
Editorial

Lungenerkrankungen geh�ren zu den wesentlichen Erkran-
kungen weltweit, die WHO erwartet, dass sie in absehbarer
Zeit hinsichtlich Morbidit�t und Letalit�t die Spitzenpositi-
on �bernehmen.

Lungenerkrankungen sind entweder proliferative – Bronchi-
alkarzinom, Lungenfibrose, pulmonale Hypertonie – oder
degenerative Erkrankungen (COPD, Emphysem). F�r einige
dieser Erkrankungen konnte eine Verlangsamung der Er-
krankungsprogression erreicht werden, kausale Therapie-
ans�tze gibt es jedoch nicht. Nur f�r die Mukoviszidose
konnte f�r eine spezifische Mutation eine Korrektur des
Basisdefekts und damit quasi eine Heilung erreicht werden.

F�hren chronische Erkrankungen zu einer respiratorischen
Insuffizienz bleibt die Lungentransplantation die einzige
Option, um das Leben zu verl�ngern und eine bessere Le-
bensqualit�t zu schaffen. Allerdings stehen knapp 400 Lun-
gentransplantationen in Deutschland pro Jahr eine halbe
Million „End Stage“ Patienten gegen�ber, ein krasses Miss-
verh�ltnis.

Zwei Therapieoptionen k�nnten Abhilfe schaffen: Die Wei-
terentwicklung von kurzzeitig einsetzbaren extrakorporalen
Unterst�tzungssystemen zu einem chronischen Organersatz
und die Stammzelltherapie zur Korrektur von Gendefekten
und zum Ersatz von zerst�rtem Geweben. F�r beides hat es
in den letzten Jahren erste ermutigende Ergebnisse gege-
ben, allerdings gibt es bei weitem mehr offene Fragen als
Antworten.

Das dritte internationale Symposium des Deutschen Zen-
trums f�r Lungenforschung (DZL) widmet sich schwer-
punktm�ßig diesen beiden Themenbereichen. Es fand vom

8. – 10. Mai 2014 am DZL-Standort Hannover in Kooperation
mit dem Exzellenzcluster REBIRTH unter dem Thema „Lung
Regeneration and Beyond – BREATH meets REBIRTH“ statt.

Neben f�hrenden internationalen Wissenschaftlern und
�rzten zum Thema Stammzellen, Organersatz und Trans-
plantation stellten Nachwuchswissenschaftler aus DZL-
und REBIRTH ihre Arbeiten in Vortr�gen und auf Postern
vor. Die Mischung aus internationalen Koryph�en und
Nachwuchswissenschaftlern schuf beim Symposium eine
besondere Atmosph�re.

Die nachfolgenden Abstracts geben einen Einblick in den
aktuellen Stand der wissenschaftlichen Entwicklung in die-
ses hochaktuelle Forschungsgebiet.

Prof. Dr. Axel Haverich, Sprecher des Exzellenzclusters REBIRTH und Pro-
fessor Dr. Tobias Welte, Standortdirektor BREATH und Direktor im DZL,
beide Klinikdirektoren an der Medizinischen Hochschule Hannover

& Korrekturexemplar: Ver�ffentlichung (auch online), Vervielf�ltigung oder Weitergabe nicht erlaubt! &

Pneumologie 2014; 68: 1–25 Georg Thieme Verlag KG Stuttgart · New York

1Abstracts

3rd International DZL Symposium
“Lung Regeneration and Beyond – BREATH meets REBIRTH”

Datum/Ort: 8.–10. Mai 2014, Hannover

Presidents: Prof. Dr. Tobias Welte
Prof. Dr. Dr. Axel Haverich



Disease Area: Asthma & Allergies
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Species comparison of interleukin-13 induced
airway hyperreactivity in precision-cut lung
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Interleukin-13 is a key cytokine of asthma and elevated in asthmatics
resulting in airway hyperresponsiveness (AHR). AHR is a hallmark of
allergic asthma defined as exaggerated bronchoconstriction in response
to contractile stimuli. Research for the development of new drugs is
mainly based on appropriate in vivo and in vitro models. There is a need
for translational models with improved predictivity for human. For com-
parison of different species we used precision-cut lung slices (PCLS) and
assessed IL-13 induced hyperreactivity in PCLS of mice, rats, and hu-
mans. PCLS were prepared from Balb/c mice, Brown Norway rats, and
humans. IL-13 receptor was stained in the airways of mouse, rat and
human PCLS by immunohistochemistry. Airways of all species were pre-
incubated with 100 ng/mL IL-13. Subsequently, bronchoconstriction was
induced by addition of methacholine (MCh) and visualized by videomi-
croscopy. IL-13 receptor was present in epithelial cells and smooth mus-
cle cells in PCLS of all species. Methacholine-induced bronchoconstric-
tion in mouse exhibited an EC 50 of 80 nM and decreased by pre-incu-
bation with IL-13 to 50 nM, in rat from 220 nM to 170 nM and human
from 180 nM to 47 nM MCh. In general, pre-incubation of PCLS in the
presence of IL-13 resulted in all species in stronger bronchoconstriction
at maximum methacholine concentration. Maximal constriction of in-
itial airway area resulted in mouse in Cmax 61% by control and de-
creased in IL-13 pre-incubated tissue to 80%, in rat by 49% to 69% and
human by 85% to 94% compared to untreated tissue. This study shows
that IL-13 receptor is similar distributed in epithelial cells and smooth
muscle cells of all three species. IL-13 induced airway hyperreactivity in
all tested species with different methacholine sensitivity. In future stu-
dies, PCLS will be used for pre-clinical studies to valuate the antagonist
efficacy.
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Deregulation of ORMDL 3 expression induces
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The asthma-susceptibility gene ORMDL 3 is an ER transmembrane pro-
tein previously associated with sphingolipid metabolism, the unfolded
protein response, Ca2+ homeostasis, T-cell activation, and antiviral re-
sponses. However, the functional relevance of ORMDL3 in asthma
pathogenesis remains elusive. Using the fruit fly Drosophila melanoga-
ster as a model, we mimicked the situation found in patients at risk for
asthma by increasing the expression of ormdl, the sole Drosophila
homolog of ORMDL 3, in the airway epithelium. Although ormdl over-
expression did not overtly affect epithelial integrity, it increased the
susceptibility to airborne stressors, such as cigarette smoke and hypoxia.
When confronted by daily doses of cigarette smoke, flies overexpressing
ormdl in the airway epithelia had a significantly shortened lifespan
compared to matched controls. Moreover, these animals exhibited a
much stronger behavioral response to hypoxia, and signaling systems
such as the unfolded protein response and the TOR/PI3K pathway lost
their ability to react to this stressor. In addition, overexpression of ormdl
in the airways drastically reduced the output of signaling pathways
associated with repair mechanisms, including EGFR and Notch signaling.
These molecular changes were accompanied by changes in the lipid
profile that resembled the situation observed in asthmatic airways. On

the basis of these findings, we conclude that ORMDL proteins increase
the stress status of the airway epithelium, which increases susceptibility
to stress factors and increases the probability of developing asthma.
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mite-allergens with regard to the allergic
phenotype
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The common causes for respiratory allergies and allergic asthma are
house dust mites (HDM). Not all HDM-allergic patients are detected by
use of commercially available aqueous HDM-extract. Especially with
regard to lipophilic allergens a lot of information is still lacking which
is due to their low concentration in the respective extracts or because
they are hidden in a complex matrix. However, there is evidence from
other allergen sources that lipophilic allergens are associated with se-
vere clinical reactions. For studying these allergens in more detail as
probable cause for HDM-asthma and for improving diagnostic tests,
lipophilic allergens need to be identified, isolated and characterized in
order to determine their allergenic risk. In the case of house dust mite
some hydrophobic allergens have already been identified (e.g. Der p 5, 7,
13, and 14). For studying interactions of these allergens with the epithe-
lial cells of the respiratory tract a high amount of purified and well
characterized single allergens is needed. Therefore, we started with the
expression of recombinant allergens (e.g. Der p 5, 7, and 13) in E. coli
and Pichia pastoris. In parallel, we use sera from patients with different
clinical phenotypes for further component-resolved investigations with
the recombinant HDM-allergens Der p 1, 2, 4, 5, 7, 10, 11, 14, 15, 18, 21,
and 23, applying immunoblot analysis. Up to now 43 sera of which the
majority showed an IgE-reactivity against the major allergens Der p 1
and 2, were tested; one patient reacted with Der p 7, five with Der p 5
and one with Der p 21. Future work will focus on the significance of
selected hydrophobic HDM-allergens which are associated with allergic
asthma. We will address the interaction of the single allergens with
epithelial cells, probable receptor activation and cell uptake.

4
Investigating the role of BAFF in different mouse
models of allergic asthma
Lorenz A1,3, Busse M1, Dal�ge K1, Behrendt AK2,
Hansen G1,3,*, Meyer-Bahlburg A1,3,*
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*equal contribution Introduction: The cytokine B cell activating factor
of the TNF family (BAFF) is crucial for the homeostatic development,
differentiation and proliferation of B cells in the periphery. It is well
known that elevated BAFF levels are associated with autoimmune dis-
eases but its role in allergic diseases including asthma is barely under-
stood. Aims and objectives: To better comprehend the role of BAFF in
allergic asthma we started analyzing BAFF in murine asthma models.
Methods: Wildtype (WT) and B cell deficient (mMT) mice were immu-
nized with ovalbumin (OVA) or house dust mite (HDM). Bronchoalveolar
lavage fluid (BALF) was measured morphometrically, airway hyperreac-
tivity (AHR) by invasive lung function and BAFF via ELISA. Results:
Asthmatic WT mice showing lung eosinophilia and severe AHR have
significantly elevated BAFF serum levels compared to controls. Addition-
ally, in OVA-induced respiratory tolerant mice, BAFF levels are lower
than in allergic mice. Kinetic studies demonstrate that BAFF levels in-
crease, the more often allergen is administered intranasally suggesting
local BAFF production in the asthmatic lung. Furthermore, BAFF deter-
mination in BALF showed increased levels in allergic compared to con-
trol mice. To test, whether BAFF is related to elevated IgE levels during
asthma, BAFF production in mMT mice was analyzed. Allergen treated
mMT mice develop a similar allergic phenotype compared to WT mice
and show increased BAFF levels in serum and BALF even in IgE absence.

& Korrekturexemplar: Ver�ffentlichung (auch online), Vervielf�ltigung oder Weitergabe nicht erlaubt! &

Pneumologie 2014; 68: 1–25 Georg Thieme Verlag KG Stuttgart · New York

2 3rd International DZL Symposium | 8.–10. Mai 2014, Hannover



Conclusions: In asthma models, allergic mice show elevated systemic
and local BAFF levels, which increase with the frequency of allergen
uptake via the lung and are independent of IgE presence. Thus, BAFF
inhibition, recently permitted for treatment of systemic lupus erythe-
matodes, might represent a new therapeutic target in allergic asthma.

5
RORgt-specific RNAi decreases allergic airway
inflammation and airway hyperresponsiveness in
a mouse model of neutrophilic asthma
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Introduction: Recent studies suggest T helper 17 (Th 17) cells as impor-
tant players in the progression of asthma towards a severe phenotype.
Characterized by the production of pro-inflammatory cytokines like
TNF-a, IL-1ß, IL-22 and IL-17A, Th 17 cells appear to act as general pro-
moters of chronic inflammatory responses. These effector functions are
regulated by the transcription factor Retinoic acid-related Orphan Re-
ceptor gamma (RORg) t, which is essential for their differentiation. Thus,
RORgt represents an ideal target not only to investigate the actual con-
tribution of Th 17 cells in the formation of severe asthma, but also as a
promising novel target for a therapeutic intervention. Therefore, the aim
of this study is to diminish RORgt expression by using siRNA and to
characterize its effects on Th 17 cell activity in-vitro and on neutrophilic
asthma in-vivo. Methods: We generated OVA-specific Th 17 cells in-
vitro, which were transfected with siRNA candidates targeting RORgt.
Afterwards, the in-vivo relevance of siRNA-mediated downregulation
of RORgt was characterized in a mouse model of neutrophilic asthma.
Results: We could show that siRNA-transfected Th 17 cells revealed not
only a reduced expression of RORgt in-vitro but also of proinflammatory
cytokines like IL-17A and IL17F. Intra-tracheal application of the RORgt-
specific siRNA, which was most active in the in-vitro setting, inhibited
the development of airway hyperresponsiveness (AHR) to methacholine
and decreased bronchoalveolar lavage IL-17A, TNF-a and KC levels. Con-
sequently, application of the RORgt-specific siRNA significantly reduced
the number of neutrophils and of lymphocytes. Conclusion: These re-
sults indicate that targeting RORgt could be a new approach for the
treatment of neutrophilic asthma

Disease Area: COPD
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regulator of angiopoietin-like protein 4
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The angiopoietin-like protein 4 (angptl4, also known as peroxisome
proliferator-activated receptor (PPAR) gamma induced angiopoietin-re-
lated protein) is a multifunctional protein associated with acute phase
response. The mechanisms accounting for the increase in angptl4 ex-
pression are largely unknown. This study is the first to show that human
a1-antitrypsin (A1AT) up-regulates expression and release of angplt4 in
human blood adherent mononuclear cells and in primary human lung
microvascular endothelial cells in a concentration- and time-dependent
manner. Mononuclear cells treated for 1 h with A1AT (from 0.1 to 4 mg/
ml) increased mRNA of angptl4 from 2 to 174-fold, respectively, relative
to controls. In endothelial cells the maximal effect on angptl4 expression
was achieved at 8 h with 2 mg/ml of A1AT (11-fold induction versus
controls). In ten emphysema patients receiving A1AT therapy (Prolastin)
plasma angptl4 levels were higher relative to patients without therapy
[ng/ml, mean (95% confidence interval) 127.1 (99.5 – 154.6) versus 76.8

(54.8 – 98.8), respectively, p = 0.045] and correlated with A1AT levels.
The effect of A1AT on angptl4 expression was significantly diminished
in cells pre-treated with a specific inhibitor of ERK1/2 activation
(UO126), irreversible and selective PPARg antagonist (GW9662), or gen-
istein, a ligand for PPARg. GW9662 did not alter the ability of A1AT to
induce ERK1/2 phosphorylation, suggesting that PPARg is a critical med-
iator in the A1AT-driven angptl4 expression. In contrast, the forced ac-
cumulation of hypoxia inducible factor 1-a, an up-regulator of angptl4
expression, enhanced the effect of A1AT. Thus, acute phase protein A1AT
is a physiological regulator of angptl4, another acute phase protein.

7
Peptide of alpha1-antitrypsin: potential novel
therapy
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Background: We confirmed that alpha1-antitrypsin (A1AT) exhibits im-
munomodulatory activities that are unrelated to inhibition of neutrophil
elastase. A1AT does not suppress but rather modulates production of
pro- and anti-inflammatory substances, dependent on the cell/tissue
response magnitude (output) to pro-inflammatory stimuli. A1AT
down-regulates a hyper-immunity or hyper-inflammation without im-
pairing the normal immune or inflammatory response necessary to de-
fend against infection or injury. Methods: Human blood neutrophil and
monocyte isolation by gradient centrifugation, explanted lung tissue
culture, A1AT peptide synthesis, gene expression (RT-PCR), western
blots, ELISA, cell adhesion, phagocytosis and viability assays, spectro-
photometry, flow cytometry. Results: We have selected synthetic C-
terminal peptide of A1AT, which significantly modulates endotoxin-in-
duced pro-inflammatory cytokine and chemokine release and expres-
sion (like IL-8, MCP-1, IL-1b, IL-6 and TNFa), increases neutrophil pha-
gocytic activity and shows no toxic effects on human cell and lung tissue
models ex vivo. Conclusion: We propose that A1AT-based short pep-
tides that mimic immunomodulatory properties of our own endogenous
A1AT are excellent candidates for the drug development. Research Sup-
port: Hannnover Medical School, German Center for Lung Research
(DZL) References: Janciauskiene S and Welte T. 2013 Cardiovascular &
Hematological Disorders-Drug Targets
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The role of surfactant protein D in fibrotic lung
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Objective: Chronic obstructive pulmonary disease (COPD) is a strong
risk factor for cardiovascular disease, since even moderate airflow re-
duction increases the danger of ischemic heart disease, stroke, arrhyth-
mias, heart failure, and sudden cardiac death. COPD is associated with
enhanced inflammatory response in the airways and the lung tissue
accompanied by a complex remodelling process with fibrosis as one
possible outcome. Surfactant protein D (SP-D), a collectin with immun-
modulatory function, has been implicated in the pathogenesis of COPD
and is seen as a potential biomarker for idiopathic interstitial fibrosis,
although its role in this disease remains elusive. In this study we aimed
to test the hypothesis that SP-D plays an important role in the fibrotic
remodelling by characterizing a mouse model deficient in SP-D. Meth-
ods: SP-D knockout mice were analyzed at different time points (after 3
and 6 months, 1 and 1.7 years) by design-based stereology and lung
function was assessed. We further determined the expression of fibrotic
marker genes including microRNAs in lung tissue applying quantitative
real-time polymerase chain reaction. Results: Compared to wilde-type
littermates, SP-D-deficient mice exhibited thicker alveolar septae, pre-
dominantly in the interstitium, and this increase was strengthened over
time. We further observed a significant elevation of pro-fibrotic micro-
RNAs (miR-21 and miR-155) in lung tissue of SP-D-deficient mice as
well as a deregulation of collagen, transforming growth factor b1, and

& Korrekturexemplar: Ver�ffentlichung (auch online), Vervielf�ltigung oder Weitergabe nicht erlaubt! &

Pneumologie 2014; 68: 1–25 Georg Thieme Verlag KG Stuttgart · New York

33rd International DZL Symposium | 8.–10. Mai 2014, Hannover



vimentin. Conclusion: These findings indicate that the deficiency in
SP-D favours a pro-fibrotic remodelling in the lung altering the mor-
phology of the alveolar interstitium as well as the expression of fibro-
sis-related genes.

