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Abstract
Autoimmunity is the break of tolerance to self-antigens that leads to organ-specific 
or systemic diseases often characterized by the presence of pathogenic autoreactive 
antibodies (AAb) produced by plasmablast and/or plasma cells. AAb are prevalent in 
the general population and not systematically associated with clinical symptoms. In 
contrast, in some individuals, these AAb are pathogenic and drive the development 
of signs and symptoms of antibody-mediated autoimmune diseases (AbAID). AAb 
production, isotype profiles, and glycosylations are promoted by pro-inflammatory 
triggers linked to genetic, environmental, and hormonal parameters. Recent evi-
dence supports a role for pathogenic AAb of the IgE isotype in a number of AbAID. 
Autoreactive IgE can drive the activation of mast cells, basophils, and other types of 
FcεRI-bearing cells and may play a role in promoting autoantibody production and 
other pro-inflammatory pathways. In this review, we discuss the current knowledge 
on the pathogenicity of autoreactive IgE in AbAID and their status as therapeutic 
targets. We also highlight unresolved issues including the need for assays that repro-
ducibly quantify IgE AAbs, to validate their diagnostic and prognostic value, and to 
further study their pathophysiological contributions to AbAID.
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1  |  INTRODUC TION

Autoimmunity is defined by a break of tolerance to self-antigens lead-
ing to either organ-specific or systemic diseases. This reactivity to 
self is driven by autoreactive B and/or T cells that escaped negative 
selection processes through mechanisms that are not yet fully char-
acterized. Several models explaining the loss of tolerance to some 
self-antigens have been proposed concerning the expansion of both 
autoreactive B and T cells.1–6 Some autoimmune diseases (AID) are 
characterized by the presence of pathogenic autoreactive antibodies 
(AAb) produced by plasmablast and/or plasma cells resulting from T-
cell-dependent and/or T-cell-independent B-cell differentiation from 
both follicular and extrafollicular areas of secondary or tertiary lym-
phoid organs.3,7 Pathogenic antibodies drive the development of organ 
injury in these antibody-mediated AID (AbAID) through mechanisms 
involving Fc receptor-bearing cells and/or complement pathways.8

In organ-specific AbAID, AAb target tissue-expressed self-
antigens which lead to the development of signs and symptoms. For 
instance, in bullous pemphigoid, AAb against BP-180 and BP-230 
(BP Ag2 and BP Ag1, respectively, key dermis–epidermis junction 
molecules) are responsible for blister formation.9 In systemic dis-
eases, AAb target non-organ specific antigens. In systemic lupus 
erythematosus (SLE), for instance, AAb to nuclear antigens form 
circulating immune complexes (CIC) that induce chronic and sys-
temic inflammation by depositing in target organs and by activating 
complement and innate immune cells that amplify AAb production 
through various mechanisms.7

AAb are prevalent in the general population and are thus not sys-
tematically associated with clinical symptoms.10 However, in some 
individuals, through genetic, environmental, and/or hormonal mech-
anisms, a pro-inflammatory trigger can amplify their production and 
modify their isotypes and glycosylation. Toll-like receptors (TLR) and 
intracellular nucleic acid sensing molecules engagement, through 
inflammatory signals, can lead to autoreactive B- and T-cell prolif-
eration and maturation.1,3,10–12 Some of these immune signals also 
initiate class switch recombination (CSR) allowing B cells to switch 
the constant region of their BCR from IgM to another isotype.13,14

While AAb of IgM isotype may generally be protective against 
AbAID, IgG AAb are mostly pathogenic. IgG subclasses differ in the 
activation of complement pathways and in engaging inhibitory and/
or activating Fc receptors for IgG (FcγR), and differences in post-
translational modifications influence their pro- or anti-inflammatory 
properties.8,10 The pathogenicity of IgA and IgD AAb still needs 
further characterization, but recent evidence points to the patho-
genicity of IgE AAb and highlights IgE as a potent therapeutic target 
in a number of AbAID.15 Interleukin 4 (IL-4) and IL-13 are the main 
cytokines promoting IgE CSR and the generation of IgE-producing 
antibody-secreting cells.14,16

IgE binds with high affinity to FcεRI (Kd ≈ 10−9 M), which is expressed 
in its tetrameric form αβγ2 by mast cells and basophils and, in humans, in 
its αγ2 trimeric form mainly by some dendritic cell subsets, Langerhans 
cells, eosinophils, and some monocytes (either constitutively or in-
duced).17 FcεRI-mediated activation of mast cells and basophils leads 
to the immediate release of granular pro-inflammatory preformed me-
diators and to neosynthesis and release of arachidonic derivatives, cy-
tokines, and chemokines.18 These effects can be toned down through 
co-engagement of FcγRIIB (CD32B) or other inhibitory receptors that 
can block degranulation and decrease cytokine production.19,20

The lower affinity IgE receptor FcεRII (CD23, Kd ≈ 10−7–10−8 M) 
is mainly expressed by some subsets of B cells and monocytes and is 
involved in the regulation of IgE synthesis and, together with FcεRI, 
in IgE-mediated facilitated antigen presentation.14 Beyond its ef-
fects on IgE synthesis, little is known about CD23-mediated patho-
genicity of IgE in AbAID. Its involvement in the regulation of allergic 
responses has been recently reviewed.14,21

Autoreactive IgE can drive cellular activation of mast cells, ba-
sophils, and other types of FcεRI-bearing cells15 without necessarily 
inducing their degranulation due to other factors influencing their 
functional outcomes. Indeed, AbAID-affected patients do not have 
chronic anaphylactic symptoms and systematically develop patho-
genic antibodies of multiple isotypes including IgG. Depending on 
their subclass and their affinity to the autoantigen, autoreactive 
IgG can induce inhibitory signals that will be integrated to FcεRI-
mediated activating signals leading to a specific cellular activation 
(or inhibition) pattern of the targeted cell. This may result in mast 
cell or basophil activation without degranulation but with the pro-
duction of cytokines, chemokines, or other inflammation-related 
compounds22 and may potentiate the TLR9-dependent activation of 
dendritic cells.23 Therefore, the term autoallergy (or allergy to self) 
should be used cautiously when referring to diseases where mast 
cell and basophil degranulation are not induced by IgE AAb.

