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Zusammenfassung/Summary
Phosphorylierung des Transkriptionsfaktors STAT3 einher, welche mit einer erfolgreichen
Wundheilung bekanntermaßen eng verknüpft ist. Im Western Blot zeigten die pSTAT3Mengen einen den sichtbaren Wundveränderungen vorausgehenden Anstieg, jedoch ohne
Signifikanz in der semiquantitativen Messung.
Zusammenfassend zeigt die vorliegende Dissertation eine wichtige Rolle von AM im
Atemwegsepithel auf, und zwar die signifikante Beschleunigung von Wundheilung und
Zellmigration nach AM-Applikation. Auf die Expression proinflammatorischer Zytokine hatte
die AM-Stimulation dagegen keinen Einfluss.
Da gestörte Wundheilungsprozesse und migratorische Eigenschaften in der Pathogenese des
Asthma bronchiale eine Schlüsselrolle spielen, heben die genannten Ergebnisse die
Bedeutung der verminderten AM-Expression im asthmatischen Atemwegsepithel hervor. In
Zusammenhang mit den weiteren genannten Ergebnissen unserer Arbeitsgruppe aus
Zellkultur- und Tierversuchen, sowie in Einklang mit zahlreichen in dieser Arbeit diskutierten
Literaturergebnissen, bietet AM einen vielversprechenden neuen Angriffspunkt beim
Asthma bronchiale. Seine Applikation könnte zunächst innerhalb klinischer Studien am
Asthmapatienten geprüft werden.

5.2 Summary
During the last years, the airway epithelium has become a central interest of scientific
investigations regarding bronchial asthma. It serves as an efficient mechanical and
immunological barrier, protecting the healthy individual from potentially harmful inhaled
substances. However, the airway epithelium in patients suffering from asthma is
fundamentally abnormal in structure and function und reacts more sensitively to a variety of
airway components: defects in cell-cell and cell-matrix junctions, an unbalanced secretory
immune profile in favour of pro-inflammatory cytokines, dysfunctional repair processes and
other pathomechanisms lead to further injury induced by external factors, finally resulting in
chronification and progression of bronchial asthma.
The endogenous peptide adrenomedullin (AM) serves as an important regulatory factor in
various diseases. AM belongs to the calcitonin superfamily and modulates tissue processes
of different organ systems via the AM1 receptor CLR/RAMP2, the AM2 receptor CLR/RAMP3
and to a lesser extent the receptor complex CLR/RAMP1. By antiinflammatory,
vasoregulatory, wound healing, antifibrotic, bronchodilatatory and other actions AM
84

