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Abstract
Atopic dermatitis (AD) is a chronic inflammatory skin disease
that affects up to 25% of children and 10% of adults. The skin
of patients with moderate to severe AD is characterized by
significant barrier disruption and T helper 2 (Th2)-driven in-
flammation, which are thought to play a significant role in the
pathogenesis of AD. Current management of AD is aimed at
suppressing the inflammatory response and restoring the
barrier function of the skin, reducing exacerbations, and
preventing secondary skin infections. Combinations of treat-
ment strategies are used to alleviate the symptoms of the dis-
ease; however, resolution is often temporary, and long-term
usage of some of the medications for AD can be associated
with significant side effects. Antibody therapies previously
approved for other inflammatory diseases have been evalu-
ated in patients with AD. Unfortunately, they have often failed
to result in significant clinical improvement. Monoclonal an-
tibodies and novel small molecules currently in development
may provide more consistent benefit to patients with AD by
specifically targeting the immune and molecular pathways
important for the pathogenesis of AD. Here we review the
state-of-the-art therapeutics targeting the Th2 axis in AD.

© 2016 S. Karger AG, Basel

Introduction

Atopic dermatitis (AD) is a chronic inflammatory skin
disease affecting up to 25% of children and approximate-
ly 10% of adults [1-5]. Although most patients develop
AD before the age of 5 years, 9-17% of patients may not
develop AD until adulthood [6-8]. For many children,
the onset of AD marks the beginning of a progression
from AD to food allergy, allergic rhinitis, and eventually
asthma, a scenario frequently described as the “atopic
march” [9, 10]. On the other hand, many children out-
grow their AD before adolescence, indicating that the
“atopic march” is not an inevitable course. However,
studies focusing on disease onset during infancy and ear-
ly childhood might overestimate the percentage of chil-
dren who outgrow their AD if there is not adequate fol-
low-up during the teen years and adulthood [11]. Like-
wise, asthma and food allergy can disappear as the child
grows older [12, 13]. Data on the progression from AD to
asthma over the last 3 decades reveal that this phenome-
non appears to depend on a variety of factors including
early-life wheezing, allergic sensitization, and the sex of
the patient [14, 15]. Van der Hulst et al. [16], in their sys-
tematic review of prospective cohort studies involving the
relationship of early AD to subsequent childhood asthma,
observed an increased risk (odds ratio 2.14; 95% confi-
dence interval 1.67-2.75) of developing asthma following
early onset AD. More recently, the Prevention of Allergy
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among Children in Trondheim study demonstrated an
increased risk (odds ratio 3.07; 95% confidence interval
1.79-5.27) of asthma at the age of 6 years in those patients
who had developed AD by the age of 2 years [17]. Recent-
ly, a genome-wide association study demonstrated a sig-
nificant overlap between the susceptibility loci for AD
and asthma [18], further supporting the link between ear-
ly-onset AD and asthma [19].