The present review summarizes the current knowledge on the 
pathogenicity of autoreactive IgE in AbAID and will discuss the role 
of IgE as a therapeutic target in these conditions. We will also high-
light the need to develop better assays for IgE AAb to validate their 
diagnostic and prognostic values and allow further study of their 
pathophysiological contribution to AbAID.

2  |  AUTORE AC TIVE IGE IN SYSTEMIC 
LUPUS ERY THEMATOSUS AND OTHER 
AUTOIMMUNE CONNEC TIVE TISSUE 
DISE A SES

Systemic autoimmune rheumatic (or connective tissue) AbAID in-
clude, but are not limited to, systemic lupus erythematosus (SLE), 

K E Y W O R D S
antibody-mediated autoimmune diseases, autoallergy, autoreactive IgE, ligelizumab, 
omalizumab, UB-221
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3120  |    CHARLES et al.

rheumatoid arthritis (RA), Gougerot–Sjogren syndrome (GS), sys-
temic sclerosis (SSc or scleroderma), and mixed connective tissue 
disease (MCTD). In these diseases, AAb are pathogenic drivers and 
diagnostic markers. They form circulating immune complexes (CIC) 
once engaged by their target autoantigen, complement compo-
nents, and eventually rheumatoid factors. These CIC deposit in the 
targeted organs and activate innate immune cells that drive tissue 
injury and amplify AAb production.7 All of these AbAID come with 
IgG AAb against nuclear antigens with established pathogenic prop-
erties.2 The main specificities of the AAb in these diseases and their 
prevalence for IgG isotype are summarized in Table 1.

Nearly five decades ago, the presence and prevalence of IgE AAb 
against nuclear antigens were established for RA and SLE24,25 and 
extended to other rheumatic diseases along with their abilities to 
drive basophil activation.26 More recent studies characterized the 
prevalence of autoreactive IgE in these AbAID and their association 
with disease activity and particular organ damage, especially in SLE 
where autoreactive IgE titers are clearly associated with lupus ne-
phritis23,27–29 (Table  1). In lupus-like mouse models, IgE deficiency 
prevents, dampens, or delays the development of the disease.27,30 
The pathogenic role of autoreactive IgE in the pathophysiology of 

SLE includes effects on two main FcεRI-bearing cell types, namely 
plasmacytoid dendritic cells (pDC) and basophils23,27,29,31 (Figure 1).

In a non-autoimmune context, IgE is known to downregulate 
TLR7 and TLR9 function and expression on pDCs, reducing their 
ability to produce IFNα.32 However, once aggregated to nucleic 
acids, IgE AAb amplify IFNα production by pDC. Indeed, in human 
SLE, through Fcγ receptor-, FcεRI-, and TLR7/9-mediated activa-
tion, pDC are responsible for the production of high levels of type 
I interferons that promote autoantibody production and other pro-
inflammatory pathways. Anti-DNA IgG can strongly induce pDC 
IFNα production by facilitating the addressing of DNA (TLR9 ligand) 
to the TLR9-bearing endosomal compartment. Anti-DNA IgE does 
the same, and the presence of anti-DNA IgE and IgG in the same 
immune complexes enhances the induced IFNα production.23,29,32

Basophil activation status correlates with SLE disease activity 
and is directly associated with the presence of IgE AAb in the cir-
culation of SLE patients.23,27–31 Sera from SLE patients induce ba-
sophil activation and IL-4 production, features that are lost after 
IgE depletion from the serum.26,31,33 In SLE patients and lupus-like 
mouse models, activated basophils accumulate in secondary lym-
phoid organs (SLO) by prostaglandin D2- and CXCR4-dependent 

TA B L E  1  Prevalence of anti-nuclear autoreactive IgG and IgE in some autoimmune connective tissue diseases.

Autoimmune connective 
tissue disease Main autoantigens

Prevalence of 
autoreactive 
IgG

Autoreactive IgG 
titers associated 
with disease 
activity? Ref

Prevalence of 
autoreactive 
IgE

Autoreactive IgE 
titers associated 
with disease 
activity? Ref

Systemic lupus 
erythematosus (SLE)

ANA 69%–90% Yes 28,43 48–65% Yes 24,28

dsDNA 34%–49% Yes 28,44 35–55% Yes (especially 
with lupus 
nephritis28,29)

23,27–29,33

Sm 41%–50% Yes 28,44 7–48% Yes 28,44

Ro/SS-A 34% Yes 28,44 8–48% Yes 28,44

La/SS-B 7% Yes 28,44 4–7% Yes 28,44

Mixed connective tissue 
disease (MCTD)

U1-snRNP 100% 38 79% NA 38

Gougerot–Sjögren 
syndrome (GS)

Ro/SS-A 73% Yes 45 33% NA 46

La/SS-B 45% Yes 45 41% NA 46

dsDNA 0% NA 47 15% NA 46

Sm 1%–7% NA 46,47 25% NA 46

Rheumatoid arthritis (RA) ANA 49% NA 43 32% NA 25

Systemic sclerosis (SSc) Centromere 20%–57.8% Yes 48 NA

Topoisomerase I 17%–71% Yes 48 NA

RNA polymerase III 4%–20% Yes 48 NA

Fibrillarin 2%–18% Yes 48 NA

Elastin 0% NA 49 20% NA 49

Collagen I 0% NA 49 20% NA 49

Collagen IV 0% NA 49 20% NA 49

Abbreviations: ANA, Antinuclear antibodies; dsDNA, double-stranded DNA; NA, not assessed; Sm, Smith antigen; SS, Sjogren syndrome antigen.
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mechanisms,22,27,33 and this accumulation is lost in IgE-deficient 
lupus-like mouse models.27,30 In SLO, basophils promote plasmablast 
accumulation and AAb production most probably through their pro-
duction of IL-4 that acts on both B and T cells and their expression 
of membrane-bound B-cell activating factor of the TNF superfamily 
(BAFF)22,27,33,34 (Figure 1).

