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Purpose of review

This review summarizes the mode of action of Il-4 and IL-13 in skin allergy, upcoming therapeutics and

depicts key outcomes of the latest clinical trials.

Recent findings

Atopic dermatitis is considered to be one of the most common inflammatory skin disease in industrialized
countries. Accompanied by strong pruritus, atopic dermatitis has a significant impact on quality of life in
severely affected individuals. Aside from unspecific immunosuppressant medications, therapeutics targeting
the key cytokines Il-4 and IL-13 and their downstream mediators are under development or have been
approved just recently with outstanding potential.

Summary

The recent development of several biologics and small compounds has the potential to revolutionize the
treatment of atopic dermatitis, and applying this set of state-of-the-art drugs will provide a unique chance to
gain insights into this skin disorder, patient subgroups, and key inflammatory mediators.
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Atopic dermatitis, with a prevalence of 10-20% in
children and 1-3% in adults, is considered to be one
of the most common inflammatory skin disease in
western countries. It is believed to be the earliest
manifestation of atopic diseases within lifetime
and is characterized by specific IgE as well as specific
T-cell responses towards common, per se harmless
environmental antigens. The numerous factors that
predispose for the disease include environmental as
well as hereditary, as genetic variants. According the
latter, deleterious mutations within skin barrier genes
and activating ones in genes of the immune system
have been associated with atopic dermatitis. Further
it was shown, that the skin inflammation, which
appears chronic or relapsing/remitting, contributes
significantly to a weakened skin barrier, facilitating
allergen penetration (summarized in [1]).

Asides from emollients and topical anti-inflam-
matory agents that are applied to strengthen the
skin barrier, allergen specific immunotherapy (ASIT,
SIT, also known as hyposensitization therapy) rep-
resents the only treatment directed at the cause of
IgE-mediated allergic diseases including atopic der-
matitis. In principle, SIT has been demonstrated to
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induce immune tolerance by administering aller-
gens to patients with inhalant allergy in repeated,
increasing doses. To date, several studies in atopic
dermatitis have been performed applying different
approaches, allergens, and application routes
reporting highly variable effects. Meta-reviews sum-
marizing the results come to different conclusions
[2]. But in fact, SIT has been demonstrated not being
a risk for deterioration of the disease. Until placebo-
controlled trials with longer observation periods
and appropriate and harmonized outcome measures
for the disease severity are performed, the main
indication for SIT remains inhalant allergy. Accord-
ing to the current guideline recommendations,
the application of SIT in atopic dermatitis ‘may be
considered for selected patients with house dust
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Skin allergy

KEY POINTS

e Atopic dermatitis is considered to be one of the most
common inflammatory skin diseases in
western countries.

e Conventional immunosuppressants bear numerous
side effects.

e Il-4 and IL-13 are key players in atopic dermatitis and
represent promising target molecules in biological
therapy approaches.

e The action of Il-4/IL-13 signaling blockers on the
differential expression of the IL-4/IL-13 receptor
subtypes has to be taken into account.

e In addition to monoclonal antibodies, directly targeting
Il-4 and IL-13 on cytokine or receptor level, small
molecule inhibitors targeting JAKs are in clinical trials.

mite, birch or grass pollen sensitization, who have
severe AE, and a history of clinical exacerbation after
exposure to the causative allergen or a positive
corresponding atopy patch test’ [3,4].

Therefore, conventional immunosuppressants
commonly have been prescribed. Such nontargeted
anti-inflammatory therapy approaches, for exam-
ple, with cyclosporine A, azathioprine, mycopheno-
late mofetil, and methotrexate bear numerous side
effects and rise the probability of infections, since
suppressing the immune system in a harsh and
global manner.

Medications that target single key players of the
immune system, like monoclonal antibodies, are
supposed to overcome these problems. In a first
approach, several biologicals that have already been
approved for the treatment of other chronic inflam-
matory diseases have also been applied to atopic
dermatitis, but did not lead to clear cut results.