The skin of patients with moderate to severe AD is
characterized by widespread lesions, which manifest as
erythematous areas with crusting and/or scaling, oozing,
excoriations, and lichenification. Pruritus is one of the
major symptoms of the disease and may be severe, caus-
ing sleep disturbance [20]. Altogether, these symptoms
may lead to a profound impact on the patient’s self-es-
teem and quality of life [21, 22]. The skin is characterized
by a predominant T helper 2 (Th2) environment, which,
combined with the itching and resulting mechanical dis-
ruption of the skin barrier, plays a central role in the
pathogenesis of the disease. Most patients with AD pres-
ent with increased serum immunoglobulin E (IgE) levels,
blood eosinophilia, and allergen sensitization, as a result
of increased Th2 pathway activation [23]. Chronic AD le-
sions display a mixed Th1 and Th2 response, and the re-
lease of IL-22 from Th17 and Th22 cells in AD skin sam-
ples has been reported. Increased levels of IL-22 in chron-
ic AD lesions compared with the levels in acute lesions
suggest that a transition from Th17 to Th22 is associated
with chronic disease [24]. Therefore, AD might be con-
sidered a Th2/Th22-skewed disease, with an additional
contribution from Th1 cytokines occurring in the chron-
ic stages [25]. In addition, loss of function mutations in
the gene coding for filaggrin (FLG), an important protein
involved in skin barrier integrity, have been reported in
subsets of patients with AD [26]. FLG mutations have
been identified as a strong risk factor for AD, and might
lead to a distinct AD endotype, characterized by early-
onset AD that is more persistent and often associated
with development of asthma, food allergy, and IgE sensi-
tization [27, 28]. However, the majority of patients with
AD do not have FLG mutations, and, in these patients, the
downregulation of epidermal FLG expression may be
caused by several important factors including Th2 skin
inflammation and environmental conditions related to
pruritus-induced mechanical damage [27]. The mecha-
nisms by which scratching of the skin may lead to de-
creased FLG expression are not fully understood. It has
been proposed that acute barrier changes, such as those
resulting from scratching, can disrupt the calcium gradi-
ent which exists in normal epidermis. This gradient is
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characterized by ascending calcium levels from the basal
to the granulosa epidermal layers, and a subsequent de-
crease across the stratum corneum. Reduced calcium lev-
els in the stratum granulosum due to scratching could
then lead to the downregulation of FLG expression [27].
Another important issue is whether secondary FLG defi-
ciency due to Th2 inflammation, environmental stressors
such as low humidity, mechanical trauma due to scratch-
ing and other factors, is transient or is a permanent event.
Evidence for this being a transient effect may come from
the investigation of therapies focused on the restoration
of FLG expression [29, 30]. A candidate compound,
JTC801, which is a 4-aminoquinoline derivative, was able
to increase FLG mRNA expression in both a human im-
mortalized keratinocyte cell line and in normal human
epidermal keratinocytes. JTC801 also increased expres-
sion of FLG in a human skin-equivalent model, and at-
tenuated atopic skin inflammation in mice in vivo [30].
Another compound, a Janus kinase (JAK) inhibitor,
JTE-052, induced FLG expression and decreased the de-
velopment of AD-like lesions in mice [31]. Finally, coal
tar (a traditional topical therapeutic agent for AD) was
shown to contain polycyclic aromatic hydrocarbons
(PAHs), which activate the aryl hydrocarbon receptor
(AHR) signaling pathway, increasing the expression of
FLG. Enhanced activation of the AHR signaling pathway
by deacetylase sirtuin 1 (SIRT1) has also been shown to
promote FLG expression in a mouse model [32]. Taken
together, these studies indicate that it may be possible to
increase FLG expression, suggesting that secondary FLG
deficiency may be reversible, with therapeutic implica-
tions for patients with AD.

Given its prevalence and impact on the quality of life
of patients, effective treatment strategies are needed for
patients with moderate to severe AD. Current treatment
recommendations include the liberal use of emollients,
wet-wrap therapy, vitamin D supplementation, topical
calcineurin inhibitors, and topical corticosteroids (TCS)
[1, 33, 34]. When moisturizers alone are not sufficient to
control the itch and inflammation, TCS are the mainstay
of treatment for AD. Although effective, TCS may be as-
sociated with adverse effects, including skin atrophy and
increased susceptibility to infections, which are directly
related to the potency and the duration of use. Judicious
use of high-potency preparations of TCS, avoiding thin-
skin areas such as the face or skin folds and minimizing
the duration of treatment, is critical [33]. Unfortunately,
therapy with TCS alone may not be effective for patients
with moderate to severe disease [35, 36]. Allergen immu-
notherapy is now a consideration in selected patients with
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Fig. 1. Targeting IL-4- and IL-13-mediated
signaling. IL-4 and IL-13 signaling involves
both distinct and overlapping receptors,
which results in similar downstream path-
way activation. IL-4 signals through the
type I receptor, comprising the common y
chain and IL-4Ra, and the type II receptor,
comprising IL-4Ra and IL-13Ral. IL-13
predominantly signals through the type II
receptor but also binds to the decoy recep-
tor IL-13Ra2 with high affinity. Pitrakinra
(mutein protein) specifically binds to IL-
4Ra while dupilumab (monoclonal anti-
body) prevents IL-4 and IL-13 signaling
through IL-4Ra. Additionally, lebrikizu-
mab and tralokinumab are monoclonal an-
tibody therapies that specifically target
IL-13. By signaling through their respective
receptors, both IL-4 and IL-13 activate the
JAK/STAT pathway, inducing the tran-
scription of inflammatory mediators. To-
facitinib and baricitinib are chemical com-
pounds which inhibit JAK activation. IL,
interleukin; JAK, Janus kinase; STAT, sig-
nal transducer and activator of transcrip-
tion.