Because of their effects on pDC and basophils, IgE AAb are 
considered as a pathogenic factor in SLE, and IgE depletion in 
SLE patients may constitute a valuable therapeutic strategy (see 
below). Other FcεRI-bearing cells are involved in SLE pathophys-
iology such as Langerhans cells in photosensitivity35 or mast cells 
that accumulate in kidneys from lupus nephritis patients,36 but 
their IgE-dependent contribution is not established. Of note, mast 
cell deficiency in lupus-like mouse models does not affect disease 
development.27,37

In MCTD, the main autoantigen is the 70 kDa subunit of the U1-
snRNP (small nuclear ribonucleoprotein). Most MCTD patients (78%) 
have IgE against U1-snRNP, and this is associated with an activation 
of their basophils.38 In a mouse model of MCTD, IgE deficiency fully 
prevented the development of the associated lung disease.38 In RA, 
increased blood IgE levels, prevalence of anti-nuclear IgE (49%), 
and IgE-containing immune complexes in synovial fluid are associ-
ated with disease activity, as is the activation of mast cells in sy-
novium.15,39 Whether the latter is FcεRI- and/or IgE-mediated still 
needs to be investigated.39

As indicated in Table 1, the prevalence of IgE AAb in other au-
toimmune connective tissue diseases suggests that they may have a 
pathogenic role in these conditions (Table 1). Indeed, several FcεRI-
bearing cells are involved in the pathogenesis of these conditions 

(for instance: mast cells in RA and SSc; pDC in RA, GS, and SSc).15 
A high prevalence of IgE AAb has been reported as well in some 
organ-specific autoimmune diseases affecting the thyroid, with anti-
thyroid peroxidase (TPO) IgE in Graves’ disease (72%) and Hashimoto 
disease (70%),40 the eyes, with anti-retinal S antigen IgE in autoim-
mune uveitis (68%),41 and the nervous system, with anti-myelin IgE 
in multiple sclerosis (100%).42 Further studies will be required to de-
termine the relevance of autoreactive IgE in the pathophysiology of 
these diseases and their value as a putative therapeutic target.

3  |  AUTORE AC TIVE IGE IN CHRONIC 
SPONTANEOUS URTIC ARIA

Chronic spontaneous urticaria (CSU), a common skin disease, is char-
acterized by the recurrence of itchy wheals, angioedema, or both for 
more than 6 weeks.50,51 The signs and symptoms of CSU are caused 
by skin mast cells and their FcεRI-mediated activation through IgG 
AAb to IgE or FcεRI and IgE AAb, in autoimmune and autoallergic 
CSU, respectively.52,53

The first CSU “autoallergen,” TPO, was reported in 1999 by Bar-
Sela and colleagues.54 At that time, it was well known that CSU and 
thyroid autoimmunity often occur together, but it was unclear how 
the two diseases were linked mechanistically.55,56 Since then, several 
studies confirmed that patients with CSU have anti-TPO IgE at vary-
ing rates up to 100%.57–64 The reasons for the differing rates of anti-
TPO IgE-positive patients across studies are currently unclear, but 
they likely include differences in patient populations investigated 
and methods used.65,66 Other autoantigens to which CSU patients 

F I G U R E  1  Contribution of autoreactive IgE to SLE pathophysiology. In SLE, plasmacytoid dendritic cells (pDC) and basophils (BAS) are 
recruited to secondary lymphoid organs. There, pDC and BAS contribute to the pathogenesis of SLE by promoting AAb production through 
the production of type I interferon (IFNα/β) and IL-4, respectively. IgG AAb, through Fcγ receptors, and IgE AAb, through FcεRI, cooperate 
to facilitate the addressing of dsDNA to TLR9 in endosomal compartments of pDC leading to increased type I IFN production. IFNα and β 
promote IFN-responsive gene transcription and directly act on B cells to facilitate maturation and differentiation into antibody-secreting 
cells (plasma cells). On basophils, autoreactive IgG may engage the inhibitory receptor for IgG, FcγRIIB, along with FcεRI engagement 
through autoreactive IgE. The integrated signal leads to cytokine (IL-4) production without inducing degranulation.
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have autoreactive IgE include double-stranded DNA,67 eosinophil 
cationic protein,59 eosinophil peroxidase,59 FcεRI,68 interleukin-24 
(IL-24),53,69 thyroglobulin (TG),60,61,68,70 tissue factor (TF),68,70 and 
transglutaminase 2 (TG2)71 (Table 2 and Figure 2). Most of them have 
been reported by single studies, and further verification is needed.

