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Figure 3 Plasmodium parasites: morphology of successive developmental stages in Giemsa-stained thin
blood smears. (*This drawing is truly original and illustrated by the first author.)
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Figure 4 Reactivity to Plasmodium ovale malaria parasite in SD BioLine Malaria Antigen P.f/Pan and the
Entebe Malaria Cassette.
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Abstraet Conflicting reports are found in the literature
about the antischistosomal efficacy of Mirazid (MZ), which
is a special formulation of myrrh obtained from the stem of
the plant Commiphora molmol. This initiated the present
study to assess this drug for the first time in experimental
schistosomiasis japonicum. Mice were divided into four
groups: infected untreated control (I); infected treated with
MZ, 500 mg/kg (II); infected treated with MZ, 250 mg/kg
(II1); and infected treated with praziquantel (PZQ), 200 mg/
kg (IV). The drugs were given 7 weeks post-infection for
five successive days. All animals were killed 3 weeks post-
treatment. Results showed no signs of antibilharzial activity
of MZ. Total worms, total tissue egg load, egg developmen-
tal stages, and granuloma arca were not affected by any of
the MZ treatment regimens as compared to the infected
untreated group (P>0.05 for all variables). These results
were in contrast to those obtained in PZQ-treated animals
in which 82.82 % total worm reduction, 94.62 % egg re-
duction, and 86.35 % granuloma area reduction were ob-
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served. Also, it significantly increased the percentage of
dead ova and decreased the percentage of mature ova with
complete absence of immature ones in comparison with the
control group (P<0.01 for all variables). In conclusion, the
results of the current study raise serious doubts about the
antischistosomal activity of MZ.

Introduction

Schistosomiasis is a chronic debilitating disease that continues
to rank, following malaria, at the second position of the world’s
parasitic diseases in terms of prevalence, morbidity, and mor-
tality rates. Currently, over 200 million people are estimated to
be infected, while close to 800 million individuals are at risk of
contracting the disease (Steinmann et al. 2006). At least
200,000 people die each year of schistosomiasis. The estimat-
ed burden of the disease is up to seven million disability-
adjusted life years (King and Dangerfield-Cha 2008).

Due to the unavailability of a vaccine that is practically
applicable to humans, the use of chemotherapy is the main-
stay of schistosomiasis-associated morbidity control
(Abdul-Ghani et al. 2009). For more than two decades,
praziquante! (PZQ) has remained as the drug of choice for
the treatment of the three common schistosome species,
Schistosoma mansoni, Schistosoma haematobium, and
Schistosoma japonicum (Doenhoff et al. 2008). Concem is
mounting in public health medical circles that heavy reli-
ance on a single drug for schistosomiasis control may pro-
mote the selection and spread of drug-resistant parasites
(Caffrey 2007). There has been evidence of resistance to
the praziquantel-based therapy and reports of acute disease
manifestation; therefore, other drugs affecting different
stages of the schistosome parasites life cycle and alternative
therapeutic regimens should be developed and become ac-
cessible (Ribeiro-dos-Santos et al. 2006). As a result, the
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need to develop alternative antischistosomal drugs has been
stressed.

Mirazid (MZ) is a new antischistosomal drug introduced
in the Egyptian market since 2001, in the form of gelatinous
capsules produced by Pharco (Alexandria, Egypt). It is
prepared from myrrh, which is an oleo-gum-resin obtained
from the stem of the plant Commiphora molmol (Greene
1993). Myrrh contains the resin myrrhin (23-40 %), the
volatile oil myrrhol (2-8 %), gum (40-60 %), and a bitter
unidentified component (Claeson et al. 1991). It is a safe,
natural flavoring substance and has been approved by the
US Food and Drug Administration (Ford et al. 1992).