Target Gene

AD and aeroallergen sensitization [37]. Phototherapy
and systemic immunosuppressant therapies including
systemic corticosteroids, cyclosporine, methotrexate,
mycophenolate mofetil, and azathioprine, may be used in
patients with severe disease refractory to conventional
therapy; however, these therapies are associated with sig-
nificant, potentially serious side effects [1, 33, 37, 38].

Novel therapeutic approaches which target the path-
ways involved in the pathogenesis of AD provide the op-
portunity for a potentially more effective and less harmful
approach to systemic therapy. The number of clinical tri-
als evaluating the novel chemical and biological agents
specifically targeting pathways and mechanisms in AD
has steadily increased in recent years and may provide
options for patients in the near future. In this review, we
will discuss therapeutic approaches for targeting the Th2
axis in moderate to severe AD.

Targeting the Th2 Axis in AD
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The Role of Dominant Th2 Cytokines in AD

The Th2 cytokines, IL-4, IL-5, and IL-13, play a central
role in the pathogenesis of AD by activating inflamma-
tory pathways in multiple cell types, impairing epidermal
barrier structure and function, and inducing allergen sen-
sitization [39].

Studies have previously reported increased IL-4 and
IL-13 expression in acute and chronic skin lesions of pa-
tients with AD [40-42], and recently demonstrated in-
creased numbers of CD4- and CD8-positive cells in cir-
culation that secrete IL-4 and IL-13 [43]. The critical role
of Th2 cells in AD was recently demonstrated in a study
by Czarnowicki et al. [44], who found significant expan-
sion of Th2 cell frequencies in cutaneous lymphocyte-as-
sociated antigen-positive (CLA+) T cells of adult patients
with moderate to severe AD, compared with healthy con-
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trols. Interestingly, the study also revealed reduced num-
bers of CLA+ Th1 cells, compared with healthy controls.
The increased frequency of Th2 cells, particularly within
the CLA+ T cell population, suggests that these Th2 cells
and the cytokines they produce are an integral part of the
pathogenesis of moderate to severe AD.

Preclinical studies performed on transgenic mice fur-
ther illustrate the central role of IL-4 or IL-13 in AD
pathogenesis. Transgenic mice overexpressing epidermal
IL-4 spontaneously developed signs and symptoms asso-
ciated with AD, including epidermal thickening and
lesion formation, as well as elevated IgE levels [45].
Similarly, transgenic mice expressing IL-13 in the skin
developed intense pruritus in addition to increased IgE
production, epidermal thickening, and cellular-infiltra-
tion characteristics of AD [46]. In a murine model of IL-4,
IL-5, and IL-13, investigators further demonstrated a
positive correlation between the onset and progression of
AD-like disease and the expression of these Th2 cytokines
[47]. IL-4 and IL-13 signal through a common receptor,
IL-4Ra, a requisite receptor to induce the signal trans-
ducer and activator of transcription 6 (STAT6)/JAK sig-
naling cascade (Fig. 1). Mice genetically modified to con-
stitutively express active STAT6 develop AD-like disease
that is reversed by antibodies against either IL-4 or IL-13
[48], suggesting that interfering with this pathway could
be efficacious in patients with AD.

IL-4 and IL-13 drive the pathogenesis of disease by
modulating several key immunological features includ-
ing the inhibition of integral barrier proteins such as FLG,
loricrin, and involucrin, and the destabilization of tight
junctions [49-52], leading to the enhanced penetration of
allergens and pathogens. Additionally, downstream sig-
naling of IL-4 and IL-13 has been shown to prevent the
induction of innate immune response genes, such as
B-defensins and cathelicidin [41, 53, 54], thereby increas-
ing the susceptibility of patients to Staphylococcus aureus
and herpes simplex virus skin infections [55, 56].