As of now, little is known about how the presence and levels 
of IgE autoantibodies in CSU are linked to demographic and clinical 
features. A study by Altrichter and coworkers found no difference in 
disease duration, urticaria activity score (UAS), and dermatology life 
quality index (DLQI) (all indicators of CSU disease severity) between 
patients with and without anti-TPO IgE.57 Another study reported 
elevation of anti-TPO IgE during CSU exacerbation.62 Cugno and 
colleagues showed that anti-TG and anti-TF IgE levels dropped after 
1 week of omalizumab (OMZ) treatment correlating with the reduc-
tion in disease activity.70 Anti-IL-24 IgE levels are positively linked 
to disease activity and negatively associated with blood basophil 
counts.69

IgE AAb contribute to the pathogenesis of CSU via “autoaller-
gic” FcεRI-mediated activation of mast cells in the skin, which results 
in the release of proinflammatory mediators and the recruitment 
of inflammatory cells including basophils (Figure  2). Autoantigens 
recognized by autoreactive IgE, that is, autoallergens, lead to the 
cross-linking of FcεRI on mast cells and basophils and their degran-
ulation, as shown for IgE against TPO, IL-24, and dsDNA in vitro and 
in vivo.58,67,69,72 For dsDNA and TPO, patient basophils with the 
respective autoreactive IgE showed upregulated CD203c or CD63 
expression after stimulation with different concentrations of autoal-
lergen.58,67,72 As of now, it is unclear why autoallergens induce IgE 
responses primarily in the skin. One possible explanation is cross-
reactivity to skin-prominent antigens such as, for instance, anti-TPO 
IgE and eosinophil peroxidase in lesional CSU skin.59

Treatment options for urticaria target either mast cell mediators 
(e.g., histamine) or activators, such as autoantibodies. Currently, 
there is only one licensed anti-IgE treatment in CSU, OMZ. Additional 
IgE-targeted antibodies, that is, OMZ biosimilars, ligelizumab, and 
UB-221, as well as quilizumab, FB825, and dupilumab, which down-
regulates IgE production, have been investigated. Dupilumab is 
a monoclonal antibody that targets the common chain of IL-4 and 
IL-13 receptors (IL-4Rα).73 These cytokines are responsible, among 
other central functions, for B-cell class switching to IgE. Therefore, 
dupilumab reduces IgE production, which has been shown to be ben-
eficial in multiple atopic and allergic diseases73,74 and also in CSU.75

4  |  AUTORE AC TIVE IGE IN ATOPIC 
DERMATITIS

Atopic dermatitis (AD) is a common chronic relapsing inflammatory 
skin disease characterized by pruritic (itchy), red, and dry skin le-
sions with an impaired skin barrier function. AD is associated with 
the development of food allergies, allergic asthma, allergic rhinitis, 
and anaphylaxis (“atopic march”).76 In patients with AD, an increased 
risk of co-morbid autoimmune diseases was found.77,78 The first 

evidence of autoreactive responses to human dander was reported 
about 80 years ago79,80 and the first human proteins reported to be 
reacting with autologous IgE from allergic patients and induce baso-
phil activation were profilins and denominated “panallergens”.81,82 
Several research groups have demonstrated the presence of IgE AAb 
in AD.82–95 At least 140 autoantigens recognized by IgE AAb in AD 
patients have been identified,96 including epidermal antigens.84,97 A 
review of eight studies on the prevalence of IgE AAb described a 
range from 23% (40/174) to 91% (11/12) in patients with eczema 
and 0%–12% in controls.98 The evaluation of studies with a sample 
size greater than 100 showed a range of 23%–28% in eczema pa-
tients.98 A recent study including 672 subjects found a prevalence of 
16.4% in patients with AD and atopic comorbidities, 9.6% in patients 
with solely AD, 9.6% in atopic controls without AD, and 2.7% in non-
atopic subjects.99

The levels of IgE AAb in AD patients are correlated with disease 
severity.84,89,91,93,100–102 Therefore, it is held that their presence 
is clinically relevant, but their precise pathophysiological contri-
bution still requires further investigations. Allergen-mediated or 
autoallergen-mediated FcεRI-cross-linking on mast cells, basophils, 
Langerhans cells, and probably eosinophils in AD skin may con-
tribute to the pathogenic activation of these cells along with IgE-
independent pathways103 (Figure  3). Of note, FcεRI-bearing mast 
cells and eosinophils are potent producers of IL-13, one of the key 
cytokine in AD pathogenesis (Figure 3).

In AD, the exact role of IgE AAb (i.e., cause, consequence, or epi-
phenomenon) in the disease pathophysiology is still debated.104 It is 
believed that pruritus, a key feature of chronic skin inflammation in 
AD, incites scratching, which leads to skin damage and the release 
of alarmins and self-antigens.104 These autoantigens may then be 
processed by antigen presenting cells and presented to lymphocytes 
resulting in the production of IgG and/or IgE AAb by plasma cells.105 
IgE-mediated autoimmunity in AD may also be caused by molecu-
lar mimicry due to cross-reactive peptides between environmental 
antigens or skin microbiome and self-antigens.91,106–108 In addition, 
skin residing CD8+ cytotoxic T cells with intermediate affinity to 
self-peptides may contribute to skin damage, and unconventional γδ 
T cells may also accumulate in the skin.109,110 Finally, an extraordi-
nary unspecific activation of the T and B cells might also underlie 
the response due to the conditions of an ongoing inflammation. So 
far, it is unclear whether the presence of IgE AAb in AD is linked to 
a distinct endotype or an epiphenomenon secondary to the chronic 
inflammation of the skin.111 Once present, they contribute to the 
ongoing inflammation in a “circulus vitiosus” type fashion and may 
predict further development of type 2 comorbid diseases, such as 
food allergies, allergic asthma, rhinoconjunctivitis/hay fever, which 
is an important topic for future investigation.

