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Autoimmunity, IgE and FccRI-bearing cells

Nicolas Charles’?

Antibody-mediated autoimmune diseases (AAID) involve
several isotypes of autoreactive antibodies. In a growing
number of AAID, autoreactive IgE are present with a significant
prevalence and are often associated with the presence of IgG
anti-IgE and/or anti-FceRla (high affinity IgE receptor « chain).
FceRI-bearing cells, such as basophils or mast cells, are key
players in some of these AAID. Recent advances in the
pathophysiology of these diseases led to the passed or current
development of anti-IgE strategies that showed very potent
effects in some of them. The present review centralizes the
information on the relevance of autoreactive IgE and FceRI-
bearing cells in the pathophysiology of different AAID and the
ones where the anti-IgE therapeutic strategy shows or may
show some benefits for the patients.
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Introduction

IgE-mediated hypersensitivity is central to the symptoms
presented by atopic patients. This phenomenon implies
several actors including IgE synthesis itself and cells
expressing IgE receptors. The latter will be the key
effectors inducing immune modulation, disease establish-
ment and local and/or systemic reaction(s). In an IgE-
mediated allergic context, IgE are often the unique, or at
least the main, inducer of a deleterious immediate reac-
tion leading the patient to develop debilitating symptoms
that can be lethal in the case of systemic anaphylaxis [1].
Often, the absence or too low titers of antibodies from
other isotypes raised against the allergens are responsible
of the allergic condition [2]. This point led the scientific
and clinical community to develop some desensitization
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approaches by inducing IgG production against these
same allergens with some real benefits for the patients [2].

Antibody-mediated autoimmunity may be defined as a
humoral reaction of an organism against itself or at least
against some self-antigens which vary from one given
antibody-mediated autoimmune disease (AAID) to the
other. These specificities will affect different organs due
to different mechanisms involving various actors and
dysregulated systems. Pathogenic autoantibodies origi-
nate from a break in self-tolerance for multifactorial but
disease-specific reasons [3] and define the so-called dis-
ease-associated antigens (DAA) [4]. They can be defined
as antibodies directly recognizing antigens from the tar-
geted organ(s) (for instance anti-BP180 or anti-BP230
autoantibodies in Bullous Pemphigoid, BP) [5], or as
antibodies indirectly inducing some dysregulation of
the immune system resulting in organ damage (for
instance autoantibodies targeting a cytokine like 11.-24
in Chronic Spontaneous Urticaria (CSU) [6°] or anti-TLR
stimulating antigens like double stranded DNA (dsDNA)
in Systemic Lupus Erythematosus (SLE) [7,8]). These
autoantibodies drive the development and/or the ampli-

fication of AAID.

Specificities of autoantibodies determine their target, but
their isotype determine their ability to modulate the
activation state of various cell types and the interaction
between targeted organs and immunologically and/or
inflammatory active cells [7]. Receptors for Fc portions
of immunoglobulins (Fc receptors, FcR) have cell-spe-
cific expression patterns that will determine the effects of
autoantibodies on the immune cell compartments [9].
Monomeric autoantibodies recognize their specific target
and the affinity of their cognate isotype-dependent Fc
receptor determines their presence on the surface of an
effector cell before antigen-induced crosslinking and
subsequent activation [10]. In this context, only high
affinity Fc receptors, such as FceRI for IgE on mast cells
and basophils, allow autoantibody binding to effector
cells and immediate activation upon autoantigen-medi-
ated crosslinking [10]. Immune complexes (IC) in AAID
contain oligomerized autoantibodies from multiple iso-
types aggregated to their target and to complement
factors. Increased avidity of such multimeric complexes
allows the binding of IC to all corresponding Fc receptors
that can induce activating and/or inhibitory signals [9,10].
The integration of these signals determines the func-
tional outcome of such IC binding to a given cell.
Depending on the expressed Fc receptors, the integrated
signal leads to either activation or inhibition of the
targeted cell [11].
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As for the regular organization of the humoral immunity,
pathogenic autoantibodies can be of several isotypes.
Autoantibodies of IgM isotype are often associated with
a protective role in various autoimmune diseases whereas
autoreactive IgG have a pathogenic function in most of
them [7]. Even though autoantibodies of IgA and IgD
isotypes are the less extensively studied, they are as well
described in various autoimmune diseases but, often,
their pathogenic or protective properties still have to
be defined [7,12,13]. If IgE-mediated autoimmunity
may not be a really accurate term, immune regulatory
role of IgE and activation of cells bearing their high
affinity receptor (FceRI) through IgE-containing immune
complexes were recently validated as pathogenic factors
in various autoimmune conditions where significant prev-
alence of autoreactive IgE, along with autoantibodies of
other isotypes, has been described. At least for some
AAID, IgE-mediated activation of mast cells, basophils,
eosinophils, plasmacytoid dendritic cells (pDC) and/or
Langerhans cells (LC) have been described and validated
in the pathophysiological mechanisms of these diseases.

