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IgE is the less abundant immunoglobulin isotype in serum and

displays higher affinity for its cognate Fc receptor (FceRI) than the

rest of antibody isotypes. Moreover, the class switch

recombination and the generation of memory responses

remarkably differ between IgE and other isotypes. Importantly,

class switch recombination to IgE can occur in the mucosae,

preferentially through the sequential switching from IgG.

Therefore, resident effector cells get rapidly sensitized, and free

IgE can be found in mucosal secretions. All these aspects explain

the involvement of IgE in respiratory diseases. In allergic rhinitis

and allergic asthma, the IgE-sensitization to environmental

allergens triggers an eosinophilic inflammation of the airway

mucosa of atopic patients. In recent years, growing evidence

indicates that some non-atopic patients with nasal reactivity to

allergensdisplaynasaleosinophilic inflammation,which could be

triggered by the local production of allergen-specific IgE. This

phenotype has been termed local allergic rhinitis. Mucosal IgE is

also implicated in the pathophysiology of chronic rhinosinusitis

with nasal polyps, even though the mechanisms for IgE synthesis

might differ in this case. The role of IgE as mediator of airway

diseases identify this marker as a therapeutic target. Some

biologicals antagonize IgE-mediated inflammation of the airway

mucosa, but they have not shown a beneficial long-term effect

after discontinuation. In contrast, allergen immunotherapy does

not only control the symptoms of airway allergy, but it also

induces a long-lasting effect after discontinuation, thus

modifying the natural course of the disease.
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Introduction
The production of high-affinity IgE is tightly regulated at

the molecular and cellular levels, resulting in serum

concentrations, which are several orders of magnitude

lower than those of IgG or IgA [1,2]. In contrast, the

proportion of IgE in the respiratory secretions is much

higher than in the bloodstream, and this relative abun-

dance is especially significant in the case of IgE directed

against aeroallergens [3]. Of note, the respiratory and

intestinal mucosae harbour the largest populations of

IgE-producing plasma cells (PC) in the human body

[3], and a significant proportion of circulating IgE is

believed to originate in the mucosae with subsequent

spill over through the lymphatic system [4]. Unlike other

immunoglobulin isotypes, IgE exerts its main biological

functions after binding to its specific receptors [2], which

display a very high affinity/avidity for IgE [5]. This fact

explains why in physiological conditions most IgE mole-

cules in the human body are found attached to its recep-

tors in mucosal effector cells, rather than free in serum [3].

In this review, we aim to analyse the novel discoveries

about IgE biology and regulation, with a strong focus on

the roles of mucosal IgE in several respiratory conditions.

Finally, the different approaches to modulate IgE biology

in human disease will be discussed.

Regulation of mucosal IgE production and
activity
Generation of IgE responses

Class switch recombination to IgE (eCSR) in germinal

centre (GC) B cells has a stronger dependence on T

follicular helper (Tfh) cell-collaboration than other

immunoglobulin isotypes [6]. Activated Tfh cells stimu-

late IgM+ naı̈ve B cells via CD28/CD86, CD40 ligand (L)/

CD40, inducible co-stimulator (ICOS)/ICOSL, and pro-
grammed death (PD)1/PD1L interactions [7,8]. Tfh cells

also provide IL-4, the key inducer of eCSR, and IL-21,

which potently boosts antibody synthesis in activated B

cells. In the absence of functional Tfh cells, the produc-

tion of IgE in response to mucosal antigens is greatly

impaired [9]. Moreover, several subsets of T regulatory

cells, such as IL-10+ or TGFb+ inducible Treg (iTreg)

cells have the ability to antagonize eCSR in activated B

cells [10]. Recently, the capacity of IL-35+ iTreg cells to

inhibit IgE responses has been demonstrated, as they

favour the generation of IgA+ and IgG4+ PCs and of IL-35

+ B regulatory cells [11��].

Switched IgE+ B cells in the dark zone of GCs cannot

efficiently traffic to the light zone in order to undergo
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their positive selection after somatic hypermutation [12].

This fact determines an increased apoptosis of IgE+ B

cells in the dark zone of GCs and an impaired formation of

IgE+ memory B cells (Figure 1). These factors result in a

low frequency and an insufficient affinity maturation of

GC-derived IgE antibodies [13�]. In contrast, high-affin-

ity IgE can be produced by IgG+ memory B cells in the

mucosae following eCSR [14]. This sequential eCSR
(from IgM to IgG followed by from IgG to IgE) probably

represents an additional checkpoint for IgE production

reflecting that strong evolutionary pressure operates to

limit, but not eliminate, the production of high-affinity

IgE [6]. Although it is not clear whether mucosal eCSR is

necessarily associated to GC-like structures, mucosal

lymphoid aggregates were detected in patients with type

2-dominated nasal inflammation [15�].

IgE exerts its biological functions by binding to its high-

affinity and low-affinity receptors (FceRI and CD23,

respectively) [14]. The allergen-induced cross-linking

of two IgE/FceRI complexes on the cell surface, triggers

a potent activation of mast cells and basophils [14].

Monomeric IgE and IL-3 favour the expression/stabiliza-

tion of FceRI on the cell surface [16,17], whereas FceRI
activity is regulated by other surface receptors like

FcgRIIB [18]. There is a positive correlation between

the density of CD23 molecules on B cells, the serum IgE

level, and the IgE-facilitated presentation of allergens to

T cells [19]. Several mediators compete with IgE for the

binding to allergens, thus preventing the formation of

allergen/IgE/receptor complexes. The most potent com-

petitors are antibodies with the same specificity but

different class (IgG4 or IgA) [20,21,22��], but also
Figure 1
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unspecific compounds, like surfactant protein D [23],

can exert a similar blocking activity. These mediators

are able to inhibit the IgE-dependent activation of baso-

phils and other effector cells, and to reduce IgE synthesis

by B cells and Th2 cell proliferation [20,21,22��,23].

