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Abstract
Soluble isoforms of three human IgE Fc receptors, namely FcεRI, FcεRII and galectin-3, can be
found in serum. These soluble IgE receptors are a diverse family of proteins unified by the
characteristic of interacting with IgE in the extracellular matrix. A truncated form of the alpha-
chain of FcεRI, the high affinity IgE receptor, has recently been described as a soluble isoform
(sFcεRI). Multiple soluble isoforms of CD23 (sCD23), the low affinity IgE receptor also known as
FcεRII, are generated via different mechanisms of extracellular and intracellular proteolysis. The
second low affinity IgE receptor, galectin-3, only exists as a secretory protein. We here discuss the
physiological roles of these three soluble IgE receptors as elements of the human IgE network.
Additionally, we review the potential and current use of sFcεRI, sCD23 and galectin-3 as
biomarkers in human disease.
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Antibodies of the immunoglobulin E isotype (IgE) are key regulators of host defense against
parasitic infections. Over the last three decades, IgE additionally gained undesirable fame as
a central mediator of allergic responses. Allergic responses, however, are not regulated by
IgE alone, but rather by a complex protein network including transmembrane and soluble
IgE receptors and a variety of co-receptors that do not even bind IgE directly (for a detailed
review on the human IgE network see Gould et al. [1]).

Soluble IgE receptors are constituents of the human IgE network and are part of feedback
mechanisms that regulate IgE production. Therefore, the physiology of these serum
components is highly interesting as they are potential in vivo modulators of allergic
responses. Thus far, three human soluble IgE receptors have been described, namely, soluble
FcεRI (sFcεRI), soluble CD23 (sCD23), and galectin-3 (Table 1 and Figure 1). The focus of
this review is to compare and contrast the role of these three soluble IgE receptors in the
context of the human IgE network. We discuss the possible physiological roles of the
soluble IgE receptors, clinical implications, and elaborate on the potential and current use of
soluble IgE receptors as biomarkers of disease.
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1 - Generation of soluble IgE receptors
1.1 - Soluble FcεRI, sFcεRI

sFcεRI is a single-chain receptor isoform of FcεRI, the high affinity IgE receptor. In humans
and mice, robust levels of tetrameric FcεRIαβγ2 are constitutively expressed on the cell
surface of mast cells and basophils. This receptor isoform is well known for its function as a
key regulator of allergic responses [2]. Under physiological conditions, FcεRIαβγ2 is
preloaded with IgE. When IgE-specific antigen crosslinks the receptor, the release of
preformed inflammatory mediators and cytokines is triggered. Thus, IgE-FcεRI mediated
activation of mast cells and basophils is considered a hallmark of immediate allergic
reactions [2]. The following subunits assemble cotranslationally to form tetrameric FcεRI
[3]: an IgE-binding α-chain, FcεRIα, and two signaling subunits, FcεRIβ and FcεRIγ; the
latter is commonly referred to as the common FcRγ-chain and dimerizes. In addition to the
tetrameric isoform, human antigen presenting cells (APCs), such as Langerhans cells of the
skin and various other peripheral blood dendritic cell subpopulations, constitutively express
a trimeric αγ2 isoform of the FcεRI [2,4–6]. In contrast, murine APCs lack constitutive
expression of the receptors, but an inducible version of FcεRIαγ2 has been described in mice
after viral infection or challenge with house dust mite ([7,8]). Trimeric FcεRIαγ2 is
considered to be an antigen uptake receptor and has been shown to be involved in the
regulation of Th2-type allergic tissue inflammation [5,9].

In allergic individuals, induction of FcεRI expression has also been described for many other
cell types, including monocytes, eosinophils, platelets and gastrointestinal epithelial cell
[10–14]. Immunoprecipitation studies from human serum show that sFcεRI consists of a
smaller FcεRI alpha-chain with a molecular weight of ~40kDa compared to the ~60kDa full
length protein [15]. The lower molecular weight is likely explained by the lack of the
transmembrane and cytosolic domains [16]. This is also supported by that fact that FcεRIβ
and FcεRIγ2 require the alpha-chain transmembrane region to form a receptor complex fail
to co-immunoprecipitate with sFcεRI. Therefore, ultimately, mass spectrometric analysis is
needed to precisely define the protein sequence of sFcεRI.

