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SUMMARY

We have recently shown that soluble extracts from
Schistosoma mansoni eggs (SmEA) triggered basophils
from nonsensitized donors to rapidly release interleukin
(IL)-4. Assuming that this mechanism might play a role in
vivo in biasing the immune response towards a Th2
phenotype, we determined basic properties of the IL-4-
inducing activity contained in SmEA. Sensitivity to pepsin
digestion indicated protein nature. Binding to and specific
elution from Concanavalin A-sepharose suggested that this
protein contains mannose residues, thus being a glycopro-
tein. The IL-4-inducing activity was stable for 30 min at
room temperature towards shifting the pH between 3 and
10. When incubated at 100°C, it was stable at pH 3, but less
stable at neutral and alkaline pH. Electroelution from an
SDS-PAGE gel indicated an apparent molecular weight of
the IL-4-inducing activity between 31 and 66 kDa.
Although binding to purified human immunoglobulin E
(IgE) and activating basophils IgE-dependently, SmEA
appears to activate basophils in a non-antigen-specific
way, since the cells were purified from noninfected donors.
Because the IL-4-inducing activity was found to be released
from eggs, it could be an important factor in the
environment of the eggs skewing the immune response
towards the Th2 phenotype.
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INTRODUCTION

Infections with the parasitic trematode Schistosoma
mansoni are characterized by a pronounced systemic Th2
response following deposition of eggs in both humans and
experimental animals (1,2). A more thorough understand-
ing of the mechanisms by which this parasite manipulates
the immune system of its hosts may permit general
insights into the switch to the Th2 phenotype. Interleukin
(IL)-4 is the major cytokine that induces B-cells to switch
to immunoglobulin (Ig)E production. Moreover, when
present early during an immune response, IL-4 is con-
sidered to be a key factor for promoting Th2 differen-
tiation. Several cell types are discussed as a source of
early IL-4 (3). Basophils could be such a source because,
upon antigen-specific or nonspecific stimulation, these
cells quickly release considerable amounts of IL-4 in vitro
(4-7). As motile cells, they are able to migrate into
affected tissues and may provide naive T helper cells with
IL-4 during priming. For investigation of basic mechan-
isms of polarization towards a Th2-response, infections
with parasitic helminths are suitable models, since
helminths are very reliable triggers of IL-4 and IgE
production. The eggs of S. mansoni are well known to be
potent inducers of IL-4; they can promote a strong Th2-
response in naive mice even against ‘bystander’ antigens
(8). Therefore, we used Schistosoma mansoni eggs (SmEA)
to stimulate human basophils in order to investigate the
mechanisms of their IL-4 production. As previously pub-
lished (4), basophils from healthy human donors release
IL-4 after incubation with SmEA. We have now charac-
terized several basic properties of the IL-4-inducing activity
in SmEA and demonstrate that this activation is dependent
on the presence of polyclonal, non-antigen-specific IgE on
the surface of basophils.
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MATERIALS AND METHODS

Materials

SmEA and supernatant from live S. mansoni eggs were
obtained from Dr F.Yousif (SBSP, Theodor Bilharz
Research Institute, Guiza, Egypt). SmEA was prepared
according to Boros & Warren (9) and Carter & Colley (10).
In brief, eggs isolated from mouse liver were homogenized
in 0-01 M phosphate buffer pH 7-4 and centrifuged. The
supernatant was ultracentrifuged and the clear supernatant
was ultrafiltered and lyophylized. For the excretory/
secretory compounds 200 000 isolated eggs were incubated
in RPMI 1640 containing FCS for 18 h. IgE(PS) was a kind
gift of Dr K. Ishizaka (La Jolla Institute for Allergy and
Immunology, La Jolla, CA, USA). Iscove’s modified
Dubecco’s medium, penicillin and streptomycin were
from Gibco BRL (Paisley, UK); FCS was from Boehringer
Mannheim (Mannheim, Germany); EDTA and Tween 20
were from Merck (Darmstadt, Germany); ionomycin,
bovine insulin, Trypan Blue, May-Griinwald stain, porcine
pepsin and human transferrin were from Sigma (Deisenhofen,
Germany); Ficoll was from Biochrom (Berlin, Germany);
recombinant human (rh)IL-3 was a kind gift of Kirin
(Gunma, Japan); rhIL-4 was purchased from Genzyme (No.
2181-01, Cambridge, MA, USA). Hank’s balanced salt
solution was from PAA Laboratories (Linz, Austria).

