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The potential role of sialoadhesin as a macrophage
recognition molecule in health and disease
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Sialoadhesin is a macrophage-restricted transmembrane glycoprotein of 185 kDa that mediates cell–cell interactions
through recognition of Neu5Aca2,3Gal in glycoconjugates. The extracellular region of sialoadhesin is composed of
seventeen immunoglobulin-like domains, of which the amino-terminal two are highly-related structurally and functionally to
the amino-terminal domains of CD22, myelin associated glycoprotein and CD33. These proteins, collectively known as the
sialoadhesin family, are able to mediate sialic acid-dependent binding with distinct specificities for both the type of sialic
acid and its linkage to subterminal sugars. In this review we discuss our recent studies on sialoadhesin and suggest how
this molecule may contribute to a range of macrophage functions, both under normal conditions as well as during
inflammatory reactions.
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Introduction

Macrophages are highly versatile cells, present in virtually
every tissue of the body and potentially involved in a wide
range of functions (reviewed in [1]). The pioneering studies
of Elie Metchnikoff [2] were amongst the first to reveal the
important role of macrophages in anti-microbial host de-
fence, a function for which these cells have subsequently
become best-understood, both during innate and acquired
immune responses. Implicit in our understanding of the host
defence functions of macrophages is their ability to discrimi-
nate ‘self ’ from ‘non-self’. This is achieved through expres-
sion of a diverse array of cell surface receptors that either
mediate direct recognition (eg mannose receptor) or indirect
recognition, via specific opsonins (eg antibody and comp-
lement). Besides host defence, recognition and phagocytic
receptors of macrophages play a key role in homeostasis, for
instance in mediating the efficient clearance of effete and
apoptotic cells throughout the body and of erythroblast
nuclei extruded in haemopoietic tissues. During the apop-
totic process, cells are known to display a range of surface
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changes that lead to specific recognition by macrophage
receptors involved in scavenging functions (reviewed in [3]).
This type of recognition can be considered as that of ‘al-
tered-self’, a process which also applies to the interaction of
macrophages with tumour cells displaying altered cell sur-
face structures over their non-tumorigenic counter-parts. In
addition to receptors that recognize ‘non-self’ and ‘altered
self’, macrophages also express receptors that specifically
recognize ‘self’. These receptors are typically involved in
adhesive, non-phagocytic functions that are important in
various aspects of cellular behaviour, such as localization
and migration within tissues. Such receptors may also act as
accessory molecules to increase the efficiency of receptors
involved in ‘altered self ’ or even ‘non-self’ recognition.

An increasing number of macrophage cell surface recep-
tors have been found to mediate recognition by binding to
specific carbohydrate ligands [4]. The enormous diversity of
exposed oligosaccharide structures found on the surface of
microbes, host cells and within extracellular matrix allows
them to function as highly effective ligands in all aspects of
macrophage recognition phenomena. For a number of years
our laboratory has studied the structure and properties of
one such macrophage receptor, sialoadhesin. In this review
we will discuss our recent results and consider how this
receptor may be used in macrophage functions relating both
to homeostasis and to host defence. Although much of the
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discussion will be speculative, it is hoped that the future
generation of mutant mice, either lacking sialoadhesin
or expressing it ectopically, will allow some of the ideas
presented here to be tested experimentally.

Properties of sialoadhesin

Sialoadhesin was originally discovered by serendipity as
a sheep erythrocyte receptor (SER) on isolated murine resi-
dent bone marrow macrophages. It was shown to be a mac-
rophage-restricted non-phagocytic receptor that recognized
sialylated components on the sheep erythrocytes [5]. In
addition to bone marrow macrophages, erythrocyte
rosetting activity could be demonstrated on subpopulations
of other tissue macrophages, especially those isolated by
collagenase digestion from lymph nodes and spleen, where-
as their monocyte precursors and macrophages isolated by
lavage from the peritoneal and pleural cavities expressed
low or undetectable levels of binding activity [5].

