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How to connect an IgE-driven response with CTL activity?
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Abstract One of the goals of cell-based immune
therapy in cancer is the induction of tumor-specific
cytotoxic T-lymphocyte (CTL) responses. To achieve this
objective, the ability of dendritic cells (DC) to cross-present
tumor antigens can be exploited. One of the most efficient
pathways for the induction of CTLs by cross-presentation is
mediated by immunoglobulins of the IgG class, which are
used by DCs to sample antigen in the form of immune
complexes via Fc-gamma receptors. Could DCs use an
IgE-mediated cross-presentation mechanism in a comparable
manner to induce CTLs? We here discuss the potential of
two human IgE Fc receptors, FceRI and FceRII, to serve as
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antigen uptake receptors for IgE-mediated cross-presenta-
tion. We conclude that the existence of an IgE-mediated
cross-presentation pathway would provide a direct link
between IgE-driven immune responses and CTL activity.
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Immunological consequences of antigen
cross-presentation

Cross-presentation is one of the mechanisms of the adaptive
immune system that ensures efficient immune surveillance
of tumor antigens, but is also involved in anti-viral and anti-
bacterial immunity [1]. This pathway of antigen presentation
allows for the generation of MHC class I-restricted CD8" T
cells in response to exogenous antigen, commonly referred
to as the induction of cytotoxic T-lymphocyte (CTL)
responses [2, 3]. Cross-presentation occurs in parallel to the
classical pathway of antigen presentation for exogenous
antigen, which induces MHC class Il-restricted T-cell
responses of the CD4* T-helper phenotype. Accumulating
evidence suggests that CD4" T-cell responses also play a
role in anti-tumor immunity, but the common consensus is
that induction of effective CTL responses is the more central
event for tumor rejection [4].

The immunological consequences of a cross-presenta-
tion event, however, are not restricted to the induction of
CTLs. An alternative outcome to the cross-priming of cyto-
toxic T-cell responses is the induction of cross-tolerance
[3]. Cross-tolerance is an important mechanism for the
deletion of auto-reactive T cells, but, consequently, CTLs
with tumor specificity could be deleted rather than activated
via antigen cross-presentation. What are thus the minimal
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requirements for an IgE-mediated cross-presentation event
to efficiently induce CTLs and avoid cross-tolerance?

Cross-presentation as an efficient pathway
of CTL induction

The immunological outcome of a cross-presentation event is
defined by the type of antigen-presenting cell (APC), the
nature of the antigen, and the antigen uptake pathway used
for antigen sampling of the extracellular space [1, 3, 5, 6]. A
large number of cell types, including professional and non-
professional APCs, have been described as cross-presenters
for the induction of CD8* T-cell responses in vitro. Dendritic
cells (DCs), however, are undoubtedly the most potent cross-
presenting APCs for the induction of CTLs in vivo. Even
among DCs, not all subsets are equally capable of perform-
ing cross-presentation. CD8* murine DCs are superior cross-
presenters of soluble, bacterial, and viral antigen as well as
apoptotic bodies [1, 5]. If the antigen is delivered in the form
of an IgG immune complex, the CD8™ DC subset acquires
cross-presenting abilities [7, 8]. Based on the unique antigen
presentation capacities of DCs, it is fair to assume that an
IgE-mediated cross-presentation event would induce CTLs
most potently if initiated by this cell type [4].

Furthermore, the nature of an antigen defines the antigen
uptake mechanism used by DCs and directs the antigen into
its antigen-loading compartment [9]. Antigen-loading com-
partments of DCs are specialized to promote antigen cross-
presentation, because their degradative environment favors
generation of peptides for loading on MHC complexes
rather than their destruction [10, 11]. Several antigen uptake
receptors that efficiently shuttle antigen for cross-presenta-
tion have been defined, among them DEC-205 [12], the
mannose receptor [13] and the family of Fc-gamma recep-
tors (FcyR), which are considered the most potent uptake
receptors for the induction of cross-presentation [14]. All
known FcyRs are equally potent in promoting cross-presen-
tation [15], and the IgG-mediated cross-presentation path-
way requires antigen to be present in the form of an IgG
immune complex [7, 8, 16]. In principle, Fc-epsilon recep-
tors (FceRs) should also be able to use IgE-mediated antigen
uptake to initiate cross-presentation comparable to the IgG-
mediated FcyR-dependent pathway [17]. The requirement
for the efficient induction of CTLs during an IgE-driven
immune response via cross-presentation would thus be that
DCs express FceRs for IgE-mediated antigen sampling.