Purification of basophils

Basophils were purified by a three-step procedure as
described in Haisch et al. (11). Briefly, this procedure
consists of a Ficoll density gradient step, counterflow
elutriation and negative selection by magnetic cell sorting
(MACS). The mean purity of the basophils obtained by this
method is 96-7%.

Culture and stimulation conditions

Purified basophils at 10° basophils per well in a final
volume of 100 pl culture medium (Iscove’s Modified
Dulbecco’s Medium supplemented with 100 U/ml penicillin
G, 50 pwg/ml transferrin, 5 pwg/ml insulin, 100 pg/ml
streptomycin, 10% FCS) were incubated in round-bottom
96-well microtiter plates (Nunc, Roskilde, Denmark) at
37°C in humidified air containing 6% CO,. Because IL-3
enhances IL-4-production of basophils (1), all wells were
supplemented with IL-3, except the wells to which
ionomycin was added. The cells were incubated at the indi-
cated concentrations: SmEA: 40 wg/ml; IL-3: 10 ng/ml;
ionomycin: 1 pwMm. The supernatants were collected after
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18 h and stored at —20°C until IL-4 was assayed by
sandwich ELISA.

Stripping and resensitization of basophils

Basophils were incubated for 5 min on ice in 500 wl 0-01 M
lactate buffer pH 2-5 to remove bound IgE, washed with
4 ml Hank’s balanced salt solution supplemented with
4-2 mm NaHCOj; and 0-25% BSA, pH 7-4, and resensitized
with purified human IgE (200 ng/ml) for 1 h at 37°C in
culture medium. Total cell numbers and viability were
determined by Trypan Blue exclusion.

ELISA

Flat-bottomed microtiter plates (Maxisorp F96, Nunc) were
coated overnight at 4°C with mouse anti-human (h)IL-4
mAb (clone 8D4-8; Pharmingen, San Diego, CA, USA)
diluted 1 : 4000 in Tris (0-1 m Tris, 0-1 m NaCl, 2-5 mm
MgCl,, pH 7-5). Plates were washed seven times with
Tris-T (Tris/0-05% Tween 20) between incubation steps
on a rotating platform. Following incubation for 90 min
with samples or serial dilutions of rhIL-4 as a standard,
biotinylated rat anti-hIL-4 mAb (clone MP4-25D2;
Pharmingen) diluted 1 : 4000 in Tris-T/0-5% BSA was
added for 60 min. Afterwards the plates were incubated
with streptavidin-alkaline phosphatase (1 : 1000 in Tris-T/
0-5% BSA) for 60 min. The chromogen solution was
1 mg/ml p-nitrophenylphosphate in 0-1 M Tris, 0-1 M NaCl,
5 mMm MgCl,, pH 9-5. The absorption was read at 405 nm.

For IgE determination, the procedure was similar to the
IL-4-ELISA with the following differences: IgE(PS) was
used as standard; for coating mouse anti-hIgE-Ab (clone A
0094; Dako, Hamburg, Germany) was used (1 : 200 in Tris
buffer pH 7-5). As a second antibody, biotinylated goat
anti-hIgE-Ab (No. 2594; Tago, Brulingame, CA, USA)
(1 : 10 000 in Tris/Tween/0-5% BSA) was used.

