
EDITORIAL

The role of CD23 in allergic disease

CD23, also known as the low af®nity receptor for Immuno-

globulin (Ig)E (FceRII), has been widely implicated in the

synthesis of IgE as well as in IgE-mediated immune and

in¯ammatory functions. As a result, CD23 may have a

pivotal role in the development and maintenance of allergic

in¯ammation, however, it has been a subject of debate ever

since its discovery in 1975. Indeed, the relationship of CD23

expression to disease and the speci®c functions of CD23-

positive cells are still unclear, in particular into the light

shed by murine experiments.

In humans, CD23 is a Ca2�-dependent C-type lectin of

45 kDa. It has a wide distribution among haematopoietic

and structural cells, and exists under two forms, CD23a

and CD23b, resulting from an alternative splicing at the N

terminus and differing by ®ve amino acids in the cyto-

plasmic domain. The two isoforms of CD23 are found on B

cells, one is constitutively expressed (CD23a), whereas the

other form (CD23b) is induced in particular by IL-4 [1].

CD23b is also found on non-B cells such as T cells,

Langerhans cells, monocytes, macrophages, platelets and

eosinophils [2,3] and mediates different biological func-

tions. The b form has been shown to be associated with

phagocytosis of soluble IgE complexes, while the a form is

associated with endocytosis of IgE-coated particles [4].

Structurally, CD23 presents a single membrane-spanning

domain followed by an extracellular domain that consists of

three regions: the a-helical coiled coil stalk region, which

mediates the formation of trimers, followed by the lectin

head, which binds IgE, and at the C terminus, a short tail

containing an inverse RGD sequence, a common recogni-

tion site of integrins [5]. CD23 at the cell surface is turned

over to yield a series of soluble fragments. sCD23 of

molecular weight 37, 33, 29, 25, and 17 kDa, arise by an

autocatalytic process involving a matrix metalloprotease

cleavage of membrane-bound CD23. CD23 has been impli-

cated in different functions, ranging from cellular adhesion,

antigen presentation, growth and differentiation of B and T

cells, rescue from apoptosis, release of cytotoxic mediators,

and regulation of IgE synthesis [6]

In vitro experiments have shown that CD23 is upregu-

lated by its ligand IgE, or following stimulation with IL-4

and several other cytokines. IFN g counteracts the induc-

ing effect of IL-4. IL-4-induced CD23 expression has an

enhancing effect on IgE synthesis through CD21 binding

[7]. Binding of IgE or IgE-immune complexes to the lectin

region transduces a feedback inhibitory signal that prevents

further IgE synthesis [8]. In contrast, soluble forms above

25 kDa upregulate IgE production, and their release has

been found to be inhibited by IgE binding [9]. It has been

recently shown that the protective effect of IgE on the initial

cleavage of CD23, through binding to the lectin domain,

results from a stabilization of the integrity of the coiled

coil structure which contains the site of cleavage. The

unravelling of the coiled coil domain through interaction

with the leucine zipper domain of CD23 induces its cleav-

age [5]. It could be speculated that any autologous or

exogenous agent able to interact with the leucine zipper

domain of CD23 would disrupt the IgE inhibitory mechan-

ism thereby leading to enhanced IgE synthesis. It is there-

fore of interest that Der p 1, the major house dust mite

allergen has been shown to selectively cleave CD23, and to

promote IgE synthesis [10]. CD23b can also, via IgE

binding, promote the generation of different mediators

such as cytotoxic mediators, chemokines, pro- or anti-

in¯ammatory mediators in alveolar macrophages, platelets,

or eosinophils [11±13] leading to an enhancing effect on the

in¯ammatory reaction. Finally sCD23 is able through liga-

tion to CD11b/CD11c to promote release of in¯ammatory

mediators in particular from monocytes such as IL-1b, IL-6

and TNF-a [14].

