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1  | INTRODUC TION

Atopic dermatitis (AD) is a paradigmatic disease in which complex in-
teractions between the environment and the immune system via the 
epidermal barrier contribute to the high heterogeneity of the clinical 
phenotype.1-3 Based on the substantial progress made in the last few 
decades in understanding the epidemiology, genetics, and immunol-
ogy of AD, it appears that the wide clinical spectrum of AD likely 
results from the highly complex mechanisms leading to the chronic 
and, sometimes intermittent, inflammation in AD.4

Skin barrier dysfunction combined with an inflammatory micro-
environment is regarded as key for immunoglobulin E (IgE) sensitiza-
tion to environmental allergens in AD.4 At least in a subpopulation 
of children, AD is considered the starting point for the so‐called 
atopic march5,6 and atopic comorbidities such as allergic asthma and 

rhino‐conjunctivitis, where the type 2 (T2) immune response is a piv-
otal factor. Historically, AD has been considered a T2 disease char-
acterized by interleukin (IL)‐4 signaling. This perception stems from 
the fact that this cytokine was known to be pivotal for the regulation 
of IgE synthesis, which is classically highly elevated in most patients. 
However, strong evidence for IL‐13 as the primary cytokine involved 
in AD inflammation has emerged more recently.7-9

Targeting the cytokines involved in AD inflammation represents 
an important therapeutic strategy.10,11 In addition to the recently 
commercialized biologic dupilumab, which targets the IL‐4 receptor 
alpha (Rα) chain and blocks the signaling of both IL‐4 and IL‐13 cy-
tokines and the downstream inflammatory reaction,12 a number of 
other biologics and small molecules such as Janus kinase (JAK) inhib-
itors13 are currently in preclinical and clinical development. However, 
in light of the potential importance of IL‐13 in AD pathogenesis, 
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Abstract
Atopic dermatitis (AD) is a common inflammatory skin condition that has tradition-
ally been considered a paradigmatic type 2 immunity (T2)‐driven disease. Interleukin 
(IL)‐4 and IL‐13 are both pivotal cytokines involved in the generation of allergic dis-
eases. Currently, besides dupilumab, which blocks the binding of both cytokines 
to their receptors, a number of new pharmacologic entities have been designed to 
target both T2 cytokines and/or their receptors and/or receptor‐associated signal 
transduction machinery such as Janus kinases. Recently, IL‐13 has been suggested to 
be the key T2 cytokine driving inflammation in the periphery, while IL‐4 may merely 
have a central effect. There is increasing evidence that this concept holds true for 
the inflammatory reaction underlying AD, where IL‐13 is overexpressed locally and 
has a significant impact on skin biology, including the recruitment of inflammatory 
cells, the alteration of the skin microbiome, and the decrease in the epidermal bar-
rier function. This review provides an update on the role of IL‐13 in AD and discusses 
the different strategies aimed at interfering with its biologic activity as well as their 
potential in a precision medicine approach in the management of AD.
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biologics specifically targeting the IL‐13 cytokine alone may offer an 
important potential in (a) blocking the mechanisms underlying aller-
gen‐induced flare‐ups and (b) controlling overall the inflammatory 
reaction underlying this condition in the long term. This short re-
view paper summarizes the various mechanisms considered to be 
involved in the inflammatory reaction of AD, briefly reviews the cur-
rent knowledge on the role of IL‐13 in AD, and discusses anti‐IL‐13 
strategies and their potential role in a precision medicine approach 
for moderate to severe AD.

1.1 | Overview of T2 cytokines and their receptors

It is well accepted that the T2 response has evolutionarily developed 
to protect against parasitic infections. Besides the classic T helper 
type 2 (Th2) lymphocytes, other cells such as the type 2 innate lym-
phoid cells (ILC2), mast cells, and basophils are considered a source 
of the key cytokines involved in this particular response, which are 
mainly IL‐4, IL‐13, and IL‐5.14,15

IL‐5 is recognized as the key mediator in the generation and re-
cruitment of eosinophils in most organs, where they act as import-
ant effector cells in allergic reactions.16,17 IL‐5 binds to a receptor 
consisting of an IL‐5Rα subunit and the common beta (ß) subunit (ßc) 
of the hematopoietins (ie, IL‐3 and granulocyte‐macrophage colony‐
stimulating factor) and activates JAK2.18

IL‐4 and IL‐13 share a common receptor subunit, the IL‐4Rα 
chain19 (Figure 1).19-21 The primary IL‐4 receptor (the so‐called type I 
receptor) consists of the IL‐4Rα chain and the common gamma chain 
(γc) subunit, which was originally discovered as the third receptor 

component of the IL‐2 receptor IL‐2Rγ. These receptor subunits 
are linked to JAK1 and JAK3, respectively, and activate the signal 
transducer and activation of transcription (STAT) 6 pathway.19 It is 
noteworthy that, besides the type I receptor and IL‐2 receptor, the 
common γ chain is shared with other important cytokine receptors, 
that is, IL‐7, IL‐9, IL‐15, and IL‐21.22 Both IL‐13 and IL‐4 bind to the 
so‐called type II receptor, which comprises the IL‐4Rα chain and the 
IL‐13Rα1 chain, to activate JAK1 and tyrosine kinase 2 (TYK2), lead-
ing to the activation of STAT6.19

The expression of the type I and type II receptors varies among 
different cell types. Hematopoietic cells, such as lymphocytes, ex-
press only low levels of IL‐13Rα1 and relatively large amounts of γc 
required for type I receptor formation. By contrast, in nonhemato-
poietic structural tissue cells such as keratinocytes, γc expression 
is low or absent, whereas higher amounts of IL‐13Rα1 (required for 
type II receptor formation) are expressed.21 As both IL‐4 and IL‐13 
compete for the binding of the type II receptor, the ratio of IL‐4/IL‐13 
will determine which of the two cytokines will drive the inflamma-
tory response.19

In addition to IL‐13Rα1, IL‐13 can also bind with very high af-
finity to the IL‐13Rα2,23 which has long been assumed to be only 
a decoy receptor, lacking any intracellular signal transduction 
machinery. The expression of IL‐13Rα2 is induced by several pro‐
inflammatory cytokines, including IL‐13 and IL‐4, as well as inter-
feron γ, tumor necrosis factor α, and IL‐17.24-26 However, recently, 
it has been shown that IL‐13Rα2 can associate with the chitinase‐3‐
like 1 (CH3L1) protein (or YKL‐40, encoded by the CH3L1 gene), 
which provides alternative machinery involving mitogen‐activated 