FceRs as antigen uptake structures

The two major IgE Fc receptors, FceRI and FceRII [18], are
potential candidates for antigen uptake in the context of
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IgE-mediated cross-presentation. FceRII, the low-affinity
IgE receptor or CD23, was considered the only IgE-binding
structure on DCs for a long time. At present, however, it is
well established that FceRI, the high-affinity IgE receptor,
is constitutively expressed on human DCs [19, 20]. It is
important to note that murine DCs do not express FceRI at
the cell surface, but an inducible form of FceRI has been
described in response to Sendai virus infection [21] and
house dust mite allergens [22]. The third human IgE recep-
tor, galectin 3, is a secretory protein that does not exist in a
transmembrane form [23]. Thus, galectin 3 by itself cannot
be considered an antigen sampling receptor. It is, however,
conceivable that galectin 3 uses one of its binding partners
at the surface of DCs to indirectly facilitate IgE-mediated
antigen uptake and presentation.

FceRI, the high-affinity IgE receptor, is a member of the
immunoglobulin receptor superfamily, like the FcyRs and
the IgA-Fc receptor CD89 [24, 25]. The trimeric isoform of
FceRI is the main IgE-binding structure on human DCs in
vivo [26]. In contrast to the tetrameric isoform of FceRI,
which is a key structure in immediate type allergic
responses and expressed by mast cells and basophils, tri-
meric FceRI lacks the beta-chain [19, 20]. Several types of
non-professional APCs, among them epithelial cells [27],
platelets [28], and neurons [29], have been described to also
express trimeric FceRI. The FceRI trimer is formed by the
classical IgE-binding alpha-chain and a dimer of the com-
mon gamma-chain. The latter signal-transducing unit is
shared with many other receptors, among them the cell sur-
face FcyRs that facilitate IgG-mediated cross-presentation.
This structural feature of FceRI supports speculations about
this receptor being able to shuttle antigen for IgE-mediated
cross-presentation comparable to FcyRs, because both
types of Fc receptors use ITAM-signals through the com-
mon gamma-chain for cell activation.

Surface expression of FceRI is stabilized by monovalent
ligation of the alpha-chain with IgE. Using the binding of
its natural ligand to regulate receptor expression levels as
well as to prolong IgE stability is a unique characteristic of
IgE and FceRI. This feature clearly distinguishes the IgE-
FceRI system from mechanisms used by IgG and FcyRs to
regulate receptor stability as described in a comparative
study with FceRI and FcyRIIla [30]. Antigen-dependent
crosslinking of IgE-loaded FceRI induces internalization
and trafficking of the receptor into endo/lysosomal com-
partments [20, 31]. Even though the mechanisms of recep-
tor stabilization and internalization are different between
IgE and IgG-mediated uptake receptors, the antigen-load-
ing compartment targeted by both uptake pathways is simi-
lar, supporting the speculation that an IgE-mediated antigen
sampling could induce CTLs.

FceRIL, or CD23, initially was called the low-affinity IgE
receptor. It is a member of the C-type lectin superfamily
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[18]. CD23 has a broad cellular expression pattern and is
also found on the cell surface of DCs. This receptor inter-
acts with IgE via its large extracellular globular C-type lec-
tin domain and can form homotrimers via its stalk region.
Describing CD23 as having low affinity for IgE is actually
misleading because oligomers of CD23 can bind IgE with
equal affinity as FceRI [32]. CD23 has been described as an
antigen uptake receptor that can promote MHC class II-
restricted antigen presentation [33, 34]. It is currently not
entirely clear whether both IgE Fc receptors collaborate to
facilitate IgE-mediated immune activation by DCs in
humans. Since CD23 is expressed on DCs and can shuttle
IgE-antigen complexes into endo/lysosomal compartments,
this receptor also meets the minimal requirements to facili-
tate IgE-mediated cross-presentation.

In summary, we here conclude that, in humans, both
major IgE Fc receptors are expressed on DCs and could
serve as antigen uptake structures for shuttling antigen into
cross-presentation loading compartments. What is the evi-
dence that this pathway is active in vivo in humans?

