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S-type mammalian lectins in allergic
inflammation
Fu-Tong Liu

Our understaniding of the mechanism of allergic disease is continuously
influenced by new developments in the bio-medical sciences. The studies
of glycoconjugates and animal lectins have emerged as an exciting new
frontier. One family of animal lectins, soluble lactose-binding lectins, has
been studied extensively by a number of laboratories. Evidence is
mounting that members of this family of lectins exist in the extracellular
space and may be capable of affecting functions of various cells. In this
article Fu-Tong Liu presents a revised view of allergic inflammation with
emphasis on the modulatory effect of soluble lectins on mast-celi function.

Carbohydrate structures on various glycoconjugates
are believed to be important in diverse biological
processes including cell differentiation, cell-cell inter-
action and oncogenesis'. The finding of a large number
of animal lectins that recognize specific compiementary
glycoconjugates has provided a key to understanding
the function of various carbohydrate structures?. One
family of lectin, designated as soluble lectins**, charac-
terized by its soluble nature and lactose-binding
activity, is particularly noteworthy, as these lectins
have been implicated in a variety of biological pro-
cesses. This review emphasizes how mammalian lectins
may influence allergic inflammation, using one of
the soluble lectins, IgE-binding protein (eBP), as an
example.

The 31 kDa €BP was first identified in rat basophilic
leukemia cells*® and cloning and sequencing of the
cDNA revealed a novel sequence with several
interesting structural features®®. It is now clear that
the protein is identical to an animal lectin CBP 35
and has an intrinsic galactose-binding activity®!®, The
lectin has been designated by various other names
such as lung lectins (HL-29 or RL-29)!12, metastasis-
associated lectin (L-34)'* and the Mac-2 antigen, a

murine macrophage cell-surface protein'!. There has
been an exponential growth in our knowledge of this
animal lectin and the possible roles of this protein
in regulation of cell growth!; RNA splicing'®, cell
adhesion'” and tumor metastasis'®.

Biochemical properties of eBP

Protein sequences of eBP from various species have
been elucidated, either from DNA cloning or direct
protein sequencing.

€BP contains two domains

One characteristic feature of eBP is that it has a two-
domain structure (Fig. 1(a)). The carboxy-terminal
domain contains both hydrophobic and hydrophilic
regions typical of globular proteins, while the amino-
terminal domain is composed of tandem repeats of a
highly conserved sequence of nine amino acids,
Tyr-Pro-Gly-Pro(Gln)-Ala(Thr)-Pro(Ala)-Pro-Gly-Ala’.
The cDNA coding for human eBP has recently been
cloned"-*? and a comparison of the deduced sequence
of human €BP with that of r»t and mouse eBP revealed
that the two-domain struct:ve and protein sequence of
this lectin are high::y consericd.
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€BP is a soluble lectin containing an S-type carbobydrate-
recognition domain

Animal lectins have been classified according to the
type of carbohydrate-recognition domains (CRD) they
contain®®. One is C-type (calcium-dependent), a
notable example being the cell adhesion proteins,
selectins®. The second is an S-type (soluble) with the
classical example being the 14 kDa soluble galactose-
binding lectins®***". Recently, another 14 kDa lectin?®
and a 36 kDa? lectin have been added to this family.
The carboxyl-terminal domain of €BP shares signifi-
cant sequence similarity with the lectin domains of all
these lectins®?*,

Carbohydrate specificity of eBP

The carbohydrate specificity of RL-29 and HL-29
{identical to rat and human €BP) have been extensively
studied'™'?, Although S-type lectins are generally
referred to as galactoside-binding lectins, they exhibit
selectivity for distinct oligosaccharide structures. For
example, the relative affinity of various saccharides for
RL-29 is Gal(1) < Galp1-3GalNAc(7) < Galf1-4Glc(100)
< GalB1-3GIcNAc(270) < Galp1-4GlcNAc{700) <
GalNAca1-3(Fucal—2)Galp1-4Glc{2500). The num-
bers in parenthesis refer to the relative affinity of the
saccharides for RL-29 (Ref. 12).

