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1  | INTRODUC TION

The ongoing epidemic of allergic diseases is a major public health 
problem affecting individuals in the developed and developing coun‐
tries.1,2 While these diseases, including atopic dermatitis, asthma, 
food allergy and others, represent a heterogenous set of disorders 
affecting different target tissues, they do share fundamental mech‐
anisms of allergic inflammation.1,3 Concerted immunological and 
genetic studies have delineated allergic inflammatory pathways 
common to these disorders and driving pathogenesis, key among 
which is the interleukin 4 receptor (IL‐4R) pathway.4,5 The central‐
ity of this pathway in allergic inflammation stems from the critical 
role played by its ligands IL‐4 and IL‐13 in orchestrating the allergic 
response.6 The IL‐4/IL‐13/IL‐4R axis promotes T helper cells type 2 
(TH2) differentiation, which mediate the pro‐allergic adaptive im‐
mune response.7,8 It also activates effector pathways in target tis‐
sues including the lung, skin and gut that give rise to the expression 
of the respective disease attributes.5 These unique properties of 
the IL‐4R axis made it an especially appealing target for precision 
medicine interventions that aim to interrupt the allergic inflamma‐
tory response and attenuate or abrogate disease chronicity and se‐
verity. While several biologics targeted at the IL‐4R axis have been 
developed and tested, Dupilumab, a human monoclonal antibody 

that binds interleukin 4 (IL‐4) receptor alpha subunit, has emerged 
as one of the most successful therapies targeting this axis.8 In this 
review, we will survey the biology of the IL‐4R axis in driving allergic 
inflammation and its antagonism by Dupilumab as relates to differ‐
ent allergic diseases.

2  | IL‐4R Α  S IGNALLING AND MECHANISM 
OF AC TION

The IL‐4R complex is a heterodimeric structure composed of a com‐
mon subunit, the IL‐4Rα, which pairs with distinct auxiliary subunits 
to mediate the action of IL‐4 and IL‐13 in different tissues.9 IL‐4Rα 
pairs with the γc chain to form the IL‐4R type I, which is expressed 
on hematopoietic cells and binds IL‐4 exclusively.9 Further, it as‐
sociates with the low‐affinity binding receptor for IL‐13, IL‐13Rα1, 
to form a high affinity IL‐13‐ and IL‐4‐binding type II heterodimeric 
complex that is expressed on both hematopoietic and non‐he‐
matopoietic cells, such as the airway epithelium (Figure 1).7,10 The 
canonical signalling pathway via the IL‐4R complexes has been es‐
tablished.5,9 Once IL‐4 or IL‐13 binds to the receptors, it triggers the 
trans‐phosphorylation and activation of receptor subunit‐associated 
Janus family protein kinases (JAKs), including JAK1, JAK3 and JAK2, 
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Abstract
The Th2 cytokines interleukin 4 (IL‐4) and IL‐13 and the heterodimeric IL‐4 receptor 
(IL‐4R) complexes that they interact with play a key role in the pathogenesis of aller‐
gic disorders. Dupilumab is a humanized IgG4 monoclonal antibody that targets the 
IL‐4 receptor alpha chain (IL‐4Rα), common to both IL‐4R complexes: type 1 (IL‐4Rα/
γc; IL‐4 specific) and type 2 (IL‐4Rα/IL‐13Rα1; IL‐4 and IL‐13 specific). In this review, 
we detail the current state of knowledge of the different signalling pathways coupled 
to the IL‐4R complexes and examine the possible mechanisms of Dupilumab action 
and survey its clinical efficacy in different allergic disorders. The development of 
Dupilumab and the widening spectrum of its clinical applications is relevant to the 
current emphasis on precision medicine approaches to the blockade of pathways in‐
volved in allergic diseases.
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associated with the IL‐4Rα, γc and IL‐13Rα1 chains, respectively. JAK 
activation initiates a cascade of phosphorylation of specific tyrosine 
residues in the cytoplasmic domain of the IL‐4Rα.11 A trio of these 
tyrosine residues (human IL‐4Rα Y575,/Y603/Y633 and their mouse 
counterpart) act as a cassette whose phosphorylation enables the 
recruitment of the transcription factor signal transducer and activa‐
tor of transcription 6 (STAT6) through the SH2 domain of the latter, 
leading to its activation and the initiation of transcription programs 
regulated by it.12,13 Furthermore, it was found that Box1 region and 
the C‐terminal tail of IL‐13R alpha 1 were critical for binding to Tyk2 
and thus activation of STAT3.14 IL13 binding to IL‐13Rα1 in the IL‐4R 
complex induces the phosphorylation of Tyk2 and thus the phospho‐
rylation of STAT3.15