Zusammenfassung/Summary
contributes to the maintenance of normal tissue function. Regarding bronchial asthma, our
working group had shown that the intranasal application of AM significantly reduces airway
hyperreagibility and plasma extravasation of the airway mucosa in an acute OVA mouse
model of allergic airway inflammation.
For yet unknown reasons, AM expression is suppressed in bronchial asthma – by further
experiments of our working group this was shown for bronchial epithelial cells, type II
pneumocytes and endothelial cells of an acute OVA mouse model of allergic airway
inflammation, homogenized whole lungs of chronic OVA and house dust mite mouse
models, and the bronchial epithelium of atopic asthmatic children. Since there is an urgent
need for new, more specific therapeutic approaches in asthma therapy, AM provides an
interesting potential therapeutic target, especially in regard to the insufficient AM
expression in asthma patients.
Fundamentally abnormal asthmatic airway epithelium is a key contributor to the
development and progression of the disease. Therefore, the goal of this thesis was to
determine the role of AM in inflammatory and wound healing processes of the human
airway epithelium to further underline the importance of the reduced epithelial AM
expression. We conducted in vitro examinations of human immortalized bronchial epithelial
(HBE) cells and alveolar A549 cells. We were able to demonstrate the expression of AM, CLR,
RAMP1, RAMP2 and RAMP3 on mRNA-level in both cell lines via qualitative PCR. Following
this, we used quantitative real time PCR and ELISA to investigate the impact of AM on the
expression of cytokines by the airway epithelial cells. The stimulation with the proinflammatory cytokines TNF-α and IL-1β upregulated the AM gene expression, whereas IL-4,
IL-13 and IFN-γ had no relevant impact. TGF-β even significantly lowered the AM expression
in A549, as already documented in a few other cell types. The application of AM itself had no
influence on the expression of pro-inflammatory cytokines; this was shown by a missing
effect of AM stimulation on the TNF-α- and IL-1β-induced upregulation of the in asthma
relevant pro-inflammatory cytokines IL-6 and IL-8 and the leukocyte-recruiting adhesion
molecule ICAM-1. These results correspond to other results of our working group which,
irrespective of the positive AM effects on AHR and plasma extravasation, show a missing
influence of AM on the levels of OVA-specific IgE antibodies in the serum and of Th2
cytokines and leukocytes in the BAL of mice of an acute OVA model of allergic airway
reaction.
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Abstract
Background: The anti-inflammatory peptide, adrenomedullin (AM), and its cognate receptor are expressed in lung tissue, but its pathophysiological significance
in airway inflammation is unknown.
Objectives: This study investigated whether allergen-induced airway inflammation
involves an impaired local AM response.
Methods: Airway AM expression was measured in acute and chronically sensitized
mice following allergen inhalation and in airway epithelial cells of asthmatic and
nonasthmatic patients. The effects of AM on experimental allergen-induced airway inflammation and of AM on lung epithelial repair in vitro were investigated.
Results: Adrenomedullin mRNA levels were significantly (P < 0.05) reduced in
acute ovalbumin (OVA)-sensitized mice after OVA challenge, by over 60% at
24 h and for up to 6 days. Similarly, reduced AM expression was observed in
two models of chronic allergen-induced inflammation, OVA- and house dust mite
–sensitized mice. The reduced AM expression was restricted to airway epithelial
and endothelial cells, while AM expression in alveolar macrophages was unaltered. Intranasal AM completely attenuated the OVA-induced airway hyperresponsiveness and mucosal plasma leakage but had no effect on inflammatory cells
or cytokines. The effects of inhaled AM were reversed by pre-inhalation of the
putative AM receptor antagonist, AM(22-52). AM mRNA levels were significantly
(P < 0.05) lower in human asthmatic airway epithelial samples than in nonasthmatic controls. In vitro, AM dose-dependently (1011–107 M) accelerated experimental wound healing in human and mouse lung epithelial cell monolayers and
stimulated epithelial cell migration.
Conclusion: Adrenomedullin suppression in TH2-related inflammation is of pathophysiological significance and represents loss of a factor that maintains tissue
integrity during inflammation.

Abbreviations
AHR, airway hyperresponsiveness; AM1 and AM2 receptors,
adrenomedullin receptors; AM, adrenomedullin; BAL,
Bronchoalveolar lavage; CGRP1Rs, calcitonin gene–related peptide1 receptors; CLR, calcitonin-like receptor; HDM, house dust mite;
OVA, ovalbumin; RAMPS, receptor-activity-modifying proteins.
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Allergic asthma is a chronic inflammatory disease of the
airways characterized by eosinophilic inflammation, TH2
cell-associated cytokine production, and airway hyperresponsiveness (AHR). Dysregulation of interactions between the
airway epithelium and mucosal immune system is considered
to be a major promoter of the disease (1, 2).
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Adrenomedullin (AM) is a 50/52 amino acid peptide
(mouse/human) (3) that is expressed in bronchio-alveolar epithelial cells, alveolar macrophages, endothelium, and smooth
muscle cells (4–6). In other mucosal tissues, AM is induced
in response to bacterial exposure (7) and appears to act
locally to dampen inﬂammation and support tissue homeostasis, by suppressing pro-inﬂammatory cytokine synthesis
and promoting wound healing (8, 9). AM may be a normal
part of the inﬂammatory response as it is induced in response
to inﬂammatory injury in the lung, heart, liver, and kidney
and during experimentally induced sepsis (10). Mice overexpressing AM are resistant to septic shock (11).
Adrenomedullin exerts its biological actions through calcitonin gene–related peptide-1 receptors (CGRP1Rs) and speciﬁc AM receptors (AM1 and AM2 receptors), which are
pharmacologically unique, but share a common molecular
structure known as the calcitonin-like receptor (CLR). The
function and ligand speciﬁcity of CLR depends on the coexpression of the so-called receptor-activity-modifying proteins
(12). Coexpression of CLR with RAMP-1 generates a CGRP
receptor, while coexpression with RAMP-2 generates an AM
receptor. AM activation of CLR-RAMP2 can be competitively antagonized by AM(22-52).
Although the anti-inﬂammatory actions of AM are well
described and the peptide and its cognate receptor are known
to be expressed in lung tissue, little is known concerning the
possible role of AM in airway inﬂammation. This study
aimed to test the hypothesis that the pathophysiology of
allergic airway inﬂammation involves impaired AM response
within the airways.
Material and methods

Down-regulation of adrenomedullin during asthma

Measurement of immunoglobulins
Blood samples were taken from the axillary vessels, 48 h
after the last challenge, and serum levels of anti-OVA
IgE were measured by ELISA, as previously described
(13, 14).

