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Abstract
Allergic diseases are inflammatory disorders that involve many types of cells and factors, including allergens, immunoglobulin (Ig)E, mast cells, basophils, cytokines and soluble mediators. Among them, IgE plays a vital role in the
development of acute allergic reactions and chronic inflammatory allergic diseases, making its control particularly
important in the treatment of IgE-mediated allergic diseases. This review provides an overview of the current state
of IgE targeted therapy development, focusing on three areas of translational research: IgE neutralization in blood;
IgE-effector cell elimination; and IgE+ B cell reduction. IgE-targeted medicines such as FDA approved drug Xolair
(Omalizumab) represent a promising avenue for treating IgE-mediated allergic diseases given the pernicious role of
IgE in disease progression. Additionally, targeted therapy for IgE-mediated allergic diseases may be advanced through
cellular treatments, including the modification of effector cells.
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Background
The incidence of allergic diseases has been rising
with increasing industrialization and the accompanying changes to the environment and people’s lifestyles.
According to a 30-nation/region epidemiological investigation conducted by the World Allergy Organization
(WAO) Specialty and Training Council, approximately
250 million (22%) of the 1.2 billion people in those
regions suffered from allergic diseases, such as allergic
rhinitis, allergic asthma, allergic conjunctivitis, eczema,
food allergies and drug allergies etc. [1]. Meanwhile,
according to the World Health Organization (WHO),
the international incidence of asthma specifically has
increased from 150 million people in 2005 to 300 million by 2012 [2]. In their White Book on Allergy, the
WAO projects the asthma incidence number to reach
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400 million by 2025 and estimates that asthma is lethal
in about 250 thousand patients per year [3]. Because of
their high prevalence and high recurrence rate, allergic diseases pose a serious financial burden for affected
households and consume substantial resources in socialized healthcare systems. Thus, the WHO has designated
allergic diseases as one of the top disease classes requiring major research and prevention measures in the 21st
century [4].

IgE is a key molecular in the development
of IgE‑mediated allergic diseases
The mechanism of allergic diseases is complex. In clinical practice, allergic diseases could be divided into two
categories: IgE mediated and non-IgE mediated. Allergic
disorders are characterized by inflammatory responses
involving many types of cells, including mast cells and
basophils, and various biological molecules, including cytokines (e.g. interleukin 4) and soluble mediators
(e.g. histamine) [5]. IgE, an antibody class found only
in mammals, has unique properties and plays a central
role in IgE-mediated allergic diseases. Typically, it is the
least abundant Ig isotype, with a concentration of about
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150 ng/ml, compared with 10 mg/ml for IgG in the circulation of healthy individuals [6]. The half-life of IgE in
serum is about 3 days, compared with 20 days for IgG,
but its lifespan can be extended to 2 weeks in skin tissue
[6]. Specific IgEs are upregulated in response to exposure
to specific allergens. There are two types of IgE molecules: free IgE produced by plasma cells and membranebound IgE maintained on the surface membranes of B
cells through class switching [7].
IgE structure and properties

IgE shares the same basic molecular structure of other
Igs, with two identical heavy chains and two identical
light chains. However, the heavy ε-chain of IgE contains
one more domain than the heavy γ-chain of IgG. The Cε3
and Cε4 domains of IgE are sequence homologous and
structurally similar to the Cγ2 and Cγ3 domains of IgG;
two Cε2 domains, which are the most obvious distinguishing feature of IgE, are present in place of the flexible
hinge region found in IgG [8–10]. The Cε2 domains fold
back and make contact with the Cε3 and Cε4 domains,
perhaps acting as a spacer region between the Fab
(antigen-binding fragment) arms and Fc (crystallizable
fragment) region, and the compact, bent Cε2 domains
provide considerable flexibility in the conformation of
IgE [7].
IgE is a glycoprotein with a molecular mass of 190
KD and a sedimentation coefficient of 8S [11]. It is nonthermostable, losing its binding ability after 4 h at 56 °C
[12]. The normal range of serum IgE levels is 50–300 ng/
mL, markedly lower than typical IgG levels (~ 10 mg/
ml) [13]. Serum IgE concentration can fluctuate dramatically. Patients with an allergic disease may have tenfold
higher than normal serum IgE levels, and patients with a
parasitic or fungal infection can be 1000-fold higher than
normal [14]. The half-life of free IgE in the blood is short
of ~ 3 days, which makes neutralizing therapy challenging. However, cell surface-bound IgE on basophils, mast
cells, and dendritic cells can extend their activity to several weeks, or even several months [6]. When divalent or
polyvalent antigens bind cell-surface IgE, they can induce
the release of intracellular bioactive substances in the
presence of Ca2+, thereby triggering an allergic reaction
[15].
IgE plays a critical role in the development of allergic
diseases

