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Abstract

Background: Omalizumab is a humanized monoclonal anti-
IgE antibody, especially useful for the treatment of severe
persistent allergic asthma, inadequately controlled despite
regular therapy. Objectives: The aim of the study was to de-
termine the effect of omalizumab treatment on changes in
endothelin-1 (ET-1), which plays an important role in the de-
velopment of airway inflammation and remodeling in ex-
haled breath condensate (EBC) in patients with severe asth-
ma. Methods: The study was conducted in a group of 19 pa-
tients with severe persistent allergic asthma treated with
conventional therapy (according to the Global Initiative for
Asthma, 2006) and with or without omalizumab (9 vs. 10 pa-
tients). Changes in ET-1 in EBC compared with other inflam-
matory parameters [exhaled nitric oxide - (FEyo), blood eo-
sinophil count, and serum eosinophil cationic protein (ECP)]
were measured after 16 and 52 weeks of therapy. Results:
Omalizumab-treated patients demonstrated a statistically
significant decrease in the concentrations of ET-1 in EBC,
FEno, serum ECP, and blood eosinophil countand anincrease
in spirometry parameters compared to patients with con-
ventional therapy. In the group of omalizumab-treated pa-

tients, statistically significant correlations between the de-
crease in ET-1 in EBC and a decrease in Feyo, ECP, and blood
eosinophil count as well as the increase in forced expiratory
volumein 1 s after omalizumab therapy were revealed. Con-
clusions: Our results confirmed that anti-IgE therapy with
omalizumab in patients with severe persistent allergic asth-
ma results in decreased expression of ET-1 in the airways.
This could be very important in limiting airway inflamma-
tion and bronchial structural changes caused by such treat-

ment in asthmatic patients. Copyright © 2010 S. Karger AG, Basel

Introduction

Asthma is characterized by airway inflammation,
bronchial hyperresponsiveness, and airway remodeling.
Airway remodeling is defined as structural changes in
the airways, including increased airway smooth muscle
mass, mucus gland hypertrophy, deposition of extracel-
lular matrix components, thickening of the regular base-
ment membrane and angiogenesis [1].

IgE plays an important role in allergic asthma. Mast
cell activation and release of mediators in response to an
allergen and IgE result in a cascade response, accumula-
tion of of B lymphocytes, T lymphocytes, eosinophils, fi-
broblasts and smooth muscle cells, and epithelial and en-
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dothelial activation. Through a number of intercellular
interactions and the release of cytokines, mediators and
chemokines, this process leads to intensification of air-
way inflammation, remodeling and symptoms of chron-
ic asthma [2].

Omalizumab is a monoclonal anti-IgE antibody syn-
thesized for the therapy of asthmatic patients with inad-
equately controlled severe persistent allergic asthma de-
spite optimal controller treatment [3]. Omalizumab re-
duces serum IgE levels and FceRI receptor expression on
key cells in the inflammatory cascade [4]. The conse-
quences of these processes are inhibition of the release of
inflammatory mediators from mast cells, and dimin-
ished recruitment of inflammatory cells, especially eo-
sinophils, into the airways [4].

Endothelins are a family of peptide mediators which
are involved in inflammation, fibrosis, and broncho- and
vasoconstriction in human airways [5]. Endothelin-1
(ET-1) is expressed in the airway epithelial and endothe-
lial cells and plays a role in the pathogenesis of bronchial
asthma [6, 7]. It has also been suggested that ET-1 par-
ticipates in asthmatic inflammation, especially in the de-
velopment of severe bronchial hyperreactivity and airway
remodeling, inducing the concentration and prolifera-
tion of bronchial smooth muscle cells as well as subepi-
thelial fibrosis [8].

The mechanisms underlying the clinical and anti-in-
flammatory efficacy of omalizumab are not fully under-
stood. Omalizumab reduces airway inflammation; how-
ever, so far there have only been a few clinical trials sug-
gesting the effect of this kind of therapy on airway
remodeling [9]. There are no data assessing the effect of
anti-IgE treatment on ET-1 expression in the airways.

The aim of the present study was to assess changes in
ET-1 concentrations in the exhaled breath condensate
(EBC) of asthmatics with severe persistent allergic asth-
ma during omalizumab therapy and to establish a pos-
sible correlation of these measurements with other pa-
rameters of airway inflammation.

