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IgE-binding Molecules on Human Langerhans Cells

THOMAS BIEBER
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We have recently demonstrated that normal human Langer-
hans cells are able to bind IgE. The study of IgE-binding
molecules on normal LC led to the characterization of three
distinct structures able to bind IgE, viz. the low affinity recep-
tor for IgE, FceR2/CD23, the so-called IgE-binding protein eBP
which is the human homologous of the murine Mac-2 antigen,
and finally the high affinity receptor for IgE, FceRI. In this
review, we summarize the most recent data on these structures
and their putative physiological relevance is discussed with
regard to the atopic disease. Key words: Langerhans cells; Re-
ceptors for IgE; Atopic disease.
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IgE-molecules play a central role in allergic reactions known
as immediate hypersensitivity or type | reactions. The cellular
mechamsms triggered by IgE-binding to receptors and/or the
allergen-binding to IgE. i.e.. crosslinking ol IgE. depend on
the interaction of 1gE with specific receptors. i.e. the type of
receptor involved on the surface of effector cells.

Since the presence of IgE molecules has been described on
human Langerhans cells (LC) in atopic dermatitis (AD). we
focused our interest in the characterization of [gE-binding
structures expressed on LC. This was done because we felt
that these structures may represent a crucial element for a
better understanding of the putative pathophysiological role of
LC in AD and possibly as target for future therapeutical
concepts. Very recently. we obtamned evidence that in fact
human L.C express all three IgE-binding structures so far char-
acterized in the human immunc system. designated high affin-
ity receptor (FceRl). low affinity receptor (FceRII) and IgE-
binding protein (eBP). I will next summarize the most recent
data concerning these structures on LC and discuss their signif-
icance for the pathophysiology of AD.

1. The low affinity receptor for IgE, FceRII/CD23

The low affinity (Ka = 10" M"') receptor for IgE. FceRIl/
CD23. was initially described on B-lymphocytes. and sub-
sequently on other leukocytes. e.g. monocytes, macrophages.
eosinophils. platelets, NK-cells and antigen-activated T cells
(most aspects of FceR2/CD23 are reviewed in 1). Since it has
been reported that [gE-binding on LC isolated from skin of
AD is inhibited by BB10 (2). a monoclonal antibody reacting
with the FceRII on eosinophils. but not by anti-CD23 re-
agents. it was assumed that the [gE-binding structurc on LC
was identical to that of cosinophils and macrophages but dif-
ferent from the FeeRIVCD23 expressed on other leukocytes.
Since, in contrast to CD23. the FceRIl on cosinophils has not
so far been cloned, the doubt may remain about the existence
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of a distinct FceRII on eosinophils. Furthermore. two anti-
CD23 mAb. viz. 135 (3) and 3-5 (Capron M. personal commu-
nication) clearly react with the FceRII on eosinophils and
strongly suggest extended similarities between the two recep-
tors.

1.1. Evidence for a constitutive expression of FceRII/CD23 on
Lzngerhans cells in situ

Recent observations provided evidence of a constitutive ex-
pression of FceRII/CD23 on LC. Indeed. we and others could
demonstrate. by the means of improved immunohistochemical
or immunoelectron microscopic techniques. that resident LC
actually express small amounts of FceRII/CD23 (4. Bieber,
unpublished data). This expression is hardly detectable on
freshly isolated LC since they have to be prepared by proteo-
Iytic digestion of the epidermal tissue. which in turn cleaves
FceRII/CD23 at the cell surface of LC. LC-preparation meth-
ods under gentle conditions followed by flow cytometric analy-
sis with anti-CD23 antibodies further confirm the low level of
FceRII/CD23 expression on normal LC. Moreover. as with B
cells. LC rapidly lose their CD23 moieties presumably by an
autoproteolytic cleavage whilc accompanied by the release of
soluble forms of FceRII/CD23 (see below). This observation
should be interpreted in the context of the profound pheno-
typic and functional differentiation of LC after their isolation
from the epidermal microenvironment (5). Hence, in the light
of these findings. it is not astonishing that we were initially not
able able to detect FceRII/CD23 on isolated LC. However, we
could show that cultured LC may be induced to re-express
FceRII/CD23 by IL-4 and/or IFN-g (6) and bchave like the
monoblastic cell line U937.