SDS-PAGE according to Laemmli (12)

SmEA was added to nonreducing sample buffer [20 mm
Tris, pH 6-7, 2 mm EDTA, 2% (w/v) SDS, 25% (v/v)
glycerin, 0-02% (w/v) Bromophenol Blue] and separated by
discontinuous SDS-PAGE using 5% stacking gels and
homogeneous 12% separation gels. The proteins were
visualized by silver staining according to Heukeshoven &
Dernick (13) or eluted from the gel.

Electroelution from SDS-PAGE

The gel was stained with Roti-White inverse protein
staining (Roth, Karlsruhe, Germany) according to the
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manufacturer until the background was white and the
protein bands were still transparent. The gel was divided
into nine parts, the proteins were mobilized with mobilizing
buffer (25 mMm Tris, 50 mm EDTA, pH 8-3) and eluted by
electroelution in a Centrilutor microelectroelutor (Amicon,
Witten, Germany) according to the manufacturer into
microconcentrators (cut-off 10 kDa). The samples were
concentrated by centrifugation at 2000 g.

Test of sequestration of the IL-4-inducing activity

The lyophilized supernatant of 10° eggs from S. mansoni
incubated for 18 h in RPMI 1640 containing 10% FCS was
resuspended in 1 ml of aqua bidest and its IL-4-inducing
activity tested on basophils at various concentrations. 1L-4-
inducing activity was released into the supernatant only
when the eggs were cultured in the presence of FCS, but not
in its absence.

Treatment of SmEA with pepsin

SmEA (50 pg) and 0-08 g pepsin in 25 pl PBS (137 mMm
NaCl, 3 mm KCI, 8 mm Na,HPO,, 1.5 mm KH,PO,)
pH 2-2 were incubated at 37°C for 0, 15, 30, 60, 120 and
720 min. For inactivation of the enzyme, all samples were
incubated at 70°C for 15 min and subsequently tested for
IL-4-inducing activity.

Determination of temperature stability at low
and high pH

SmEA (2 mg/ml PBS) was adjusted to pH 3, pH 7-4 and
pH 10 with 1 M HCI or 1 m NaOH and 20 pl aliquots
incubated at 20-100°C for 30 min in a water bath.
Subsequently, the denatured proteins were removed by
centrifugation (10 min, 1000 g) and the supernatants tested
for IL-4-inducing activity.

Affinity chromatography of SmEA with
Concanavalin A (Con A)

Con A-sepharose (0-5 ml; Amersham-Pharmacia, Freiburg,
Germany) packed into a 1-ml syringe onto glass fibre filters
(Schleicher & Schuell, Dassel, Germany) was washed with
10 ml buffer I (0-01 m Tris, 0-5 m NaCl, 1 mm MgCl,,
1 mMm CaCl,, pH 8). Since Con A stimulates basophils to
release IL-4, the sepharose was first ‘eluted’ with 2.5 ml
buffer II (buffer I with 0-2 M methyl-o-D-mannopyrano-
side) to determine if Con A leaches from the sepharose
under elution conditions. Afterwards, the affinity gel was
equilibrated with 10 ml buffer I and 25 pl SmEA (2 mg/ml)
was applied onto the column. Subsequently, the column
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was washed with 5 ml buffer I (effluent) and eluted with
2-5 ml buffer II. Effluent, eluate and control eluate were
concentrated and washed with PBS pH 7-4 at 2000 g using
microconcentrators (cut-off 30 kDa, Amicon).

