Natural Science Report, Ochanomizu University, Vol. 32, No. 2, 1981 115
BEROKLFRYE BARBIERE $£32% 25

Difference of Lectin Receptors Between the Free
Cell Type and Island Forming Cell Type of
Rat Ascites Hepatoma Cells

Haruko Kitagaki®, Isamu Matsumoto®,
Nobuko Seno® and Sumi Nagase®

1) Department of Chemistry, Faculty of Science, Ochanomizu
University, Bunkyo-ku, Tokyo 112, Japan

2) Department of Chemistry, Sasaki Institute, Chiyoda-ku,
Tokyo 101, Japan

(Received September 2, 1981)

Summary

The cell surface glycoconjugates of various rat ascites hepatoma cell lines
with different degrees of adhesiveness were compared, by binding assays, using
1%5[.labelled lectins. Effects of neuraminidase, TPCK-trypsin and chondroitinase
ABC treatment of the cells, on the number of lectin receptor sites were also
studied. The TPCK-trypsin treatment caused a marked decrease in the number
of peanut agglutinin receptor sites on the island forming and mixed cell types.
The decrease of wheat germ agglutinin receptor sites and the increase of castor
bean agglutinin receptor sites, after neuraminidase treatment, were larger on
the free cell type. It is therefore possible that a-sialyl-B-D-galactosyl residues
are abundant on the cell surface of this type, and that its low cell adhesiveness
may be due to a electrostatic repulsion of negative charges of the sialic acid.

Introduction

A decrease or loss of cell adhesiveness has been reported to be one of the
causes of the malignancy of tumor cells (Hirono, 1958, Abercrombie et al., 1962).
Since cells are in contact with each other, the substances of the cell surface,
especially glycoconjugates, are likely to be involved in cell adhesiveness. Rat
ascites tumor cells are particularly useful for the study of cell adhesiveness,
since there are a number of cell lines with differing degrees of adhesiveness.
These cell lines can be classified into three types; an island forming cell type, a
free cell type and a mixed cell type. The island forming cell type maintains
cell adhesiveness and forms cell aggregates called ¢ islands’ in ascitic fluid. The
free cell type has completely lost cell adhesiveness, and exists as free cells and
has a tendency to Kkill the host rat more quickly than the island forming cell
type. The mixed cell type has both small cell aggregates and free cells. Saito
(1973), has studied the mucopolysaccharide contents of various rat hepatoma
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cells and reported that the island forming cell type has heparan sulfate as a
major mucopolysaccharide, while the free cell type has chondroitin sulfate as a
major component. Yamashina et al. (Funakoshi et al., 1974, Nakada et al., 1975,
and Mutoh et al., 1976), have purified various glycoproteins from the cell lines;
AH66, AH130 and AHI30FN and Taki et al. (1978), have reported on the glyco-
lipid contents of the cell lines; AH130, AH130FN, AH7974 and AH7974F. The
elucidation of the particular glycoconjugate components responsible for cell
adhesiveness by classical methods would require prohibitively large amounts of
material and time consuming analyses. However, a survey of the cell surface
glycoconjugates by lectin binding assays can be performed with only small
amounts of tumor cells and can give a quantitative and comprehensive charac-
terization of sugar chains on the intact cell. This is because lectins have
affinities for specific sugar structures of glycoconjugates, although lectin binding
assays do not provide information regarding the actual identity of the glyco-
conjugates.

In this study, lectin binding assays were performed on intact tumor cells
and also on tumor cells modified with various enzymes to yield information on
the nature of the lectin receptors. The possible relations between the lectin
receptors and cell adhesiveness are discussed.

Materials and Methods

Materials

Na'?’] (393 mCi/m!) was obtained from New England Nuclear, Boston, Mass.,
and L-1-tosylamide-2-phenylethyl chloromethyl ketone (TPCK)-trypsin of bovine
pancreas from Worthington Biochemicals Ltd., Freehold, New Jersey, chondroi-
tinase ABC of Proteus vulgaris from Seikagaku Kogyo Co., Ltd., Tokyo, Japan,
and neuraminidase of Arthrobacter ureafaciens from Nakarai Chemicals Ltd.,
Kyoto, Japan.

