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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 234-24
elicit a strikingly immunodominant Th-1-polarized response in C3H and CBA mice, which &re H-2
strains characterized by severe egg-induced immunopathology. Two additional recently described T
cell-sensitizing egg antigens aBchistosoma mansomphosphoenolpyruvate carboxykinase (Sm-
PEPCK) 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 im-
munogenicity 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 im-
mune 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 reduc
ing pathology.
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Infection with Schistosoma mansorauses nificantly larger egg granulomas than the C57BL/6
hepatic granuloma formation and fibrosis in re{BL/6) and BALB/c strains.
sponse to parasite eggs; however, the magnitude Granuloma formation is dependent on, and me-
of resulting disease varies greatly, both in humardiated by, MHC class-Il-restricted CD4+ T helper
as well as in an experimental mouse model. In h§Th) lymphocytes with specificities directed against
mans, clinical schistosomiasis ranges from a relagg antigens (Mathew & Boros 1986, Hernandez et
tively benign and symptomless “intestinal” formal. 1997a), and can occur in environments domi-
to a less frequent but severe “hepato-splenic” forrmated by either Th-1-or Th-2-type cytokines (Pearce
characterized by hepatic fibrosis, portal hyperteret al. 1991, Chikunguwo et al. 1991, Henderson et
sion, gastro-intestinal hemorrhage and death. k. 1992, Wynn et al. 1993). Recent studies in hu-
mice, the CBA and C3H inbred strains develop signans 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-2-
\(/Svrsnot support from NIAID/NIH, USA, and from TDR/ 4,0 ovtokines, notably IL-10 (Araujo et al. 1996,
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that severe pathology in schistosomiasis is due the identity and cloning of the antigen, either by
a defective spontaneous down-regulatiomsearch of existing databases or by reverse genet-
(“immunomodulation”) of the pathogenic immuneics. This approach implicitly assures that each of
response, for which various mechanisms have betre selected molecules is a T cellimmunogen with
proposed. potential pathogenicity. T cell hybridomas and spe-

Despite considerable advances in the undecific polyclonal CD4+ Th cells are then reused to
standing of the immunopathological basis of theerify the stimulatory capacity and MHC restric-
granulomatous inflammation in schistosomiasis, thigon of the recombinant antigens, and of the corre-
nature of most of the T cell-sensitizing egg antisponding antigenic fragments and synthetic pep-
gens remains largely unknown. This contrasts wittides, in pursuit of the localization of the im-
the relatively more plentiful available informationmunodominant epitope(s). Egg antigens are typi-
about schistosomular and/or adult worm antigensal “exogenous” antigens that are processed in
of which several have been cloned and are cuaccessory cell vesicular compartments, where se-
rently considered as candidates for an anti-infedected peptides bind to the host's MHC class I
tion vaccine (Bergquist 1998). Egg antigens armolecules, which are then externalized and pre-
host-immunogenic glycoproteins that are primarilysented to specific CD4+ Th cells. The assessment
but not necessarily exclusively, associated with thef MHC class Il restriction of a particular antigenic
egg stage, and include those that are actively sgeptide is, therefore, an important step to deter-
creted and those that are released after the eggiine its relative immunogencity in context with a
death and disintegration. In any case, these egiven haplotype.
components become avai_IabIe for accessory ce[lhE MAJOR Sm-p40 EGG ANTIGEN
processing and presentation to T cells, and their .
immunogenicity and pathogenicity will vary inac- ~ SM-p40 is clearly the most abundant egg com-
cordance with genetically determined host factor@onent, representing approximately 10% of SEA
including the MHC haplotypes and the T cell rep(l:lgure, band 15). It was first reported as a family of
ertoire.

For many years, numerous efforts have been

made by several laboratories to elucidate the im- sk, YR
munogens present in SEA preparations. More re- ];
cently, egg components separated on the basis of *7* /e

their physical and chemical properties, have been T = /yam— *
tested functionally for their ability to stimulate 170 - ;g:
lymphoproliferation and cytokine production in e

vitro (Harn et al. 1989, Lukacs & Boros 1992). Even ,} ;:;
though these assays more closely ascertain their = 1 4
pathogenic potential, a precise identification of in- T S
dividual molecules has not been forthcoming. Fig- —

k AT — i K
ure represents an SDS-PAGE analysis that conveys . 7— Sm-PEPC

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 sen-
sitizing the host for granuloma formation, although
the precise number in each individual case is pres-
ently unknown.

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 mono-

‘\.__\

s A0
et
12
—~—13

45 = 14
15— Sm-p40
16

17
=18
—10
Lt -_H 20
o H— sm-GST29
—‘_-}ii"'-\-. ST,“_TPI_'i
‘—

clonal T cells (clones or hybridomas) derived fron$DS-PAGE profile of SEA on immunoblots stained with
infected or sensitized mice. Each T cell probe re@mido black. 30 discerible bands (1a-24) are shown. The

ognizing one particular band is used to track dow

ntigens described in this paper are indicated after the cor-
sponding bands. An asterisk indicates components cur-