The isolation of an inhibitory mAb, SER-4, to sialo-
adhesin [6] was a crucial step in its subsequent purification
[7] and molecular cloning [8]. As a result, sialoadhesin was
predicted to be a type I membrane protein and a new
member of the Ig superfamily, with a large extracellular
region of 1619 amino acids, a transmembrane region and
a relatively short cytoplasmic tail of 35 amino acids with
several potential serine and threonine phosphorylation sites
(Figure 1). When a full-length sialoadhesin cDNA was
transfected into COS cells, the transfected cells were able to
bind enzymatically-modified human RBC in a manner sim-
ilar to that of the native molecule, binding preferentially
to terminally exposed Neu5Aca2,3Gal in either N- or
O-glycans over Neu5Aca2,6Gal in N-glycans [7, 8]. In
addition to the cDNA clones encoding the expected trans-
membrane form of sialoadhesin, several clones also pre-
dicted alternatively spliced, secreted forms of sialoadhesin
containing the first three or sixteen Ig domains [8]. As yet,
however, there is no direct evidence that sialoadhesin is
normally secreted by macrophages and it is possible that the
alternatively spliced cDNAs represent cloning artefacts.

As illustrated in Figure 1, the extracellular region of
sialoadhesin is made up entirely of 17 consecutive Ig-like
domains which can be further categorized into an amino-
terminal V-set Ig domain and 16 C2-set Ig domains [8].
Domains 4—17 (numbering from the amino-terminus) are
composed of seven tandemly-arranged homologous pairs of
domains, each pair consisting of a short and a long domain.
Statistical analyses show that all of the short domains in
each pair are highly related to each other, as are the long
domains, whereas none of the short domains are signifi-
cantly related to any of the long domains [9]. This region of
the molecule may therefore have evolved by seven-fold
replication of a two-exon module, consisting of a short and
a long domain. Interestingly, members of the carcino-
embryonic antigen (CEA) family share a similar pattern of
repeating short/long Ig domains [10] but statistical com-
parison of sialoadhesin and members of the CEA family
show that these repeat regions almost certainly evolved
independently of each other [9].

The sialoadhesin family of cell–cell interaction
molecules and sialic acid recognition

The cloning of sialoadhesin led directly to the characteriza-
tion of the sialoadhesin family of I-type lectins [11, 12],
currently comprised of sialoadhesin, CD22, myelin-asso-
ciated glycoprotein) (MAG), Schwann cell myelin protein
(SMP, only detected so far in avian species) and CD33
(reviewed in [13, 14]). Although these proteins mediate di-
verse biological functions [14], their extracellular regions
share striking sequence similarity, especially over the V-set
Ig domain 1 and C2-set domain 2 [8]. In addition, members
of the sialoadhesin family have an unusual pattern of
conserved cysteines, resulting in a predicted intra-b-sheet
Figure 1. Schematic diagram showing organization of sialoadhesin mRNA. The short domains in the ‘‘stem’’ region of sialoadhesin (domains 4–17)
are shaded. There are two alternative polyadenylation signals in the 3@ untranslated region (3@UTR), giving rise to two transcripts of 6.5 and &8.0 kb
(see Figure 2). For further information see [8].
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disulfide bridge in domain 1 and an inter-domain disulphide
bond between domains 1 and 2 [8, 15].

Experiments conducted in our laboratory [7, 8, 11,
16—19] and elsewhere [20—29] have now clearly established
that these proteins can all function as sialic acid-dependent
lectins but with distinct specificities for both the type of
sialic acid and its linkage to subterminal sugars [18, 25, 27,
29]. Recently, considerable progress has been made in our
understanding of the molecular basis for sialic acid recogni-
tion by the sialoadhesins. A combination of approaches,
including the generation of truncation mutants [19], site-
directed mutagenesis [30, 31], X-ray crystallography and
NMR (unpublished observations) have established un-
equivocally that the GFCC@CA face of the amino-terminal
V-set domain interacts with sialic acid. Although, for sialo-
adhesin, the V-set domain is sufficient for sialic acid-
dependent binding to cells [19], in the case of CD22 [19, 22,
32], CD33 and probably MAG (unpublished observations),
the first two domains appear to constitute a minimal unit
for sialic acid-dependent binding, possibly because, for these
proteins but not for sialoadhesin, the presence of the second
domain is a prerequisite for correct folding of the V-set
domain.

Expression of sialoadhesin in tissues

In considering the possible cell—cell and/or cell-substrate
interactions mediated by sialoadhesin in vivo, it is important
to discuss the distribution of the molecule on macrophage
subsets and how this might be regulated.