Material and Methods

Patients

This open-label study study was performed on a group of 19
patients with severe persistent allergic asthma. Randomization
was not performed. Nine patients were qualified to receive oma-
lizumab therapy. Subsequently, 10 patients were qualified for con-
ventional treatment without omalizumab, as recommended by
the Global Initiative for Asthma, 2006 [10]. The authors have
made every effort to make the two studied groups comparable
regarding the severity and kind of asthma, spirometry parame-

2 Respiration

ters, intensity of day and night symptoms and control treatment
used, as well as the necessity for rescue medication. Immunolog-
ical parameters (including ET-1) were evaluated after the inclu-
sion of patients into the studied groups.

All patients treated with omalizumab as well as those under-
going conventional treatment, used inhaled short-acting (3,-ago-
nists (as rescue medication), inhaled long-acting 3,-agonists, and
high doses of inhaled steroids and leukotriene receptor antago-
nists for at least 6 months in constant doses. No patient took oral
steroids during at least the 2 previous months or during the study.
All patients were atopic and sensitized to common inhaled aller-
gens, as evaluated by skin prick tests; they had total serum IgE of
atleast 30 IU/ml to no more than 700 IU/ml. All patients had been
in a stable condition, free from acute exacerbation and respira-
tory tract infections, for the previous 2 months. They were non-
smokers, and had not been passive smokers during the past year.

All of the patients were examined by a physician, and then un-
derwent EBC collection, exhaled nitric oxide (FEyo) measure-
ment and spirometry. Blood samples were collected to determine
serum total IgE, eosinophil cationic protein (ECP), and blood eo-
sinophil count. All measurements were performed before, after 16
and 52 weeks of treatment. On the basis of clinical assessment of
treatment efficacy [day and night symptom score, rescue salbuta-
mol consumption, peak expiratory flow and forced expiratory
volume in 1 s (FEV,) evaluation], 2 patients from the omalizu-
mab-treated group were identified as nonresponders, and omali-
zumab treatment was thus terminated after 16 weeks.

Patients were treated with omalizumab on the basis of the con-
centration of serum total IgE and patient body weight at baseline
[11].

The study protocol was approved by the Research Ethics Com-
mittee of the Medical University of Bialystok (agreement No. R-I-
002/68/2007). Informed consent was obtained from every patient
entered into the study.

Measurements

FEno was measured by the chemiluminescence technique us-
ing a Sievers 280i NO Analyzer (Boulder, Colo., USA). The mea-
surements were performed in all of the asthmatic patients at an
expiratory flow of 50 ml/s [12]. The duration of exhalation had to
be at least 6 s to produce a stable NO level for 3 s. All subjects had
three FExo recordings. Repeated measurements were performed
until the 3 values agreed within 10% of the mean. The mean value
of the three measurements was recorded as the final FEyq level.

The baseline spirometry was performed using a MasterScreen
Pneumo PC spirometer (Erich Jaeger GmbH, Hoechberg, Ger-
many). Spirometry was performed according to the standards of
the American Thoracic Society [13]. FEV, was evaluated. Before
the examination, the patients did not take any medications that
could change spirometry results. The highest value from three
technically satisfactory attempts was recorded.

EBC was collected by using a commercially available condens-
er (EcoScreen; Erich Jaeger GmbH) according to current Ameri-
can Thoracic Society/European Respiratory Society guidelines
[14]. All measurements were performed at the same time (between
8.00-10.00 a.m.) to avoid a possible influence of circadian rhythm
on mediator concentrations in EBC. All patients were asked to
refrain from eating and drinking before collection of EBC. Ex-
haled air entered and left the chamber through one-way valves
and an inlet and outlet, thus keeping the chamber closed. Low
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Table 1. Studied patients’ characteristics