9
Can health-economic modeling be adjusted to
assess the cost-effectiveness of prognostic
testing in COPD management?
Wacker M1,2, Holle R1, Leidl R1,2
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Background: Genetic mutations like ADRB2 polymorphisms are sus-
pected to influence treatment outcomes in COPD [1]. Clinical application
of pharmacogenetic testing may improve treatment and cost outcomes
in COPD. This paper analyzes whether effectiveness and cost-effective-
ness of genetic testing for mutations and stratified treatment can be
assessed by testing and adapting an existing COPD Markov model.
Methods: The German COPD model is a comprehensive Markov model
(disease stages I-IV according to GOLD, post-surgery, post-LTx, death)
and considers mild, moderate and severe exacerbations [2]. It was de-
veloped to conduct cost-utility analyses. The model was extensively
cross-validated in an international COPD modeling workshop led by
Erasmus University Rotterdam. For evaluating stratified approaches,
the model needs to be adjusted to compare COPD patients who either
receive or do not receive a genetic test before pharmacological treat-
ment. Results: Structure and input parameters of the economic CODP
model were successfully cross-validated comparing output with several
international COPD models. The existing model comprises the entire
course of disease, thus it can be adjusted to analyze treatment strate-
gies, and extended for stratified approaches. The model showed good
applicability for evaluating cost and effects of different and complex
COPD interventions. If novel and experimental markers, e. g. ADRB2
polymorphisms, report sufficient differential impact on treatment while
having good sensitivity and specificity, stratified treatment approaches
can be meaningfully compared to usual care treatment without genetic
testing using this model. Furthermore, information on the prevalence of
the mutation in the population as well as on test costs and uncertainty
is needed for relevant population-based modeling. Conclusion: A Ger-
man COPD model has been found valid in testing. The model enables
adjustments to derive cost-effectiveness estimates of stratified treat-
ment according to prognostic markers in the management of COPD. A
consistent reporting of test effects and test characteristics is necessary
for reliable cost-effectiveness estimations. References: Rabe KF, Fabbri
LM, Israel E, et al. Effect of ADRB2 polymorphisms on the efficacy of
salmeterol and tiotropium in preventing COPD exacerbations: a prespe-
cified substudy of the POET-COPD trial. Lancet Respir Med. 2014
Jan;2(1):44 – 53. Menn P, Leidl R, Holle R. A lifetime Markov model for
the economic evaluation of chronic obstructive pulmonary disease.
Pharmacoeconomics. 2012 Sep 1;30(9):825 – 40.
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Objectives: Reliable primary care data are needed for health services
and health economic research in lung disease like COPD and ELD. Within
the German Center for Lung Research, the BeoNet- (“Beobachtungsprax-
en-Netzwerk”) Registry will gather full primary care routine data from
electronic patient records for real-time monitoring as well as for long-

itudinal trans-sectoral cohort studies and combine these data with pa-
tient reported outcomes. Methods: A real-time, standardized collection
of primary care routine data will be established. Basic claims data from
electronic patient records of participating general practitioners, pneu-
mologists and pediatricians as well as data on different aspects of care
like on diagnosis, treatments and procedures, medication, disease man-
agement, treatment frequencies and accounting are accumulated, trans-
ferred via standardized interfaces and compiled for analysis. Data on
other healthcare utilization, health-related quality of life and further
disease-specific parameters will be gathered by additional question-
naires and linked with the electronic health records. Results: Important
milestones during the pilot phase of the BeoNet-Registry have been
achieved so far: (1) project approvals by the ethics committees of Hann-
over and Munich as well as for the data security concept were obtained;
(2) cooperation with software developers was initiated to ensure data
extraction and transport; (3) specific questionnaires for additional data
were selected, tested and adopted. The ongoing recruitment of the net-
work of surgeries and the construction of the data test-network has
been initiated. Until now 51 general physicians agreed to participate,
91 are interested. Physicians engaged in specific health care research
projects will recruit target-patients. Over 26.000 patient IDs and the
coresponding data entries were transferred as a test dataset from the
electronic patient records to the database. First queries are in progress.
Conclusions: For the improvement of pulmonary healthcare strategies
the BeoNet-Registry provides a quality-proved data base for standar-
dized assessments of disease-specific costs, quality of life and for objec-
tive outcome evaluation.
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Alveolar epithelial cells type II show a high
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Alveolar epithelial cells type II (AECII) play an important role in the
normal pulmonary function as well as in the host defense and immune
response. The human tumor cell line A549 is the most popular model of
AECII. In the presented study, the effects of cigarette smoke extract (CSE)
on primary AECII and A549 as well as the epithelial adenocarcinoma cell
line H1975 were investigated. Tumor-free lung tissue from patients who
underwent lobectomy due to cancer at the LungenClinic Großhansdorf
was used to isolate AECII. Briefly, after crushing the lung tissues, AECII
were separated by negative selection via a CD 45. Subsequently, cells
were seeded on collagen-coated 96-well plates at low density (4 x 104

cells/well). A549 cells were seeded at 2 x 105 cells/well, H1975 at 2 x 104

cells/well. All three cell types were maintained in DMEM-F12 supple-
mented with 10% FCS overnight. CSE was obtained using commercially
available cigarettes (West light) by drawing smoke of one cigarette
slowly through a water pump into a tube containing 10 mL of ddH2O
(= 10% CSE). Stimulation was performed under serum-free conditions.
Cells were stimulated with increasing concentrations of CSE (0.1 – 5%)
for 1 h. Cells were cultured for further 4 h. Cell viability was measured
via MTT assay. Acute CSE exposure with 0.5% CSE induced a significant
cytotoxic effect in AECII (IC50: 0.21% CSE), which was not reversible by
dexamethasone (4 mg/mL) or roflumilast (15mM). In H1975, a concen-
tration of 5% CSE caused a significant reduction of cell viability. By
contrast, no cytotoxic effect was detectable in A549 cells. Primary AECII
are a model to investigate cigarette smoke induced inflammatory ef-
fects, better suited than the widely used tumor cell line A549. Moreover,
CSE-induced AECII damage is not reversible by anti-inflammatory treat-
ment.

& Korrekturexemplar: Ver�ffentlichung (auch online), Vervielf�ltigung oder Weitergabe nicht erlaubt! &

Pneumologie 2014; 68: 1–25 Georg Thieme Verlag KG Stuttgart · New York

4 3rd International DZL Symposium | 8.–10. Mai 2014, Hannover



12
In vitro ciliary development in an epithelial stem
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Failure in airway regeneration after injury may result in profound con-
sequences like a disease with bronchiolitis obliterans. Re-building of
ciliated cells is a good marker for resumed airway activity. We decided
to investigate whether M3E3C 3,a fetal hamster stem equivalent cell line,
is capable of in vitro ciliogenesis. Immunoreactivity and qRT-PCR have
revealed that this cell line expresses a stem cell marker Sox2 and an-
other marker, Clara cell secretory protein (CCSP) specific for the stem
cells in the bronchiolar region. An embryonic stem cell factor Oct4 was
negative. The cells 3D-cultured at the air-liquid interface (ALI) exhibited
pseudostratification together with apical cytoplasmic ezrin and growth
of long cilia when combined with mesenchymal cells (MC) embedded in
an underlying collagen (I) gel, inside which the medium flowed verti-
cally and reciprocally. A transcription factor Foxj1, whose expression
critically regulating ciliary development was measured by qRT-PCR, be-
came active early in the 3D culture at ALI and rapidly diminished a few
days before the start of the ciliogenesis. The ciliated cells were also
detectable by immunoreaction to b-tubulin IV antibody or optical recog-
nition of ciliary beating. They can grow when the ALI conditions are met
even without the co-presence of MC, but the morphology of the cilia is
often dwarfed, as observed by electron microscopy. However, on a Ma-
trigel film even under ALI conditions alone the cilia appear to develop
normally. Fibrillar collagen (I) and Matrigel, instead of the living MC
could not support pseudostratification in the epithelium, although beat-
ing cilia were induced despite their size or form. The results show that
the airway stem equivalent cell line can be coaxed in vitro into forming a
pseudostratified epithelial architecture and cilia in the adequate micro-
environment. This stem equivalent cell line may thus constitute a useful
experimental system for exploring the mechanisms of airway epithe-
lium regeneration.

13
Immunoaging augments sensitivity to cigarette
smoke-induced COPD
G�nter S1, John-Schuster G1, Conlon T1, Hager K1,
Eickelberg O1, �nder Yildirim A1,*
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of the German Center for Lung Research (DZL), Munich
DOI: 10.1055/s-0034-1376782

The pathogenesis of COPD is related to an abnormal inflammatory re-
sponse of the lungs to cigarette smoke, toxic gases and particles, which
leads to emphysema, chronic bronchitis and subsequent decline in lung
function. Age-related changes of immune system functions have been
described, but are complex phenomena incompletely understood. We
hypothesize that in a chronic CS-induced mouse model the pathogenesis
of COPD is characterized by an elevated immune response in aged mice.
2 and 12 months old C 57BL/6 mice were exposed to CS concentration of
500 mg/m3 TPM for 3 months. BAL fluid was sampled to perform differ-
ential cell counts and inflammatory cell recruitment in lung tissue was
measured by FACS. Lung function and emphysema development were
also determined. Only in aged mice an increase in lung compliance was
noticeable after 3 months of CS exposure compared to control and
young animals. Emphysema development in CS-exposed aged mice
compared to younger animals substantiated these findings. A signifi-
cantly greater volume of iBALT structures in aged mice after CS exposure
was shown by quantification of lung tissue inflammation. Staining for
MMP12 in lung tissue indicated significantly higher macrophage accu-
mulation and activation in CS-exposed aged mice, which was in accor-
dance with increased MMP12 expression and an elevated MMP12/
TIMP1 ratio. Differential cell counts of BAL cytospins revealed signifi-
cantly higher lymphocytes only in CS-exposed aged animals. Interest-
ingly, an increase in Th 17 cells in the lung could only be shown in CS-
exposed aged mice compared to control animals. These results strongly
suggest that lung inflammation after CS exposure is augmented in aged
mice, which might be related to an age-induced change in gene expres-

sion profiles. This suggests a role for age-related inflammatory changes
in the pathogenesis of COPD.
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Evaluation of small molecule FRET reporter for
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Proteases such as neutrophil elastase (NE) and matrix metalloprotease
12 (MMP-12) are key factors in inflammatory processes and contribute
the gradual destruction of extracellular lung matrix in chronic inflam-
mation. We now hypothesize that activity levels of inflammation-rele-
vant proteases may be useful indicators for the onset and progression of
obstructive lung diseases such as cystic fibrosis or COPD. With the re-
cently published small molecule FRET protease reporters NEmo and
LaRee, for detection of NE and MMP-12 activity, respectively, it is possi-
ble to monitor protease activity at the single cell level. The goal of this
study is to apply protease activity measurements to sputum specimens
from patients with chronic obstructive lung diseases. We investigated
the impact of sample generation and experimental conditions on the
performance and outcome of diagnostic protease monitoring in sputum
samples in general. We tested the new approach on a double blinded
sample set from the Fraunhofer ITEM Hannover (BREATH). In this study
healthy subjects were exposed to irritating conditions or control air in
an incubation room. Sputum was produced and processed by standard
operation procedure. Through comparison of by-hand analysis, we suc-
ceeded in receiving satisfactory data sets via automated cell analysis of
hundreds of cells per sample using novel macros. This assay format is
now expanded to employ additional small molecule protease probes for
cathepsin B and S. Our novel approach of the assessment of protease
activity at the single cell level applied to multiple protease types may
result in a new tool for diagnosis and monitoring. The detection of
patient specific protease activity patterns may improve the differen-
tiated diagnosis and therapeutic strategies.

Disease Area: Cystic Fibrosis
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Functional analysis of regulatory variants that
determine the outcome of the monogenic
disease cystic fibrosis
Awah C1,2, Tamm S1, Hedtfeld S1, T�mmler B1,2, Stanke F1,2
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DOI: 10.1055/s-0034-1376784

The clinical outcome of patients with Cystic Fibrosis is highly variable,
even among patients who harbour the same CFTR mutation genotype,
indicating that environmental and non-CFTR genetic factors such as
modifying genes shape the course of the disease. Two contrasting alleles
(C or T) of SNP rs7910656 on intron 2 of the FAS gene have been asso-
ciated with mild and severe CF outcome. To gain mechanistic insight
into how the SNPs of FAS alter the course and the outcome of the dis-
ease, we performed in- silico analysis using ENCODE data which showed
that rs7910656 is on a nucleosome free region and occupied with RNA
POLII and H3k36me3. We have also identified a novel secondary pro-
moter start site which is +4.5kb from rs7910656. Analysis into differen-
tial transcription factor occupancy of rs7910656 and controls rs2147420,
rs1571019 showed that 29 TFs, mostly of immune regulating family
occupied rs7910656 while 6 and 7TFs are on rs2147420and rs1571019
respectively. We also have found that the C-allele of rs7910656 is bound
by 6 TFs (NFKB, STAT4, HIF1A, MAFA, NURR1 and TEAD) which are not
observed for the T-allele. More so, the C-allele makes multimeric com-
plexes with NFKB (p65, p50, C-Rel), binds with three motifs to STAT4
and binds with one motif to HIF1A, while T-allele does not bind with
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NFKB and HIF1A but binds with two motifs to STAT4. We have designed
probes for the TFs and have developed a nuclear extraction protocol that
preserves the transcription factors in their native states (phosporylated
and acetylated) and have carried out an Electrophoretic Mobility Shift
Assay with biotinylated probes of p65 subunit of NFKB,C and T-allele of
rs7910656. We found the robust binding of p65 subunit and have shown
that C-allele binds more robustly than T-allele, which is consistent with
our in-silico predictions.
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bENaC-overexpressing mice
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MicroRNAs are involved in diverse biological and pathological processes.
Here, we studied the potential role of miRNAs in the in vivo pathogen-
esis of cystic fibrosis (CF)-like lung disease in bENaC-overexpressing
(bENaC-Tg) mice. We performed miRNA array analysis in lung tissue of
bENaC-Tg and wild-type mice. Differentially expressed miRNAs were
validated by qRT-PCR and their target genes were identified by bioinfor-
matics analysis and luciferase reporter assays. Tissue specific localiza-
tion was performed by in situ hybridization using locked nucleic acid-
modified DNA probe. Direct functional studies were performed by
knockdown of miRNA expression in the lungs of bENaC-Tg mice using
antagomirs. The effects of knockdown were studied by lung histology,
analysis of inflammatory cells in bronchoalveolar lavage and pulmonary
function testing using flexiVent system. Genetic association studies in
CF patients were performed by analyzing miR148b-Sat1 allele frequency.
We demonstrate that miR-148b is upregulated in the lungs of bENaC-Tg
mice and predominantly localized in conducting airway and alveolar
epithelial cells. Luciferase reporter assay in Hela cells suggests Mig-6
(mitogen inducible gene-6), a protein previously shown in normal lung
development, as a potential target of miR-148b. Antagomir-mediated
knockdown of miR-148b in the lung of bENaC-Tg mice reduced emphy-
sema formation, goblet cell metaplasia and neutrophillic inflammation.
Further, we observed upregulation of miR-148b in human cystic fibrosis
and COPD lung tissue, as well as its localization in airway and alveolar
epithelial cells. Finally, our genetic association studies establish that
distribution of miR148b-Sat1 allele, closely linked to the MIR148b geno-
mic locus in human, is associated with disease manifestation among
F508del-CFTR homozygous sibling pairs. Collectively, these results indi-
cate that deregulation of miR-148b may play an important role in the
pathogenesis of CF and COPD and may serve as a novel therapeutic
target.
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cystic fibrosis and the G551D mutation treated
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Background: Sensitive outcome measures of CFTR function may facil-
itate the implementation of mutation-specific therapy with CFTR mod-
ulators in patients with cystic fibrosis with non-G551D mutations. In-
testinal current measurement (ICM) is a sensitive assay for functional
assessment of mutant CFTR in rectal biopsies and was recently shown to
detect potentiator effects of 1-EBIO ex vivo (Roth E. et al., PLOS ONE
2011). The aim of this study was to determine, if ICM is sensitive to
detect potentiation of CFTR-mediated Cl- secretion in rectal epithelia
from CF patients with a G551D mutation treated with ivacaftor. Meth-
ods: Rectal biopsies were obtained from 8 patients carrying a G551D-
CFTR mutation before and at least four weeks after the start of ivacaftor
therapy. Rectal tissues were mounted in micro-Ussing chambers and
CFTR-mediated Cl- secretion was determined from Cl- secretory re-
sponses induced by cAMP (IBMX/forskolin)- and Ca2+ (charbachol)-
mediated stimulation. Results: Before ivacaftor therapy, ICM detected
variable residual CFTR-mediated Cl- secretion in rectal tissues from CF
patients with a G551D mutation. In the presence of ivacaftor therapy,
CFTR-mediated Cl- secretory responses were increased in all 8 patients.
Conclusion: We conclude that ICM is sensitive to detect in vivo poten-
tiation of mutant CFTR function by treatment with ivacaftor. Our results
indicate that ICM may be a useful bioassay to determine therapeutic
responses at the level of the basic CF defect of ivacaftor and potentially
other clinical CFTR modulators in CF patients with non-G551D muta-
tions.
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Cystic fibrosis (CF) is the most common hereditary disease in the Cau-
casian population. The disease causing gene CFTR was identified in 1989.
So far, more than 1,800 mutations have been identified in the CFTR gene
[1], which codes for a cyclic adenosine monophosphate-regulated chlor-
ide channel. The malfunction of this channel leads to a progressive loss
of function in the CF lung, which is the decisive factor for morbidity and
mortality of most CF patients. Beside mucus accumulation in the air-
ways, also an impaired phagocytosis in alveolar macrophages seems to
play an important role in the pathogenesis of chronic infection and
inflammation in the CF lung [2]. The Gram-negative, ubiquitous oppor-
tunistic pathogen Pseudomonas aeruginosa is the key organism in caus-
ing CF lung disease. CF mouse models are an extremely suitable tool to
investigate Pseudomonas lung pathogenicity. In our study presented
here, we tested whether the increased genetic susceptibility of CF mice
to airway infection with P. aeruginosa can be reduced to levels of wild-
type mice by transfusion of hematopoietic stem and precursor cells
(HPSPCs) of Cftr wildtype mice. Therefore, we subjected recipient
B6.CftrTgH(neoim)Hgu mice to a lethal dose of irradiation and injected them
with hematopoietic progenitor cells from B6 wildtype donor mice. After
a six weeks phase of reconstitution mice were infected intratracheally
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with a disease causing dose of the cytopathic P. aeruginosa strain PAO1.
The course of infection was monitored over 144 h measuring murine
lung function, body weight, rectal temperature and survival of the mice.
B6.CftrTgH(neoim)Hgu mice which received isogenic HPSPCs served as con-
trols. References: [1] Cystic Fibrosis Mutation Database (2014) http://
www.genet.sickkids.on.ca/cftr/app Accessed 12 March 2014 [2] Di A,
Brown ME, Deriy L V, Li C, Szeto FL 1, Chen Y, Huang P, Tong J, Naren
AP, Bindokas V, Palfrey HC and Nelson DJ. CFTR regulates phagosome
acidification in macrophages and alters bactericidal activity Nat Cell Biol
8, 933 944 (2006)