Pitrakinra is a recombinant human IL-4 mutein that
specifically binds to IL-4Ra (Fig. 1), thereby inhibiting
the downstream signaling of both IL-4 and IL-13 [57].
Initial studies using pitrakinra in asthma demonstrated a
positive clinical effect, as demonstrated by reduced air-
way inflammation [58], prompting further exploration in
AD. The therapeutic effect of pitrakinra in AD was evalu-
ated in a phase 2, double-blind, placebo-controlled study
(NCT00676884; Table 1) on 25 patients; however, the re-
sults from the trial, completed in 2006, have not yet been
published. Dupilumab also binds to IL-4Ra, therefore
blocking both the IL-4 and IL-13 signaling pathways
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(Fig. 1). Although these 2 compounds may share the abil-
ity to prevent IL-4 and IL-13 signaling, their structures
and modes of action are very different. Pitrakinra was de-
veloped by creating mutations in the IL-4 molecule, con-
ferring the ability to antagonize the activation of IL4-Ra,
whereas dupilumab is a fully human monoclonal anti-
body that specifically targets IL-4Ra and blocks down-
stream signaling by preventing the dimerization of IL-
4Ra with IL-13Ral or the y chain. In recent years, dupil-
umab has demonstrated clinical efficacy in multiple phase
1, phase 2, and phase 3 clinical studies in patients with
moderate to severe AD (Table 1) [59, 60]. In 2014, Beck
etal. [59] reported that weekly treatment with dupilumab
monotherapy (300 mg) for 12 weeks reduced skin disease
severity, as measured by the Eczema Area Severity Index
(EASI), by 74.0%, compared with 23.3% with placebo.
Additionally, dupilumab-treated patients observed an al-
most 60% reduction in the body surface area affected, and
40% of patients achieved disease clearance (Investigator’s
Global Assessment score of 0 or 1) at day 85. Further-
more, patients treated with dupilumab experienced sig-
nificantly fewer skin infections (0.05 infections per pa-
tient) than patients treated with placebo (0.20 infections
per patient). Usage of TCS in addition to dupilumab
provided even greater clinical benefit. Recently, a larger
phase 2b clinical trial was conducted to evaluate a dose
response and different dosing frequencies of dupilumab.
Thagi et al. [60] confirmed the therapeutic benefit of
weekly dosing with 300 mg of dupilumab (-73.7 + 5.2%
change in EASI from baseline), but additionally observed
improved skin scores with alternative dosing regimens of
200 mg every other week (-65.4 + 5.2%), 300 mg every
other week (-68.2 £ 5.2%), and 300 mg every 4 weeks
(-63.5 + 4.9%). Skin improvement in each cohort addi-
tionally corresponded with a reduction in the pruritus
score and the body surface area affected. These data dem-
onstrate the consistent therapeutic benefit of targeting
the IL-4/IL-13 axis with dupilumab for individuals with
moderate to severe AD. Additional clinical trials are cur-
rently evaluating the therapeutic benefit of targeting
IL-13 alone in AD, using the monoclonal antibodies
tralokinumab and lebrikizumab (Table 1).

IL-5 is a Th2 cytokine that plays a critical role in eo-
sinophil differentiation, activation, and proliferation [61,
62]. Eosinophils play a significant role in allergic inflam-
mation and have previously been shown to be elevated in
both the circulation and lesional skin of patients with AD
[63]. Similarly, levels of IL-5 are significantly elevated in
the lesional skin of patients with AD and the levels in the
circulation correlate with increased serum IgE [42]. Us-
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Table 1. Interventional studies in AD targeting the Th2 axis

