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Liver asialoglycoprotein receptor (ASGP-R), which specifically
recognizes and binds galactose and N-acetyl galactosamine, has
been implicated In binding and endocylosis of glycoproteins.
Therefore, the possibility that it may have a role in contacting and
processing pathogenic organisms was investigated. The interaction in
vitro between ASGP-R and surface oligosaccharide structures of
Echinococcus granufosus and Trichinella spiralis was studied by
immunohistochemical methods. Specific binding of ASGP-R to
figands on the surface protoscolex of E. granufosus was
demonsirated. To the contrary, ASGP-R bound ligand(s) of 7. spiralis
stihocytes, while a staining reaction was absent from the parasite
cuticle. These results show that ASGP-R could take part in binding to
and retention of E. granulosus in liver cells, thus contributing to its
hepatotropic activity.
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INTRODUCTION

The asialoglycoprotein receptor (ASGP-R) was one of the first discovered
mammalian lectins and the first that was implicated in a specific physiological
function (Ashwell and Harford, 1982). It belongs to the family of G-type lectins, and
the type Il subgroup of endocytic receptors. ASGP-R specifically recognizes and
binds galactose and N-acetylgalactosamine-terminated oligosaccharides
(Maury, 1983). ASGP-Risolated from rabbitliver is a oligomer made up of two sub-
units with approximate molecular weights of 40 and 48 kD.

Functionally, ASGP-R is regarded as a prototype of the receptors that medi-
ate binding, endocytosis and degradation of glycoproteins (Spiess, 1990). This
role of ASGP-R was supported by the finding that alterations of ASGP-R activity
were detected in some liver diseases. The receptor is also a potential target for
hepatocyte-specific immunopathogenic reactions and for liver-spegcific delivery of
therapeutic and diagnostic agents (Poralla et. al.,, 1991). Itis now possible to indi-
cate several other processes where activities of the ASGP-R may play an impar-
tant role. Current data suggest that ASGP-R is involved in clearance of soluble
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immune complexes from the circulation, in mitogenasis of desialylated lympho-
cytes, in cell adhesion and transformation (Tomana etal., 1988; Stahn et al., 1996;
Wu et al., 1991).

Within the past few years, lectins have become a well-established means for
studying varied aspects of cancerogenesis and metastasis (Hebert and
Monsigny, 1997). ASGP-R is a receptor that is retained in tumoricidal cells, help-
ing to increase metastasis in the liver. Also, several C-type lectins are an integral
part of the innate defense system, so there is a possibility that ASGP-R may be
connected with similar functions. Thus, it could be expected that ASGP-R has a
role in contacting and further processing of pathogens containing appropriate oli-
gosaccharides on their surfaces.

The aim of this paper was to examine the potential role of ASGP-R in contact-
ing and processing of pathogens expressing Gal/GalNAc residues on their sur-
face. This study was based on immunohistological localization of the
oligosaccharide ligands for ASGP-R on the surface of the parasites selected.

The choice of parasites was made on the basis of their interaction with liver
as a target organ. Echinococcosis (hydatid cyst disease) is a zoonotic infection
caused by the parasitic tapeworm Echinococcus granulosus. Human infection fol-
lows accidental ingestion of ova present in dog fagces. The ova penetrate the in-
testinal wall and pass through the portal vein to the liver, lung and other tissues
(Gvozdenovi¢, 1962). Hydatid cysts can develop anywhere in the body, but the
data demonstrate that two thirds occur in the liver and one quarter in the lung. A
hydatid cyst may become calcargous forming a solid corpuscle inside the af-
fected organ (Kazura and Wiiliams, 1976).

To the contrary, the nematode Trichinella spiralis parasites only in striated
muscle, but using biood and lymph systems this parasite could pass through all
argans and tissues, including liver tissue (Takahashi, 1997). The larvae remodel
the muscle cell turning it into a nurse cell and they reprogramme host genomic ex-
pression. There they encyst. The cysts are the infective stages which can be trans-
mitted to any new host that eats cyst-containing meat.

MATERIALS AND METHODS

Preparation of rabbit ASGP-R

ASGP-R was purified from Triton X-100 extracts of acetone liver powders by
affinity chromatography using two successive columns of D-Gal Sepharose,
according to the previously described method (Hudgin et al., 1974).