Lectins

Crude lectin preparations were obtained as previously reported, RCA (castor
bean, Ricinus communis agglutinin) and SBA (soybean agglutinin) by the method
of Allen and Johnson (1976), WGA (wheat germ agglutinin) by LeVine et al.
(1972), AHA (peanut, Arachis hypogaea agglutinin) by Terao et al. (1975), and
Con A (Concanavalin A) by Agrawal and Goldstein (1972). Crude lectins were
purified by affinity chromatography using new affinity adsorbents (Matsumoto
et al.,, 1981). Iodination of purified lectins was performed by the chloramine-T
method (Matsumoto et al., 1974) using Na'*I. The specific activities of the
iodinated lectins were 0.1-1.7 X 10*® cpm/mole.

Preparation of Tumor Cells

Four free cell lines of rat ascites hepatoma, Yoshida sarcoma (YS), AH7974F,
AHI108AF and AHI13, one mixed cell line, AH7974, and two island forming cell
lines, AH60C and AH108A, were used. Each cell was transplanted intraperi-
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toneally into male Donryu rats weighing 250-300g. The tumor cells were
harvested at pure culture state, and were washed several times with phosphate
buffered saline (15 mM Na,HPO,~-KH,P0O,-0.15M NaCl-0.05%s NaN; pH 7.2, PBS),
to remove blood components.

Trypsin Treatment

Cells were washed three times with 10 mM Tris-HCI (pH 7.5) containing
0.15M NaCl and suspended at a final concentration of 3x10%® cells in 5m/ of
the same buffer. The cell suspension was incubated with 20 units of TPCK-
trypsin for 10min at 37° with gentle shaking (Codington et al.,, 1975). The
treated cells were washed three times with PBS containing 0.25% bovine serum
albumin (PBS-BSA) by centrifugation and finally resuspended in the same buffer
for binding assay.

Chondroitinase Treatment

Cells were washed three times with Veronal buffered saline (0.06M
CH,COONa-HCI1-0.05 M sodium barbiturate-0.14 M NaCl, pH 8.0) containing 0.1%
BSA. To a suspension of 4x108 cells in 5m/ of this buffer was added 5 units
of chondroitinase ABC followed by incubation for 30 min at 37° with gentle
shaking (Kojima et al., 1971). The treated cells were washed three times with
PBS-BSA before use. '

Neuraminidase Treatment

Cells were washed two times with PBS (pH 6.8) and suspended at a final
concentration of 3x 108 cells in 5m/ of PBS. Then the suspension was incubated
with one unit of neuraminidase for 60 min at 37° with gentle shaking (Kawa-
guchi et al,, 1976). The treated cells were washed three times with PBS-BSA
before use.

Binding Studies

Binding assays were performed essentially according to the method previously
described (Matsumoto et al.,, 1974). After the incubation for the indicated times,
at the temperature indicated, cells were washed three times with cold PBS-BSA
by centrifugation at 1500 g for 2 min and then the amount of bound !#*I-labelled
lectin was determined by the Aloka autowell gamma system ARC-500. Correc-
tions were made for the nonspecific binding of lectin and inactivated lectin.
The data for binding assays were plotted by the method of Steck and Wallach
(1965).

Results and Discussion

Optimal Conditions for Lectin Binding Assay

To find the optimal conditions, the lectin binding assay using '*’I-RCA was
performed on two kinds of cells, the AH60C line and the human erythrocyte,
at different temperatures with different incubation times. The amount of RCA



118 H. Kitacaxki, et al. NSR. 0. U., Vol. 32

bound to erythrocytes reached a plateau in 20 min at 19°, whereas that bound
to AH60C cells increased gradually even after 20 min as shown in Figure 1.
The effects of temperature on lectin binding were studied for the incubation
time of 60 min as shown in Figure 2. An almost linear decrease of lectin
binding was observed with erythrocytes as the temperature increased. These
results are in good agreement with the report that the affinity constant of the
lectin to cell surface saccharides is maximal at 0° (Noonan et al., 1973). On
the other hand, the RCA binding to AH60C cells, around room temperature,
increased with increasing times of incubation, giving a convex curve as shown
in Figure 2. The difference between the RCA binding patterns of erythrocytes
and AHG60C cells is explained by the endocytosis of RCA by AH60C cells, as
was reported for other tumor cells (Aubery et al.,, 1972, Nicolson et al., 1975,
and Noonan et al.,, 1973). To obtain reproducible data, all of the lectin binding
studies thereafter were performed at 0° for 30min, for which the binding
reached a plateau and no endocytosis occurred.
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RCA to the cells was determined as
described in ‘Materials and Methods’.

