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Abstract

Background: Severe refractory atopic dermatitis (AD) is a
chronic, debilitating condition that is associated with elevat-
ed serum immunoglobulin E (IgE) levels. Thymic stromal
lymphopoietin (TSLP), thymus and activation-regulated che-
mokine (TARC) and OX40 ligand (OX40L) are important im-
munologic factors involved in the pathogenesis of AD.
Omalizumab, an anti-IgE antibody indicated for use in aller-
gicasthma, isimplicated in regulating allergen presentation
by dendritic cells and the T cell response during the effector
phases of allergic disease. We investigated if anti-IgE therapy
modaulates the allergen-specific responses mediated by the
TSLP pathway in young patients with severe refractory AD.
Methods: This was a randomized, double-blind, placebo-
controlled study of 8 patients between the ages of 4 and 22
years (mean = 11.6 years) with severe refractory AD (clinical
trials.gov NCT01678092). Serum IgE ranged from 218 to
1,890 (mean = 1,068 IU/ml). Subjects received omalizumab
(n=4) or placebo (n = 4) every 2-4 weeks over 24 weeks us-
ing a regimen extrapolated from the package insert. TSLP,

TARC, OX40L and other cytokines involved in AD were mea-
sured by using cytometric bead arrays. Results: All patients
receiving omalizumab had strikingly decreased levels of
TSLP, OX40L, TARC (involved in Th2 polarization) and inter-
leukin (IL)-9 compared to placebo. In addition, there was a
marked increase in IL-10, a tolerogenic cytokine, in the oma-
lizumab-treated group. Patients on anti-IgE therapy had
an improvement in clinical outcomes as measured by the
SCORAD system; however, these effects were comparable to
improvements in the control group. Conclusions: Anti-IgE
therapy with omalizumab decreases levels of cytokines that
are involved in Th2 polarization and allergic inflammation,
including TSLP, TARC and OX40L.

Copyright © 2013 S. Karger AG, Basel

Introduction

Omalizumab is a humanized monoclonal anti-immu-
noglobulin E (IgE) antibody that binds to the IgE mole-
cule at the high-affinity IgE receptor (Fc epsilon RI,
FceRI) binding site and is indicated for use in allergic
asthma [1]. Anti-IgE therapy significantly reduces free
IgE circulating in serum [2], and reduces the expression
of the FceRI on multiple cell types, including mast cells
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Table 1. Serum markers and SCORAD

Patient  Total IgE, IU/ml Free IgE, IU/ml TSLP, ng/ml OX40L,ng/ml ~ TARC, pg/ml IL-10, pg/ml SCORAD
pre pre post pre post pre  post pre  post pre post pre post
Placebo
1 1,784 1,690 1,356 250 260 690 690 300 330 120 110 94 16
2 438 282 265 320 340 730 770 320 300 110 100 93 <5
3 1,840 1,783 1,867 370 410 830 850 390 450 150 140 >99 56
4 218 95 204 290 300 740 770 310 320 140 140 37 15
Omalizumab
5 375 269 10 370 110 710 200 280 70 130 240 80 65
6 1,326 912 12 280 100 750 210 250 200 100 210 >99 83
7 1,890 1,874 9 360 90 770 140 340 90 120 280 45 37
8 672 355 8 310 150 670 190 330 70 110 260 70 34
Healthy control 908 30 50 30 460

and basophils [3]. These actions inhibit mast cell and ba-
sophil activation, thereby decreasing both the early- and
late-phase allergic response. In addition to its effects on
immediate hypersensitivity, anti-IgE also decreases FceRI
expression by dendritic cells (DCs) [3] and has been im-
plicated in the regulation of T cell responses through ef-
fects on Th2 polarization.

Although historically viewed solely as a physical bar-
rier, emerging evidence now indicates that the epithelium
plays a central role in the Th2-cell sensitization process
through its stimulatory effects on DCs. Atopic dermatitis
(AD), or allergic eczema, is a common pediatric problem
that affects approximately 10-15% of children [4] and
arises due to defects in the epithelial barrier that are
thought to result in excessive T cell activation. AD is as-
sociated with elevated serum levels of IgE, and recent data
indicate that systemic activation of T cells may play an
important role. Patients with AD have increased numbers
of circulating activated T cells, and elevated serum L-se-
lectin levels, a marker for leukocyte activation that cor-
relates with AD disease severity [5].