As is the case for all diseases that come with autoreactive IgE, no 
commercial diagnostic test is currently available for the detection of 
IgE AAb in AD, which hampers their evaluation and further research 
on clinical relevance. Also, published differences on the prevalence 
might be due to the diverse diagnostic test methods used by the 
different research groups as described in CSU (Table 2).
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Anti-IgE treatment has not been approved for the treatment of 
AD, due to low efficacy data in early pilot studies.112 Radi et al. re-
cently reviewed the promising therapeutic targets for AD. Some of 
them, such as alarmins, IL-4, IL-13, IL-5, and kinase inhibitors, may di-
rectly or indirectly impact levels of autoreactive IgE and their effects 
on FcεRI-bearing cells.113

5  |  AUTORE AC TIVE IGE IN BULLOUS 
PEMPHIGOID

Bullous pemphigoid (BP) is an autoimmune blistering disease char-
acterized, in part, by the presence of IgG AAb directed against the 
hemidesmosomal proteins BP180 (BP antigen 2/type XVII colla-
gen) and BP230 (BP antigen 1). Autoantibodies can be found in the 
bloodstream, affected tissues, and blister fluid. IgE autoreactivity 
in BP was first suggested by Provost et al. (1974).114 The study 
utilized immunofluorescence (IF) to discover that patients with 
BP can exhibit IgE autoreactivity against the skin basement mem-
brane zone (BMZ), but the specific autoantigens were unknown at 
that time.114

IgE AAb are held to contribute to the pathogenesis of BP by ac-
tivating skin mast cells and basophils, similar to CSU and AD. The 

ability of recombinant BP-180 to activate BP patient basophils and 
the presence of anti BP-180 IgE on skin mast cells in BP lesions were 
clearly established.115 In addition, their effects on FcεRI-expressing 
eosinophils accumulated in skin lesions seem to be central in the 
pathophysiology of BP116 (Figure 4).

It was not until 1996 that BP230 was identified as the first IgE 
autoallergen in BP using a recombinant 55-kDA protein (rBP55) ob-
tained from its cDNA sequence.117 Four years later, BP180 was also 
identified as an IgE autoallergen in BP after being cloned.118,119 With 
the rise and development of technologies, such as enzyme-linked 
immunosorbent assay (ELISA) and multi-allergen microarray (ISAC™ 
sIgE 112, Phadia), levels of IgE AAb against BP180 and BP230 were 
reported by multiple independent research groups at variable rates 
(Table 3). Anti-BP180 IgE positivity in BP patients varied from 0% 
to 89% in 18 studies, and anti-BP230 IgE varied from 22% to 76% 
in seven studies.114,115,117–137 This heterogeneity in prevalence of 
anti-BP180/BP230 IgE in patients with BP may be due to different 
patient populations and different detection methods (ELISA, IF or 
protein microarray). The co-occurrence of IgG and IgE AAb in the 
same patients, competing for the same antigen and epitope, could 
also influence detection levels.

Currently, there is a lack of recombinant anti-BP180/230 IgE 
as positive control and bona fide standard available for research 

F I G U R E  2  Contribution of autoreactive IgE to the pathogenesis of chronic spontaneous urticaria. Various autoallergens have been 
proposed to contribute to the pathogenesis of autoallergic CSU. These autoantigens are skin-derived, produced, and released by lesional 
immune cells including basophils, eosinophils, Th2 cells, and macrophages/monocytes, or reach the tissue from the circulation. Autoallergens 
and IgE AAb may form immune complexes. Cross-linking of FcεRI by antigen–IgE complexes results in mast cell degranulation causing the 
typical signs and symptoms of CSU, that is, itchy wheal and flare reactions and angioedema, as well as cytokine release causing further 
immune cell infiltration. In CSU, IgE AAb-driven reactions are primarily restricted to the skin presumably due to skin-prominent antigens and 
cross reactivity. BAS, basophil; EOS, eosinophil; MC, mast cell; Mφ, macrophage; Mo, monocyte; Th2: CD4

+ helper type 2 cells.
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purposes. Six studies have evaluated anti-BP180 IgE and anti-BP230 
IgE in the same cohort of BP patients.118,123,124,132,133,135 Additionally, 
only one study has assessed IgE AAb against the intracellular domain 
of BP180,125 while 17 studies have assessed IgE autoantibodies tar-
geting the ectodomain (NC16A) of BP180.115,118,119,122–126,128,129–133 
This highlights the need for the development of standardized assays 
and research on autoallergen epitope mapping. These efforts are 
crucial for gaining a comprehensive understanding of the involve-
ment of IgE AAb in BP pathogenesis.

The increased expression of cell-bound and soluble IgE recep-
tors including sFcεRI and sCD23 suggests that the regulation of IgE 
production and the role of IgE AAb in the pathophysiology of BP are 
complex.116 The studies conducted so far report no consistent rela-
tionship between IgE AAb levels and BP disease activity (Table 3), 
although the majority of studies reported a positive correlation with 
more severe clinical manifestations of BP. There is insufficient ev-
idence to support higher IgE autoantibody levels being associated 
with specific clinical phenotypes of BP.138 This lack of consistency 

also extends to the association between IgE AAb levels and total IgE 
levels, as well as the presence of IgG AAb against the same target. 
Therefore, future studies should comprehensively evaluate both IgE 
and IgG AAb levels, as well as changes in total IgE and BP activity 
during the course of disease, to further elucidate the role of IgE in 
BP pathogenesis and the potential of targeting IgE for therapeutic 
purposes (see below).

6  |  TARGETING IGE IN NON-ALLERGIC 
DISE A SES

Several anti-IgE monoclonal antibodies (mAbs) are at various stages 
of preclinical and clinical development. These mAbs have been ex-
tensively reviewed in the context of allergic diseases.139,140 Three 
anti-IgE mAbs have been tested so far in patients with autoallergic 
and autoimmune diseases: Omalizumab (OMZ) and its biosimilars, as 
well as the two others: Ligelizumab (LGZ) and UB-221.