Although previous trials [targeting the mole-
cules IL-5 [5], IL-12/IL-23p40 [6,7], CD20 [8,9], pros-
taglandin D2 receptor 2, and IgE [10]] did not reveal
convincing treatment success in atopic dermatitis,
intensive scientific progress has identified other
target molecules with promising or even proven
potential for the main population of atopic derma-
titis patients and opened up new possibilities for
targeted therapy [11%]. These medications target the
molecules that are central in the cascade of the
allergic inflammation in atopic dermatitis and are
often described as a breakthrough in treating
inflammatory skin diseases, and especially atopic
dermatitis. To understand their mode of action,
an introduction into the underlying mechanisms
of the skin inflammation in atopic dermatitis is
given in the following paragraphs.
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The allergic inflammation in atopic dermatitis skin
is hallmarked by type 2 immune responses, consti-
tuting IgE, histamine, the cytokines IL-4, IL-5, IL-13,
IL-25, IL-31, IL-33 and thymic stromal lymphopoie-
tin (TSLP) as well as several chemokines as key
molecules [12].

IL-4 and its homologous cytokine IL-13 have
been studied most intensively throughout the years
and a key role in allergic diseases has been assumed
ever since. Downstream molecules of the Janus
kinase (JAK) and signal transducer and activator of
transcription (STAT) families are supposed to be key
regulators of the T-cell differentiation and mainte-
nance to T (helper)h2 [13]. In the acute inflamma-
tion IL-4 and IL-13 are produced by the same cell
types present in lesional atopic dermatitis skin, first
of all Th2 T cells, mast cells, and basophils, although
being induced by different triggers [12]. Aside from
Th2, so-called Tc2 CD8" T cells have been reported
to elicit predominantly IL-4, and recently, we
described T cells reactive to an atopic dermatitis-
specific model antigen to be of this type [14].
Beneath the numerous other cell types that can
produce IL-4, NK T cells [15], eosinophils [16],
and type II innate lymphoid cells (ILC2) [17] shall
be mentioned here.

It appears that IL-4 and IL-13 cooperate in pro-
moting Th2 responses, having both overlapping and
additive roles. Regarding overlapping functions, tar-
get cells are considered to respond more sensitive
and faster to IL-4 compared with IL-13. On the other
hand, IL-13 plays a dominant role in the mucosa,
especially in airway inflammation and asthma [18]
but also parasite clearance during antihelminth
immunity [19]. IL-13 is expressed in both acute
and chronic lesions of atopic dermatitis. However,
there is a selective significant up-regulation of IL-13
mRNA in subacute and chronic atopic dermatitis
lesions, which is not seen for IL-4 [20]. The most
striking differences in the mode of action between
IL-4 and IL-13 occur because of differential expres-
sion of their receptor subtypes. To estimate the
impact of the action of IL-4R/IL-13R blockers, this
complex system of receptors and cellular differences
has to be taken into account.

Three receptors have been discovered that recognize
IL-4, IL-13, or both. The type I heterodimer consists
of IL-4Ra and the vy chain of the IL-2 receptor. It is
expressed primarily on hematopoietic lymphoid
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and myeloid cells and exclusively described for IL-4
signaling. The vy chain is also shared by receptors for
IL-2, IL-7, IL-9, and IL-15. The type II receptor is
formed by IL-4Ra and IL-13Ral, and has been
shown to bind either IL-4 or IL-13. It is expressed
throughout different cell types aside from the
hematopoietic lineage, including fibroblasts, endo-
thelial cells, as well as epithelial cells including hair
follicles and keratinocytes. Cells of myeloid origin as
well as B cells express both type I and II receptors
[21].

Interestingly, the formation of the type I and
II heterodimers occurs in a different sequential
order: IL-4 binds first to IL-4Ra followed by recruit-
ment of either y chain or IL-13Ra1, whereas IL-13
binds first to IL-13Ral followed by recruitment
of IL-4Ra. This tiny difference may also underlie
and explain differential functions of the two
cytokines.

Further on, IL-13Ra2 has been described to bind
IL-13. It has been considered to be a decoy receptor
lacking intracellular signaling domains and capable
of binding IL-13 with higher affinity compared with
[L-13Ral and to deplete extracellular 1L-13 [22].
However, recently single studies report inflamma-
tory signaling via this pathway [23].