F I G U R E  1   IL‐4 and IL‐13 receptor structure and differential mode of action of anti‐IL‐13 biologics. Upon binding of its ligand, IL‐4Rα 
associates with the common γ chain (type I receptor) to exert signaling through JAK1 and JAK3. IL‐13 also binds to IL‐4Rα, but uses IL‐13Rα1 
(type II receptor) for signaling via JAK1 and JAK2. IL‐13 also binds to IL‐13Rα2, which associates with YKL40. The signaling transducing 
machinery linked to this complex has not been completely elucidated.19-21 A, Tralokinumab and RPC4046 bind to the IL‐13 cytokine at an 
epitope that overlaps with the binding site of the IL‐13Rα receptors. This prevents IL‐13 from binding to both the IL‐13Rα1 and IL‐13Rα2 
receptors and thus inhibits the subsequent downstream signaling.77 (†The binding affinity of IL‐13 to the IL‐13Rα2 receptor is much higher 
than the affinity for tralokinumab, and therefore, unbound IL‐13 can bind to the receptor before being bound by tralokinumab).19,77 B, 
Lebrikizumab and anrukinzumab bind to IL‐13, preventing formation of the IL‐13Rα1/IL‐4Rα complex. IL‐13 can still bind to IL‐13Rα2.91 
(ANRUK, anrukinzumab; IRS, insulin receptor substrate; LEB, lebrikizumab; TRAL, tralokinumab)
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protein kinases, protein kinase B, and ß‐catenin.19 Interestingly, 
IL‐13Rα2 has been reported to attenuate IL‐4 signaling by blocking 
the STAT6 pathway.27,28 The serum level of YKL‐40 seems to cor-
relate with the severity of AD.29

It should be noted that IL‐4 and IL‐13, as well as their respec-
tive receptors, have been reported to be candidate genes associated 
with atopic disorders, including AD.30 Most interestingly, genetic 
variants in the CH3L1 gene have been reported to be associated with 
an onset of AD occurring after 8 years of age.31

At first glance, it may seem the availability of two different cy-
tokines like IL‐4 and IL‐13 sharing receptors and biological activi-
ties reflects an evolutionarily meaningful redundancy for immune 
protection. However, more recent investigations have strongly 
supported a more precise picture in which IL‐4 is more relevant for 
central aspects of the T2 response, for example, for mechanisms lo-
calized in the lymph nodes (where type I receptors are mainly ex-
pressed) and involved in the generation and regulation of humoral 
immunity, including IgE (Figure 2).32 In contrast, IL‐13 may have a 
more prominent role in the periphery,32 that is, at the tissue level, 
where the type II receptor as well as YKL‐40 are typically expressed. 
Translating this knowledge to the skin, one would expect that IL‐13 
may be a more important mediator for the T2 response in the skin 
than IL‐4.

1.2 | The T2 cytokines in atopic dermatitis

When considering the cellular and soluble factors in the skin under 
physiological and pathophysiological conditions, one typically dis-
tinguishes (a) the elements related to the structural and architec-
tural cells such as keratinocytes, fibroblasts, and endothelial cells 
and their products; and (b) the hematopoietic cells, which are either 
considered resident (such as mast cells, resident lymphocytes, and 
innate lymphoid cells, as well as dendritic cells) or infiltrating cells in 
the context of an inflammatory reaction.

1.3 | Epidermis‐derived mediators contributing to a 
T2 response

It is assumed that epidermal cells and their mediators play a significant 
role in the pathogenesis of AD. This may be especially relevant for the 
first phases of the disease in early infancy, where it has been shown 
in animal models that the genetically driven barrier dysfunction due 
to, for example, human filaggrin gene or serine peptidase inhibitor, 
Kazal‐type 5/lympho‐epithelial Kazal‐type‐related inhibitor muta-
tions or variants, may induce the production of keratinocyte‐derived 
mediators in response to nonspecific events such as irritation.33-35 
Such mediators are the so‐called alarmins, that is, thymic stromal lym-
phopoietin (TSLP), IL‐33, and IL‐25, which contribute to the initiation 
of a local antigen‐/allergen‐independent inflammatory reaction.36 
Interestingly, this particular kind of reaction seems to provide a pro‐
T2 microenvironment favoring the emergence and propagation of IgE 
sensitization to allergens when the epidermal barrier is deficient. As 
another response to irritation or injury, keratinocytes produce a large 
spectrum of antimicrobial peptides (AMP),37 which may exert other 
biological properties relevant to the generation of inflammation, as 
well as the overall immune response. It is assumed that any self‐per-
petuating inflammatory process in the skin, such as the one occurring 
in AD, likely has a deep systemic impact and could explain why this 
disease is now considered a systemic condition rather than purely a 
skin disease.

1.4 | T2 cytokines produced by hematopoietic cells 
in the skin

Mast cells, macrophages, dendritic cells, and ILC2 are considered the 
main resident immune cells in the dermal compartment. Interestingly, 
ILC2s have been reported to expand and produce IL‐13 and IL‐5, but 
not IL‐4, when they are activated by the keratinocyte‐derived alarm-
ins IL‐33 and IL‐25.38,39

F I G U R E  2   Postulated primary roles of IL‐4 and IL‐13. While IL‐4 seems to exert a more central activity (overlapping with the preferential 
expression of the type I receptor), IL‐13 may be the more dominant T2 cytokine in the periphery, where the type II receptor is preferentially 
expressed by tissue cells.32 Light green = IL‐4 mRNA expression; dark green = IL‐4 protein expression; yellow = IL‐13 protein production. 
(Adapted from Bao and Reinhardt. Cytokines 2015. Baso, basophils; Eos, eosinophils; GC B, germinal center B cells; NKT, natural killer T cells; 
pTfh, progenitors of T follicular helper cells; pTh, progenitors of T helper cells; pTh2, progenitors of T2 helper cells in the paracortex area)
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The “alarmed” keratinocytes are thought to trigger ILC2 activa-
tion with increased expression of IL‐13, leading to recruitment of ac-
tivated T cells and resulting in amplified IL‐13/IL‐4 expression within 
the skin; this is emerging as a driving pathway of chronic inflamma-
tion in AD (Figure 3).32,38,40-46

Additionally, in the context of atopic inflammation in lesional 
skin, Th2 cells positive for the chemoattractant receptor‐homolo-
gous molecule expressed on Th2 cells infiltrate the skin and produce 
IL‐13, IL‐31, and IL‐4.47,48 It has also been reported that IL‐5‐produc-
ing eosinophils and IL‐4‐producing basophils are recruited in AD skin 
during inflammation.47,49