Characteristics Patients treated Patients not treated Differences between groups
with omalizumab ~ with omalizumab  of asthma patients, p
Patients, n 9 10
Sex, F/M 1/8 3/7
Age, years 49382 52.0*8.6 0.95
Duration of symptoms, years 13.4%8.1 153125 0.67
Baseline FEV, % of predicted 49.21+10.8 51.4+8.38 0.63
Blood eosinophil count, cells/mm? 294.4+283.8 170.3+72.8 0.14
Baseline FEyo, ppB 59.4+46.8 41.0+26.6 0.30
Serum total IgE, kU/1 218+123 156 £150 0.36
ET-1 (EBC), fmol/ml 2.57%0.57 2.38£0.54 0.33
ECP (serum), pg/l 25.6+18.4 16.6 6.1 0.16
ICS dose
Before the study, pg/day 1,138 £253 1,125+ 317 0.86
After 52 weeks, pg/day 1,027 195 1,125+ 317
Positive skin prick tests (mite/cat/moulds), n 9/2/3 10/3/4

Data are presented as means = SD. ICS =

Inhaled corticosteroids (fluticasone propionate equivalent).

temperature inside the condensing chamber throughout the col-
lection time produced a cooled-down sample. The temperature of
collection wasaround 0°C [15]. Patients were instructed to breathe
tidally for 10 min with a nose clip. The respiratory rate ranged
from 15 to 20 breaths/min. Patients were asked to swallow their
saliva periodically and to temporarily discontinue collection if
they needed to cough. At the end of collection 1.5- to 3.5-ml ali-
quots of condensate were transferred to Eppendorf tubes and im-
mediately frozen. Samples were stored at —-80°C [16]. The longest
storage time of EBC samples did not exceed 2 months. The sam-
ples were not concentrated or lyophilized prior to measurement.
All measurements were performed in a blinded fashion. All sam-
ples were run in duplicate. Because the marker used to correct the
difference in the degree of dilution has not yet been established,
in our study we made no attempt to assess the dilution of air-
way lining fluid in EBC. The results (ET-1) were well repeatable
[CV(%) = 5-6%]. We performed a preliminary study in which we
measured ET-1 in EBC immediately after collection, and after 1,
2, and 3 months of storage at -80°C and did not observe any
changes. Therefore, we suggest that ET-1 in EBC stored at -80°C
remains stable for at least 3 months.

Serum total IgE concentrations and serum ECP were mea-
sured using ImmunoCAP™ Technology (Pharmacia Diagnos-
tics, Uppsala, Sweden). The minimum detectable level of ECP was
2.0 pg/l. Blood eosinophil count was measured using a Hematol-
ogy Analyzer (Coulter Electronics Inc., Miami, Fla., USA). The
concentrations of ET-1 in EBC were determined using enzyme
immunoassay kits for quantitative determination (ET-1 - Bio-
medica Gruppe, Vienna, Austria). Detection limit (0 fmol/ml +
3 SD): 0.02 fmol/ml.

Analysis
As the data were normally distributed, statistical analyses
were done using an analysis of variance followed by Bonferroni’s

ET-1 in EBC of Severe Asthmatic Patients
during Omalizumab Therapy

post hoc t test to determine statistical differences. All values were
expressed as means * SD; p < 0.05 was considered significant.
The correlation between studied parameters was assessed using
Pearson’s linear correlation coefficient.

Results

The patients’ characteristics are presented in table 1.
There were no statistically significant differences be-
tween any studied parameters in either group of asth-
matic patients before the treatment.

In the group of patients treated with omalizumab, we
found a statistically significant decrease in ET-1 levels
(before therapy: 2.57 + 0.57 fmol/ml, after 16 weeks: 2.02
t 0.32, p=0.004, after 52 weeks: 1.44 * 0.34, p = 0.004)
(fig. 1) and FEyno (before therapy: 59.4 + 46.8 ppB, after
16 weeks: 31.43 £ 18.2, p = 0.01, after 52 weeks: 25.28 *
17.62, p = 0.06) (fig. 2). We also observed a statistically
significant decrease in serum ECP (before therapy: 25.6
t 18.4 png/l, after 16 weeks: 10.41 + 3.45, p = 0.02, after
52 weeks: 8.07 £ 2.59, p = 0.007) (tig. 3) and blood eo-
sinophil count (before therapy: 294.4 *+ 283.8, after 16
weeks: 136.6 * 114.5, p = 0.04, after 52 weeks: 93.5 *
81.7, p = 0.18) (fig. 4). In this group of patients, we also
noticed an improvement of spirometric indices (statisti-
cally significant increase in FEV,: before therapy: 49.2 *
10.8% of predicted, after 16 weeks: 61.5 * 10.35, p =
0.003, after 52 weeks: 66.14 * 11.9, p = 0.02) (fig. 5). Nine
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patients were assessed after 16 weeks and 7 patients after
52 weeks.