A core group of cytokines drive Th2-mediated aller-
gic inflammation in AD. Thymic stromal lymphopoietin
(TSLP), an epithelial cell-derived cytokine, is induced in
keratinocytes of AD skin lesions and has been shown to
play an important role in the pathogenesis of AD [6, 7].
TSLP modulates polarization of DCs by increasing OX40
ligand (OX40L) DC surface expression and secretion of
Th2 cell-attracting chemokines, like thymus and activa-
tion-regulated chemokine (TARC)/chemokine (C-C mo-
tif) ligand 17 (CCL17). Activated DCs expressing the co-
stimulatory molecule OX40L interact with OX40 on the
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membrane of naive T helper cells, resulting in Th2 cell
proliferation and cytokine production. TSLP has also
been implicated in the amplification of Th2 cytokine pro-
duction by mast cells and natural killer T cells [8]. There-
fore, TSLP plays a critical role in promoting Th2-mediat-
ed allergic inflammation in AD. Other cytokines involved
in the pathogenesis of AD include interleukin (IL)-9,
which is significantly increased in lesional skin areas of
AD patients and other allergic inflammatory diseases, like
asthma [9].

Several case reports investigating anti-IgE therapy in
patients with AD found symptomatic improvement with
omalizumab [10, 11], but none have done so in a placebo-
controlled manner. To test the hypothesis that anti-IgE
therapy modulates the TSLP pathway and improves clin-
ical outcomes in patients with AD, we assessed TSLP,
OX40L, TARC and other cytokines as well as several clin-
ical measures in AD patients during a double-blind, pla-
cebo-controlled pilot study of omalizumab. We evaluated
8 young patients with severe refractory AD, using a high-
er dosing schedule of omalizumab approved by the FDA
to neutralize the higher levels of IgE (see table 1).

Material and Methods

Study Design

This randomized, double-blind, placebo-controlled study was
approved by the Stanford University Medical Center Investiga-
tional Review Committee and registered at clinical trials.gov
(NCT01678092). Written informed consent was obtained from all
study participants. On enrollment, blood samples were collected
(20 ml) and prior eczema medications used by study patients were
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changed to medication regimens consisting mainly of cetirizine,
triamcinolone ointment and pimecrolimus. Skin condition and
the baseline use of medications were assessed by parents with a di-
ary. The diary was provided to document their child’s skin condi-
tion and use of medication over a 2-week period. All medications
were then discontinued 1 week prior to the first dose of omali-
zumab/placebo in order to also determine the severity of AD in
these patients off all therapy.

Omalizumab or placebo was started 4 weeks after the baseline
screening visit. Patients subsequently received either omalizumab
(4 patients) or placebo (4 patients) every 2-4 weeks subcutane-
ously over the next 24 weeks. Omalizumab was administered using
a regimen extrapolated from the package insert dosages (150-375
mg every 2—-4 weeks). SCORAD (Scoring Atopic Dermatitis; see
table 1) and blood samples were taken before each monthly visit.
Serum levels of IgE and relevant cytokines were determined as de-
scribed below. In addition, routine blood counts and serum chem-
istries were measured for determining safety.

Cytokine and IgE Measurements

Cytokines were measured using the Th2 Flex cytometric bead
array (BD Biosciences, San Jose, Calif., USA). In brief, 50 pl of the
mixed capture beads and 50 pl of plasma were incubated for 1 h at
room temperature. After adding 50 pl of the phycoerythrin detec-
tion reagent to the mixture and incubation for 2 h at room tem-
perature, the beads were then washed with the wash buffer and
analyzed with a BD FACSArray Bioanalyzer (BD Biosciences). The
cytometric bead array data were analyzed with FCAP Array soft-
ware version 1.0.1 (BD Biosciences). The minimal detection limits
are 5 pg/ml. ELISA (Invitrogen, Carlsbad) was used for those fac-
tors and cytokines not within the Th2 flex set (antibodies were
obtained from BD Biosciences and were used as per manufactur-
er’s instructions). Adverse events and clinical status were moni-
tored per NIH guidelines. Free IgE levels were determined using
previously outlined methods [12] in which the serum concentra-
tion of (non-omalizumab-bound) free IgE was measured using a
solid phase immunoenzymetric assay. IgE was captured from se-
rum with monoclonal anti-human IgE (clone HP6061) and de-
tected with labeled-FceR1a.