The alpha-chain of the multimeric FcεRI complex is a type I membrane protein that contains
the receptor’s IgE-binding site [17]. The soluble alpha-chain, sFcεRI, likewise contains an
IgE binding site as it is precipitated with IgE and forms IgE-complexes in serum [15].
Dissociation studies [18] as well as subsequent analysis of the crystal structure [19] of
FcεRI-alpha and IgE revealed an extraordinarily high affinity of this ligand-receptor
interaction. As the crystals analyzed were generated with a recombinant soluble version of
FcεRI-alpha, it is likely that serum sFcεRI has a high affinity for IgE consistent with reports
in the literature [19].

It has not yet been characterized how the production of sFcεRI is induced in vivo. In vitro
data show that sFcεRI can be generated after IgE-mediated crosslinking of surface-
expressed FcεRI when the trimeric isoform of the receptor is expressed in MelJuso cells
[15], which are a common model for non-professional antigen presenting cells [20]. This set
of data suggests that production of the soluble isoform is induced by FcεRI crosslinking-
induced receptor activation. Since these data were generated with a stable cell line generated
with full length FcεRI-alpha cDNA, sFcεRI could not be produced as a splice variant, but
rather must be a product of a posttranslational modification such as cleavage by a protease.
Nonetheless, several in vivo mechanisms for generating sFcεRI could be operating in
parallel as discussed for the other sIgE receptors later in this review.

Currently, many more questions about sFcεRI remain open. For example, the cell type(s)
that release or shed this protein in humans remain to be defined. No in vivo modulators of
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sFcεRI production are as of yet known. Furthermore, experiments are needed to investigate
whether activation of tetrameric FcεRI also induces the release of sFcεRI. Such experiments
will answer the question as to whether mast cells and basophils contribute to the generation
of the serum pool of sFcεRI. Another important issue not yet resolved is whether sFcεRI
exists in mice. If it does not, murine models might be inadequate for studying the potential
physiological role of this receptor isoform. Initial experiments to detect sFcεRI from
supernatants of IgE-activated RBL-2H3 cells, a rat basophilic leukemia cell line that
expresses the tetrameric isoform of the receptor, and murine dendritic cells from a human
FcεRIα-transgenic animal that express a chimeric form of FcεRIαγ2 have failed (Fiebiger
lab, unpublished observation and [9]). It is conceivable that expression of the sFcεRI
isoform is different between humans and mice, comparable to the dissimilar expression
patterns of trimeric sFcεRI between the two species [21]. However, more studies on the
topic need to be performed before any conclusions are warranted.

1.2 - Soluble FcεRII, sCD23
Soluble CD23 (sCD23) molecules result from proteolytic cleavage of the 45 kDa
transmembrane form of the low affinity receptor for IgE, FcεRII (CD23). Unlike FcεRI, this
IgE Fc receptor does not belong to the immunoglobulin receptor family. Its large
extracellular globular C-type lectin domain places CD23 in the C-type lectin superfamily.
Various cell types including B cells, T cells, NK cells, monocytes, macrophages, follicular
dendritic cells, Langerhans cells, bone marrow stromal cells, neutrophils, eosinophils,
platelets and epithelial cells express CD23 at the cell surface. For a more detailed insight to
the biology of transmembrane CD23, we refer the reader to Gould et al. and Acharya et al.
who discussed this topic in their reviews in great detail [1,22].