Lectin Receptor Sites on Intact Tumor Cells

The results of lectin binding assays on intact tumor cells are shown as
“untreated’ in Figure 3 and Table I. For the number of receptor sites for the
lectin, the following order was observed for each cell line; WGA>RCA>Con
A=AHA=SBA, while no characteristic differences were observed between the
free cell type and island forming cell type. Since WGA is known to bind
specifically with either a-sialyl or N-acetyl-B-D-glucosaminyl residues of the cell
surface (Greenaway et al, 1973, and LeVine et al.,, 1972), these sugar chains
must have been the most abundant on the cell surface of each cell line. The
number of receptor sites for RCA was markedly larger than that of AHA or
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SBA. The specificities of these lectins have been studied mainly on the sugar
chains of glycoproteins. Irimura et al. (1975), have reported that RCA has a
high affinity for GalﬁGlcNAc structures usually found in N-glycosidically linked
sugar chains of glycoproteins, whereas AHA has high affinity for Gal—ﬂ—GalNAc
structures usually found in O-glycosidically linked sugar chain of mucin type
glycoprotein. Therefore, each cell line may have more N-glycosidically linked
sugar chains than O-glycosidically linked sugar chains on the cell surface.

Con A is known to be specific for either the non-reducing terminal region
of a mannose rich sugar chain or the mannose core region of N-glycosidically
linked sugar chains of glycoproteins. Since the number of receptor sites for
Con A was smaller than that of RCA, it is assumed that the amount of mannose
rich type N-glycosidic sugar chains, of the glycoproteins, was small. Further-
more, if most of the RCA receptors were N-glycosidically linked sugar chains
of glycoproteins, there must have been a large amount of the N-glycosidic sugars
with more than four branches, to which Con A would be unable to bind (Ogata
et al., 1975), alternatively the non-reducing terminal of some galactose residues
might have been substituted with sialic acids (Debray et al., 1978).

Effect of Enzyme Treatment of Tumor Cells on the Lectin Receptors

The effects of enzyme treatments and of washing or incubation of cells
without enzyme treatments on the lectin receptor sites of tumor cells are shown
in Table I. One of the most significant differences between the cell types
examined was a modification of the number of AHA receptor sites by trypsin
treatment. In the case of the two island forming cell types, AH60C and
AHI08A, and a mixed cell type, AH7974, the number of AHA receptor sites
was markedly reduced by trypsin treatment, whereas it was not changed in
the three free cell type cell lines, YS, AH7974F and AH108AF. Therefore, it
was assumed that there are large amounts of trypsin sensitive glycoproteins,
as AHA receptors on the cell surface of the island forming cell type and
mixed cell type. Although the free cell type was not changed by tryptic
treatment, as observed microscopically, cells of the island forming and mixed
cell types were found to be disaggregated into either free cells or small cell
aggregates. These changes were not observed in the control experiments without
enzymes. Since the decrease of the number of AHA receptors was the only
common phenomenon concomitant with the dissociation of cell aggregates, upon
tryptic treatment of island forming and mixed cell types, it was assumed that
the trypsin sensitive AHA receptors of glycoproteins contribute to the cell
adhesiveness of island forming and mixed cell types. Though Kudo et al.
(1974), reported that the glycoprotein isolated from the cell surface of AH136B
could aggregate free cells of AHI109A, the relation between their aggregating
factor and our trypsin sensitive AHA receptor is unknown and left for future
studies.

Some of the AHA receptors on the free cell type, that were also trypsin
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Fig. 3. Binding of #I-labelled lectins to YS cells and AH60C cells. The data of
binding studies are plotted according to Steck et al. (1965). The symbols are for
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cell concentration to the bound lectin concentration.