Immunologic Agent Manufacturer Registered Route of References
target clinical trials administration
CRTH2 0OC000549 Atopix NCT02002208 oral
QAWO039 Novartis NCT01785602 oral
IgE omalizumab Hoffman-La Roche/ NCTO01179529 subcutaneous  86-95
Genentech
ligelizumab Novartis NCT01552629 subcutaneous 97,98
MEDI4212 MedImmune NCT01544348 intravenous 101
subcutaneous
IL-4Ra REGN668/ Regeneron/Sanofi NCT01259323 subcutaneous 22, 59, 60, 102
SAR231893/ NCT01385657
dupilumab NCT01548404
NCT01639040
NCT01859988
NCT01949311
NCT01979016
NCT02210780
NCT02260986
NCT02277743
NCT02277769
NCT02395133
NCT02407756
AER001/BAY16-9996/ Aerovance NCT00676884 subcutaneous 57,58
pitrakinra
IL-5 mepolizumab GlaxoSmithKline subcutaneous 65, 66
IL-13 tralokinumab AstraZeneca/MedImmune NCT02347176 subcutaneous
lebrikizumab Hoffmann-La Roche/ NCT02340234 subcutaneous
Genentech NCT02465606
JAK1/JAK3 tofacitinib Pfizer NCT02001181 oral 76
JAK1/JAK2  baricitinib Eli Lilly/Incyte NCT02576938 oral
(LY3009104/INCB028050)
TSLP/TSLPR MK-8226 Merck NCT01732510 subcutaneous
AMG 157/MEDI9929/ Amgen/MedImmune NCT00757042 subcutaneous
tezepelumab NCT02525094

ing a murine model of allergic inflammation, knocking
out IL-5 resulted in reduced numbers of infiltrating eo-
sinophils and epidermal thickening following exposure
to allergens [64], suggesting a potential application for
IL-5 blockade in patients with AD (Table 1). Interesting-
ly, the administration of mepolizumab, a fully humanized
monoclonal antibody targeting IL-5, did not significantly
reduce skin disease severity or pruritus in patients with
AD, despite reducing the eosinophils in the circulation by
approximately 60% [65]. Investigators further demon-
strated that treatment with mepolizumab failed to signif-
icantly reduce the size of the reactions and the tissue eo-
sinophils in patients with AD during the atopy patch test
[66]. These results suggest that a reduction of circulating
eosinophils is insufficient to significantly modulate AD
disease severity. Additional therapies targeting the IL-5
axis (i.e. reslizumab and benralizumab) are currently un-

Targeting the Th2 Axis in AD

der investigation for the treatment of eosinophilic asth-
ma, and could be evaluated for their ability to prevent the
migration of eosinophils into the skin and the subsequent
disease improvement. This has potential to be tailored
towards personalized medicine for patients with moder-
ate to severe AD and elevated baseline eosinophils.

Targeting the Th2-Associated Epithelial Cytokine
Thymic Stromal Lymphopoietin

Thymic stromal lymphopoietin (TSLP) was initially
identified in a mouse thymic stromal cell line and is large-
ly produced by epithelial cells in response to microbial
invasion or tissue injury [67]. TSLP and TSLP receptor
(TSLPR) are elevated in the lesional skin of patients with
AD [68, 69] and mediate signaling through dendritic cells
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to promote Th2 cell maturation and allergic responses.
Targeted overexpression of TSLP in the keratinocytes of
transgenic mice is associated with an AD-like phenotype,
including increased Th2 cytokine expression and serum
IgE levels [70]. Additionally, studies have demonstrated
that TSLP triggers IL-5 induction and eosinophil recruit-
ment [71], and that the TSLP-induced AD phenotype in
mice is T cell-dependent but not IL-4-/IL-13-dependent
[72]. In addition to an immunomodulatory role, TSLP has
been shown to directly induce an itching response by sig-
naling through sensory neurons [73]. These studies suggest
that TSLP has the potential to drive AD pathogenesis in
both a Th2-dependent and independent manner while also
inducing the “itch cycle.” Tezepelumab and MK8226 are
antagonists targeting the TSLP signaling pathway in clini-
cal trials in patients with moderate to severe AD (Table 1).