In addition to STAT6 activation, the IL‐4R complexes activate 
other signalling pathways that contribute to the regulation of al‐
lergic responses. One pathway involves the binding of the insulin 
receptor substrate 1/2 (IRS1/2) proteins at Y500 of the human 
IL‐4Rα, which then act to link the IL‐4R with several downstream 
signalling pathways, most notably the phosphoinositide 3‐kinases 
(PI3K)‐AKR mouse thymoma kinase (AKT) axis, relevant to M2 
macrophage activation16-21 (Figure 1). The latter appears to pro‐
ceed via a PI3K‐ mTORC2 axis that activates the transcription 
factor IRF4.22 In turn, IRS2‐dependent signalling is negatively 
regulated by suppressor of cytokine signalling 1 (Socs1)‐depen‐
dent ubiquitination21 (Figure 1). Notwithstanding these results, 
a negative regulatory function of the IRS‐2 pathway in regulat‐
ing the allergic response has been demonstrated using in vivo 
genetic approaches. In one approach, mice with a mutation that 
inactivates the equivalent IRS‐docking site in the murine IL‐4Rα 
(Y497F) were developed and studied for allergic responses.23 
This mutation impaired T cell proliferation in response to IL‐4 
but did not affect TH2 cytokine secretion in vitro. Surprisingly, it 

was found that mice homozygous for the IL‐4Rα‐F497 mutation 
exhibited enhanced allergic inflammation, including IgE produc‐
tion, airway hyperresponsiveness, eosinophilic inflammation and 
mucus production, suggesting a significant contribution of this 
pathway to the regulation of allergic inflammation in vivo. A sim‐
ilar phenotype of enhanced airway inflammation was also noted 
in IRS2–/– mice, implicating IRS2, which is the differentially ex‐
pressed in hematopoietic cells vs IRS1, in the negative regulatory 
function of IL‐4Rα‐Y497.24 Thus, the precise role of this pathway 
in modulating the allergic response remains to be fully delineated 
(Figure 1).

A third signalling branch emanates at a carboxyl‐terminal tyro‐
sine (Y713) of IL‐4Rα, which defines an immunotyrosine inhibitory 
motif (ITIM) that binds the Src homology 2 domain‐containing pro‐
tein tyrosine phosphatase‐1 (SHP‐1) to negatively regulate STAT6 
signalling.25 Mice with a point mutation in the equivalent tyrosine 
at Y709 exhibit augmented allergic responses, with heightened sus‐
ceptibility to food allergy and allergic airway inflammation, a phe‐
notype that is recapitulated in mice with targeted deletion of Ptpn6, 
encoding SHP‐1, in their CD4 T cells.26

While activation of the canonical IL‐4R/STAT6 axis by IL‐4 and 
IL‐13 critically promotes allergic inflammation, additional pathways 
linked to the IL‐4R have been described that maybe of clinical rel‐
evance. The IL‐4R type II has been invoked to recruit and activate 
STAT3 in response to IL‐4/IL‐13 engagement.14 More broadly, dif‐
ferences in signalling between the type I and type II receptor have 
been noted. By comparing allergic inflammatory responses of mice 
with targeted deletion of Il4ra vs Il13ra1, it could be deduced that 
while the IL‐4R type I is critical for TH2 cell responses and alterna‐
tive macrophage and fibroblast activation, the type II receptor was 
essential for allergen‐induced airway hyperreactivity and mucus 
hypersecretion.27 Differences in signalling pathways linked to the 

