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Abstract

The relationship between the cercarial allergen and two previously isolated
egg allergens (J1, ]2) of Schistosoma japonicum was examined especially in terms
of the cross-reactivity between them. Semi-purified cercarial allergen (JAC) was
| obtained from the crude extract of S. japonicum cercariae by gel chromatography
on Sephadex G-200. The apparent molecular weight of JAC was estimated
approximately as 60-100 kDa. JAC could bind to Con A-Sepharose, indicating,
! its glycoprotein nature. Three groups of BALB/c mice were immunized with
’ JAC , J1 or J2 using A1(OH); as adjuvant, and the cross-reactivity of each anti-
serum was examined by PCA. Anti-JAC, anti-J1 or anti-J2 serum was highiv
specific to the corresponding antigen. When IgE-ELISA of S. japonicimn patient
sera was performed using JAC, J1 or J2 as an antigen, the correlation between
anti-J1 and anti-)2 (r = 0.78) was high, whereas the correlation between anti-JAC
and anti-J1 (v = 0.27) or between anti-]AC and anti-]2 (r = 0.12) was low. These
results suggest that most [gE epitopes on cercarial allergen are independent
from those on egg allergens in S, japonicum.
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IgF-dependent cytotoxicity of schistosomula has been
shown by many investigators (Anwar of a/.. 1980; Capron
et al, 1981; Kojima ef al., 1985; Verwacrde cof al., 1987).

Introduction

Schistosomiasis japonica exhibits the most severe

clinical symptoms among three types of schistosome
infections in human species maimnly because of the Jarge
number of eggs laid in the liver or intestine (Warren et al.,
1975). We and others have shown the importance of
immediate type hypersensitivity to allergens of the eggs
for granuloma formation around the deposited eggs in
loeal sites in Schistosoma japonicion infection (Ishii et af,
1982; Tracy & Mahmoud, 1982; Owhashi of al., 1989,
1990; Horil et al, 1990). To further clarify this, we
successfully isolated two major allergenic components
(11 and J2) from the crude extract of 5. faponicum eggs with
apparent molecular weights of Zo0K ard 46K, respectively
(Owhashi efal., 1987a). On the other haad, immediate type
hypersensitivity to invading schistosornula also possesses
another medical importance becavse b s concerned
with protective immunity agamst schistosome infections.

However, the relationship of the IgE epitopes of beiveen
the egg and cercariac allergens still remains unclear in
schistosomiasis japonica. In the present study, theretore, we
tried to characterize the cercarial allorgon ob S mponicun:
especially in terms of cross-reactivity to the veg allergen

Materials and methods
Mice
Female BALB/¢ mice were obtained from Japan HHC

(Flamamatsu, Japan), and used at 10 weoks of aue

[l

Preparation of cercarial extric!

Preparation of corcarial extractwas periormed according
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thod described previously (Horii of o, 1985). In
japoricum-infected snails {Oncomeliia n‘,bopl,com,
strain) wefe ciushed and put in fresh water, then
placed under light for 30 min. Cercariae were filtrated
withra No. 2 filter paper (Whatman, Springfield, UK), and
were washed with distilled water. The filter paper was
then rinsed with distilled water in an ice-chilled glass
dish to collect the cercariae. Concentrated cercariae were
frozen at -20°C and lyophilized. Lyophilized cercariae
were resuspended in 5.8 1 M PBS (pH 7.4) and homo-
genized with a Teflon homogenizer in an ice-chilled water

bath. The homogenate was incubated with mmng over-

night at 4°C, and then-centrifuged at 100,000 x ¢ for 1 h.

The supernatant was used as crude soluble cexcaxml
extract (Ce-ext). Protein con::cntrahon was measured by

the method of Lowrv et al. (1951) using bovine serum
albumin (BSA, A-4738, Sigma Chemmul Co., St. Louis,
Missouri, USA) as a standcud.

Preparation of purified egg allergens

BALB/c mice were infected with S. japonicum (Japa-
nese strain) by intraperitoneal injection of 30 cercariae.
Eight weeks later, eggs wete harvested from the intestine

t

according to the method described previousiy (Ishii ef al.,
1982). In short, the intestine was squeezed and disrupted
in PBS in Waring blender, and digested with 0.01%
pronase (Kaken, Tokyo, Japan) in PBS at 37°C for 2 h. The
solution was centrifuged at 2000 x ¢ for 5 min, and the
sediment containing eggs was digested again with 0.01%
pronase and 0.05% collagenase (C 0330 Sigma) in PBS
containing 0.1% glucose at 37°C for 3 h. It was sieved on
20 and 150 mesh and washed with 1.0% NaCl solution,
suspended in PBS and homogenized with a Teflon
homogenizer in an ice-chilled water bath. The mixture
was stirred overnight at 4°C and centrifuged at 100,000 x g
for 1 h. The supernatant was used as SEA. J1 and J2 wewe
purified from the crude SEA by a combination of repeatud
chromatography of the DE52 (Whatman) anion-exchange
column and the Sephacryl S-200 (Pharmacia, Uppsala,
Sweden) gel column as described previously (Ow}msn
i al., 1987a)