Purification of polyclonal human IgE

Polyclonal human IgE was purified by a three-step
procedure from human plasma with high concentrations
of IgE. To 120 ml of ice-cold EDTA-plasma, 36 ml
saturated ammonium sulphate solution were added drop-
wise and incubated overnight at 4°C while stirring. The
precipitated proteins were removed by filtration (cut-off
1 pm). The filtrate was concentrated and washed with 10
volumes of Tris/NaCl (0-05 m Tris with 0-1 M NaCl, pH 8)
in an ultrafiltration chamber (cut-off 100 kDa; Amicon).
The filtrate was further purified by affinity chromatography
with anti-IgE sepharose (monoclonal mouse anti-hIgE
antibodies HP 6029 and HP 6061, Hybridoma Reagent
Laboratory, Baltimore, MD, USA; 0-5 mg of each antibody
being coupled to each ml packed sepharose). Before elution
with 6 ml 0-05 M glycine buffer, pH 2-5, the sepharose was
washed six times with 0-05 M Tris pH 8 and twice with
0-05 M Tris pH 4. To neutralize the eluate, 600 pl of 0-5 M
Tris pH 8 were added immediately. The purity of the IgE
was evaluated by SDS-PAGE with subsequent silver
staining and the amount was determined by sandwich
ELISA. The SDS-PAGE showed two bands (at 190 kDa
and in a higher molecular weight range) that bound anti-
hIgE following blotting onto nitrocellulose membrane, with
the higher molecular weight-band presumably correspond-
ing to complexed IgE.

Affinity chromatography of SmEA with IgE

Mouse anti-hIgE-Ab (1 mg) (clone A 0094; Dako) was
coupled to 172 mg CNBr-activated sepharose 4 B and
packed into a 1-ml syringe onto glass fibre filters. Purified
human IgE (157 wg) was incubated on the column and
washed five times with 1 ml PBS pH 7-2. Thereafter,
400 wg SmEA was applied prior to washing five times with
1 ml PBS. Subsequently, the column was eluted with
0-05 m glycine buffer pH 2-5. The content of IgE of the
eluate was measured by ELISA.

RESULTS

The IL-4-inducing activity is released from

S. mansoni eggs

To determine whether the IL-4-inducing activity is released
from the schistosome eggs, basophils were stimulated with
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Figure 1 The IL-4-inducing activity is released by S. mansoni eggs.
Basophils were stimulated with 18 h culture supernatant from various
numbers of eggs. The IL-4-production from 10° basophils following
stimulation with supernatant from 125 eggs was equivalent to the
amount released upon stimulation with 40 g SmEA. Spontaneous
release of IL-4 was subtracted from all data.

culture supernatant of various numbers of S. mansoni eggs.
As shown in Figure 1, IL-4 was released dose-dependently.
This observation indicates that the IL.-4-inducing activity is
not a structural component of the eggs such as lacto-
N-fucopentaose III, which has been reported to switch
the immune response towards Th2 (14). Importantly, the
IL-4-inducing activity belongs to the excretory/secretory
compounds released from S. mansoni eggs.

The IL-4-inducing activity is a protein

SmEA is a complex mixture of different compounds (10).
To investigate whether the IL-4-inducing activity is a
protein, SmEA was digested for various time intervals with
pepsin. Following pepsin digestion, the samples were
heated for 15 min at 70°C in order to inactivate the pepsin.
Separation of the samples by SDS-PAGE showed that after
15 min incubation with the protease, the majority of the
proteins in SmEA was degraded. After digestion for 60 min
or longer, only small peptides were left (Figure 2a). When
these samples in which the proteins were completely
degraded were incubated with human basophils, no IL-4-
inducing activity was detected (Figure 2b). The pepsin
sensitivity indicates protein nature of the IL-4-inducing
activity.

Temperature and pH stability of the IL-4-inducing
activity

To further characterize the IL-4-inducing activity, its tem-
perature stability at different pHs was investigated. Aliquots
of SmEA at pH 3, pH 74 and pH 10 were incubated at
temperatures between 20°C and 100°C for 30 min. At pH 3,
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Figure 2 The IL-4-inducing activity is digested by pepsin. SmEA at
pH 2.2 was incubated for 0, 15, 30, 60, 120 and 720 min.
Subsequently, all aliquots were heated for 15 min at 70°C to inactivate
pepsin and separated by SDS-PAGE followed by silver staining (a).
Furthermore, all aliquots were incubated with basophils from three
human donors (b). No IL-4-inducing activity was detectable after

60 min (values in percent; arithmetic means = SEM). At this time, all
proteins were digested by the pepsin. Spontaneous release of IL-4 was
subtracted from all data.

the activity was thermoresistant up to 100°C; at pH 7-4 up to
70°C, whereas at pH 10, the activity was stable only up to
50°C. At pH 10, only half of the activity was measurable
after incubation at 60°C (Figure 3). In conclusion, the TL-4-
inducing activity proved to be most stable at acidic pH,
where it was found to resist boiling for 30 min.