F I G U R E  1  Signal transduction via 
the type I and II IL‐4R complexes. IL‐4R 
type I receptor, composed of IL‐4Rα/γc 
heterodimers, binds IL‐4 exclusively while 
the type II, composed of IL‐4Rα/IL‐13Rα1, 
binds both IL‐4 and IL‐13. Ligand binding 
triggers the trans‐phosphorylation and 
activation of receptor subunit‐associated 
JAK kinases, including JAK1/JAK3 
(type I receptor) and JAK1/Tyk2 (type 
II receptor). JAK activation initiates a 
cascade of phosphorylation of specific 
tyrosine residues in the cytoplasmic 
domain of the IL‐4Rα, from which 
emanates different signalling pathways 
including STAT6, IRS/PI3K/mTORC2/
AKT, SHC/MAPK and Shp‐1. Additional 
pathways implicated in receptor signalling 
include STAT3 activation via IL‐13Ra1 and 
IRS2 regulation by Socs1/Ubiquitin (Ub)
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respective receptor complexes, the abundances of individual re‐
ceptor components and the kinetics of receptor complex assembly 
all contribute to signalling differences between the two receptor 
complexes.28

3  | IL‐4R SIGNALLING IN EFFEC TOR 
MECHANISMS

IL‐4R is critical to TH2 cell differentiation.29 Moreover, in the absence 
of IL‐4R signalling, reduced IL‐10 production is due to the lack in ex‐
pansion of an IL‐10+ TH2 population, rather than a global defect in 
the production of IL‐10 by CD4+ T cells. Thus, the evolution of TH2 
dominance is achieved at the expense of TH1 cell development, nor‐
mally restrained by IL‐10 in an IL‐4R‐dependent manner.30 The role 
of IL‐4Rα is not specific to effector immune cells. It is very important 
for the development of dendritic cells (DCs). IL‐4 and IL4R are very 
important for the maturation and functionality of DCs.31 Furthermore, 
deletion of IL‐4Rα on CD11c cells rendered the mice more susceptible 
to helminths infection. DCs showed increased parasite loads in DCs 
lacking IL‐4Rα. Moreover, IL‐4Rα‐deficient DCs produced less IL‐12 
but increased levels of IL‐10 due to impaired DC instruction, with in‐
creased mRNA expression of IL‐23p19 and activin A, cytokines previ‐
ously implicated in promoting TH2 responses. Abrogation of IL‐4Rα 
signalling on DCs is severely detrimental to the host, leading to rapid 
disease progression in Schistosoma model of parasite infection, with 
increased survival of parasites in infected DCs due to reduced killing 
effector functions.32

Furthermore, innate lymphoid cells (ILCs) are central to the 
pathogenesis of asthma and food allergy by virtue of their copious 
production of Th2 cytokines, including IL‐13 and IL‐4.33,34 In turn, 
IL‐4 produced by eosinophils and basophils is a key regulator of nat‐
ural helper cells, a subtype of ILC2 involved in asthma pathogen‐
esis.35,36 In addition, neuropeptide neuromedin U (NMU) has been 
identified as a regulator of type 2 innate immunity.37 It activates 
ILC2 to produce high amounts of IL‐4 that in turn affect Th2 cell 
function and activity.37

On the other hand, lipid mediators alter the activity and func‐
tionality of ILC2s in the context of asthma. Thus, prostaglandin 
(PG) D2 and PGI2 increase IL‐13 production from human periph‐
eral blood ILC2s in the presence of IL‐33 and IL‐25 and also showed 
that lipoxin A4 could inhibit ILC2 activation.38,39 Moreover, mouse 
lung ILC2s was reported to be rapidly and robustly activated by 
the cysteinyl leukotriene (CysLT) leukotriene (LT) D4 in vitro and 
in vivo.40,41

In addition to that, IL‐4R has an important role as well in the 
amplification of IgE‐ and histamine‐induced vascular endothelium 
(VE) dysfunction, fluid extravasation and the severity of anaphylaxis 
through a VE IL‐4Rα/ABL1–dependent mechanism.42 These studies 
implicate an important contribution by the VE compartment in the 
severity of anaphylaxis and identify a new pathway for therapeutic 
intervention of IgE/IL‐4‐mediated reactions.