Sera

Schistosoma  japonicum patients’ sera were obtained
from an endemic area of the Sorsogon Province, Philip-
pines.. As a negative control, 20 sera of healthy Japanese
were used. Anti-allegen sera were obtained from female
BALB/c mice (10 weeks old) which were immunized
intraperitoneally with' 1 pg allergen in L myg ATO1)
adjuvant at weoekly intervals. Five weeks later, the mice
were bled. Sera from five mice of the same group were
pooled and used for PCA.

Enzyme-linked inoniunosorbent ssuy

Enzyme-linked  immunosorbent assay  (ELISA) tor
detecting spocific IgE Jovels was carried out as tollows
allergens wore coupk d to CNBr-activated paper discs as
described previously (Owhashi & 1 P Phe dis
were then incubated with 20 times diluted individu, |\
patients” sera for 3 h at room temperature. After \vavhnni,

three times with saline containing 0.05% Twoeen 20, the

hashi ef al.
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Fig. 1. Specific IgE antibody levels to cercarial extract in the sera

of Schistosoma _japoiticum  patients. Various™ concentrations of

crude cercaial extract (O) or crude SEA (@) 'were examined for

allergenicity determined by IgE-ELISA using 40 times diluted
pooled S. japonicum patient’s:serum.

discs were incubated with 40 times diluted b-galactosi-
mw labelled anti-human IgF (Kyushu ¥Kainos Co.,

Fukuoka, Japan) at 25°C for 20 h, and then washed four
times with 2.0 ml of saline containing 0.05% Tween20. The
discs were then incubated with 0.1 ml of substrate
solution (0.1% o-nitrophenyl-galactoside, 1.5mm Mg(Cl,
and 0.7% 2-mercaptoethanol in 0.05 m PB) at 37°C for 1 h.
The enzyme reaction was stopped by adding 0.3 ml ot 0.1
M Na2COs. The optical du\sxtv of the substrate solution
was measured at 420 nm. ELISA for detecting specific 1gC
levels was carried out according to the method of Tanaka
ot al. (1983) with slight modifications in the procedure. In
brief, each well of polystyrene micro-ELISA  plates
(Dynatech, M129A) was sensitized by incubating 0.1 m]
of seri-purified cercarial allergen (1 pg/ml) in carbonate
buffer at 4°C overnight. After three successive washings
with saline wntaumxg 0.1% Tween 20, 0.1 ml of serum,
diluted 1:200 was added to the each well. After incubation
at 377°C tor 1 h, the wells were washed three fimes and
then 0.1 mi of horseradish peroxidase-labelled  anti-
human IgG rabbit serum (gamma chain specific, Miles-
Yeda), diluted 1:2000, was added to cach well. The plates
were incubated at 37°C for 1 h. After was"nin;,, on7ymc
reaction was performed at 25°C for 1 h, using 0.2 m| of
o-phenylenediamine (‘vlgma) as a substrate. The reaction
was stopped by adding 25 41 of 8 N H:50,, and the
absorbance of vach well was read by the Titertek Multi
scan at a wavelength of 492 nm

Gel chromaivgzraphy

Gel chromatography of the crude  extract of o
l-z;mm'r‘um cercariac (Ce-ext) on Sephadex G-200 (1 "ha rma-
cia, Uppsala, Sweden) was portormed at 4°C using a L6
66 cm column equilibrated  with PBS. Llutnon Was
performed with PBS at a flow rate of 4 ml/h and 2.2 ml
fractic s were collected. rorsin tRochringer Mannheim
Cermany), BSA  (Sigma) and  a-chymo-trvpsinogen

(Sigma) were used as standards for calibration of the
Sephadex G-200 column,
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Atfinity chromatograpliy 0407 - =
Affinity chromatography of the semi-purified cercarial = é;
allergen (JAC) on Con A-Sepharose 4B (Pharmacia) was < 9
carried out using a column{Bi7 x 12 cm) equilibrated with 2 SR
Con A buffer (.1 v acetate butfer, pH 6.0, containing 0.5 M ™ - o015 B
NaCl, T ma CaCly, v MgCla and T mi MnCl,). Elution 2 0.051 s
was performed at a flow rate of 3.2 ml/h at 4°C, and 2.0 g L oo 'g'
ml fractions were collected. Bound materials were = 2
competitively eluted with 0.2 M methyl-e-D-glucoside in . & T ooos <
Con A buffer. The effluent and the eluate were dialysed- - 2 \ g
against PBS for ELISA. : < \ @
0.00 £E §pd VAT LS E — - 0.00 )
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PCA reaction Fraction numper” -~ 2.