The IL-4-inducing activity binds to Con A

Some already characterized proteins in SmEA are glycopro-
teins that can be enriched by Con A-affinity chromatography
(15-17). Con A is a lectin that preferentially binds
mannose (6). To investigate whether the IL-4-inducing
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Figure 3 Temperature stability of the IL-4-inducing activity at acidic,
neutral and alkaline pH. Basophils from seven healthy human

donors were stimulated with aliquots incubated for 30 min at the
temperatures and pHs indicated. At pH 3, the IL-4-inducing activity
was completely stable up to 100°C; at pH 7-4 wp to 70°C and at pH 10
only up to 50°C (values in percent; arithmetic means = SEM).
Spontaneous release of IL-4 was subtracted from all data.

activity belongs to these glycoconjugates, Con A-affinity
chromatography was performed. No IL-4-inducing activity
was detectable in the effluent, indicating that the IL-4-
inducing activity completely bound to Con A. Methyl-a-D-
mannopyranoside was successful in elution, strongly
suggesting the presence of glycostructures in the IL-4-
inducing activity, presumably including mannose residues.
Since Con A itself can activate basophils to release 1L-4
(6,18), the control eluate (eluate of Con A-sepharose to
which no SmEA had been applied) was also tested for IL-4-
inducing activity. It did not activate the basophils,
excluding leaking ConA as a source of artificially positive
results (Figure 4a). Together with the pepsin sensitivity,
these results indicate a glycoprotein nature of the IL-4-
inducing activity in SmEA.

The molecular weight of the IL-4-inducing activity
lies between 31 and 66 kDa

To assess the molecular weight of the IL-4-inducing
activity, the Con A-eluate was separated by SDS-PAGE
and the gel was cut into nine pieces. After electroelution,
two adjacent fractions corresponding to the molecular weight
range between 31 and 66 kDa were shown to contain the
IL-4-inducing activity (Figure 4b).

SmEA-induced cell activation depends on the
presence of IgE

Basophils and mast cells can be activated in two ways: IgE-
independently, e.g. by ionophores or complement factors
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Figure 4 (a) The IL-4-inducing activity binds to Con A-sepharose.
Basophils of three human donors were incubated with effluent, eluate
and control eluate (C. Eluate: eluate of Con A sepharose prior to
incubation with SmEA) of the Con A affinity chromatography of
SmEA. Nearly 70% of the activity were eluted by methyl-a-D-
mannopyranoside; in the effluent and the control eluate no activity was
detectable (values in percent; arithmetic means = SEM). Spontaneous
IL-4 release was subtracted from all data. (b) Determination of the
approximate molecular weight of the IL-4-inducing activity. The IL-4-
inducing activity, enriched by Con A affinity chromatography, was
separated by SDS-PAGE. Subsequently, the gel was sliced into nine
pieces and subjected to electroelution. The activity was detected in
two adjacent fractions which correspond to molecular weights of 31—
66 kDa. Spontaneous release of IL-4 was subtracted from all data.