Myrrh is one of the oldest known medicines and was
widely used by Ancient Egyptians (Badria et al. 2001).
Traditionally, it has been used by Sumerians and Greeks to
treat worms (Michie and Cooper 1991), by Chinese to
relieve pain and swelling due to traumatic injury (lee and
lam 1993), and by Somalians to treat stomach complaints,
diarrhea, and wounds (Claeson et al. 1991; Michie and
Cooper 1991). Tincture of myrrh is used for therapy of
aphthous ulcer, treatment of sore throat and pharyngitis
(Claeson et al. 1991), and reduction of cholesterol and
triglycerides (Michie and Cooper 1991; Jain 1994). In ex-
perimental studies, the antitumor potential of myrrh was
comparable with that of the standard cytotoxic cyclophos-
phamide (Al Harbi et al. 1994).

Many reports stated the efficacy of myrrh (Mirazid) as
anthelmintic drug (Massoud et al. 2001, 2003, 2004, 2007,
Sheir et al. 2001; Soliman et al. 2004; Al-Mathal and Fouad
2004; Haridy et al. 2004; Fathy et al. 2005) and anti-
protozoa (Baghdadi and Al-Mathal 2010). Also, it has a
molluscicide and cercaricide action (Allam et al. 2001;
Massoud and Habib 2003) and mosquito larvicide action
(Massoud and Labib 2000).

Over the last years, a debate is raised regarding the
schistosomicidal effectiveness of MZ. Most of the published
data documenting its antischistosomal activity against S.
mansoni and S. haematobium consist of papers written by
the discoverers of these properties (Badria et al. 2001; El
Baz et al. 2003; Abo-Madyan et al. 2004; Massoud et al.
2004; Sheir et al. 2001; Soliman et al. 2004; Hamed and
Hetta 2005). The mechanism of action of myrrh on the
schistosome worms, as suggested by the manufacturer, is
related to permanent loss of musculature of the worms
leading to separation of male and female couples and their
shift to the liver where destruction and phagocytosis take
place (Badria et al. 2001). Only four groups of investigators
reported low cure rates (Botros et al. 2004; Barakat et al.
2005; Ramzy et al. 2010; Osman et al. 2010).

Due to great controversy concerning the effect of myrrh
on S. mansoni and S. haematobium, the current study was
designed to assess the antischistosomal activity of MZ; in S.
Jjaponicum-infected mice in comparison with PZQ. Drug
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efficacy was evaluated on the basis of some parasitological
and pathological criteria.

Materials and methods
Animals, parasites, and infection

All animal studies presented here were approved by the
committee of animal rights and ethics, Tokyo Medical and
Dental University, Tokyo, Japan, based on the institutional
and national regulations for animal experimentation. Six-
week-old female C57BL/6 mice were obtained from Japan
SLC and used in this study. The animals were maintained on
a standard commercial pellet diet and kept in air-conditioned
animal house at 20-22 °C.

The life cycle of S. japonicum (Japanese strain) is main-
tained in our laboratory using ICR mice and Oncomelania
hupensis nosophora (Yamanashi strain). Mice were percu-
taneously infected with 40 S. japonicum cercariae/mouse
applied to the shaved abdomen.

Drugs

MZ (Pharco Pharmaceuticals Co., Alexandria, Egypt) was
tested after resuspension of the content of the resinous
capsules in 2 % Cremophore-EL (Sigma Chemical Co., St.
Louis, MO, USA). Praziquantel (PZQ; Shin Poong
Pharmaceutical Co., Ltd, Kyonggi, South Korea) was given
as a freshly prepared suspension in 2 % Cremophore-EL.

Animal groups
In the present study, mice were randomly allocated into four

groups each of seven mice:

Group I:
Group II:
Group HI:

Infected control and received the vehicle only.

Infected and treated with MZ 500 mg/kg.
Infected and treated with MZ-reduced dose
250 mg/kg.

Group IV:  Infected and treated with PZQ 200 mg/kg.

All mice were deprived of food 1 h before treatment, drugs
or vehicle were administrated orally using a ball-tipped feeding
needle in a volume of 200 pl/mouse, and they were allowed to
eat 1 h after treatment. The dosing protocols were given
7 weeks post-infection (p.1.) for § days. All animals were killed
3 weeks posttreatment. They were anesthetized using sodium
thiopental and given heparin injection.