Properties of eBP that support its extracellular
functions
Existence of €BP in the extracellular media

Neither the 31 kDa (eBP) nor the 14 kDa S-lectins
contain a classical signal sequence. Nevertheless, the
possible extracellular functions of this class of lectin
have been discussed®. Barondes and co-workers® have
studied soluble animal lectins extensively and have
provided evidence for extracellular functions of certain
S-type lectins. Some of these lectins are initially
concentrated inside the cells, but are eventually ex-
ported®. In particular, Cooper and Barondes®' demon-
strated, by both immunoprecipitation of metabolically
labeled protein and immunohistochemical localization,
externalization of a 14 kDa S-type lectin from mouse
muscle cells. Their data suggest that the lectin becomes
concentrated in evaginations of plasma membrane,
which pinch off to form lectin-rich extracellular
vesicles.

The level of surface eBP on rat basophilic leukemia
(RBL) cells increases when the cells are activated by
IgE immune complexes® and, from pulse-chase analy-
sis, it has been shown that the Mac-2/eBP is secreted
by activated macrophages'. eBP is detected in the per-
itoneal lavage fluid from thioglycollate-stimulated mice
but not in untreated mice (L.G. Frigeri and F-T. Liu,
unpublished). Finally, it is important to point out that
the carbohydrate binding of €BP is not dependent on
the presence of reducing agents®’, in contrast to the
14 kDa S-lectin®*¥, Thus, €BP can function in extra-
cellular oxidative environments.

Multivalent property of eBP

Like many other lectins, eBP behaves at least bi-
valently, as best demonstrated by its ability to aggluti-
nate erythrocytes®, Both recombinant €BP and the
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Fig. 1. (a) A model for eBP structure. A two-domain structure of €BP is
depicted. The amino-terminal domain, which consists of tandem repeats of
nine amino acids (Tyr-Pro-Gly-GIn/Pro-Ala/Thr-Pro/Ala-Pro-Glv-Ala), is
presented as a hypothetical helical structure with many turns. The carboxy-
terminal domain (the lectin domain) is viewed as a typical globular structure.
A single cysteine residue in ihe carboxy-terminal domain is shown (SH). A
pair of solid hexagons indicates the putative carbobydrate-binding site of
€BP. (b) Model of €BP self-association resulting in a dimer with a much
higher affinity than the monomer for a bivalent ligand. A schematic diagram
illustrating noncovalent homodimerization of €BP involving the amino-
terminal Jomain. When eBP encounters a bivalent ligand the molecule binds
to the ligaxd much more tightly than would be expected for monomers
because of the protein-protein self-association.

carboxy-terminal domain fragment (eBP-C) contain
only one lactose-binding site’. However, €BP-C
differs from eBP in that the former does not cause
hemagglutination.

An important clue for the basis of the multivalency
was discovered when analysing €BP binding to solid-
phase IgE. '*’I-labeled €BP was exposed to IgE coated
on microtiter plates in the presence of various concen-
trations of eBP and eBP-C. As expected, eBP-C inhibi-
ted the binding effectively in a dose-dependent fasbion.
In contrast however, an increase in eBP concentrations
enhanced the binding of '*I-€BP to IgE, reflecting
cooperative binding thus suggesting that €BP seclf-
associates and that this property is dependent on :he
amino-terminal portion of €BP (Ref. 36). The tendcncy
of €BP to self associate was substantiated by a chemi-
cal crosslinking study*. Positive cooperativity in bind-
ing of L-29 (identical to €BP) to laminin was also
reported and the requirement of the amino-terminal
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Fig. 2. Facilitation of IgE receptor aggregation by eBP. This figure is a schematic drawing of the IgE receptor aggregation facilitated

by €BP. Diagrams (a), (b) and (c) represent three ways in which €BP could crosslink with FceRI. Diagram (d) represents an example

of FceRI aggregation facilitated by eBP. The €BP molecule brings receptors 1 and 2 into proximity of receptors 3 and 4 that are

bridged by an IgE immune complex. For simplicity, the binding of €BP to other glycoproteins is not included in the diagram. The
various struciures are labeled at the bottom of the figure.

domain for the observed positive cooperativity was

revealed that eBP binds only a small number of glyco-
also noted*”.

From these results, it seems that eBP forms dimers
or oligomers through noncovalent inter-molecular
association involving the amino-terminal domain.
The amino-terminal domain is composed of
proline/glycine-rich tandem repeats and it is possible
that this domain forms a unique tertiary structure that
is predisposed to intermolecular  association.
Moreover, the seif-association constant for eBP must
be low, since stable éBP dimers or oligomers could not
be detected in the absence of chemical crosslinkers.
However, protein self association may be facilitated as
€BP binds to multivalent ligands, resulting in highly
stable complexes (Fig. 1(b)).