F I G U R E  3  Contribution of autoreactive IgE to atopic dermatitis pathophysiology. IgE AAb are held to contribute to the pathophysiology 
of atopic dermatitis (AD). Intracellular and intranuclear peptides originating from damaged cells of the epidermis can be picked up by antigen 
presenting cells (dendritic cells or Langerhans cells), processed and presented to naïve T cells with intermediate affinity to self-antigens in 
the lymph nodes. The presence of IL-4 results in class-switch of the B cells to the production of IgE (auto)antibodies. Humoral autoimmunity 
may enhance the sensitization and activation of FcεR-expressing cells, such as mast cells, basophils, eosinophils, dendritic cells, and 
Langerhans cells. The release of inflammatory mediators decreases the skin barrier function, promotes spongiosis and hyperkeratosis, and 
activates the sensory nerve endings via receptor signaling. The sensation of itch promotes scratching of the skin and further damage. Also, 
CD8+ memory T cells may participate in the pathological mechanisms by the production of granzyme B and perforin. BAS, basophil; CLA, 
cutaneous lymphocyte-associated antigen; DC, dendritic cell; EOS, eosinophil; GM-CSF, granulocyte-macrophage colony-stimulating factor; 
HR, histamine receptor; IFN, interferon; ILC, innate lymphoid cell; LC, Langerhans cell; PGD2, prostaglandin D2; TGF, transforming growth 
factor; Th, T helper cell; TSLP, thymic stromal lymphopoietin.
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6.1  |  Omalizumab

OMZ (Xolair®) is a humanized anti-IgE mAb that was first ap-
proved in 2003 for the treatment of moderate-to-severe asthma. In 
2014, it became the first FDA-approved mAb for the treatment of 
CSU.141–143 OMZ targets free IgE and precludes binding of IgE to 
both FcεRI and CD23.144–146 OMZ recognizes structural epitopes in 
the Cε3 domain of the constant region of IgE that also contains key 
epitopes for binding of IgE to both FcεRI and CD23, thus prevent-
ing their binding to these receptors.144–146 Importantly, OMZ poorly 
recognizes IgE already bound to FcεRI. This represents an essential 
safety feature as it does not induce activation of mast cells and ba-
sophils through FcεRI-cross-linking.145,147 However, it also implies 
that repeated injections of OMZ are required in order to trap IgE 
as it slowly detaches from FcεRI. Several OMZ biosimilars such as 
GBR 310, CT-P39, and CMA007 are now at various stages of clinical 
development.148–150

6.2  |  Ligelizumab

LGZ is an anti-IgE mAb with a KD of 35 pM, which is 88-fold stronger 
than the KD of OMZ.151 LGZ also recognizes epitopes in the Cε3 do-
main of free IgE and thereby impairs binding of IgE to both FcεRI and 
CD23.152 However, OMZ and LGZ have distinct inhibition profiles, 
due to their differences in affinity and epitopes recognized in the IgE 
Cε3 domain.151 LGZ shows higher potency than OMZ at preventing 

binding of IgE to FcεRI, but is less potent at blocking binding of IgE 
to CD23.151

6.3  |  UB-221

More recently, a novel anti-IgE mAb, UB-221, was tested in CSU in 
a first-in-human trial.153 Unlike OMZ and LGZ, monomeric UB-221, 
in vitro, binds to CD23-bound IgE, and UB-221-IgE complexes freely 
engage CD23. These features may allow UB-221 to inhibit IgE pro-
duction through CD23 engagement unlike LGZ and OMZ, at least 
ex vivo.153 UB-221 binds IgE with a strong intermediate affinity as 
compared to OMZ and LGZ (LGZ > UB-221 > OMZ), is also able to 
prevent FcԑRI-mediated basophils/mast cells activation and degran-
ulation induced by IgE/antigen complexes, and, like LGZ, exhibits 
superior IgE-neutralizing activity than OMZ.

All three anti-IgE mAbs induce a rapid and pronounced serum-
IgE reduction, and their efficacy has been and/or is currently being 
tested in the following AbAID.

6.3.1  |  Chronic spontaneous urticaria

The efficacy of OMZ has been shown in many clinical trials and 
summarized in a recent systematic review, which identified 10 rand-
omized controlled trials (RCTs) with a total of 1620 CSU patients.154 
Although most CSU patients respond well to OMZ, their response 

F I G U R E  4  Contribution of autoreactive IgE to bullous pemphigoid pathophysiology. IgE AAb in bullous pemphigoid are directed to 
the intracellular hemidesmosome protein BP230 and the transmembrane ECM-linker protein BP180 located in the basement membrane 
zone (BMZ) of the skin. These auto-IgE have a high prevalence in BP patients and share the same epitopes with co-occurring autoreactive 
IgG. Cross-linking of FcεRI on mast cells and eosinophils in skin lesions of BP patients has been demonstrated, and anti-IgE therapy with 
omalizumab has been reported to be beneficial in a small cohort of patients. However, no consistent relationship between IgE AAb levels 
and disease activity in BP patients has been established yet. Increased expression of cell-bound and soluble IgE receptors in BP including 
sFcεRI and sCD23 further suggests a complex regulatory network of IgE production.
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to treatment in the clinical setting defined two endotypes: early 
responders (usually before week 4), with autoallergic CSU and IgE 
AAb, and late responders (after week 4 up to week 24) with type 
IIb autoimmune CSU and anti-FcεRI or anti-IgE IgG AAb.155 Rapid 
reduction of free IgE by OMZ in patients with autoallergic CSU 
leads to a rapid depletion of IgE AAb and thus a rapid response to 
treatment,155 whereas a slow response could be explained by FcεRI 
downregulation by skin mast cells, which may take months,156 and 
the action of anti-IgE IgG AAb on remaining occupied FcεRI.157 
Complete non-response, seen in up to 20% of CSU patients,158 sug-
gests the existence of other endotype(s), with a pathogenesis not 
involving IgE or FcεRI.154

LGZ was found to outperform OMZ efficacy, in terms of rate 
of complete responders and longer lasting effects, in a multicenter 
randomized, controlled, phase IIb study including 382 patients with 
inadequately controlled CSU.159,160 However, LGZ was not found su-
perior to OMZ in phase III CSU trials, and the development for CSU 
was stopped. LGZ has the same drawbacks as OMZ for the treat-
ment of type IIb autoimmune CSU and non-autoallergic endotypes. 
In a phase I clinical trial with 15 CSU patients, a single dose of UB-
221 led to a decrease in total serum IgE levels and improved disease 
symptoms.153 Of note, quilizumab, an anti-IgE mAb that binds only 
to membrane IgE on B cells (BCR) and not soluble IgE, was tested in 
CSU and reduced median serum total IgE levels by 30% at week 20. 