Based on distinct molecular weights, several sCD23 isoforms have been described (Table 2).
The cleavage sites for all forms of sCD23 are located within the extracellular αhelical stalk
region of the transmembrane protein. All cleavage products posses the globular lectin head
domain, but retain stalk regions of different lengths. Since the IgE binding domain of CD23
resides in the globular lectin head domain, all isoforms of sCD23 have the capacity to
interact with IgE.

sCD23 can be produced by intracellular proteolytic processing of newly synthesized CD23
molecules, which are subsequently secreted [23]. This intracellular cleavage event is
responsible for the generation of sCD23 with a molecular weight of 28–29 kDa.
Additionally, several enzymes have been described to generated sCD23 via extracellular
processing. Metalloproteases of the ADAM family were identified as cleavage enzymes for
the generation of 37 kDa as well as 33 kDa sCD23 fragments. In vivo, ADAM10 has also
been found as the predominant sCD23-releasing enzyme [24,25]. B cell-specific deletion of
ADAM10 reduces sCD23 levels by 70% [24], indicating that this cell type is the main
source of sCD23 in serum. Additionally, ADAM8 and ADAM33 can generate sCD23 in
vitro [26,27]. The contribution of both proteases for production of sCD23 in vivo is still
debated, since experiments performed with knock-out animals showed that sCD23
production was not altered in the absence of either protease [25]. The finding that B cells
express only very low levels of ADAM8 [28] and no ADAM33 [29] are in line with the
observations seen in knock-out animals. Interestingly, ADAM8 is highly expressed on lung
epithelial cells of asthmatic patients and upregulated in models of murine allergic airway
inflammation [30–32]. Increased expression of ADAM33 in lung tissue has also been linked
to the pathogenesis of asthma [33]. These findings imply that sCD23 production by ADAM8
and ADAM33 could be predominantly tissue-specific and restricted to the lung. As
discussed later in this review in detail (2.2), increased levels of sCD23 can foster IgE
production as well as enhance production of inflammatory cytokines. As a result, sCD23
generated by ADAM8 or ADAM33 in the lung could be a local mediator that regulates
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asthma development or, more generally, the pathology of IgE-mediated asthmatic reactions.
Additionally, smaller proteolytic cleavage products of sCD23 with molecular weights of 25–
27 kDa are described. These isoforms of sCD23 are most likely extracellular degradation
intermediates and can be found in cell culture supernatants [34,35], as well as in human
serum of patients with chronic lymphocytic leukemia [36]. The house dust mite protease Der
p1 has been shown to generate a 17kDa sCD23 fragment [37,38]. It is speculated that, at
least in part, the high allergenicity of the mites is a result of the Der p1– mediated increase
in serum sCD23 levels, which in turn modulates IgE production.

Recently, it was shown that membrane CD23 and ADAM10 can be found in exosomes of B
cells. [39]. The authors of this study suggest that membrane CD23 is internalized from the
cell surface and traffics into endosomal compartments. Endosome-derived exosomes are
then secreted and CD23 is cleaved extracellularly. Exosome-derived sCD23 could be an
additional source of serum sCD23 in humans.

Production of sCD23 is dictated by the expression levels of transmembrane CD23, as well as
the rate of proteolytic cleavage from the cell surface. Surface expression of CD23 is
regulated by many cytokines including IL-4, IL-13, IL-5, IL-9, GM-CSF, INF-γ and CD40
(reviewed in [27]) and accordingly these immune mediators influence the generation of
sCD23. Along this line, activation of murine splenic B cells and human peripheral blood B
cells via lipopolysaccharides (LPS) induces release of sCD23. This LPS-induced increase in
sCD23 production is mediated by both induction of de novo synthesis of CD23 and by
enhanced CD23 cleavage by the matrix metalloproteinase MMP9 [40]. Supernatants from
MMP9 −/− splenocytes fail to induce sCD23 release from B cells and MMP9 expression
itself is upregulated following LPS stimulation [40]. The cleavage sites and cleavage
products of membrane CD23 by MMP9 are currently unknown. Recently, it was shown that
glutamate, a major excitatory neurotransmitter in the central nervous system, also enhances
sCD23 release by B cells. Activity of the glutamate-specific kainate receptor (KAR)
mediates the glutamate-dependent release of sCD23 by increasing ADAM10 expression
[41].