4  | IL‐4R SIGNALLING IN TOLER ANCE 
MODUL ATION

While the emphasis in signalling via the IL‐4R has been on the role 
it plays in promoting allergic effector pathways, more recent studies 
have uncovered a fundamental role for this pathway in modulating 
immune tolerance by subverting allergen‐specific regulatory T (Treg) 
cell responses. Such subversion is critical to diseases of chronic aller‐
gic inflammation, such as asthma, and maybe reversed by treatment 
with an anti‐IL‐4R antibody such as Dupilumab.

The paradigm for the regulation of TH cell responses by Treg 
cells is for the latter to appropriate partial or “aborted” forms of 
the transcriptional programs of the target TH cells by expressing 
the relevant master transcription factors, such as T‐box 21 (Tbx21) 
transcription factor for TH1 cells and interferon regulatory factor 4 
(IRF4) and GATA binding protein 3 (GATA3) for TH2 cells. However, 
in the context of a chronic allergic inflammatory response, such a 
restrained acquisition of the target TH2 cell attribute breaks down, 
leading to the complete subversion of Treg cells into TH2‐like cells. 
In the case of TH2 inflammation, the IL‐4R plays a cardinal role in 
both outcomes. Thus, Treg cell‐specific deletion of the Il4ra in mice, 
encoding IL‐4Rα, results in ineffective regulation of an acute anti‐
helminth response, in line with the requirement for this pathway for 
the Treg cells to acquire some, but not all,attributes of a TH2 cell 
to allow their homing to TH2‐inflamed tissues without losing their 
regulatory identity.43

In contrast to the above, chronic sustained signalling via the 
IL‐4R/STAT6 axis disrupts tolerance by facilitating the complete 
subversion of Treg cells into TH2 cell‐like cells. A case in point is 
studies on immune tolerance in allergic inflammation in mice bearing 
an IL‐4Rα chain variant (Il4raF709), in which the tyrosine 709 residue 
in the IL‐4Rα c‐terminal ITIM motif was mutated into phenylalanine, 
leading to its disruption. This variant drives Treg cells into a TH2 
cell‐like phenotype by the excessive activation of the STAT6, leading 
to high GATA3 and IRF4 expression and IL‐4 production. The sub‐
verted TH2‐like Treg cells play a critical role in disease pathogenesis 
under conditions of TH2‐high inflammation induced, including para‐
digms of food allergy (FA) and allergic airway inflammation induced 
in Il4raF709 mice.44 A similar phenotype is seen in human subjects 
with FA, indicating that this subversion is operative in human aller‐
gic disorders.44-46 A more sharply restricted Treg cell TH2 cell‐like 
response can aid in providing protection against helminths by gen‐
erating TH2 cell‐like ex‐Treg cells that add to the TH2 response.47

A distinct mechanism of Treg cell subversion in allergic disease 
involves an IL‐4Rα chain variant that is particularly common in popu‐
lations of African descent, including African‐Americans. This variant, 
in which the glutamine residue at position 576 in the cytoplasmic 
domain is changed into to arginine (R576), is strongly associated with 
severe asthma and heightened asthma susceptibility.[2,8,48-52] The 
R576 substitution enables the binding of the adaptor growth fac‐
tor receptor‐bound protein 2 (GRB2) to the adjacent Y575 once the 
latter is phosphorylated by the JAKs, leading to mitogen activated 
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kinase‐like protein (MAPK) activation and IL6 gene induction. This 
unique attribute allows signalling via the IL4Rα‐R576 to induce dual 
activation of STAT6 and STAT3, the latter through an autocrine/
paracrine IL‐6 production loop. In particular, the IL‐6‐STAT3 axis 
destabilizes allergen‐specific regulatory T (Treg) cells by promoting 
their reprogramming into pathogenic “TH17 cell‐like” Treg cells, or 
fully differentiated TH17 cells, that lack regulatory function, express 
the transcription factor ROR‐γt and secrete IL‐17.53,54 Thus, the 
IL4Rα‐R576 drives mixed TH2/TH17 cell inflammation, associated 
with severe allergic inflammation and steroid resistance (Figure 2A 
and 2).