Memory IgE responses

Serum IgE in mice is mostly synthetized by short-lived

PCs, with a minor contribution of long-lived IgE-produc-

ing PC/memory B cells [24–26]. Initial studies suggested

that IgE+ GC cells could account for the majority of IgE-

producing PCs in mice [27]. However, later evidence

demonstrated that memory IgE responses were main-

tained by IgG1
+ GC or memory B cells [28,29��], which

undergo sequential CSR upon interaction with IL-4-

producing T cells. Importantly, a study analyzing mice

with impaired CSR to IgG1 showed a deficient affinity

maturation process for IgE antibodies that was partially

restored after adoptive transfer of IgG1+ B cells in the

presence of T cell-derived IL-4 and IL-13 [30,31].

The studies about human IgE immune responses are

largely consistent with those performed in mice, yet a

greater contribution of long-lived PCs to the pool of IgE

antibodies might exist [32]. Of note, IgE-producing mem-

ory B cells are present in the blood of allergic patients

[33]. Nevertheless, human studies with varied experi-

mental designs have demonstrated the role of IgG+ cells

as source of IgE-producing cells: investigation of the

specificities of IgG1, IgG4 and IgE antibodies in allergic

individuals [34], sequencing of the Sm–Se switch regions

of human IgE genes [35,36], or repertoire analysis of Ig

genes in peripheral blood B cells [37]. Moreover, nasal
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allergen exposure increases circulating IgE in allergic

patients, indicating that the allergen is the major trigger

of memory IgE responses [38].

Mucosal IgE in airway diseases
Allergic rhinitis (AR)

AR patients are defined by chronic rhinitis symptoms,

clinical reactivity to allergens (positive nasal allergen

challenge (NAC)), and the presence of atopy (positive

skin prick test (SPT) and/or serum allergen-specific (s)

IgE) [39]. The nasal exposure to the allergen in AR

individuals induces an early activation of resident mast

cells, followed by a later increase of eotaxin and type

2 cytokines in mucosal secretions [40]. This local effect is

paralleled by a peripheral response characterized by an

early activation of basophils, and a later increase of

circulating T effector cells, innate lymphoid cells 2

(ILC2), and dendritic cells [41,42]. The allergen exposure

also triggers activation-induced cytidine deaminase (AID)

expression and sequential eCSR in the nasal mucosa of

AR patients [43,44��,45]. This phenomenon results from

the allergen-induced release of IL-4 and IL-13 by muco-

sal resident cells [45]. Moreover, in the nasal mucosa of

AR patients there are significantly more B cells and PC

expressing sIgE than in healthy non-atopic controls [46].

The natural exposure to the allergen is associated in AR

patients with an expansion of mucosal IgE repertoires, yet

all of them remain closely related (oligoclonality) [47,48].

Moreover, the allergen-specific clones had higher likeli-

hood of having undergone sequential eCSR than the rest

of the IgE repertoire [49]. The allergen-driven expansion

of mucosal IgE repertoire could reflect either ongoing

mucosal somatic hypermutation, or that different cells

derived from a single B cell progenitor undergo indepen-

dent rounds of somatic hypermutation in the GC, and

subsequently and independently, experience eCSR in the

nasal mucosa [47,49]. Furthermore, mucosal IgE changes

are paralleled by a less prominent repertoire expansion in

peripheral IgE antibodies [47]. Because AR patients

display a clonal overlap between IgE antibodies in blood

and in nasal mucosa, this observation suggests a mucosal

origin of circulating sIgE in these individuals (Figure 2).

Local allergic rhinitis (LAR)

LAR is a new rhinitis phenotype characterized by the

positivity of NAC and the negativity of SPT and serum

sIgE [50]. The nasal secretions of LAR patients display

signs of type 2 inflammation including increased eosin-

ophils and mast cells, together with elevated activation

markers (eosinophilic cationic protein and tryptase,

respectively) [51,52��,53]. Nevertheless, the involvement

of sIgE in LAR pathophysiology is still controversial. The

presence of house dust mite (HDM)-sIgE in nasal secre-

tions of non-atopic patients with chronic rhinitis and

positive NAC was reported as early as 1975 [54]. A later

study demonstrated the presence of grass-sIgE in the

nasal mucosal of 3 of 10 non-atopic rhinitis patients, 7 of
Current Opinion in Pharmacology 2019, 46:100–107 
11 AR individuals, and in none of the 12 non-atopic

healthy controls [55]. In contrast, nasal HDM-sIgE was

detectable in six AR subjects, but in none of the non-

atopic patients or controls [55]. Nevertheless, the study

protocol did not include a NAC, and thus the clinical

relevance of the allergens in those patients could not be

established. More recently, several authors reported the

presence of sIgE (against pollens, HDM and Alternaria) in

the nasal secretions of highly variable proportions (9–

100%) of LAR patients [51,52��,56–59]. Yet the presence

of nasal sIgE has been demonstrated out of the pollen

season [51,56], kinetic studies in LAR individuals indi-

cate a fast and progressive increase of sIgE in the nasal

secretions during the first hours after a NAC [52��,58].
Furthermore, though the differences in the proportion of

patients with detectable nasal sIgE may be partially

explained by dilutional effects or methodological aspects,

a heterogeneity of mechanisms driving nasal allergen

reactivity in LAR individuals cannot be excluded. More-

over, the source of the nasal sIgE in LAR patients remains

undefined, as the local synthesis of IgE has not been

demonstrated.

Chronic rhinosinusitis with nasal polyps (CRSwNP)

Most non-Asian subjects with CRSwNP display eosino-

philic nasal polyps (NP), together with a marked inflam-

mation of the mucosa lining the nostrils and the paranasal

sinuses. The eosinophilic inflammation in CRSwNP is

orchestrated by type 2 cytokines, especially IL-5 [60]. In

the NPs, increased numbers of B cells and PCs are

present, together with vast amounts of IgE [61]. The

nasal cavity of these individuals is often colonized by

Staphylococcus aureus (SA), whose enterotoxins (SAE)

behave as superantigens and drive the polyclonal activa-

tion of T and B cells resulting in a preferential, yet not

exclusive, synthesis of type 2 cytokines and IgE [61].