Tissue collection and processing

E. granufosus protoscoleces were isolated from the cysts of pig liver. They
were injected into mouse intestine and then embedded in paraffin. Sections (5um)
were cut, air dried and stored at 4°C until use.

Muscle larvae of T. spiralis were isolated from infected rat meat after
proteolytic digestion. 7. spiralis larvae were injected into mouse intestine and
embedded in paraffin. The sections of 7. spiralis were prepared in the same way
as E. granujosus sections.
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Section lypes

Interactions between ASGP-R and surface structures of Eghinococcus
granulosus or Trichinella spiralis were examined on tissue sectionsémbedded in
paraffin. Three types of sections were used: T

a: Sections of E. granulosus protoscoleces in mouse intestine,

b: Incapsulated muscle larvae of T. spiralis (the antigen was paraffin embed-
ded rat tongue), present in nurse cells after transformation of the musclé cells.

c: Isolated T, spiralis larvae from striated muscles injected into mouse intes-
tine. Muscle larvae were isolated from infected rat meat after proteolytic digestion,
in an acid environment. Then, muscle larvae were cultured at least 20 hours in
Dulbecco's Modified Eagle’s Medium (DMEM), under sterile conditions.

Interactions between ASGP-R and parasites

Tissue sections were dewaxed in xylene during & min., then sections were
treated with 9 5% alcohol during 10 minutes. After that, sections were rehydrated
with three changes of PBS,

Immunostaining was performed on 5mm thick sections following dewaxing
and rehydrating. Sections of E. granulosus as well as 7. spiralis in muscie and
intestine, were incubated with freshly isolated rabbit ASGP-R overnight at 4 °C.
Primary polyclonal guinea pig anti-rabbit antibodies (anti-ASGP-R) were applied
overnight at 4 °C at a dilution of 1:20, followed by incubation with sheep anti-
guinea pig lgG diluted 1:32 (labeled with FITC) for 30 min at room temperature.
Between each step, sections were washed three times in PBS. Sections were
examined using a fluorescence microscope. PBS was used instead of rabbit
ASGP-R in the control reaction.

RESULTS

In order to imprave the specific reactions between freshly isolated ASGP-R
and polyclonal guinea pig anti-rabbit 19G, the immuno blot technique was
applied. The obtained reaction was very weak due to the low concentration of
isolated rabbit ASGP-R (data not shown). However, these results allowed us 10
confirm that it is possible to use the polyclonal antibodies (obtained as a gift} in
further examinations.

To that end purified ASGP-R and guinea pig anti-rabbit ASGP-R (to rabbit
ASGP-R 40 kDa subunit) were used. On the E. granulosus sections clear
fluorescence was observed at the surface of protoscolex tegumenturm.
Fluorescence was linear and surrounding the whole complex of protoscolex and
this type of reaction was not observed in the control experiment (Figure 1).

Histological examination of incapsulated T. spiralis muscle larvae showed
that ASGP-R, bound diffusely to the components of parasite organelles, probably
to antigens of stihocytes, as weli as digestive and reproductive systems (Figure 2).

Uniform binding was present at the inner as well as the outer aspect ofthe 7.
spiralis capsule. The staining reaction was absent from the surface of the parasite
cuticle. Interaction between ASGP-R and T. spiralis muscle larvae was observed
as a granular type of fluorescence on the surface of the cuticle (data not shown).
Therefore, this type of fluorescence was aiso obtained in the control reaction.
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Figure 1. Binding of ASGP-R to surface protoscoleces of Echinoccoccus granulosus. (2} Paraffin
sections of E. granulosus protoscoleces (irom cysts formed in pig liver packed In mouse
intesting) were incubated with ASGP-R (lreshlg isolated in our laboratory) overnight at 4°C.
Primary antibodies were applied overnight at 4°C (dilution 1:20j, foliowed by incubation with
FITC labeled secondary antibodies (30 min. at room temperature). Sections were washed
three times in PBS betwaen the steps. mounted and examined under a fluorescence
microscope. For negative contro! (b) the first antibody step was replaced with PBS.
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Figure 2. Binding of ASGP-R to incapsulated muscle larvae of Trichinella spiralis (paraffin sections of
rat tongue muscle cells transformed into nurse cells). (a) The same experimental protocol
was used as described for Fig.1, with an overnight incubation stepwith ASGP-R, followed by
primary and secondary antisera at the same dilutions. For negative control (o) the first
antibody step was replaced with PBS.
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DISCUSSION