5  | TARGETING THE IL‐4R Α  WITH 
DUPILUMAB

Dupilumab is an IgG4 human monoclonal antibody (mAb) that binds 
IL‐4Ra.55,56 Dupilumab inhibits IL‐4R signalling induced by both IL‐4 
and IL‐13, and down‐regulates TH2 inflammation in a variety of al‐
lergic disorders, including atopic dermatitis, asthma and possibly 
other allergic diseases.55 Surprisingly, there is little available in vitro 
or in vivo data on the precise mechanism of action of Dupilumab. In 
patient applications, Dupilumab was shown to inhibit IgE produc‐
tion by ex‐vivo B cells induced by IL‐4 treatment. An in vivo mouse 

preclinical models, Dupilumab was noted to inhibit IL‐25 induced al‐
lergic airway inflammation and eosinophilic esophagitis (EoE) and in 
a peanut allergy‐associated EoE in conjunction with the suppression 
of IL‐25‐ and peanut‐induced IgE production.57,58

In theory, an IL‐4Rα subunit antibody could either inhibit the 
binding of IL‐4 to the type I receptor complex or inhibit the assem‐
bly of the type II receptor complex by preventing the recruitment 
of the IL‐4Rα subunit by the IL‐13Rα1 upon the binding of the latter 
to IL‐13. The differential impact of an IL‐4Rα subunit antibody on 
the respective receptor complexes may well be influenced by the 
abundance of the IL‐4Rα and IL‐13Rα1 subunits in the target cells.28 
The initial binding of IL‐4 and IL‐13 with the IL‐4Rα and IL‐13Rα1 
subunits, acts as a ‘‘driver’’ event for the subsequent recruitment 
of the second receptor complex subunit, referred to as a “signalling 
trigger” event, a terminology skin to that previously proposed for the 
assembly of γc heterodimeric receptor complexes 59-61 (Figure 3A‐C). 
Accordingly, if Dupilumab was to preferentially suppress IL‐4 bind‐
ing to the IL‐4Rα subunit, then its effects would primarily manifest 
as suppressive of Th2 cell differentiation but not necessarily IL‐13 
driven TH2 inflammation in target tissues. The reverse would be 
true if Dupilumab primarily affected the association of IL‐4Rα and 
IL‐13Rα1 subunit (Figure 3A‐C). Where these distinctions become 
highly relevant is in explaining the observed resistance of some 
patients with allergic tissue inflammation, such as asthma, eczema 

F I G U R E  2  Signalling via the IL‐4RαR576 variant. A, The normal wild‐type allele of the IL‐4Rα (Q576R) showing the activation STAT6 and 
TH2 induction. B, The R576 substitution enables the binding of the adaptor GRB2 to the adjacent Y575 once the latter is phosphorylated 
by the JAKs, leading to MAPK activation and IL6 gene induction. This unique attribute allows signalling via the IL4Rα‐R576 to induce 
dual activation of STAT6 and STAT3, leading to destabilization of Treg cells into a TH17 cell‐like phenotype and mixed TH2/TH17 cell 
inflammation. Dual STAT6/STAT3 activation also results in heightened expression of CCL11, leading to exaggerated tissue eosinophilia
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and EoE, to disease suppression by Dupilumab, as discussed further 
below. Thus, if Dupilumab differentially impacted the assembly of 
the type I receptor, the “leakage” of type II receptor signalling may 
explain to some extent the resistance of some patients to therapy. 
In reverse, a preference for the type II receptor may impact the ca‐
pacity of Dupilumab to directly act on TH2 cell‐like Treg cells, which 
express the type I receptor, to restore their function. Overall, the 
suppression of allergic tissue inflammation by Dupilumab, such as 
seen in eczema, would suggest prominent inhibition of IL‐4R type II 
receptor signalling.62 Nevertheless, the issues raised in this section 
are best clarified by future studies on the interaction of Dupilumab 
with the respective receptor complexes.