The concept that AD may be an IL‐4‐driven disorder emerged 
from the following observations: (a) IL‐4 was initially shown to be 
crucial in the regulation of the IgE synthesis50 and AD is associated 
with increased IgE levels; (b) a series of reports have emphasized the 
high response to, and production of IL‐4 by, appropriately activated 
lymphocytes isolated from AD lesional skin51; (c) reports on an in 
vivo overstimulation of the IL‐4/IL‐4R pathway52; (d) IL‐4 mediates 
tissue inflammation53; and (e) first in situ hybridization experiments 
showed the presence of IL‐4 mRNA in AD lesional skin.54 However, 
despite this common perception that AD is an IL‐4‐driven disease, 
data have consistently shown that IL‐13 is expressed at high levels, 
whereas IL‐4 is expressed at low levels or is undetectable, regardless 
of the methodology used. Since the binding affinity of IL‐4 for the 
IL‐4Rα subunit is markedly higher than the binding affinity of IL‐13 
for the IL‐13Rα1 subunit, IL‐4 and IL‐13 compete for availability of the 
type II receptor subunits. Consequently, the concentration of IL‐4 vs 
IL‐13 in AD skin is an important determinant of signaling through the 
type II receptor.19 In 2004, Tazawa et al showed that IL‐13 mRNA 
expression was significantly greater in subacute and chronic lesions 
compared to nonlesional skin, as well as healthy controls. Further, 
more IL‐13 mRNA could consistently be detected in 27 of 28 samples 
of AD skin lesions, whereas IL‐4 mRNA was only detected in three of 
28 samples.55 A recent study by Tsoi et al7 confirms the dominance 
of IL‐13 mRNA expression in lesional skin with near undetectable 

IL‐4 expression. In addition, recent studies have shown the same re-
lationship looking at protein levels in lesional skin, confirming high 
levels of IL‐13 in all skin samples, while IL‐4 levels were low and only 
detected in a minority of patients.8,9 Additionally, expression levels 
of IL‐13 in lesional skin have been strongly correlated with disease 
severity, as measured by the SCORing Atopic Dermatitis tool.9,56 
Overall, this growing body of evidence suggests that AD is an IL‐13‐, 
rather than IL‐4‐, driven disease.

However, since there may be significant differences in the profile 
of the adaptive immune response depending on factors such as age, 
acute vs chronic AD, severity, ethnic background, or individual nat-
ural history of the disease, it remains to be explored whether IL‐13 
plays the same pivotal role under all conditions. Although the com-
mon phenotypes described share robust T2 activations, the overall 
T2 response may decrease in dominance with age and the Th1/Th17 
response may become increasingly important.57

1.5 | Impact of IL‐13 on skin inflammation

T2 cytokines have a strong impact on the skin immune response and 
barrier function. It has been shown that both IL‐4 and IL‐13, by vir-
tue of STAT6 activation, significantly decrease the expression of key 
structural proteins like filaggrin, filaggrin 2, loricrin, involucrin, keratin 
1, keratin 10, hornerin, desmoglein, and desmocollin 1, as well as the 
lipid composition important for normal skin barrier function.42,43,58-65 
This contributes to the increased transepidermal water loss (TEWL) 
typically measured and may even predict AD.66,67 Additionally, both 
IL‐4 and IL‐13 have been reported to decrease the production of AMP 
by keratinocytes68 and thereby play a role in the dysbiosis of the skin 
typically characterized by a strong colonization with Staphylococcus 
aureus, which has recently been shown to precede the appearance 
of AD lesions.69 IL‐13 induces keratinocytes to attract CD4+/CCR4+ 
T cells by virtue of C‐C motif chemokine 22 production.44 Through 
its high‐affinity binding to the IL‐13Rα2/YKL‐40 receptor complex, 
IL‐13 potentially induces, either directly or indirectly via TSLP, an 

F I G U R E  3   Sources and impact of IL‐13 in skin. In contrast to IL‐4 and in line with the concept that IL‐13 is the dominant T2 cytokine in 
the periphery (Figure 2), IL‐13 is overexpressed by different cell types in the skin of atopic dermatitis. There, this T2 cytokine has a wide 
impact, including the decrease of the barrier function, inducing itch and affecting the microbiome.32,38,40-46 (S., Staphylococcus)
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increased collagen deposition and fibrotic tissue remodeling,19,20,70,71 
which is clinically more often observed in long‐lasting chronic licheni-
fied lesions.72 In addition, IL‐13 induces expression of matrix metal-
loproteinase (MMP)‐9 in human keratinocytes, which mediates cell 
migration and tissue remodeling through action on collagen IV of the 
basement membrane.56,72 Furthermore, IL‐13 was shown to down-
regulate MMP‐13 expression in human dermal fibroblasts and may 
thereby decrease collagen degradation, resulting in fibrosis with ex-
cess collagen deposition, as found in the thickened dermis of chronic 
lichenified AD skin lesions.40 Moreover, besides IL‐31, peripheral 
itch‐sensory neurons can be stimulated by IL‐4 and IL‐13, which are 
considered pruritogenic.46 The mechanistic involvement of IL‐13 in 
skin inflammation, as outlined previously, in combination with data 
showing the overexpression of IL‐13 in the skin compared to IL‐4, fur-
ther supports that AD is likely an IL‐13‐driven disease (Figure 3).

1.6 | Targeting IL‐13: rationale and 
current strategies

Our understanding of AD pathophysiology has made major advances 
over the last few decades. With regard to the assumed role of IL‐13 
in the generation and maintenance of the inflammatory reaction and 
the significant impact of this cytokine on skin, in particular epider-
mal barrier function, pharmacological therapies that inhibit its bio-
logical activity are in development. In general, at least three distinct 
pharmacological approaches targeting the IL‐13‐induced pathways 
are considered: (a) small molecules interfering with interactions be-
tween the cytokine and its receptor, known as protein‐protein inter-
action modulators (PPIMs)73-75; (b) small molecules interacting with 
intracellular signaling pathways such as kinase inhibitors76; and (c) 
biologics blocking the binding of IL‐13 to its receptor site.77

2  | PPIMS

Recently, small molecules able to affect PPIMs have been de-
signed73-75 based on data obtained from small‐molecule libraries and 
dynamic simulations. This in silico approach in drug design allows for 
the development of new active compounds, particularly in the grow-
ing field of strategies targeting interleukins and their receptors. It is 
expected that PPIMs will be tested for T2 cytokines such as IL‐4 and 
IL‐13 in the context of allergic diseases.

2.1 | Kinase inhibitors

Depending on whether IL‐13 binds to the type II receptor and/or to 
the IL‐13Rα2/YKL‐40 heterodimer, different target kinases can be 
considered. Molecules impacting the signaling pathway of YKL‐40‐
associated signaling machinery are currently not in development or 
being tested clinically in AD.