19
The effector protein ExoY secreted by
Pseudomonas aeruginosa augments the
inflammatory reaction in the respiratory tract of
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Infection with the gram-negative opportunistic pathogen P. aeruginosa
causes serious pulmonary, urogenital and systemic inflammation in im-
munodeficient patients. Most prominently, P. aeruginosa is the key or-
ganism responsible for pneumonia in cystic fibrosis patients, defining
the course of the disease as well as its prognosis. P. aeruginosa produces
a wide variety of effector proteins and injects them into host cells via
the type III secretion system [1]. One of the effectors, injected by this
needle-like structure is ExoY, which can be found in 90% of clinical
isolates from P. aeruginosa. Despite of the highly frequent ExoY occur-
rence, its function is still unknown. While previous publications de-
scribed ExoY to be apathogenic, our recent in vivo studies demonstrated
a distinct role of ExoY as a pathogenic factor of P. aeruginosa. In our
murine infection model we infected B6 mice intratracheally with
1 x 106 – 8 colony forming units (cfu) of two P. aeruginosa strains, the first
expressing a functional ExoY, the second the catalytically inactive ExoY
mutant K81 M [2]. Mice were sacrificed 0 – 48 h after infection and bac-
terial infection was characterized by analyzing the migration of neutro-
phils into the lung and inflammatory cytokines in the respiratory tract.
Infection doses of 107 cfu/mouse lead to ExoY-dependent, severe patho-
logical changes in lung tissue and to increased mortality. Even more
distinct effects were seen at concentrations of 108 cfu/mouse. Within 4
to 8 hours severe signs of infection and lung inflammation were ob-
served. Lethality occured 24 – 48 hours after infection. Inflammatory
lung reaction was characterized by interstitial edema, hemorrhagic in-
filtration and necrotic/apoptotic areas in the tissue. Secretion of proin-
flammatory factors such as IL-6, IL-1, MCP-1 and KC was significantly
increased in the ExoY infected groups. References: [1] Hauser AR. The
type III secretion system of Pseudomonas aeruginosa: infection by in-
jection. Nat Rev Microbiol 2009 7: 654 – 665 [2] Yahr TL, Vallis AJ, Han-
cock MK, Barbieri JT and Frank DW. ExoY, an adenylate cyclase secreted
by the Pseudomonas aeruginosa type III system. Proc. Natl. Acad. Sci.
1998 95:13899 – 13904
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To analyse the population structure of Pseudomonas aeruginosa, more
than 1400 independent isolates from diverse environmental and clinical
habitats and geographic origins were investigated by SNP- typing of core
genome and markers of the accessory genome. More than 50% of all
isolates belonged to less than 25 dominant clones widespread in disease
and environmental habitats. Moreover, most clones group in only a few
clonal complexes. These complexes seem to be phylogenetically ancient

and related to specific sets of genomic islands, e. g. exoU islands. This
implies that recombinations between strains of different complexes are
rare events. While most clones were found in the environment, only a
subgroup of these strains has been found to date in humans. Moreover,
beside some extremely frequent generalists, most strains were related to
a specific mode of infection or habitat. For example, the clones dominat-
ing in cystic fibrosis (CF) are also dominant in chronic obstructive pul-
monary disease (COPD), acute lung infections and urinary tract infec-
tions. To investigate the microevolution of P. aeruginosa in the human
lung, serial CF airway isolates of the globally most frequent clones C and
PA14 were collected over 20 years since the onset of colonization. The
intraclonal evolution in CF lungs was resolved by genome sequencing of
first, intermediate and late isolates and subsequent multimarker SNP
genotyping of the whole strain panel. While the PA14 clone diversified
into three branches in the patient’s lungs and acquired 15 nucleotide
substitutions and a large deletion during the observation period, the
clone C genome remained invariant during the first years in CF lungs;
however, 15 years later 947 transitions and 12 transversions were de-
tected in a mutL mutant strain. Late persistors in CF lung habitats were
compromised in growth and cytotoxicity, but their mutation frequency
was normal even in mutL mutant clades.
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The course of the monogenic disease cystic fibrosis is influenced by non-
genetic factors and by CF modifier genes. During the last years, several
CF modifying genes were identified and the clinically relevant variants
were mapped by the base in the patient population of the European CF
Twin and Sibling study. The identified genetic variants largely are lo-
cated within the non-coding sequence of the human genome, thus im-
plying that they do not change the amino acid sequence of the corre-
sponding modifier gene but instead reflect an essential regulatory me-
chanism. During the last years, we have used complementary technolo-
gies to describe the molecular mechanism that governs the expression
of the cystic fibrosis modifier gene SCNN1B. To identify the causative
variants, 3 microsatellites and 45 SNPs were genotyped on 101 families
with a total of 171 F508del-CFTR homozygous CF patients. Resequencing
of two 8000 bp fragments for which discordant and concordant sibling
pairs carry contrasting genetic information has revealed six possible
causative SNPs. Bioinformatic predictions and subsequent testing of
the predicted interaction partners as candidate genes have so far con-
firmed one transcription factor as a CF modifying gene. Using both al-
leles of the six identified SCNN1B SNPs in a comparative electrophoretic
mobility shift assay and subsequent protein sequencing of the excised
bands has revealed previously unknown novel DNA-protein interactions
that are likely to mediate SCNN1B expression. Continuous support by
the Fritz-Thyssen-Stiftung is gratefully acknowledged.
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Endoscopic imaging gives minimally invasive access to the airways and
can provide important diagnostic information. We have shown that op-
tical coherence microscopy (OCM), the combination of confocal micro-
scopy and optical coherence tomography is able to image airway tissue
with subcellular resolution. Due to its high imaging speed and lack of
tissue damage OCM is a promising technique for clinical imaging if it
can be integrated into endoscopic imaging devices. Here, we present
endoscopic OCM imaging of airway tissue using a rigid GRIN lens based
endoscopes. Beating motion of cilia and particle transport was visua-
lized with up to 50 Hz temporal resolution. Presently,the probe can be
used for small animal imaging. Work is under progress to convert the
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rigid endoscopy into flexible probe which can be used for human ima-
ging
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Hemeoxygenase-1 (HO-1), an inducible heat shock protein, is upregu-
lated in response to multiple cellular insults via oxidative stress, lipopo-
lysaccharides (LPS), and hypoxia. In this study, we investigated the role
of toll-like receptor 4 (TLR4), hypoxia-inducible factor-1a (HIF-1a) and
iron on HO-1 expression in cystic fibrosis (CF). Immunohistochemical
analysis of TLR4, HO-1, ferritin and HIF-1a were performed on lung
sections of CFTR-/- and wildtype mice. CFBE41o- and 16HBE14o- cell
lines were employed for in vitro analysis via immunoblotting, immuno-
fluorescence, real-time PCR, luciferase reporter gene analysis and iron
quantification. We observed a reduced TLR4, HIF-1a, HO-1, and ferritin
in CFBE41o- cell line and CF mice. Knockdown studies using TLR4-siRNA
in 16HBE14o- revealed significant decrease of HO-1, confirming the role
of TLR4 in HO-1 downregulation. Inhibition of HO-1 using tin protopor-
phyrin in 16HBE14o- cells resulted in increased iron levels suggesting a
probable role of HO-1 in iron accumulation. Additionally, sequestration
of excess iron using iron chelators resulted in increased HRE response in
CFBE41o- and 16HBE14o- implicating a role of iron in HIF-1a stabiliza-
tion and HO-1. To conclude, our results demonstrate that downregula-
tion of HO-1 expression in CF is resulted due to reduced TLR4 expression
and increased intracellular iron and decreased HIF-1a.

Disease Area: Acute Lung Injury
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IV (influenza virus) pneumonia is associated with apoptotic damage of
the alveolar epithelial barrier and therefore efficient alveolar repair is
crucial for recovery. Lineage tracing studies suggest that the adult lung
contains epithelial progenitor cells which proliferate after injury. Fibro-
blast growth factor 10 (FGF10) plays a major role in lung development
and is also known to have reparative, anti-apoptotic potential after in-
jury. We therefore investigated if FGF10 would support alveolar epithe-
lial repair processes after IV-induced pneumonia. Following IV infection
or naphthalene treatment, epithelial progenitor cells (EpProg), defined
as EpCamhighCD 49fhighCD 104+ Sca-1int showed increased resistance
to apoptosis and revealed high proliferation rates. This response was
likely mediated by upregulation of the FGF10 receptor FGFR2b on Ep-
Prog post IV infection or naphthalene treatment. However, EpProg were
found to be primary targets of IV infection, which resulted in reduced
FGFR2b upregulation and renewal capacity in the infected compared to
the non-infected fraction of EpProg, likely due to virus-induced blockade
of the wnt signaling pathway mediating FGFR2b upregulation. Notably,
the extent of EpProg infection correlated with the pathogenicity of dif-
ferent IV strains, suggesting that the severity of viral pneumonia might
be associated with impairment of FGF10/FGFR2b-mediated epithelial
cell renewal. Intratracheal application of recombinant or overexpression
of FGF10 increased the reparative response of EpProg, whereas dominant
negative FGFR2b overexpression resulted in reduced proliferation rates,
sustained alveolar leakage and poor outcome. We provide evidence that
IV-induced blockade of the FGF10/FGFR2b axis may result in reduced
epithelial cell renewal capacity and poor outcome and that induction of
an FGFR2b-dependent pathway may represent a therapeutic approach

to overcome IV-induced impairment of epithelial renewal and to drive
tissue repair after injury.
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Influenza virus (IV) infects the human upper respiratory tract and occa-
sionally spreads to the alveolar compartment causing primary pneumo-
nia. This can lead to acute respiratory distress syndrome (ARDS) with
severe alveolar damage, lung oedema and hypoxemia. Antiviral thera-
pies are only effective in the very beginning of infection and specific
treatment strategies for IV-induced ARDS are lacking. Recent studies
have shown the anti-inflammatory and regenerative potential of me-
senchymal stem cells (MSC). MSC display a beneficial role in acute and
chronic lung injury, suggesting that MSC delivery may be a promising
treatment strategy in IV-induced ARDS [1]. We isolated MSC cells from
the bone marrow of 8 to 12 weeks old C 57Bl6 mice by cell sorting [2].
We characterised their expression markers by flow cytometry and we
confirmed their differentiation potential into chondrocytes, osteocytes
and adipocytes by microscopy. We co-cultured primary murine alveolar
epithelial cells (AECs) with sorted MSC. During influenza infection with
PR8 strain, the presence of MSC drastically reduced apoptosis and infec-
tion level in AECs. We tested the effect of MSC intratracheal instillation
in PR8-infected mice. Similarly to the in vitro experiments, the addition
of MSC improved clinical outcomes in comparison with PBS-instilled
control mice. Our experiments show the beneficial role of MSC in PR8-
induced injury in vitro and in vivo. Taken together our results support
that MSC can be of great value to treat IV-induced lung injury. Refer-
ences: Gupta N. et al. 2007.Intrapulmonary delivery of bone marrow-
derived mesenchymal stem cells improves survival and attenuates en-
dotoxin-induced acute lung injury in mice. J. Immunol,179(3):1855 –
1863. Houlihan D.D. et al. 2012. Isolation of mouse mesenchymal stem
cells on the basis of expression of Sca-1 and PDGFR-a. Nat pro-
toc,7(12):2103 – 11.
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(FGF 10) after hyperoxic lung injury in mice
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Background and aims: Bronchopulmonary dysplasia (BPD), a chronic
lung disease of preterm infants, is characterized by impaired alveolar
growth and pathologic vascularization. This project aims to investigate
the role of Fibroblast growth factor 10 (Fgf10) in hyperoxic lung injury.
Methods: 10 weeks old Fgf10+/- mice (50% Fgf10 expression compared
to WT) in normoxic condition: Lung function and morphometric analy-
sis. BPD model: Fgf10+/- and Fgf10+/+ mice were exposed to 85% O2
from P0-P8. Morphometric analysis and a-Actin/vWF staining for ves-
sels were performed at P3. Rosa26rtTA/+;tet(O)Fgf10 (gain-of-function)
mice were exposed to 85% O2 from P0-P8. From P9-P45 the pups were
exposed to normoxia and fed either with normal food (control) or dox-
ycycline food (experimental) to activate the transgene Fgf10. Morpho-
metric analysis was carried out at P45. Tolerance study: Rosa26rtTA/
+;tet(O)Fgf10 and WT mice (both 10 weeks old) were exposed to dox-
ycycline for 2 weeks. Then survival rate, histology, Ki67 and TUNEL
staining were performed. Results: Fgf10+/- mice under normoxic condi-
tion have worse lung function and lung structure compared to WT mice.
All Fgf10+/- newborn mice die from hyperoxic injury due to increased
lung injury and vascular malformation. Overexpression of Fgf10 after
hyperoxic injury leads to improvement of lung structure compared to
control group without overexpression. Fgf10 overexpression after hyper-
oxic injury does not increase mortality and side effects (weight loss,
mucosal proliferation) are reversible. Conclusions: Fgf10 attenuates hy-
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peroxic lung injury, is well tolerated and should be further studied as a
potential therapeutic for BPD.

27
Role of arginase 1 in lung protective immunity
against Streptococcus pneumoniae in mice
Knippenberg S1,2, Brumshagen C1,2, Aschenbrenner F1,2,
Welte T1,2, Maus UA1,2

1Medical School Hannover, Hannover; 2Biomedical Research
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(BREATH), Member of the German Center for Lung Research
(DZL), Hannover
DOI: 10.1055/s-0034-1376796

Type 2 helper cell (TH2) dominated chronic lung diseases like asthma
are associated with an increased risk for bacterial lung infections. How-
ever, the underlying mechanisms are poorly defined. Arginase 1 has
been suggested to play an important role in the pathophysiology of
asthma, and is rapidly induced in lung macrophages by TH2 cytokines,
thereby limiting macrophage-derived antimicrobial nitric oxide (NO)
production. However, the interplay between TH2 cytokine-dependent
upregulation of Arg1 and its effect on lung protective immunity against
bacterial infection has not been examined in detail. We here examined
the effect of TH2 cytokine-induced upregulation or conditional knock-
down of Arg1 in macrophages on lung resistance against Streptococcus
pneumoniae. Lung macrophages responded with a profound and specific
induction of Arg1 mRNA and protein to treatment with TH2 cytokines
both in vivo and in vitro. Increased Arg1 activity was accompanied by
both significantly attenuated lung protective immunity in mice chal-
lenged with S. pneumoniae and attenuated macrophage killing of S.
pneumoniae in vitro. In contrast, conditional knock-down of Arg1 in
lung macrophages did not impair lung protective immunity against S.
pneumoniae, relative to S. pneumoniae-infected WT mice. Collectively,
the data show that TH2 cytokine dependent increased but not decreased
Arg1 activity worsens lung protective immunity against major lung-tro-
pic pathogens such as S. pneumoniae. Interventions to limit Arg1 activ-
ity in the lung might be a novel immunomodulatory strategy for asth-
matic patients to cope with bacterial lung infections.