Moreover, these patients often display detectable sys-

temic and local sIgE directed against aeroallergens and

SAE [62]. Though it is unclear whether this sIgE arises

from a superantigen-induced polyclonal activation or

from a GC-reaction, it has been demonstrated that local

grass pollen-sIgE and SAE-sIgE can efficiently mediate

the activation of effector cells [63]. This observation

suggests that the affinity of local sIgE in CRSwNP

patients is high enough to bind allergens in a functional

manner. In this regard, markers of ongoing affinity matu-

ration of IgE antibodies have been demonstrated in

eosinophilic NPs [15�,64]. Recently, it was suggested that

the allergen-triggered IgD-mediated activation of mast

cells might favour IgE synthesis in e-switched B cells

from eosinophilic NPs, through the release of IL-4, IL-13,

B-cell activating factor (BAFF) and IL-21 [65]. Yet several

aspects remain unclear (is local affinity maturation

restricted to GC reaction-activated B cells, or is it also

occurring in superantigen-activated B cells?), sIgE (and

maybe sIgD) seems to function as an amplifier
www.sciencedirect.com
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Mucosal synthesis of IgE in patients with respiratory allergy: During the sensitization phase of airway allergy, allergen-activated dendritic cells

traffic through the lymphatic vessels to the germinal centre of the draining lymph nodes. Within this location, dendritic cells activate allergen-

specific näive T cells to generate T helper (Th) and T follicular helper (Tfh) 1 and 2 cells. Tfh1 cells subsequently stimulate allergen-specific IgM+

näive B cells which undergo class switch recombination (CSR) to IgG and somatic hypermutation to give rise to IgG+ plasma cells (not shown)

and IgG+ memory B cells. Allergen-specific Th1 and IgG+ B cells exit the lymphoid system through the efferent vessels and reach the blood

stream. Activated Tfh2 cells in the germinal centres also stimulate IgM+ näive B cells which undergo CSR to IgE. Nevertheless, IgE+ B cells

cannot efficiently carry out their somatic hypermutation, and die by apoptosis before exiting the germinal centres. Conversely, Th2 cells reach the

blood stream and extravasate at the lamina propia of the airway mucosa, together with Th1 cells (not shown) and IgG+ memory B cells. In the

lamina propia IgG+ memory B cells can undergo sequential CSR to IgE upon allergen re-encounter (not shown) and stimulation with IL-4 provided

by Th2 cells and basophils among other cells. This process results in the generation of IgE+ plasma cells releasing vast amounts of high-affinity

IgE to the lamina propia. Mucosal IgE can bind FceRI on resident basophils and mast cells and sensitize them for activation upon allergen re-

encounter. After saturating the receptor system of the mucosa, free IgE can reach the blood stream through the lymphatic vessels. In the blood

stream, IgE binds first to FceRI on circulating basophils. In patients with airway allergy, IgE saturates the receptor system of blood basophils and

subsequently binds FceRI on mast cells residing at the different peripheral tissues including the skin. Moreover, after saturating the receptor

system on mast cells, IgE can be found at a free state in serum or in the respiratory secretions. During the effector phase of airway allergy, the re-

exposure to the allergen triggers the IgE-mediated and FceRI-mediated activation of resident mast cells and basophils. Moreover, memory Th2

cells are locally reactivated to release IL-5 among other cytokines. IL-5 mediates the recruitment of circulating eosinophils to accumulate in the

respiratory mucosa, to activate, and to contribute to tissue remodeling.
mechanism of local inflammation in patients with eosin-

ophilic CRSwNP.

Asthma

Asthma is an inflammatory disease of the bronchi defined

by chronic or chronically relapsing respiratory symptoms,
www.sciencedirect.com 
together with airway hyperreactivity [66]. The condition

comprise different phenotypes defined by the corre-

sponding inflammatory endotypes, of which the aller-

gic/atopic type is the commonest [66]. Patients with

eosinophilic asthma display markers of eCSR [67] and

high levels of IgE+ [68] and FceRI+ [69] cells in the
Current Opinion in Pharmacology 2019, 46:100–107
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bronchial mucosa regardless of their atopic status. Nev-

ertheless, there is conflicting data about the specificity

and functionality of bronchial IgE in non-atopic asthma

patients. HDM-sIgE was found in the sputum of 26 of

27 non-atopic asthmatics, yet the patients failed to

develop a positive bronchial allergen challenge (BAC)

[70�]. In contrast, sputum HDM-sIgE from three non-

atopic asthmatics was able to activate peripheral basophils

in vitro [70�]. Moreover, sputum HDM-sIgE was also

detectable in 39 of 39 non-atopic asthmatics in a different

work from the same group [71]. Conversely, a study

analyzing bronchial mucosa homogenates, demonstrated

HDM-sIgE in 10 of 10 atopic patients, but in none of the

10 non-atopic asthmatics included, yet the later individ-

uals were on doses of inhaled corticosteroids >10 times

higher than the atopic subjects [72]. Because the non-

atopic asthma phenotype includes individuals with

diverse inflammatory endotypes [66], it seems logical

to focus the efforts for the characterization of bronchial

IgE on those individuals with positive BAC responses.