Signaling of IL‐13 through IL‐4Rα and IL‐13Rα1 (type II) is linked 
to JAK1 and TYK2, respectively, and several JAK inhibitors (JAKis) 

with different JAK selectivity profiles are in development in a variety 
of conditions, including AD.78 These first‐generation JAKis are less 
selective and block predominantly JAK1 and JAK2 (ruxolitinib and 
baricitinib), JAK1 and TYK2 (PF‐06700841), or all JAKs (delgocitinib, 
tofacitinib, peficitinib, and oclacitinib).79

The second generation of JAKis of interest for blocking IL‐13 ac-
tivity displays a more selective inhibition of either JAK1 (abrocitinib, 
filgotinib, upadacitinib, and itacitinib) or TYK2 (BMS‐986165). Some 
of these molecules are currently in clinical development for the 
treatment of AD, such as abrocitinib, baricitinib, upadacitinib (oral), 
and delgocitinib (topical).76

2.2 | Biologics

2.2.1 | Dupilumab

Dupilumab is a first‐in‐class biologic that binds to the IL‐4Rα subu-
nit of the type I and type II receptors, preventing both IL‐4‐ and 
IL‐13‐mediated signaling.14,15 It is now approved in several coun-
tries for moderate to severe forms of AD in adults.80,81 Pediatric 
development programs are not yet completed, but data for the 
adolescent population are available,82 and there is a large body of 
evidence for the clinical efficacy and safety of dupilumab in AD.83-

87 In the pivotal phase III studies, dupilumab as monotherapy pro-
vided a good clinical response, witnessed by 50% Eczema Area 
and Severity Index (EASI) responses (EASI 50) in about 69% and 
65% of the SOLO‐1 and SOLO‐2 patients, respectively, compared 
to 25% and 22% in the placebo groups.87 The US Food and Drug 
Administration‐required primary endpoint of Investigator's Global 
Assessment (IGA) of 0 or 1 (clear or almost clear and reduction of 
2  grades or more from baseline) was reached in 37% of the pa-
tients receiving weekly dupilumab, compared to 10% receiving 
placebo. Common adverse events reported more frequently in the 
treatment arm than in the placebo arm included injection site reac-
tions and conjunctivitis. In contrast to the increased incidence of 
conjunctivitis reported in the AD studies, studies of dupilumab in 
asthma88 or chronic sinusitis with nasal polyposis89 did not report 
the emergence of conjunctivitis or blepharitis.90 Further studies 
are required to explain this observation.

2.2.2 | Lebrikizumab

Lebrikizumab exerts its activity by binding to the IL‐13 cytokine at 
an epitope that overlaps with the binding site of the IL‐4Rα receptor, 
preventing heterodimerization of the IL‐4Rα/IL‐13Rα1 subunits11,91 
(Figure 1).19,77,91 The clinical development program was initially set 
for the therapy of allergic asthma92 and subsequently for AD. In a 
proof‐of‐concept (PoC) phase II study, lebrikizumab was tested in 
moderate to severe AD patients who had been subjected to a run‐in 
period with the medium‐potency topical steroid (TCS) triamcinolone 
acetonide (0.1%).93 The safety profile was good, with only mild and 
moderate side effects. At the primary endpoint at week 12, EASI 50 
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was reached in 82% of patients, while a 62% response was observed 
in the placebo group, which was also treated with TCSs. IGA 0/1 was 
observed in 33% of patients in the lebrikizumab group and in 19% of 
patients in the placebo group.

2.2.3 | Tralokinumab

The mode of action of the fully human IgG4 monoclonal antibody 
tralokinumab is different from lebrikizumab in that tralokinumab 
binds to the IL‐13 cytokine at an epitope that overlaps with the bind-
ing site of the IL‐13Rα receptors, preventing IL‐13 from binding to 
both IL‐13Rα1 and IL‐13Rα211,77 (Figure 1). Interestingly, this strategy 
has been postulated to be potentially more efficacious than block-
ing the binding to IL‐13Rα1 alone.94 Similar to lebrikizumab, the PoC 
phase II trial has been performed in moderate to severe patients 
having first been exposed to class III (potent steroids, according to 
European classification) TCSs in a run‐in period and with continu-
ous application as a background therapy for both placebo and active 
arms.95 The adverse effects were similar in both groups and classified 
as mild to moderate. The IGA 0/1 response was about 27% and 12% 
in the active and placebo groups, respectively. EASI 50 was reached 
in 73% of the active group vs 52% of the placebo group when com-
pared to baseline after the 2‐week run‐in period with potent TCSs.

As for the results obtained with lebrikizumab, due to the run‐
in period and continuous treatment with TCSs, it is difficult to ap-
preciate the real efficacy of this biologic and to compare the data 
to those obtained with dupilumab. The pivotal phase III trials with 
tralokinumab as monotherapy should provide a better assessment 
of the therapeutic potential of this new compound.

2.2.4 | Others

Other biologics targeting IL‐13 are in development. ASLAN004, 
a fully human monoclonal antibody that targets the IL‐13Rα1 re-
ceptor, is currently in clinical trials for the treatment of AD.96 
Biologics targeting IL‐13 for use in other indications (eg, asthma 
and irritable bowel disease) are also in development. Anrukinzumab 
(IMA‐638)97,98 is an anti‐IL‐13 with an analogous mode of action 
to lebrikizumab. In contrast, similar to tralokinumab, RPC4046 
(ABT‐308)73,94 and CNTO 582599 block the binding of IL‐13 to both 
IL‐13Rα1 and IL‐13Rα2.

3  | PERSPEC TIVE:  IS THERE A PL ACE FOR 
IL‐13 IN PRECISION MEDICINE FOR ATOPIC 
DERMATITIS?

Atopic dermatitis is characterized by a large and heterogeneous 
clinical phenotype.4 There is increasing evidence that the variation 
in underlying genetic background and immunologic mechanisms 
could explain this broad phenotypic spectrum. As a correlate, 
the lack of a single immunologic mechanism may also explain the 

variability in the clinical response to more targeted therapeutic 
approaches, such as biologics aiming to specifically block certain 
cytokines and/or their receptors classically assumed to be piv-
otal in the generation of inflammation. An attempt to respond to 
this phenomenon would be a more tailored precision medicine 
approach based on biomarkers3 predictive for the therapeutic 
response to a distinct targeted therapy, potentially leading to a 
disease‐modifying effect.100 Since IL‐13 has been reported to be 
linked with a phenotype proned to the development of bronchial 
hyperresponsiveness,101 targeting this cytokine in a very early 
phase of the natural history could hamper the emergence of this 
comorbidity.

With regard to the role of IL‐13 in AD, it would, therefore, be 
of great interest to further explore the possibility that this cytokine 
is crucial for some particular subtypes of AD that could be identi-
fied by an appropriate biomarker‐based stratification. This kind of 
approach has been done in an exploratory way in the tralokinumab 
phase II trial mentioned previously.95 It is interesting to note that, 
as observed in asthma with lebrikizumab, when compared to the 
placebo group, the clinical response in both AD subgroups, defined 
by an increased level of dipeptidyl peptidase‐4 and periostin (both 
markers that are induced by IL‐13 in vitro and in vivo), was signifi-
cantly better than in the intent‐to‐treat population. Due to the lim-
ited number of patients in these subgroups, it is too early to make 
any final interpretation from this particular study.