Measurement of cytokines
Cell-free supernatants from BAL ﬂuids were analyzed for IL5 and IL-13 as described previously (13, 15). The ELISA
detection limit of each ELISA was 10 pg/ml.

Measurement of albumin
Albumin was measured in cell-free supernatants from BAL
ﬂuids using an ELISA as described by the manufacturer (Bethyl
Laboratories delivered by Biomol, Hamburg, Germany).
Isolation of primary tracheal epithelial cells (MTECs),
primary alveolar type II epithelial cells (AECII), primary
alveolar macrophages, and lung endothelial cells
Isolation of primary cells is described in Data S1.

Gene expression analysis
Human primary cells, human bronchial epithelial (HBE)
cells, primary mouse cells, LA4-cells, and mouse lung tissues
were processed for gene expression analysis, as described in
the Data S1. For primer sequences, see Table S1 in this
article’s Data S1.

Methods are described in detail in Data S1.
Laser-assisted microdissection
Patients and sampling procedure

See Data S1.

See Data S1.
Cell culture
Animals
See Data S1.

Human bronchial epithelial- and LA4- epithelial cells were
cultivated as described in Data S1.

Mouse models of allergic airway inflammation

Wound-healing assay and in vitro migration assay

Acute ovalbumin (OVA)-(13), chronic OVA-, and House
dust mite–induced allergic airway inﬂammation model were
performed as described and shown in Data S1 and Fig. S1.

Wound-healing assay and in vitro migration assay were performed, as described in Online Repository.

Statistical analysis
Determination of AHR
Airway hyperresonsiveness was determined as described in
Data S1.
Bronchoalveolar lavage
Bronchoalveolar lavage (BAL) was performed, as previously
described (13).

Allergy 67 (2012) 998–1006 © 2012 John Wiley & Sons A/S

Data analyses were performed using the PRISM 4 Software
package (GraphPad Software, San Diego, CA, USA).
Where appropriate, a two-tailed Student’s t-test was used
for the analysis. For multiple group comparisons, one-way
ANOVA followed by Tukey’s post-test was applied. Each set
of data was expressed with the standard error of the mean
(SEM), and P values of  0.05 were regarded as statistically signiﬁcant.

999

Down-regulation of adrenomedullin during asthma

Hagner et al.

Results

ferent cell types (airway epithelial cells, type II pneumocytes,
endothelial cells, and alveolar macrophages) isolated from
the lungs of mice. Compared to sham-sensitized control mice,
allergen-challenged OVA-sensitized mice had signiﬁcantly
reduced levels of AM mRNA in structural cells of the airway, namely, epithelial (P < 0.05) (see Fig. 2A,B) and endothelial cells (P < 0.001) (Fig. 2C), but unchanged levels in
alveolar macrophages (Fig. 2D). These ﬁndings were conﬁrmed in parallel analysis of cells isolated from bronchi and
septa using laser-assisted microdissection. A signiﬁcant
(P < 0.05) (Fig. 2E) reduced level of AM mRNA was
detected in microdissected airways. A lower level of AM
mRNA was also observed in the microdissected septa of
allergen-challenged OVA-sensitized mice, but this did not
reach statistical signiﬁcance (Fig. 2F).

Adrenomedullin mRNA and peptide levels were reduced in
allergen-induced airway inflammation
During acute airway inﬂammation in a well-established
adjuvant-free mouse model of OVA allergy-induced airway
inﬂammation, whole lung levels of AM mRNA were signiﬁcantly (P < 0.05) reduced, 48 h after allergen challenge of
OVA-sensitized mice, when compared to sham-sensitized
mice (see Fig. 1A). There was a parallel signiﬁcant decrease
in AM peptide content of BAL (P < 0.001) (Fig. 1B) and of
systemic plasma (P < 0.05) (Fig. 1C), suggesting a downregulation of AM biosynthesis. The kinetics of this apparent
reduced AM expression indicated a nadir for mRNA levels
at days 1 and 2 (P < 0.001) after allergen challenge with a
slow return to baseline levels by day 6 (Fig. 1D).