Interventions to modulate IgE immune
responses
Allergen immunotherapy

Allergen immunotherapy (AIT), both through subcuta-

neous (SCIT) and sublingual (SLIT) routes, offers long-

term clinical benefit for individuals with airway allergy,

and is able to prevent asthma onset in patients with AR

[73,74�,75,76]. A prolonged treatment period of SCIT or

SLIT has been associated with the modulation of IgE

responses, including an early and transient rise in serum

sIgE and sIgG, followed by a sustained and progressive

decrease of circulating sIgE and a blunting of its seasonal

increase in the case of pollen allergens [77,78��,79]. In

pollen-AR patients, the initial rise in serum sIgE is the

mechanism driving the blunting of the seasonal increases

during the natural exposure to the allergen, and mediates

the early priming of Th2 cells, a process speculated to be

crucial for the success of AIT [80,81]. In contrast, the

AIT-induced sustained decrease in serum sIgE has no

clear association with either the response to the treatment

or its magnitude [82,83]. However, a minimum treatment

period of three years is needed for sustained IgE regula-

tion, as only AR patients who received a four-year course

of SCIT, but not those who received a two-year cycle,

displayed reduced levels of serum sIgE at the end of the

treatment period [84]. In a double-blind placebo-con-

trolled study involving three-years of daily treatment with

grass-SLIT, the rise in serum sIgE was apparent from

2 months of AIT, with a decrease to baseline after

22 months [79]. Moreover, the capacity to induce a

sustained reduction of serum sIgE might be restricted

to the subcutaneous route, as only SCIT-treated AR

individuals, but not patients receiving SLIT, had signifi-

cantly less serum sIgE than the placebo group after a

three-year period of AIT (GRASS Trial) [85]. Analyzing

the groups who received a two-year course of AIT in the
Current Opinion in Pharmacology 2019, 46:100–107 
same study, it was observed that the IgE/IgG4 ratio was

significantly higher in the SCIT-treated compared to the

SLIT-treated patients, whereas one year after therapy

discontinuation, the AIT-induced clinical improvement

was equally lost in both SCIT and SLIT groups [86].

Moreover, the IgE-facilitated allergen binding to B cells

returned to baseline one year after AIT discontinuation in

both treated groups, yet it was still significantly lower than

that of the placebo group [86].

In addition to conventional SCIT and SLIT with whole

allergen proteins, other AIT approaches have been inves-

tigated. Short-course subcutaneous administration of lin-

ear Lolium perenne peptides (LPP) increased serum grass-

sIgE during and after the treatment period, compared to

both baseline and placebo [87]. Moreover, pre-seasonal

intradermal immunotherapy with grass pollen reduced

skin late-phase reaction and increased serum sIgE, but

induced no clinical benefit in AR patients as compared to

placebo [88]. Despite the numerous and consistent evi-

dences on the AIT effect over IgE immune responses, the

specific mechanisms involved in this modulation remain

to be fully identified.

Biological drugs

Omalizumab is a humanized anti-IgE Ce3 domain mono-

clonal antibody (mAb) approved for severe allergic

asthma and chronic urticaria. The drug primarily acts

by preventing the binding of free IgE to its receptors,

but it is not able to recognize IgE molecules attached to

FceRI and CD23 on the cell surface. Additional mAbs

have been developed to inhibit IgE-mediated inflamma-

tion. The Fab fragment of the rat anti-IgE Ce2 domain

mAb (Fab-6HD5) was shown to antagonize IgE binding

to FceRI in a mouse study [89]. The murine mAb 8D6

binds to human IgE Ce3 domain, but unlike omalizumab,

it can also recognize IgE molecules bound to CD23 on the

surface of B cells [90]. Designed ankyrin proteins (DARPin)

are products of protein engineering, which have been

used to antagonize IgE-mediated activation of effector

cells [91�]. Most DARPins function as disruptive inhibi-

tors with the ability to both prevent the formation of IgE/

receptor complexes and dissociate pre-formed IgE/FceRI
complexes [91�]. Interestingly, omalizumab can also

detach IgE from FceRI expressed on effector cells in
vitro [92], but at much higher concentrations than those

achieved by therapeutic doses [93]. Recently, a bispecific

DARPin (D11) targeting FcgRIIB and FceRI-bound IgE

was shown to inhibit basophil activation in vitro [94]. The

inhibitory potential of D11 does not rely on the disruption

of IgE/FceRI complexes, but on the simultaneous acti-

vation of FcgRIIB and FceRI [94]. Yet the in vitro studies

with DARPins are promising [95], their therapeutic

potential still needs to be established.

Given the prominent role of IL-4 in IgE synthesis, several

mAbs have been developed to block the effects of this
www.sciencedirect.com
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cytokine. Dupilumab is a fully human anti-IL4Ra mAb,

approved for recalcitrant atopic dermatitis [96] whose

effects in asthma seem promising [97]. In contrast, a

humanized anti-IL-4 mAb (VAK694) in combination with

AIT provided no additional benefit over AIT alone in the

reduction of the late-phase reaction upon intradermal

allergen injection [98]. In the same study, total and sIgE

in serum experienced an early increase in the AIT+IL-4-

treated group, followed by a progressive decrease until

the end of the study [98].

Conclusion
The mucosal synthesis of allergen-sIgE with the subse-

quent sensitization of resident effector cells is one of the

main disease mechanisms of airway allergy. The SAE-

driven polyclonal synthesis of IgE is a prominent phe-

nomenon amplifying nasal inflammation in patients with

CRSwNP. Moreover, mucosal IgE might be involved in

the pathophysiology of LAR and of some forms of non-

atopic asthma. All these evidences identify IgE as a

relevant therapeutic target for several human respiratory

diseases. Novel biological drugs such as anti-IgE or anti-

IL-4 mAbs or DARPins might antagonize several IgE-

mediated disease mechanisms, yet they lack a long-term

effect after discontinuation and thus raise cost-efficiency

concerns. In contrast, AIT is able to modulate the aller-

gen-specific immune response and to antagonize IgE-

mediated mucosal inflammation in a sustained manner,

thus providing long-term benefits to patients with allergic

respiratory disease.

Conflict of interest statement
Nothing declared.

Acknowledgements
This work was supported by Imperial College Research Funds.

Instituto de Salud Carlos III of the Spanish Ministry of Science, Innovation
and Universities/grants cofunded by the European Regional Development
Fund (I.E.G. holds a “Rio Hortega” contract (CM17/00140)) and (Thematic
Network for Collaborative Research on Allergy and Asthma-ARADyAL
(RD16/0006/0001)); Fellowship of the European Academy of Allergy and
Clinical Immunology and from the Spanish Fellowship of the Spanish
Society of Allergology and Clinical Immunology in connection to this work.