4  | CONCLUSION

There is currently strong evidence that in AD, IL‐13 is significantly 
more expressed than IL‐4 in lesional skin and is therefore one of 
the key drivers in this condition. IL‐13 has a large impact on the epi-
dermal barrier function and the local immune response. Hence, a 
number of new strategies, including targeting this cytokine and its 
receptors, are currently in development. JAKis and anti‐IL‐13 biolog-
ics are now in the pivotal phases of their clinical development pro-
grams, and these studies will hopefully confirm that targeting IL‐13 
is a new option to treat patients with moderate to severe AD. The 
approach of an IL‐13‐related, biomarker‐based stratification of the 
complex phenotype of AD seems promising and worth consideration 
in further clinical development programs, ultimately paving the way 
for a precision medicine strategy in the management of AD.

ACKNOWLEDG MENTS

Editorial support was provided by Natalie Prior, PhD, of Complete 
HealthVizion, funded by LEO Pharma.

CONFLIC TS OF INTERE S T

TB has been a speaker and consultant for LEO Pharmaceuticals, 
Regeneron, and Sanofi.



60  |     BIEBER

ORCID

Thomas Bieber   https://orcid.org/0000-0002-8800-3817 

R E FE R E N C E S

	 1.	 Bieber T. Atopic dermatitis. N Engl J Med. 2008;358:1483‐1494.
	 2.	 Weidinger S, Novak N. Atopic dermatitis. Lancet. 

2016;387:1109‐1122.
	 3.	 Bieber T, D'Erme AM, Akdis CA, et al. Clinical phenotypes and 

endophenotypes of atopic dermatitis: where are we, and where 
should we go? J Allergy Clin Immunol. 2017;139:S58‐S64.

	 4.	 Weidinger S, Beck LA, Bieber T, Kabashima K, Irvine AD. Atopic 
dermatitis. Nat Rev Dis Primers. 2018;4:1.

	 5.	 Belgrave DCM, Granell R, Simpson A, et al. Developmental pro-
files of eczema, wheeze, and rhinitis: two population‐based birth 
cohort studies. PLoS Med. 2014;11:e1001748.

	 6.	 Roduit C, Frei R, Depner M, et al. Phenotypes of atopic dermatitis 
depending on the timing of onset and progression in childhood. 
JAMA Pediatr. 2017;171:655‐662.

	 7.	 Tsoi LC, Rodriguez E, Degenhardt F, et al. Atopic dermatitis is an 
IL‐13 dominant disease with greater molecular heterogeneity com-
pared to psoriasis. J Invest Dermatol. 2019;139(7):1480‐1489.

	 8.	 Koppes SA, Brans R, Ljubojevic Hadzavdic S, Frings‐Dresen MH, 
Rustemeyer T, Kezic S. Stratum corneum tape stripping: monitor-
ing of inflammatory mediators in atopic dermatitis patients using 
topical therapy. Int Arch Allergy Immunol. 2016;170:187‐193.

	 9.	 Szegedi K, Lutter R, Res PC, et al. Cytokine profiles in intersti-
tial fluid from chronic atopic dermatitis skin. J Eur Acad Dermatol 
Venereol. 2015;29:2136‐2144.

	 10.	 Matsunaga MC, Yamauchi PS. IL‐4 and IL‐13 inhibition in atopic 
dermatitis. J Drugs Dermatol. 2016;15:925‐929.

	 11.	 May RD, Fung M. Strategies targeting the IL‐4/IL‐13 axes in dis-
ease. Cytokine. 2015;75:89‐116.

	 12.	 Hamilton JD, Ungar B, Guttman‐Yassky E. Drug evaluation re-
view: dupilumab in atopic dermatitis. Immunotherapy. 2015;7: 
1043‐1058.

	 13.	 Welsch K, Holstein J, Laurence A, Ghoreschi K. Targeting JAK/
STAT signalling in inflammatory skin diseases with small molecule 
inhibitors. Eur J Immunol. 2017;47:1096‐1107.

	 14.	 Gandhi NA, Bennett BL, Graham NM, Pirozzi G, Stahl N, 
Yancopoulos GD. Targeting key proximal drivers of type 2 inflam-
mation in disease. Nat Rev Drug Discov. 2016;15:35‐50.

	 15.	 Gandhi NA, Pirozzi G, Graham N. Commonality of the IL‐4/IL‐13 path-
way in atopic diseases. Expert Rev Clin Immunol. 2017;13:425‐437.

	 16.	 Long H, Liao W, Wang L, Lu Q. A player and coordinator: the ver-
satile roles of eosinophils in the immune system. Transfus Med 
Hemother. 2016;43:96‐108.

	 17.	 Radonjic‐Hösli S, Simon HU. Eosinophils. Chem Immunol Allergy. 
2014;100:193‐204.

	 18.	 Zahn S, Godillot P, Yoshimura A, Chaiken I. IL‐5‐induced JAB‐JAK2 
interaction. Cytokine. 2000;12:1299‐1306.

	 19.	 McCormick SM, Heller NM. Commentary: IL‐4 and IL‐13 receptors 
and signaling. Cytokine. 2015;75:38‐50.

	 20.	 He CH, Lee CG, Dela Cruz CS, et al. Chitinase 3‐like 1 regulates 
cellular and tissue responses via IL‐13 receptor alpha2. Cell Rep. 
2013;4:830‐841.

	 21.	 Junttila IS. Tuning the cytokine responses: an update on interleukin 
(IL)‐4 and IL‐13 receptor complexes. Front Immunol. 2018;9:888.

	 22.	 Schwartz DM, Bonelli M, Gadina M, O'Shea JJ. Type I/II cytokines, 
JAKs, and new strategies for treating autoimmune diseases. Nat 
Rev Rheumatol. 2016;12:25‐36.

	 23.	 Lupardus PJ, Birnbaum ME, Garcia KC. Molecular basis for shared 
cytokine recognition revealed in the structure of an unusually 

high affinity complex between IL‐13 and IL‐13Ralpha2. Structure. 
2010;18:332‐342.

	 24.	 Badalyan V, Thompson R, Addo K, et al. TNF‐a/IL‐17 synergy inhib-
its IL‐13 bioactivity via IL‐13Ra2 induction. J Allergy Clin Immunol. 
2014;134:975‐978.

	 25.	 David M, Ford D, Bertoglio J, Maizel AL, Pierre J. Induction of 
the IL‐13 receptor alpha2‐chain by IL‐4 and IL‐13 in human kera-
tinocytes: involvement of STAT6, ERK and p38 MAPK pathways. 
Oncogene. 2001;20:6660‐6668.