IgE-mediated antigen cross-presentation
and the induction of CTL responses in vivo

Evidence for an IgE-mediated cross-presentation pathway
as a prominent pathway for the induction of CTL responses
is scarce, but inflammatory CD8* T-cell responses have
been described in the context of airway hyper-responsive-
ness (AHR) [35]. In a murine model of ovalbumin-induced
AHR, it was demonstrated that CD8-deficient mice develop
significantly lower AHR and showed diminished eosino-
philic inflammation. Additionally, IL-13 levels in broncho-
alveolar lavage fluid were decreased when compared with
wild-type mice. All of these responses were restored by
adoptive transfer of antigen-primed CD8" T cells [35].

In general, antigen presentation research in allergy
mostly focuses on understanding the role of IgE for the
induction of CD4* T-cell responses and Ty2-type cytokine
profiles, as this type of T-cell response typifies allergic
immune responses. It is therefore conceivable that the prev-
alence of CD8"/CTL responses as well as their importance
for the pathophysiology of delayed type and chronic aller-
gic responses is currently underappreciated. Nonetheless,
IgE-mediated antigen cross-presentation as delineated in
this comment provides an elegant explanation for the
induction of CD8* T-cell responses in allergy.

Our tools to study mechanistic details of antigen presenta-
tion in humans are limited. Contrastingly in murine models,
the experimental settings to study MHC class I-restricted
antigen-specific cross-presentation are well established.
Why has IgE-mediated cross-presentation been missed so
far? With regard to IgE-mediated cross-presentation via

FceRI-mediated antigen uptake, the most likely explanation
is that species differences in the receptor expression pattern
were hiding the phenomenon. Murine DCs do not constitu-
tively express trimeric FceRI and therefore cannot use this
receptor to shuttle exogenous antigen for IgE-mediated
classical MHC-II presentation or for cross-presentation.
Only recently, the role of FceRI as an antigen uptake struc-
ture for the induction of Ty2-type CD4* T cells was demon-
strated with a transgenic animal model that mimics the
human expression pattern of the receptor on DCs [36].
Using DCs from this FceRI-transgenic animal, we were
able to demonstrate that FceRI is indeed a receptor for an
IgE-mediated cross-presentation pathway. With the model
antigen ovalbumin, we showed that IgE-mediated cross-
presentation via FceRI induces proliferation of OT-1 T cells
as well as the production of granzyme B (Platzer et al. man-
uscript under review). If the antigen sampled by the DCs in
an IgE-mediated pathway was not soluble but was rather
presented to the cell in the form of an IgE immune com-
plex, CD23 might be able to capture the antigen and induce
cross-presentation. An alternative explanation as to why
IgE-mediated antigen presentation via CD23 has so far not
been described might thus be that so far no research has
been performed in that direction.

Summary and perspectives

We here speculate that DCs could use FceR-dependent
antigen uptake pathways to promote IgE-mediated cross-
presentation comparable to IgG-mediated cross-presenta-
tion, and thus link IgE-mediated immune activation to the
induction of CTL responses (Fig. 1). The existence of an
IgE-mediated cross-presentation pathway not only provides
an elegant mechanistic explanation for CD8* T-cell
responses described in allergy but would also support the
emerging field of AllergoOncology that claims an impor-
tant role for IgE-mediated immunity during tumor
responses [37]. Pertinent questions to be addressed at this
point are: (1) how does IgE-mediated antigen cross-presen-
tation work? and (2) how prevalent is this type of immune
activation during the induction of CTLs in humans? The
IgG-mediated pathway of cross-presentation is studied for
its potential to induce specific CTL responses with a high
relevance for cell-based cancer therapy [38]. Antigen tar-
geting via IgE and eliciting CTLs via the IgE-mediated
cross-presentation pathway might be an equally attractive
therapeutic approach. However, it is important to keep in
mind that the outcome of an IgE-mediated cross-presenta-
tion event potentially ranges from the induction of CTLs to
the induction of tolerance [3]. In light of this broad spec-
trum of physiological consequences of an IgE-mediated
cross-presentation event, it is of outmost importance to
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Fig. 1 Dendritic cells induce IgE-mediated immune responses after
FceR-mediated antigen sampling. a FceRI is stabilized at the cell sur-
face by ligation with monomeric IgE. Soluble antigen induces cross-
linking of FceRI pre-loaded with IgE. Consequently, antigen is shuttled
to endo/lysosomal compartments where antigenic peptides are gener-
ated and loaded onto MHC class II and MHC class I molecules. The
immunological consequences of this antigen presentation event can
thus include the generation of CD4" T helper cells with a Ty;2 pheno-
type via the classical presentation pathway as well as the generation of

develop a better understanding of this pathway of cross-
presentation.
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