriello et al. 1997), the hepatic
immunopathology may be hightened while the Th2 response to SEA fails to materialize (Hernandez
et al. 1999b, 1997c, Ferru et al. 1998).
In sum, the overall magnitude of immunopathology in schistosomiasis in any given individual
could be construed as the product of a predominantly cellular, anti-peptide, Th-1-polarized and
pathology-exacerbating response, counterbalanced
by a predominantly humoral, anti-glycan, Th-2-polarized and pathology-attenuating response, both
determined by the host’s genetic background. Future studies will lead to a more systematic elucidation of the relevant peptide and glycan molecules
and demonstrate if and how they can be subject to

immunomanipulation for the ultimate purpose of
reducing disease.
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