Study of parasitological criteria

After the mice were killed, hepatic and portomesentric ves-
sels were perfused, using citrated saline. Recovered



Parasitol Res (2013) 112:373-377

375

schistosomes from each mouse were sexed and counted
(Smithers and Terry 1965). The number of eggs per gram
of hepatic and intestinal tissues was counted (Cheever
1968). Percentage of the different egg developmental stages
(oogram pattern) was examined (Pellegrino et al. 1962).

Hepatic granuloma measurement

Liver specimens were fixed in 10 % formalin and processed
to paraffin blocks. Sections (4 um thick) were stained with
hematoxylin and eosin. The size of granulomas was mea-
sured (30/mouse) using a VM-30 video micrometer
(Olympus, Tokyo, Japan) and NIH image software
(National Institute of Health, Bethesda, USA). Average
granuloma area (square micrometer) was calculated for each
mouse.

Statistical analysis

Comparison was made between each treated group and
untreated control. The percentage of reduction between the
treated group and the untreated control group was assessed
using the formula: (mean value of the untreated group —
mean value of the treated group) x 100/mean value of the
untreated group. SPSS software version 17.0 was used for
data analysis. Descriptive statistics including the mean +
standard deviation (SD) were used. Nonparametric
Mann-Whitney test was used to test for significant differ-
ences between groups. The data were considered significant
if P values were less than 0.05.

Results
Parasitological studies

Tables 1 and 2 show the effect of Mirazid using 500 and
250 mg/kgx5-dosing regimens in mice infected with the
Japanese strain of S. japonicum. MZ did not show signifi-
cant decrease in total females (mean + SD=9.00+1.63 and
9.14£2.27 versus 8.29+1.98) or total worms (20.57+4.04
and 19.71+3.77 versus 19.1544.22) when compared to the
untreated control group, respectively. PZQ at a dose of
200 mg/kg x5 produced a highly significant female and total
worm reduction (89.63 and 82.82 %, respectively). MZ
regimens did not cause significant reduction in either the
hepatic tissue egg count (55.02+20.82 and 82.74+22.83
versus 50.91+18.37/mg of tissue) or intestinal tissue egg
count (199.52+113.44 and 189.33+62.26 versus 204.67+
90.55/mg of tissue) when compared to the untreated infected
mice, respectively. While, PZQ reduced them significantly
by 90.30 and 95.69 %, respectively. Eggs of all develop-
mental stages were observed with MZ regimens. In the

PZQ-treated group, no immature eggs were found, with
marked reduction in mature eggs (9.86 %) and a marked
increase in dead eggs (90.14 %) when compared with par-
allel values in the untreated controls (55.86, 35.0, and
9.14 %, respectively).

Granuloma measurements

Liver sections of infected untreated controls showed several
cellular granulomas. Alternatively, when MZ was given
using 500 mg/kgx 5 regimen or the reduced dose, the liver
pathology was similar to the infected untreated controls,
with mean granuloma area of 150.14+8.07, 160.48+11.70,
and 150.94+6.78 mm?, respectively. However in the PZQ-
treated group, the granulomas were less numerous and cel-
lular compared with the control group, with highly signifi-
cant reduction in mean granuloma area (20.60+1.33
78 mm?), with percentage reduction of 86.35 % (Table 2).

Discussion

This work showed a striking discrepancy between the anti-
schistosomal activity observed in this study and that
reported by previous investigators for other schistosome
species: S. mansoni (Badria et al. 2001; Sheir et al. 2001,
Abo-Madyan et al. 2004; Massoud et al. 2004; Hamed and
Hetta 2005) and S. haematobium (El Baz et al. 2003; Abo-
Madyan et al. 2004). In the present study, we have tested
two MZ dosing protocols (500 and 250 mg/kg for five
consecutive days) in mice infected with S. japonicum
(Japanese strain), and as a control it was compared with
PZQ. Animals were treated 7 weeks p.i. and killed 3 weeks
following treatment, which should allow the death of all
drug-damaged worms.