It is clear that in the epidermal compartment, LC are ex-
posed to several cytokines. which exert a complex regulatory
network. Thus. cytokines known to be produced by keratino-
cytes, viz. IL-1, IL-3, IL-6. GM-CSF and TNF-«, are all more
or less antagonists of the effect of IL-4 and IFN-gamma (7).

Nevertherless, the observation of a constitutive expression
of FceRII/CD23 on resident LC implies the question of its
classification according to the cloning of FceRII/CD23 which
revealed two subtypes FceRIla and FeeRI1b. differing only by
six amino acids in the cytoplasmic domain (8). Further charac-
terization is in progress in order to clarify this very crucial
point.

1.2. Langerhans cells release IgE-binding factors (soluble
CD23)

A distinct feature of FceRII/CD23 is its ability to cleave into
soluble unstable 33—-37 kDa fragments which are subsequently
cleaved into stable 25 kDa. also named IgE-binding factors
since they are still capable of binding IgE molecules (most
aspects of soluble CD23 are reviewed in 9). Recent data from



our laboratory clearly demonstrated that LC culturcd in the
presence of IL-4 or IFN-gamma produce significant amounts
of [gE-binding factors. We could show that, in contrast to IL-4
which almost induces the surface ¢xpression of FceRII/CD23
on LC. gamma-interfcron clearly promotes the relcase of solu-
ble CD23 moieties (10). Similar results were obtained with
U937 cells and correlate to that reported in the litcrature on
monocytes (11).

1.3. Possible fuuctioual significance of Fc¢RII/CD23 on LC
There is some evidence for an IgE-mediated antigen-presenta-
tion by LC in vivo and in vitro (12, 13). As mentioned, both
species of FceRII (FceRIla and FceRlIIb) differ in their cy-
toplasmic segment but are identical in their extracellular por-
tion. This led to the speculation that only FceRIIb is functional
in the effector phasc of allergy and parasitic infections (8).
Involvement of FceRII/CD23 on antigen-presenting function
by B cells has been demonstrated recently (13, 14) but whether
only FceRIla — and not FceRIIb is capable of internalization
after binding to IgE remains unclcar. Therefore, the FceRIl/
CD23 present on LC deserves further characterization in
terms of functional significance, especially in the putative Fce-
RII-mediated internalization of IgE-antigen complexes.

Considerable amounts of sometimes conflicting data are
now available concerning the biological activity of soluble
CD23. This includes (i) a permissive effect of the 33 kDa
fragments on the synthesis of IgE in an IL-4-independent
activation stage, (ii) a growth factor-like activity of 25 kDa
fragments in the differentiation of thymocytes, and (iii) a
similar activity on early bone marrow myeloid precursor cells.
Whether this last type of activity is of relevance for soluble
CD23 fragment release by LC in the skin remains question-
able. unless extra-thymic maturation occurs in human epider-
mis. as has been suggested in the mouse. However, since LC
are able to migrate in regional lymph nodes. IgE-binding
factors released in these areas may also play a role in the
regulation of IgE synthesis. Indeed, it has been shown that,
under defined experimental conditions, LC stimulate IL-4-
producing T cells (15). Therefore, 33-37 kDa fragments lo-
cally released by LC may support the effect of IL-4 and am-
plify the positive signal for IgE synthesis. This aspect is of
considerable interest with regard to the possible involvement
of LC in the primary and secondary immune response to
aeroallergens through the epidermis and other epithclia where
LC are localized. Thus, so far, it remains unclear whether the
sensitization to aeroallergens may occur not only by the upper
airways but possibly through transepidermal penetration.
Some observations based on differences in serum levels for
specific IgE for allergens derived from house dust mite body
and house dust mite faeces in asthmatic children and in chil-
dren with AE suggest that sensitization to allergens from the
mite body occurs via penetration in the skin (16).