Non-inflammatory conditions

Even in the absence of inflammation, macrophages are
found in virtually every organ of the body and can therefore
interact with many different cell types (reviewed in [1]; also
see Figure 2). However, immunocytochemical studies in
rodents have shown that high levels of sialoadhesin are only
present on subsets of macrophages and therefore siaload-
hesin-mediated adhesive interactions are more likely to be
restricted to these subpopulations. In general, the levels of
sialoadhesin detected in different tissues correlates well with
levels of mRNA, suggesting that protein expression is deter-
mined primarily at the level of gene transcription [8]. The
heterogeneity of sialoadhesin mRNA levels in different tis-
sues is shown in Figure 2, in comparison with mRNA levels
for macrosialin (mouse CD68), currently the best pan-mac-
rophage marker available in mice [33]. In normal, non-
inflamed tissues, for example, resident macrophages in the
subcapsular sinus and medullary cords of lymph nodes and
the marginal metallophils of the spleen express very high
levels of the receptor and in the case of resident bone
marrow macrophages, intermediate levels are present but
the receptor appears to be selectively concentrated at con-
tact sites of macrophages with developing granulocytes
Figure 2. Northern blot showing levels of sialoadhesin mRNA in various
mouse tissues compared with macrosialin mRNA. Because macrosialin
(mouse CD68) is a good pan-macrophage-specific marker, the level of
macrosialin mRNA reflects the number of macrophages present in each
tissue. It can be seen that sialoadhesin mRNA is especially abundant in
spleen and lymph node. Undetectable levels are present in thymus and
brain, in contrast to macrosialin mRNA which can be readily detected in
both organs. 10 lg mRNA were loaded on each track and probed with
P32-labelled cDNAs as described [8]

[6, 34]. Interestingly, sialoadhesin is expressed at low,
though detectable, levels on macrophages in direct contact
with circulating blood cells, for example Kupffer cells in the
liver and splenic red pulp macrophages [6]. At present it is
unknown if the lower expression on these macrophages is
due to reduced levels of gene transcription or whether it
reflects increased degradation of the protein, perhaps as
a result of the high phagocytic activity of these cells. At the
other end of the spectrum, the resident macrophages of the
brain, microglia, do not express detectable sialoadhesin,
even with the most sensitive staining procedures available
[35]. This correlates well with the undetectable levels of
sialoadhesin mRNA in the brain (Figure 2).

Recently, the cloning of human sialoadhesin and produc-
tion of specific antibodies have allowed an assessment of the
extent to which the expression pattern is conserved between
rodents and humans. This, in turn, has provided useful clues
regarding potential conserved functions. Where examined
to date, the overall expression pattern of sialoadhesin in
uninflamed tissues taken from humans and mice is remark-
ably similar, being restricted to macrophage-like cells, but
absent from blood monocytes, with high levels of expression
on resident stromal macrophages in lymphoid and haemo-
poietic tissues (manuscript in preparation). Regarding pos-
sible functional conservation, the expression pattern in the
spleen has proven to be of great interest (manuscript sub-
mitted). In rodents, blood enters the spleen in the marginal
sinus within the inner marginal zone, a region that separates
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the red pulp from the white pulp (reviewed in [36]). Posi-
tioned underneath the marginal sinus, adjacent to lymphoid
follicles is a concentric ring of intensely sialoadhesin-posi-
tive macrophages called marginal metallophils [37]. In hu-
man spleens the marginal sinus appears to be absent and
blood is thought to enter the spleen via sheathed capillaries
present in the perifollicular zone, positioned between the
marginal zone and the red pulp. Intriguingly, strongly sia-
loadhesin-positive macrophages in human spleen are only
found in the perifollicular region, often forming part of the
sheath of the sheathed capillaries. Thus, the strongly posit-
ive macrophages are in distinct anatomical compartments
in rodents and humans, yet there appears to be a functional
conservation, such that in both species they are prominent
at portals of blood entry.

Inflammatory conditions

In experimental autoimmune encephalomyelitis of rats,
a model for multiple sclerosis, inflammatory macrophages
stain strongly with mAb ED3, thought to recognize the rat
sialoadhesin homologue [38, 39]. Preliminary examination
of sialoadhesin expression in certain inflammatory human
diseases has also shown that the receptor can be expressed
at high levels, especially on macrophages present in chronic
inflammatory conditions such as atherosclerosis and rheu-
matoid arthritis (unpublished observations). Furthermore,
sialoadhesin can be readily detected on macrophages that
infiltrate human breast tumours (unpublished observa-
tions). Thus, it is likely that sialoadhesin mediates cell—cell
and/or cell-substrate interactions in a range of pathological
conditions as well as under normal conditions.