PCA reaction was carried out according to the method
of Mota & Wong (1969) with slight modifications in the
procedure (Owhashi ef 4., 1987a). In short, male Sprague-
Dawley rats weighing 350-400 g were given intradermal
injections in a shaved area on the back with 0.05 ml of 100

times serially diluted serum. Four hours later, 1.0 ml of |

1% Evans blue saline solution was injected intravehous
followed by a challenge of intradermal injection with 0.0
ml of semi-purified cercariae allergen or purified egg
allergen (2 pg/ml) on the same point of the back. Bluing

of the sites was observed 30 min after the challenge from

inside the skin and the dilution causing bluing of more
than 8 mm in diameter was considered as the PCA
endpoint titre. The threshold was determined from the
size of bluing of normal serum as control.

Results
To compare IgE response to cercarial allergen with that
to egg allergen in S. japonicum infection, specific IgE
antibody level to Ce-ext or SEA was examined by ELISA
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Fig. 2 Cel chromatography of the crude extract of Schistosonu
japonicin cercariae (Ce-ext) on Sephadex G-200. Absorbance at
280 am () and the resolt of 1gE-ELISA (B) using pooled sera of
S, gapenicum patienis of each traction are shown. The allergenic
fraction (JAC) was ased as semi-purified corcarial allergen of 5.
Japonicin (see 361 Arrows indicate standards used for
calibration ot the Sephadex G-200 columns: Fer (forriting; BSA
fhovine serum atbuaming, Cym (echymotrypsinogen); NaCl
rodium chloride).
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Fig. 3. Affinity chromatography of JAC on Con A-Sepharose.
Absorbance at 280 nm (=) and the result of Igh-ELISA () qu each
fraction are shown; Me-Glu (methyl-o-D-glucoside).

using pooled S. japonicunt patients” sera (n = 20). As
shown in fig. 1, IgF antibody to Ce-ext was much higher
than that to SEA. To enrich the allergenic components,
crude Ce-ext (6 mg, 2 ml) was fractionated by gel
chromatography on Sephadex G-200. As shown in fig. 2,
two major peaks of absorbance at 280 nm were detected.
Each fraction was directly used for coupling antigen to
CNBr-activated paper discs, and the paper discs
were examined for [gE-ELISA using pooled S. japonicunt.
patient serum. The peak of allergenic activity was
observed between the two major peaks of absorbance at
280 nm. The active fractions were pooled and used as
semi-purified allergen of S. japonicum cercariae (JAC).
The apparent molecular weight of JAC was estimated
approximately as 60-100 kDa. We previously showed
that the allergenic (Owhashi & Ishii, 1981; Owhashi et al.,
1987a) or antigenic (Ishit & Owhashi, 1982} components
from S. japonicuin eggs are consistently glveoproteins tha

bind to Con A-Sephatose. To characterize the properties of
JAC, 2 mg of JAC (1.5 ml) was applied to Con A-Sepharose
column, and the bound materials were subsequently
cluted with mothvl-a-D-glucoside. After dialysis against
PBS, each fraction was examined for [gE-ELISA. As shown
in fig. 3, allergenic components of JAC were essentially
bound to Con A-Sepharose, indicating its glycoprotein
nature. The allercenic activity was completely Jost by
heating at 100°C Tor 30 min when determined by [gE-
ELISA. On the other hand, JAC retained approximately
50% activity after heating at 56°C for 30 min. To examine
the cross-reactivity of JAC with the purified s, japonicum
eog allorgens (11, 12), three groups of mice were immun-
ved with TAC, 11 or J2 using AT(OF), as adjuvant. PCA
titre of the pooled serum from each group was measured
by using TAC, J1 or )2 as a challenge antigen. As shown in
fi, <, anti-JAC, anti-J1 oranti-]2 serurm was highly specific
to the corresponding antigen. The titre of anti-]T or anti-]2
antibody was higher than that of anti-JAC. When Igk-

ELISA Of patents’ sera was performed tsing JAC, JTor |2
as an antigen, the correlation between anti-] AC andd anti-]1
(r = 0.27), or betwoeen anti-fAC and anti-[2 (r = 0.12) was
low (fig.5). Incontrast, the correlation between anti-] 1 and
anti-}2 was high (0 = 0.78), When spucific 1k antibody
levels o TAC of individual patients were compared with
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the specific [gG antibody levels to JAC, a high correlation

was not observed between them (fig. 6).

The main aim of this study is to characterize the major
allergen of S. japonicum cercariae, and to comnpare it with
the purified allergenic components from §. japoiiciim
eggs (Owhashi et al., 1987a). We have little information
about it, probably because the amount of available S.