Table 1 Effects of Mirazid (MZ) in comparison to praziquantel (PZQ)
on worm burden in S. japonicum-infected mice 3 weeks posttreatment

Animal Drug dose  Total Total Total

groups (mg/kg) males females worms

Infected Vehicle 10.86+2.61  8.29+1.98 19.15+4.22
control

Infected + 500x5 11.57+£2.64% 9.00+£1.63%  20.57+4.04*
MZ

Infected + 250x5 10.57£1.72%  9.14£2.27*  19.71+£3.77*
MZ 2.67)

Infected + 200%5 2.43+0.98%%  0.86+1.21%* 32042 06%*
PZQ (77.62) (89.63) (82.82)

Values are expressed as means # SD. Numbers between parentheses
indicate the percentage reduction from infected control group

*P<0.01 (significant difference from PZQ 5002 mg/kg); **P<0.01
(significant difference from infected control)
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obtained MZ in mice infected with the Japanese strain of S.
Japonicum. Therefore, this experimental study gives extra
support to previously reported negative evaluation about the
effectiveness of this drug in the treatment of schistosomiasis
against many other published positive results. Based on the
findings of this work, we cannot recommend the use of
Mirazid in schistosomiasis patients.
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ABSTRACT Familial cholesteryl ester transfer pro-
tein (CETP) deficiency is more common in some East
Asian populations than elsewhere, suggesting the pos-
sibility of a selective advantage of this genetic defect
against regional infectious diseases. Historically, infec-
tion with the Asian blood fluke Schistosoma japonicum
has been endemic in these regions, including Japan. We
previously reported that eggs of S. japonicum require
cholesteryl ester uptake from normal high-density lipo-
protein (HDL) but not from CETP-deficient HDL for
their maturation to miracidia, a critical step of the
hepatic pathogenesis of schistosomiasis. Herein we
show that cholesteryl ester uptake is selective from
HDL, and identified CD36-related protein (CD36RP)
as a candidate to mediate the reaction. CD36RP was
cloned from the adult and the egg developmental
stages of S. japonicum, with 1880 bp encoding 506
amino acid residues exhibiting the CD36 domains and
two transmembrane regions. Using antibodies against
recombinant peptides representing the potential extra-
cellular domains of CD36RP, Western blotting detected
a protein with a molecular mass of 82 kDa in the
particulate fraction of the adult parasite cells, which
was reduced to 62 kDa after N-glycanase treatment. The
extracellular domain peptide bound human HDL, as
established by immunoblots following nondenaturing
gel electrophoresis. Antibodies against the extracellular
domain suppressed HDL cholesteryl ester uptake and
maturation of the eggs in vitro. CD36RP is a candidate
receptor on eggs of S. japonicum that facilitates uptake