Regulation of sialoadhesin expression

The heterogeneity in sialoadhesin expression on macro-
phage populations in non-inflamed tissues and its poten-
tially high expression in chronic inflammatory diseases
raises the interesting issue of which regulatory factors are
involved (Figure 3). In an early study it was shown that
sialoadhesin could be induced on macrophages that do not
normally express it by an unidentified ‘factor’ in mouse
plasma or serum that was absent from a range of other
species’ sera [40]. By gel filtration, the activity co-eluted
with albumin and on the basis of this it was proposed that
the degree of tissue permeability to this inducing factor
could play a role in regulating expression of sialoadhesin
in vivo. Support for this idea came from the observation that
within the brain, sialoadhesin was expressed by macrophage
subsets outside the blood-brain barrier (eg choroid plexus)
Figure 3. Diagram illustrating expression patterns of sialoadhesin on different macrophage subpopulations in vivo and the possible regulatory factors
involved.
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whereas it was entirely absent from the resident microglia
within. Furthermore, when the blood-brain barrier was ren-
dered leaky following experimental injury, a subpopulation
of recruited macrophages were induced to express sialo-
adhesin which was then down-regulated after reformation
of the blood-brain barrier [35].

In attempts to identify factors able to influence the
serum-dependent expression of sialoadhesin by mouse per-
itoneal macrophages it was found that interferon-c, IL-4
and IL-13 had an inhibitory effect [40—42]. In a recent study
of the rat sialoadhesin homologue, however, it was shown
that glucocorticoids like dexamethasone in the presence of
foetal calf serum could induce expression of sialoadhesin
mRNA and protein on a macrophage-like cell line [39].
Furthermore, this could be enhanced by interferon-b, inter-
feron-c, IL-4 and lipopolysaccharide when added together
with dexamethasone, but none of these reagents alone could
induce sialoadhesin expression. These apparently contradic-
tory results found in the mouse and rat may reflect species-
specific differences in regulation, despite the fact that
sialoadhesin shows a very similar overall pattern of ex-
pression on macrophage subsets in the two species.
Further experiments are required to determine the in vivo
significance of these in vitro observations, whether other
inductive/suppressive factors are involved and whether the
regulatory mechanisms that operate under inflammatory
and non-inflammatory conditions are distinct. The future
characterization of the sialoadhesin gene promotor and
associated regulatory regions may shed light on these issues.

Sialoadhesin as a macrophage ‘self’ recognition
molecule – general considerations

Oligosaccharide ligands that can be recognized by sialo-
adhesin are abundantly expressed on cell surfaces, in the ex-
tracellular matrix and in extracellular fluids, being attached
to a diverse array of glycoprotein and glycolipid carriers.
Sialoadhesin therefore has the potential to interact with
many different cell types, substrata and soluble molecules
encountered by macrophages. Experimental studies have
shown, however, that sialoadhesin expressed by macro-
phages, monkey COS cells or as a purified molecule can
mediate surprisingly selective cell—cell interactions
[7, 8, 11, 16]. In addition, recent experiments with stably-
transfected Chinese hamster ovary (CHO) cells have sugges-
ted that sialoadhesin can function in anchoring cells to the
substratum, possibly through sialic acid recognition
(unpublished observations).

Although cell—cell and cell-substrate interactions
mediated by sialoadhesin have so far only been demon-
strated in vitro, it seems likely from a number of consider-
ations that they can also occur in vivo. Importantly, it was
shown that addition of undiluted mouse serum to macro-
phages did not inhibit their sialoadhesin-dependent binding
to RBC [5]. The concentration of a2,3-linked sialic acid in
plasma was found to be &0.5 mM [43] and the K
$

of
monomeric sialoadhesin for a simple sialylated oligosac-
charide ligand such as 3@ sialyllactose is &2 mM (unpub-
lished observations). Therefore the ability of sialoadhesin
to mediate cellular interactions in the presence of
serum/plasma glycoproteins is likely to be a consequence of
the very low affinity of its binding site for carbohydrate
ligands, a feature shared with other mammalian lectins [4].
Stable, measurable interactions would be expected to occur
only under conditions where both receptor and ligand mol-
ecules are highly clustered, to create high-avidity binding
interactions. During cell-cell contacts, this could take place
as a result of co-clustering of receptors and counter-recep-
tors within the plasma membranes of apposing cells. For
soluble glycoproteins, however, stable interactions would
only be expected to occur with molecules such as mucins
that display a high density of sialylated oligosaccharides.