Allergen-induced reduction in AM expression was also
demonstrated in two additional mouse models of
allergen-induced airway inflammation

Allergen-induced reduction in airway AM expression appears
restricted to epithelial and endothelial cells, with no change
in macrophage expression of AM

To elucidate whether the reduced AM expression in the acute
OVA model of allergic airway inﬂammation represents only a
phenomenon during the acute phase, these studies were extended
to the chronic OVA model. Compared to sham-sensitized mice,

To identify the cellular location of the reduced AM
expression observed in the whole lung of allergen-challenged
OVA-sensitized mice, AM mRNA levels were quantiﬁed in dif-
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Figure 1 Adrenomedullin (AM) airway expression after allergen
challenge of ovalbumin (OVA)-sensitized Balb/c mice. Mice were
subcutaneously sensitized with OVA followed by an OVA aerosol
challenge on three consecutive days. The control mice were shamsensitized with PBS and then challenged with OVA aerosol (Fig.
S1A). (A) AM mRNA levels were determined in whole lung homo-
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genates by real-time PCR. (B,C) AM protein levels in bronchoalveolar lavage and plasma were determined by AM-EIA – 48 h after the
last challenge. (D) kinetic of AM expression in lung homogenates
by real-time PCR. Data are shown as mean ± SEM of values of
eight mice per group and represent one of three independently performed experiments. *P < 0.05, **P < 0.01, ***P < 0.001.
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Figure 2 Adrenomedullin (AM) expression in different cell types of
the lung after allergen challenge of ovalbumin (OVA)-sensitized
Balb/c mice. Quantitative real-time polymerase chain reaction analysis for AM mRNA of (A) tracheal epithelial cells, (B) type II pneumocytes), (C) endothelial cells, (D) alveolar macrophages and (E,F)
laser microdissected bronchi and septa, of OVA-sensitized/

challenged and control mice (treatment of the mice Fig. S1A). Cells
were isolated from OVA-sensitized/challenged mice and control
mice as described in material and methods. Data are shown as
mean ± SEM of values of six animals per group and represent one
of two independently performed experiments. *P < 0.05,
**P < 0.01, ***P < 0.001.

chronically challenged, OVA-sensitized mice had signiﬁcantly
(P < 0.001) reduced whole lung AM mRNA levels after chronic
allergen challenge (48 h after last challenge). AM mRNA levels had began to return to baseline after 4 weeks of no further
allergen challenge (=resolution) and, after 8 weeks, had returned
to baseline levels (Fig. 3A). A similar signiﬁcant (P < 0.05)
reduction in AM mRNA levels was seen after chronic allergen
challenge of house dust mite–sensitized mice (Fig. 3B), which
represents a clinically relevant inhaled allergen.

provide an anti-inﬂammatory effect that compensates for the
down-regulation of airway AM. The data indicate that the
signiﬁcant (P < 0.001) increased responsiveness of airways
(AHR) of allergen-challenged, OVA-sensitized mice was signiﬁcantly (P < 0.01) attenuated by inhaled AM (Fig. 4A).
This effect of inhaled AM was signiﬁcantly (P < 0.05)
blocked by pretreatment with the AM receptor antagonist
AM(22-52), indicating that AM acted via the speciﬁc AM
receptor.
Further investigations with this pharmacological model
investigated the effect of inhaled AM on systemic and local
inﬂammatory parameters. The allergen-challenged, OVAsensitized mice exhibited the characteristic increase in
OVA-speciﬁc IgE levels, BAL cell content of primarily eosinophils and lymphocytes, and Th2-cytokine (IL-5 and IL13) levels. These were not affected by inhaled AM (Fig. 4B