Results

Patients recruited for the study ranged between 4 and
22 years of age (mean = 11.6 years), and serum IgE ranged
from 218 to 1,890 (mean = 1,068 IU/ml; see table 1). All
patients had severe AD that had failed standard therapy.
Several patients had histories of hospitalization due to re-
fractory AD, and all had markedly elevated baseline skin
assessment scores (using SCORAD [13]; see table 1). Half
of the study patients (n = 4) had baseline SCORAD scores
greater than 90, exemplifying the complex, refractory na-
ture of their chronic disease. Two study patients (patients
6and 7) in the treatment group had had prior hospitaliza-
tions for skin infections and had been placed on antibi-
otic prophylaxis several times in the past. In addition,
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most patients had concurrent asthma (n = 6) and allergic
rhinitis (n = 7).

Omalizumab was well tolerated, and serious adverse
events deemed related to omalizumab treatment were not
observed. Patients in the omalizumab group were much
younger than those in the placebo group (mean age was
7.4vs. 15.8 years in placebo group). Study patients receiv-
ing omalizumab had significant decreases in their free se-
rum IgE levels [12] in the first serum sample drawn on
therapy (week 8). These levels dropped even further (<15
U/1) by week 24 (see table 1). This demonstrates that the
treatment regimen administered to patients in the omali-
zumab group was sufficient to achieve almost complete
binding of free serum IgE despite their high pretreatment
free serum IgE levels.

Cytokines implicated in the pathogenesis of AD were
examined in the plasma of participants via previously
described ELISA methods. There were marked differenc-
es in TSLP [14] and TARC/CCL17 [15] between the 2
groups. TSLP was reduced by 50-75% in all study patients
in the omalizumab-treated group, with no observed re-
duction in the placebo-treated group (see table 1). OX40L
was reduced by 70-80% in the omalizumab-treated group
(see table 1). TARC levels were reduced in all 4 study pa-
tients in the omalizumab-treated group (between 60 and
80% in 3 patients; see table 1) compared to the placebo-
treated group. IL-9, a cytokine secreted in affected skin
areas of AD patients that also potentiates IL-4-mediated
IgE production from B cells [9], was also decreased in the
omalizumab-treated group (by 50-75%), with increasing
levels noted in the majority of patients in the placebo-
treated group over the course of the study (data not
shown). Serum levels of IL-10, a tolerogenic cytokine pro-
duced by T regulatory cells, was increased between 80 and
100% in omalizumab-treated, but not in the placebo-
treated study patients (see table 1). Patients in the omali-
zumab group had SCORAD reductions of approximately
20-50%. However, a SCORAD reduction of approxi-
mately 45-80% was observed in the placebo group (see
table 1).

Discussion

Anti-IgE therapy has been hypothesized to have sig-
nificant immunomodulatory activity beyond its role in
immediate hypersensitivity. As IgE may facilitate antigen
presentation by DCs, inhibition of IgE may result in a de-
crease in T cell antigen-specific responses [16]. In addi-
tion, blocking serum IgE from binding and activating the
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FceRI on mast cells and basophils likely results in the
diminution of other components of the allergic response.

A recent study by Schroeder et al. [17] demonstrated
that omalizumab treatment significantly decreased cat-
allergen-specific T cell proliferation and Th2 cytokine ex-
pression by approximately 25 and 50%, respectively. This
suggests that IgE facilitates allergen presentation by DCs
in vivo and possibly regulates DC-dependent T cell cyto-
kines during effector phases of allergic disease. A recent
study by our group investigating 11 children treated with
omalizumab while undergoing oral immunotherapy re-
vealed near elimination of the CD4+ T cell response to
milk within a week of treatment [18]. The rapid reduction
in T cell response could have been potentiated by both the
oral desensitization process as well as the effects of anti-
IgE therapy. Comparable oral immunotherapy studies in
peanut-allergic patients not given anti-IgE have revealed
T cell changes occurring only after several months [19].
Therefore, it is likely that anti-IgE plays an important role
in decreasing the antigen-specific T cell response to milk
in this study.