IgE plays a key role in mediating the initiation and development of allergic diseases. The IgE molecule performs
its biological function by binding its receptors on target cells, activating the induction immunomodulatory
and protecting against parasitic worms (helminths) and
the expulsion of environmental substances that include
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toxins, venoms, irritants and xenobiotics [12]. When
the body encounters an allergen for the first time, IgM
molecules in B cells are converted by class switching to
IgE molecules [5]. Then, specific B cells initiate an IgE
response, during which IgE+ B cells start to secrete free
IgE into the blood where it can bind the high-affinity
IgE receptor FcεR I on mast cells or basophils [16]. This
response sensitizes the organism so that when itreencounters the allergen, the allergen molecules are bound
by specific IgE molecules on the surface of mast cells,
causing them to undergo degranulation and to synthesize and release large quantities of allergic mediators (i.e.,
histamine, leukotriene, and platelet-activating factor),
which then produce a local or systemic allergic reaction
[17]. Apart from binding FcεRI on mast cells and basophils, IgE can also bind its low-affinity receptor FcεRII,
which is expressed by B cells and monocytes [18]. Surface
receptors on B cells enable them to take in bound allergens, process them, and present them to T cells, priming
subsequent targeted innate immunity responses to the
allergen in the future [19]. Anti-IgE therapy can reduce
IgE receptor expression on effector cells; because IgE is
a positive regulator of both FcεRI and FcεRII, reduced
IgE results in reduced IgE receptor expression as well [20,
21]. With co-stimulation of CD79A (Ig-α) and CD79B
(Ig-β), membrane-anchored IgE can also trigger the proliferation and differentiation of B cells [22].

IgE targeted therapy for allergic diseases
There is great interest in the development of new drugs
or methods that would alleviate allergic diseases by
affecting molecular IgE activities in a manner that is safe,
effective, and convenient (Table 1).
Methods for neutralizing IgE in blood

IgE is an important target for allergic disease therapy.
The main method of IgE neutralization being pursued
involves achieving specific binding and neutralization of
free IgE in serum to prevent it from binding receptors on
target cells, thereby inhibiting allergen-induced early/late
allergic reactions (Fig. 1).
Immunoadsorption

Immunoadsorption (IA), also called immune apheresis,
has been adopted as an effective treatment for autoantibody-mediated diseases [23]. IA utilizes plasmapheresis
to remove immunoglobulin and immune complexes and
in cytapheresis, immune cells from the circulation [23].
Accordingly, IA could be successfully applied in patients
with severe atopic dermatitis and high total serum IgE
levels [24–27]. An IgE-specific adsorber, called IgEnio,
has been developed [28]. The pilot study indicates that
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Table 1 Therapies to treat IgE-mediated allergic diseases

Serum IgEneutralizization

IgE-effector cells

IgE + B cells

Therapy

Type

Mechanism

Phase

References

Immuno adsorption

Plasma-pheresis

Removal of Ig and immune complex from blood

Marketed

Schmidt [23]

Omalizumab

Monoclonal antibody

Bind Cε3 domain in heavy chain Fc
of free IgE

Marketed

Chang [32]

CMAB007

Biosimilar of omalizumab

Bind Cε3 domain in heavy chain Fc
of free IgE

Phase III
Local license

Bo Zhou [37]

Ligelizumab

Monoclonal antibody

Target Cε3 domain of IgE

Phase II
NCT01703312

Gauvreau [38]