TA B L E  3  Autoreactive IgE specificities, prevalence, and association with disease activity/total IgE/autoreactive IgG of same specificities 
in bullous pemphigoid.

Year Ref IgE Targets
Prevalence of 
autoreactive IgE

Association with 
disease activity

Association to 
total IgE levels

Association to 
same specificity 
autoreactive IgG 
levels Methods

1974 114 BMZ 25% (4/16) nd nd nd IF

1976 120 BMZ 50% (2/4) nd nd nd IF

1980 121 BMZ 60% (15/25) nd nd nd IF

1996 117 BP230 63% (12/19) POS nd nd RIA

1998 118 BMZ, BP230, BP180 BP180: 0% (0/39); 
BMZ or BP230: 
46%(18/39)

nd POS POS IF, IB, ELISA

2000 119 BP180 55% (10/18) POS nd POS IB, ELISA

2003 115 BP180 67% (20/30) POS nd nd IB, BHRA

2005 122 BP180 80% (8/10) nd nd POS IB, BHRA

2008 124 BP180, BP230 BP180: 22% (8/37), 
BP230: 22% (8/37)

POS POS POS ELISA

2008 123 BP180, BP230 BP180:30% (20/67), 
BP230:67% (45/67)

NEG POS NC ELISA

2009 125 BP180 89% (16/18) nd NC POS IB

2009 126 BP180 77% (33/43) POS nd POS ELISA, IB, IF

2011 127 BMZ 43% (3/7) nd nd POS IF

2013 128 BP180 61% (19/31) NC nd NC ISAC

2014 129 BP180 75% (36/48) POS POS POS ELISA

2015 130 BP180 73% (27/37) NC NC nd ELISA

2015 131 BP180 24% (10/41) NC nd POS ELISA

2015 132 BP180, BP230 DIF: 18% (18/100); 
ELISA: 17% (3/18)

NC nd NC IF, ELISA

2016 133 BP180, BP230 BP180: 71% (12/17), 
BP230:76% (13/17)

POS nd POS ELISA

2016 134 BP180 79% (61/77) POS nd POS ELISA

2017 135 BP180, BP230 BP180:58% (21/36), 
BP230: 50% (18/36)

POS POS POS ELISA

2017 136 BP180 40% (47/117) POS POS POS ELISA

2020 137 BP180 DIF: 19% (10/53) NC NC POS IF, ELISA

Abbreviations: BHRA, Basophil Histamine Release Assay; BMZ, basement membrane zone; ELISA, Enzyme-linked immunosorbent assay; IB, 
Immunoblotting; IF, Immunofluorescence; ISAC, Immuno solid-phase allergen chip; POS, Positive association; NC, no correlation; nd, not determined; 
NEG, Negative association; RIA, Radio-Immuno Assay.
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However, the treatment did not result in meaningful improvements 
in disease activity.161

6.3.2  |  Atopic dermatitis

The efficacy of OMZ in AD has been evaluated in many case series/
reports162 and was formally evaluated in three small clinical trials. 
A recent randomized clinical trial (RCT) in 62 pediatric AD patients 
showed efficacy of OMZ in reducing AD severity and improving 
quality of life.163 Two previous controlled studies (NCT00822783 
and NCT01678092) did not show an overall efficacy of OMZ on the 
clinical course of AD patients after 16 or 24 weeks of treatment com-
pared with AD patients in placebo groups, despite some effects on 
IgE levels, FcεRI expression levels, and pro- and anti-inflammatory 
cytokine levels.112,164 Accordingly, LGZ did not show efficacy in a 
RCT including 22 patients.165 Another anti-IgE approach with the 
anti-CεmX mAb FB825 targeting membrane IgE on B cells is cur-
rently under investigation (NCT04413942). In clinical practice, a 
subgroup of AD patients does benefit from anti-IgE treatment, as 
shown in case reports and smaller case series,166–169 which implies 
that IgE plays an important role in the pathophysiology of AD in 
these patients. The efficacy of OMZ in AD patients with IgE AAb has 
not been investigated so far. Interestingly, one study showed that 
patients with a filaggrin mutation were unresponsive to omalizumab 
treatment, suggesting that the presence of primary skin barrier defi-
ciency may likely be a factor for non-response.167

6.3.3  |  Bullous pemphigoid

OMZ use in BP was analyzed in a systematic review which included 
13 case series/reports and analyzed 56 patients. Complete response 
was achieved in 55.4% of patients with an overall response rate 
of 87.5%. While baseline eosinophilia was marginally associated 
with complete remission, no association with baseline IgE could be 
shown.170 French BP Management Guidelines recommend the use of 
omalizumab in a subset of patients with predictors for OMZ efficacy, 
that is, urticarial lesions, significant blood eosinophilia, high serum 
IgE levels, even though the relapse rate reported was up to 80%.171 
Of note, a clinical trial (NCT01688882) to evaluate the efficacy and 
safety of OMZ in patients with active BP despite oral steroid treat-
ment was terminated because the predefined criteria of efficacy 
were not reached. Currently, only one ongoing trial indirectly tar-
geting IgE-associated mechanisms (dupilumab) is conducted in this 
indication (NCT05649579).