Our placebo-controlled pilot study of omalizumab in
children with severe AD demonstrated several distinct
immunologic changes in key molecules known to be in-
volved in the underlying pathogenesis of AD. We found
that omalizumab effectively reduced free IgE levels, even
in patients with serum IgE levels up to 1,890 IU/ml, as free
serum IgE levels decreased early on in the study period.
In addition, all patients receiving omalizumab had de-
creased levels of TSLP, TARC, OX40L and IL-9. TSLP, a
potent activator of myeloid DCs that can polarize naive
CD4+ T cells towards Th2 cells [20], is expressed at high
levels by the epidermal keratinocytes of AD patients [21]
aswell as theasthmatic bronchial epithelium [20]. OX40L,
a costimulatory molecule expressed on DCs, is a critical
in vivo mediator of TSLP-mediated Th2 responses and is
involved in the amplification of Th2 differentiation. In
vivo studies examining mice treated with OX40L-block-
ing antibodies showed substantial inhibition of TSLP-in-
duced immune responses in the skin and lungs [22]. Our
results suggest that preventing IgE-mediated activation
may help to reduce Th2 polarization in AD. In addition,
other mediators of Th2 inflammation which have been
linked to the severity of AD, such as TARC and IL-9, were
also found to be reduced. Conversely, IL-10, a regulatory
cytokine secreted by T regulatory cells that has been im-
plicated in mitigating allergic inflammatory responses,
was increased in the omalizumab-treated group. There-
fore, by blocking serum IgE from binding and activating
the FceRI on mast cells, mast cell activation could be ab-
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rogated and result in the decrease of several components
involved in the allergic response.

To date, all published studies examining the clinical
effects of anti-IgE therapy in patients with AD have not
been placebo-controlled. These reports uniformly dem-
onstrate a clinical improvement with anti-IgE therapy, as
demonstrated by decreased pruritus and improved qual-
ity of life scores in AD patients [23]. Similar to these stud-
ies, all 4 patients in the omalizumab group had clinical
improvement (SCORAD reduction of approximately 20—
50%). However, the changes noted in the omalizumab
treatment group were comparable to the clinical effects
(SCORAD reduction of approximately 45-80%) ob-
served in the placebo group. The high rate of response to
placebo has been well documented in these types of stud-
ies and, had any of the above published studies examining
the clinical effects of anti-IgE included a placebo arm, a
similar rate of response may have been seen. However,
given that this was a pilot study involving 8 patients in
total, there were multiple additional factors that may have
contributed to the lack of a clear difference in clinical out-
comes with omalizumab treatment in spite of substantial
reductions in the serum levels of key cytokines. First, in-
herent differences in patient characteristics between the
omalizumab-treated and placebo-treated groups may
have affected outcomes. Patients in the omalizumab
group were much younger than those receiving placebo
(a mean of 7.4 years in omalizumab group and 15.8 years
in placebo group). This occurred despite the use of a dou-
ble-blinded randomization procedure generated by the
Stanford University Hospital pharmacy. This discrepan-
cy in age between the treatment and placebo group was
likely partially due to the small study population size. As
more severe clinical disease is often seen in younger pa-
tients, this may have resulted in the omalizumab-treated
group having significantly more severe clinical disease. In
addition, all patients had markedly complex allergic dis-
ease. This was marked by the presence of not only severe
refractory AD, but other concomitant allergic diseases as
well (like asthma and allergic rhinitis). These factors,
combined with a small study population size, could also
have contributed to a lack of difference in clinical out-
comes among the 2 groups, despite significant changes in
cytokines implicated in AD pathogenesis. Lastly, al-
though our study showed that treatment with omalizum-
ab markedly decreased many Th2 inflammatory markers,
including TSLP and TARGC, these levels continued to re-
main strikingly abnormal when compared to healthy
controls (see table 1). Therefore, it is possible that a longer
period of dosing is necessary for these molecular markers
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to further decrease to that of healthy controls, leading to
observable clinical changes. In addition, more informa-
tion regarding serum levels of these markers in healthy
controls needs to be obtained in order to establish norma-
tive data.

In summary, given the favorable data on molecular
biomarker changes observed in this placebo-controlled
pilot study, we believe that these data establish a basis for
undertaking further evaluation of the effects of anti-IgE
in AD. A larger placebo-controlled trial examining the

effects of omalizumab on antigen-specific T cell prolif-
eration and function would allow a more comprehensive
elucidation of the role of IgE in immunologic processes
beyond immediate hypersensitivity.
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