Recent advances in the understanding of the role and
prevalence of autoreactive IgE in various autoimmune
conditions will be discussed as well as their related
effector FceRI-bearing cells when self-reactive IgE are
validated as pathogenic and/or as efficient therapeutic
targets.

IgE receptors

The relevance of autoreactive IgE in AAID depends on
their surface receptors expressed on effector cells that are
responsible for IgE function at the cellular and systemic
levels. T'wo transmembrane receptors with highly signifi-
cant affinity for IgE are described. The high affinity
receptor for IgE or FceRI (Kd = 107° mol/L), in humans,
can be found in a tetrameric form composed of a high
affinity IgE binding alpha chain, a signal amplifier asso-
ciated beta chain and a dimer of gamma signaling sub-
units common to other FcR [14]. This [aBy,] form is
known to be mainly expressed by mast cells and basophils
and is able to induce full activation of these cells after
cross-linking in optimized conditions. Mainly studied in
the IgE-related atopic context, basophil and mast cell
activation via the FceRI induces both immediate release
of granular content and delayed secretion of pro-inflam-
matory and anti-inflammatory mediators including arachi-
donic acid derivatives and cytokines [15]. A trimeric form
[ayz] is described in humans as being expressed (consti-
tutively or induced) by other cell types such as dendritic
cells (pDC; type 2 conventional DC, ¢cDC2; LC), eosin-
ophils and monocytes/macrophages [14].

The lower, but still high (Kd up to 10~® mol/L), affinity
receptor for IgE is the CD23 or FceRII, mainly expressed
by B cells but as well by T cells, DCs, monocytes, LCs,
eosinophils, platelets and some epithelial cells for one of

its two isoforms. This C-type lectin is well described in
the regulation of IgE synthesis through its effects on the
B cell compartment in its membranous and soluble forms
and may have some pro-inflammatory and/or anti-inflam-
matory roles in both allergic and autoimmune conditions
[13,16]. A review nicely summarizing the knowledge on
this receptor has been recently published in the allergy
context [17]. Galectin-3 is a secretory lectin able to bind
some glycosylated cell surface and extracellular proteins
including IgE and FceRI. It is expressed and secreted by
FceRI-bearing cells, neutrophils, T and B cells, and can
activate IgE-loaded cells [16]. Autoantibodies raised
against galectin-3 are found in SLE, and this lectin is
involved in the pathophysiology of a large number of
autoimmune conditions, including SLE, RA, AD, MS,
SSc, GS and BP [18]. However, whether these roles in
AAID are dependent on galectin-3 abilities to bind IgE
and FceRI are still poorly understood [16,18].

The following sections focus on the FceRI-mediated
effects of autoreactive IgE and FceRI-aggregating auto-
antibodies (anti-IgE or anti-FceRIa) in the autoimmune
context. Since CD23 is also known to facilitate antigen
presenting cells loading through internalization of IgE-
containing immune complexes by B cells [19], CD23-
mediated immune dysregulation in autoimmune condi-
tions has to be kept in mind as an important parameter
that may influence the titers of autoreactive IgE and their
ability toactivate FceRI-bearingand/or CD23-bearing cells
in secondary lymphoid organs and/or in targeted organs.