the st@mulatory ma'ferial FhrOUQh the necessary puently under investigation. Molecular weight marker stan-
rification steps until partial sequences can lead ttards are indicated on the left. Frs: fractions.
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near identical 40 kDa proteins from eggs and mirafhe cloned, 626 amino acid recombinant Sm-PEPCK
cidia, and the 354 amino acid sequence of one effectively stimulates CD4+ Th cells from schisto-
the isoforms revealed substantial homology to akome-infected and SEA-immunized mice (Asahi et
pha crystallins androsophilasmall heat shock al. 2000); however, in three different infected mouse
proteins (Nene et al. 1986). We subsequently fourstrains, this response is distinctly polarized towards
that Sm-p40 was the antigen recognized by clongte Th-1 type. Sm-PEPCK 12-mer peptide 398-409
granulomagenic T cells (Chikunguwo et al. 1993)(DKSKDPKAHPNS) contains the T cell epitope
thereby documenting its pathogenicity; other laborecognized by the identifying T cell hybridoma and
ratories described Sm-p40 independently (Cao by polyclonal CD4+ Th cells. Most importantly, Sm-
al. 1993, Cai et al. 1996). The Sm-p40 antigen is strilrREPCK is also an immunogen in humans, as geneti-
ingly immunodominant in the large granuloma-form-cally influenced immune responses to Sm-PEPCK
ing H-X mouse strains such as C3H and CBA, asftave been detected in schistosomiasis patients in
was the sole antigen recognized by all members 8fazil (Bethony et al. 2000).

a panel of clonally distinct SEA-specific T cell hy-¢ . 1py .1

bridomas (Hernandez et al. 1997b). In contrast, none ) ) )

of the SEA-specific T cell hybridomas derived from  Another immunogenic schistosome egg com-
the small granuloma-forming BL/6 (H2pstrain re-  Ponent with an apparent molecular mass of 26 kDa
sponded to Sm-p40. The Sm-p40 antigen has Oﬁg}gure,.band 22) was recently identified as
immunodominant and at least two subdominant fhioredoxin peroxidase-1 (TPx-1), amember of a class
cell epitopes (Chen & Boros 1998, Hernandez et ;ﬂ_f antioxidant proteins called peroxiredoxins (Will-
1998). Close analysis of immunodominant 13me@ms etal. 2001). TPx-1 s secreted by the eggs and
peptide 234-246 PKSDNQIKAVPAS reveals D237h§l$ been |OC&1.|IZEd by lmmunohls_tochelmlcal analy-
as the MHC class Il (I-§-anchoring residue, and SIS t0 the region between the miracidium and phe
N238, Q239 and K241 as the principal TCR conta@ggshell (von Lichtenberg’s envelope). The native
residues (Hernandez et al. 1999a). Unexpected| x-1 effectively stlmulates prohferatlon and a mixed
the Sm-p40 antigen, as well as its immunodominardf-1 and Th-2-type cytokine production by CD4+
13mer peptide 234-246, elicit a mesenteric Iympﬂ-h cells from schl_stosome-lnfected BL/6 and CBA
node CD4+ T cell response that is strongly anflice; by comparison, the responses to the recom-
lastingly biased in favor of the Th-1 type (Cai et albinant TPx-1 are smaller and more pole_mzed toyvards
1996, Hernandez et al. 1998). This finding is signifithe Th-1type. Like Sm-PEPCK, TPx-1is arelatively
cant because the mature response to unfractionaftPnger antigen than Sm-p40 in BL/6 mice, whereas

SEA is polarized towards the Th-2 type (Pearce 1 the CBA strain Sm-p40 elicits a stronger response
al. 1991). Of equal significance is the distincthan TPx-1. TPx-1 has also been found to stimulate

immunodominance of Sm-p40 in large granuloma@ humoral response in BL/6, CBA and BALB/c mice;
forming H- mouse strains, as it raises the possi1® most significant antibody production takes
bility of a correlation between an elevated immunég!ace following parasite oviposition, peaks after 9
response against Sm-p40 and the magnitude of dvgeeks of infection and declines thereafter.

ease. Preliminary data suggest that this is also tb&HER EGG ANTIGENS

case in humans (personal observations), although
more studies, currently in progress, are needed FB%
prove this point.

Partial sequence analysis of a 29 kDa egg com-
nent (Figure, band 21) recognized by a BL/6 T
cell hybridoma has revealed homology to a previ-
Sm-PEPCK ously reported isoform of glutathione-S-transferase

The first egg antigen discovered as a result of @ST) (Tiu etal. 1988). Other egg components are
direct match between a 62 kDa egg Component (Fiﬁurre.ntly bemg an_alyzed. Thgse are |nd|-Ca-ted Wlth
ure, band 7) and a specific BL/6 T cell hybridoma igSterisks in the Figure, and include moieties with
S. mansonphosphoenolpyruvate carboxykinasénolecular weights of 150-165 kDa (band 2a) and 19
(Sm-PEPCK), because an internal sequence froffpa (band 24); the availability of EST should facili-
the isolated molecule exhibited identity or near iderfte their identification. Several additional bands
tity with one found in this gluconeogenic enzymeShown in the Figure may be potentially immuno-
of various other species (Asahi et al. 1999). Spf#enic egg components that remain to be elucidated.
PEPCK elicits a solid proliferative response in CD4-t léast one of these probably represents leucine
Th cells from schistosome-infected mice, which, iffMinopeptidase (Xu etal. 1990).
contrast to Sm-p40, is significantly stronger in the DISCUSSION AND CONCLUSIONS
BL/6 than in the CBA strain. Moreover, the rela-
tively stronger cytokine response to Sm-PEPCK i
BL/6 mice is of a more balanced Th-1 and Th-2 typé.

The use of monoclonal T cell probes has made
possible to positively identify several schisto-
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some egg antigens. This strategy could eventualimmunomanipulation for the ultimate purpose of
lead to the identification, in order of importance, ofeducing disease.
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