Abbreviations: apoA-l, apolipoprotein A-I; apoB-LP, apoB-
containing lipoprotein; CD36RP, CD36-related protein; CETP,
cholesteryl ester transfer protein; EndoH, endoglycosidase H;
GSH, reduced glutathione; GST, glutathione Stransferase;
HDL, high-density lipoprotein; LDL, low-density lipoprotein;
Nacetylglucosaminidase, Nacetyl3-D-glycosaminide-Macetylgluco-
samino-hydrolase; Nglycanase, peptide-Nglycosidase F; PBS, phos-
phate buffered saline; SR-BI, scavenger receptor BI; VLDL, very low
density lipoprotein
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of HDL cholesteryl ester necessary for egg embryo-
nation and maturation.—Okumura-Noji, K., Miura, Y.,
Lu, R., Asai, K., Ohta, N., Brindley, P. J., Yokoyama, S.
CD36-related protein in Schistosoma japonicum: candi-
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from high-density lipoprotein for egg maturation.
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THE MAJOR AND FATAL PATHOGENESIS of schistosomia-
sis due to infection with Schistosoma japonicum or Schis-
tosoma mansoni is ectopic implant of the eggs in the liver
via the portal blood flow and their intrahepatic matu-
ration to miracidia to cause hepatic granulomatogen-
esis and, accordingly, hepatic cirrhosis (1-5). Schisto-
somes take up lipids as their nutrient sources from the
host blood plasma lipoproteins, and the receptors for
low-density and very low density lipoproteins (LDLs and
VLDLs) that mediate this interaction have been iden-
tified on their surfaces (6-9). On the other hand, it is
not yet clear whether or not schistosomes use high-
density lipoprotein (HDL) lipids as a nutrient source.
In this regard, we previously showed that eggs of S.
japonicum in culture require the presence of HDL to
grow and develop to miracidia. Notably, maturation of
schistosome eggs was significantly retarded when they
were incubated with HDL from homozygous cholesteryl
ester transfer protein (CETP)-deficient patients (10).
In addition, expression of the CETP transgene signifi-
cantly enhanced this process in mice that lack endog-
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enous CETP activity in plasma (10). These findings
indicate that there is a specific pathway available to eggs
of S. japonicum to utilize mammalian HDL lipid, includ-
ing cholesterol or cholesteryl ester, to grow to miracidia.
The abnormal HDL generated in the CETP-deficient
plasma, large and cholesteryl ester-rich HDL, may not
be a good substrate for such reactions. Thus, CETP
deficiency may render humans resistant to hepatic
maturation of eggs of S. japonicum, a phenomenon
central to liver pathology characteristic of schistosomi-
asis japonica. We proposed that this could be a back-
ground behind the high prevalence of CETP deficiency
in Far Eastern Asia (10-14).

Accordingly, we have undertaken an investigation to
locate specific mediators of the schistosome parasite
involved in interaction with human HDL lipids. We
cloned a cDNA composed of 1880 bp encoding 506 aa
that includes the CD36 domains and two transmem-
brane domains. Whereas functional expression of this
protein remains to be accomplished, we now demon-
strate binding of the proposed extracellular domain of
a schistosome CD36-like glycoprotein to HDL, and
suppression of cholesteryl uptake and maturation of
the eggs by the antibody against this domain.

MATERIALS AND METHODS

Reagents commercially purchased or previously established

Anti-scavenger receptor BI (SR-BI) rabbit antisera (NB 400-
101) was purchased from Novus Biologicals, Inc. (Littleton,
CO, USA). Anti-apolipoprotein A-I (apoA-I) antibody was
raised with rabbit against human apoA-l. Peptide-N-glycosi-
dase F (Mglycanase) was purchased from PROzyme, Inc.
(Hayward, CA, USA),endoglycosidase H (EndoH) was from
Seikagaku Corp. (Tokyo, Japan), and MNacetyl-3-p-glycosamin-
ide-N-acetylglucosamino-hydrolase (N-acetylglucosaminidase)
was from Calbiochem (Berlin, Germany). Anti-glutathione
Stransferase (GST) antibodies were purchased from GE
Healthcare (Piscataway, NJ, USA), and anti-RGS-His antibod-
ies were from Qjagen (Valencia, CA, USA).

Parasites and egg embryonation in vitro

S. japonicum (Yamanashi strain) was maintained by passage
through Oncomelania nosophora and BALB/C mice (15,16).
The pairs of adult worms were recovered from the portal vein
of the infected mice and cultured as 1 pair/well of 12-well
culture plates in RPMI 1640 medium supplemented with 5 or
10% human serum in 5% CO, atmosphere, as described
previously (10). C57Black/6] mouse serum or lipoprotein-
depleted serum was also used as a supplement in some
experiments. For egg culture, the adult worms were removed
from the wells after 2 d; eggs left in the wells were incubated
further for 8 d in the same medium with or without 10%
serum. After incubation for 10 d, the eggs were collected, the
numbers of miracidia were counted microscopically, and the
percentage of maturation was estimated as a maturation/
embryonation rate.