Autoimmune diseases with autoreactive IgE
and FccRl-aggregating autoantibodies

IgE, IgG anti-IgE and IgG anti-FceRIa autoantibodies in
various AAID have been described over the last five dec-
ades. Autoreactive IgE are highly prevalent in systemic
lupus erythematosus (SLLE) [13], chronic spontaneous urti-
caria (CSU) [6°,16], bullous pemphigoid (BP) [16], mixed
connective tissue disease (MCTD) [20°°,21], multiple
sclerosis (MS) [22], Graves disease (GD) [23], Hashimoto
disease [23], Gougerot-Sjogren syndrome (GS) [24], sys-
temic sclerosis (SSc) [25], rheumatoid arthritis (RA) [26,27]
and autoimmune uveitis (AU) [28] (Table 1). Atopic der-
matitis (AD) is not considered an AAID per se but exhibita
high prevalence of autoreactive IgE which are associated
with several autoimmune diseases and arise from molecular
mimicry between well characterized allergens and their
human counterparts [29,30°,31]. Zeller ez a/. identified over
100 autoantigens with detectable autoreactive IgE in AD
patients [31]. Prevalence and relevance to the disease of
some of these autoreactive IgE in AD patients have been
recently reviewed [29,30°]. No report on the presence and
the prevalence of autoreactive IgE in eosinophilic granu-
lomatosis with polyangiitis (EGPA or Churg-Strauss Syn-
drome) was found in the literature. However, since anti-IgE
therapy is known to be efficient in some EGPA patients
[32-34] and since FceRI-bearing cells are involved in its
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Table 1

Autoreactive IgE, IgE and anti-IgE therapy in Antibody-mediated Autoimmune Diseases

Autoimmune Disease Specificities of Prevalence  Related articles Serum total Anti-IgE Efficacy Ref.
autoreactive IgE or reviews IgE titers therapy
increased? tested?
Systemic Lupus Erythematosus dsDNA 35-55% [13,21,51°,73,74]
(SLE) ANA 42% [27]
Sm RNP 7—48% [73,74]
SSA 8—48% [73,74]
SSB 4-7% [73,74]
nRNP 62% [73]
Nucleosome 79% [73] Yes [13] Yes Promising [647]
CLIP4 11% [74]
APEX 13% [74]
MPG 11% [74]
RPLP2 31% [75]
IgG anti-IgE 34% [38,39]
IgG anti-FceRla 20% [38]
Bullous pemphigoid (BP) BP-180 22_-100% [16] Yes OMZ
BP-230 67—-100% [16] Yes [44] Yes [44]
IgG anti-FceRla 13% [38] No LGZ
Atopic dermatitis (AD) IgG anti-IgE 86% [41] No OMZ
1 0,
100 partgers, e ranan
MnSOD 10-42% 1307 Yes [29] Yes Yes.Ol\‘/IZ, [61,63]
Tiox 5_939 1307 pediatrics
RPLP2 8% [76]
Multiple sclerosis (MS) myelin-derived 100% [22] No [77] No -
peptides
Systemic Sclerosis (SSc) Elastin 20% [25]
Collagen | 20% [25]
Collagen IV 20% [25] No [78] No -
IgG anti-IgE 21% [42]
Chronic Spontaneous Urticaria TPO 0-61% [16]
(CSV) IL-24 100% [6°] Yes OMZ
dsDNA NA [81] Yes [79] Yes e; Loy [60780]
IgG anti-IgE 45-76% [37,40] an
IgG anti-FceRla 28—-59% [37,38]
Mixed Connective Tissue Disease U1-snRNP 70K 78% [20°7]
(MCTD) nRNP NA [21]
ssDNA NA [21] No [20°7] No =
dsDNA NA [21]
Sm RNP NA [21]
Eosinophilic Granulomatosis with  NA NA Yes [32] Yes Steroid [32-34]
Polyangiitis (EGPA) sparing
effect
Graves disease (GD) TPO 72% [23] Yes [82] No -
Hashimoto disease TPO 70% [23] No [83] No -
Gougerot-Sjogren syndrome (GS) SSA 33% [24]
SSB 41% [24]
dsDNA 15% [24] No [84,85]  No -
Sm RNP 25% [24]
Rheumatoid Arhtitis (RA) ANA 32% [27]
IgE-IC 36% [26] Yes [86,87] No -
IgG anti-IgE NA [87]
Autoimmune uveitis (AU) Retinal S antigen 68% [28] Yes [28] No -