	 26.	 Zheng T, Zhu Z, Liu W, et al. Cytokine regulation of IL‐13Ralpha2 
and IL‐13Ralpha1 in vivo and in vitro. J Allergy Clin Immunol. 
2003;111:720‐728.

	 27.	 Andrews AL, Nasir T, Bucchieri F, Holloway JW, Holgate ST, Davies 
DE. IL‐13 receptor alpha 2: a regulator of IL‐13 and IL‐4 signal 
transduction in primary human fibroblasts. J Allergy Clin Immunol. 
2006;118:858‐865.

	 28.	 Andrews A‐L, Nordgren IK, Campbell‐Harding G, et al. The asso-
ciation of the cytoplasmic domains of interleukin 4 receptor alpha 
and interleukin 13 receptor alpha 2 regulates interleukin 4 signal-
ing. Mol Biosyst. 2013;9:3009‐3014.

	 29.	 Salomon J, Matusiak L, Nowicka‐Suszko D, Szepietowski JC. 
Chitinase‐3‐like protein 1 (YKL‐40) reflects the severity of symp-
toms in atopic dermatitis. J Immunol Res. 2017;2017:5746031.

	 30.	 Weidinger S, Willis‐Owen SAG, Kamatani Y, et al. A genome‐
wide association study of atopic dermatitis identifies loci with 
overlapping effects on asthma and psoriasis. Hum Mol Genet. 
2013;22:4841‐4856.

	 31.	 Dežman K, Korošec P, Rupnik H, Rijavec M. SPINK5 is associated 
with early‐onset and CHI3L1 with late‐onset atopic dermatitis. Int 
J Immunogenet. 2017;44:212‐218.

	 32.	 Bao K, Reinhardt RL. The differential expression of IL‐4 and IL‐13 
and its impact on type‐2 immunity. Cytokine. 2015;75:25‐37.

	 33.	 Saunders SP, Moran T, Floudas A, et al. Spontaneous atopic der-
matitis is mediated by innate immunity, with the secondary lung 
inflammation of the atopic march requiring adaptive immunity. J 
Allergy Clin Immunol. 2016;137:482‐491.

	 34.	 Hovnanian A. Netherton syndrome: skin inflammation and allergy 
by loss of protease inhibition. Cell Tissue Res. 2013;351:289‐300.

	 35.	 Furio L, de Veer S, Jaillet M, et al. Transgenic kallikrein 5 mice re-
produce major cutaneous and systemic hallmarks of Netherton 
syndrome. J Exp Med. 2014;211:499‐513.

	 36.	 Hammad H, Lambrecht BN. Barrier epithelial cells and the control 
of type 2 immunity. Immunity. 2015;43:29‐40.

	 37.	 Nakatsuji T, Chen TH, Narala S, et al. Antimicrobials from human 
skin commensal bacteria protect against Staphylococcus aureus and 
are deficient in atopic dermatitis. Sci Transl Med. 2017;9. https​:// 
doi.org/10.1126/scitr​anslm​ed.aah4680

	 38.	 Salimi M, Barlow JL, Saunders SP, et al. A role for IL‐25 and IL‐33‐
driven type‐2 innate lymphoid cells in atopic dermatitis. J Exp Med. 
2013;210:2939‐2950.

	 39.	 Scanlon ST, McKenzie AN. The messenger between worlds: the 
regulation of innate and adaptive type‐2 immunity by innate lym-
phoid cells. Clin Exp Allergy. 2015;45:9‐20.

	 40.	 Moriya C, Jinnin M, Yamane K, et al. Expression of matrix metallo-
proteinase‐13 is controlled by IL‐13 via PI3K/Akt3 and PKC‐d in nor-
mal human dermal fibroblasts. J Invest Dermatol. 2011;131:655‐661.

	 41.	 Howell MD, Kim BE, Gao P, et al. Cytokine modulation of atopic 
dermatitis filaggrin skin expression. J Allergy Clin Immunol. 
2007;120:150‐155.

	 42.	 Kim BE, Leung DY, Boguniewicz M, Howell MD. Loricrin and in-
volucrin expression is down‐regulated by Th2 cytokines through 
STAT‐6. Clin Immunol. 2008;126:332‐337.

	 43.	 Berdyshev E, Goleva E, Bronova I, et al. Lipid abnormalities in 
atopic skin are driven by type 2 cytokines. JCI Insight. 2018;3(4). 
https​://doi.org/10.1172/jci.insig​ht.98006​

https://orcid.org/0000-0002-8800-3817
https://orcid.org/0000-0002-8800-3817
https://doi.org/10.1126/scitranslmed.aah4680
https://doi.org/10.1126/scitranslmed.aah4680
https://doi.org/10.1172/jci.insight.98006


     |  61BIEBER

	 44.	 Purwar R, Werfel T, Wittmann M. IL‐13‐stimulated human kerati-
nocytes preferentially attract CD4+CCR44+ T cells: possible role 
in atopic dermatitis. J Invest Dermatol. 2006;126:1043‐1051.

	 45.	 Nomura I, Goleva E, Howell MD, et al. Cytokine milieu of atopic 
dermatitis, as compared to psoriasis, skin prevents induction of 
innate immune response genes. J Immunol. 2003;171:3262‐3269.

	 46.	 Oetjen LK, Mack MR, Feng J, et al. Sensory neurons co‐opt clas-
sical immune signaling pathways to mediate chronic itch. Cell. 
2017;171(1):217‐228.

	 47.	 Mashiko S, Mehta H, Bissonnette R, Sarfati M. Increased frequen-
cies of basophils, type 2 innate lymphoid cells and Th2 cells in skin 
of patients with atopic dermatitis but not psoriasis. J Dermatol Sci. 
2017;88:167‐174.

	 48.	 Bilsborough J, Leung DYM, Maurer M, et al. IL‐31 is associ-
ated with cutaneous lymphocyte antigen‐positive skin homing 
T cells in patients with atopic dermatitis. J Allergy Clin Immunol. 
2006;117:418‐425.

	 49.	 Barata LT, Ying S, Meng Q, et al. IL‐4‐ and IL‐5‐positive T lympho-
cytes, eosinophils, and mast cells in allergen‐induced late‐phase 
cutaneous reactions in atopic subjects. J Allergy Clin Immunol. 
1998;101:222‐230.

	 50.	 Finkelman FD, Ohara J, Goroff DK, et al. Production of BSF‐1 
during an in vivo, T‐dependent immune response. J Immunol. 
1986;137:2878‐2885.

	 51.	 Furue M, Ohtsuki M, Ogata F, Ishibashi Y. Responsiveness to inter-
leukin 4 and interleukin 2 of peripheral blood mononuclear cells in 
atopic dermatitis. J Invest Dermatol. 1991;96:468‐472.