Membrane cleavage of sCD23 is primarily regulated via the accessibility of the cleavage
sites for proteolysis. Ligation of membrane CD23 by IgE induces a conformational change
that inhibits sCD23 shedding by ADAM10 [42]. Using a comparable mechanism, CD23-
specific monoclonal antibodies (mAb) can either enhance or limit the release of sCD23 [43].
Binding of 19G5 mAb to murine sCD23 changes the topology of the α-helical coiled coil
stalk region in favor of proteolytic cleavage [44]. Interestingly, the 19G5 mAb not only
facilitates proteolytic cleavage of sCD23 from the cell surface but also induces
internalization of CD23 into endosomal compartments [39]. This reagent could thus also
induce production of sCD23 via the exosomal pathway as described earlier in the review.
The anti-CD23 antibody Lumiliximab has been shown to decreases serum IgE, likely by
inhibiting production of sCD23. It is speculated that Lumiliximab stabilizes surface CD23
by preventing its proteolytic cleavage [45].

1.3 – Galectin-3
Galectin-3 is a secretory protein of ~30 kDa and belongs to a family of β-galactoside-
binding animal lectins [46]. This protein was formerly named ε-binding protein because of
its ability to interact with IgE as well as FcεRI [47]. In contrast to FcεRI and CD23,
galectin-3 does not exist as a transmembrane protein. The structure of galectin-3 consists of
a carbohydrate-recognition domain (CRD) linked to a non-lectin region of proline- and
glycine-rich tandem repeats. Galectin-3 can form pentamers via the non-CRD domain which
strongly resemble pentameric IgM; this is a unique structural feature of galectin-3 among the
15 members of the galectin family. Similar to all other galectin family members, galectin-3
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lacks a classical signal for the secretory pathway. Therefore, the mechanism of galectin-3
secretion is currently poorly understood [46].

Galectin-3 resides in the cytosol or the nucleus, but has also been shown to associate with
intracellular vesicles [48] and has been found in exosomes from dendritic cells [49].
Following secretion, galectin-3 is detected in the extracellular space from where it can attach
to cell surfaces. IgE and FcεRI were among the first described binding partners at the cell
surface of mast cells [50]. Interestingly, differentially glycosylated IgE isoforms have been
found that display distinct binding capacities for galectin-3 [51,52]. Additionally, galectin-3
appears to interact also with a large variety of other cell surface and extracellular matrix
proteins. Several intracellular proteins were also described as galectin-3 binding partners
(reviewed in detail in [46,48]). Because of the promiscuous binding pattern of galectin-3, it
is important to note that the detection of this molecule at the cell surface does indicate
whether the cell type by itself produces the protein.

Galectin-3 has been found on the cell surface of eosinophils, neutrophils, mast cells,
dendritic cells, macrophages, T cells and B cells [46,47,53–57]. Macrophages have been
shown to be a key source of extracellular soluble galectin-3. When monocytes differentiate
into macrophages increased galectin-3 expression is observed [57]. Alveolar macrophages
release galectin-3 into the alveolar space after infection with Streptococcus pneumoniae
[58,59]. Furthermore, alternative macrophage activation with the Th2 response associated
cytokines, IL-4 and IL-13, increase expression and release of galectin-3. In contrast, LPS or
INF-γ induced macrophage activation can inhibit galectin-3 release [60]. In line with the
finding that Th2 cytokines regulate galectin-3 expression in macrophages, eosinophils from
allergic donors show increased levels of galectin-3 [61]. Additionally, various fibrotic
conditions in humans including liver cirrhosis and pulmonary fibrosis are characterized by
increased levels of galectin-3 [62,63].

Interestingly, galectin-3 expression appears to be species specific and differences between
humans and mice are described. Similar to FcεRI, galectin-3 was found on human but not
murine eosinophils [64]. Galectin-3 might thus be another IgE Fc-receptors for which
species-specific expression patterns might hamper interpretation of murine studies.