Abbreviations used: ANAAnti-Nuclear Antibodies, APEX: APEX nuclease 1, BP-180: Bullous pemphigoid antigen of 180 kDa (COL17), BP-230Bullous pemphigoid
antigen of 230 kDa, CLIP4: CAP-GLY domain-containing linker protein family member 4, dsDNA: double stranded DNA, IgE-IC: IgE-containing immune
complexes, LGZ: ligelizumab, MnSOD: Manganese superoxide dismutase, MPG: N-methylpurine-DNA glycosylase, NA: Not assessed, nRNP: nuclear
ribonucleoprotein, OMZ: omalizumab, RPLP2: Ribosomal protein P2, ssDNA: single stranded DNA, Sm: Smith antigen, TPO: Thyroid peroxydase, Trx:
Thioredoxins, U1-snRNP 70k: U1 small nuclear ribonucleoprotein subunit of 70 kDa.
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Autoreactive IgE and FceRI-bearing cells in antibody-mediated
autoimmune diseases (AAID).

FceRI-bearing mast cells [16,29,36,43,45-48,88°°], basophils
[18,20°°,29,37,43,46,68,89], plasmacytoid dendritic cells [51°,52,53,
90-93], eosinophils [29,35,44,46,54] and Langerhans cells [29,56,577]
are known to be involved in the pathophysiology of various AAID
(abbreviations indicated in circle around each cell type). In red are
indicated the AAID where the contribution of these cells in the
pathogenesis has clearly be linked to their responsiveness to
autoreactive IgE or FceRI-targeting autoantibodies. In grey are
indicated the AAID where the FceRI-bearing cell has been shown to
contribute but where their IgE-mediated activation has not been
clearly established in this AAID context. Abbreviations used: SLE:
Systemic lupus erythematosus; BP: Bullous pemphigoid; AD: Atopic
dermatitis; MS: Multiple sclerosis; SSc: Systemic sclerosis; CSU:
Chronic spontaneous urticaria; MCTD: Mixed connective tissue
disease; EGPA: Eosinophilic granulomatosis with polyangiitis; Graves
disease (GD); GS: Gougerot-Sjoégren syndrome; RA: Rheumatoid
arthritis; pDC: plasmacytoid dendritic cell.

pathogenesis [35,36], autoreactive IgE occurrence may be
relevant to EGPA pathophysiology (Table 1, Figure 1). IgG
anti-IgE and/or anti-FceRIa, with FceRI-aggregating abil-
ities, have been described as well in SLE, CSU, BP, SSc,
RA and AD [37-42]. The Table 1 summarizes the autoim-
mune conditions where such FceRI-aggregating autoanti-
bodies have been described. Except for MS, SSc, MC'TD
and GS, total serum IgE levels in all other aforementioned
AAID are elevated when compared to healthy populations
(Table 1) suggesting to the least a T Helper type 2 (TH2)
component in their pathophysiology. As these autoreactive
antibodies are relevant to FceRI-bearing cell activation,
some of the latter have been clearly identified as key actors
in various AAID.