References and recommended reading
Papers of particular interest, published within the period of review,
have been highlighted as:

� of special interest
�� of outstanding interest

1. Tada T, Ishizaka K: Distribution of gamma E-forming cells in
lymphoid tissues of the human and monkey. J Immunol 1970,
104:377-387.

2. Wu LC, Zarrin AA: The production and regulation of IgE by the
immune system. Nat Rev Immunol 2014, 14:247-259.

3. Dullaers M et al.: The who, where, and when of IgE in allergic
airway disease. J Allergy Clin Immunol 2012, 129:635-645.

4. Eckl-Dorna J et al.: The majority of allergen-specific IgE in the
blood of allergic patients does not originate from blood-
www.sciencedirect.com 
derived B cells or plasma cells. Clin Exp Allergy 2012, 42:1347-
1355.

5. Kraft S, Kinet JP: New developments in FcepsilonRI regulation,
function and inhibition. Nat Rev Immunol 2007, 7:365-378.

6. He JS et al.: Biology of IgE production: IgE cell differentiation
and the memory of IgE responses. Curr Top Microbiol Immunol
2015, 388:1-19.

7. Varricchi G et al.: T follicular helper (Tfh) cells in normal immune
responses and in allergic disorders. Allergy 2016, 71:1086-1094.

8. Ueno H: T follicular helper cells in human autoimmunity. Curr
Opin Immunol 2016, 43:24-31.

9. Meli AP et al.: T follicular helper cell-derived IL-4 is required for
IgE production during intestinal helminth infection. J Immunol
2017, 199:244-252.

10. Palomares O et al.: Mechanisms of immune regulation in
allergic diseases: the role of regulatory T and B cells. Immunol
Rev 2017, 278:219-236.

11.
��

Shamji MH et al.: Role of IL-35 in sublingual allergen
immunotherapy. J Allergy Clin Immunol 2019, 143:1131-1142.e4.

This article demonstrates that allergen immunotherapy restores IL-35-
mediated immune regulation in atopic patients with allergic rhinitis.

12. Tong P, Wesemann DR: Molecular mechanisms of IgE class
switch recombination. Curr Top Microbiol Immunol 2015,
388:21-37.

13.
�

Xiong H, Dolpady J, Wabl M, Curotto de Lafaille MA, Lafaille JJ:
Sequential class switching is required for the generation of
high affinity IgE antibodies. J Exp Med 2012, 13:353-364.

This article demonstrates that in mice high-affinity IgE antibodies are
generated from sequential class switch recombination rather than from
direct class switch recombination.

14. Wu LC, Zarrin AA: The production and regulation of IgE by the
immune system. Nat Rev Immunol 2014, 14:247-259.

15.
�

Gevaert P et al.: Local receptor revision and class switching to
IgE in chronic rhinosinusitis with nasal polyps. Allergy 2013,
68:55-63.

This article demonstrates that class switch recombination to IgE and
somatic hypermutation to increase IgE affinity occur locally in patients
with chronic rhinosinusitis with nasal polyps.

16. MacGlashan D: Auto-antibodies to IgE and FceRI and the
natural variability of SYK expression in basophils. J Allergy Clin
Immunol 2019, 143:1100-1107.e11.

17. Zellweger F et al.: IL-3 but not monomeric IgE regulates
FcepsilonRI levels and cell survival in primary human
basophils. Cell Death Dis 2018, 9:510.

18. Gast M et al.: IgG-independent co-aggregation of FcepsilonRI
and FcgammaRIIB results in LYN- and SHIP1-dependent
tyrosine phosphorylation of FcgammaRIIB in murine bone
marrow-derived mast cells. Front Immunol 2018, 9:1937.

19. Selb R et al.: CD23 surface density on B cells is associated with
IgE levels and determines IgE-facilitated allergen uptake, as
well as activation of allergen-specific T cells. J Allergy Clin
Immunol 2017, 139:290-299.e4.

20. Dodev TS et al.: Inhibition of allergen-dependent IgE activity by
antibodies of the same specificity but different class. Allergy
2015, 70:720-724.

21. Varga EM et al.: Tolerant beekeepers display venom-specific
functional IgG4 antibodies in the absence of specific IgE. J
Allergy Clin Immunol 2013, 131:1419-1421.

22.
��

Shamji MH et al.: The IgE-facilitated allergen binding (FAB)
assay: validation of a novel flow-cytometric based method for
the detection of inhibitory antibody responses. J Immunol
Methods 2006, 317:71-79.

This article describes the usefulness of the FAB assay as a biomarker for
assessing the intensity of the allergic response.

23. Qaseem AS et al.: A recombinant fragment of human surfactant
protein D suppresses basophil activation and T-helper type
2 and B-cell responses in grass pollen-induced allergic
inflammation. Am J Respir Crit Care Med 2017, 196:1526-1534.
Current Opinion in Pharmacology 2019, 46:100–107

http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0005
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0005
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0005
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0010
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0010
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0015
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0015
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0020
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0020
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0020
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0020
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0025
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0025
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0030
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0030
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0030
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0035
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0035
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0040
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0040
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0045
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0045
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0045
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0050
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0050
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0050
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0055
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0055
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0060
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0060
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0060
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0065
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0065
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0065
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0070
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0070
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0075
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0075
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0075
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0080
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0080
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0080
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0085
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0085
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0085
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0090
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0090
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0090
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0090
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0095
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0095
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0095
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0095
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0100
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0100
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0100
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0105
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0105
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0105
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0110
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0110
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0110
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0110
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0115
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0115
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0115
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0115


106 Respiratory
24. Brightbill HD et al.: Antibodies specific for a segment of human
membrane IgE deplete IgE-producing B cells in humanized
mice. J Clin Invest 2010, 120:2218-2229.