Importance of cis-interactions with ligands

A logical consequence of the fact that ligands for sialo-
adhesin are commonly expressed on the surface of most
cells, including macrophages, is that the lectin binding site of
sialoadhesin can be potentially occupied in a cis configura-
tion by sialo-oligosaccharides within the glycocalyx. Al-
though the concentration of a2,3-linked sialic acid in the
macrophage glycocalyx is unknown, by comparison with
calculations made in yeast for galactose [44], it is likely to
be several-fold higher than the K

$
of sialoadhesin for its

ligand. In order for a lectin-like cell interaction molecule
such as sialoadhesin to escape the potentially inhibitory
influence of the glycocalyx, one evolutionary strategy would
be to project its binding site beyond the limits of the
glycocalyx which is usually estimated to be in the order of
20—80 nm depending on the cell type [45, 46]. Consistent
with this notion, purified, native sialoadhesin molecules
have been visualized by electron microscopy as relatively
extended structures of around 50 nm in length [7].

The rainforest model and evolution

With 17 Ig domains, sialoadhesin is the largest cell surface
member of the Ig superfamily so far characterized. Further-
more, this unusual number of Ig domains is precisely
conserved in the human homologue of sialoadhesin (un-
published observations), suggesting it to be an important
functional requirement. We therefore hypothesize that
sialoadhesin has evolved 17 Ig domains to reduce the inhib-
itory potential of the glycocalyx and allow ahesive interac-
tions to occur between macrophages and cells bearing
appropriate counter-receptors. This evolutionary explana-
tion has been termed the ‘rainforest model’ because, in
certain respects, it is analagous to the evolution of unusually
tall trees in tropical rainforests which need to project their
leaves above the underlying canopy for optimal access to
sunlight (Figure 4). Experimental support for the rainforest
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Figure 4. The rainforest model. By analogy with tall trees in tropical
rainforests which need to project their leaves above the underlying
canopy for optimal access to sunlight, we propose that sialoadhesin has
evolved 17 Ig domains to project its binding site above the glycocalyx.
This would reduce the inhbitory potential of the glycocalyx and allow
adhesive interactions to occur between macrophages and cells (eg
haemopoietic cells) bearing appropriate counter-receptors.

model has recently been obtained using stable clones
of CHO cells expressing truncated forms of sialoadhesin.
We have found that reducing the number of Ig domains
to 10 or less leads to greatly decreased binding activity
despite high levels of protein expression (unpublished obser-
vations).

Similar observations for the importance of receptor
length in cell—cell adhesion have been reported for P-
selectin which, when expressed in CHO cells, has been
shown to require at least five complement regulatory do-
mains to mediate efficient attachment to neutrophils under
conditions of shear stress [47]. In this case, however, it was
proposed that a critical length was required, not to reduce
the potential for inhibitory cis-interactions, but to counter-
balance the electrostatic repulsive effects of the glycocalyx.
Although similar considerations could also apply to sia-
loadhesin, it is important to point out that the 3@sialyl
ligands recognized by sialoadhesin are commonly found on
all mammalian cells and hence likely to mediate cis-inter-
actions, whereas the sialy-Lewis9-related ligands recognized
by selectins show a much more restricted cellular distribu-
tion [48].

Threshold effects on binding activity

The low affinity of sialoadhesin for 3@sialyl ligands, together
with the potential for inhibitory cis-interactions discussed
above, implies that stable cellular interactions are only
likely to occur above a certain threshold level of receptor
expression. Experimentally, this has been observed when
sialoadhesin is expressed at low to moderate levels on
macrophages or stably-transfected CHO cells, in which
cases it is unable to mediate cell binding. However, a rela-
tively small additional increase in expression can lead to
dramatically enhanced binding activity [6, 7, 16]. This phe-
nomenon has also been observed in cell binding assays
where recombinant forms of sialoadhesin have been coated
on plastic at different densities [11]. These threshold effects
should be taken into account when considering the poten-
tial cellular binding functions of sialoadhesin in vivo, as only
strongly-positive cells are likely to mediate stable cell—cell
interactions.