6  | DUPILUMAB IN SKIN DISE A SE

Dupilumab has been approved by the food and drug administration 
(FDA) in the united states for the treatment of moderate‐to‐se‐
vere atopic dermatitis in uncontrolled patients.56,63 In a 16 week, 
randomized, placebo‐controlled phase III study, the efficacy of 
Dupilumab in treating severe AD was investigated. Patients were 
treated with Dupilumab 300 mg weekly, 300 mg every 2 weeks or 
placebo for 16 weeks. Disease severity measured by the Eczema 
Area and Severity Index (EASI) significantly decreased in the 
Dupilumab‐treated groups, 69%‐72% in the 300 mg weekly treat‐
ment group and 67%‐72% in the 300 mg every other week group 
as compared to the placebo group.64 In another study, after 1 year 
of treatment 64% of the patients in the Dupilumab 300 mg weekly 
group and 65% of patients in the 300 mg every other week group 
reached the end‐point of EASI‐75 as compared to 22% of the pa‐
tients in the placebo group.65 Furthermore, in a third study AD pa‐
tients with history of treatment failure with cyclosporine A or with 
contraindications to this drug were included to receive Dupilumab. 
About 59% of the patients in the Dupilumab weekly group and 
65% of the patients in the Dupilumab every other week group 
reached the primary end‐point of EASI‐75, compared to 29.6% of 
patients who received placebo.66

At the molecular level, Dupilumab therapy lowered the signature 
of more than 800 genes affected in AD, including TH2 chemokines, 
T cell proliferation and dendritic cell (DC) genes.67 Furthermore, 
Dupilumab was well tolerated and had very low toxicity profile.68,69 
Main side‐effect to Dupilumab in treating AD is conjunctivitis.70-72 
Other side‐effects include injection‐site reactions73 and localized 
herpes simplex infection.74 Of note, data from three randomized, 
double‐blinded, placebo‐controlled phase III trials revealed that 
transient blood eosinophilia was observed in a small subset of pa‐
tients, with <1% of the patients showing high‐grade eosinophilia.75 
It has been suggested that inhibition by Dupilumab of eosinophil re‐
cruitment from blood to inflamed skin tissues may account for this 
increase.75

7  | DUPILUMAB IN A STHMA

In 2018, the FDA has approved Dupilumab to be the newest drug 
among the biologics family for treating asthma. Currently, Dupilumab 
is used for the treatment of eosinophilic asthma.3 Main indications 
to use Dupilumab are to have blood eosinophils  >  150 cell/μL or 
FeNO  >  25  ppb.76 There have been some clinical trials investigat‐
ing the role of Dupilumab in asthma. In a placebo‐controlled study, 
47.7% of patients receiving 200  mg of Dupilumab every 2  weeks 
had less annualized rate of severe asthma exacerbations compared 
to placebo. Similar results were seen with the Dupilumab dose of 
300  mg every 2  weeks. Moreover, patients with higher blood eo‐
sinophils (>300 cell/cubic mm), the annualized rate of severe asthma 
exacerbations was 65.8% lower with Dupilumab compared to pla‐
cebo.77 In another phase III clinical trial, 70.1% of patients receiving 
Dupilumab had a change in glucocorticoid levels compared to 42% 
in placebo group.78 Overall, Dupilumab treatment reduced the dose 
of oral‐glucocorticoids, and decreased severe exacerbations and in‐
creased the patients FEV1.78

There are as well two ongoing studies to evaluate the efficacy 
and safety of Dupilumab treatment of moderate‐to‐severe asthma. 
LIBERTY ASTHMA TRAVERSE (NCT02134028) is an open‐label 