Both type I and II heterodimer receptors signal
via the JAK/STAT6 pathways. JAK proteins that
belong to the family of protein-tyrosine kinases of
the cellular membrane show strong specificity when
binding to the IL-4/IL-13 receptors: the IL-4Ra chain
commonly binds JAK1, whereas the yc chain asso-
ciates exclusively with JAK3 and the IL-13Ra1 chain
with Tyk2 or Jak2 [24-28]. After receptor phosphor-
ylation, the phosphorylated tyrosine residues serve
as a docking platform for STAT6 and other mediators
[such as the insulin receptor substrate 2 (IRS-2)],
binding via a Src-homology 2 (SH2) domain [29],
whereas STAT6 promotes the expression and trans-
location of the transcription factor GATA-3 to the
genomic DNA, licensing the transcription of numer-
ous well known key players of the allergic inflam-
mation, such as IL-4 and IL-13. Moreover, IL-4-
mediated and IL-13-mediated phosphorylation of
STAT6 is essential for M2 polarization of macro-
phages [30] and directly induces cytokines and che-
mokines like TARC and eotaxin. The latter one is
produced by dermal fibroblasts and is a potent che-
moattractant for human eosinophils. As STAT6
directly upregulates the expression of the IL-4Re,
it represents a promising target to interfere the Th2
inflammation [31].

It should be noted that IL-4 is not exclusively
signaling through STAT6 but also by IRS [32,33];
its mode of action is nicely reviewed by Keegan
et al. [34].
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Although the different distribution of receptor com-
plexes regulates first of all the mode of action of IL-4
and IL-13, a plethora of cell-type specific responses
have been described in atopic dermatitis (summa-
rized in Fig. 1).

Keratinocyte-T-cell interactions

Keratinocytes, the cell type that builds the epider-
mis, have been shown to be key players of the
inflammation in atopic dermatitis. Not only the
skin barrier and the protection against pathogens,
but also a complex cytokine network contributes to
the disease. The first discovery of a response to IL-4
by keratinocytes was described in 1996, proposing
enhanced reactivity and T-cell interaction [35] and
proliferation [36]. On keratinocytes, the receptor
system has been reported to be regulated by the
cytokines themselves: IL-13 and also [FN-y upregu-
late IL-13Ra1 and enhance, therefore, the sensitivity
towards IL-4/IL-13 [37], whereas a putatively nega-
tive feedback via IL-13Ra2 has been reported upon
IL-4 and IL-13 [38]. IL-13Ra2 has a protective role in
the pathogenesis of allergic inflammation and loss
of skin barrier function in a mouse model of atopic
dermatitis, suggesting that it may be an important
endogenous regulator of 1L-13-induced cutaneous
inflammation [39].

Regarding the inflammatory response of kerati-
nocytes, it was shown for IL-4 to enhance the expres-
sion of CXCL10, CXCL9, and CXCL11, thereby
facilitating the recruitment of T lymphocytes [40].
Both IL-4 and IL-13 are capable to induce expression
of TSLP in keratinocytes [41], which subsequently
promotes the type 2 inflammatory responses in
numerous other cell types.

Effects on epidermal barrier properties

IL-4 and IL-13 negatively affect the innate response
to pathogens: several studies detected an inhibitory
effect on the antimicrobial peptides hBD-2 and hBD-
3 in keratinocytes [42-44], which may explain the
observed reduced expression in atopic dermatitis
skin. Several reports point to a drastic weakening
effect of IL-4 and IL-13 on the expression of the
terminal differentiation markers keratin10, filaggrin
(FLG), and loricrin (LOR) [45,46]. Keratins and des-
mogleins were shown to be downregulated in mouse
keratinocytes and the human HaCaT cell line [47].
The keratinocyte-derived Th2 cytokine IL-33 further
leads to decreased barrier [48] while activating
innate lymphoid type II cells (ILC2), which produce
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FIGURE 1. Effects of IL.4 and IL-13 on skin inflammation. Il-4 and Il-13 act on keratinocytes, fibroblasts, eosinophils,
monocytes and B cells in an overlapping and additive manner. The main differences are because of differences in their
expression levels as well as the expression of their receptors. T cells are only able to respond to IL-4 but not IL-13 because of

their lack of IL-13 receptor expression.