Sialoadhesin-granulocyte interactions

Two independent findings indicate that granulocytes are an
important cellular target for sialoadhesin. First, in haemo-
poietic tissues the receptor is selectively localized at sites of
contact between mouse resident bone marrow macrophages
and developing granulocytes [34]. Second, in a range of
binding assays with haemopoietic cell populations,
granulocytes were consistently found to bind at the highest
levels to sialoadhesin in both mouse [11, 16] and man
(manuscript in preparation). In contrast, resting T and
B lymphocytes bound very poorly [11, 16] although in
another study activated lymphocytes were more strongly
recognized by sialoadhesin, as was a T cell lymphoma, TK1
[49].

Role in clearance?

The physiological significance of sialoadhesin-neutrophil
interactions is currently unclear but an attractive possibility
is that sialoadhesin plays a role in determining the fate of
neutrophils in tissues. Neutrophils are continuously pro-
duced in the bone marrow and a recent study in mice [50]
has provided evidence that the majority die in situ, with only
a small fraction entering the bloodstream where they circu-
late with a half-life of &8 h [51]. In the absence of inflam-
matory signals, it has been demonstrated that neutrophils
can be taken up by tissues such as liver, spleen and bone
marrow [52] where they are presumably cleared by resident
macrophages. It is widely assumed, but not yet proven, that
apoptosis of neutrophils is a key factor leading to their
constitutive clearance in tissues by macrophages, via recep-
tors such as CD36 which recognize apoptosis-related cha-
nges on the cell surface [3]. While this is a likely scenario at
inflammatory sites where activation per se can accelerate the
apoptotic process [53], it is a less plausible mechanism for
the constitutive clearance of non-activated, circulating neu-
trophils since these cells are continuously exposed to sur-
vival factors in plasma which would be expected to delay
apoptosis well beyond the observed life-span [54]. This
notion is also supported by studies of transgenic mice whose
neutrophils were prevented from undergoing programmed
cell death by overexpression of Bcl-2 yet displayed normal
kinetics of production and clearance in vivo [55].
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Since macrophages can bind, but not phagocytose, both
non-apoptotic and apoptotic neutrophils in a sialoadhesin-
dependent manner ([16] and unpublished observations), it
is conceivable that this initial interaction might potentiate
the functions of phagocytic receptors like CD36 and the
vitronectin receptor. As discussed above, this type of
sialoadhesin-dependent binding of neutrophils to macro-
phages would be expected to only take place with strongly-
positive macrophages such as those found in lymph nodes
and at sites of chronic inflammation and would be less likely
to occur on Kupffer cells and other blood-exposed macro-
phages which express much lower levels of sialoadhesin.
Could the general absence of neutrophils in chronic inflam-
matory disorders like atherosclerosis and rheumatoid ar-
thritis be causally related to the high levels of sialoadhesin
on the inflammatory macrophages?

Modulation of neutrophil function?

Although granulocytes are continuously released into the
bloodstream, only a minority are likely to be recruited to
sites of inflammation in a normal healthy individual [52].
The presence of large numbers of recirculating granulocytes
poses a potential threat to the body because these cells, if
activated, could release oxygen radicals or other toxic sub-
stances and cause undesired tissue damage. It is likely,
therefore, that regulatory mechanisms exist to suppress
granulocyte activation under non-inflammatory conditions.
Interestingly, a variety of sialic acid binding proteins have
been shown capable of modulating the respiratory burst
activity of neutrophils. These include influenza virus haemag-
glutinin [56], ¸imulus polyphemus or ¸imax flavus
agglutinin [56], P-selectin [57, 58] and antibodies to the
sialomucin, CD43 [59]. Future studies will be needed to
address the possibility that sialoadhesin is able to modulate
neutrophil function in similar ways.