2 - Functions of the soluble IgE receptors in the IgE network
2.1 – sFcεRI

Attempts to modulate IgE-mediated immune responses by recombinant FcεRI [65,66] well
precede the description of sFcεRI in human serum. Recombinant soluble forms of the
extracellular domain of FcεRI alpha-chain that interact with the Fc-portion of IgE were
described as inhibitors of cytokine release from human basophils [66] and RBL-2H3 release
assays [65]. In vivo models of passive cutaneous anaphylaxis confirmed that such soluble
IgE receptors indeed blunt IgE-mediated immune responses [65]. Omalizumab is an anti-IgE
specific mAb that reacts with the Fc-portion of the immunoglobulin and is successfully used
to clinically modulate serum IgE levels in several types of allergic diseases [67]. Based on
its binding domains on IgE, a recombinant form of sFcεRI could be used in a similar manner
as Omalizumab to modulate IgE-mediated allergy without the disadvantages of antibody
therapy.

In vivo, sFcεRI has several potential binding partners in serum as well as on the surface of
peripheral blood or tissue cells (Figure 2). As a free IgE receptor, sFcεRI can form a
complex with IgE or form complexes of higher order that include antigen. Free sFcεRI can
additionally bind to membrane IgE (mIgE) expressed by B-cells. Based on a one-to-one
ligand-receptor ratio, no crosslinking and activation of the B cell could occur. By blocking
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the Fc-region of IgE, free sFcεRI could prevent IgE from interacting with other FcεRI
receptors expressed on the cell surface [15]. On effector cells, such as basophils and mast
cells, this would impair IgE-mediated degranulation and release of cytotoxic mediators.
Thus, sFcεRI has the potential to blunt the acute phase of an allergic response. If sFcεRI-
IgE-antigen complexes of higher order interact with surface-expressed FcεRI, however, such
complexes could activate cells via FcεRI-crosslinking, provided the complexes contain free
IgE Fc-domains. Via such an activation pathway, sFcεRI could exacerbate immediate type
allergic responses. On dendritic cells, IgE-mediated antigen presentation might be down-
regulated when free sFcεRI blocks IgE from binding to surface expressed receptors, which
are used for antigen-sampling. Consequently, the sensitization phase towards allergens as
well as the Th2-type immune responses of chronic allergic reactions might be modified [9].
If sFcεRI is internalized as part of a sFcεRI-IgE-antigen complex by antigen presenting
cells, the endogenous alpha-chain could be presented as an exogenous allergen. Such a
process might provide a mechanistic explanation for how autoantibodies against FcεRI-
alpha are generated [68,69]. Finally, it is conceivable that as of yet unidentified binding
partners for sFcεRI exist in human serum.

2.2 - sCD23
IgE-mediated ligation of membrane CD23 inhibits IgE production in B cells via a negative
feedback loop [1]. In contrast, sCD23 increases the production of IgE through co-ligation of
CD21 and mIgE [70,71]. The size of clusters induced by sCD23-mediated crosslinking at
the cell surface defines the strength of the IgE-inducing signal. Since the oligomerization
capacity of sCD23 depends on the length of its stalk region, not all forms of sCD23 are
equally potent at inducing IgE-production [72]. In this context, McCloskey et al. have
reported that short recombinant sCD23 fragments corresponding to short sCD23 forms
generated by Der p1 can form only small complexes, which were even inhibitory for IL-4
induced synthesis of IgE in their experimental settings [73]. This finding argues against the
assumption that the high allergenicity of the house dust mite derives from increased
production of sCD23 through Der p1. In addition to regulating IgE synthesis, sCD23 has
been shown to promote B cell differentiation, survival of germinal center B cells as well as
differentiation towards B cell blasts in vitro in the presence of IL-1α [74–76]. Aside from
acting on the B cell compartment, combinations of sCD23 and IL-1α also promote
proliferation of human myeloid bone marrow precursors, differentiation of thymic T cell
precursors and CD4 T cell responses [77–79].