(19,20), and IgE-dependently, e.g. by allergens and specific
lectins (6,18,21). To determine whether the activation of
basophils by SmEA was dependent on IgE, surface IgE was
stripped from the basophils at low pH prior to resensitiza-
tion with purified IgE. Native, stripped and resensitized
basophils were stimulated with SmEA (Figure 5). While, in
stripped basophils, SmEA-induced IL-4 release was clearly
reduced nearly to the level of the spontaneous release, it
recovered in resensitized basophils. Stimulation with iono-
mycin showed unimpaired IL-4-release under all con-
ditions, demonstrating functional integrity of the cells.
These results indicate that the activation of human
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Figure 5 Resensitization of basophils with purified human IgE
restores SmEA-induced IL-4-secretion. Native basophils were stripped
with lactate buffer pH 2.5 (Strip) and resensitized (Resens) with
purified human IgE and subsequently incubated with ionomycin (Iono)
or SmEA. Following stripping, SmEA-induced IL-4-release was
dramatically reduced. This effect could be reversed by resensitization
with purified IgE. IL-4-production after stimulation with ionomycin as
functional control was not altered, indicating functional integrity of the
basophils. Spontaneous release of IL-4 was subtracted from all data.

basophils is dependent on the presence of IgE on the
surface of the cells.

The IL-4-inducing activity binds to IgE

The binding of the IL-4-inducing activity to human IgE was
demonstrated by affinity chromatography of SmEA with
purified human IgE. No activity could be detected in the
effluent of an anti-hIgE sepharose saturated with purified
human IgE which was incubated with SmEA (Figure 6).
After elution with glycine buffer, pH 2-5, 33% of the
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Figure 6 Affinity chromatography of SmEA with human IgE bound to
anti-IgE sepharose. A column with anti-hIgE-antibodies coupled to
CNBr-activated sepharose was saturated with purified polyclonal
human IgE, incubated with SmEA and the effluent collected.
Subsequently, the column was eluted with 0-05 M glycine buffer

pH 2-5 (Eluate). After incubation with basophils from six human
donors, IL-4-inducing activity was only detected in the eluate fraction
(values in percent; arithmetic means * SEM). Spontaneous IL-4
release was subtracted from all data.
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applied IL-4-inducing activity could be detected in the
eluate. The activity seemed to be eluted together with
bound IgE, since approximately 40% of the bound IgE were
also eluted. In an additional approach, affinity chromato-
graphy was performed with purified IgE directly coupled to
sepharose and incubated with SmEA. Again, the effluent
did not induce IL-4 from basophils. When the column was
eluted with acidic buffer (pH 2-5), no IL-4-inducing
activity could be detected either (data not shown). Since a
conventional antigen—antibody interaction would have been
disrupted under these conditions, this observation suggests
that the IL-4-inducing activity binds to IgE in an antigen-
independent manner.

DISCUSSION

In this study, important properties of the IL-4-inducing
activity of SmEA were characterized. It appears to be a
glycoprotein, with a molecular weight lying between 31
and 66 kDa, which is secreted from the eggs. It is highly
stable against heating at low pH and binds to IgE.

The IL-4-inducing activity was not only found in the
extract, but also in the culture supernatant from live
S. mansoni eggs, indicating that it is an excretory/secretory
product. This suggests that, following deposition, S. mansoni
eggs secrete this activity into the environment, which may
bias the immune response against the eggs towards the Th2
phenotype. Since SmEA is a complex mixture of different
proteins, glycoproteins, glycolipids, carbohydrates, DNA
and RNA (10,22-24), the substance class responsible for
induction of IL-4 in basophils was determined. The sensi-
tivity towards pepsin digestion indicates that this activity is
a protein, and Con A-affinity chromatography suggests the
presence of carbohydrate structures. Since ConA preferen-
tially binds to terminal a-D-mannose, branched mannose or
glucose, and the activity could be eluted with methyl-o-D-
mannopyranoside, it most likely is a glycoprotein contain-
ing mannose residues, which are common constituents of
N-linked glycans (25). Several already characterized,
immunologically relevant compounds of SmEA belong to
the Con A-binding fraction (22,26,27).

