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We found mainly tri-antennary and small amount of tetra-antennary glycopeptides with terminal 
galactose at the cell surface of Guerin ‘heavy’ cell’s subpopulation (GH). On the other hand, 
Guerin ‘light’ cells (GL) contained oligomannoside and hybrid type oligosaccharides with terminal 
galactose and glucose. Next we used isolated cell-surface glycopeptides from GH cells in solid-
phase inhibition assay. We found drastic reduction of adhered GH cells on laminin-coated plates in 
the presence of tri- and tetra-antennary cell-surface glycopeptides. We also saw drastic reduction 
of adhesion of GH cells on fibronectin-coated plates in presence of tri- and tetra-antennary cell-
surface glycopeptides. Macromolecular ligand asialofetuin (AsFet) was also potent at inhibiting 
GH adhesion to fibronectin-coated plates. On collagen-coated plates most potent inhibition was 
observed by tri-antennary cell-surface glycopeptides, followed by tetra-antennary glycopeptides 
and asialofetuin. 
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Introduction

Galectins participate in carbohydrate-mediated adhesion of tumor cells to 
extracellular matrix (ECM), as well as in homo- and heterotypic adhesions of 
tumor cells. Glycoproteins of the matrix are N-glycosylated and potential ligands 
for galectins. These ligands include laminin, fibronectin and collagen IV [9]. 

Secreted galactose-binding proteins could participate in cell-to-extracellular 
matrix (ECM) adhesion through bridging carbohydrate moieties of cell-surface 
glycoproteins and ECM glycoproteins. For example, galectin-1 is secreted outside 
colon cancer (Colo201) cells where it helps adhesion and spreading of these cells to 
fibronectin-, laminin-, and collagen-coated plates [6].

Review of the literature shows two models of oligomerization of lectins. In the 
ligand-induced oligomerization model, galectins bind cell-surface glycoproteins, 
followed by oligomerization. The other model of oligomerization postulates that 
oligomerization takes place before binding of ligands. Cell-surface N-linked 
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glycans are potential ligands for galectins with implications for oligomerization 
and adhesion. Galectin-3 binds to cell surface glycoproteins, including branched 
N-glycans [3]. Another report shows that Gal-3 binds specifically to beta-galactoside 
residues of cell surface glycoproteins [4]. 

The aim of the present study was to characterize adhesion of subpopulations 
of Guerin tumor cells to solid-phase immobilized glycoproteins of ECM. We also 
investigated the composition of cell-surface glycoproteins of Guerin tumor cells 
(GTC), in order to reveal the role of branching in adhesion. Finally, we present 
data of ligand-induced oligomerization of 51 kDa gCBP and implications of this 
oligomerization for adhesion of GTC.

Materials and Methods

Separation of Guerin tumor cells (GTC) subpopulations
Guerin tumor cells were separated according to their buoyant densities as described 
in [13].

Metabolic labeling of cell-surface glycoproteins with radioactive sugars 
Monolayer of GH cells were detached by trypsinization, resuspended in complete 
RPMI medium containing 1 μCi/ml D-[14C] glucosamine (45 to 60 mCi/mmol), and 
grown for two days. Then Guerin tumor cells were labeled in a solution containing 
0.01 mCi/ml [3H] mannose.

Isolation of cell-surface glycopeptides from GTC

Guerin tumor cells were washed with 0.15M NaCl/0.01M sodium bicarbonate, pH 
7.5 and then incubated in the same buffer containing 0.05% tripsin (type III, Sigma) 
for 20 min at 37°C. The reaction was stopped with 0.003% soy trypsin inhibitor and 
the supernatant was used for lectin affinity chromatography.

Lectin affinity chromatography
Affinity chromatography was performed as described in [5].

Isolation of secreted 51 kDa gCBP from Guerin tumor cells

GTC in cell culture medium were incubated for 3 h at 37°C with radioactive 35S 
methionine (500 μCi). Cell were washed and incubated in cell culture medium for 
24 h [12] to allow maximum secretion of 51 kDa gCBP. Secreted 51 kDa gCBP was 
then isolated by gel filtration.

Inhibition assay

Inhibition of adhesion of GTC to solid-phase immobilized glycoproteins of ECM 
was done as described by Horiguchi [6]. Laminin, fibronectin or collagen (5 μg/ml 
in 0.1M carbonate buffer, pH 9.6) were added to microtiter plates and incubated 
for 3 h at 37°C. After washing with PBS, a solution of 35S 51 kDa gCBP was 
added and incubated for 2 h in the presence of tri- and tetra-antennary cell-surface 
glycopeptides.
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Results

We found mainly tri-antennary and small amount of tetra-antennary glycopeptides 
with terminal galactose at the cell surface of Guerin heavy (GH) cells (Fig. 1). 
Guerin light (GL) cells contained predominantly oligomannoside and hybrid type 
oligosaccharides with terminal galactose and glucose. 

Cell-surface glycopeptides from GH cells are ligands of 51 kDa gCBP, as 
observed in inhibitory experiments shown in Figs. 2, 3 and 4. Approximately 9 
× 105 GH cells/well adhere to laminin-coated plates. However, we see a drastic 
reduction of adhered cells in the presence of tri- and tetra-antennary cell-surface 
glycopeptides (Fig. 2). 