FceRI-bearing cells described in the
pathophysiology of autoimmune diseases
Mast cells and basophils are the main [afBvy;] FceRI-
bearing cells and have been demonstrated as key cells

contributing to AAID where autoreactive IgE or FceRI
aggregating autoantibodies have been described. pDC,
cosinophils, and LC are other FceRI-expressing cells
(most probably[ary;]) that are key actors in a number of
AAID through either IgE-dependent or non-IgE-depen-
dent mechanisms.

Mast cells are known to be key contributors to CSU [43],
BP [44] and AD [29] for which their activation through the
FceRI has clearly been shown to contribute to the patho-
physiology of these AAID (Figure 1). The involvement of
mast cells in RA [45], MS [46], GD [47], SSc [48] and
EGPA [36] are clearly established, but not necessarily yet
in the FceRI-mediated activation context (Figure 1).

Basophils are described as being activated in an IgE-
dependent manner during the course of SLE [13],
MCTD [20°°], CSU [43] and AD [29]. Their contribution
to BP [44] and MS [46] are as well established, but not yet
directly in the IgE context (Figure 1).

pDC are major producers of type I IFN involved in anti-
viral immunity, allergy and as well in a number of auto-
immune diseases [49,50] (Figure 1). Their [gE-mediated
contribution to the pathophysiology of SLE has been
clearly established [51°] and their contribution to RA
[52] and GS [53] may be linked or modulated by
FceRlI-targeting self-antibodies (Figure 1).

FceRI expressed by eosinophils link them to the patho-
physiology of CSU [54], AD [29], and BP [44]. Their
contribution to EGPA is obvious [35] and the sensitivity
of this autoimmune disease to anti-IgE approach (see
below and Ref. [32]) suggest that self-IgE may be
involved in their pathogenicity. Eosinophils are as well
described in MS pathophysiology [46] (Figure 1).

LC are major antigen presenting cells in the human skin
[55] and express the FceRI [56]. This latter parameter
links them to the pathological mechanisms of BP [56] and
AD [29]. Their contribution to SLE [57°] still has to be
studied in the FceRI context (Figure 1).

The relationship among elevated total serum IgE levels,
autoreactive [gE and the activation of FceRI-bearing cells
in some AAID strongly suggest that preventing IgE
binding to their receptors may block their deleterious
role in such diseases (Table 1). This approach led the
scientific and medical community to assess the safety and/
or the efficacy of anti-IgE biotherapies in these AAID.

Anti-IgE therapy

Since IgE, autoreactive IgE and FceRI-bearing cells are
well described for their contribution of some AAID (see
above), IgE has been considered as a very promising
therapeutic target. IgE targeting strategy has been pri-
marily developed for allergic diseases. Omalizumab was
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the first ant-IgE humanized monoclonal antibody
approved for the treatment of severe uncontrolled asthma
in adults [58]. Omalizumab binds free IgE in biological
fluids as well as the BCR (B cell receptor) of IgE isotype.
It prevents binding of IgE to FceRI and limits the
production of IgE resulting in a marked decrease of free
IgE levels and a reduction of FceRI expression on FceRI-
bearing cells [58]. It has recently been approved for the
treatment of CSU [58] (Table 1). T'wo other anti-IgE
biotherapies are currently under development in atopic
diseases and CSU: ligelizumab and UB-221 [59,60°°].

Anti-IgE approach is known to be effective in CSU and
since the approval of omalizumab in this indication, a
recent clinical trial using ligelizumab in CSU patients
validated the efficacy of this approach [58,60°°]. AD was
an evident atopic condition in which anti-IgE approach
should have been successful. However, ten years ago,
omalizumab was shown not to be more efficient in this
disease than the standard of care [61]. This point was
confirmed in a later clinical trial in pediatric AD [62].
Finally, a recent clinical trial demonstrated efficacy of the
anti-IgE in pediatric AD [63]. Omalizumab showed as
well to be efficient in BP as described in numerous case
reports [44]. Unexpectedly, ligelizumab was tested in a
recent randomized, double blind and placebo-controlled
study and did not achieve the defined criteria of efficacy
[44]. Further studies are needed to validate the anti-IgE
approach in BP. As mentioned previously, omalizumab
use in EGPA showed some beneficial corticoid-sparing
effects in patients [32-34]. Recently, a phase Ib clinical
trial for the use of omalizumab in SLE showed a good
safety of the approach in SLE patients with some prelim-
inary data suggesting a promising efficacy for the anti-IgE
therapy in SLE [64°] (Table 1).