	 52.	 Renz H, Jujo K, Bradley KL, Domenico J, Gelfand EW, Leung DY. 
Enhanced IL‐4 production and IL‐4 receptor expression in atopic 
dermatitis and their modulation by interferon‐gamma. J Invest 
Dermatol. 1992;99:403‐408.

	 53.	 Muller KM, Jaunin F, Masouye I, Saurat JH, Hauser C. Th2 cells 
mediate IL‐4‐dependent local tissue inflammation. J Immunol. 
1993;150:5576‐5584.

	 54.	 Hamid Q, Boguniewicz M, Leung DY. Differential in situ cytokine 
gene expression in acute versus chronic atopic dermatitis. J Clin 
Invest. 1994;94:870‐876.

	 55.	 Tazawa T, Sugiura H, Sugiura Y, Uehara M. Relative importance of 
IL‐4 and IL‐13 in lesional skin of atopic dermatitis. Arch Dermatol 
Res. 2004;295:459‐464.

	 56.	 Ungar B, Garcet S, Gonzalez J, et al. An integrated model of atopic 
dermatitis biomarkers highlights the systemic nature of the dis-
ease. J Invest Dermatol. 2017;137:603‐613.

	 57.	 Zhou L, Leonard A, Pavel AB, et al. Age‐specific changes in 
the molecular phenotype of patients with moderate‐to‐se-
vere atopic dermatitis. J Allergy Clin Immunol. 2019. https​://doi.
org/10.1016.j.jaci.2019.01.015

	 58.	 Hönzke S, Wallmeyer L, Ostrowski A, et al. Influence of Th2 cy-
tokines on the cornified envelope, tight junction proteins, and ß‐
defensins in filaggrin‐deficient skin equivalents. J Invest Dermatol. 
2016;136:631‐639.

	 59.	 Danso MO, van Drongelen V, Mulder A, et al. TNF‐a and Th2 cy-
tokines induce atopic dermatitis‐like features on epidermal dif-
ferentiation proteins and stratum corneum lipids in human skin 
equivalents. J Invest Dermatol. 2014;134:1941‐1950.

	 60.	 Totsuka A, Omori‐Miyake M, Kawashima M, Yagi J, Tsunemi Y. 
Expression of keratin 1, keratin 10, desmoglein 1 and desmocollin 1 
in the epidermis: possible downregulation by interleukin‐4 and in-
terleukin‐13 in atopic dermatitis. Eur J Dermatol. 2017;27:247‐253.

	 61.	 Pellerin L, Henry J, Hsu C‐Y, et al. Defects of filaggrin‐like proteins 
in both lesional and nonlesional atopic skin. J Allergy Clin Immunol. 
2013;131:1094‐1102.

	 62.	 Howell MD, Fairchild HR, Kim BE, et al. Th2 cytokines act on 
S100/A11 to downregulate keratinocyte differentiation. J Invest 
Dermatol. 2008;128:2248‐2258.

	 63.	 Howell MD, Kim BE, Gao P, et al. Cytokine modulation of atopic 
dermatitis filaggrin skin expression. J Allergy Clin Immunol. 
2009;124(suppl 2):R7‐R12.

	 64.	 Nomura I, Gao B, Boguniewicz M, Darst MA, Travers JB, Leung DY. 
Distinct patterns of gene expression in the skin lesions of atopic 
dermatitis and psoriasis: a gene microarray analysis. J Allergy Clin 
Immunol. 2003;112:1195‐1202.

	 65.	 O'Reilly S, Ciechomska M, Fullard N, Przyborski S, van Laar JM. 
IL‐13 mediates collagen deposition via STAT6 and microRNA‐135b: 
a role for epigenetics. Sci Rep. 2016;6:25066.

	 66.	 Kelleher MM, Dunn‐Galvin A, Gray C, et al. Skin barrier impair-
ment at birth predicts food allergy at 2 years of age. J Allergy Clin 
Immunol. 2016;137:1111‐1116.

	 67.	 Horimukai K, Morita K, Narita M, et al. Transepidermal water loss 
measurement during infancy can predict the subsequent develop-
ment of atopic dermatitis regardless of filaggrin mutations. Allergol 
Int. 2016;65:103‐108.

	 68.	 Howell MD, Boguniewicz M, Pastore S, et al. Mechanism of HBD‐3 
deficiency in atopic dermatitis. Clin Immunol. 2006;121:332‐338.

	 69.	 Meylan P, Lang C, Mermoud S, et al. Skin colonization by staphylo-
coccus aureus precedes the clinical diagnosis of atopic dermatitis 
in infancy. J Invest Dermatol. 2017;137:2497‐2504.

	 70.	 Oh M‐H, Oh SY, Yu J, et al. IL‐13 induces skin fibrosis in atopic 
dermatitis by thymic stromal lymphopoietin. J Immunol. 
2011;186:7232‐7242.

	 71.	 Oh M‐H, Oh SY, Lu J, et al. TRPA1‐dependent pruritus in IL‐13‐in-
duced chronic atopic dermatitis. J Immunol. 2013;191:5371‐5382.

	 72.	 Shin JW, Choi YJ, Choi HR, et al. Defective basement membrane 
in atopic dermatitis and possible role of IL‐13. J Eur Acad Dermatol 
Venereol. 2015;29:2060‐2062.

	 73.	 Majumdar S, Ghosh A, Saha S. Modulating interleukins and their 
receptors interactions with small chemicals using in silico ap-
proach for asthma. Curr Top Med Chem. 2018;18:1123‐1134.

	 74.	 Scott DE, Bayly AR, Abell C, Skidmore J. Small molecules, big tar-
gets: drug discovery faces the protein‐protein interaction chal-
lenge. Nat Rev Drug Discov. 2016;15:533‐550.

	 75.	 Arkin MR, Tang Y, Wells JA. Small‐molecule inhibitors of protein‐
protein interactions: progressing toward the reality. Chem Biol. 
2014;21:1102‐1114.

	 76.	 Cotter DG, Schairer D, Eichenfield L. Emerging therapies for atopic 
dermatitis: JAK inhibitors. J Am Acad Dermatol. 2018;78(suppl 
1):S53‐S62.

	 77.	 Popovic B, Breed J, Rees DG, et al. Structural characterisa-
tion reveals mechanism of IL‐13‐neutralising monoclonal anti-
body tralokinumab as inhibition of binding to IL‐13Ralpha1 and 
IL‐13Ralpha2. J Mol Biol. 2017;429:208‐219.

	 78.	 Mobasher P, Heydari Seradj M, Raffi J, Juhasz M, Atanaskova MN. 
Oral small molecules for the treatment of atopic dermatitis: a sys-
tematic review. J Dermatolog Treat. 2018;201:1‐8.