IL-4 and IL-13. Aside from barrier proteins, it was
shown that IL-4/IL-13 signaling leads to lipid abnor-
malities in atopic dermatitis skin [49"]. In contrast to
these negative effects of IL-4/IL-13 on the epidermal
barrier, we could recently show that the transcrip-
tion factor GATA3 is required for FLG expression
and epidermal barrier integrity [S0].

T cells

T cells infiltrating the skin are hallmarks of atopic
dermatitis, driving the inflammation. As explained
above, in contrast to IL-13, only IL-4 bears effects on
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T-cell activation because of a lack of the type II
receptor on T cells. Of interest, one exception was
shown for human in-vitro polarized Th17 cells,
which can express a functional IL-13 receptor and
respond to IL-13 with an impaired IL-17A produc-
tion [51]. Regulation of virtually every T-cell subset
has been reported by IL-4, including Tregs and v/d
cells. Most prominently, it promotes the growth of
activated T cells and represents the central switch
inducing differentiation of naive helper T cells
towards Th2 cells, by parallel suppression of inter-
teron Th1 cells. T-helper cell-derived IL-4 has been
demonstrated to be capable of potentiating B-cell

Volume 19 o Number 4 o August 2019

Copyright © 2019 Wolters Kluwer Health, Inc. All rights reserved.



and CD8+ T-cell responses, especially during the
priming phase [29]. IL-4 provides long-term survival
of memory CD8+ T cells following the antigen-
specific vast proliferation [52].

Treg development by TGF-B induction is inhib-
ited by IL-4 via STAT6 activation [53], which has
been explained by reduced TGF-Bl-induced Foxp3
expression. In contrast, IL-4 had no effect on Foxp3
levels in CD4+CD25+ natural Tregs [54].

Taken together, IL-4 and IL-13 play key roles in
skin inflammation. Although T cells do not react
to IL-13 because of lacking receptor expression,
myeloid cells as well as keratinocytes become
activated by both cytokines, which often results
in different responses.

Target IL-4Ra: dupilumab

The central role of IL-4, IL-13, and their receptors led
to their identification as target molecules decades
ago. A biological targeting this pathway, the fully
human monoclonal 1gG4 antibody dupilumab,
has been approved for the treatment of moderate-
to-severe atopic dermatitis in the United States and
Europe in 2017. Dupilumab acts to the IL-4Ra chain,
thereby targeting both the type I and type Il receptors.
The safety, tolerability, and therapeutic effects
of dupilumab have extensively been studied in clin-
ical trials. In two phase III trials (SOLO 1 and SOLO
2), adult patients with moderate-to-severe atopic
dermatitis were randomized either into the placebo
group or into the treatment groups receiving subcu-
taneous injections of 300 mg dupilumab weekly and
every other week, respectively [55""]. After 16 weeks
of treatment with dupilumab 36-38% of patients
were ‘clear’ or ‘almost clear’ [investigator global
assessment (IGA) 0-1] compared with 8-10% in
the placebo groups. Using the Eczema Area Severity
Index (EASI), also revealed an improvement of 75%
in a significantly higher proportion of patients
treated with dupilumab versus placebo (P <0.001).
In a further trial (LIBERTY AD CHRONOS) dupilu-
mab was administrated over a period of 1 year in 740
atopic dermatitis patients with concomitant use of
topical corticosteroids or calcineurin inhibitors as
needed [56™]. The overall efficacy of dupilumab was
similar to that observed in the studies mentioned
above. Notably, treatment success of dupilumab
remained stable over 12 months. Dupilumab ther-
apy has also been demonstrated to be accompanied
by a significant improvement of quality of life that
correlated with decreasing skin (EASI, SCORAD) and
pruritus scores (NRS, SCORAD VAS) [57].
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As an emerging result from these research
efforts, treatment with dupilumab (600 mg for first
dosing followed by 300 mg every other week) was
approved by the US Food and Drug Administration
(FDA) in March 2017[58] and by the European Med-
icines Agency in September 2017 [59] ‘Dupixent is
indicated for the treatment of moderate-to-severe
atopic dermatitis in adult patients who are candi-
dates for systemic therapy.’