In humans, the expression of CD23 is strikingly increased

in allergic disorders, in terms of membrane expression on

B cells and monocytes, but also in terms of sCD23 pro-

duction [15]. Moreover reduction of allergen-induced CD23

expression on B cells has been observed after successful

hyposensitization [16]. Altogether, the large body of evi-

dence previously mentioned suggests that in humans CD23

plays a central role in IgE regulation with antagonistics

effects. On one hand, crosslinking FceRII at the cell surface

by IgE delivers a negative feedback for IgE production

and inhibits the release of sCD23. On the other hand, sCD23

fragments larger than 25 kDa that retain a part of the stalk

region promote continuing IgE production by at least two

mechanisms: (1) sCD23 directly stimulates IgE production

possibly through CD21 triggering; (2) sCD23 by its ability

to trap IgE in the medium prevents negative feedback

through membrane-bound CD23. Dysregulation of the

CD23 pathway in atopic patients might be part of their

increase propensity to develop IgE antibodies and of an

enhancement of the in¯ammatory reaction through the

action of sCD23 as well as through IgE-dependent triggering

of CD23� non-B cells.

In rodent models, somehow different in vivo results

have been obtained questioning the in vivo relevance of

many of these observations, and in particular the relevance

of murine models to man. Most of the studies performed
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in mice have implicated CD23 as an inhibitor of this IgE

response. It has been shown that CD23-de®cient mice

exhibit no phenotypic difference, normal T and B cell

development, and in some studies an increased production

of IgE upon sensitization to antigen, but not at baseline

[17,18]. Furthermore, using heterozygous CD23�/ÿ popula-

tions of gene-targeted mice, an inverse relationship was

found between the expression of CD23 and levels of IgE

produced after parasite infection. However some other

studies did not ®nd modi®cations of IgE production in

CD23ÿ/ÿ mice [19,20]. These data suggest that the presence

of CD23 in the mouse model may exert an inhibitory

effect on IgE production and that the membrane bound

form of CD23 may be the dominating IgE regulatory factor.

Contradictory results between humans and mice have also

been obtained at the level of the in¯ammatory reaction.

Indeed it has been shown that in knockout CD23 mice,

there is an increased allergic airways hyperresponsiveness

following sensitization with ovalbumin [17,20] and that

treatment with a transducing anti-CD23 mAb produces

attenuation of the allergic pulmonary in¯ammation [22],

again providing clues as CD23 being an inhibitor of the

in¯ammatory reaction in the mouse model.

Although availability of the transgenic and knockout

mouse models have opened new insights in the understand-

ing of immunological functions, there are a number of

limitations to these models. In particular there is a redun-

dancy in the genome which allows multiple genes to per-

form overlapping functions, as well as to compensate for

the absence of function of the targeted gene. Therefore the

enhanced IgE production observed in knockout mice

might be explained by other membrane structures able to

bind and to mediate functions of IgE including the high

af®nity FceRI, or molecules such as Mac2 [23] which could

potentially compensate for the lack of CD23. Recent data

obtained in our laboratory support this hypothesis. Indeed

cross-regulatory effects between CD23 and FceRI expres-

sion have been observed in terms of IgE-dependent plate-

let activation. Human platelets bear the low as well as the

high af®nity receptor for IgE, and it has been shown that

antibodies to CD23 are able to inhibit the IgE-dependent

activation of platelets induced through FceRI [24]. The

mechanism of action could be through the promotion of

the autoproteolytic cleavage of the receptor. Indeed, sCD23

mimics the inhibiting effects of anti-CD23 antibodies.

On the other hand, the impaired ability to synthesize IgE

upon stimulation in CD23-transgenic mice as well as with

monoclonal activating antibodies, suggests that ligation of

CD23 plays an inhibitory role on IgE production again in

the mouse model [22,25,26].