We did not observe such changes in the group un-
dergoing conventional treatment without omalizumab
(ET-1 - before therapy: 2.38 * 0.54 fmol/ml, after 16
weeks: 2.35 * 0.51, p = 0.49, after 52 weeks: 2.32 *+ 0.57,
p = 0.8; FExo — before therapy: 41.0 * 26.6 ppB, after 16
weeks: 34.8 £ 20.16, p =0.06, after 52 weeks: 38.8 + 23.8,
p = 0.37; serum ECP - before therapy: 16.6 = 6.1 pg/l,
after 16 weeks: 16.3 + 5.68, p = 0.48, after 52 weeks: 16.07
t 4.7, p = 0.69; blood eosinophil count - before therapy:
170.3 £ 72.8, after 16 weeks: 161.6 = 80.5, p = 0.97, after
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52 weeks: 162.35 £ 70.5, p = 1.0 ; FEV, - before therapy:
51.4 = 8.8% of predicted, after 16 weeks: 52.6 * 6.5,p =
0.37, after 52 weeks: 51.0 £ 8.53, p = 0.28).

In the group of patients treated with omalizumab, we
found a statistically significant correlation between the
decrease in ET-1 in EBC and a decrease in FEyq, serum
ECP and blood eosinophil count after 16 weeks of thera-
py. We also found a correlation between the decrease in
ET-1 and an increase in FEV, after therapy. After 52
weeks, we observed a statistically significant correlation
between the decrease in ET-1 in EBC and a decrease in
FEno (table 2). These parameters were not correlated in
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the group of patients treated without omalizumab (ta-
ble 3).

Omalizumab treatment was well tolerated; we did not
observe any adverse events. In the group of omalizumab-
treated patients, the doses of inhaled steroids were re-
duced in 3 patients. There were no changes in the group
treated without omalizumab. In the group of omalizu-
mab-treated patients, exacerbations of asthma were not
observed during the study. In the group of patients treat-
ed without omalizumab, exacerbations of asthma caused
by respiratory tract infections, not requiring oral ste-
roids, were observed in 4 patients. However, no patient

ET-1 in EBC of Severe Asthmatic Patients
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had exacerbations or changes in antiasthmatic treatment
during the 2 months prior to the assessments performed
during the study (before, after 16 and after 52 weeks).

Discussion

IgE plays a key role in allergic asthma. Cross-linking
by allergen of IgE bound to several cell types via high-
affinity (FceRI) or low-affinity receptors (FceRII) initi-
ates an inflammatory cascade triggering cell activity and
the release of inflammatory mediators, which contribute
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in the studied parameters after 16 and FEno ECP Eos FEV,
52 weeks of therapy in the omalizumab- r p r P r p r p
treated group
Changes after 16 weeks
ET-1 0.89  0.001 0.79  0.01 0.78 0.01 -0.65 0.07
FEno 0.63  0.04 0.69  0.03 -0.55  0.12
ECP 0.79  0.01 -0.46 0.2
Eos -0.52  0.13
Changes after 52 weeks
ET-1 0.79 0.03 0.71 0.07 0.59 0.16 -0.15  0.74
FEno 0.41 0.36 0.40 0.37 -0.37 041
ECP 092  0.003 -0.18 0.73
Eos -045 0.30

Eos = Eosinophils.

to mucosal inflammation, bronchial hyperresponsive-
ness and airway remodeling [17, 18].

The biological activity of IgE is mainly connected with
mast cell activation [19]. Mast cells are involved in the ac-
cumulation of inflammatory cells, mucosal inflamma-
tion, endothelial activation and bronchial hyperrespon-
siveness [19]. These actions are closely associated with the
secretion of cytokines such as Th2 cytokines including
interleukins 4 and 5 (IL-4, IL-5), tumor necrosis factor-a
(TNF-a), and ET-1 [19]. Mast cells could modulate airway
remodeling through release of cytokines, chemokines
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and growth factors; they could also influence many inter-
cellular interactions and lead to chronic asthma [20].