For the use of dupilumab in clinical routine,
further information on possible side effects is rele-
vant. Regarding the mode of action of this antibody,
preexisting helminthiasis should be cured before
starting treatment with dupilumab. As main possi-
ble, clinically relevant side effects local skin reac-
tions at the site of injection and the occurrence or
deterioration of noninfectious and mostly mild to
moderate conjunctivitis. By contrast, no clinically
relevant laboratory abnormalities have been
reported [60]. The pathogenesis of conjunctivitis
under treatment with dupilumab is still not fully
understood and currently under investigation.
However, this side effect seems to be specific for
atopic dermatitis, since it has not been observed
in clinical trials with dupilumab in patients with
asthma or polyposis nasi.

Furthermore, in the corresponding professional
information on dupilumab, an increased occurrence
of oral herpes infection is pointed out [61]. How-
ever, in a recently published meta-analysis includ-
ing data of 2706 patients, the incidence of skin
infections including eczema herpeticum, was
decreased under treatment with dupilumab in adult
with atopic dermatitis [62].

In summary, dupilumab clinical trials have con-
firmed the key role of both IL-4 and IL-13 in atopic
dermatitis. The molecular changes, reduction in
clinical signs of atopic dermatitis and subjective
symptoms, namely itch, and a reduced incidence
of skin infections are suggestive of an overall
improvement in skin barrier.

Target IL-13: tralokinumab and lebrikizumab

Another monoclonal antibody, tralokinumab, has
previously been studied in phase II studies on
asthma [63] and recently been demonstrated to be
effective also in atopic dermatitis. It targets the IL-13
molecule binding sites to both IL-13Ral and IL-
13Ra2 receptor chains, thereby supposed to act on
the type Il receptor while sparing the type I receptor.
In the placebo-controlled phase IIb trial including
204 moderately to severely diseased atopic dermati-
tis patients tralokinumab was administered in
different dose regimen with a maximum dose of
300mg every other week, a concomitant use of
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topical corticosteroids was allowed [64]. This dosage
of tralokinumab led to a significant improvement of
atopic dermatitis clinical signs (EASI) versus placebo
at week 12. Moreover, an improvement of pruritus
(NRS) and quality of life could be observed com-
pared with placebo. Common side effects were
upper respiratory tract infections occurring as fre-
quently as in the treatment and placebo groups [65].
Following this successful phase II trial, the mono-
clonal antibody is applied in atopic dermatitis in a
phase III trial at the moment.

Whereas tralokinumab binds IL-13 at a site that
prevents the ligand from binding both IL-13Ra1 and
IL-13Ra2; another monoclonal antibody, lebrikizu-
mab binds IL-13 by blocking the epitope required
for IL-4R binding but allowing the ligand to bind
IL-13Ra2 [66%]. After a successful phase II study,
lebrikizumab is currently not further investigated
in clinical trials.

To date, isolated blockage of IL-13 effects seems
also to be effective in atopic dermatitis and data
from ongoing clinical trials remain to be published.

Compared with IL-4Ra-targeting drugs described
above, these compounds spare to block direct type
2 cytokine effects on T cells because of receptor
expression (Fig. 2). Although acting indirectly on
the generation of Th2 T cells via antigen-presenting
cells, this disparity may result in fine differences
regarding the allergic response.

Target Janus kinase: topical and systemic
therapy approaches

There are also approaches targeting molecules down-
stream of the IL-4/1L-13 receptors, namely the Janus
kinases. These are especially of interest, as these
agents are small molecules that may be applied as
an oral treatment, compared with injected antibodies
above. Furthermore, many are already approved for
treatment of other diseases, for example, theumatoid
arthritis. A drawback may be that these mediators
target the immune system at a central and critical
point and interfere with the development of several
T-cell lineages, not specifically the Th2 axis.