The clinical relevance of the mice observations is dif®-

cult to extrapolate to humans. Indeed there are marked

differences in CD23 immunobiology between the two

species. First at the molecular level, there is only 57%

amino acid sequence homology between human and

mouse CD23. Furthermore the murine CD23 is naturally

truncated at its carboxy terminus, deleting the RGD motif

[2]. Secondly, in humans, most of the regulatory effect of

sCD23 is ascribed to its IgE-binding capacity, whereas

in mice sCD23 does not retain IgE-binding [9] or binds

with a much lower af®nity [27]. Most of the effects ascribed

to sCD23 in humans could not be con®rmed in the CD23-

de®cient mice. In vivo experiments using sCD23-transgenic

mice showed no particular dysregulation of IgE-induced

production [25]. The relative importance of membrane

CD23 vs the cytokine-like activities of sCD23 remains

unclear. Thirdly, the discrepancy of CD23 function in

mouse and human in the context of the in¯ammatory

reaction, might be related to differences in the cellular

distribution between species. In the mouse the existence

of isoforms of CD23 is controversial [28,29] and CD23

has been found predominantly expressed on mature B cells,

follicular dendritic cells, and some T cells, whereas in

humans IgE-dependent activation of CD23� non-B cells

seems to increase the in¯ammatory part of the allergic

reaction. In this context it is of note that the rat model

shows similarities with human ®ndings. For example, in

vivo anti-CD23 antibody treatment of rats was shown to

inhibit speci®c IgE responses [30], supporting the role for

CD23 as an enhancer of the IgE response. Rat macro-

phages, eosinophils and platelets have been shown to bear

receptors for IgE [31], while Langerhans cells and eosino-

phils in mice do not express CD23 either at baseline or after

IL-4 stimulation [32,33]. Therefore rat models might be

more relevant to humans than mouse models.

Whether some of the effects ascribed to CD23 are speci®c

for the human situation remains to be resolved. For obvious

ethical problems, in vivo experiments are dif®cult to per-

form in humans, and models more relevant to humans are

needed. In this context, the paper published in this issue

of the journal by Mayer and colleagues is of interest [34].

They show that compounds selectively able to inhibit the

proteolytic cleavage of CD23 are able to inhibit sCD23

release and IgE synthesis not only in an in vitro model but

also in an in vivo model. They used a SCID mouse model,

which exhibits a mutation in the VDJ recombinase system,

and thereby does not have functional T and B lymphocytes.

These mice were reconstituted with IL-4-stimulated PBL

from atopic donors and treated with inhibitors of CD23

processing parallel to anti-CD23 antibodies. They were able

to show that these reagents inhibited IgE production with-

out inhibiting IgG production providing evidence that

targeted inhibition of sCD23 production is suf®cient for

inhibition of IgE synthesis. Indeed more than 90% inhibi-

tion was observed at the peak of IgE production in the

Hu-PBL-SCID model with both inhibitors of processing
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and anti-CD23 antibodies. Although Hu-SCID mice

constitute a chimeric model with its own limits, they

represent a strong advance in the in vivo evaluation of

human pathophysiological mechanisms, and might allow

a pre-evaluation step of therapeutics before clinical trials

in man. Therefore the availability of inhibitors of CD23

processing might be of potential therapeutical interest to

modulate IgE synthesis in allergic patients. However it is

still not clear if the targeting of IgE will have any in¯uence

on the allergen-mediated T-cell effects of the allergic

in¯ammatory reaction. In the paper by Mayer et al, the

effects of CD23 processing inhibitors were only evaluated

on the IL-4-induced IgE response. It would be of interest

to evaluate such compounds in the context of an in vivo

allergen-driven Th-2 reaction. Again the use of SCID mice

should help to answer these questions, since a model of

human allergen-induced pulmonary in¯ammation has been

described in these mice [35]. In the case of other clinical

trials focused on IgE, for example using anti-IgE antibodies,

it has been shown to have good ef®cacy although not total

on asthmatic symptoms [36] showing that IgE-independent

mechanisms and probably direct T-cell activation play an

important role in the pathophysiology of the allergic reaction.

It is therefore dif®cult, at this point to conclude on the

potential usefulness of inhibitors of CD23 processing on a

fully developed allergic reaction. It appears however, that

IgE-binding structures are essential in the de®nition of

guidelines for regulating allergic disorders. As far as CD23

is concerned, and as underlined above, clinical improve-

ments in allergic patients were associated with the decrease

of sCD23 in biological ¯uids. Investigations on the pre-

cise functions of CD23 are therefore of outstanding impor-

tance for the development of effective means of controlling

allergic diseases.
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