The mechanisms underlying the clinical efficacy of
omalizumab are not fully understood. However, the spec-
trum of anti-inflammatory actions of anti-IgE treatment
extends from the limitation of IgE action on effector cells
(e.g. mast cells and basophils), including a combination
of reduced free IgE levels and IgE receptor downregula-
tion and an inhibition of the accumulation of inflamma-
tory cells in the lungs, to a reduction in the release of Th2
cytokines [2].

Zietkowski et al.



Table 3. Correlations between changes

in the studied parameters after 16 and FEno ECP Eos FEV;
52 weeks of therapy in the group of . P . p . P 7 p
patients not treated with omalizumab
Changes after 16 weeks
ET-1 0.30 0.4 0.28 042 -0.04 0.89 -0.02 09
FEno 0.4 0.24 0.58  0.08 029 04
ECP 0.6 0.05 -0.38 0.26
Eos 0.02  0.95
Changes after 52 weeks
ET-1 0.33  0.35 032 0.34 -0.2 0.57 -0.42 0.22
FEno 0.03 09 0.11  0.75 0.09 038
ECP 0.08 0.82 0.18 0.6
Eos 0.19  0.58

Eos = Eosinophils.

The clinical efficacy and anti-inflammatory effect of
anti-IgE therapy with omalizumab in patients with asth-
ma has been confirmed in many clinical trials 3, 19, 21,
22]. Massanari et al. [23], in a pooled analysis including
data from five randomized trials, demonstrated that the
reduction of serum free IgE by omalizumab is associated
with a significant reduction in peripheral eosinophil
counts in allergic patients with asthma. The decrease in
FEno during omalizumab therapy was previously de-
scribed by Silkoff et al. [24]. In our study, we observed a
statistically significant decrease in parameters relating to
eosinophilic airway inflammation and FEyo. The reduc-
tion in FEyq indicates that omalizumab inhibits eosino-
philic airway inflammation. We found a statistically sig-
nificant increase in FEV|. In large trials, the main effect
of omalizumab was a reduction in acute exacerbations
with little change in lung function parameters. However,
in the INNOVATE trial, Humbert et al. [25] demonstrat-
ed that FEV, was significantly improved with omalizu-
mab compared with a placebo at study completion. In our
opinion, the improvement in FEV; observed in our study
is a consequence of the anti-inflammatory efficacy of
omalizumab therapy in those patients in whom such im-
provement was possible.

In omalizumab-treated patients, higher - but not sta-
tistically significantly higher - levels of the parameters
used in the assessment of eosinophilic inflammation
were observed. In the authors’ opinion, this is mainly re-
lated to the small group size of patients and the presence
of higher values in 3 patients in the omalizumab-treated
group. However, the authors suggest that this does not
change the essential results and conclusions of the study.

ET-1 in EBC of Severe Asthmatic Patients
during Omalizumab Therapy

The main objective of this study was to compare changes
of ET-1 in EBC during omalizumab treatment and those,
ifany, in the conventionally treated group. The difference
in the initial values of the studied parameters does not
seem to have influenced the observed changes and con-
clusions.

Analysis of the effect of this kind of treatment on the
activity and interactions of many inflammatory cells and
their ability to release many proinflammatory cytokines
and mediators suggests that long-term therapy with
omalizumab could have a beneficial effect on limiting the
development of bronchial structural changes [2, 9]. Until
now, only a few published studies have assessed the effect
of omalizumab on bronchial remodeling [2, 9]. There are
no data concerning the effect of anti-IgE therapy on ET-1
expression in the airways.

In the airways, ET-1 is found mainly in the bronchial
epithelium [26]. The increased expression of ET-1 at this
site is observed in asthma and is correlated with the se-
verity of the disease [27]. ET-1 is also synthesized by in-
flammatory cells, such as macrophages [28] and mast
cells [29], as well as by vascular endothelial cells [5].