Recognition of specific glycoproteins by eBP

€BP binds to the surface of various cell types via its
lectin function, Efforts to identify specific cell surface
glycoproreins on RBL cells that are recognized by €BP,
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protein species®. Significantly, when other cell lines
were analysed in the same manner, simple patterns
were also seen (authors’ unpublished observations).
The finding of a limited number of proteins that bind
to €BP in the different cell types examined indicated a
high selectivity of glycoprotein recognition by eBP.
Rosenberg et al.*’ reported that Mac-2 (identical to
eBP) binds two glycoproteins from human colon
adenocarcinoma cell lines, a result that also supports
the restricted glycoprotein recognition by this type of
lectin.

The possible role of eBP in allergic
inflammation

The IgE-binding function of €BP alone already
points to the possible relevance of this protein in
IgE-mediated allergic reactions. A recent development
further supports an important role of €GP in allergic
inflammation: on mast cells, the IgE receptor (FceRI)

488 Vol 14 No. 10 1993
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is one of the major glycoproteins recognized by eBP*.
On the basis of this finding, as well as the properties
of eBP described in the previous section, it should
be evident that €BP has a potential to modulate the
functions of mast cells. Two possible models have been
considered.

First, eBP activates mast cells by bridging IgE recep-
tors, receptor-bound IgE, or IgE and receptor. Because
€BP binds both IgE and FceRI, and because it can form
dimers or even oligomers, the following situations may
be envisaged: (1) eBP crosslinks two or more FceRlI;
(2) €BP crosslinks two or more receptor-bound IgE;
and (3) eBP bridges receptor-bound IgE and FceRI
(Fig. 2, (a), {b) and (c)). Since it is well known that
receptor aggregation is a necessary and sufficient signal
for mast-cell activation®, all of these above situations
could lead to mast-cell activation.

Second, €BP modulates FceRI-mediated mast-cell
activation through binding to FceRI or IgE. For
example, by coupling two or more IgE receptor
molecules, eéBP may augment receptor aggregation
induced by IgE immune complexes (Fig. 2{d)).

It is important to point out that the capacity to bind
both IgE and FceRI is most likely a unique property of
€BP. Of the several soluble lactose-binding lectins, eBP
appears to be the only one that binds IgE (Ref. 41).
Furthermore, preliminary data support the biological
effects of €BP on RBL cells. Thus, when RBL cells were
first treated with €BP and then sensitized with IgE
{DNP-specific), a 30-160% increase in serotonin
release induced by antigen (DNP-BSA) was observed
(authors’ unpublished results). In addition, in two dif-
ferent sets of experimental conditions, eBP was noted
to cause serotonin release from unsensitized or IgE-sen-
sitized RBL cells (Ref. 38 and R.I. Zuberi, L.G. Frigeri
and F-T. Liu, unpublished). Therefore, it appears that
€BP can affect the activation of mast cells and, on the
basis of these observations, the following hypothesis
has been formulated: inflammatory stimuli cause
macrophages or mast cells to release €BP, which in
turn may bind to and activate other mast cells present
at the inflammatory site. In this way, €BP contributes
to amplification of an inflammatory response. An
important implication of this model is that it is poss-
ible that simple oligosaccharide ligands for éBP may be
capable of attenuating inflammation and thus have
utility as novel therapeutic agents.

Broad-spectrum modulatory function of eBP

The effect of eBP will probably not be restricted to
mast cells, as glycoprotein ligands for eBP are probably
present on many other cell types. Since €BP functions
at least bivalently, it has the potential to link two gly-
coproteins that share oligosaccharide chains recog-
nized by €BP on any cell type, and thus eBP may modu-
late the functions associated with these glycoproteins.
The effect is expected to be broad because eBP has
wide tissue distribution*? and each cell type may have a
different set of eBP-reactive glycoconjugates linked to a
spectrum of cellular functions. In addition, eBP may be
involved in inflammatory responses by a mechanism
other than that described in this article. Human
neutrophils were found to express eBP and a role for
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€BP in IgE-dependent activation of neutrophils has
been indicated*’. The role of lectins in modulating
cellular activity, by binding to critical cell surface
glycoproteins, has been proposed before* and may
prove to be one of the general functions of soluble
animal lectins. A picture is therefore emerging thar
soluble lectins such as €BP may be a broad-spectrum
biological response modifier.

The work was supported by NIH grants AI-19747, Al-
20958 and Al-32834.
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