Dupilumab IL-4
MEDI-9314

Typ | IL-4R Complex

\

IL-
v Typ Il IL-4R Complex
Baricitinib
LAkt | [aks | Tofacitinib ke |[ Tvk2
Pf—04965842
Upadacitimb
T cells B cells Monocytes/ Eosinophils Fibroblasts Keratinocytes
Macrophages
Th2 IgE synthesis™ M2 eosinophilia eotaxin® TSLP D
polarization differentiation Epidermal
™ barrier
proteins<,
lipids,
AMPs,

Dupilumab
MEDI- 9314

IL-13

Tralokinumab
Lebrikizumab

13Ral

FIGURE 2. I-4 can bind fo both type | and type Il Il-4 receptor complex whereas IL-13 can only bind to type Il Il-4R complex.
Differences in the expression of the receptor subtypes result in differences in the sensitivity of the cells to Il-4 and IL-13,
respectively. Upon receptor binding JAK/STAT signaling cascades are activated that leads to proinflammatory, Th2
inflammation favoring effects in the target cells. The different drugs and their blocking mode are depicted in red.
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Regarding atopic dermatitis, topical treatment
with tofacitinib, a JAK1 and JAK3 inhibitor has been
investigated in a phase Il trial. After a 4-week treatment
period, a significantly higher reduction in disease
severity (EASI) compared with the vehicle-control
group could be observed. An improvement of pruritus
occurred up from treatment day 2 [67]. Similar results
were obtained in another phase II trial for topical
treatment with the JAK inhibitor JTE-052 [68].

The JAK1/JAK2 inhibitor baricitinib is applied
orally. In a placebo-controlled phase II trial includ-
ing a cohort of 124 moderately to severely diseased
atopic dermatitis patients, this agent was adminis-
trated once daily in a 2 or 4 mg dose, respectively, in
combination with topical use of glucocorticoste-
roids over a period of 16 weeks [69]. Under treat-
ment with 4mg baricitinib daily a significantly
higher proportion of patients showed an improve-
ment of clinical signs of 50% (EASI-50) compared
with placebo at week 16. Moreover, this effect was
accompanied by a reduction of itch and sleep loss.

Taken together, clinical data so far available
clearly indicate that targeting this pathway repre-
sents a further promising approach.

Further ongoing trials targeting the IL-4/IL-
13/Janus kinase/signal transducer and
activator of transcription pathway

A phase I trial with another human monoclonal
antibody to IL-4Ra, MEDI-9314, is completed, and
corresponding results remain to be published [70].
Furthermore, a recombinant human IL-4 variant is
tested in atopic dermatitis that was termed Pita-
kinra. This recombinant protein contains two point
mutations inhibiting any signaling by preventing
the assembly of both type I and type II receptor
complexes [71]. However, no results regarding
atopic dermatitis are available to date and it appears
that the development was discontinued [72]. Ther-
apeutic effects of topical and oral (e.g. upadacitinib)
JAK inhibitors in atopic dermatitis are currently
intensively investigated in ongoing clinical trials
(Table 1).

New therapeutic approaches in the treatment of
atopic dermatitis aim to be more specific and target
directly the IL-4/IL-13 axis. Recent studies and clini-
cal trials are very promising regarding therapeutic
effect and safety. It may be hypothesized that ther-
apeutics acting exclusively on the IL-13 signaling
may show differences regarding the adaptive
immune response compared with IL-4-specific
agents, as blocking the IL-13-axis acts only
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Table 1. Current status on biologics and small molecules

for treatment of atopic dermatitis

Therapeutic Target Current status
Dupilumab Anti-Il-4Rae mAb Approved
Tralokinumab Anti-Il-13 mAb Phase IIl
Baricitinib JAK1/2 inhibitor Phase Il
Tofacitinib JAK1/3 inhibitor Phase Il
Pf.04965842 JAKT inhibitor Phase III/Breakthr.
Upadacitinib JAKT inhibitor Phase Ill/Breakthr.
Lebrikizumab Anti-Il-13 mAb Phase I
MEDI-9314 Anti-ll-4Ra mAb Phase |

Breakthr, breakthrough therapy status; IL-4Ra, interleukin-4 receptor subunita;
JAK, Janus kinase.

indirectly on T cells. However, in addition to their
role in immunity, Th2 cytokines have been shown
to play a critical role in higher functions of the
normal brain as memory and learning [73]. Further
and especially long-term studies should address this
issue to bring certainty regarding implication and
safety of these new powerful drugs.
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