Disease Area: DPLD
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Introduction: Histone deacetylases (HDACs) are enzymes that remove
acetyl groups from an e-N-acetyl lysine amino acid on histones, result-
ing in epigenetic repression of gene transcription. HDACs can also cata-
lyze deacetylation of many non-histone proteins, such as the tumor
suppressor p53, resulting in inhibition of its pro-apoptotic activity.
HDACs thus pivotally control gene expression and cellular signaling.
Due to their anti-apoptotic activity, HDACs are upregulated in many
cancers. Here, we describe for the first time a biochemical characteriza-
tion of Class-I/-II/-III-HDACs in lungs from patients with sporadic IPF
(n = 16) and organ donors (n = 26). Methods: Lung tissue was analyzed
by RT-PCR, immunoblotting and immunohistochemistry (IHC). Results:
Compared to donors, protein-levels of Class-I- (HDAC 1, 2, 3 and 8) and
Class-II-HDACs (HDAC 4, 5, 7, 9, 10), and of the Class-III-HDAC Sirtuin-1
were significantly elevated in IPF lungs. By means of IHC, strong nuclear
induction of HDACs 1 – 3 and Sirtuin-1 was observed in myofibroblasts
of fibroblast foci (FF) and in abnormal bronchiolar basal cells at sites of
aberrant re-epithelialization in IPF lungs, but not in donors. Similarly,

induced cytoplasmic expression of Class-II-HDACs: 4, 5, 7, 9, 10 and of
the Class-III-HDAC Sirtuin-2 could be encountered in FF and basal cells
in IPF. Importantly, type-II alveolar epithelial cells (AECII) of IPF-lungs
did not reveal notable expression of Class-I/-II/-III-HDACs, possibly due
to severe ER stress in this cell type. But IPF-AECII indicated induced
cytoplasmic expression of HDAC6 – a Class-IIb-HDAC involved in aggre-
some formation. Conclusions: We suggest that fibroblast proliferation,
fibroblast-to-myofibroblast differentiation and the apoptosis-resistant
phenotype of fibroblasts and myofibroblasts in IPF may be mediated
due to enhanced expression and action of Class-I/-II/-III-HDACs. Simi-
larly, aberrant overexpression of HDACs in basal cells of IPF lungs may
cause the exaggerated, proliferative character of this cell type in IPF and
thus govern the process of bronchiolization in this disease. We conclude
that HDACs may be novel molecular targets for IPF therapy.
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Introduction: Idiopathic pulmonary fibrosis (IPF) is a fatal disease char-
acterized by distorted pulmonary structure and the excessive deposition
of extracellular matrix (ECM) proteins, such as collagen. Myofibroblasts
are the primary collagen-producing cells in IPF lungs, and their accumu-
lation within pathologic lesions called fibroblast foci (FF) is a hallmark of
IPF. To explore new drugs for IPF, we investigated the therapeutic po-
tential of histone deacetylase inhibitors (HDACi), because we have dis-
covered a significant overexpression of Class-I/-II/-III HDAC enzymes in
IPF fibroblasts/myofibroblasts. Methods: Primary IPF fibroblasts were
incubated for 30 h with the HDACi panobinostat (LBH589, 85nmol) or
valproic acid (VPA, 1.5mM), or with the IPF drug pirfenidone (2.7mM).
Results: Treatment of primary IPF fibroblasts with the pan-HDACi pa-
nobinostat resulted in significantly reduced expression of genes asso-
ciated with fibrogenesis (ACTA2, COL1A1, COL3A1, FN), cell survival
(BIRC 5 = survivin), proliferation (CCND 1), as well as in suppression of
HDAC 7, and was paralleled by induction of severe ER stress (ATF6,
CHOP) and apoptosis (p21, PUMA, cleaved caspase-3). Blockade of
Class-I-HDACs by VPA was also associated with reduced expression of
BIRC 5, but profibrotic gene expression was not greatly altered. Finally,
the direct comparison panobinostat – versus pirfenidone therapy
showed also for pirfenidone treated IPF fibroblasts a significant down-
regulation of COL1A1, COL3A1, and FN, but not of CCND 1. Furthermore,
the profibrotic genes CNN1 and P4HTM were exclusively reduced by
pirfenidone -, but not by panobinostat treatment. Importantly, pirfeni-
done treatment lead also to a significant downregulation of the cancer-
associated gene BIRC 5, but was not associated with induction of ER
stress and pro-apoptotic signaling. Finally, pirfenidone did not greatly
affect expression of HDAC proteins. Conclusions: We conclude that gen-
eration and apoptosis resistance of IPF fibroblasts/myofibroblasts are
mediated due to enhanced activity of HDAC proteins, and that panobi-
nostat can present a novel therapeutic option (in addition to pirfeni-
done) for progressive fibrotic lung diseases.
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Importance of lysosome related pathways under conditions of idiopathic
pulmonary fibrosis is not extensively studied till date. Autophagy has
been known from several years as a self-eating catabolic pathway, acti-
vated mainly to degrade the cell’s own unused organelles, macromole-
cules and long-lived proteins via the lysosomal system. Here, we aimed
to study the regulation of autophagy in idiopathic pulmonary fibrosis as
well as in murine model of bleomycin induced lung fibrosis. Markers of
different forms of autophagy were analyzed in the lungs of IPF patients,
healthy donors and vehicle or bleomycin treated mice. Levels of p62,
LC 3BI or LC 3BII or their ratios did not vary between IPF and healthy
donor lungs. Immunohistochemistry on lung sections revealed an in-
tense staining for autophagy proteins in AECII as well as in fibroblasts
of IPF lungs as compared to donor lungs. An increase in the levels of
transcription factor EB (TFEB), and its nuclear localization was observed
in AECII of IPF lungs. Chaperone-mediated autophagy (CMA) levels de-
creased in IPF lungs, as denoted by the levels of lysosome-associated
membrane protein 2a (LAMP2a). On the contrary, bleomycin injured
mouse lungs showed an increase in the autophagy markers, LC 3BII,
p62, Atg7 and Atg12. Levels of TFEB protein was also increased in bleo-
mycin treated mice lungs. An overall increase in CMA was observed. We
conclude that different autophagy pathways are differentially regulated
in IPF and in bleomycin injured mouse lungs.
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Interplay of FGF and Wnt signaling in regulating
mesenchymal progenitor cell lineages formation
during lung development and repair after injury
Bellusci S1,2
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Over the years our research group has focused on the formation of the
different mesenchymal cell lineages during lung development and their
respective function during repair/disease progression. We previously
showed that during development, Fgf10-positive cells located in the
distal lung mesenchyme during the early pseudoglandular stage are
progenitors for airway SMCs. In addition, We have reported that FGF
signaling in the mesenchyme impairs the entry of the mesenchymal
progenitors into the SMC lineage both in vitro and in vivo. Furthermore,
we have shown that inactivation of beta-catenin in the mesenchyme
leads to the loss of amplification of the mesenchymal progenitor cells
due the loss of FGF9/FGFR2c signaling. We have also found that in the
adult mice Wnt activation was triggered in airway SMC following
naphthalene injury. Such increase in Wnt signaling is linked to increased
mesenchymal cell proliferation and Fgf10 expression in these cells. Fgf10
in turn is instrumental for the repair of damaged bronchial epithelium.
Moreover, we have reported that inhibition of beta-catenin signaling in
the mesenchyme triggered by the silencing of miR142 leads to arrested
proliferation and premature differentiation of the smooth muscle cells.
Lineage tracing using our recently generated Fgf10CreERT2 knock in
mice showed that Fgf10-positive cells in the embryonic lungs labeled
at embryonic day (E) 11.5 are progenitors for smooth muscle cells
(SMCs), resident mesenchymal stromal (stem) cells and lipofibroblasts.
Lipofibroblasts (LIFs) found in the late fetal and postnatal lung parench-
yma are juxtaposed to alveolar type II stem cells and have been pro-
posed to contribute to the maintenance of their stemness. Although LIFs
have been studied in postnatal lungs, their exact cellular origin and
mechanism of differentiation are unknown. Our recent results demon-
strate an essential role for Fgf10 signaling in directing the differentiation
of Fgf10-positive cells towards the LIF lineage during late lung develop-
ment.
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Mahavadi P1,7, Henneke I1, Knudsen L2,6, Venkatesan S1,
Ruppert C1,7, Hegermann J2,6, Liebisch G3, Wrede C2,6,
Chambers R4, Ochs M2,6, Schmitz G3, Vancheri C5,
Seeger W1,7, Korfei M1, Guenther A1,7

1Justus-Liebig-University Gießen, Gießen; 2Hannover
Medical School, Hannover; 3University of Regensburg,
Regensburg; 4University College London, London, UK;
5University of Catania, Catania, Italy; 6Biomedical Research
in Endstage and Obstructive Lung Disease Hannover
(BREATH); 7University of Gießen and Marburg Lung Center
(UGMLC), Member of the German Center for Lung Research
DOI: 10.1055/s-0034-1376801

Amiodarone (AD) is a highly efficient antiarrhythmic drug, however, it
may cause interstitial pneumonia as well as lung fibrosis. Apoptosis of
alveolar epithelial type II cells (AECII) has been suggested to play an
important role in this disease, but the precise molecular mechanisms
are unclear. Here, we aimed to establish a murine model of AD induced
lung fibrosis and assess the role of autophagy. Intratracheal administra-
tion of AD induced extensive lung fibrosis, accumulation of surfactant
phospholipids and surfactant proteins (SP) in mice. Induction of autop-
hagy and apoptosis were encountered in AECII of AD treated mice over
time. AD treated MLE12 and primary AECII showed increased proSP-C
and LC 3B positive vacuolar structures and underwent apoptosis in de-
pendency of LC 3B. In vitro, AD induced autophagosome-lysosome fusion
and increased the autophagy flux. In vivo, LC 3B was localized at the
limiting membrane of lamellar bodies, which were closely connected
to the autophagosomal structures in the AECII. Our data suggest that
AD causes activation of macroautophagy, intracellular surfactant accu-
mulation in the AECII and extensive AECII apoptosis, resulting in lung
fibrosis.
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Endogenous Fgfr2b ligands are dispensable for
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Increased fibroblast growth factor 10 (Fgf10) expression in vivo and
administration of exogenous FGF7 recombinant protein enhance lung
repair due to bleomycin injury by sending survival signals to lung
epithelial cells via tyrosine kinase fibroblast growth factor receptor 2b
(Fgfr2b). Given the therapeutic effects of these ligands during bleomycin
injury, we hypothesized that activation of the Fgfr2b endogenous path-
way is critical for lung repair. Furthermore, as new studies for the treat-
ment of Idiopathic Pulmonary Fibrosis (IPF) have begun to target tyro-
sine kinase receptors, we aimed to 1) assess the levels of FGF10 and
FGF7 signaling in IPF lungs, and 2) assess the recruitment of the endo-
genous Fgfr2b pathway after bleomycin lung injury in mice. Though
FGF7 and FGF10 transcripts were increased in IPF patient lungs, recep-
tors as well as downstream targets were significantly decreased. In con-
trast, wild type mice undergoing spontaneous repair after bleomycin
injury, expressed Fgf10 and downstream targets from 14 days post in-
jury, indicating potential recruitment of this pathway during repair. Sur-
prisingly, however, mice deficient in endogenous Fgfr2b signaling did
not develop significantly more fibrosis than wild type animals. However,
the dysregulated signaling observed in end-stage IPF lungs and the re-
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cruitment of Fgf10 during bleomycin injury of wild type mice, may in-
dicate the potential therapeutic use of exogenous FGF10 to promote
fibrosis resolution in IPF patients.
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Amiodarone (AD) is an anti-arrhythmic drug with very well-known va-
sodilatory properties. Severe pulmonary toxicity has been reported in
patients receiving AD even at low doses, with the most common histo-
logical finding being chronic interstitial pneumonia. The precise me-
chanism underlying AD-induced pulmonary toxicity remains unknown.
Dysfunctional mitochondria and enhanced oxidative stress via the pro-
duction of reactive oxygen species (ROS) have been reported in AD-in-
duced pulmonary toxicity. Recent unpublished studies from our group
revealed AECII (Alveolar epithelial cells type II) specific autophagy
alongside with AECII apoptosis and lysosomal stress in the lungs of AD
treated mice and mouse lung epithelial (MLE) 12 cells. This convinced us
to hypothesize that AD alters mitochondrial autophagy (mitophagy) and
causes subsequent cell death, as an outcome of increased oxidative
stress. Apart from the well-known autophagy markers like LC3BII, p62,
ATG7, ATG12 – 5, important mitophagy markers like Pink and NIX/
BNIP3L was significantly increased in AD treated mice lungs. In addition,
PUMA, Bax and Cytochrome C, which are involved in mitochondrial
dysregulation, were also elevated in response to AD treatment in mice
lungs and in AECII. Hemeoxygenase-1 (HO-1), a pivotal antioxidant pro-
tein was increased in AD treated mice lungs, AECII and MLE12 cells.
Since HO-1 forms a major link between oxidative stress and autophagy,
we hypothesized that AD induced autophagy might be HO-1 dependent.
In contrast, both in vitro knockdown (via siRNA) and chemical inhibition
of HO-1 increased the levels of LC 3BII. Similarly, LCB knockdown further
increased the AD induced HO-1 protein levels in MLE12 cells. This in-
dicates that AD induces HO-1 independent autophagy and HO-1 seems
to be protective in function. We conclude that amiodarone induces mi-
tochondrial autophagy, which might accelerate the apoptosis of AECII
and thereby lung fibrosis in response to amiodarone treatment.
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Rationale: Idiopathic pulmonary fibrosis (IPF) is a chronic, debilitating
disease which is characterized by excessive collagen deposition and
destruction of lung architecture leading to respiratory insufficiency.
Lung transplantation still remains the only definite therapeutic option,
since the etiology of IPF is poorly understood and no adequate medical
treatment is currently available. In IPF there appears to be a correlation
between the spatial localization of fibrotic changes and disease progres-
sion. The present study characterizes histopathological changes seen in
IPF lungs with molecular changes and anatomical/three-dimensional
distribution. Methods: Freshly explanted IPF lungs from patients under-
going lung transplantation were inflated and scanned by computer to-
mography to identify and sample representative areas of fibrotic reorga-
nization. The internal structure of the samples was analyzed in three-
dimensional datasets by using scanning laser optical tomography
(SLOT). Subsequently, areas of interest were laser-microdissected and a
set of fibrosis-associated genes and corresponding endogenous controls

were analyzed by real-time PCR and immunohistochemistry. All results
were correlated with the individual clinical findings. Results: The three-
dimensional position of fibroblastic foci was visualized properly by
using SLOT. An integrative model of IPF could be generated by correlat-
ing the 3D change patterns with the molecular microenvironment. Con-
clusions: Correlation of the techniques outlined above (CT, SLOT, micro-
sropy, 3D reconstruction, laser-microdissection, RT-PCR and immunohis-
tochemistry) with clinical changes enables us to characterize IPF on a
macroscopic, microscopic and molecular level for the first time.
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It is known, that ER-stress plays a role in several, very different diseases
like artherosclerosis, dilated cardiomyopathy or neurodegenerative dis-
eases. Maladaptive ER-stress was also indicated to play a prominent role
in IPF and seems to represent a key trigger in the pathogenesis of this
disease. As 78kDa glucose-regulated protein/immunoglobulin-binding
protein (Grp78/Bip) is the key chaperone of the ER, and as it has been
shown to counterbalance ER stress-induced apoptosis induced by etopo-
side or proteasome inhibition in many cell lines in vitro, we plan to
assess the therapeutic efficacy of GRP78/Bip for preventing and resol-
ving ER stress in vivo. For this purpose we were generating transgenic
mice with conditional overexpression of full-length GRP78 in alveolar
epithelial type II cells (AECII). In detail, the cDNA encoding mmGrp781 –
654 was cloned into the pBI-L_Tet vector. After oocyte injection through
a cooperation with EMBL (Dr. P. Moreira, EMBL Mouse Biology Unit;
Campus A. Buzzati-Traverso, Monterotondo, Italy), breeding of hetero-
zygous founders was performed, followed by crossbreeding with homo-
zygous transactivator SP-C rtTA mice. The resulting double-transgenic
mice with inducible conditional overexpression of Grp78 in AECII will be
subjected to different models of lung fibrosis (Pepstatin A, Amiodarone
and Bleomycin) with overexpression of GRP78 shut on or shut off. For
induction of GRP78 overexpression double-transgenic mice will be fed
with doxycycline enriched food (Tet-On). Age-matched animals with the
transgene being shut off (Tet-Off) will serve as controls. We suggest, that
GRP78 overexpressing mice will be protected from ER stress and subse-
quent development of lung fibrosis and that this mouse model will
provide insight into the mechanism by which Grp78 overexpression
protects from ER stress and lung fibrosis induced by DNA damage and
oxidative stress (bleomycin-model) or induced by accumulated proSP-B
precursors (Amiodarone- and Pepstatin A-model).
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We have recently identified severe and pro-apoptotic Endoplasmic Re-
ticulum (ER) stress as major pathomechanism for alveolar epithelial cell
(AEC) injury in Idiopathic Pulmonary Fibrosis (IPF). In line with this, the
pro-apoptotic transcription factor CHOP, which functions as a crucial
mediator of ER stress-induced apoptosis, was strongly induced in AECII
from patients with IPF. We therefore aimed to fully disclose the tran-
scriptional regulation and biological role of epithelial CHOP expression
in AECII-like cells in vitro, and in pulmonary fibrosis in vivo. We per-
formed promotor analysis of the human CHOP gene in silico, followed by
reporter gene assays for several proximal CHOP promoter fragments in
A549 and MLE12 cells in the presence or absence of ER stress-inducing
agents. We performed transient overexpression of FLAG- and c-myc-
tagged CHOP constructs in alveolar epithelial cell lines A549 (human)
and MLE12 (murine), followed by the assessment of CHOP expression
and post-translational modification and regulation of apoptosis. The in
silico-analysis of the 2.7-kb 5’-flanking region of the human CHOP gene
revealed approximately 15 different putative transcription factor bind-
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ing sites in addition to the already known ER stress-response elements
(ERSE) and Amino-Acid-response elements (AARE). Surprisingly, next to
the common transcription factor binding sites (ERSE and AARE), the
CHOP promoter has another transcription factor binding site(s) which
seems to play a role in CHOP expression. Additionally, CHOP could be
successfully overexpressed in MLE12 and A549 cells, with a maximum
of protein expression 24 – 48 hours after transfection. Parallel to the
expression of CHOP, caspase-3 activation and hence induction of apop-
tosis could be encountered in these cell lines. Moreover, overexpression
studies suggest the presence of unknown post-translational modifica-
tions in CHOP proteins. Based on the data generated herein, we expect to
be able to develop novel, AECII specific, antiapoptotic treatment strate-
gies for treatment of IPF.