Cholesterol uptake from [*H], [**C] double-labeled HDL
and binding of [*H]- or [**I]-HDL by S. japonicum eggs

HDL and apoB-containing lipoprotein (apoB-LP, including
LDL and VLDL) fractions were prepared from fresh human

HDL RECEPTOR IN S. JAPONICUM FOR EGG MATURATION

serum as density fractions at 1.063-1.21 g/ml and <1.063
g/ml, respectively, by sequential ultracentrifugation and la-
beled differentially with [10L,20L-3H]cholesteryl ester and [4-
“C]cholesterol (Amersham, Piscataway, NJ, USA) as de-
scribed previously (10). No ["C] cholesteryl ester was
detected in lipoproteins after labeling. '**I-labeled HDL was
prepared as described previously (17), using '*°I (Amer
sham) and iodine chloride. Total and free cholesterol in the
labeled lipoproteins were measured by Determiner L re-
agents (Kyowa Medex Co. Ltd., Tokyo, Japan). S. japonicum
eggs were collected from the homogenates of the liver and
the intestine of the S. japonicum-infected BALB/C mice by the
digestion method (18), and incubated with [3H], [**C]
double-labeled lipoproteins (70-280 pg cholesterol/ml) in
0.5 ml RPMI 1640 in 12-well plates for 24 h at 37 or 4°C in 5%
CO, atmosphere. The eggs were collected by centrifugation
and washed with phosphate buffered saline (PBS), and the
radioactivity of **C and *H in the egg pellet was analyzed.
Uptake of free and esterified cholesterol was estimated by
counting uptake of **C and ®H radioactivity, respectively (10).
Active uptake was determined by the difference between the
results at 37 and 4°C. To observe selectivity of the lipid
uptake, 10 vol of cold HDL or apoB-LP was added before
adding the labeled HDL. HDL binding was also studied in
parallel with [®H] cholesteryl ester-labeled HDL and 1251,
labeled HDL. Use of human plasma lipoprotein was justified
by institutional guidelines and approval of Nagoya City Uni-
versity.

RNA isolation, cDNA synthesis, and PCR amplification

Total RNA was extracted from the adult S. japonicum by using
Isogen (Nippon Gene, Toyama, Japan). From 1 or 2 pg of total
RNA, firststrand ¢cDNA was synthesized by a SuperScriptll
RT-PCR system (Invitrogen, Carlsbad, CA, USA) with random
hexamer primers, according to the manufacturer’s instruc-
tion. To search a new CD36 family protein in S. japonicum, the
sequence of coding region of §j-Ts2 protein consisting of 671
bp (Genbank AF291715), which appeared to have one of the
CD36 domains defined by Prodom (release 2001.3; http://
prodom.prabi.fr) analysis of the U.S. National Center for
Biotechnology Information (NCBI) database, was used for
preparation of the hybridization probes for Northern blot
analysis and for screening of the S. japonicum adult cDNA
library. First-strand cDNA was amplified by PCR using the
specific primers for Sj-Ts2 protein: sense, 5-TAATGAAATG-
AATACAGTC3'; antisense, 5-AACAAACATATAATGACAAT-3';
and for GAPDH: sense, 5" TGTACTCCGTGCAGCTTTTC-3';
antisense, 5-AATGGATCCCTCTCGCAGTA-3' (synthesized
by Hokkaido System Science, Sapporo, Japan). The PCR
products (488 and 198 bp) were purified by gel extraction
and ligated in pGEM-T Easy vector (Promega, Madison, WI,
USA). Ligation products were transformed into DH10B com-
petent cells, and the sequences of inserts of positive clones
were analyzed with T7 primer by using Applied Biosystems
3100 DNA sequencer (Applied Biosystems, Foster City, CA,
USA). The 488-bp PCR product corresponded to nucleotide
positions 5-492, consisting of coding region of Sj-Ts2 protein
mRNA. For screening of the S. japonicum egg cDNA library,
another probe was obtained by PCR using the specific prim-
ers for CD36-related protein (CD36RP): sense, 5'-CCGT-
GAAAAACGTTTGAAGGS'; antisense, 5-AACATCATTGGATT-
GATGGCTA-3'. The resulting PCR product size was 1177 bp.
To analyze the size of the coding region of egg CD36RP,
firststrand cDNA from S. japonicum adults or eggs was ampli-
fied by PCR using the 5’ primer with Kpnl site addition
(6'-GCGTGGTACCTCTTGTACACGATGATATCTCG-3') and
GSP2 primer (below). PCR analysis with the center-region
primer was also carried out: sense (L1), 5-CCGTGAAAAACGT-
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TTGAAGC-3'; antisense (R3), 5-GTGCACCAGGTTGACATGA-3'.
The PCR product corresponds to positions 321-1060 of
CD36RP. Quantitative RT-PCR analysis was performed in a
7300 Realtime PCR System (Applied Bioscience) by using
probe sets of 5'-primer GSP2 and L1-GSP2.

