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Controlling the IgE response at either the synthesis level or the effector phase
should have a profound impact on the allergic cascade. For more than a
decade, researchers have focused on ways of interfering with the binding of
IgE to its high-affinity receptor on proinflammatory cells. Several approaches
have also been taken to antagonize the complex interplay of cytokines
and cell-associated molecules (CD40, CD23) that are implicated in IgE
synthesis. Recently, anti-IgE antibodies have been developed that are potent
IgE antagonists. These antibodies are currently under clinical investigation as
potential therapeutics for allergic disease.
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Introduction

Developing a means of controlling the IgE response has
been an active area of research since the identification of
IgE as the pivotal molecule in the allergic cascade [1,2].
Inhibition of IgE responses has been achieved by treating
animals with modified allergens, such as pegylated [3]
or urea-denatured antigens [4]. Recently, the majority
of research on IgE regulation has focused on the T
helper type 1 (Th1)/Th2 network. The Th2 cytokines
(IL-4 and IL-13) have been shown to be mandatory for
IgE synthesis [5,6], whereas the Thl cytokines (IFN-Y)
appear to inhibit IgE production [7]. For this reason,
many researchers are convinced that understanding the
regulation of IgE responses by T cells is the critical
pathway for developing an effective therapeutic agent
for atopic disease. Because of the pleiotropic nature
of cytokines, it may be difficult to develop a specific
immunoregulatory molecule that interferes with IgE
responses via the cytokine network. A potentially more
selective approach to IgE regulation comes from studies
from a number of laboratories, including our own,
which use anti-immunoglobulin reagents to directly alter
IgE responses.

Anti-IgE effects in experimental models

As early as 1976, Manning et al. [8], reported complete
suppression of the IgE repsonse to Nippostrougylus
brasiliensis in anti-J treated mice. Serum IgE levels were
specifically suppressed in these mice for greater than
100 days following a series of injections of E-specific
polyclonal antibodies initiated within 24 hours of birth
[9]. Similarly administration of polyclonal anti-IgE to

adult mice significantly decreased serum IgE levels and
reduced the number of B cells producing IgE [10].

It was subsequently discovered by Chen and Katz
[11] that injection of IgE into perinatal mice resulted
in prolonged inhibition of IgE responses to antigen
challenge. Following a similar experimental protocol,
Haba and Nisonoff [12] extended these observations by
demonstrating that the reduction in serum IgE levels
was caused by the induction of anti-IgE antibodies.
Support for these findings came from experiments in
which passive transfer of polyclonal anti-IgE antibodies
strongly inhibited IgE responses in adult mice [13].
These antibodies appear to act through specific binding
to B cells bearing IgE as later studies demonstrated that a
reduction in serum IgE levels correlated with a decrease
in the number of B cells secreting IgE in the spleen
and lymph nodes of anti-IgE treated mice. Adoptive
transfer experiments further supported the notion that
the anti-IgE antibodies were solely responsible for the
suppressive activity and that T cells did not play a
role other than to provide help to the B cells for IgE
secretion [14°¢]. In these studies, T cells became tolerant
to IgE when the mouse began to produce IgE. B cells
bearing surface (s)IgE appear to provide the major signal
for induction of T-cell tolerance.

Recently, we have shown that serum IgE levels were
undetectable for greater than two months in mice
treated with a single injection of a monoclonal anti-IgE
antibody even with weekly exposure to antigen. This
response appeared to be antigen specific as dinitrophenyl
ovalbumin (DNP-OVA) suppressed mice were able to
respond to keyhole limpet hemocyanin (KLH) [15°].
Moreover, splenocytes taken from the mice treated with
anti-IgE failed to synthesize IgGE in vitro. Subsequent
analysis by reverse transcription PCR demonstrated a
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complete inhibition of IgE mRNA levels in these B cells
(P Jardieu, unpublished data). Flow cytometric analyses
of B cells taken from anti-IgE treated mice revealed
a dose-dependent decrease in the expression of the
low-affinity receptor for IgE, FceRII (CD23), following
antibody treatment. In other studies, anti-IgE treatment
of mice infected with Schistosoma mansoni, which induces
supra high levels of IgE, resulted in decreased serum IL-4
levels in the treated mice compared to controls [16°*].
This decrease may result from the reduced IgE levels
after antibody treatment, which in turn led to decreased
mast cells degranulation and release of 1L-4 from the
intracellular granules [17]. As IL-4 is the major cytokine
for IgE class switching, the reduction in IL-4 could
contribute further to the reduction in IgE production
following anti-IgE treatment. Furthermore, the decrease
in IL-4 levels could also account for the observed
decrease in CD23 expression in the anti-IgE treated

mice as 1L-4 is known to upregulate the expression of
CD23 on B cellk.