38
Deficient Autophagy in Hermansky-Pudlak
Syndrome associated lung fibrosis
Ahuja S1, Henneke I1, Knudsen L2,4, Gochuico BR3,
Ruppert C154, Ochs M2,4, Korfei M1, Seeger W1,5,
Guenther A1,5, Mahavadi P1

1Justus-Liebig-University Gießen, Gießen; 2Hannover
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and Marburg Lung Center (UGMLC), Member of the German
Center for Lung Research
DOI: 10.1055/s-0034-1376807

Hermansky-Pudlak syndrome (HPS) is a lysosome realated disorder. Pa-
tients with HPS types -1, -2 & -4 develop pulmonary fibrosis called
Hermansky-Pudlak syndrome associated Interstitial Pneumonia (HPSIP).
HPSIP lungs show enlarged alveolar type II cells (AECII) with giant la-
mellar bodies. We previously reported lung fibrosis in a HPSIP mouse
model (HPS1/2), accompanied with surfactant accumulation and apop-
tosis of AECII due to severe lysosomal stress and ER stress. Data from
human HPS 1 patient corroborated with the HPS 1/2 mice data. Here, we
aim to analyze autophagy, an important lysosomal degradation path-
way, under HPSIP conditions. Immunohistochemistry was performed
and on serial paraffin lung sections from HPS 1, HPS 2, HPS1/2 and WT
control mice and on lung sections from human HPS 1 patients and
healthy donors for autophagy related proteins LC3B, p62 and TFEB and
for AECII marker, pro SP-C. Immunogold labelling for LC 3B was per-
formed on mice lungs fixed in paraformaldehyde and gluteraldehyde.
Immunohistochemistry revealed that the AECII of HPS 1/2 mice and hu-
man HPS 1 did not stain for LC3B, while a convincing signal was ob-
served within macrophages of the same sections and within AECII &
macrophages of WT mice and healthy donors. Electron microscopy re-
sults confirm the qualitative observation of less labeling of LC3B on the
limiting membrane of lamellar bodies in HPS mice compared to WT
mice. Immunohistochemistry showed decreased staining for p62 and
TFEB within AECII of HPS 1/2 compared to WT mice. Our results point
towards defective autophagy within AECII under HPSIP conditions both
in mice and men. An in depth analysis of this pathway is underway to
further understand the role of defective autophagy in the development
of HPSIP.

39
Role of Bcl-xL in hepatocyte growth
factor-elicited epithelial protection in idiopathic
pulmonary fibrosis
Skwarna S1, Henneke I1, Seeger W1, Geiser T2, G�nther A1,
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Member of the German Center for Lung Research (DZL),
Gießen; 2Department for Pulmonary Medicine Inselspital,
Bern, Switzerland
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Hepatocyte growth factor (HGF) is a cytokine with pleiotropic functions
during wound healing and repair. Its anti-fibrotic effects were shown in
animal models of lung fibrosis and linked to improved cellular survival
and proliferation and reduced myofibroblast accumulation. HGF-eli-
cited, pro-survival pathways have yet not been investigated in detail in
lung epithelial cells. Based on literature, our study is focused on Bcl-xL,
pro-survival protein involved in mitochondrial control of apoptosis. Ana-
lysis of IPF lung homogenates revealed significantly increased expres-
sion of Bcl-xL when compared to donor lungs. In human IPF, much less
in donor lungs, Bcl-xL protein is highly expressed in hyperplastic alveo-

lar epithelial type II cells, basal cells and bronchial epithelial cells.
Furthermore, Bcl-xL expression co-localized with specific HGF receptor
c-Met. In vitro data shows decreased expression of Bcl-xL in murine
epithelial MLE12/15 cells in response to oxidative stress-induced apop-
tosis. Under these conditions, HGF treatment resulted in increased sur-
vival of cells that correlated with increased Bcl-xL expression. The same
effect of HGF is seen after treatment of cells with the potent ER-stress
inducer thapsigargin. Anti-apoptotic effect of HGF was abolished after
pre-incubation with c-Met inhibitor. Knock-down of Bcl-xL protein
made epithelial cells much more sensitive to injury caused by oxidative
stress, as well as ER stress, however did not affect HGF pro survival
activity. In conclusion, our data shows that HGF has a strong pro-survi-
val effect on alveolar epithelial cells. Its interdependency with Bcl-xL
protein needs to be further investigated, however Bcl-xL seems to be
an important factor in epithelial response to injury.

40
Alveolar derecruitment and collapse induration
as crucial mechanisms in lung injury and fibrosis
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1Hannover Medical School, Hannover; 2University of Bern,
Bern, Switzerland; 3Justus-Liebig University Gießen, Gießen;
4Medical University of Vienna, Vienna, Austria; 5University
of Vermont College of Medicine, Vermont, USA; 6Biomedical
Research in Endstage and Obstructive Lung Disease
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Lung Center (UGMLC), Member of the German Center for
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Idiopathic pulmonary fibrosis (IPF) and bleomycin-induced pulmonary
fibrosis are associated with surfactant system dysfunction, alveolar col-
lapse, and collapse induration (irreversible closure). These events play
critical but undefined roles in the loss of lung function and disease
progression. To quantify how surfactant inactivation leads to lung injury
and fibrosis we employed design-based stereology and invasive pulmon-
ary function tests 1, 3, 7, and 14 days (D) following intratracheal bleo-
mycin-instillation in rats. Active surfactant subtypes declined signifi-
cantly by D 1, leading to progressive alveolar closure (derecruitment)
and an associated decrease in organ-scale compliance. Alveolar epithe-
lial damage was more pronounced in closed alveoli compared to venti-
lated alveoli. At the ultrastructural level, we observed collapse indura-
tion in the bleomycin treated rats on D7 and D14 as indicated by col-
lapsed alveoli overgrown by a hyperplastic alveolar epithelium. This
pathophysiology was also observed for the first time in human IPF lung
explants. Prior to the onset of collapse induration (D7), the lungs were
easily recruited, and lung elastance could be kept low after recruitment
by application of positive end-expiratory pressure (PEEP). By contrast, at
later time points the recruitable fraction of the lung was reduced by
collapse induration, causing elastance to be elevated at high levels of
PEEP. We conclude that surfactant inactivation leading to alveolar col-
lapse and subsequent collapse induration is the primary pathway for the
loss of alveoli in this animal model and is the dominant factor in the
degradation of lung function. Our ultrastructural observations suggest
that collapse induration is also important in human IPF.

41
Wnt-Heparan Sulfate Proteoglycan interaction in
fibrotic lung disease
Vierkotten S1, Aumiller V1, Uhl F1, K�nigshoff M1

1Comprehensive Pneumology Center M�nchen (CPC-M),
Helmholtz Zentrum M�nchen, Member of the German
Center for Lung Research (DZL), Munich
DOI: 10.1055/s-0034-1376810

Introduction: Idiopathic pulmonary fibrosis (IPF) is a lethal lung disease
of yet unknown etiology. Recently, (re)activation of developmental path-
ways, such as Wnt/b-catenin in the alveolar epithelium has been linked
to disease development. Regulation of Wnt/b-catenin activation has
been shown to be dependent on Heparan Sulfate Proteoglycans (HSPGs).
The role of Wnt-HSPG interaction in IPF, however, remains to be elusive.
Methods: Murine and human lung epithelial cells were treated with
Heparin, Desulfated (DS) Heparins or Heparinase II and Chondroitinase
ABC, respectively. A Heparin binding assay was used to assess binding of
Wnt3a to Heparin and DS Heparins. Immunofluorescence staining of ex
vivo lung tissue for Wnt proteins was conducted. In addition, lung tissue
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and bronchoalveolar lavage fluid (BALF) from bleomycin-treated mice
were screened for Wnt ligand expression. Results: WNT3a is localized
to bronchial and alveolar epithelial cells with increased expression in
fibrotic regions. Canonical WNT3a and WNT10b levels are elevated in
bronchoalveolar lavage fluid (BALF) of mice with bleomycin-induced
lung fibrosis. Immunofluorescence staining of ex vivo lung tissue slices
revealed upregulated WNT3a expression in bleomycin-treated mouse
lungs compared to controls. Heparin treatment of murine lung epithelial
cells resulted in inhibition of TOP/FOP-flash reporter, indicating de-
creased canonical WNT signaling. In contrast, Heparinase II and Chon-
droitinase ABC treatment resulted in upregulated b-catenin-dependent
gene transcription. Interestingly, 6-O-DS Heparin treatment of A549
cells did not decrease WNT signaling, while binding of WNT3a to 6-O-
DS Heparin was not altered, thereby suggesting less inhibition of WNT
signaling upon binding to 6-O-DS Heparin. Conclusion: Taken together,
our findings revealed that HS sulfation and degradation modulate WNT/
b-catenin signal activity. Altered sulfation states during extracellular
matrix (ECM) remodeling in IPF pathology might contribute to (re)acti-
vation of developmental pathways like WNT/b-catenin.

42
Novel alveolar epithelial cell differentiation
markers in lung injury and repair
Mutze K1, Uhl F1, Milosevic J2, Eickelberg O1, K�nigshoff M1
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Center for Lung Research (DZL), Munich; 2Simmons Center
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Medical Center
DOI: 10.1055/s-0034-1376811

Objective: The alveolar epithelium, consisting of mainly alveolar epithe-
lial type 1 (AT1) and type 2 (AT2) cells, represents a major site of tissue
destruction in idiopathic pulmonary fibrosis. Several studies indicate
that adult AT2 cells are able to self-renew and exert progenitor function
for AT1 cells upon alveolar injury in vivo. However, cell differentiation
pathways enabling this plasticity are poorly understood. Here, we used
the primary culture of murine AT2 cells as model system to identify
novel proteins and pathways involved in epithelial transdifferentiation.
Methods/Results: Expression profiles of primary transdifferentiating
AT2 cells were analyzed applying 2D gel electrophoresis and mass spec-
trometry. Beside others, we found enolase 1 (ENO1) to be upregulated,
whereas carbonyl reductase 2 (CBR2) was decreased in transdifferentiat-
ing AT2 cells, as further confirmed by quantitative RT-PCR analysis and
immunoblotting. This was accompanied by reduction in AT2 cell derived
pro surfactant protein C (proSPC) expression and increased AT1 cell T1a
expression, as well as an activation of the Wnt/b-catenin pathway. We
applied a lung tissue culture model of murine precision cut lung slices
ex vivo to further analyze transdifferentiation in the 3D natural spatial
lung environment. We observed Wnt/b-catenin signal activation and
alveolar epithelial cell transdifferentiation upon lung tissue cultures ex
vivo. Interestingly, the inhibition of Wnt/b-catenin signaling in cultured
AT2 resulted in decreased expression of ENO1 and T1a and stabilization
of CBR2. In an in vivo model of lung fibrosis, which exhibits activated
Wnt/b-catenin signaling, decreased expression of CBR2 and proSPC cor-
related in AT2 cells, whereas ENO1 along with T1a expression was in-
creased. Conclusion: Proteomic analysis revealed novel proteins differ-
entially expressed in differentiating AT2 cells. Interestingly, newly iden-
tified proteins were regulated by b-catenin in vitro and in experimental
fibrosis in vivo, suggesting a role in epithelial repair processes upon lung
injury.

43
In vivo effects of TGF-b1 in lung surfactant
regulation, lung meachanics amd structure
Lopez-Rodriguez E1,5, Boden C1, Knippenberg S1,5,
Pascual A2, Perez-Gil J2, Kolb M3, Gauldie J4, Maus U1,5,
Ochs M1,5, Knudsen L1,5
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Member of the German Center for Lung Research (DZL),
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DOI: 10.1055/s-0034-1376812

Transforming growth factor beta 1 (TGF-b1) is a signalling protein with a
wide range of biological activities. TGF-b1 is thought to have a pivotal
role in fibrogenesis, where TGF-b1 induces myofibroblast migration and
increases extracellular matrix synthesis, including collagen. Moreover, it
has been described that TGF-b1 is a negative modulator of the regula-
tion of surfactant associated proteins A (SP-A), B (SP-B) and C (SP-C) in
vitro. Pulmonary surfactant is a lipid-protein complex that lowers sur-
face tension at the respiratory air-liquid interface, stabilizing the lungs
against physical forces tending to collapse alveoli. SP-B and SP-C defi-
ciency has been found in patients suffering from lung diseases and
related to potential mechanical stress of the lung epithelium. We have
characterized lung surfactant protein composition 1 and 2 weeks after
adenoviral mediated gene transfer of active TGF-b1 into lungs. Gene
expression of surfactant proteins is down-regulated pointing at deficient
transcriptional regulation that might include a deficient activity of TTF-
1, during TGF-b1 overexpression. Deficiency on SP-B and SP-C at early
stages correlates with high surface tension under dynamic cycling of
isolated surfactant in Captive Bubble Surfactometry (CBS). In addition,
high surface tension correlates with decreased quasistatic lung compli-
ance and increased collapsibility of distal airspaces. Stereological data
demonstrate a correlation between septal wall thickness and quasistatic
compliance 2 weeks after gen-transfer. At the ultrastructural level thick-
ening of septal walls, could be attributed to an increase in interstitial
cells, formation of dense alveolar oedema and increase in profiles of
epithelial type II (AEII) cells. The latter could be also attributed to
Epithelial to Mesenchymal Transition (EMT), indicated by down-regula-
tion of epithelial markers associated to up-regulation of mesenchymal
molecular markers. We can conclude that in vivo TGF-b1 is a strong
negative regulator of surfactant metabolism, originating a mechanical
stress that may contribute to EMT at following stages.

44
Effect of stretch and hyperoxia on the stress
response of the newborn mouse lung
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Meiners S1, Hilgendorff A1
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Center for Lung Research (DZL), Munich
DOI: 10.1055/s-0034-1376813

Introduction: Prolonged mechanical ventilation of preterm infants with
oxygen-rich gas (MV-O2) as a lifesaving treatment often leads to chronic
lung disease, also known as bronchopulmonary dysplasia (BPD). The
disease is characterized by extracellular remodelling and inflammatory
changes leading to impaired alveolar and vascular development. We
aimed at investigating the effect of MV-O2 on the protein stress re-
sponse of the immature lung focussing on cellular protein quality con-
trol pathways such as ER-stress, autophagy and proteasome function
using a mouse-model of mechanical ventilation and neonatal pulmon-
ary myofibroblasts (MFBs) which are treated with stretch, TGF-b, or
hyperoxia in vitro. Materials and Methods: 5 – 7 days old C 57BL/6
mice were ventilated at 180 breaths/min with/without oxygen
(FiO2 = 0.4 or FiO2 = 0.21) for 2 or 8 hours; the controls spontaneously
breathed room air or O2 for 2 or 8 hours. At the end of each experiment,
lungs were harvested in liquid nitrogen; homogenized lysate was used
for protein- and RNA analysis. For in vitro analysis, MFBs were isolated
from lungs of 5 – 7 day old mice and subjected to stretch or hyperoxia
experiments with/without TGF-b treatment for 24 hours. Results: Pre-
liminary results demonstrate a 1.5 fold increase in ER-stress (Binding
immunoglobulin protein) and a significant decrease in cell-proliferation
(Proliferating Cell Nuclear Antigen) in the ventilated lungs when com-
pared to unventilated control littermates. Other stress response systems
were not found to be significantly regulated in contrast to findings from
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adult lung tissue. Conclusion: Our preliminary results indicate that the
cellular protein quality control system in the neonatal lung shows a
specific response to stress induced by mechanical stretch and hyperoxia.
Ongoing experiments using different markers and functional assays will
characterize this response in more detail.