	 79.	 Gadina M, Le MT, Schwartz DM, et al. Janus kinases to jak-
inibs: from basic insights to clinical practice. Rheumatology. 
2019;58(suppl 1):i4‐i16.

	 80.	 Chang HY, Nadeau KC. IL‐4Ralpha inhibitor for atopic disease. Cell. 
2017;170:222.

	 81.	 Gooderham MJ, Hong HC, Eshtiaghi P, Papp KA. Dupilumab: a re-
view of its use in the treatment of atopic dermatitis. J Am Acad 
Dermatol. 2018;78(suppl 1):S28‐S36.

	 82.	 Siegfried EC, Igelman S, Jaworsk JC, et al. Use of dupilimab in pe-
diatric atopic dermatitis: access, dosing, and implications for man-
aging severe atopic dermatitis. Pediatr Dermatol. 2019;36:172‐176.

	 83.	 Beck LA, Thaçi D, Hamilton JD, et al. Dupilumab treatment in 
adults with moderate‐to‐severe atopic dermatitis. N Engl J Med. 
2014;371:130‐139.

	 84.	 Thaçi D, Simpson EL, Beck LA, et al. Efficacy and safety of dup-
ilumab in adults with moderate‐to‐severe atopic dermatitis 

https://doi.org/10.1016.j.jaci.2019.01.015
https://doi.org/10.1016.j.jaci.2019.01.015


62  |     BIEBER

inadequately controlled by topical treatments: a randomised, 
placebo‐controlled, dose‐ranging phase 2b trial. Lancet. 
2016;387:40‐52.

	 85.	 Simpson EL, Gadkari A, Worm M, et al. Dupilumab therapy pro-
vides clinically meaningful improvement in patient‐reported out-
comes (PROs): a phase IIb, randomized, placebo‐controlled, clinical 
trial in adult patients with moderate to severe atopic dermatitis 
(AD). J Am Acad Dermatol. 2016;75:506‐515.

	 86.	 Simpson EL, Bieber T, Eckert L, et al. Patient burden of moderate 
to severe atopic dermatitis (AD): insights from a phase 2b clinical 
trial of dupilumab in adults. J Am Acad Dermatol. 2016;74:491‐498.

	 87.	 Simpson EL, Bieber T, Guttman‐Yassky E, et al. Two phase 3 tri-
als of dupilumab versus placebo in atopic dermatitis. N Engl J Med. 
2016;375:2335‐2348.

	 88.	 Wenzel S, Ford L, Pearlman D, et al. Dupilumab in persistent asthma 
with elevated eosinophil levels. N Engl J Med. 2013;368:2455‐2466.

	 89.	 Bachert C, Mannent L, Naclerio RM, et al. Effect of subcutane-
ous dupilumab on nasal polyp burden in patients with chronic 
sinusitis and nasal polyposis: a randomized clinical trial. JAMA. 
2016;315:469‐479.

	 90.	 Akinlade B, Guttman‐Yassky E, Bruin‐Weller M, et al. Conjunctivitis 
in dupilumab clinical trials. Br J Dermatol. 2019;000:000‐000. 
https​://doi.org/10.1111/bjd.17869​

	 91.	 Ultsch M, Bevers J, Nakamura G, et al. Structural basis of sig-
naling blockade by anti‐IL‐13 antibody lebrikizumab. J Mol Biol. 
2013;425:1330‐1339.

	 92.	 Corren J, Lemanske RF, Hanania NA, et al. Lebrikizumab treatment 
in adults with asthma. N Engl J Med. 2011;365:1088‐1098.

	 93.	 Simpson EL, Flohr C, Eichenfield LF, et al. Efficacy and safety of 
lebrikizumab (an anti‐IL‐13 monoclonal antibody) in adults with 
moderate‐to‐severe atopic dermatitis inadequately controlled by 
topical corticosteroids: a randomized, placebo‐controlled phase II 
trial (TREBLE). J Am Acad Dermatol. 2018;78:863‐871.

	 94.	 Tripp CS, Cuff C, Campbell AL, et al. RPC4046, a novel anti‐in-
terleukin‐13 antibody, blocks IL‐13 binding to IL‐13 a1 and a2 

receptors: a randomized, double‐blind, placebo‐controlled, dose‐
escalation first‐in‐human study. Adv Ther. 2017;34:1364‐1381.

	 95.	 Wollenberg A, Howell MD, Guttman‐Yassky E, et al. Treatment of 
atopic dermatitis with tralokinumab, an anti–IL‐13 mAb. J Allergy 
Clin Immunol. 2019;143:135‐141.

	 96.	 ASLAN Pharmaceuticals website. ASLAN Pharmaceuticals enrolls 
first subject in phase 1 study for ASLAN004 in atopic dermatitis. 
http://aslan​pharma.com/app/uploa​ds/2018/10/181018_Press-
Relea​se_004-First-Subje​ct-Enrol​ment_EN.pdf. Press release. 
2018. Accessed March 21, 2019.

	 97.	 Bagnasco D, Ferrando M, Varricchi G, Passalacqua G, Canonica 
GW. A critical evaluation of anti‐IL‐13 and anti‐IL‐4 strategies in 
severe asthma. Int Arch Allergy Immunol. 2016;170:122‐131.

	 98.	 Tiwari A, Kasaian M, Heatherington AC, Jones HM, Hua F. A mech-
anistic PK/PD model for two anti‐IL13 antibodies explains the dif-
ference in total IL‐13 accumulation observed in clinical studies. 
MAbs. 2016;8:983‐990.

	 99.	 Nnane IP, Xu Z, Zhou H, Davis HM. Non‐clinical pharmacokinetics, 
prediction of human pharmacokinetics and first‐in‐human dose 
selection for CNTO 5825, an anti‐interleukin‐13 monoclonal anti-
body. Basic Clin Pharmacol Toxicol. 2015;117:219‐225.

	100.	 Bieber T. Atopic dermatitis 2.0: from the clinical phenotype 
to the molecular taxonomy and stratified medicine. Allergy. 
2012;67:1475‐1482.

	101.	 Lee E, Lee SH, Kwon JW, et al. Atopic dermatitis phenotype with 
early onset and high serum IL‐13 is linked to the new develop-
ment of bronchial hyperresponsiveness in school children. Allergy. 
2016;71:692‐700.

How to cite this article: Bieber T. Interleukin‐13: Targeting an 
underestimated cytokine in atopic dermatitis. Allergy. 
2020;75:54–62. https​://doi.org/10.1111/all.13954​

https://doi.org/10.1111/bjd.17869
http://aslanpharma.com/app/uploads/2018/10/181018_Press-Release_004-First-Subject-Enrolment_EN.pdf
http://aslanpharma.com/app/uploads/2018/10/181018_Press-Release_004-First-Subject-Enrolment_EN.pdf
https://doi.org/10.1111/all.13954