F I G U R E  3   Potential mechanisms of action of Dupilumab in targeting the IL‐4R complex. A, Dupilumab may inhibit IL‐4 binding to IL‐4Rα, 
and/or (B) inhibit the recruitment of γc to IL‐4Rα chain and/or (C) inhibit the recruitment of the IL‐4Rα to IL‐13Rα1
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extension trial. Dupilumab is being administered every 2 weeks for a 
maximum of 60 or 108 weeks depending on the enrolment date, and 
the primary end‐point is the evaluation of any adverse events. The 
study is expected to be completed in October 2019.79 The second 
ongoing study, VOYAGE (NCT02948959), is specifically evaluating 
Dupilumab every 2 weeks (vs placebo) in children aged 6 to 12. The 
treatment period will be 52 weeks, and the main end‐point will be 
the annualized rate of severe exacerbation events during this treat‐
ment period. The results are expected by January 2021.80

It is now appreciated that the IL‐4Rα genotype influences the 
attributes and severity of the tissue inflammation. Specifically, and 
as detailed above, asthmatics with the IL‐4RαR576 receptor vari‐
ant mount a vigorous TH2/TH17 cell response, related to the sub‐
version of the lung Treg cell response towards to a TH17 cell‐like 
phenotype.54 To investigate the role of Dupilumab different forms/
polymorphisms of IL‐4Rα, a new study has been set to elucidate the 
effect of IL‐4RαR576 Polymorphism on Response to Dupilumab in 
Adolescents and Adults With Asthma (I‐DAG).81 In this study, pa‐
tients will be genotyped and divided into the wild‐type allele carriers 
(Q576/Q576), heterozygous allele carriers (Q576/R576) or mutant 
allele carriers (R576/R576). The mutant allele is associated with more 
severe disease.54 The patients will receive either Dupilumab subcu‐
taneously or placebo. This study addresses the fundamental mecha‐
nism by which the IL‐4Rα‐R576 variant drives the TH2/TH17 disease 
endotype and the influence of this variant on response to Dupilumab 
therapy. It is expected that asthmatics bearing this endotype will be 
likely to favourably respond to Dupilumab therapy by virtue of its 
prevention of iTreg cell reprogramming into TH17‐like cells, poten‐
tially leading to their long‐term stability and potential for sustained 
immune tolerance.54,81 It is noteworthy that there have been cases 
with chronic eosinophilic pneumonia (CEP) after treatment with 
Dupilumab.82 Also, and similar to the studies on Dupilumab in AD 
discussed earlier, treatment of asthmatics with Dupilumab in phase 
III trials was associated with increased eosinophilia in a subset of pa‐
tients.77,78 Overall, the role of eosinophilia suppression in the mech‐
anism of action of Dupilumab in asthmatic (and AD) patients requires 
further investigation.

8  | DUPILUMAB IN CHRONIC 
RHINOSINUSITIS WITH NA SAL POLYPOSIS

Chronic rhinosinusitis is a TH2 inflammation characterized by in‐
crease of IL‐5, IL‐13 and eosinophils numbers in the polyps.83 In 
2013, a phase II clinical study throughout 13 different centres in 
both United States and Europe was conducted to assess the efficacy 
of Dupilumab in inhibiting chronic rhinosinusitis. Dupilumab was 
able decrease the least squares (LS) mean in compared to placebo 
group.84 At the molecular level, type 2 biomarkers (eg eotaxin‐2, 
total IgE, pulmonary and activation‐regulated chemokine and IL‐13) 
were significantly reduced in the patients receiving Dupilumab 
compared to the placebo group.85,86 Another pathway relevant to 
chronic rhinosinusitis and nasal polyps involves ALOX15, encoding 

15‐Lipoxygenase A, whose expression is strictly dependent on IL‐4 
and IL‐13.87,88 Loss of function mutation in ALOX15 protects against 
nasal polyps and chronic rhinosinusitis. Metabolites of ALOX15 
activate macrophages towards a M2 phenotype, suggesting that 
Dupilumab may protect against chronic rhinosinusitis in part by sup‐
pressing the IL‐4/13‐ALOX15/ M2 macrophages axis.89