Northern blot analysis

Total RNA (10 pg) from mixed-sex adult S. japonicum worms
was electrophoresed in 1.0% agarose-formaldehyde gel and
transferred to nylon membranes. The 489-bp fragment of
Sj-Ts2 cDNA and 198-bp fragment of S. japonicum GAPDH
c¢DNA were purified by SigmaSpin column (Sigma-Aldrich, St.
Louis, MO, USA) and labeled with [0-**P]dCTP by using
Klenow fragment, Escherichia coli DNA polymerase I (Takara
Bio, Otsu, Japan), and hybridized to the membrane in a 5X
SSPE hybridization solution containing 20% formamide at
42°C for 16 h. After washing, hybridization signals were
detected by autoradiography on X-Omat film (Eastman
Kodak, Rochester, NY, USA).

Screening and sequencing of CD36-related protein

Two cDNA-libraries (2X10* pfu) derived from S. japonicum
adult (China) and eggs (Philippine) (19) were amplified
using E. coli XL1-blue host cells (Stratagene, La Jolla, CA,
USA) followed by plating and incubating at 37°C overnight.
Plates were transferred to nylon membrane (Hybond-N+;
Amersham), after which membranes were hybridized to the
32p.Jabeled 488-bp probe (for S. japonicum adult) or 1177-bp
probe (for S. japonicum eggs) in similar fashion as for the
Northern blot analysis (above), except that 6X SSC solution
containing 15% formamide was employed. Secondary screen-
ing was carried out after selection of positive phage plaques,
and the final positive plaques were excised into SOLR cells by
using the pBluescript II phagemid vector kit (Stratagene).
Sequence analysis of the inserts was performed by using T3,
T7, and the specific primer Sj-Ts2. For determination of 5’
end sequencing, 5 RACE was carried out by the Gibco
5'RACE system, ver.2 kit (Gibco, Carlsbad, CA, USA), using
two primers: GSP1, 5" ATTGAATCCATGCGTTGACA-3'; GSP2,
5-AGAAACCATGGCATTGAATTG-3'. The nucleotide sequence
(1892 bp) and amino acid sequence (506 aa) of the product
have been assigned Genbank accession no. AY496973 and
termed CD36RP of S. japonicum (Supplemental Fig. S1).

Recombinant CD36RP

To prepare the antigens for anti-CD36RP antibodies, cDNA
from S. japonicum adults was amplified by PCR with specific
primers: sense, 5'-ATGGTAGTGATGGAACATT-3'; antisense,
5'-ATTGGTAGAAGAGTAGTTGA-3'. This PCR product, cor-
responding to the positions 797-1280 and coding the pre-
dicted extracellular half region, Ex160 (aa G249-P408, 160
residues) of CD36RP (see Fig. 7), was ligated first into
pGEM-T Easy and then into the bacterial expression vector,
pQE30 (Qiagen). For analysis of lipoprotein binding, a
shorter discrete extracellular fragment of CD36RP, Ex121 (aa
G249-Y369, 121 residues; see Fig. 7) was expressed as a
GST-fusion protein in E. coli, BL21 with pGEX-6p vector
(Amersham). GST-fusion proteins of full size CD36RP and
Ex121 in the lysates of BL21 cells were adsorbed to reduced
glutathione (GSH)-Sepharose gels, and the GST-free proteins
were obtained in the supernatant in 50 mM TBS, 1 mM DTT,
and 1 mM EDTA from GSH-Sepharose gels by treatment with
PreScission Protease (GE Healthcare), according to the pro-
tocol of the kit.
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Raising antibodies against CD36RP