sCD23 also magnifies allergic diseases by enhancing the production of inflammatory
cytokines. On human monocytes, binding of sCD23 to CD11b/CD18 and CD11c/CD18 has
been reported to activate nitric oxide synthase and to induce the production of inflammatory
cytokines, including TNF-α, IL-6, IL-8, MIP1-α and MIP1-β, as well as IL-1β [80–83].
Similarly, murine monocytes and macrophages produce IL-6 after incubation with
recombinant sCD23 [84]. Activation of vitronectin receptors by sCD23 is an additional
pathway for the induction of pro-inflammatory cytokines [85]. Peripheral blood
mononuclear cells of patients with hyper-IgE syndrome are particularly reactive to treatment
with recombinant sCD23, producing high levels of IL-1β and TNFα [86].

2.3 – Galectin-3
Galectin-3 is a versatile player of the immune system [46,87,88]. Secreted galectin-3 can
activate cells directly by binding to cell surface receptors. Alternatively, galectin-3 is
endocytosed, permitting it to modify intracellular signalling pathways. The large number of
intracellular as well as extracellular galectin-3 binding partners, therefore, allows this
protein to play a role in a large variety of inflammatory responses, including neutrophil
activation, chemoattraction of monocytes and macrophages, adhesion and migration of
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neutrophils and dendritic cells as well as regulation of apoptosis in immune cells [46,89–91].
Recently it was found that galectin-3 even displays antimicrobial functions against the
fungus Candida albicans [92]. In the context of allergic reactions, it is important to note that
extracellular galectin-3 is a potent activator of mast cells via crosslinking of IgE-loaded
FcεRI or via crosslinking FcεRI directly in an IgE-independent manner. Galectin-3 was
shown to induce inflammatory mediator release from IgE-sensitized as well as non-
sensitized mast cells and human eosinophils [47,55]. Since membrane FcεRI is a binding
partner, it is likely that galectin-3 can also interact with sFcεRI in serum. Such an interaction
could potentially modulate the functions of sFcεRI in vivo.

3. Soluble IgE receptors as disease biomarkers
As detailed below, the soluble IgE receptors CD23 and galectin-3 are upregulated in a
variety of diseases and have made their way into clinical practice as diagnostic biomarkers.
We speculate here that sFcεRI might also prove itself as a biomarker, although it should be
noted that solid evidence for this role is so far lacking.

3.1. sFcεRI – a potential new biomarker?
Development of a standardized assay that allows for the comparative analysis of serum
levels of sFcεRI in health and disease will facilitate an understanding of the clinical
relevance of sFcεR in serum. Currently, it is known only that serum levels of sFcεRI
correlate with serum IgE in a pediatric patient cohort with elevated IgE [88][93].
Interestingly, sFcεRI was also found in serum of individuals with normal IgE levels. In fact
the highest levels of sFcεRI were actually described in this subpopulation [93]. More
detailed studies investigating the possible link between serum sFcεRI to clinical symptoms
of allergy are urgently needed.

3.2. sCD23 as a biomarker
sCD23 levels appear to be upregulated in a plethora of diseases. Less frequently, a decrease
of serum sCD23 has been described (Table 3). Elevated sCD23 levels have been found in
association with allergic diseases, including asthma and atopic dermatitis [94–97]. There is
some debate amongst allergists, however, as to whether sCD23 serum levels have a
predictive value for the diagnosis of allergic reactions [98]. Clearly, further investigations
are needed.

Chronic lymphocytic leukemia (CLL) is currently the only disease in which sCD23 is used
as a clinical biomarker. CLL patients show significantly higher levels of serum sCD23 when
compared to healthy controls [99,100]. Plasma levels of sCD23 correlate with disease
outcome; high sCD23 concentrations indicate a more severe disease stage, a more rapid
median progression time and shorter median survival time [99,101–105]. Other parameters
of CLL which correspond to a negative prognosis, such as a short doubling time of
lymphocyte and diffuse bone marrow histology, also correlate with increased levels of
sCD23 [99,105].