Intranasal administration of AM attenuates allergen-induced
AHR and plasma leakage without any effect on
pro-inflammatory cells and cytokines
Next, in pharmacological experiments, we tested whether
inhaled AM in allergen-challenged, OVA-sensitized mice may
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–D) (data for eosinophils, lymphocytes, and IL-13 are not
shown).
We next investigated the effect of inhaled AM on the
plasma extravasation of the airway mucosa that accompanies
allergen-induced airway inﬂammation. Increased BAL albumin levels were taken as a measure of mucosal plasma
extravasation (16) and there was a signiﬁcant (P < 0.01)
increase at 72 h after allergen challenge in OVA-sensitized
mice (Fig. 4E). Inhaled AM signiﬁcantly attenuated
(P < 0.001) the allergen-induced elevation (at 48 h) of BAL
albumin by about 60%. This effect of inhaled AM was, in
turn, signiﬁcantly (P < 0.001) inhibited by pretreatment with
AM(22-52) (Fig. 4F).
Reduced airway AM expression was observed in human
asthmatic airway epithelial samples
Using human airway tissue, we made a preliminary step to
ascertain whether our ﬁndings in murine allergy models are
of relevance to human asthma. We investigated whether
expression of AM is reduced in the human asthmatic airway.
Levels of AM mRNA were quantiﬁed in samples of total
RNA, obtained from airway epithelial cells isolated from
nonatopic healthy (n = 21) and atopic asthmatic children
(n = 14). The clinical and demographic characteristics of the
children and procedure for extracting total mRNA have been
previously published (17) and are summarized, along with
the method for quantifying AM mRNA in these samples, in

hAM gene expression
relative to PPIA

A

the Data S1. As shown in Fig. 5A, epithelial cells of asthmatic children had signiﬁcantly (P < 0.05) reduced AM gene
expression, as compared to nonatopic healthy children.
Lower AM gene expression in airway epithelial cells of asthmatics children was corroborated by lower protein expression
observed. Results showed a marked reduction in the intensity
of AM-speciﬁc staining, from epithelial cells derived from the
same asthma patients, as compared with their healthy control
group counterparts (Fig. 5B).
AM enhanced human and murine epithelial wound repair
in vitro
Because of our ﬁnding of reduced AM expression in experimental and clinical allergen-induced airway inﬂammation, we
next investigated the possible role of AM in the airway epithelium. AM was applied to an in vitro model of epithelial
wound healing. In separate experiments with monolayers of
different airway epithelial cells (HBE and LA4 cells), we initially conﬁrmed the expression of the AM receptor system
(CLR/RAMP2) as well as AM itself within these cell lines
(Fig. 6A,B). The rate of closure of a ‘wound’ in the cell
monolayer, by a single incision, was measured in the presence
and absence of AM after 24-, 48-, and 72-h incubation (after
72 h the monolayer was conﬂuent). This effect of AM was
reversed in the presence of the AM receptor antagonist
AM(22-52), which indicated that the observed AM -stimulated
wound closure was a speciﬁc receptor-mediated effect
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Figure 5 Adrenomedullin (AM) gene and protein expression in
healthy and asthmatic epithelium. (A)Total RNA extracted from
healthy nonatopic airway epithelial cells (Healthy) and atopic asthmatic airway epithelial cells (Asthma) was assessed for AM gene
expression using quantitative polymerase chain reaction. In asth-
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Asthmatic AM

Asthmatic merged

Asthmatic merged

matic, expression of AM was approximately 20-fold lower than that
in healthy airway epithelial cells. *P < 0.05. (B) Immunocytochemical staining for AM protein expression results with a marked reduction in AM-specific staining intensity in asthmatic epithelial cells
compared to their healthy counterparts. Note: magnification 6009.
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Figure 6 Adrenomedullin (AM) promotes airway epithelial wound
repair and cell migration in vitro Evidence of expression of AM and
its receptor system (CLR/RAMP2/RAMP3) in (A) human bronchial
epithelial (HBE) and (B) LA4 cells. Confluent monolayers of (C) HBE
and (D) LA4 cells were scratched, and the kinetics of wound closure was monitored in monolayers grown in medium only (basal) or
in medium with 10 8 M adrenomedullin (AM), or with 10 8 M AM

and AM(22-52) (inhibitor) at 24 h. Cells were pre-incubated for 30 min
with the inhibitor before applying AM;(E) Dose-dependent effect of
AM on epithelial regeneration (wound healing) in HBE cells; (F)
Effect of AM on HBE cell migration in a Transwell migration assay
in comparison with cells incubated with medium alone (basal). Data
are shown as mean ± SEM of three independently performed
experiments. *P < 0.05, **P < 0.01, ***P < 0.001.