25. Lafaille JJ, Xiong H, Curotto de Lafaille MA: On the differentiation
of mouse IgE(+) cells. Nat Immunol 2012, 13:623 author reply
623-624.

26. Talay O et al.: IgE(+) memory B cells and plasma cells
generated through a germinal-center pathway. Nat Immunol
2012, 13:396-404.

27. Yang Z, Sullivan BM, Allen CD: Fluorescent in vivo detection
reveals that IgE(+) B cells are restrained by an intrinsic cell fate
predisposition. Immunity 2012, 36:857-872.

28. He JS et al.: IgG1 memory B cells keep the memory of IgE
responses. Nat Commun 2017, 8:641.

29.
��

He JS et al.: The distinctive germinal center phase of IgE+ B
lymphocytes limits their contribution to the classical memory
response. J Exp Med 2013, 210:2755-2771.

This article uses a mouse model to investigates IgE immune responses,
and demonstrates the prominent role of allergen-specific IgG in the
maintenance of memory IgE responses.

30. Turqueti-Neves A et al.: The extracellular domains of IgG1 and T
cell-derived IL-4/IL-13 are critical for the polyclonal memory
IgE response in vivo. PLoS Biol 2015, 13:e1002290.

31. Xiong H et al.: Sequential class switching is required for the
generation of high affinity IgE antibodies. J Exp Med 2012,
209:353-364.

32. Jimenez-Saiz R et al.: The IgE memory reservoir in food allergy.
J Allergy Clin Immunol 2018, 142:1441-1443.

33. Heeringa JJ et al.: IgE-expressing memory B cells and
plasmablasts are increased in blood of children with asthma,
food allergy, and atopic dermatitis. Allergy 2018, 73:1331-1336.

34. Stern DA et al.: Exposure to a farming environment has
allergen-specific protective effects on TH2-dependent isotype
switching in response to common inhalants. J Allergy Clin
Immunol 2007, 119:351-358.

35. Mills FC et al.: Human Ig S gamma regions and their
participation in sequential switching to IgE. J Immunol 1995,
155:3021-3036.

36. Berkowska MA et al.: Human memory B cells originate from
three distinct germinal center-dependent and -independent
maturation pathways. Blood 2011, 118:2150-2158.

37. Looney TJ et al.: Human B-cell isotype switching origins of IgE.
J Allergy Clin Immunol 2016, 137:579-586 e7.

38. Niederberger V et al.: Antigens drive memory IgE responses in
human allergy via the nasal mucosa. Int Arch Allergy Immunol
2007, 142:133-144.

39. Greiner AN et al.: Allergic rhinitis. Lancet 2011, 378:2112-2122.

40. Scadding GW et al.: Local and systemic effects of cat allergen
nasal provocation. Clin Exp Allergy 2015, 45:613-623.

41. Shamji MH et al.: Effector cell signature in peripheral blood
following nasal allergen challenge in grass pollen allergic
individuals. Allergy 2015, 70:171-179.

42. Lao-Araya M et al.: Seasonal increases in peripheral innate
lymphoid type 2 cells are inhibited by subcutaneous grass
pollen immunotherapy. J Allergy Clin Immunol 2014, 134:1193-
1195.e4.

43. Takhar P et al.: Allergen drives class switching to IgE in the
nasal mucosa in allergic rhinitis. J Immunol 2005, 174:5024-
5032.

44.
��

Coker HA, Durham SR, Gould HJ: Local somatic hypermutation
and class switch recombination in the nasal mucosa of
allergic rhinitis patients. J Immunol 2003, 171:5602-5610.

This article demonstrates that allergen-specific IgE is synthetized in the
nasal mucosa of allergic rhinitis patients.

45. Cameron L et al.: S epsilon S mu and S epsilon S gamma switch
circles in human nasal mucosa following ex vivo allergen
Current Opinion in Pharmacology 2019, 46:100–107 
challenge: evidence for direct as well as sequential class
switch recombination. J Immunol 2003, 171:3816-3822.

46. KleinJan A et al.: Local production and detection of (specific)
IgE in nasal B-cells and plasma cells of allergic rhinitis
patients. Eur Respir J 2000, 15:491-497.

47. Wu YC et al.: Influence of seasonal exposure to grass pollen on
local and peripheral blood IgE repertoires in patients with
allergic rhinitis. J Allergy Clin Immunol 2014, 134:604-612.

48. Gould HJ, Wu YB: IgE repertoire and immunological memory:
compartmental regulation and antibody function. Int Immunol
2018, 30:403-412.

49. Levin M et al.: Persistence and evolution of allergen-specific
IgE repertoires during subcutaneous specific immunotherapy.
J Allergy Clin Immunol 2016, 137:1535-1544.

50. Rondon C et al.: Local allergic rhinitis: concept,
pathophysiology, and management. J Allergy Clin Immunol
2012, 129:1460-1467.

51. Rondon C et al.: Local IgE production and positive nasal
provocation test in patients with persistent nonallergic
rhinitis. J Allergy Clin Immunol 2007, 119:899-905.

52.
��

Rondon C et al.: Nasal inflammatory mediators and specific IgE
production after nasal challenge with grass pollen in local
allergic rhinitis. J Allergy Clin Immunol 2009, 124:1005-1011.e1.

This article describes the immunological features of the nasal inflamma-
tion in patients with local allergic rhinitis.

53. Lopez S et al.: Immediate and dual response to nasal challenge
with Dermatophagoides pteronyssinus in local allergic
rhinitis. Clin Exp Allergy 2010, 40:1007-1014.

54. Huggins KG, Brostoff J: Local production of specific IgE
antibodies in allergic-rhinitis patients with negative skin tests.
Lancet 1975, 2:148-150.

55. Powe DG et al.: ‘Entopy’: localized mucosal allergic disease in
the absence of systemic responses for atopy. Clin Exp Allergy
2003, 33:1374-1379.

56. Rondon C et al.: Seasonal idiopathic rhinitis with local
inflammatory response and specific IgE in absence of
systemic response. Allergy 2008, 63:1352-1358.