In AIDS patients, sCD23 appears to be a predictive biomarker for the development of Non-
Hodgkin lymphoma. sCD23 is specifically elevated in HIV patients prior to the diagnosis of
AIDS-associated Non-Hodgkin lymphoma [106–108]. Recently, elevated serum levels of
sCD23 were described in patients with pancreatic cancer [109], but additional studies are
required to evaluate whether sCD23 can function as a biomarker in this disease. Several
reports describe elevated sCD23 levels in serum and synovial fluid of patients with
rheumatoid arthritis [110–117]. In contrast, Singh et al. showed recently that sCD23 levels
were slightly decreased in patients with juvenile arthritis [118]. More extensive studies are
needed to clarify this contradiction.
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Low serum sCD23 levels are described for glioma patients [119]. The reason for this
decrease of serum sCD23 is unknown as of yet. Glioma patients commonly do not have
elevated serum IgE and suffer less often from allergies. Conversely, the survival time of
glioma patients is prolonged if they show elevated serum IgE [120]. In these studies, the
authors speculate that elevated IgE levels correlated with more effective anti-tumor response
or less aggressive tumors. A study by Merril et al. found that patients with allergy actually
have a decreased risk for glioma [121]. More research is needed to understand how and if
sCD23 and IgE have protective functions in this type of cancer. This topic is a focus of
attention in the nascent field of allergooncology [122].

3.3. Galectin-3
Elevated serum levels of galectin-3 are found in many diseases including various types of
autoimmune diseases and cancer (Table 3). So far, the only FDA approved application of
galectin-3 as a biomarker is for the prognosis of chronic heart failure [123]. However,
Galectin-3 has recently emerged also as a promising diagnostic marker for thyroid cancers
[124].

4. Summary and perspective
Soluble IgE receptors in human serum are a diverse group of proteins with the unifying
characteristic of interacting with IgE. We here discussed the production and physiological
roles of these receptors and compared them to their parental transmembranous receptor
isoforms (Table 4). Further studies on how the generation of soluble IgE receptors is
regulated, how these proteins function within the human IgE network and how they are
connected to various disease pathologies will close large gaps in our understanding of IgE-
mediated immune responses. In addition, a better understanding of the patho-physiology of
soluble IgE receptors might point us towards novel intervention strategies for IgE-mediated
allergies.
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Research highlights

Soluble isoforms of three different IgE Fc receptors are found in human serum.

Soluble IgE receptors are potential modulator of IgE-mediated immune responses.

Soluble IgE receptors are potential biomarkers for various diseases.
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Figure 1.
Human IgE Fc-receptors and their soluble isoforms.
The high affinity IgE Fc receptor, Fc-epsilon-RI (FcεRI), has two transmembrane isoforms,
FcεRIαβγ2 and FcεRIαγ2. The soluble isoform, sFcεRI, is a single chain receptor consisting
of a truncated version of the IgE-binding FcεRIα subunit. Several different soluble isoforms
of the transmembrane low affinity IgE Fc receptor, FcεRII or CD23, have been described. A
detailed summary of soluble CD23 (sCD23) isoforms and their cleavage sites is provided in
Table 2. Galectin-3 is a secretory IgE Fc receptor. After secretion, galectin-3 can attach to
cell membranes via interacting with a large number of carbohydrate structures displayed by
cell surface proteins. Additionally, an intracellular pool of galectin-3 can be found in the
cytoplasm and the nucleus.
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Figure 2.
Possible interaction partners of soluble Fc-epsilon-RI (sFcεRI) in vivo. A) FcεRI exists as a
membrane bound as well as a soluble isoform in human blood. In serum, sFcεRI is found as
a true soluble form or as a sFcεRI-IgE complex when bound to its natural ligand.
Potentially, sFcεRI-IgE complexes can interact with antigens and form immune complexes
of higher order. Free sFcεRI can additionally interact with membrane IgE expressed on B
cells. sFcεRI-IgE complexes cannot bind to trimeric or tetrameric FcεRI expressed on the
cell surface of peripheral blood cells, because the binding site of IgE and the cellular
receptor is blocked by sFcεRI in solution.
B) In tissue, all interactions described for peripheral blood in (A) are theoretically possible.
It remains to be defined whether the local concentration of sFcεRI in tissue is comparable to
sFcεRI serum levels. Cells migrating from the periphery blood could also serve as vehicles
to transport sFcεRI into tissue.
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Table 1