There are many reports concerning interactions be-
tween ET-1 and other cytokines essential in asthma.
TNF-a stimulates ET-1 release from cultured bronchial
smooth muscle cells [30]. Xu et al. [30] have shown that
ET-1 can induce the expression of granulocyte-macro-
phage colony-stimulating factor (GM-CSF) in human
lung fibroblasts and, as a consequence, could directly af-
fect eosinophil infiltration into the airways. ET-1 also
evokes the release of GM-CSF, IL-6, IL-8, IL-1, TNF-a,
and TGF-a from monocytes [31]. The cooperation of
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ET-1 and other cytokines that are growth factors for
bronchial subepithelial myofibroblasts could play a cru-
cial role in airway remodeling which is the consequence
of repeated episodes of epithelial damage and repair in
asthmatic inflammation [32].

ET-1 may be involved in airway remodeling by reduc-
ing epithelial cell migration and inducing the prolifera-
tion of airway smooth muscle cells and fibroblasts. It has
also been suggested that ET-1 may contribute to slow
down repair mechanisms of asthmatic airway damage
caused by environmental agents and allergens [33].

He et al. [34] have demonstrated that in patients with
severe asthma who had a poor response to inhaled corti-
costeroids, ET-1 expression in the bronchial mucosa was
still high. The authors suggest that airway hyperrespon-
siveness in patients with severe asthma could be associ-
ated with increased ET-1 expression.

Being simple and noninvasive, EBC examination
could be exploited to detect specific levels of biomarkers
and monitor disease severity in response to appropriate
prescribed therapy. Good reproducibility in EBC volume
and mediator concentration of several markers, such as
pH, H,O,, adenosine, 8-isoprostane, was demonstrated
(14, 35]. In our previous report [36], we showed that mea-
surements of ET-1 in EBC of asthmatic patients may pro-
vide another useful diagnostic tool for detecting and
monitoring inflammation, disease severity and response
to treatment.

The results of our study indicate that during anti-IgE
therapy with omalizumab in asthmatic patients with per-
sistent severe disease, a decrease in airway ET-1 expres-
sion is observed.

The mechanisms by which omalizumab decreases air-
way ET-1 expression have not been specifically investi-
gated, but could involve the inhibition of mediators (such
as TNF-q, platelet-derived growth factor, transforming
growth factor-f) and cytokine (IL-1B, IL-6) release by
mast cells, which increase ET-1 expression on bronchial
epithelial and vascular endothelial cells, as well as a direct
decrease in ET-1 secretion by mast cells.

In 2 patients considered as nonresponders, we did not
obtain a decrease in ET-1 in EBC, or in other studied pa-
rameters. This could suggest that the beneficial clinical
effect of omalizumab treatment may also be associated
with downregulation of ET-1 in the airways.

This study has some limitations. An important weak-
ness is that it was an open-label study, not randomized,
without placebo control. The next limitation is the small
number of studied patients. Another weak point could
concern the diagnostic methods used in the study. The
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analysis of EBC is still in the experimental phase. Many
questions concerning the lack of standardization for both
the collection and analysis of EBC, and the effect of many
factors on the concentrations of EBC markers are still not
answered. More studies are needed to confirm the benefi-
cial effect of anti-IgE therapy on airway remodeling in
asthmatic patients.

Conclusions

Downregulation of ET-1 in EBC significantly corre-
lates with a decrease in the markers of allergic, particu-
larly eosinophilic, inflammation, such as FEyo, ECP or
blood eosinophil count, as well as improving spirometric
indices. These changes were observed after 16 weeks of
therapy. The follow-up observation performed after 52
weeks of treatment revealed a further, very significant,
fall in ET-1 concentrations in EBC; however, the improve-
ment of other markers of allergic inflammation were less
pronounced. This could indicate that anti-IgE therapy
has a great — and achievable - influence on eosinophilic
inflammation during the first 16 weeks of therapy. On the
other hand, the effects of many other immunological
mechanisms related to remodeling, as well as with the ac-
tion and interactions of ET-1, already observed in the first
period of treatment, significantly develop over time. This
is a very important observation that suggests that long-
term anti-IgE therapy with omalizumab in asthmatic pa-
tients could significantly limit the development of in-
flammation and bronchial structural changes.
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