MEDI4212

Monoclonal antibody

Bind Cε3/Cε4 domain of IgE

Phase I
NCT01544348

Sheldon [41]

Recombinant ScFv

Single-chain antibody

Identify IgE, IgE-bound cells, and
IgE-secreting cells

Preclinical

Lupinek [43]

Anti-FcεRI Fab-conjugated
celastrol-loaded micelles

Polymer

Prevent IgE interaction with mast
cells, and kill mast cells

Preclinical

Peng [48]

CTLA4Fcε

Fusion protein

Bind IgE receptors, FcεRI and
FcεRII/CD23

Preclinical

Perez-Witzke [51]

Quilizumab

Monoclonal antibody

Target CεmX of IgE+ B cells

Phase II
NCT01582503

Harris [59]

Bsc-IgE/CD3

Monoclonal antibody

Eliminate IgE+ target cells by
redirected T cells

Preclinical

Talay [61]

XmAb7195

Monoclonal antibody

Form complex with B cell IgE
receptors and FcγRII β

Phase I
NCT02148744

Chu [66]

Fig. 1 Scheme of anti-IgE therapy strategies for IgE-mediated allergic diseases. Through immunoadsorption, free IgEs in serum can be bound
specifically and neutralized, thereby preventing IgE association with IgE receptors on target cells and thus suppressing early/late allergy reactions.
CTLA4Fcε, and similar agents, suppress the emergence of allergic reactions by reducing the number of effector cells, and hence the quantity of
allergic mediators. Immunological drugs, like quilizumab, alleviate allergies by suppressing IgE+ B cells and controlling IgE generation

Hu et al. Clin Transl Allergy (2018) 8:27

IgEnio may be used to treat pollen-induce allergic asthma
[28].
Omalizumab, developed by N
 ovartis®, is a recombinant
humanized monoclonal antibody against IgE [29]. It
binds selectively to the Cε3 domain of the Fc fragment
on the heavy chain of free IgE, reducing IgE availability
significantly [30]. Because the Cε3 domain mediates IgE
binding with the α chain of IgE receptors, omalizumab
interferes with IgE-FcεRI interaction, thereby preventing
mast cell/basophil degranulation and, ultimately, reducing the activation of inflammatory cells and the release of
pro-inflammatory factors [31]. In addition, IgE binding of
FcεRII on B cells supports antigen capture and Th2 activation. Thus, omalizumab can block IgE-mediated antigen-presenting processes and inhibit Th2 amplification
of inflammatory reactions [32].
However, omalizumab is associated with safety concerns. Because it cannot reduce IgE levels quickly, it
requires a long (several weeks), continuous treatment
cycle [33]. The US Food and Drug Administration (FDA)
warns that long-term use of omalizumab increases the
risk of arterial thrombosis slightly and can have negative
impacts on cardiac and cerebral circulation [34]. Because
the long-term regime is costly, omalizumab is recommended primarily for severe asthma cases [35]. Besides,
treatment with omalizumab for patients with chronic
spontaneous urticaria resulted in clinical benefits after
12 weeks treatment since the levels of FcεRI and IgE
expression on peripheral blood basophils were rapidly
reduced [36].
In addition, CMAB007, a biosimilar of omalizumab,
was developed by National Engineering Research
Center of Antibody Medicine of China. It has the same
amino acid sequence as omalizumab and have been finished phase III clinical trial in China approval by local
departments [37]. Now, the drug CMAB007 for treating
patients with allergic asthma is under large-scale clinical
trials (NCT03468790) in China, which is a multi-centre,
randomized, double-blind, placebo-controlled phase III
study.
Omalizumab

Ligelizumab, also developed by N
 ovartis®, is a humanized IgG1 monoclonal antibodytargeting the Cε3 region
of IgE [38]. Like omalizumab, ligelizumab inhibits the
binding of free IgE to mast cells and basophils, thereby
blocking the allergic reaction cascade and yielding clinical benefits to patients suffering from IgE-mediated allergic diseases.
Phase II clinical trials investigating the pharmacokinetics, pharmacodynamics, and safety of ligelizumab
Ligelizumab (QGE031)
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showed that it can decrease IgE levels more effectively
than omalizumab via inhibition of IgE-FcεRI binding and
that it can produce better outcomes, as indicated by skin
prick allergen test responses [38, 39]. Hence, ligelizumab
has the potential to be a good anti-IgE drug for allergy
therapy.
MEDI4212