Effect of TPCK-trypsin treatment on AHA binding to YS cells (A), to AH60C cells (B).
Effect of TPCK-trypsin treatment on Con A binding to YS cells (C), to AH60C cells (D).
Effect of neuraminidase treatment on WGA binding to YS cells (E), to AH60C cells (F).
Effect of neuraminidase treatment on RCA binding to YS cells (G), to AH60C cells (H).
Effect of chondroitinase treatment on RCA binding to YS cells (1), to AH60C cells (J).
Effect of chondroitinase treatment on Con A binding to YS cells (K), to AH60C cells (L).
Effect of chondroitinase treatment on SBA binding to YS cells (M), to AH60C cells (N).
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resistant, appeared to be other glycoconjugates apart from glycoproteins. Studies
on the inhibitory activities of glycolipids to the hemagglutination of lectins
revealed that ceramide trihexoside and paragloboside bind with AHA, RCA and
SBA, while ceramide dihexoside having a shorter sugar chain could bind with
AHA but not with RCA and SBA. Taki et al. (1978), reported that the content
of glycolipids was relatively high in the free cell membrane. Therefore, it was
assumed that various glycolipids are also among AHA receptors.

After treatment with trypsin, the number of Con A receptor sites of the
mixed cell type AH7974 and island forming cell type AHI108A were decreased,
while those of the free cell type AHI13 and island forming cell type AH60C
were increased. This modification of the number of receptor sites for Con A
showed no common effect amongst the cell lines in contrast to the case with
AHA receptors of the island forming and mixed cell types. Nakada et al. (1978)
has reported that the Con A binding capacity of the free cell type, AH130FN,
was decreased by trypsin treatment. This was not found with the free cell
type as shown in Table I.

The neuraminidase treatment induced a decrease of the number of receptor
sites for WGA as well as an increase of that for RCA, on all cell lines, as
shown in Table I. These changes were greater on the free cell type than on
the island forming and mixed cell types. Some of the WGA receptors may
have been a-sialyl residues since they were removed by neuraminidase treat-
ment. Sialyl residues have already been reported to be WGA receptors on
various cells (Aubery et al., 1978, Greenaway et al., 1973, Monsigny et al., 1980,
Nicolson et al., 1975, and Rosen et al., 1977). Since more WGA receptor sites
on the free cell type were removed by the neuraminidase treatment, more sialyl
residues seemed to be located on the cell surface of the free cell type than on
that of other types. This is in good agreement with the results of cell electro-
phoresis by Kojima and Maekawa (1972), showing that the free cell type moved
to the anode faster than either the island forming cell type or neuraminidase
treated free cell type. Regarding the specificities of WGA, it was also reported
that sialyl residues of both glycolipids (Monsigny et al., 1980) and glycoprotein
can bind with WGA. Taki et al. (1978), reported that glycolipids of the free
cell type have a higher content of sialic acid than the corresponding island
forming cell type. Therefore, sialyl WGA receptors on the free cell type may
be not only glycoproteins but also glycolipids.

Kojima et al. (1972), suggested that a high content of sialic acids on the
free cell type contributes to the dissociation of cell clamps by the electrostatic
repulsion of carboxyl groups of sialyl residues. The observations obtained in
this study, that the free cell types AH108AF and AH7974F were aggregated to
form island after neuraminidase treatment, may support their finding.

The increase of the number of RCA receptor sites by neuraminidase treat-
ment seemed to be due to the unmasking of S-galactosyl residues by the removal
of terminal sialyl residues, suggesting the presence of SA—‘-I—Gal—ﬁ— structures on
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the cell surface (Nicolson et al., 1975). The increase of the number of RCA
feceptor sites was greater on the free cell type than on the island forming and
mixed cell types. Despite setting optimal conditions for the lectin binding assay,
some experimental errors were inevitable and this seemed to be one of the
reasons why the increase in the amount of RCA receptors did not always
correspond to the decrease in the amount of WGA receptors.