(Fig. 6C,D). A potent and dose-dependent (10 11–10 7 M)
increase in the rate of wound closure was observed with AM
(Fig. 6E). (Similar results were observed for A549 cells, data
not shown). As wound repair involves movement or spreading of epithelial cells and/or cell proliferation, we investigated
whether AM might affect these processes. As shown in
Fig. 6F, AM at a concentration of 10 8 M signiﬁcantly
increased the degree of cell migration. However, different
concentrations of AM (10 7 M–10 11 M) had no effect on
the proliferation of the tested epithelial cell lines (data not
shown).

One major novel ﬁnding of this study is the decreased
expression of lung AM during allergen-induced airway
inﬂammation. This is notable, especially as it contrasts with
increased AM expression that is reported in typical TH1related inﬂammation such as sepsis (18, 19). Our consistent
ﬁndings, in different mouse models of allergic airway inﬂammation, suggest that down-regulation of the anti-inﬂammatory AM represents a pathophysiological characteristic of allergic
inﬂammation. That AM down-regulation is a key pathophysiological process in the development of allergen-induced
airway inﬂammation is suggested by (i) the rapidity of AM
down-regulation in response to exposure to allergen; and (ii)
the sustained AM down-regulation in response to persistent
allergen exposure. Interestingly, Fujikura and Okubo recently
reported that nasal AM levels are reduced in rhinitis
patients (20).
Furthermore, we provide evidence that, in allergic airway
inﬂammation in the mouse, AM expression is speciﬁcally
down-regulated within the airway epithelium and mucosal
vascular endothelium, which are sites of pathophysiological
changes in the asthmatic airway (16, 21).
On the basis of these ﬁndings, we applied exogenous AM,
via inhalation, directly to the airway to test whether AM

Discussion
Although AM is known to have potent anti-inﬂammatory
pharmacological effects and to be present in the lung, its role
in airway inﬂammatory disease, such as asthma, has not been
investigated in detail. As AM is considered to act as a local
autocrine/paracrine regulator of tissue homeostasis (8), we
hypothesized that impairment of airway expression of AM
may contribute to dysregulation of epithelial and mucosal
function in allergen-induced airway inﬂammatory diseases
such as asthma.
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replacement may attenuate the phenotype of allergic airway
inﬂammation. We conﬁrmed in mice the earlier ﬁnding in
guinea pig (22), that inhaled AM inhibits allergen-induced
AHR and airway mucosal extravasation, while additionally
showing that this is a speciﬁc AM receptor-mediated effect.
We also showed that inhaled AM had no simultaneous
effect on the allergen-induced increase in BAL content of
leukocytes and TH2/TH1 cytokines. These results suggest
that AM exerts vascular effects without directly affecting
the immunological components of airway inﬂammation.
However, this requires further investigation including the
application of higher doses of AM. Consistent with our
ﬁndings, OVA-sensitized and challenged AM heterozygous
mice (23) did not inﬂuence airway allergen inﬂammatory
responses but enhanced AHR to allergen. The therapeutic
potential of AM as a targeted treatment of AHR is underscored by the recent ﬁnding that AHR, and not airway
inﬂammation, may be the primary factor of asthma-induced
airway remodeling (24).
The inhibition by AM of allergen-induced mucosal
plasma extravasation is consistent with the known vascular
stabilizing effects of AM (11, 25, 26) and may be of possible clinical signiﬁcance. It is well established that AM inhibits plasma extravasation (27) with the postcapillary
endothelium being a particular AM target (28). AM also
reduced lung permeability in an acute lung injury model of
rats (29). Although plasma leakage in the asthmatic airway
mucosa has long been considered (30) a hallmark of the disease, its pathophysiological signiﬁcance has remained
unclear. Recently, Khor et al. (16) demonstrated a clear
association between the occurrence of plasma protein
extravasation in bronchial tissues and a worsening of clinical asthma.
Epithelial dysfunction is now recognized as an important
feature of airway inﬂammatory disease with disruption of
epithelial tight junctions and increased permeability,
impaired innate immunity, reduced local antioxidant protection, and defective epithelial repair processes (1, 21, 31, 32).
In contrast to the well-known vascular effects of AM, the
role of AM in the epithelium is unclear and was investigated here in regard to airway inﬂammation. Revealing the
suppression of AM expression in the mouse airway epithelium, in a model of allergic airway inﬂammation, we were
also able to demonstrate this in atopic pediatric asthmatic
patients, underscoring the relevance of our ﬁndings to
humans. AM has been shown previously to promote lung
growth and repair in neonatal mice, effects that were considered to be due to the vascular stabilizing effects of AM
(33). We have shown before that human asthmatic airway
epithelial cells have a slower than normal proliferation rate
and a considerably impaired wound-healing property (33).
Here, we provide evidence that, in vitro, AM may directly
promote human and mouse airway epithelial repair, by
stimulating cell migration but without affecting cell proliferation. These in vitro ﬁndings are the ﬁrst evidence that AM
may act to support and restore airway epithelial barrier
function, as has been demonstrated in experimental intestinal inﬂammation (34).
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Taken together, our ﬁndings strongly suggest that
decreased AM expression in airway TH2-related inﬂammation
may be a pathophysiological factor in airway inﬂammatory
diseases, such as asthma, as it represents the loss of a factor
that acts to maintain tissue integrity in the presence of
inﬂammation. Of note, our data indicate that, in the airway
mucosa, AM may act primarily to promote tissue repair and
maintain microvascular function without any direct effect on
the processes that initiate and drive inﬂammation. Further
studies are required (i) to determine whether direct effects of
AM on the airway epithelium and mucosal microvasculature
underlie the attenuation of AHR observed after AM inhalation; and (ii) to assess AM and its cognate receptor as potential therapeutic targets for asthma therapy.
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Anhang: Abkürzungsverzeichnis
TGF-β1