MEDI4212, a humanized IgG1λ monoclonal antibody
generated by phage display technology, neutralizes free
IgE by binding selectively to the Cε3 and Cε4 domains
of IgE [40]. The affinity of MEDI4212 to human IgE was
demonstrated to be 1.95 pM in vitro, which is one hundred times higher than that of omalizumab [40]. Because
the Cε3 region is crucial for IgE interaction with its
receptors, MEDI4212 inhibits the binding of IgE with
FcεRI/FcεRII.
A phase I clinical trial (NCT01544348) showed that
MEDI4212 is more effective than omalizumab in reducing serum IgE levels inpatients with IgE levels ≥ 30 IU/
mL and that MEDI4212 treatment reduces FcεRI expression on dendritic cells and basophils [41]. However, pharmacokinetic analysis showed that MEDI4212 is removed
rapidly in vivo, making long-term intake likely necessary
for maintenance of IgE suppression [41].
The MEDI4121 may be mutagenized to improve
the drug’s pharmacokinetic properties. A variant of
MEDI4121 in which the Fc fragment was altered to
enhance affinity for FcγRIIIa, which down-regulates IgE
expression by B cells before they have differentiated into
IgE secreting plasma cells [42]. Therefore, MEDI4121
variants are new immunotherapeutic candidates for both
IgE neutralization and IgE+ B cell elimination.
Recombinant single‑chain variable‑fragment (ScFv) antibody

Recombinant ScFv is produced by cDNA encoding the
heavy and light Ig chains. Biosensor-based studies have
demonstrated that recombinant ScFv binds human IgE
rapidly and efficiently (affinity, 1.52 × 10−10 M) [43]. It
can bind cell-bound IgE (i.e., IgE+ B cells) as well as free
IgE in vivo [43]. In vitro experiments showed that recombinant ScFv does not crosslink with IgE+ effector cells or
trigger basophil/mast cell degranulation. Recombinant
ScFv can also be used to probe IgE activities under both
healthy and disease conditions, making it a helpful drug
development tool.
IgE effector cell inhibition

Immune effector cells, including mast cells, basophils,
eosinophils, which are critical for the elimination of foreign substances and antigens, are the main sources proinflammatory factors. In particular, mast cells are the
key cells that induce allergic asthma, and the number of
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mast cells in asthmatic patients is elevated significantly
[44, 45]. After stimulation of allergens, mast cells secrete
the autacoid mediators histamine, prostaglandin (PG)
D2, and leukotriene (LT) C4, which are capable of inducing bronchoconstriction, mucus secretion, and mucosal
edema, all features of asthma [44, 45]. Basophils degranulate for immediate release of histamine, rapidly generate
LTC4, and produce Th2 cytokines provides the mechanistic basis whereby basophils can cause immediate
hypersensitivity clinical symptoms [46]. The increased
number of basophils are common during anaphylactic
reaction [46]. Thus, reducing the number of effector cells
reduces the material basis of anaphylaxis and can inhibit
the fundamental development of allergic reactions.
Anti‑FcεRI Fab‑conjugated celastrol‑loaded polymeric
micelles