The CD23 molecule is widely distributed on many cell
types and has been implicated as a key molecule in the
regulation of IgE synthesis [18,19¢]. Indeed, allergen
presentation to specific T cells can be facilitated when
IgE—allergen complexes, after binding to CD23, are
endocytosed by antigen-presenting cells [20]. Studies of
antibodies to CD23 have also implicated this molecule
in regulation of in vive IgE synthesis [21]. CD23 provides
a costimulus for IgE synthesis driven by IL-4 [22°],
presumably by binding to the CD21 ligand on B
cells. Thus, antibodies to CD23 may represent viable
candidates for IgE regulation.

Human anti-IgE antibodies

Human anti-IgE autoantibodies have been identified
and have been proposed to be intrinsic regulators
of IgE synthesis. In support of this notion, high
anti-IgE levels at birth are associated with a reduced
allergy prevalence in infants at risk of developing atopy
[23]. Anti-IgE autoantibodies have been isolated that
either enhance or suppress IgE synthesis in vitro [24].
Using F(ab’) and F(ab’); fragments of an inhibitory
anti-IgE antibody, it was further shown that divalent
recognition was required to effect IgE synthesis [25].
These autoantibodies appear to exert these effects at
the level of transcription. Depending on the € domain
specificity, anti-IgE autoantibodies have been shown to
both inhibit and enhance binding of IgE [26°]. Given
the putative regulatory role of CD23 in IgE regulation,
it is tempting to speculate that the mechanism of action
of anti-IgE antibodies on IgE responses is via CD23
pathway. This hypothesis remains to be proven.

Anti-1gE autoantibodies have also been described that
appear to block the binding of IgE to the high-athnity
receptor for IgE (FceRI) [27]. Similar to the dual

activities of autoantibodies on IgE synthesis, studies have
found that IgG anti-IgE antibodies in asthma patients
consist of two functionally distinct subpopulations: those
that upregulate, and those that downregulate, the release
of mediators from mast cells and basophils [28°]. Taken
together, these studies suggest that anti-IgE antibodies
have the potential to interfere with IgE responses
both at the level of IgE production and the level of
IgE-dependent release of histamine and other vasoactive
mediators.

Potential therapeutics

The reported activity of autoantibodies against IgE
provide support for development of such molecules as
therapeutics for allergic disease. To date, one approach
has been to engineer an antibody that binds to
membrane (m)IgE on B cells and inhibits IgE synthesis
by these cells [29]. The antibodies are selected by the
ability to bind to unique epitopes expressed on mlgE,
but not surface (s)IgE. This property of the antibody
would eliminate the harmful side effect of mast-cell
degranulation, as it would not be able to bind to sIgE
on mast-cell receptors [30].

An alternative approach has been to identify antibodies
that block the binding of IgE to FceRI by virtue of
binding IgE at the same site as the high-affinity receptor
[31¢*]. This antibody should also lack the harmful side
effect of inducing FceR1I receptor cross-linking because
the antibody would be unable to bind to receptor-bound
IgE on mast cells as the epitope would already be
occupied by receptor. Using the technique of homology
mutagenesis, an antibody has been identified that appears
to recognize identical residues in the c€3 domain of
IgE as the FceRI [32¢¢]. As these residues in the Ce3
domain are also present on mlgE, this antibody also
binds to mIgE B cells and affects IgE synthesis [31°°].
Clinical trials are ongoing to determine if elimination
of IgE by anti-IgE antibodies during the course of
allergen exposure will have significant impact on allergic
symptoms.

Another potential therapeutic approach has been to
develop a soluble form of the FceRI {33]. By definition,
this molecule can block the binding of IgE to mast
cells and basophils, and has no capacity to stimulate
degranulation. As the residues recognized by FceR1I are
also expressed on mlgE, the FceRI also inhibits IgE
synthesis [34]. An important issue associated with this
molecule is the potential for development of an antibody
response to the receptor that might trigger mast-cell
degranulation. Indeed anti-FceR1 autoantibodies have
been proposed to be the etiological agent in the
pathogenesis of chronic urticaria [35].

Monoclonal antibodies directed against lymphokines
involved in IgE regulation have also been considered as
possible therapeutics for allergic disease. The pivotal role
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of IL-4 in development of IgE-secreting B cells make it
the most likely target for an immunotherapeutic. In a
murine model for asthma, where aeroallergen sensitized
mice are repeatedly challenged with antigen, IL-4-
deficient mice exhibited reduced airway eosinophilia
and peribronchial inflammation compared to normal
controls [36]. Although the use of a neutralizing anti-I1L4
antibody in an asthma model has yet to be reported,
these results suggest that IL-4 is a crucial mediator of
airway inflammation. Although IL-4 is clearly a critical
participant in allergic inflammation, it also drives T-cell
differentiation including CD4(+) T-cell subsets. Thus,
a neutralizing anti-IL4 antibody could have undesirable
effects on general immunity.

Conclusions

Regardless of the approach, modulation of IgE activity
represents an exciting new potential for intervention
in allergic disease. At the very least, the introduction
of molecules which inhibit IgE responses in the clinic
will provide important confirmation of the role of IgE
in atopic diseases.
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