Disease Area: Pulmonary Hypertension

45
P66shc deficient mice develope decreased right
heart hypertrophy via a Cyclophilin D dependent
mechanism in hypoxia-induced pulmonary
hypertension
Gierhardt M1, Sommer N1, Schreckenberg R2, Schlueter KD2,
Ghofrani AH1, Schermuly RT1, Schulz R2, Weissmann N1

1Universities of Gießen and Marburg Lung Center (UGMLC),
Member of the German Center for Lung Research (DZL),
Gießen; 2Institute of Physiology
DOI: 10.1055/s-0034-1376814

In acute and chronic hypoxia the response of the pulmonary vasculature
is suggested to be regulated via mitochondrial reactive oxygen species
(ROS). In response to cellular stress the mitochondrial regulator protein
p66shc enhances the ROS-production probably via the pro-apoptotic
protein cyclophilin D (CypD). We hypothesized in p66shc-deficient mice
lower hypoxic pulmonary vasoconstriction (HPV) and pulmonary hyper-
tension (PH) related to lower hypoxia-induced ROS-production. HPV was
determined in isolated lungs of p66shc and CypD deficient mice, as well
as in mice lacking both proteins, and compared to lungs of wild type
(WT) mice. The thromboxane mimetic U46619 and potassium chloride
(KCl) were used as hypoxia-independent vasoconstrictive stimuli. PH
was quantified after exposure of mice to 10% oxygen for 4 weeks by in
vivo hemodynamics, and morphometric analysis. Mice deficient of
p66shc, CypD or both proteins exhibited lower responses to acute hy-
poxia, U46619 and KCl compared to WT mice. In chronic hypoxia-in-
duced pH only p66shc deficient mice exhibited lower right ventricular
pressure, right ventricular hypertrophy and hematocrit compared to WT
mice. In mice lacking CypD or both proteins, no significant changes of
these parameters in chronic hypoxia were detected. There was no
change in lung remodeling between all groups. We conclude that the
mitochondrial ROS producing protein p66shc regulates right heart hy-
pertrophy and right ventricular pressure during chronic hypoxia, prob-
ably via a CypD dependent mechanism.

46
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of tobacco smoke-induced lung emphysema and
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Schermuly R1, Grimminger F1, Ghofrani HA1, Weissmann N1
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Chronic obstructive pulmonary disease (COPD) is a major cause of death
and disability worldwide. An estimated portion of 30 – 70% of COPD
patients also suffer from pulmonary hypertension (PH). Studies indicate
that activation of serotonin-mediated pathways contribute to develop-
ment of PH. Moreover, vascular alterations have been suggested to con-
tribute to emphysema development. The aim of the study was to clarify
the role of serotonin and the serotonin inhibitor Terguride on the devel-
opment of tobacco smoke-induced emphysema and PH in a mouse mod-
el. WT mice (C 57BL 6/J) were exposed to cigarette smoke for 6 hours/
day, 5 days/week for 8 months. Mice were split into different experi-
mental groups (Placebo smoke-exposed, Placebo non-exposed and Ter-
guride smoke-exposed). Terguride-treated animals received the drug
twice per day by gavage. Gene and protein expression analysis were
performed by quantitative real-time PCR and western blotting. Develop-
ment of PH and emphysema were determined by measurement of lung
compliance, in vivo hemodynamics, right ventricular heart mass altera-
tions and as well by alveolar and vascular morphometric analyses. The
mRNA as well as protein analyses revealed a significant upregulation of
5-HT2A and 5-HT2B receptors in tobacco smoke-exposed mice. Similar
alterations were found in lungs from human COPD patients compared to

healthy donors. Non-treated smoke-exposed mice developed pulmonary
hypertension and emphysema upon smoke exposure. In contrast,
smoke-exposed Terguride-treated mice were prevented from PH and
vascular remodeling. In addition, the smoke-induced increase in lung
compliance as well as structural measures for emphysema development
remained on a normal level in Terguride-treated smoke-exposed mice.
We concluded that Terguride has a protective effect on the development
of tobacco smoke-induced pulmonary hypertension and emphysema
development in mice.
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mediators decrease hypoxic pulmonary
vasoconstriction in isolated, ventilated and
perfused mouse lungs
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Introduction: Hypoxic pulmonary vasoconstriction (HPV) is an essential
physiological mechanism that adapts perfusion to ventilation to opti-
mize gas exchange by redistributing the blood flow to well-ventilated
areas, thereby improving alveolar oxygenation. Disturbances in HPV can
lead to life-threatening hypoxemia. Intrinsic and modulatory pathways
of HPV are not fully elucidated. Arachidonic acid-derived mediators are
known to be potent vasoregulators in different organs in health and
disease. In the lung, little is known about the role and physiological
function of arachidonic acid/cytochrome p450-derived mediators. Our
study focuses on the cytochrome p450 oxygenase pathway, during
which 20-hydroxyeicosatetraenoic acid (20-HETE) and epoxyeicosatrie-
noic acids (EETs) are synthezised. The aim of this study was to investi-
gate the effect of four EETs (5,6-, 8,9-, 11,12- and 14,15-EET) and 20-HETE
on HPV. Methods: Experiments were performed in isolated, ventilated
and perfused lungs of wild-type mice. The strength of HPV in response
to a change from normoxic to hypoxic ventilation (21% O2 and 1% O2, 10
minutes) was quantified. The effect of EET- and 20-HETE-applications on
acute HPV and normoxic vascular tone was compared to control experi-
ments with solvent applications. Results: Application of EETs did not
affect normoxic pulmonary vascular resistance. However, hypoxia-in-
duced vasoconstriction was significantly reduced in response to applica-
tion of 5,6-, 8,9-, 11,12- and 14,15-EET via the perfusate. Application of
20-HETE induced vasoconstriction during normoxia and inhibited sub-
sequent hypoxic pulmonary vasoconstriction. Conclusion: EETs as well
as 20-HETEs influence hypoxic pulmonary vasoconstriction (HPV) via
different mechanisms. Future studies with stereoisomers of EETs as well
as with inhibitors for EET synthezising enzymes will give further insight
into EET-mediated pulmonary vasoregulation.

Disease Area: Endstage Lung Disease

48
Treatment with donor specific alloantigen 28
days before or on the day of lung transplantation
– a comparison in a large animal model
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Purpose: Administration of donor-specific alloantigen during transplan-
tation has been shown to induce T-cell regulation and long term trans-
plant tolerance in our large animal model before. In rodents, it was also
possible to induce allograft acceptance if the donor-antigen was admi-
nistered 28 days in advance. Here, we wished to translate this protocol
into our lung transplantation model in minipigs and compare it to our
already established protocols. Methods: Lung transplantation from
MHC-mismatched donors was performed in 41 minipigs. 23 of those
animals received donor-splenocytes perioperatively (group1), whereas
in 18 animals the splenocytes were administered 28 days before trans-
plantation (group2). All animals were treated with Tacrolimus and Ster-
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oids 28 days following transplantation. Concomittant with donor-anti-
gen the animals received either non-myeloablative irradiation or deplet-
ing anti-CD 4 and/or -CD8 antibodies. Both groups include 4 (group1)
respectively 6 (group2) animals which underwent no immunomodula-
tion at all. Results: In our minipig model, it was not possible to induce
reliable allograft acceptance if the minipigs were treated with donor-
antigen 28 days before transplantation. From the total of group2, only
16.7% achieved long term allograft survival (> 178 d), compared to
group1 with 26.1% after all. After censoring animals that died due to
other causes related to this experiment than rejection (like bleeding
from thrombocytopenia) there still remained 73.3% animals with rejec-
tion in group2 but only 46.4% in group1 before postoperative day 178
(p = 0.01). Median survival in the day -28 animals was 64 days, whereas
in the perioperatively treated animals it was 239 days. Time course and
histology suggest sensitization and consecutive hyperacute rejection in
animals pretreated with donor-splenocytes 28 days before lung trans-
plantation even though anti-CD 4 and/or -CD8 antibodies were co-ad-
ministered. Conclusion: Administration of donor-splenocytes 28 days
before transplantation appears to rather promote sensitization, but at
the time of transplant promotes tolerance in this large animal lung
transplantation model.
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Towards the development of a bioartificial lung –
Endothelialisation of TiO2 coated oxygenator
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Introduction: Currently, the use of extra corporeal membrane oxygena-
tion (ECMO) devices, which is indicated for patients awaiting lung trans-
plantation, is limited to a few weeks only, due to thrombus formation
and deposition of blood components within the device. Therefore, the
basic idea is to improve the haemocompatibility by endothelialisation of
the poly-4-methyl-1-pentene gas exchange membranes (PMP), which
necessitates the development of coating techniques for the mediation
of endothelial cell adhesion to the hydrophobic polymers. The pulsed
vacuum cathodic arc plasma deposition (PVCAPD) technique has been
shown to enable the coating of thermosensitive polymers. Hence the
eligibility of Titaniumoxides (TiO2) deposited on PMP using PVCAPD as
an effective coating technique for enabling the endothelialization was
assessed. Methods: PMP film samples were coated with TiO2 via
PVCAPD and analyzed using SEM and EDX. Umbilical cord blood derived
endothelial cells (hCBECs) were seeded on such samples and incubated
for 24 h. Established monolayers were investigated for expression of
activation-relevant marker genes and subjected to a leucocyte adhesion
assay. Flow resistance and self-healing capacity were assessed in a la-
minar flow chamber applying 30 dyne/cm2 for 24 h. Results: SEM and
EDX analysis confirmed the homogeneous deposition of nanoscalic TiO2
particles. hCBECs exclusively adhered to areas of PMP film coated with
TiO2. Gene expression analysis revealed that endothelial cells seeded on
TiO2 coated surface retained the non-activated, anti-thrombogenic state,
additionally confirmed by a leucocyte adhesion assay. Furthermore, the
established monolayer was resistant to high physiologic shear rate of 30
dyne/cm2, for 24 hours. Besides planar PMP, the coating technique was
successfully applied to 3D hollow fibres where ECs established confluent
monolayers. Conclusion: This study demonstrated that TiO2 coating via
PVCAPD is a promising technique for coating thermo-sensitive PMP gas
exchange membranes, enabling the generation of a non-activated and
flow-resistant EC monolayer.
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Objectives: Recently, we established a clinically relevant experimental
model for human bronchiolitis obliterans syndrome (BOS), which in-
volves orthotopic transplantation of rat lung allografts followed by in-
tratracheal application of lipopolysaccharide (LPS) (Atanasova et al.
2013, J Heart Lung Transplant 32: 1131). Chronic lung damage does
neither develop in allografts treated with vehicle instead of LPS nor in
pulmonary isografts. Alloreactive and autoreactive antibodies have been
detected in BOS patients but their pathogenic role is disputed. Here, we
investigate B cell infiltration into experimental lung allografts as well as
deposition of immunoglobulins and C 4 d. Material and methods:
Orthotopic left lung transplantation was performed in the Fischer 344
to Lewis strain combination followed by application of ciclosporine
(5 mg/kg) for 10 days. Lewis rats served as isograft recipients. Four
weeks after transplantation, LPS (0.5 mg/kg body weight) was instilled
into the trachea. Lungs were harvested before (day 28) and after LPS
application (days 29, 33, and 40) for immunohistochemistry. Results:
Perivascular and peribronchiolar areas of lung allografts were more
strongly infiltrated by B cells in comparison to right native lungs and
isografts. Interestingly, an influx of B cells into the alveolar region was
induced in response to LPS-application only in allografts. Immunoglo-
bulin-positive cells were markedly increased in the alveolar space of
lung allografts compared to isografts at days 33 and 40. C 4 d deposits
were mainly found in the wall of small blood vessels as well as on the
respiratory epithelium of lung allografts but not of isografts. Conclu-
sion: These results suggest that B cells play a role in the development
of BOS by producing antibodies against donor tissue. As described before
for renal allograft rejection, deposition of C 4 d could be a prognostic
factor for lung allograft survival. Founding: DFG No. GR 1094/6 – 1
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Introduction: Bronchiolitis obliterans syndrome (BOS), characterized by
bronchiolitis obliterans, vascular remodeling and general fibrosis is a
major cause of mortality after lung transplantation. Elevated levels of
IFNg-dependent chemokines are predictive factors for the development
of BOS. IFNg expression can be induced by IL18, a pro-inflammatory
cytokine, secreted mainly by macrophages upon inflammasome activa-
tion. IL18 can be involved in the remodeling of airways and vessels,
fibrosis and impairment of endothelial progenitor cell function. How-
ever, its potential contribution to BOS has not been yet assessed. Mate-
rial and Methods: The Fischer 344 to Lewis rat strain combination was
used for orthotopic left lung transplantation. Isogenic transplantations
were performed in Lewis rats. Recipients were treated with ciclosporine
for 10 days and 28 days after transplantation, LPS was instilled into
airways. The mRNA and protein expression of IL18 was measured on
days 28, 29 and 33 after transplantation by quantitative RT-PCR and
western blot, respectively. Results: Left lung isografts and allografts as
well as control right lungs expressed stable mRNA levels of pro-IL18,
whereas pro-IL18 protein was elevated in left lung allografts on days 28
and 29. Interestingly, mature form of IL 18 was detected predominantly
in left allografts on day 29 and was absent in right control lungs inde-
pendent on the day investigated. In agreement with this observation,
mRNA expression of inflammasome components like caspase1 and ASC
was elevated in left allografts on day 29. Conclusions: IL 18 might play
important role in the development of BOS. Control of inflammasome
activation and IL 18 secretion might represent a novel therapeutic strat-
egy to prevent lung graft destruction.
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The only curative treatment option for patients with end-stage lung
disease is lung transplantation, since no curative pharmacological drug
for diseases is known so far. In order to analyze the effect of new drugs
on diseased tissue and vasculature, we developed an ex vivo lung perfu-
sion (EVLP) setup, in which explanted diseased lungs from lung trans-
plant recipients cab be treated with new drugs whilst undergoing nor-
mothermic perfusion and ventilation. Here, we present data from our
first three lungs, that were put on EVLP in order to proof the feasibility
of the experimental setup. Methods: For EVLP, the Organ Care System
(OCS) a transportable EVLP unit with integrated ventilator was used.
During transplant procedure, the diseased lungs of three end-stage IPF
patients were explanted, leaving a sufficient cuff of the pulmonary ar-
tery as well as the main bronchus. Reperfusion was performed with
~1.0 – 1.2 l/min and ventilation was started aiming for a tidal volume of
250 – 300 ml, in respect to patient’s body height and lung size. Results:
The lungs were kept in the OCS for 17, 24 and 26 hours in order to test
the longest possible conservation period in the perfusion unit. After
cessation of EVLP, the lungs were preserved with formaline flush
through the pulmonary artery. Histological examination showed char-
acteristic histological features of the known underlying disease. More
importantly, there was no visible difference between OCS-treated organs
and untreated organs regarding tissue vitality. All OCS-treated grafts
were free of histopathological correlates indicating necrosis, lysis or
apoptosis. Conclusion: For that reason, OCS treatment reliably protects
lung tissue and keeps it in a vital state. This observation was indepen-
dent from the duration of OCS treatment. This new tool can now be used
for testing drugs for end stage lung diseases with the opportunity of
finding histopathological effects on lung tissue and/or vasculature.

53
Generation of a NKX2.1 knockin human induced
pluripotent stem cell reporter line for
monitoring the generation of respiratory cells
Weinreich S1,2, Haller R1,2, Ulrich S1,2, Mauritz C1,2,
Martin U1,2

1Hannover Medical School, Hannover; 2Biomedical Research
in Endstage and Obstructive Lung Disease Hannover
(BREATH), Member of the German Center for Lung Research
(DZL), Hannover
DOI: 10.1055/s-0034-1376822