The presented histological results show that there is a difference between
the oligosaccharide structures of E. granulosus and T. spiralis cell surfaces, as
recognized by ASGP-R. E. granulfosus ligands recoanized by ASGP-R are charac-
teristically arranged at the surface of protoscoleces tegumentum (Fig. 1a). This
suggests that ASGP-R could possibly take part in the binding of this parasite to
liver cells and consequent retention in the organ. A recent study (Khoo et al,, 1997)
has shown that the E. granulosus cyst membrane contains complex-type
N-glycans, N-acetylglucosamine, f-galactose and N-acetyllactosamine, which in-
clude the confirmed ligands of ASGP-R. Our resulis also confirmed that E.
granulosus surface is covered with these oligosaccharide structures. In general,
the ability of parasites to manipulate the host lectin system is well documented
(Despommier, 1998), but in the case of E. granulosus it deserves further examina-
tion and experimental proof.

The case of T. spiralis is more complex, Interaction between ASGP-R and
surface structures of incapsulated 7. spiralis muscle larvae was observed. How-
ever, the staining reaction was absent from the surface of the parasite cuticle.
Treating the parasite with proteolytic enzymes and acids, which simulates the en-
vironment of the host digestive system, led to the appearance of clear fluores-
cence on the surface of the cuticle. This type of fluorescence was also observed
after the incubation of T. spirafis larvae only with primary anti-ASGP-R antibodies,
s0 in this case we could not claim that there is a specific interaction between
ASGP-R and oligosaccharide structures on the surface of isolated muscle larvae.
It is known that the glycoconjugate composition of the parasite cuticle changes
during infection (Dell’ et al, 1999), which may represent parasite adaptation
against the host immune system. In the normal life cycle of 7. spiralis only the new-
born larvae could be in contact with hepatic receptors, which stage was not stud-
ied here. The oligosaccharide structures of newhorn larvae surface antigens is still
unknown. There is some evidence that larvae are covered with glycoconjugates
rich in mannose residues at this stage of infection (Morelle, 2000). An abundance
of mannose residues leads to synthesis of mannose binding lectin (specific for
mannose). Probably, these oligosaccharide structures do not allow interaction
with hepatic ASGP-R, which is not specific for mannose residues.

Therefore, we suggest that the differential expression of specific sugars rec-
ognized by ASGP-R at the surface of the infectious agents studied may partly
explan the hepatotropic activity of £, granulosus, which deserves further investiga-
tion.
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DA LI ASIJALOGLIKOPROTEINSKI RECEPTOR (ASGP-R) IMA ULOGU U VEZIVANJU |
PROCESOVANJU RAZLICITIH PARAZITA ?

BARIGEVIC IVONA, GUPERLOVIC MARGITA, SOFRONIG-MILOSAVLIEVIC LIILJANA i VICOVAC
LJILJANA

SADRZAJ

Asijaloglikoproteinski receptor (ASGP-R) jetre, koji specificno prepoznaje i
vezuje galaktozu i N-acetilgalaktozamin, uCestvuje u vezivanju | endocitozi
glikoproteina, Zbog toga je u ovom radu ispitivana njegova potencijaina uioga u
kontaktu i daljem procesovanju patogenih organizama. Interakcija Izmedu
ASGP-R i povrdinskih oligosaharidnih struktura Echinococcus granufosus i
Trichinelfa spiralis ispitivana je in vitro imunohistohemijskim metodama.
Pokazano je specifiéno vezivanje ASGP-R za ligande na povriini protoskoleksa E.
granulosus. S druge strane, ASGP-R vezuje ligande stihocita T. spiralis, dok se
bojena reakcija nije pojavila na povrsini kutikule parazita. Ovi rezultati pokazuju da
bi ASGP-R mogao imati ulogu u vezivanju i zadrzavanju E. granulosus u celijama
jetre, $to moze doprineti njegovoj hepatotropnoj aktivnosti.