Adhesion of GH cells to fibronectin-coated plates is shown in Fig. 3. Here 
we can also see a drastic reduction of adhesion in the presence of tri- and tetra-
antennary cell-surface glycopeptides. Macromolecular ligand asialofetuin (AsFet) 
is also a potent inhibitor of GH adhesion to fibronectin-coated plates. It is evident 
that the most potent inhibition is by tetra-antennary cell-surface glycopeptides, 
followed by tri-antennary glycopeptides and asialofetuin. 

Finally we investigated the inhibition of adhesion of GH cells on collagen 
IV-coated plates. Here most potent inhibition was observed by tri-antennary cell-
surface glycopeptides, followed by tetra-antennary glycopeptides and asialofetuin 
(Fig. 4). 

Fig. 1. Glycoprofile of cell surface glycoproteins of Guerin tumor cell’s 
subpopulations
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Fig. 2. Adhesion of Guerin “heavy” (GH) subpopulation to laminin. Laminin – adhesion 
of GTC to laminin, Laminin + AsFet – inhibition of adhesion with AsialoFetuin, 
Laminin + tri-antennary – inhibition of adhesion with tri-antennary cell-surface 
glycopeptides, Laminin + tetra-antennary – inhibition of adhesion with tetra-
antennary cell-surface glycopeptides

Fig. 3. Adhesion of Guerin “heavy” (GH) subpopulation to fibronectin. Fibronectin – 
adhesion of GTC to laminin, Fibronectin + AsFet – inhibition of adhesion with AsialoFetuin, 
Fibronectin + tri-antennary glycopeptides – inhibition of adhesion with tri-antennary 
cell-surface glycopeptides, Fibronectin + tetra-antennary glycopeptides – inhibition of 
adhesion with tetra-antennary cell-surface glycopeptides.
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Comparing the inhibition of adhesion on laminin, fibronectin and collagen 
IV-coated plates, we found that the most potent inhibition in the case of laminin 
and fibronectin was brought about by tetra-antennary glycopeptides, whereas for 
collagen IV the most potent inhibition was caused by tri-antennary cell-surface 
glycopeptides.

Discussion

Analysis of membrane glycoproteins of 3T3 cells shows a decrease in bi-antennary 
glycopeptides, with a simultaneous increase in tri- or tetra-antennary glycopeptides 
[10]. Membrane subfractions of rat pheochromocytoma (PC12) cells consist of 
large tri- and tetra-antennary complex oligosaccharides accounting for 82 to 97% of 
the membrane glycoproteins [7]. The increase in antennae number of glycoproteins 
leads to increased binding to galectins [9]. Glycan branching of glycoproteins also 
correlates with the metastatic potential of oral squamous carcinoma [14]. Increased 
branching leads to increased binding to galectins, as showed by Andre et al. [1].  

In situ oligomerization of galectins is shown by Nieminen et al. [8] in binding 
of galectin-3 to solid-phase immobilized asialofetuin. In situ oligomerization of 
galectin-3 on cell surface leads to cluster formation of receptors, as shown by FRET 
technique [8]. Oligomerization is a unique feature of secreted galectin-3, leading to 
formation of ordered galectin-glycan lattices on the cell surface. Balan et al. [6] show 
that galectin-3 is monomer in solution but in the presence of a ligand, galectin-3 

Fig. 4. Adhesion of Guerin “heavy” (GH) subpopulation to collagen IV. Collagen 
IV - adhesion of GTC to laminin, Collagen IV + AsFet - inhibition of adhesion 
with AsialoFetuin, Collagen IV + tri-antennary glycopeptides - inhibition of 
adhesion with tri-antennary cell-surface glycopeptides, Collagen IV + tetra-
antennary glycopeptides - inhibition of adhesion with tetra-antennary cell-surface 
glycopeptides.
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polymerizes up to pentamers. Oligomerization of galectin-3, after ligand binding, 
occurs on cell surfaces within the physiological concentrations of the lectin. It has 
thus been proposed that oligomerization of the N-terminal domains of galectin-3 
molecules, after ligand binding by the C-terminal domain, is responsible for 
adhesion of tumor cells to solid-phase immobilized glycoproteins [8]. Recombinant 
galectin-3, with missing N-domain, does not mediate adhesion between neutrophils 
and endothelial cells [11], pointing to the role of N-domain in oligomerization. 

Conclusion

Our data show mainly tri-antennary and small amount of tetra-antennary oligosaccharides 
at the cell surface of Guerin heavy cells. 

Guerin tumor cells secrete 51 kDa gCBP, which is involved in adhesion of GTC 
to plates coated with laminin, fibronectin and collagen IV. Inhibition experiments 
with cell-surface glycopeptides, isolated from Guerin cells, point to the role of these 
glycopetides as ligands for 51 kDa gCBP. We can assume that the secreted protein binds 
to laminin (fibronectin, collagen IV) and oligomerizes in situ. According to the ‘ligand-
induced’ model, receptors oligomerize only in the presence of their ligands. The low 
MW ligand galactose was able to induce oligomerization of 51 kDa gCBP. We found 
also that multivalent ligands were able to induce di- and trimers, but not tetramers of 
51 kDa gCBP. It can be concluded that adhesion of GTC is mediated by 51 kDa gCBP, 
which form ligand-induced oligomers.
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