One promising therapeutic option to cure hereditary pulmonary dis-
eases like cystic fibrosis might be a cell replacement therapy comprising
the generation of patient specific autologous induced pluripotent stem
cells (iPSCs), followed by the correction of the genetic mutation, differ-
entiation into the needed airway cell type and replacement of the en-
dogenous cells. For long term restoration, most likely airway progenitor
or stem cells like basal cells or submucosal gland duct stem cells will be
required. A prerequisite is the development of an efficient and robust
protocol for the generation of the desired airway stem cells from human
iPSCs (hiPSCs). The transcription factor NK2 homeobox1 (NKX2.1) is
expressed in lung epithelial progenitor cells which can give rise to air-
way stem cells. Thus, NKX2.1 represents a suitable marker for optimiz-
ing differentiation protocols. The aim of the present study was the gen-
eration of a hiPSC reporter line targeting the NKX2.1 locus. Therefore,
two hiPSC lines, established in our lab, were screened for efficient dif-
ferentiation into definitive endoderm and NKX2.1 expressing cells.
Based on the results, the hHSC_F1285_T-iPS 2 line was then used for
the transfection with the NKX2.1 targeting vector (kind gift of Andrew
G. Elefanty), which consists of two homology arms for homologous re-
combination flanking an eGFP coding sequence and a floxed antibiotic
selection cassette. One correctly targeted clone out of 191 neomycin
resistant clones was identified by PCR analysis. Southern blot analysis
using an eGFP probe verified that the vector had integrated correctly
into one of the two NKX2.1 alleles without any further integration sites.
Differentiation of the identified clone with our established protocol re-

sulted in eGFP expressing cells first occurring on day 12 of differentia-
tion. The established hiPSC NKX2.1 reporter line represents an optimal
tool for the improvement of protocols for the pulmonary differentiation
of hiPSCs.
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Alpha-1-antitrypsin (AAT) is the prototypical member of the serin pro-
tease inhibitor (SERPIN) family. It is mainly produced by the liver, but
can also be produced by monocytes, macrophages and alveolar epithe-
lial cells. AAT is released in large amounts during the acute phase of
inflammation and limits tissue damage due to its antiprotease activity.
Anti-inflammatory effects independent of antiprotease function are cur-
rently investigated. AAT might also play a role during Bronchiolitis ob-
literans syndrome (BOS), the major cause of death of patients after lung
transplantation, which limits survival rates to 53% after 5 years. Ische-
mia/reperfusion injury, acute rejection and respiratory infections are
main risk factors for the development of BOS. Our group has recently
developed a model for human BOS in rats. This model consists of allo-
geneic left lung transplantation from Fischer 344 (F344) to Lewis (LEW)
rats, a short course of immunosuppression followed by intratracheal
instillation of lipopolysaccharide (LPS) 28 days after transplantation.
Control allograft recipients were treated with vehicle. Isogeneic trans-
plantation was performed in the LEW rat. We analyzed AAT mRNA ex-
pression by real-time RT-PCR in lung tissues of transplanted rats, as well
as AAT protein expression by immunohistochemical staining on paraffin
sections. Isogeneic transplantation provoked a graft-specific decrease in
AAT mRNA-expression, which was transiently reverted upon LPS appli-
cation. In allografts, however, the LPS-mediated increase in AAT expres-
sion was not observed. LPS-induced differences were also reflected in
the intensity of the immunohistochemical staining of alveolar walls. Our
results suggest that AAT supplementation early after lung transplanta-
tion might prevent chronic allograft rejection in the long run.
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Cystic fibrosis (CF) is the most common lethal monogenic recessive dis-
ease in the caucasian population. Over 1900 mutations are known in the
Cystic Fibrosis Transmembrane Conductance Regulator (CFTR) gene, but
the most common mutation is the F508del resulting in misfolding of the
CFTR protein. Until today, classical gene therapy trials have not been
successful in CF patients, and currently approved CFTR modulators are
only effective in a minority of CF patients. In contrast, stem cell-based
approaches offer new perspectives for diseases like CF. Besides their
almost unlimited proliferation and differentiation potential, human in-
duced pluripotent stem cells (hiPSCs) can easily undergo genetic mod-
ification. Thus, patient-derived hiPSCs represent a suitable cell source
for autologous ex-vivo gene therapy approaches to cure CF. In addition
to cell replacement therapies, these cells might serve as a basis for
patient-specific drug and toxicology screenings of CFTR modulators in
vitro. Our strategy comprises the establishment of patient-specific
hiPSCs, the targeted ex-vivo correction of individual CFTR mutations
and the differentiation of the iPSCs into CFTR expressing cells. Genera-
tion of hiPSCs from somatic cells of CF patients was already successful
and genetic correction of these mutated iPSCs was performed by two
different gene targeting strategies based on homologous recombination
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via Zinc-Finger- or TAL-effector nucleases. For proof of concept, we are
aiming at the differentiation of non-disease specific human embryonic
stem cells (ECS, as control) and of uncorrected and corrected CF hiPSCs
into CFTR expressing cells. During differentiation of the hESC line, in-
creasing levels of CFTR mRNA and of mature CFTR protein were detect-
able. CFTR mRNA expression was verified in differentiating non-cor-
rected and gene-corrected CF hiPSCs as well. Current work is focused
on the generation of CFTR reporter cell lines, facilitating monitoring of
CFTR expression, optimisation of the differentiation protocol and char-
acterisation of the CFTR positive cells.
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Objectives: The Organ Care System� (OCS) is a well-established system
used in human lung transplantation, allowing for warm perfusion and
ventilation of the donor lungs. Besides lung retrieval, this system there-
fore offers an innovative opportunity for clinical ex-vivo therapy of dis-
eased lungs for different indications, e. g. tumor therapy. While the pa-
tient is on extracorporeal membrane oxygenation, the otherwise inoper-
able lungs can be treated in the OCS, followed by autotransplantation.
For the development of ex-vivo therapy, a miniaturized OCS for small
animals model was established. Methods: Wistar rats were euthanized
(per group n = 5), the left lung was connected to the miniaturized OCS,
while the right lung was stored on ice. The OCS lungs were ventilated
and perfused at body temperature under continuous monitoring (e.g.
pressure, blood gas analysis). Four different perfusion solutions were
analyzed (Steen solution�€ blood, OCS solution�€ blood). Thereafter the
lungs were processed histologically and examined pathologically (e.g.
HE staining). Results: The miniaturized OCS worked technically fault-
less, in particular the perfusion and ventilation went well. For all perfu-
sion solutions stable pH, pO2, pCO2, oncotic pressure and systemic
pressure could be observed. The base excess has to be stabilized by
application of sodium hydrogen carbonate using both perfusion solution
combined with blood. Furthermore, the lactate increased in these two
combined perfusion solutions until the end of the experiment up to
7.0 mmol/l, while the two others indicated lactate levels up to
1.0 mmol/l. Pathological work up revealed no significant morphological
changes, except for focal atelectasis. There were no delimitable differ-
ences in between the examined groups. Conclusions: The miniaturized
OCS is a reliably working system to establish the ex-vivo therapies for
different indiations. As ex-vivo therapies may need to be applied for
more than 4 hours, extended perfusion times and various perfusion
solutions are currently investigated.
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The in vitro production of respiratory epithelial (progenitor) cells from
human pluripotent stem cells (hPSCs) offers promising new options for
the treatment of respiratory diseases. Importantly, efficient technologies
for targeted gene correction, based on e. g. zinc finger nucleases (ZFNs)
or transcription activator like effector nucleases (TALENs), makes the
hPSC-based treatment of genetic lung diseases like cystic fibrosis (CF)
and surfactant deficiencies feasible. A prerequisite for such approaches
is an efficient and robust differentiation strategy for the in vitro genera-
tion of the desired respiratory epithelial cell types. We therefore aim at
the differentiation of human embryonic (hESCs) as well as human in-
duced pluripotent stem cells (hiPSCs) into respiratory epithelial cell

types. To evaluate the earliest respiratory differentiation steps, we make
use of the hESC reporter cell line hES 3 NKX2.1-GFP (kindly provided by
the lab of A. Elefanty) expressing eGFP under the endogenous promoter
of NK2 homeobox 1 transcription factor (NKX2.1), known as the earliest
marker in lung development. With our current serum-free monolayer-
based differentiation strategy we receive about 70% definitive endoderm
as the first developmental step. Via subsequent anteriorization, FOXA2+/
SOX2+ anterior foregut endoderm was induced giving rise to about 15%
NKX2.1-eGFP+ cells. Coexpression of NKX2.1-eGFP with the endodermal
marker FOXA2 as well as qRT-PCR analysis indicate a respiratory phe-
notype of the NKX2.1-eGFP+ cells most likely excluding relation of the
NKX2.1 expression to a neuronal or thyroidal cell fate. Additionally, a
subset of the NKX2.1-eGFP+ cells coexpressed SOX2 demonstrating spe-
cification towards a proximal airway progenitor cell phenotype. In sum-
mary, first steps have been made towards the efficient generation of
NKX2.1+ respiratory epithelial progenitor cells. Future work will focus
on further optimization of the differentiation strategy and maturation of
the cells with regard to cell replacement therapies as well as for disease
modeling, drug screening and toxicity tests in vitro.
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Introduction: Regulatory T cells (Treg) have potential to regulate alloan-
tigens and thus may counteract the development of chronic rejection
(i. e. bronchiolitis obliterans syndrome, BOS) in lung transplantation.
BOS may affect over 60% of lung transplant recipients within five years.
Here, we analyzed Tregs in peripheral blood of 120 lung recipients pro-
spectively during the first 2 years and correlated with the onset of BOS
at two years. Materials and Methods: In this study we detected circu-
lating Treg by flow cytrometry in consecutive routine lung transplant
recipients before transplantation 3 weeks, 3, 6, 12, 18 and 24 months
after transplantation. Treg were defined as CD 4+CD 25high T cells and
were further analyzed for relevant surface as well as intracellular mar-
kers such as, amongst others, CTLA4, CD127, FoxP3 and IL-2. Spirometry
at 3 weeks, 3, 6, 12, 18 and 24 months after transplantation as well as
protocol biopsy results were analyzed. We defined two groups by the
development of BOS stage 1 or higher versus BOS stage 0 at two years.
Results: A total of 120 consecutive patients were included into the
study. While 97 patients showed a stable clinical course after lung trans-
plantation, 23 patients developed BOS stage 1 or higher within the first
2 years after lung transplantation. As soon as 3 weeks after lung trans-
plantation not only a statistically significant positive correlation could
be detected between the frequencies of Tregs and the absence of BOS
(p < 0.05), we also built a score defining a cut off value composed of
IL 2+/CTLA4+/CD 127low and FoxP3+ Treg in peripheral blood at 3 weeks,
predicting the probability of BOS development. Conclusions: Higher
frequencies of Treg early after lung transplantation are associated with
protection against development of BOS and they may thus have an early
predictive function for the ensuing course following transplantation.
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Applications like full endothelialisation of gas exchange membranes in
extracorporal membrane oxygenation (ECMO) devices for improved he-
matocompatibility, cell therapy of pulmonary hypertrophy or tissue en-
gineering require large numbers of (patient-specific) endothelial cells
(ECs). The isolation of ECs from peripheral blood or explanted vessels
is well established however especially cells from older individuals show
a limited proliferation capacity. Patient specific ECs from pluripotent
stem cells (hiPSCs) might be an alternative suitable cell source. The
opportunity to generate large amounts of undifferentiated hiPSC in de-
fined media under scalable conditions [1] allows for the generation of
cell numbers in dimensions which are suitable for envisioned applica-
tions. By differentiation of these well monitored cell populations a vir-
tually unlimited number of (autologous) ECs may become available for
disease modelling, tissue engineering approaches and biofunctionaliza-
tion of ECMO devices. The growth factors BMP4 and VEGFA as well as
modulation of the WNT pathway were utilized for the differentiation of
the scalable suspension cultures to endothelial cell types. [2] Differen-
tiation approaches resulted in up to 31% of CD144 positive (VEcadherin)
and 10% CD144 and CD 31 double positive cells on day 14 of differentia-
tion. FACS-sorted CD31 positive iPSC derivatives will be characterized in
detail with respect to their molecular phenotype, proliferative capacity
and functionality. In addition, the generation of transgenic hiPSC repor-
ter lines, which express a fluorescence reporter/antibiotic resistance un-
der the control of EC specific promotors (VEcadherin or CD 31) for mon-
itoring of differentiation and selection/purification of resulting cell types
is in progress. Resulting patient- (and lung disease-) specific iPSC-de-
rived ECs will represent a novel cell source for disease modelling or
biofunctionalization of gas exchange membranes as well as for vascular-
isation of tissue engineered constructs. In addition, TALEN-based gene
correction in iPSCs might enable novel concepts of ex vivo gene therapy
for respiratory diseases. References: 1 Olmer, R., et al., Suspension cul-
ture of human pluripotent stem cells in controlled, stirred bioreactors.
Tissue Eng Part C Methods, 2012. 18(10): p. 772 – 84. 2 Orlova, V.V., et al.,
Functionality of endothelial cells and pericytes from human pluripotent
stem cells demonstrated in cultured vascular plexus and zebrafish xe-
nografts. Arterioscler Thromb Vasc Biol, 2014. 34(1): p.177 – 86.

Disease Area: Lung Cancer
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Non-small cell lung cancer (NSCLC) is the leading cause of cancer-re-
lated deaths worldwide. Therapeutic treatment of NSCLC includes
mainly chemotherapy due to high metastatic spread but recently also
targeted therapy using epidermal growth factor receptor (EGFR) tyrosine
kinase inhibitors (TKI) for patients with an EGFR-activating mutation.
Although patients benefit from this treatment, the NSCLC cancer devel-
ops a resistance against EGFR TKI treatment and recovers after a few
months. Besides the gatekeeper mutation T790 M in EGFR, the resis-
tance can be mediated by hepatocyte growth factor (HGF) overexpres-
sion and amplification of its receptor c-Met. Yet, the mechanisms of this
HGF mediated resistance are unknown. Besides EGFR-TKI resistance
lung cancer patients can also develop a resistance against chemothera-

peutics like cisplatin. This resistance is also speculated to be influenced
by EGF and HGF signaling. Therefore cisplatin resistant cell lines were
developed to investigate alterations in signaling occurring after cisplatin
treatment. To obtain a deeper understanding of these mechanisms and
provide improved therapeutic options, we analyzed c-Met and EGFR
signal pathways MAPK and PI3K-Akt as well as their potential crosstalk
in NSCLC cell lines. As model systems three cell lines with alterations in
EGFR and c-Met mutation and expression status were selected to gain a
broad insight in the individual cellular response. Time-resolved signal-
ing data was acquired using quantitative immunoblotting. A systems
biology approach and modeling based on ordinary differential equations
will be applied to this data to describe the interaction of both ligands in
a quantitative and time-resolved manner.

61
Individualisation of radiochemotherapy (RTCT)
for locally advanced non-small cell lung cancer
(NSCLC)
Tufman A1,7, Borgmeier A1,7, Belka C1,7, Ulm K2, Tian F1,7,
Flentje M3, Schnabel P4,8, Goldmann T5,6, Huber RM1,7

1Department of Internal Medicine V, University of Munich,
Munich; 2Technical University Munich, Munich; 3University
of W�rzburg, W�rzburg; 4University Clinic Heidelberg,
Heidelberg; 5Forschungszentrum Borstel, Borstel; 6Airway
Research Center North (ARCN), 7Comprehensive Pneumology
Center M�nchen (CPC-M); 8Translational Lung Research
Center Heidelberg (TLRC), Member of the German Center for
Lung Research
DOI: 10.1055/s-0034-1376830

Background: Individualised therapy has not yet found its place in the
treatment of stage III NSCLC. Although RTCT can be curative, many tu-
mours progress despite multimodal treatment. The CTRT 99/97 Bron-
chial Carcinoma Therapy (BROCAT) study investigated radiotherapy (RT)
vs. RTCT after induction chemotherapy. The German Intergroup Lung
Trial (GILT) investigated consolidation CT following simultaneous RTCT.
Here we present clinical and translational predictors of outcome in these
two large randomised trials. Methods: We analysed histology sub-
groups within BROCAT, comparing adenocarcinoma, squamous cell and
large cell tumours. We also examined site of first progression (PR),
comparing local, central nervous system (CNS), and systemic PR. Within
GILT we collected tumour biopsies and established a cooperation within
the DZL to analyse potentially prognostic and predictive molecular mar-
kers. Results: BROCAT (n = 214) found longer progression free survival
(PFS) with RTCT vs. RT after CT, and a trend to longer overall survival
(OS). Site of first PR differed between the study arms (p < 0.047), with
more CNS and distant metastases after RT (CNS 21%, distant 36%) vs.
RTCT (CNS 7%, distant 24%), and more local and thoracic PRs after RTCT
(55% vs. 34%). Histology in BROCAT: 59 adenocarcinoma, 171 squamous
cell, 28 large cell, 10 mixed and 35 NSCLC not otherwise specified (NOS).
There was a trend to longer OS in all histologies. Squamous cell carci-
noma had longer PFS after RTCT, and large cell tumours showed a trend
to shorter PFS after RTCT. The GILT trial (n = 279) found no significant OS
benefit for consolidation CT after RTCT; however, some subgroups stood
out. 27 samples from the GILT trial are being analysed for a panel of
molecular markers. Conclusion: Further clinical and translational efforts
are needed to increase our ability to tailor treatment to the patient and
disease in stage III NSCLC.

DZL Imaging
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Correlative three-dimensional observation of
lung tissue by different tomographic methods
Hegermann J1, K�hnel M1, Kellner M1, Wrede C1, Ochs M1
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Combining light- and electron optical methods on the same sample
facilitates the understanding of organ structure by providing both over-
views of large samples as well as high resolution insights into very small
structural features. We present here the combination of Scanning Laser
Optical Tomography (SLOT) with Electron Tomography (ET) to examine
mouse lung tissue at low and high magnifications. SLOT allows to ana-
lyze, reconstruct and segment a whole mouse lung with a resolution

& Korrekturexemplar: Ver�ffentlichung (auch online), Vervielf�ltigung oder Weitergabe nicht erlaubt! &

Pneumologie 2014; 68: 1–25 Georg Thieme Verlag KG Stuttgart · New York

18 3rd International DZL Symposium | 8.–10. Mai 2014, Hannover



allowing the recognition of structures in size down to single alveoli. The
resulting three-dimensional models allow for example the detailed ana-
lysis of the conductive blood and airway system architecture. Insights
into subcellular regions are achieved with a resolution in the nanometre
scale using ET. In lamellar bodies (the “surfactant” containing organelles
in type II alveolar epithelial cells), single lipid lamellae can be observed.