Sialoadhesin-lymphocyte interactions

Although resting lymphocytes bind poorly to sialoadhesin,
it is striking that under non-inflammatory conditions, the
highest levels of sialoadhesin expression are found in sec-
ondary lymphoid tissues, in close association with lympho-
cytes, especially B lymphocytes. It is therefore tempting to
speculate that sialoadhesin may play a role in some aspect
of lymphocyte behaviour, such as localization or trafficking.
Both T and B lymphocytes are known to undergo major
changes in cell surface glycosylation during differentiation
and activation which could have an influence on interac-
tions with sialoadhesin [49]. Lymphocytes express a variety
of abundant glycoproteins displaying clustered sialic acid, in
particular CD45, CD43 and PSGL-1. All of these molecules
show altered glycosylation patterns upon T cell activation.
Alternative splicing of CD45 exons can result in striking
changes in the display of N- and O-linked glycans [60]. In
the case of CD43, enhanced expression of the b1-6 GlcNAc
transferase (known as the core 2 enzyme) leads to a more
heavily glycosylated form of CD43 and generation of neo-
epitopes [61]. Increased expression of the core 2 enzyme
during T cell activation is also crucial in converting PSGL-1
into a form that can be recognized by P-selectin [62].
Recent studies have also demonstrated that TH1 and TH2
T cell subsets can be differentially recognized by P-selectin
and E-selectin, presumably reflecting altered glycosylation
patterns between these subsets [63]. Although less-studied,
activated B cells and plasma cells also show striking changes
in cell surface glycosylation, one of the best examples being
expression of the mucin, CD43 which is initially absent on
resting B cells but is strongly induced on activation and
retained on plasma cells [64, 65]. It is noteworthy in this
respect that plasma cells are often localized in sialoadhesin-
rich environments such as the medullary cords of lymph
nodes and in bone marrow but little is known of the molecu-
lar interactions involved.

Possible role of sialoadhesin in ‘altered self’ recognition

Macrophage recognition of altered self is of established
importance in the clearance of apoptotic cells and is also
likely to be important for recognition and clearance of
extruded erythroblast nuclei by macrophages [66]. To date,
there is no evidence that either of these processes directly
involves changes in sialoadhesin ligand expression (unpub-
lished observations). However, an interesting example of
where altered self may be of direct relevance to sialoadhesin
is in the interaction with tumour cells, since it is well-known
that tumour cells can undergo major changes in glycosyla-
tion patterns compared with their non-tumorigenic
counterparts [67]. For example, in human breast cancer, the
mucin MUC-1, normally expressed by epithelial cells, shows
altered glycosylation patterns involving a reduction in levels
of the branched, core 2 O-linked glycans, changes which can
be detected with specific monoclonal antibodies [68]. As
discussed above, large numbers of sialoadhesin-positive
macrophages can infiltrate human breast tumours. Whether
sialoadhesin is involved in macrophage-tumour cell interac-
tions clearly requires further study, but it is of interest that
MUC-1 expressed by breast cancer cell lines can be specifi-
cally recognized by recombinant sialoadhesin in precipita-
tion assays (unpublished observations). In addition, during
breast and ovarian cancers levels of MUC-1 in the serum
can rise above normal [69, 70]. The possibility that such
soluble mucins can inhibit the binding activity of siaload-
hesin or, through interacting with sialoadhesin, alter macro-
phage functions merits further investigation.

Possible role of sialoadhesin in ‘non-self’ recognition

Although this review has focused on the self-recognition
properties of sialoadhesin, there may be circumstances when
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sialoadhesin could play a role in the interaction of macro-
phages with pathogenic organisms. In general, sialic acids
are only synthesized and expressed by higher animal forms
but certain viruses, bacteria and parasites have acquired the
capacity to synthesize sialic acid or capture it from their
hosts (reviewed in [71]) thereby leading to a form of
molecular disguise which in some cases has been shown to
function as an important determinant in pathogenesis. For
example, trypanosomes [72, 73], certain pathogenic strains
of meningococci [74], gonococci [75] and streptococci [76]
can all express a2,3-linked terminal sialic acids, potential
ligands for sialoadhesin. Further studies are required to
determine whether the presence of sialic acid on these
organisms has any influence on the ability of macrophages
to carry out their normal host defence functions.

Conclusions

In the absence of inflammation, the highly-restricted expres-
sion pattern of sialoadhesin on macrophage subsets in tis-
sues indicates a specialized role in ‘self’ recognition
functions of macrophages. The sialylated ligands for
sialoadhesin are present in abundance on other cells, in the
extracellular matrix and in extracellular fluids, but as a con-
sequence of the low affinity of sialoadhesin for these ligands
and its extended structure, sialoadhesin can mediate surpris-
ingly selective interactions between macrophages and other
cells. The high expression of sialoadhesin in a range
of inflammatory conditions indicates a role in host defence
and pathology. Challenges for the future include determin-
ing in which physiological situations sialoadhesin-depen-
dent adhesion is important and whether manipulating its
expression or activity could contribute in some way to the
treatment of human pathologies, especially in situations
where macrophages play an important role.
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