Soluble IgE receptors in human serum

Soluble IgE receptor Main source in vivo Regulation of production

sFcεRI – soluble alpha- chain of
FcεRI

Not defined IgE-mediated FcεRI activation

sCD23 B cells Surface expression of membrane CD23 and accessibility of cleavage sites
Expression and activity of shedding enzymes ADAM10, ADAM8, ADAM33,
MMP9

Galectin-3 Macrophages Induction via IL-4 and IL-13 Inhibition by LPS and INF-γ
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Table 2

Soluble CD23 isoforms

Molecular weight (kDa) Origin Enzyme

37 Extracellular shedding of membrane CD23 at position Ala80 in vivo: ADAM10 and MMP9
in vitro: ADAM10, ADAM8 and ADAM 33

33 Extracellular shedding of membrane CD23 at position Arg101 in vivo: ADAM10 and MMP9
in vitro: ADAM10, ADAM8 and ADAM 33

28–29 Intracellular processing of newly synthesized CD23 protein Not defined

25–27 Proteolytic cleavage/degradation products of 33kDa and 37kDa
sCD23

Not defined

16–17 Extracellular cleavage of membrane CD23 at Ser155 and Glu298 Der p1
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Table 3

Serum levels of sCD23 and galectin-3 are modulated in various pathologies

Pathology sCD23 Galectin-3

Cancer
Chronic lymphocytic leukemia ↑a
Pancreatic cancer ↑
AIDS-associated Non-Hodgkin’s lymphoma ↑
Glioma ↓b

Thyroid cancer ↑ [125–127] c
Melanoma ↑ [128–130]
Colorectal Cancer ↑ [128]
Head and neck squamous cell carcinomas ↑ [131]
Bladder cancer ↑ [132]
Breast and Ovarian cancer ↑ [128]
Non-Hodgkin’s lymphoma ↑ [128]

Auto-immune diseases

Arthritis ↑ and ↓
Systemic lupus erythematosus ↑ [133]
Primary Sjogren’s disease ↑ [133]
Autoimmune thyrioditis ↑ [134]
Myasthenia gravis ↑ [134,135]
Crohn’s disease ↓ [134]

Rheumatoid arthritis ↑ [136,137]
Systemic lupus erythematosus ↑ [137]
Behçet’s disease ↑ [137]
Inflammatory bowel disease ↑ [138]

Allergic diseases Asthma ↑
Atopic dermatitis ↑

Other
Chronic heart failure ↑ [123,139–141]
Liver fibrosis ↑
Pulmonary fibrosis ↑

a
↑ serum levels are found to be upregulated

b
↓ serum levels are found to be downregulated

c
References are given only if not cited in the text
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Table 4

Major physiological roles of transmembrane and soluble IgE Fc receptors.

IgE receptor Transmembrane form Soluble form

FcεRI Mast cells, basophils: release of inflammatory mediators
Dendritic cells: antigen uptake receptor Not defined

CD23 Regulation of IgE sythesis
Transport of IgE at mucosal surfaces

Promotion of IgE sythesis
Induction of inflammatory cytokine production from monocytes
and macrophages
Promotion of T and B cell differentation as well as B cell survival

Galectin-3a

Induction of inflammatory mediator release from mast cells via binding of FcεRI and IgE
Promotion of adhesion, migration and respiratory burst of neutrophils
Chemoattraction of monocytes and macrophages
Promotion of Th2 responses and alternative macrophage activation
Regulation of apoptosis in immune cells
Anti-microbial functions against Candida albicans
Activation and growth induction of tissue fibroblasts

a
No transmembrane form of galectin-3 exists. Next to the secreted pool, galectin-3 is found intracellularly in a non-secreted form.
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