The expression and purification of this His-tagged protein
product (Ex160), as well as immunization of rabbits with
Ex160, were carried out by Medical and Biological Laboratory.
Co. Ltd. (MBL; Nagoya, Japan). An IgG fraction was affinity
purified from polyclonal antiserum against Ex160 for Western
blotting. Peptides 331-348, CQPGAPIVVSQPHFLNAN, amino
acid residues 331-348 of CD36RP were synthesized and used by
MBL to immunize rabbits.

Homology search

Homology and structural analysis of predicted polypeptides
was carried out by using BLAST-X (20), BLOCKS (21),
PROSITE motif analysis (22), and PHD searching (23) from
the NCBI database.

Western blotting analysis

S. japonicum adult worms and mouse liver were sonicated for
5 s in hypotonic 50 mM phosphate buffer (pH7.4), contain-
ing protease inhibitor cocktail (Sigma-Aldrich). For prepara-
tion of the particulate fraction of S. japonicum eggs, freeze-
thawing and sonication were repeated 10 times. After
removing cell debris and nuclei by centrifugation at 1000 rpm
for 5 min, the supernatant was further treated by centrifuga-
tion at 90,000 rpm for 30 min (Himac model CS120GX
centrifuge; Hitachi, Tokyo, Japan). Both the pelleted partic-
ulate fraction and the supernatant cytosol fraction were
solubilized in 1% SDS sample buffer and subjected to 10%
SDS-PAGE, after which gel contents were transferred to
polyvinylidene fluoride membrane (Bio-Rad). Western blot-
ting analysis was carried out using 1:1,000 dilution of the
rabbit anti-Ex160 IgG or anti-SR-BI antiserum and 1:10,000
horseradish peroxidase-conjugated goat anti-rabbit IgG sec-
ondary antibody. For detection of recombinant protein
Ex121, a 1:500 dilution of rabbit anti-peptide 331-348 (anti-P)
antibody was used. A 1:200,000 dilution of the anti-human
apoA-I rabbit serum was used for detection of apoA-I in HDL.

Deglycosylation of particulate fractions

The particulate fractions of S. japonicum adults (48 pg pro-
tein) and mouse liver particulate fractions (100 pg protein)
were suspended and heated at 100°C in the denaturing
solution containing 0.1% SDS and 50 mM B-mercaptoetha-
nol, and after addition of 0.75% Nonidet P-40 detergent,
reacted with 10 mU M-glycanase in 50 pl for overnight at 37°C
or room temperature, according to the manufacturer’s pro-
tocol. In some cases, 35 mU Nacetyl-glucosaminidase was
added to the reaction mixtures. The particulate fraction of S.
Jjaponicum eggs was incubated with 10 mU EndoH at 37°C for
1 h. Subsequently, reaction mixtures were solubilized with
SDS sample buffer and subjected to SDS-PAGE for Western
blot analysis.

Lipoprotein binding of recombinant Ex121

Ex121 preparation (1 or 2 ul) was incubated with 5-30 pg
(protein) of human HDL or LDL in 8-12 ul PBS at room
temperature for 30 min, and then mixed with native sample
buffer (62 mM Tris-HCl, pH 6.8; 10% sucrose; and 0.1%
bromphenol blue), followed by application to nondenaturing
PAGE with 4%-20% gradient Tris-Gly gel (Invitrogen). Two
parallel samples were run; one was analyzed with the anti-P
antibody and the other with the anti-apoA-I antibody. The
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