Celastrol is bioactive compound extracted from Tripterygium wilfordii (Thunder god vine) that can induce T
cells apoptosis [47]. Thus, targeting celastrol specifically
to mast cells in a manner that also reduces its toxicity is
an attractive potential avenue for allergic disease treatment. This approach has been pursued by cross-linking
celastrol with anti-FcεRI Fab, which has been shown to
induce mast cell apoptosis, eliminating with them their
pro-inflammatory factor cargo, and to limit celastrol
toxicity [48]. Treatment of allergic asthma model mice
with anti-FcεRIα Fab-conjugated polymeric micelles was
shown to reduce secretion of inflammatory factors and
eosinophil infiltration rapidly and to lead to remission
of symptoms of ovalbumin-induced allergic inflammation symptoms [48]. The ability of anti-FcεRIα Fab-conjugated celastrol-loaded polymeric micelles to both block
IgE binding of mast cells and induce mast cell apoptosis
makes it a very attractive medicine for type I allergic diseases as well as for other mast cell-related diseases.
Anti-FcεRIα Fab-conjugated polymeric micelles have
been shown to reduce allergic reactions more efficiently
than omalizumab [48]. The following biochemical factors may underlie this favorable efficacy: (1) extension of
pharmacokinetics by polymeric micelles; (2) promotion
of drug aggregation in target tissues and target cells; and
(3) competitive binding with FcεRI on the surface of mast
cells resulting in reduced mast cell degranulation.
Synthetic cytotoxic T‑lymphocyte‑associated protein 4
(CTLA4) fused with Fcε

CTLA4 (a.k.a., CD152) is a protein receptor that, functioning as an immune checkpoint, down-regulates
immune responses. It is constitutively expressed in
CD4+CD25+ Foxp3+regulatory T cells, but is upregulated only in conventional T cellsupon activation. CTLA4
is homologous to the T cell co-stimulatory proteinCD28,
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and both molecules bind CD80(B7-1) and CD86(B7-2)
on antigen-presenting cells [49]. It binds CD80 and
CD86 with greater affinity and avidity than does CD28,
thus enabling it to outcompete CD28 for its ligands [50].
CTLA4 transmits an inhibitory signal to T cells, whereas
CD28 transmits a stimulatory signal [50].
Researchers have constructed a fusion protein containing the CD80/CD86-binding domain of CTLA-4 and the
Fcε receptor-binding domain of the IgE H chain [51].
This recombinant protein binds both FcεRI/FcεRII and
CTLA-4 receptors (i.e., CD80 and CD86), thereby suppressing Th2 responses. CTLA4 Fcɛ and CD23-CD80/
CD86 combine to form a multi-molecule polymer, which
acts as a spacer to influence production of soluble CD23.
In an experiment involving human peripheral blood
mononuclear cell samples stimulated in vitro, CTLA4
Fcɛ reduced the rate of lymphocyte proliferation in the
presence of the lectin concanavalin A; in the same experiment, CTLA4 Fcɛ was also shown to bind IgE receptors
on effector cells, thereby influencing soluble CD23 biosynthesis and inhibiting lymphocyte proliferation [51].
Given its demonstrated ability to affect IgE levels and the
generation of IgE-secreting cells, the recombinant fusion
protein CTLA4Fcɛ may be an effective medicine for
controlling IgE-mediated immunodeficiency and other
related diseases [51].
Targeting IgE+ B cells

IgE+ B cells are critical for controlling IgE production.
Both transient IgE secreted by plasma blasts in blood and
long-living IgE secreted by plasma cells in bone marrow
are influenced by I gE+ B cells [52].
Quilizumab (h47H4)

Membrane-bound IgE on the surface of B lymphocytes
is of great importance for IgE production. It has an extra
52-amino acid-long CεmX-containing fragment between
the CH4 domain of IgE and its B-cell membrane-anchoring segment [52, 53]. CεmX is the antigen-binding site of
IgE-synthesis committed B cells [54, 55]. CεmX is both
target-specific and cell-specific, making it a very suitable
drug target.
Quilizumab, developed by Genentech®, is a new artificial monoclonal antibody that targets CεmX on IgE+ B
cells. It produces crosslinking of membrane-bound IgE
antigen receptors on B cells, which induces IgE+ B cell
apoptosis, thereby reducing free IgE levels and inhibiting
the generation of IgE+ B cells [56, 57]. Because the halflife of free IgE is quite short, this drug represents an efficient means with which to reduce IgE by eliminating the
cells that express membrane IgE [58].
A phase II clinical trial showed that quilizumab is an
effective candidate for treating allergic diseases safely
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and with high specificity [59]. Quilizumab was shown
to lower total IgE and specific IgE levels in the serum of
patients with asthma, and this effect lasted for 6 months
[59]. It is hoped that quilizumab will be useful for the
treatment and prevention of some IgE-mediated diseases,
especially those for which there are no current medicines
available [60]. However, quilizumab treatment did not
produce a clinically meaningful benefit in allergic asthma
patients inadequately controlled by standard therapy,
despite its high ability in reducing serum IgE levels and
the good tolerability profile [59].
Bispecific (bsc) IgE‑CD3 antibody