The assessment of the molecular weight of the IL-4-
inducing activity by SDS-PAGE, and subsequent electro-
elution, resulted in two adjacent fractions corresponding to
a molecular weight between 31 and 66 kDa which con-
tained the IL-4-inducing activity. Future investigations will
determine whether the size of the IL-4-inducing activity
ranges around the dividing line between the two gel slices
or whether its molecular weight stretches over the whole
range. Several other compounds derived from S. mansoni
have been described displaying a broader range of
molecular weight rather than an exact value as, for
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example, Major Serological Antigen 3 (MSA3) (19),
Cathodic Protein k 3 (28), both components of SmEA,
and Circulating Cathodic Antigen (CCA) from the digestive
tract of adult worms (29).

The activation of basophils by SmEA is dependent on the
presence of IgE on the surface of the basophils. High levels
of schistosome-specific IgE are associated with resistance
against infections with schistosomes in humans (30,31). As
reported earlier, low-pH stripping of IgE from basophils
results in reduced SmEA-induced IL-4-production. Subse-
quent resensitization with IgE-containing serum restored the
SmEA-induced IL-4-release (4). However, resensitization
with myeloma IgE(PS) did not restore SmEA-induced IL-4-
release of the basophils. The reasons for this observation are
not known. It could be due to the purity of IgE(PS) in case
the SmEA-induced IL-4-release was restored by a compo-
nent of the serum (e.g. complement factors). Another
possibility could be that IgE(PS) had an irrelevant specificity
or belonged to the ‘wrong’ type of IgE, since a heterogeneity
of IgE has been shown (32—-34). To clarify the role of IgE in
the stimulation of human basophils by SmEA, purified
human polyclonal IgE was used for resensitization instead of
serum. The results confirmed the assumption that IgE is
required on the surface of the basophils for stimulating these
cells by SmEA.

We have shown that the IL-4-inducing activity binds
directly to the IgE molecule. Schroeder et al. (34) and
Wantke et al. (35) have shown in their binding studies with
the recombinant human histamine releasing factor (HrHRF)
that an IgE-dependent factor does not necessarily bind to
IgE. The direct binding of the IL-4-inducing activity to IgE
was demonstrated in two different ways: First, by the
binding of this activity to purified human IgE bound to an
anti-IgE sepharose and by the subsequent elution of this
factor together with the bound IgE and, second, by binding
to human IgE coupled to sepharose. With respect to the
mechanism of action, the IL-4-inducing activity could bind
to IgE on the surface of basophils and crosslink it, leading
to activation of these cells and consequently IL-4-production.
Since all basophil preparations were derived from healthy
blood donors without a prior history of schistosomiasis, the
basophils in this study could not be expected to carry
schistosome-specific IgE. A possibility is cross-reactivity to
other Schistosoma species such as Trichobilharzia which
normally parasitize waterfowl. When cercariae of these
species penetrate the human skin, they are killed by a local
immune response, causing the so-called ‘swimmer’s itch’ in
sensitized persons. However, cross-reactivity is unlikely,
since it is improbable that the majority of the blood donors
came in contact with these parasites. Furthermore, binding
of antibodies to cross-reactive epitopes is normally weaker
than binding to the nominal antigen. Since the activity
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could not be eluted from the affinity column by the usual
elution methods from the affinity column, such a strong
binding is unlikely to be caused by cross-reactivity. Similar
to a variety of lectins, the IL-4-inducing activity might exert
its effect by binding to carbohydrate side chains. As an
alternative, the IL-4-inducing activity could bind to the
protein part of IgE including superallergens such as protein
A from Staphylococcus (SpA) or protein Fv (pFv) which
crosslink all classes of immunoglobulins not only from
humans, but also from other mammals, birds, reptiles,
amphibians and fish (36,37).

Taken together, the IL-4-inducing activity in SmEA
appears to be a glycoprotein with a molecular weight lying
between 31 and 66 kDa. It was shown to be released from
the eggs and to bind to IgE, presumably activating
basophils by crosslinking of receptor-bound IgE. Further
characterization of the IL-4-inducing activity should
facilitate future investigations in the field of IL-4-induction.
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