The number of receptor sites for SBA was not changed on any of the cell
types by chondroitinase treatment. Therefore, chondroitin sulfate is probably
not the SBA receptor on the cells, although Phaseolus vulgaris agglutinin with
similar specificities to SBA was reported to bind with chondroitin sulfate
(Buonassisi et al., 1977). Interestingly, some of the receptor sites for SBA on
the island forming cell type were found to be removed by only washing and
incubation procedures without chondroitinase, but their structures are unknown.

The treatment with chondroitinase induced a high increase of RCA receptor
sites on the YS cells, but not on the AH60C cells. This is in good agreement
with the report by Nakada et al. (1977), that chondroitinase treatment induced
an increase of RCA receptor sites on the free cell type, AHI30FN, but not on
the island forming cell type, AH130, and did not change the number of Con A
receptor sites on either cell type. It was reported in a previous paper (Saito,
1973) that YS cells have chondroitin sulfate as a main mucopolysaccharide
component and that AH60C cells have heparan sulfate. Therefore, it was
assumed that the RCA receptor sites were exposed by the removal of chon-
droitin sulfate on the YS cells, but not on the AH60C cells. However, such an
increase of RCA receptor sites was not observed on other free cell types;
AH7974F, AH108AF and AH13, and was assumed not to be a common property

of the free cell type.

Acknowledgments

The authors are grateful to Dr. Masako Ohashi, Institute of Environmental
Science for Human Life, Ochanomizu University, for kindly providing glycolipids.
This work was supported in part by research grants from the Ministry of
Education, Science and Culture in Japan.

References

Abercrombie, M. and Ambrose, E.]J., The surface propefties of cancer cells. Cancer Res.,
22, 525-548 (1962).

Agrawal, B. B. L. and Goldstein, I. J., Concanavalin A, the jack bean (Canavalia ensiformis)
phytohemagglutinin. Methods in Enzymology, 28, 313-318 (1972).

Allen, H.J. and Johnson, E. A.Z., The isolation of lectins on acid-treated agarose. Carbo-
hyd. Res., 50, 121-131 (1976).

Aubery, M., Dodeur, M., Roguet, R. and Bourrillon, R., Specific modifications of hepatoma
cell-surface glycoproteins with enzymes. Exp. Cell Res., 113, 303-310 (1978).

Aubery, M., Font, J. and Bourrillon, R., Action des phytohemagglutinines sur la croissance
des cellules normales et tumorales. Exp. Cell Res., T1, 59-64 (1972).



Dec. 1981 Lectin Receptors and Cell Adhesion 125

Buonassisi, V. and Colburn, P., Interactions of sulfated mucopolysaccharides with lectins.
Arch. Biochem. Biophys., 183, 399-407 (1977).

~ Codington, J.F., Cooper, A.G., Brown, M.C. and Jeanloz, R. W., Evidence that the major
cell surface glycoprotein of the TAS3-Ha carcinoma contains the Vicia graminea
receptor sites. Biochemistry, 14, 855-859 (1975).

Debray, H., Decout, D., Strecker, G., Montreuil, J. and Monsigny, M., Studies on the
specificities of some lectins. IXth International symposium on carbohydrate chemistry,
pp. 385-386 (1978).

Funakoshi, I., Nakada, H. and Yamashina, 1., The isolation and characterization of glyco-
peptides from plasma membranes of an ascites hepatoma, AHG66. J. Biochem., 76, 319-
333 (1974). :

Greenaway, P.J. and LeVine, D., Binding of N-acetylneuraminic acid by wheat-germ
agglutinin. Nature New Biol., 241, 191-192 (1973).

Hirono, I., Ameboid motility of the ascites hepatoma cells and its significance for their
invasiveness and metastatic spread. Cancer Res., 18, 1345-1349 (1958).

Irimura, T., Kawaguchi, T., Terao, T. and Osawa, T., Carbohydrate-binding specificity
of the so-called galactose-specific phytohemagglutinins. Carbohyd. Res., 39, 317-327
(1975).

Kawaguchi, T. and Osawa, T., Elucidation of lectin receptors by quantitative inhibition of
lectin binding to human erythrocytes and lymphocytes. Biochemistry, 15, 4581-4586
(1976). .