Most remarkable, is the recent finding that soluble CD23
may affect the migration of monocytes (17). Although the
exact mechanism of this activity remains to be elucidated, this
cffect seems to be of greatest relevance for resident LC. This is
suggested by (i) the preferential release of sCD23 upon {FN-g
stimulation of LC (10), and (ii) the inhibitory activity of IFN-g

[gE-binding molecules on lLangerhans cells 55

on the spontaneous migration of LC in skin organ cultures
(18).

2. The endogenous 3-galactoside specilic soluble lectin eBP
(1gE-binding protein)

IgE-binding protein (¢BP) is a 31 kDa protein originally dc-
scribed on rat basophilic leukaemia cells (RBL) (most aspects
of ¢BP are reviewed in 19). A cDNA coding for eéBP showed
that it lacks a classical signal peptide or transmembrane do-
main. Subsequently. it was demonstrated that eBP is highly
homologous to (i) carbohydrate-binding protein 35 (CBP35). a
mouse galactose-specific lectin found in fibroblasts, and (ii)
Mac-2, a cell surface protein expressed mainly on murine
thioglycollate-elicited peritoneal macrophages. macrophage
cell lines, interdigitating dendritic cells. some epithclial cells.
and, most important, on murine 1.C (20). A close relationship
of eBP with the human lectin HL-29 was obtained from se-
quence data and confirmed that all these structures. i.c. ¢éBP.
Mac-2, CBP35 and HL-29. are very similar and belong to a
group of endogenous soluble lectins with S-type carbohydrate
recognition activity (21).

2.1.Human Langerhans cells express the IgE-binding protein,
eBP

Very recently. using an antiserum named eBPI. directed
against a synthetic peptide (FNPRFNENNRRVIVC) corre-
sponding to the highly conserved (identical in rodents and
human) stretch of a.a. 174— 188 of the carboxyterminal portion
of eéBP, we were able to detect this protcin on CDla-positive
LC in cryosections of normal skin, both by immunohistoche-
mistry and as on isolated LC by flow cytometric analysis (Wol-
lenberg et al., submitted). The biochemical analysis of the
eBPl-reactive material confirmed the presence of a protcin
with a molecular weight of 31 kDa consistent with eBP. Most
interesting, the expression of €BP is clearly enhanced in le-
sional skin of AD when compared with normal skin where LC
are hardly stained. This would correspond to the upregulation
of the molecule observed in thioglycollate-clicited macro-
phages. Further characterization of human eBP revealed an
interesting pattern of reactivity to IgE molecules, in that eBP
binds murine IgE but not all forms of human IgE (22). unless
treated with neuraminidase which unmasks ¢BP-ligand in IgE.
Polyclonal IgE molecules in human patient serum bind differ-
ently to eBP, suggesting that human IgE molecules are hetero-
logous in terms of sialylation. Hence, LC bind murine IgE but
only distinct subtypes of human [gE molecules via €éBP. The
physiological role of this phenomenon and its significance for
LC is currently under investigation.

2.2. Putative functions of ¢éBP on Langerhans cells

At least four different functions have been suggested for eBP.
Firstly, eBP may act as a third type of IgE receptor. As such,
eBP could be associated with either FceRIl or FceRIl and
enhance their affinity for IgE or eBP functions as an autono-
mous IgE receptor. Sccondly, it has been cvoked that re-
lcascd-eBP may be analogous to histamine-releasing factors.
Thirdly, recent data on CBP35 revealed that Mac-2. CBP35
and €BP are identical to the major non-integrin laminin bind-
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ing protein of macrophages (23). Therefore. as for FceRIl/
CD23 1.C express here a defined lectin with a putative role in
interactions with the extraccllular matrix. Finally. as an in-
traccllular protein. eBP may bind to IgE after FceR-mediated
internalization and operate as a cytoplasmic and/or nuclear
signalling molecule for an appropriatc response to the de-
tected level of IgE.