57. Fuiano N, Fusilli S, Incorvaia C: A role for measurement of nasal
IgE antibodies in diagnosis of alternaria-induced rhinitis in
children. Allergol Immunopathol (Madr) 2012, 40:71-74.

58. Zicari AM et al.: Local allergic rhinitis in children: novel
diagnostic features and potential biomarkers. Am J Rhinol
Allergy 2016, 30:329-334.

59. Krajewska-Wojtys A et al.: Local allergic rhinitis to pollens is
underdiagnosed in young patients. Am J Rhinol Allergy 2016,
30:198-201.

60. Bachert C et al.: Presence of IL-5 protein and IgE antibodies to
staphylococcal enterotoxins in nasal polyps is associated
with comorbid asthma. J Allergy Clin Immunol 2010, 126:962-
968 968.e1-6.

61. Van Zele T et al.: Local immunoglobulin production in nasal
polyposis is modulated by superantigens. Clin Exp Allergy 2007,
37:1840-1847.

62. Zhang N et al.: Mucosal tissue polyclonal IgE is functional in
response to allergen and SEB. Allergy 2011, 66:141-148.

63. Roberts G et al.: EAACI guidelines on allergen immunotherapy:
allergic rhinoconjunctivitis. Allergy 2018, 73:765-798.

64. Baba S et al.: Local increase in IgE and class switch
recombination to IgE in nasal polyps in chronic rhinosinusitis.
Clin Exp Allergy 2014, 44:701-712.

65. Zhai GT et al.: IgD-activated mast cells induce IgE synthesis in
B cells in nasal polyps. J Allergy Clin Immunol 2018, 142:1489-
1499.e23.

66. Wenzel SE: Asthma phenotypes: the evolution from clinical to
molecular approaches. Nat Med 2012, 18:716-725.
www.sciencedirect.com

http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0120
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0120
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0120
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0125
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0125
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0125
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0130
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0130
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0130
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0135
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0135
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0135
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0140
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0140
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0145
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0145
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0145
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0150
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0150
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0150
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0155
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0155
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0155
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0160
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0160
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0165
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0165
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0165
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0170
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0170
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0170
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0170
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0175
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0175
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0175
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0180
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0180
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0180
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0185
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0185
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0190
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0190
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0190
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0195
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0200
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0200
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0205
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0205
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0205
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0210
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0210
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0210
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0210
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0215
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0215
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0215
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0220
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0220
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0220
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0225
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0225
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0225
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0225
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0230
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0230
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0230
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0235
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0235
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0235
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0240
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0240
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0240
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0245
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0245
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0245
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0250
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0250
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0250
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0255
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0255
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0255
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0260
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0260
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0260
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0265
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0265
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0265
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0270
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0270
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0270
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0275
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0275
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0275
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0280
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0280
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0280
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0285
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0285
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0285
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0290
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0290
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0290
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0295
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0295
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0295
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0300
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0300
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0300
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0300
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0305
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0305
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0305
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0310
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0310
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0315
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0315
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0320
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0320
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0320
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0325
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0325
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0325
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0330
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0330


Local IgE in airway diseases Eguiluz-Gracia et al. 107
67. Takhar P et al.: Class switch recombination to IgE in the
bronchial mucosa of atopic and nonatopic patients with
asthma. J Allergy Clin Immunol 2007, 119:213-218.

68. Balzar S et al.: IgE expression pattern in lung: relation to
systemic IgE and asthma phenotypes. J Allergy Clin Immunol
2007, 119:855-862.

69. Humbert M et al.: High-affinity IgE receptor (FcepsilonRI)-
bearing cells in bronchial biopsies from atopic and nonatopic
asthma. Am J Respir Crit Care Med 1996, 153:1931-1937.

70.
�

Mouthuy J et al.: Presence in sputum of functional dust mite-
specific IgE antibodies in intrinsic asthma. Am J Respir Crit
Care Med 2011, 184:206-214.

This article finds allergen-specific IgE in the sputum of non-atopic
patients with asthma, and demonstrates its functionality by means of a
basophil activation test.

71. Mouthuy J et al.: Mite allergen-specific IgE is detectable in
bronchial secretions of patients with nonatopic asthma and
correlates with mucosal expression of periostin. J Allergy Clin
Immunol 2015, 136:1685-1688.e2.

72. Pillai P et al.: Allergen-specific IgE is not detectable in the
bronchial mucosa of nonatopic asthmatic patients. J Allergy
Clin Immunol 2014, 133:1770-1772.e11.

73. Jutel M et al.: Allergen-specific immunotherapy with
recombinant grass pollen allergens. J Allergy Clin Immunol
2005, 116:608-613.

74.
�

Durham SR et al.: Long-term clinical efficacy of grass-pollen
immunotherapy. N Engl J Med 1999, 341:468-475.

This study establishes the long-term beneficial clinical effect of allergen
immunotherapy for airway allergy.

75. Burks AW et al.: Update on allergy immunotherapy: American
Academy of Allergy,Asthma& Immunology/European Academy
of Allergy and Clinical Immunology/PRACTALL consensus
report. J Allergy Clin Immunol 2013, 131:1288-1296 e3.

76. Bousquet J et al.: Allergen immunotherapy: therapeutic
vaccines for allergic diseases. World Health Organization.
American Academy of Allergy, Asthma and Immunology. Ann
Allergy Asthma Immunol 1998, 81:401-405.

77. Gleich GJ et al.: Effect of immunotherapy on immunoglobulin E
and immunoglobulin G antibodies to ragweed antigens: a six-
year prospective study. J Allergy Clin Immunol 1982, 70:261-271.

78.
��

Shamji MH et al.: Functional rather than immunoreactive levels
of IgG4 correlate closely with clinical response to grass pollen
immunotherapy. Allergy 2012, 67:217-226.