9  | DUPILUMAB FOR EOSINOPHILIC 
ESOPHAGITIS

Eosinophilic esophagitis (EoE) is the inflammation of the oesopha‐
gus presented with influx of eosinophils. The excess number of eo‐
sinophils implicates a TH2 mechanism to play an important role in 
the disease pathogenesis.90,91 Calpain 14 (CAPN14) is an oesopha‐
gus‐specific intracellular epithelial protease that is induced by IL‐13. 
Different variants of this protein are considered high‐risk factors 
for EoE. It is thought that CAPN14 impairs epithelial barrier func‐
tion in through desmoglein 1.92 Thus, it makes EoE an ideal target 
for Dupilumab. In 2017, a phase II clinical trial for Dupilumab in EoE 
was conducted. The primary end‐point of the study was the change 
from baseline to week 10 in the Straumann Dysphagia Instrument 
(SDI) score, a patient‐reported measure of swallowing difficulty on 
a 0‐9‐point scale, with 9 indicating more severe symptoms. Patients 
received either Dupilumab 300 mg weekly following a 600‐mg load‐
ing dose or placebo. At week 10, patients who received Dupilumab 
reported a significant improvement in the ability to swallow with a 
3‐point reduction in their SDI score (45% improvement) compared 
with 1.3 points (19% improvement) for those patients who received 
placebo.93,94 This study revealed that Dupilumab significantly im‐
proved different features of EoE including dysphagia, endoscopic 
features, histology and oesophageal distensibility.94

10  | DUPILUMAB FOR FOOD ALLERGY

Food allergy is the result of immune sensitization to different food 
allergens. It is characterized by increased permeability of epithelial 
cells, skewing of dendritic cell response, downregulation of Treg pro‐
motion of TH2 inflammatory response and production of cytokines 
IL4, IL 5, IL13, recruitment of mast cells, eosinophils and basophils 
and induction of food antigen‐specific IgE.95

Abdel‐Gadir et al found that treatment of lymphocytes peanut‐aller‐
gic patients with anti‐IL‐4Rα mAb augmented the suppressive function 
of peanut‐reactive Treg cells, highlighting the potential disease‐modify‐
ing effect of anti‐IL4 therapy.46 Recently, Rial MJ et al have presented a 
case report showing a very successful therapy of newly developed food 
allergy to corn and nuts using Dupilumab.96 This is the first report treat‐
ing a patient with Dupilumab for a food allergy indication.

Currently, there are two ongoing studies to evaluate the safety 
and efficacy of Dupilumab in food allergy, one involving the use of 
Dupilumab as an adjunct therapy in peanut oral immunotherapy,97 
while the other tests Dupilumab as a monotherapy in peanut allergy.98
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11  | CONCLUSION

Dupilumab is the first biologic that effectively addresses the patho‐
physiology of TH2 allergic diseases, combining therapeutic effi‐
cacy with low incidence of adverse events. Dupilumab is already 
approved by the FDA for the treatment of AD, moderate‐to‐se‐
vere asthma and showed very promising results for the treatment 
of chronic rhinosinusitis and EoE. It has potentially multiple sites 
of action that remain to be fully established (Figure 4). It can tar‐
get fundamental mechanisms in TH2 cell inflammatory diseases 
by blocking TH2 cell differentiation, IgE production by B cells, al‐
ternative macrophage activation and other hallmarks of allergic 
inflammatory diseases. Furthermore, it can act on the vascular en‐
dothelium to potentially reduce cellular trafficking in inflamed tis‐
sues and attenuate vascular leakage associated with anaphylaxis. 
Defining the spectrum of action of Dupilumab in different allergic 
disorders and its capacity to differentially impact pathways of IL‐4 
and IL‐13 signalling in lymphoid and non‐lymphoid tissues will fur‐
ther expand the potential for IL‐4R blockade in the treatment of 
TH2 cellular inflammatory disorders.
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