Patients suffering of other AAID may benefit of an anti-
IgE approach ('Table 1). For instance, patients with GD or
RA have all the pathophysiological parameters suggesting
a putative benefit of this approach: elevated total serum
IgE levels, high prevalence of autoreactive IgE and
involvement of FceRI-bearing cells in their pathogenesis.
To our knowledge, no clinical trial targeting IgE are
currently ongoing in GD, RA, AU, GS, SSc or MCTD
but may represent a promising approach to evaluate.

Conclusions

In the last decade, it became evident that, beyond allergy,
IgE and FceRI-bearing cells were involved in a number of
autoimmune conditions. Basic science, translational
research and clinical research could validate the targeting
of IgE, mast cells, basophils, eosinophils and pDC as
efficient or at least promising therapeutic modalities. This
short review aimed at centralizing the information on the
relevance of autoreactive IgE and FceRI-targeting auto-
antibodies in AAID in which FceRI-bearing cells are
known to contribute to the pathophysiology and to

underline that patients with other AAID may benefit
of the anti-IgE therapeutic strategy.

In line with this approach, other drugs modulating [gE
production and/or the activation status of immune cells,
including FceRI-bearing cells, are currently in pre-clinical
or clinical development in multiple AAID [65°]. For
instance, B cell receptor and activating Fc receptors share
multiple signaling effectors and are involved in all the
AAID discussed above [9]. Consequently, several kinase
inhibitors targeting spleen tyrosine kinase (SYK) and Bur-
ton tyrosine kinase (B'TK) are clinically explored in several
AAID [65°]. Kinase inhibitors and biotherapies targeting
cytokines, cytokine receptors, toll-like receptors (TLR),
cell—cell interaction molecules and/or their signaling path-
waysare currently under investigation and along with B-cell
depleting approaches may show in the near future some
therapeutic efficacy for AAID patients [65°,66]. However,
most of these approaches may as well have some off-target
and/or on-target side effects by inhibiting non-inflamma-
tory pathways in which some targeted kinases are involved
or by inducing long term immunosuppression in B cell-
depleted patients [65°,66,67].

Direct targeting of pathogenic factors such as IgE in the
discussed diseases or other disease-specific pathways
involving FceRI-bearing cells may then represent safer
therapeutic modalities. For instance, we recently showed,
in a pre-clinical setting, that targeting both prostaglandin
D2 receptors, PTGDR-1 (or DP) and PTGDR-2 (or
CRTH2 for Chemoattractant Receptor homologous mol-
ecule expressed on Th2 cells), in SLLE may be of clinical
interest by preventing the deleterious role of basophils
during the course of the disease [68]. Either targeting of
pDC or their related pathways are as well under devel-
opment in SLE, RA, SSc and SG [69] and cosinophil
depletion, along with mast cell inhibition, may as well be
beneficial in some AAID [70] (Figure 1). A soluble form of
the FceRI (sFceRI) is detected in the serum of atopic
individuals and can prevent IgE binding to FceRI-bear-
ing cells, limiting their IgE-mediated activation [71,72].
sFceRI relevance to AAID still needs to be investigated
but may represent an efficient tool to prevent IgE-medi-
ated effects during the course of these diseases.

Future clinical and scientific studies will hopefully vali-
date these promising therapeutic modalities for AAID in
which IgE and FceRI-bearing cells are involved and
where specific treatments allowing to satisfyingly treat
the affected patients without deleterious side effects are
still lacking.
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