Targeting the JAK/STAT Signaling Axis

IL-4, IL-5, IL-13, and TSLP signal through their re-
spective receptors to induce downstream signaling events
through the JAK/STAT pathway. Specifically, IL-4 and
IL-13 engage with IL-4Ra and either the y chain or IL-
13Ral toinduce JAK1 and JAK3, leading to the activation
of STAT6 (Fig. 1). IL-5 engages with the IL-5R and f
chain to induce JAKI and JAK2, leading to STATI,
STAT2, and STATS5 activation [74]. TSLP binds to a het-
erodimeric receptor comprising TSLPR and IL-7 recep-
tor alpha (IL-7Ra) to induce JAK1 and JAK?2 expression,
leading to STATS5 activation [75]. JAK inhibitors provide
the opportunity to prevent the downstream signaling of
multiple Th2 cytokines, and are currently being evaluated
in patients with moderate to severe AD (Table 1). Tofaci-
tinib targets JAKland JAK3, and is currently approved
for the treatment of rheumatoid arthritis and is under
evaluation in additional inflammatory diseases. Topical
administration of tofacitinib to patients with mild to
moderate AD was evaluated in a recently completed
phase 2 clinical trial, but the results have not been pub-
lished (NCT02001181; Table 1). Oral tofacitinib admin-
istration was recently evaluated in 6 patients with moder-
ate to severe AD, with promising results. Investigators
observed a 66% reduction in skin severity, with no serious
adverse events [76]. Additionally, a clinical trial has been
initiated to evaluate the oral administration of baricitinib,
which targets JAK1 and JAK2, in moderate to severe AD
(NCT02576938; Table 1). Encouraging data from initial
studies support the evaluation of additional JAK inhibi-
tors for the treatment of AD.
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Chemoattractant Receptor-Homologous Molecule
Expressed on Th2 Cells

Approximately 80% of patients with AD are sensitized
to allergens, as demonstrated by increased allergen-spe-
cific IgE [24]. Subsequent exposure to these allergens trig-
gers mast cell activation and the release of prostaglandin
D2 (PGD,), which drives inflammation by engaging with
its 2 G protein-coupled receptors, D prostanoid receptor
(DP), and chemoattractant receptor-homologous mole-
cule expressed on Th2 cells (CRTH2) [77]. Engagement
of PGD, with CRTH2 has been implicated in the patho-
genesis of allergic diseases, including AD, by mediating
the recruitment and activation of Th2 cells, innate lym-
phoid cells, eosinophils, and basophils [77]. Using a mu-
rine model of AD through ovalbumin sensitization, DP2
agonists were shown to increase eosinophil recruitment
and skin inflammation through CRTH2 [78]. Additional
murine studies have shown that pharmacological block-
ade of CRTH2 signaling can significantly reduce allergic
inflammation in models of antigen-induced inflamma-
tion and AD [79-83]. Specifically, a CRTH2 antagonist
inhibited 52% of ear swelling in fluorescein isothiocya-
nate-induced hypersensitivity in mice (a model of AD)
and showed good pharmacokinetic parameters in mice
and rats [82, 83]. Additionally, CRTH2 expression is in-
creased in AD patients [84] and increased numbers of
circulating T cells expressing CRTH2 have been shown to
correlate with the severity of AD [85]. Several CRTH2
antagonists are currently under investigation for moder-
ate to severe AD including QAWO039 (Fevipiprant; No-
vartis) and OC000459 (Atopix), but the results have not
been published (Table 1).

Immunoglobulin E

As elevated levels of serum IgE and allergen sensitiza-
tion are found in approximately 80% of patients with AD
[86], an allergic IgE-mediated disease pathogenesis has
been historically hypothesized, by which high levels of the
Th2 cytokines IL-4 and IL-13 in AD skin lesions could
influence Ig class-switching, promoting IgE production
[87, 88]. Omalizumab, a humanized IgGl monoclonal
antibody against IgE, was first developed for patients with
severe asthma. Given the overlapping atopic nature with
asthma and increased IgE levels, omalizumab was also
evaluated in patients with AD who were not adequately
controlled with standard therapy. Several studies have
evaluated omalizumab in adult and pediatric patients
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with AD; however, the treatment effect is inconsistent
and has not provided a clear clinical benefit in all patients
[89-94]. A single-center, randomized, placebo-con-
trolled, double-blind investigation (NCT01179529) was
conducted with omalizumab in 20 adult patients with se-
vere AD. Treatment with omalizumab reduced IgE levels,
as expected, and had the added benefit of reducing pruri-
tus. Despite these modulatory effects, omalizumab treat-
ment did not significantly reduce skin disease severity
[95]. Recently, an investigator-initiated study demon-
strated that patients with severe AD with mutations in the
FLG gene did not benefit from treatment with omalizu-
mab, while those who lacked these mutations presented
with an improvement in their skin disease severity [96].
This further illustrates the heterogeneity within AD and
the potential role of biomarkers in identifying subpopula-
tions of AD patients who could benefit from anti-IgE
therapy.