Kojima, K. and Maekawa, A., A difference in the architecture of surface membrane
between two cell types of rat ascites hepatomas. Cancer Res., 32, 847-852 (1972).
Kojima, K. and Yamagata, T., Glycosaminoglycans and electrokinetic behavior of rat

ascites hepatoma cells. Exp. Cell Res., 67, 142-146 (1971).

Kudo, K., Tasaki, I., Hanaoka, Y. and Hayashi, H., A tumor cell aggregation promoting
substance from rat ascites hepatoma cells. Brit. J. Cancer, 30, 549-559 (1974).

LeVine, D., Kaplan, M. ]J. and Greenaway, P.]J., The purification and characterization of
wheat-germ agglutinin. Biochem. J., 129, 847-856 (1972).

Matsumoto, I. and Osawa, T., Specific purification of eel serum and Cytisus sessilifolius
anti-H hemagglutinins by affinity chromatography and their binding to human eryth-
rocytes. Biochemistry, 13, 582-588 (1974).

Matsumoto, I., Kitagaki, H., Akai, Y., Ito, Y. and Seno, N., Derivatization of epoxy-
activated agarose with various carbohydrates for the preparation of stable and high-
capacity affinity adsorbents. Anal. Biochem., 116, 103-110 (1981).

Monsigny, M., Roche, A.C., Sene, C., Maget-Dana, R. and Delmotte, F., Sugar-lectin
interactions: How does wheat-germ agglutinin bind sialo-glycoconjugates. Eur. J.
Biochem., 104, 147-153 (1980).

Mutoh, S., Funakoshi, I. and Yamashina, I., The isolation and characterization of glyco-
peptides and mucopolysaccharides from plasma membranes of an ascites hepatoma,
AHI130FN. J. Biochem., 80, 903-912 (1976).

Nakada, H., Funakoshi, I. and Yamashina, I., The isolation and characterization of glyco-
peptides and mucopolysaccharides from plasma membranes of an ascites hepatoma,
AHI130, J. Biochem., 78, 863-872 (1975).

Nakada, H., Funakoshi, I. and Yamashina, I., Changes in the lectin binding capacities of
hepatoma cells after treatment with chondroitinase. Biochem. Biophys. Res. Commun.,
79, 280-284 (1977).

Nakada, H. and Yamashina, I., Release of glycopeptides and mucopolysaccharides from
ascites hepatoma cells by tryptic treatment. J. Biochem., 83, 79-83 (1978).

Nicolson, G.L., Lacobiere, M. and Eckhart, W., Qualitative and quantitative interactions
of lectins with untreated and neuraminidase-treated normal, wild-type, and tempera-
ture-sensitive polyoma-transformed fibroblasts. Biochemistry, 14, 172-179 (1975).

Noonan, K.D. and Burger, M. M., Binding of [*H] Concanavalin A to normal and trans-
formed cells. J. Biol. Chem., 248, 4286-4292 (1973).



126 H. Kitacaki, et al. NSR. 0.U., Vol. 32

QOgata, S., Muramatsu, T. and Kobata, A., Fractionation of glycopeptides by affinity
column chromatography on concanavalin A-Sepharose. J. Biochem., 78, 687-696 (1975).
Rosen, S. W. and Hughes, R.C., Effects of neuraminidase on lectin binding by wild-type
and ricin-resistant strains of hamster fibroblasts. Biochemistry, 16, 4908-4915 (1977).

Saito, S., Mucopolysaccharides of rat ascites hepatoma cells. GANN, 64, 247-255 (1973).

Steck, T.L. and Wallach, D.F.H., The binding of kidney-bean phytohemagglutinin by
Ehrlich ascites carcinoma. Biochim. Biophys. Acta, 97, 510-522 (1965).

Taki, T., Hirabayashi, Y., Suzuki, Y., Matsumoto, M. and Kojima, K., Comparative study
of glycolipid compositions of plasma membranes among two types of rat ascites
hepatoma and normal rat liver. J. Biochem., 83, 1517-1520 (1978).

Terao, S., Irimura, T. and Osawa, T., Purification and characterization of a hemagglutinin
from Arachis hypogaea. Hoppe Seyler’s Z. Physiol. Chem., 356, 1685-1692 (1975).