Japonicum cercariae was too little to accomplish this study.

Another problem might be the heterogeneity of the
allergenic components. The soluble egg antigen (SEA) of
S. japonicurin (Owhashi & Ishii, 1981) or S. mansoni (Pierce
¢t al, 1983) also contains heterogeneous allergenic
components. Among them, we successfully isolated two
major allergenic components (J1, J2) from the crude SEA
by a combination of DE52 anion-exchange chromatogra-
phy and gel chromatography on Sephacryl S-200. In the
present study, we used Sephadex G-200 gel chromato-
graphy for the partial purificati rgenic compo-
nents from cercarial extract because of the limited amount
of the S. japonicum cercariae. Both J1and J2 bound to Con
A, and were sensitive to periodate treatment, indicating
their glycoprotein nature (Owhashi et al., 19872). J1 was
stable to heating at 100°C, whereas J2 was sensitive to
heating. The present study showed that cercarial allergen
also exhibits glycoprotein nature. However, the apparent
molecular weight of JAC is different from J1 (260 kDa) or
J2 (46 kDa) (Owhashi et al., 1987a). JAC is similar to J2, but
different from J1 in terms of the stability against heating.
Specific IgE antibody levels of individual patients to JAC
were not correlated with specific IgG antibody levels to
JAC (fig. 6). Similarly, we previously demonstrated that
specific IgE antibody levels to J1 or J2 are not correlated
with specific 1gG antibody levels to the respective antigen
(Owhashi ef al., 1987b). Depletion of 1gG antibody from
the sera did not affect the result of IgE-ELISA, indicating
that the blocking effect of IgG antibodies in IgE-ELISA is
slight in schistosomiasis japonica (Owhashi et al., 1987D).
Furthermore, we also showed that the results of the

1600 7

100':

PCA titre

107

J1 J2 JAC
Fig. 4.Cross-reactivity of cercarial allergen with egg allergen.
PCA titre of anti-J1 (8), anti-)2 serum (&) or anti-JAC ({J) raised

in BALB/c mice was examined using 2 ug/ml of JAC:J1 orj2 as
challenge antigen.
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Fig. 6. Correlation between specific Igk and 1gG levels to JAC

in the sera -of Schistosoma japonicunt patients. Specific IgE

antibody levels were measured by lgE-ELISA using 25 ug/ml

ot JAC, and IgG-ELISA using | ug s /mlof JAC. anfected cnntm]

sera represented 0.04 = 0.01 for I@wb ELISA and 0.0 01 for
TgE-ELISA.

circumoval precipitin test were not correlated with those
of RAST using crude SEA (Horu ctal., 1990). These facts
suggest that class switching of antibody production is
regulated by various factors, such as the stage or sev erity
of infection and the genetic background of the host, but is
not directly related to the nature of antigens. The
sensitivity of IgE-ELISA was low in comparison with
1gG- ELISA (fig. 5). Furthermore, Igk levels to JAC were
not correlated with IgG levels to SEA (r = 0.13, data not
shown) which are generally accepted as one of the
parameters for S, japonicum-intection (Mott ef al., 1987).
These facts suggest that the usefulness of [gE-ELISA for
immunodiagnosis may be limited in schistosomiasis
japonica. Related to this, Lunde of af. (1979) showed that
the ratio of specific IgG antibodies to cercarial and adult
worm antigens could discriminate between acute or earjv
and chronic schistosomiasis, Similarly, acutely infected
patients showed a higher specific [gl antibody to SEA
than *hmnicnlly infected patients (Lunde & Ottesen,
1980). Taken together, the significant level of specific Tl
antibody to cercarial allergen may suggest the history of
acute infection.

Many investigators have shown the existence of Lol
dependent killing of schistosomula by cosinophils
macrophages, neutrophils or platelets (Aowar ef ol
T9R0; Capron ef al, 1981; Joseph ef al, 1983; Kojima of i,
1985; Verwaerde ¢f al,, 1987). Furthermore, a mast coll
mediator such as FCF-A or histamine enhances the
eosinophil-mediated  cytotoxicity  of  schistosomula
(Anwar et al, 1980). These facts sugyest that immediate-
type hypersensifivity to cercarial components would be
important for the protective immunity against invading
schistosomula, Theretore JAC would be one of the
potentially - protective antigens  against S, japonicion
infection, Unfortunately, the total amount of available
cercariae trom Oncomelania is limited because of the small

S,

size of the snail and the difficulty of their ’L/rcedjng.
Molecular cloning of cDNA mcodmo JAC may be one o*‘
the effective ways to determine the moIe( ular structure of
pveptidemoiety of JAC, and to obtain a sufficient amount
of the allcrgen for further studies.
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