There are several types of IgE+ B cells, including plasma
blasts, plasma cells, and IgE+ memory B cells [61]. The
earliest experiment aimed at eliminating IgE+ B cells specifically sought to modify T-cell receptors in combination with anti-IgE monoclonal antibody activity [62]. The
bsc-IgE/CD3 antibody is an artificially modified targeting
antibody specific for both IgE and CD3. It binds specifically to cells that express membrane-bound IgE and can
re-direct the cytotoxicity of prestimulated human T cells
toward IgE+ B cells, at least in vitro, without causing
degranulation of mast cells or release of free IgE. Bsc-IgE/
CD3 is an antibody that could eliminate both I gE+ B cells
and free IgE in serum [63]. Therefore, bsc-IgE/CD3 is a
new class candidate medicine for IgE-mediated allergic
diseases.
XmAb7195

FcγRIIβ is involved in B-cell homeostasis and FcγRIIβ
abnormalities lead to autoimmune diseases [64]. A novel
antibody known as XmAb7195 was produced by humanization, affinity maturation, and Fc engineering using a
murine anti-IgE antibody as template [65]. XmAb7195
can isolate free IgE in serum, forming immune complexes
with FcγRIIβ and IgE receptors on B cells that impede
the formation of IgE+ B cells and reduce free and total
IgE levels without affecting the antigen isotypes of other
B cells [66]. Because it has the added ability of binding
FcγRIIβ, XmAb7195 can inhibit 
IgE+ B cell differentiation, thereby reducing the number of IgE secreting
plasma cells [65]. This reliable double mechanism can
be utilized to reduce total IgE levels, while the remaining free IgE can be targeted continuously and effectively.
A phase I clinical trial (NCT02148744) showed that
XmAb7195 is more efficient at reducing IgE activity than
omalizumab [65].

Prospective
As so far, Omalizumab is the only FDA-approved
recombinant humanized monoclonal antibody that
neutralizes IgE to treat allergic diseases [67]. Its use is

Page 6 of 8

supported by a large number of clinical trials demonstrating its effectiveness [68]. Other IgE-neutralizing
antibodies are being developed with the goal of more
effectiveness and less side effects. Medicines that target
IgE effector cells and IgE+ B cells are also in development. Apart from targeting medicines, cellular treatments are also being developed. For example, T cells
may be modified to bind anti-IgE T cell receptors,
thereby reducing the number of IgE+ cells [62].
It is a great progress that another new drug
dupilumab (Dupixent ®) was approved by the FDA
in April 2017 for the treatment of adult patients with
moderate-to-severe atopic dermatitis [69]. Dupilumab
is a human monoclonal antibody targeting the interleukin-4 receptor (IL-4R) alpha subunit to block
interleukin-4 (IL-4)/IL-13 signaling and to inhibit the
inflammatory response that plays a role in the development of atopic dermatitis [70].
IgE-targeting is highly promising for the treatment of
allergic diseases. Cellular treatments, including selective modification of effector cells, represent an innovative technology for targeted therapy of allergic diseases
[71]. Notwithstanding, there remains a serious concern
that reducing patients’ IgE response ability can increase
their risk of cardiovascular disease [72]. Thus, evaluation of secondary effects of these medications in clinical settings remains vitally important.

Conclusions
IgE is an important therapeutic target in IgE-mediated
allergic diseases. Novel IgE targeted therapies are currently being developed, which focus on IgE neutralization in blood, IgE-effector cell elimination and IgE+ B
cell reduction. More IgE-targeted medicines such as FDA
approved drug Omalizumab are expected for treating
IgE-mediated allergic diseases in the future.
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