This study constituted a step forward on the identification of valid
biomarkers for allergen immunotherapy, as it demonstrated that the
functionality of blocking antibodies is crucial in order to predict the
effectiveness.

79. Dahl R et al.: Sublingual grass allergen tablet immunotherapy
provides sustained clinical benefit with progressive
immunologic changes over 2 years. J Allergy Clin Immunol 2008,
121:512-518 e2.

80. Shamji MH et al.: Cell-free detection of allergen-IgE cross-
linking with immobilized phase CD23: inhibition by blocking
antibody responses after immunotherapy. J Allergy Clin
Immunol 2013, 132:1003-1005 e1-4.

81. Shamji MH, Durham SR: Mechanisms of allergen
immunotherapy for inhaled allergens and predictive
biomarkers. J Allergy Clin Immunol 2017, 140:1485-1498.
www.sciencedirect.com 
82. Pilette C et al.: Grass pollen immunotherapy induces an
allergen-specific IgA2 antibody response associated with
mucosal TGF-beta expression. J Immunol 2007, 178:4658-4666.

83. Nouri-Aria KT et al.: Grass pollen immunotherapy induces
mucosal and peripheral IL-10 responses and blocking IgG
activity. J Immunol 2004, 172:3252-3259.

84. James LK et al.: Allergen specificity of IgG(4)-expressing B
cells in patients with grass pollen allergy undergoing
immunotherapy. J Allergy Clin Immunol 2012, 130:663-670 e3.

85. Scadding GW et al.: Effect of 2 years of treatment with
sublingual grass pollen immunotherapy on nasal response to
allergen challenge at 3 years among patients with moderate to
severe seasonal allergic rhinitis: the GRASS randomized
clinical trial. JAMA 2017, 317:615-625.

86. Renand A et al.: Synchronous immune alterations mirror
clinical response during allergen immunotherapy. J Allergy Clin
Immunol 2018, 141:1750-1760 e1.

87. Mosges R et al.: Lolium perenne peptide immunotherapy is well
tolerated and elicits a protective B-cell response in seasonal
allergic rhinitis patients. Allergy 2018, 73:1254-1262.

88. Slovick A et al.: Intradermal grass pollen immunotherapy
increases TH2 and IgE responses and worsens respiratory
allergic symptoms. J Allergy Clin Immunol 2017, 139:1830-1839
e13.

89. Hirano T et al.: The Fab fragment of anti-IgE Cepsilon2 domain
prevents allergic reactions through interacting with IgE-
FcepsilonRIalpha complex on rat mast cells. Sci Rep 2018,
8:14237.

90. Shiung YY et al.: An anti-IgE monoclonal antibody that binds to
IgE on CD23 but not on high-affinity IgE.Fc receptors.
Immunobiology 2012, 217:676-683.

91.
�

Kim B et al.: Accelerated disassembly of IgE-receptor
complexes by a disruptive macromolecular inhibitor. Nature
2012, 491:613-617.

This study shows the ability of bispecific biologicals to dissociate IgE-
receptor complexes on the surface of effector cells.

92. Maggi L et al.: Omalizumab dampens type 2 inflammation in a
group of long-term treated asthma patients and detaches IgE
from FcepsilonRI. Eur J Immunol 2018, 48:2005-2014.

93. Eggel A et al.: Accelerated dissociation of IgE-FcepsilonRI
complexes by disruptive inhibitors actively desensitizes
allergic effector cells. J Allergy Clin Immunol 2014, 133:1709-
1719.e8.

94. Zellweger F et al.: A novel bispecific DARPin targeting
FcgammaRIIB and FcepsilonRI-bound IgE inhibits allergic
responses. Allergy 2017, 72:1174-1183.

95. Gasser P, Eggel A: Targeting IgE in allergic disease. Curr Opin
Immunol 2018, 54:86-92.

96. Beck LA et al.: Dupilumab treatment in adults with moderate-
to-severe atopic dermatitis. N Engl J Med 2014, 371:130-139.

97. Wenzel S et al.: Dupilumab in persistent asthma with elevated
eosinophil levels. N Engl J Med 2013, 368:2455-2466.

98. Chaker AM et al.: Short-term subcutaneous grass pollen
immunotherapy under the umbrella of anti-IL-4: a randomized
controlled trial. J Allergy Clin Immunol 2016, 137:452-461.e9.
Current Opinion in Pharmacology 2019, 46:100–107

http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0335
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0335
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0335
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0340
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0340
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0340
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0345
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0345
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0345
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0350
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0350
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0350
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0355
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0355
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0355
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0355
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0360
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0360
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0360
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0365
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0365
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0365
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0370
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0370
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0375
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0375
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0375
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0375
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0380
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0380
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0380
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0380
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0385
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0385
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0385
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0390
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0390
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0390
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0395
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0395
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0395
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0395
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0400
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0400
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0400
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0400
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0405
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0405
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0405
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0410
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0410
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0410
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0415
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0415
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0415
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0420
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0420
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0420
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0425
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0425
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0425
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0425
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0425
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0430
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0430
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0430
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0435
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0435
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0435
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0440
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0440
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0440
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0440
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0445
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0445
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0445
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0445
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0450
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0450
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0450
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0455
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0455
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0455
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0460
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0460
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0460
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0465
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0465
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0465
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0465
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0470
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0470
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0470
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0475
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0475
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0480
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0480
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0485
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0485
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0490
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0490
http://refhub.elsevier.com/S1471-4892(19)30026-8/sbref0490

	Mucosal IgE immune responses in respiratory diseases
	Introduction
	Regulation of mucosal IgE production and activity
	Generation of IgE responses
	Memory IgE responses

	Mucosal IgE in airway diseases
	Allergic rhinitis (AR)
	Local allergic rhinitis (LAR)
	Chronic rhinosinusitis with nasal polyps (CRSwNP)
	Asthma

	Interventions to modulate IgE immune responses
	Allergen immunotherapy
	Biological drugs

	Conclusion
	Conflict of interest statement
	References and recommended reading
	Acknowledgements