transforming growth factor β1 (Transformierender
Wachstumsfaktor β1)

Th1-Zelle

T-Helferzelle vom Typ 1

Th2-Zelle

T-Helferzelle vom Typ 2

TIFF

tagged image file format

TLR

Toll-Like-Rezeptor

TNF-α

Tumor-Nekrose-Faktor-α

TSLP

thymic stromal lymphopoietin

TTBS

tris-tween buffered saline (Tris-Tween-gepufferte Salzlösung)

u. a.

unter anderem

V

Volt

v. a.

vor allem

VCAM-1

vascular cell adhesion molecule-1 (vaskuläres Zelladhäsionsmolekül-1)

VE

vollentsalzt

xg

mal g [Erdschwerebeschleunigung]

z. B.

zum Beispiel

Anmerkung: Die Abkürzungen der Puffer „RLT“, „RW1“ und „RPE“ stammen von der Firma
Qiagen GmbH, Hilden. Die Abkürzung des Röntgenfilms Hyperfilm „ECL“ stammt von der
Firma GE Healthcare, Amersham (UK). Die genauere Bedeutung ist nicht bekannt.
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6.4 Abbildungs- und Tabel
abellenverzeichnis
6.4.1

Western Blots in vo
vollständiger Abbildung

Im folgenden Abschnitt sind
ind die kompletten Western Blots zu finden
nden, aus denen im
Ergebnisteil nur die jeweils
eils gesuchten Banden gezeigt sind. Als Ma
Marker diente der
MagicMarkTM XP von Invitro
itrogenTM Life TechnologiesTM (siehe Abb.. 11
1 in Material &
Methoden). pSTAT3- sowie STAT3-Antikörper
STA
binden die Isoformen STAT3
AT3α und STAT3β (86
kDa bzw. 79 kDa Moleku
lekularmasse); sie werden je nach Zelltyp
lltyp und -alter in
unterschiedlichem Verhältnis
nis eexprimiert (Biethahn et al. 1999). Der β-Akt
Aktin-Antikörper zur
Ladungskontrolle bindet beii 42 kDa.

Abbildung 27 Anstieg von pSTAT3
3 nach
na Stimulation mit IL-6 in HBE-Zellen. Entspricht Abb
Abbildung 24 im
Abschnitt 3.5.3.1. Detektion von pSTA
pSTAT3 (links), Gesamt-STAT3 (Mitte) und β-Aktin (rechts
chts).

Abbildung 28 Anstieg von pSTAT3
3 nach
na Wundsetzung in HBE-Zellen (oben) und A549-Zell
Zellen (unten).
Entspricht Abbildung 25 in Abschnitt
nitt 3.5.3.2. Detektion von pSTAT3 (links), Gesamt-STAT3
AT3 (Mitte) und β-Aktin
(rechts).
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