3. Human Langerhans cells express the high affinity receptor
for IgE, FceRl

Considering the sparse knowledge of the characteristics of the
IgE-binding structures present on LC isolated from patients
with AD (2). some of these aspects would fit in an hypothetical
expression of FceRI by LC. c.g.. trypsin resistance and affinity
for IgE and to a lesser extent for IgG. However, onc would
expect a constitutive expression of FceRI on normal LC,
something that has so far not becen reported. Recently, using
human IgE mycloma protein. we and others were able to
demonstrate that normal human LC bind IgE molecules in situ
as well as in vitro. This IgE-binding could not be inhibited by
anti-FceRII/CD23 or anti-eBP or anti-FcyR reagents, suggest-
ing that normal LC exhibit a third IgE-binding structure which
is actually responsible for the greatest part of their IgE-binding
capacity (24).

Thus we investigated LC for the putative presence of the
high affinity receptor for IgE, FceRI. which is composed of a
tetramer viz. an a-subunit (FceRIa), a (3-subunit FceRIP), and
two y-subunits (FceRIy) and has. as yet, only becen described
on mast cells and basophils (most aspects on FceRI are re-
viewed in 25). The most convincing arguments for a FceRI
expression on human LC came from our recent finding that
these cclls react in situ as well as in vitro with monoclonal
antibodies raised against the a-subunit of FceRI. Furthermore,
our biochemical analysis of anti-FceRlIa reactive moietics by
immunoblot revealed a protein of approximately 50 kDa,
which is consistent with FceRIu. Finally. by the mean of a
molecular biological approach with reverse transcriptasc and
polymerase chain reaction. using primers specific for either of
the subunits of FceRl. we were able to clearly demonstrate
that human LC express the complete structure of FceRI (26).
Finally, very recently we could demonstrate that FceRI ex-
pression is lost during the profound phenotypic and functional
alteration of LC in vitro.

3.1. Possible functional significance of FceRI on LC

Crosslinking of receptor-bound IgE molecules on mast cells
and basophils leads to the release of mediators known as thc
mediators of anaphylaxis. Recently, it became evident that
mast cells also represcent potent sources of a series of cytokines
which may profoundly interferc with the immune system (27).
However, the exact mechanism of the releasc of these sub-
stances is obscure and may be linked to activation processes
different from the classical crosslinking of FCeRI. In the case
of a putative FceRl on LC. only speculations are allowed,
since very little is known about the secretory repertoire of this
dendritic cell. If FceRI on LC were to keep the same role of a
signal transduction unit for a rapid exocytosis of various in-
flammatory mediators as on mast cells or basophils, then the
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Involvement of FceRIl in antigen-internalization. processing
and antigen-presentation would be rather questionable. On
the other hand, it is not excluded that such a crosslinking could
lead to the release by LC of adequate chemotactic mediators
for mononuclear cells at the site of interaction. i.c. the epider-
mis or the dermis.

CONCLUSIONS

It has been suggested that IgE-bearing 1.C may play a crucial
role in the pathophysiology of AD. However. one should keep
in mind that (i) IgE-bearing LC are not specific for AD.
although there is some correlation with an clevated IgE level
(28. 29): and (ii) this is far from explaining all clinical forms of
AD. Assuming that IgE-bcaring LC may form an important
link between type | and type I'V hypersensitivity reaction in
AD. it is worthwhile to further characterize the structures
responsible for IgE-binding on these cclls. A series of observa-
tions indicatc that epidermal LC express all three IgE-binding
structures characterized so far. viz. the high affinity receptor
(FceRI), the low affinity receptor (FceRII/CD23) and the 31
kDa IgE-binding protein (eBP. Mac-2. CBP35). Each of thesc
molecules displays a distinct functional and theretore patho-
physiological role which may be of crucial importance for a
better understanding of the mechanisms leading to skin lesions
in AD and the putative involvement of LC in the regulation of
12E synthesis.
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