6.3.4  |  Systemic lupus erythematosus

The tolerability of OMZ was evaluated in a phase Ib clinical trial in 
patients with SLE with increased levels of anti-dsDNA, anti-Sm, and/
or anti-SSA IgE AAb measured by ELISA assay and moderately active 

non-renal, non-CNS lupus.172 SLE Disease Activity Index 2000 
(SLEDAI 2 K) scores but not in other measures of clinical activity im-
proved in the OMZ group. Also, the SLE Responder Index and the 
absolute change in the SLEDAI 2 K score were low when compared 
to other larger clinical trials. However, there was no worsening in 
other scores, and OMZ treatment showed a trend toward reduction 
in IFN gene signature, especially in subjects with high baseline IFN 
signature. Importantly, IgE AAb in SLE facilitate TLR9-mediated pDC 
activation and IFNα production.23 OMZ and LGZ have both been 
shown to remove IgE from pDC surface and to restore TLR9 and 
T regulatory cells homeostasis.173,174 The IgE-dependent basophil-
mediated AAb production amplification in SLE also supports tar-
geting IgE in this disease.32 Hence, it will be of primary interest to 
confirm the therapeutic value of the anti-IgE approach for SLE in 
clinical trials with larger patient populations.

Patients affected by the AbAID discussed in the present review 
may putatively benefit from IgE-targeting therapies based on the 
prevalence of the identified autoreactive IgE and the FcεRI-bearing 
cells known to be involved in their pathophysiology. Further investi-
gations will be required at both pathophysiological and clinical levels 
to validate the therapeutic values of targeting IgE and autoreactive 
IgE in these conditions.

7  |  UNMET NEEDS IN ABAID WITH 
AUTORE AC TIVE IGE AND CONCLUDING 
REMARKS

Important current challenges need to be addressed to better charac-
terize IgE AAb as pathogenic factors and therapeutic targets. First, 
the extremely low concentration of these antibodies can make their 
quantification difficult. In this regard, new IgE detection methods 
are being developed, such as isotype-specific agglutination-PCR 
(ISAP)175 and luciferase-linked immunosorbent assay (LuLISA),176 
which can both detect specific IgE in 1 μL of sample. Both methods 
have so far only been tested for measurement of IgE against aller-
gens, but could be and should be extended to autoantigens. The high 
sensitivity of these approaches could allow screening of multiple po-
tential autoantigens, and may be used for further epitope mapping 
studies once important autoantigens have been identified. IgE AAb 
detection may also be improved by purifying IgE to remove IgG AAb 
competing for the same antigen and epitope.177

Better functional tests are also needed to assess IgE AAb and 
their antigens for their effects on FcεRI-bearing cells. Basophil activa-
tion tests are useful to screen potential autoantigens for IgE-mediated 
degranulation,178 but can be challenging to implement given the low 
frequency of these cells in blood samples. As an alternative approach, 
mast cell activation assays are now being developed,179 and the avail-
ability of novel mast cell models such as human mast cells derived 
from pluripotent stem cells and mouse mast cells expressing the 
human FcεRI may facilitate screening of potential autoallergens.180,181

A deeper knowledge of the diversity and specificity of IgE rep-
ertoires in CSU and other autoimmune diseases is needed in order 
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to identify key IgE clones that are likely to drive autoallergic re-
sponses. However, studying IgE repertoires is challenging due to the 
extremely low frequency of circulating IgE-producing B cells, mak-
ing their isolation almost impossible using standard flow cytometry 
sorting strategies. However, Croote and colleagues have recently 
reported the first successful paired variable heavy (VH) and light (VL) 
chain sequencing of IgE+ B cells from allergic subjects.182 A similar 
approach could be applied to CSU, AD, and other autoimmune dis-
eases in order to gain knowledge on the diversity of IgE repertoires 
in these diseases. Importantly, once identified, these paired VH-VL 
sequences could be used to produce recombinant IgE to further as-
sess characteristics of these mAbs (affinity, epitope mapping analy-
sis, ability to induce mast cell degranulation), and to serve as positive 
controls for future standardized IgE detection methods.

IgE targeting benefits many CSU patients, shows encouraging re-
sults in SLE and some limitations in subsets of type IIb autoimmune 
CSU, AD, and BP patients. Despite the fact that IgE- and FcεRI-
bearing cells are clearly involved in the pathophysiology of these 
diseases, they are not the only nor the main pathogenic factors in all 
patients. Hence, targeting other pathogenic factors along with IgE 
may provide quicker and more efficient clinical benefits. For instance, 
IgG AAb are pathogenic in SLE and BP either through Fc receptor-
mediated or complement-mediated mechanisms.7,116 In BP, targeting 
B cells with rituximab (anti-CD20 mAb), IgE with OMZ, or IL-4Rα with 
dupilumab may lead to similar clinical benefits.183 Combining ritux-
imab with OMZ as an adjuvant treatment (in a small cohort of pa-
tients) showed promising add-on effects in refractory BP patients.184 
Thus, similar approaches in other AbAID, where autoreactive IgE and 
IgG are pathogenic and where IgE or IgG targeting are not efficacious 
enough, may represent a promising therapeutic strategy.

Other chronic inflammatory diseases such as vasculitis or car-
diovascular diseases may involve IgE AAb and FcεRI-bearing cells in 
their pathophysiology. Further investigations with recently devel-
oped tools may thus identify other conditions where targeting IgE 
AAb could be beneficial to improve patient care. Taken together, 
autoreactive IgE is involved in the pathophysiology of multiple 
immune-mediated diseases. This rapidly evolving knowledge holds 
strong potential for improving diagnosis, prediction of disease 
course, and personalized treatment approaches.
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