Ligelizumab is a human monoclonal antibody that tar-
gets IgE with a higher affinity than omalizumab. Initial
studies with ligelizumab treatment demonstrated a supe-
rior pharmacodynamic effect of IgE suppression in atop-
ic patients, compared with omalizumab [97]. Based on
these encouraging results, ligelizumab was further evalu-
ated in more targeted atopic diseases including AD and
allergic asthma. A randomized, double-blind, placebo-
controlled trial was conducted in patients with moderate
to severe AD (NCT01552629); however, subcutaneous
administration of 280 mg of ligelizumab every 2 weeks for
12 weeks did not significantly decrease the severity of AD,
as assessed by EASI50 response at week 12, compared
with placebo [98]. One hypothesis for the overall lack of
a significant therapeutic effect with IgE antagonism is
that IgE synthesis and production are downstream of the
cellular signaling pathways associated with AD patho-
genesis, thereby limiting the effectiveness of IgE neutral-
ization in patients with recalcitrant disease.

Conclusion

AD is a chronic skin disease with a high prevalence in
both children and adults, and, in many cases, it consti-
tutes the initial step in the development of other poten-
tially severe atopic disorders. Specifically, AD is associ-
ated with a substantial patient burden that typically in-
cludes poor quality of life, sleep disturbances, and a
reduction in school or work productivity [99]. Patients
with AD were found to have lower physical vitality, social
functioning, and emotional and mental health scores,

Targeting the Th2 Axis in AD

compared with a psoriasis cohort [100]. Given the sig-
nificant impact of AD on the overall quality of life of pa-
tients, there is a clear need for novel therapies that are safe
and effective in the management of moderate to severe
AD.

Two competing hypotheses have been suggested to de-
scribe the onset and pathogenesis of AD. The outside-in
hypothesis proposes that the impaired skin barrier results
from a genetic defect in epithelial cells and leads to in-
creased allergic sensitization and AD. Many treatments
for AD have focused on restoring the protective skin bar-
rier to reduce the epidermal inflammation associated
with the disease. These topical treatments provide tran-
sient disease resolution in patients with the milder forms,
but they do not provide long-term relief for those with
severe, recalcitrant disease. Additionally, these therapies
fail to systemically modulate the pathways integral to dis-
ease initiation and pathogenesis [33].

The inside-out hypothesis suggests that AD is a sys-
temic disease that results from an immunological abnor-
mality, predisposing individuals to IgE-mediated sensiti-
zation. Emerging therapies provide the opportunity to
systemically modulate these inflammatory pathways as-
sociated with disease pathogenesis. The varied effective-
ness of treatments targeting different inflammatory path-
ways highlights the heterogeneity and complexity of AD
and the need for focused therapy for this disease. As new
therapies emerge for the treatment of individuals suffer-
ing from this debilitating disease, it will be important to
further characterize the heterogeneity of patients in an
effort to delineate the populations that will benefit from
targeted therapy. Specifically, it is widely agreed that the
central event in the pathogenesis of AD is the activation
of the Th2 cytokine axis that results in an increased in-
flammatory response, disruption of the skin barrier, in-
creased susceptibility to infections, and increased aller-
gen sensitization. Novel therapies, such as those described
here, that target the Th2 signaling axis, have the potential
to revolutionize the management of AD by introducing
less harmful and more effective treatment strategies.
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