63
T1-mapping magnetic resonance imaging for the
detection of chronic lung allograft dysfunction –
initial results
Renne J1, Lauermann P1, Hinrichs J1, Sch�nfeld C1,
Sorrentino S1, Gutberlet M1, Jakob P2, Haverich A1,
Warnecke G1, Wacker F1, Welte T1, Gottlieb J1, Vogel-
Claussen J1

1Hannover Medical School, Biomedical Research in Endstage
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2University of Wuerzburg, Wuerzburg
DOI: 10.1055/s-0034-1376832

Background: Bronchiolitis obliterans syndrome (BOS) is the major lim-
iting factor for long-term survival after lung transplantation, However,
early markers for the detection are missing. Aims and objectives: T1
mapping MRI of the lungs is evaluated for the detection of chronic lung
allograft dysfunction in patients following double-lung transplantation.
Methods: Fifty-one double-lung allograft recipients were included and
gave written informed consent. BOS was classified with spirometry and
patients were divided into three groups: BOS 0, BOS 0 p and late stages
(BOS 1 – 3). Coronal T1 maps of the lungs were acquired at room air and
100% oxygen using an inversion recovery snapshot fast low angle shot
sequence at 1.5 T. The coefficient of variation for T1 values under room
air as well under oxygen and the oxygen transfer function (OTF) were
calculated. Results: The coefficient of variation for T1 values was sig-
nificantly higher for BOS 1 – 3 patients on both the room air (p = 0.007)
and the oxygen T1 maps (p = 0.002) compared to patients with BOS 0
status. The OTF showed a strong trend towards decreased values in the
groups with increasing CLAD/BOS stages (p = 0.07). Conclusions: The
heterogeneity of T1 values as well as the OTF may be used for early
detection of BOS and should be evaluated in future prospective trials.

64
Surface modification of Carbon Black
nanoparticles determine their cytotoxicity on
mouse tracheal epithelial cells
Weinhold K1, K�nig P1

1Universit�t zu L�beck, Airway Research Center North
(ARCN), Member of the German Center for Lung Research,
Luebeck
DOI: 10.1055/s-0034-1376833

Inhaled nanoparticles can deposit on the airway epithelium and affect
the epithelial cells. We are interested in how the effects of nanoparticles
on the airway epithelium are changed after surface modification regard-
ing impairment of mucociliary clearance and epithelial cytotoxicity. We
tested the following Carbon Black nanoparticles (CBNP) with similar
hydrodynamic diameter: unmodified Printex�90 (CBNP/-), surface-mod-
ified Printex�90 with 9-nitroanthracene (CBNP/Na) or benzo[a]pyrene
(CBNP/BaP) and an acetylene soot (A. soot). After incubation of mouse
tracheae with 10 or 30 mg/ml CBNP for 24 h, their effect on cilia-driven
particle transport, apoptosis and cell membrane damage, epithelial in-
tegrity and the mRNA expression of cytochrome oxidases (Cyp), mucins
and cytokines were determined. CBNP/- attached to cilia and induce an
increase of ciliary beat frequency (CBF) and mucus release. In areas with
mucus, particle transport speed (PTS) was decreased but in areas with-
out mucus, PTS was increased. The epithelium remained intact and
mRNA expression of cytokines, mucins or Cyp was not increased. A. soot
also led to an increase of CBF, whereas CBNP/Na and CBNP/BaP did not
alter CBF. But all three modified nanoparticles caused a decrease of PTS
based on induction of apoptosis and cell membrane perforation.
Although epithelial cells were lost, the remaining epithelial cells pre-
served epithelial integrity. In addition, CBNP/Na, CBNP/BaP and A. soot
induced mRNA expression of Cyp1a1 and Cyp1b1, but A. soot alone
increased mRNA expression of MIP-2, KC, IL-6 and Muc5ac. Our results
indicate that the acute toxicity of CBNP is determined by their surface
modification and modified CBNP can impair mucociliary clearance.
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Sudan Black B staining is a promising tool for
secure localization of alveolar epithelial type II
cells and automated proportionator sampling
Schneider JP1, M�hlfeld C1, Ochs M1
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By means of stereology it is possible to quantify structural parameters
within the lung, e. g. the total number of alveolar epithelial type II cells.
When using the “density x reference space design” it is necessary to
reduce shrinkage during histological processing, so that initial measure-
ments of the total lung volume before processing still correspond to
what is seen under the microscope after processing. We recently com-
pared different types of fixation and embedding and found little shrink-
age after primary glutaraldehyde/formaldehyde fixation, postfixation
with osmium tetroxide and uranyl acetate and embedding in glycol
methacrylate [2]. A proper type II cell quantification, furthermore, re-
quires a secure identification of type II cells under the microscope. The
latter, however, can make some difficulties in routine stainings. There-
fore, more appropriate staining methods leading to good contrast be-
tween type II cells and the surrounding tissue are desirable. Selective
immunohistochemistry might be impossible after our proposed method
because of impairment of antigenicity by glutaraldehyde, osmium tetr-
oxide or uranyl acetate. Lipid staining with Sudan Black B, however, is
cheap, easy to apply in practice and perfectly compatible with our “low
shrinkage processing protocol”, because lipids (and therefore lamellar
bodies) are well preserved during processing and then rather selectively
stained by Sudan Black B. Additionally, it appears to be a well suited
stain for automated detection of type II cells using the recently devel-
oped proportionator sampling [1]. Using thin sections, this approach
may even be used for quantitative analysis of lamellar bodies at the light
microscopic level. References: [1] Gardi J, Nyengaard J, Gundersen H.
Automatic sampling for unbiased and efficient stereological estimation
using the proportionator in biological studies. J Microsc 230: 108 – 120,
2008. [2] Schneider JP, Ochs M. Alterations of mouse lung tissue dimen-
sions during processing for morphometry: A comparison of methods.
Am J Physiol Lung Cell Mol Physiol. 306: L 341-L 350, 2014.
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Small lesions in the airway epithelium occur frequently and offer an
entry for pathogens. Therefore injuries have to be repaired to prevent
prolonged disruption of epithelial integrity and to maintain a normal
airway function. The mechanism of the repair process of small lesions in
the airways is largely unknown. To better understand this repair process
of small lesions in the airways we used two-photon microscopy and an
ex-vivo model of the mouse trachea. The explanted trachea was cut
longitudinally and then imaged with the epithelium facing up. Epithelial
lesions were induced by focussing Ti-sapphire femtosecond laser pulses
to single epithelial cells for 1 – 8 seconds. Staining with propidium io-
dide (PI) allowed identification of damaged cells. Phalloidin was used to
stain actin filaments after the experiment. Damaging of cells in a specific
area of the epithelium was possible. Depending on the irradiation time
an area of 1 – 12 epithelial cells was damaged. Hyperfluorescence
around the beam focus and loss of autofluorescence in adjacent cells
was observed. Within the lesion nuclei were stained with PI. Small le-
sions of 1 – 3 cells were closed within 2 – 3 h. Lesions of 4 – 6 cells
needed 4 – 5 h or did not close within the observation time of up to
6 h. Epithelial cells around the lesion changed their shape by stretching.
Especially the cells immediately adjacent to the wound margin pro-
tracted notably to close the lesion. During this process damaged cells
were expelled apically into the lumen. Staining with phalloidin after
two-photon microscopy showed a transepithelial actin ring formed in
the cells around the wound which participate in closing the lesion.
Healing of small lesions in the airways depends on an active coordinated
movement of adjacent epithelial cells. Further studies will focus on the
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molecular mechanisms of repair that might be impaired in airway dis-
eases.
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Improved Diagnosis of Pulmonary Emphysema
using in vivo Dark-Field Radiography
Meinel F1,5, Yaroshenko A2, Hellbach K1,5, Bech M2,
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�nder Yildirim A4,5
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Radiology, Ludwig-Maximilians-University Hospital
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Institute of Lung Biology and Disease, Helmholtz Zentrum
M�nchen, Munich; 5Comprehensive Pneumology Center
M�nchen (CPC-M), Member of the German Center for Lung
Research (DZL)
DOI: 10.1055/s-0034-1376836

Purpose: The purpose of this study was to assess whether the recently
developed method of grating-based X-ray dark-field radiography can
improve the diagnosis of pulmonary emphysema in vivo. Materials
and Methods: Pulmonary emphysema was induced in female C 57BL/
6N mice using endotracheal instillation of porcine pancreatic elastase
and confirmed by in-vivo pulmonary function tests, histopathology and
quantitative morphometry. Mice were anesthetized but breathing freely
during imaging. Experiments were performed using a prototype small-
animal X-ray dark-field scanner that was operated at 35 kVp with an
exposure time of 5 seconds for each of the 10 grating steps. Images were
compared visually. For quantitative comparison of signal characteristics,
regions of interest were placed in the upper, middle and lower zones of
each lung. Receiver operating characteristic statistics were performed to
compare the effectiveness of transmission and dark-field signal intensi-
ties and the combined parameter “normalized scatter” to differentiate
between healthy and emphysematous lungs. Results: X-ray dark-field
signal and normalized scatter were significantly different between mice
with pulmonary emphysema and control mice and show good agree-
ment with pulmonary function tests and quantitative histology. The
sensitivity and specificity for identification of emphysema were 50.0%
and 90.0% for the transmission signal, 96.7% and 73.3% for the dark-field
signal and 96.7% and 96.7% for the combined parameter. Conclusion: X-
ray dark-field radiography is technically feasible in vivo and provides a
substantial diagnostic benefit over conventional transmission-based X-
ray imaging.
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DZL-Platform Biobanking
Ruppert C1, Kuhn S1, Bernemann I2, Klopp N2, Gaede K3,
Koch I4, Lindner M4, Anton G4, Schnabel PA5, Schneider M5,
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Lung Research
DOI: 10.1055/s-0034-1376837

Broad, coordinated access to biomaterials is essential for the translation
of research findings into patient therapies. A centrally-organized DZL
Biobanking Platform will guarantee that member of the DZL as well as
external partners will have easy and direct access to biomaterials from
patients with pulmonary disease. The DZL Biobanking Platform will ca-
pitalize on existing biobanking structures within DZL sites and will be
connected to the Technology and Methods Platform for Network Re-
search in Medicine (TMF e. V.) and Biobanking and Biomolecular Re-
sources Research Infrastructure (BBMRI) catalogues. The biomaterial
banks of DZL sites are not homogeneous. They are varying regarding
structure and organizational standards methods of biomaterial collec-
tion, sample, data and quality management. In addition to implement-
ing the DZL Biobanking portal in order to provide an overview of exist-
ing collections and biomaterials, the DZL Biobanking initiative aims to
harmonize operating procedures and policies across DZL sites. These
harmonization efforts include standardization of informed consent pro-
cedures standardization of sample procurement, processing, and hand-

ling, as well as the development of harmonized of phenotyping tools and
sample management. Member of the platform compiled a forward-look-
ing broad informed consent form allowing for collection, unlimited sto-
rage, and unrestricted use of biomaterials and phenotyping data. For a
prospective collection of biomaterials and phenotyping data an over-
arching data management structure was considered including a centra-
lized patient registration and pseudonymization service and a data
warehouse for integrating phenotyping, imaging an experimental data.

Others
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Pulmonary lipofibroblasts are thought to be involved in crucial aspects
of lung physiology (development, regeneration, vitamin A storage, sur-
factant synthesis). Given the wide range of functions attributed to this
cell type, the present study was designed to investigate the presence of
lipofibroblasts in a variety of mammalian species (incl. man) and
throughout postnatal development of mice, rats and humans. For this
purpose, lung samples from 14 adult mammalian species (Etruscan
shrew, mouse, rat, chinchilla, rabbit, dog, seal, goat, human, camel, lama,
giraffe, horse and cattle) as well as from postnatal humans and neonatal,
6/7-day-old, 14-day-old and 42-day-old mice and rats were investigated
using light and electron microscopic stereology. The volume fraction and
the total volume of lipid bodies was estimated and related to the body
mass of the animals. Among the adult animals, lipid bodies were only
observed in rodents (mouse, rat and rabbit). In all other species, no
lipofibroblasts were observed. Lipid body volume scaled with body mass
with an expontent b = 0.73 in the power law equation. Throughout
mouse and rat postnatal development, the volume of lipid bodies first
increased, then declined and persisted at a lower level in the adult
animals. We did not observe lipofibroblasts in the postnatal human
lung. In conclusion, among 14 mammalian species lipofibroblasts were
only observed in rodents. The great increase in lipid body volume during
early postnatal development of the mouse lung confirms the special role
of lipofibroblasts during rodent lung development and regeneration. It is
evident that the cellular functions of lipofibroblasts cannot be trans-
ferred easily from rodents to other species.
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Bronchiectasis-Associated Hospitalizations in
Germany, 2005 – 2011: A Population-Based Study
of Disease Burden and Trends
Ringshausen FC1,6, de Roux A2, Pletz MW3, H�m�l�inen N4,
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Background: Representative population-based data on the epidemiol-
ogy of bronchiectasis in Germany are lacking. The aim of the present
study was to investigate the current burden and the trends of bronch-
iectasis-associated hospitalizations and associated conditions in Ger-
many in order to inform patient care and facilitate the allocation of
healthcare resources. Methods: The nationwide diagnosis-related
groups hospital statistics for the years 2005 – 2011 were used to identify
hospitalizations with bronchiectasis as any hospital discharge diagnosis
according to the International Classification of Diseases, 10th revision,
code J47, (acquired) bronchiectasis. Poisson log-linear regression analy-
sis was used to assess the significance of trends. In addition, the overall
length of hospital stay (LOS) and the in-hospital mortality in comparison
to the nationwide overall mortality due to bronchiectasis as the primary
diagnosis was assessed. Results: Overall, 61,838 records with bronchiec-
tasis were extracted from more than 125 million hospitalizations. The
average annual age-adjusted rate for bronchiectasis as any diagnosis
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was 9.4 hospitalizations per 100,000 population. Hospitalization rates
increased significantly during the study period, with the highest rate of
39.4 hospitalizations per 100,000 population among men aged 75 – 84
years and the most pronounced average annual increases among fe-
males. Besides numerous bronchiectasis-associated conditions, chronic
obstructive pulmonary disease (COPD) was most frequently found in up
to 39.2% of hospitalizations with bronchiectasis as the primary diagno-
sis. The mean LOS was comparable to that for COPD (10.1 [95% CI 9.8 –
10.5] days). Overall, only 40% of bronchiectasis-associated deaths oc-
curred inside the hospital. Conclusions: The present study provides
evidence of a changing epidemiology and a steadily increasing preva-
lence of bronchiectasis-associated hospitalizations. Moreover, it con-
firms the diversity of bronchiectasis-associated conditions and the pos-
sible association between bronchiectasis and COPD. As the major burden
of disease may be managed out-ofhospital, prospective patient registries
are needed to establish the exact prevalence of bronchiectasis according
to the specific underlying condition.
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Objectives: Release of donor-derived immune mediators (IM), trigger-
ing allorecognition and inflammation after transplantation (Tx), may
impinge on clinical outcome using warm perfusion of donor lungs (Or-
ganCareSystem�, OCS) or standard cold preservation (SOC). IM were
analysed in preservation solutions (PS) and peripheral blood (PB), also
clinical outcomes monitored. Methods: IM were quantified in PS and PB
at protein level by multiplex-technology at the end of OCS (n = 12) or
SOC (n = 9). Donor and recipient demographics and midterm outcomes
were analysed. Results: PS concentrations of IL-6, IL-10, IL-16, IFN-g
CXCL 8, CCL 4, Ang-2, PECAM-1 and PDGF-b were significantly higher in
OCS than SOC (p < 0.0001). Inverse distribution was observed for FGF-b
(p = 0.005). High concentrations in PS following OCS correlated with
lower concentrations of IM in recipient PB after Tx. OCS vs. SOC median
donor/recipient age was 45/55 vs. 46/56, underlying diagnoses: idio-
pathic/cystic fibrosis (n = 6/3 vs. n = 5/2), idiopathic pulmonary hyper-
tension (n = 0 vs. n = 1) and emphysema (n = 3 vs. n = 1). No significant
differences (minutes) of median cross clamp times for right (430 vs.
505) and left lung (569 vs. 641) were seen. Shorter median ICU-stay
(3585 vs. 3750) and mechanical ventilation times (795 vs. 1051) were
observed in OCS. Significantly higher % predicted FEV1 at discharge
(FEV1) (71% vs. 55%, p = 0.04) and lower PGD-scores at T24 (p = 0.28)
were seen in OCS. Six-month-survival was not different. Correlations
between Ang-2 and IL-6 concentrations and FEV1, mechanical ventila-
tion time, paO2/FiO2 and ICU-stay were identified. Conclusion: IM re-
mained low in PS using SOC probably due to reduced metabolic activity
in lung tissue during cold ischemia. During OCS preservation, signifi-
cantly higher amounts of IM were released into PS which may represent
depletion from the organ by accumulation. This ‘dialysis’ effect was
associated with reduced inflammatory conditions after Tx, which had a
positive impact on clinical outcome in OCS.

72
Genome-wide microarray-based screen for
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Ciliogenesis is crucial for proper organogenesis during mouse embryonic
development and homoeostasis of adult tissues. A key regulator of mo-
tile cilium formation is the transcription factor FOXJ1 that directs cilio-
genesis in various tissues including the respiratory epithelium of the
lung and the ependymal epithelium of the brain. Downstream effectors
of FOXJ1 are only partially known. In order to elucidate processes down-
stream of FOXJ1 that initiate ciliogenesis or enable cilium function, we
conducted microarray screens comparing the murine transcriptomes of
(1) Foxj1-deficient and wildtype lungs at embryonic day E16.5 and (2)
unciliated and ciliated micro-dissected lung epithelia at embryonic day
E14.5 and E18.5, respectively. We identified 180 genes deregulated in
both screens including both already known regulators of ciliogenesis
and novel factors that are now promising candidates for FOXJ1-depen-
dent regulators of ciliogenesis. Many of those candidates exemplary
tested by section in situ hybridisation of E18.5 mouse embryos to vali-
date the microarray results are indeed predominantly expressed in the
respiratory epithelium as well as in other ciliated tissues. Furthermore,
several factors tested display subcellular localisation near the basal body
of the cilium of monociliated IMCD 3 cells implying ciliary importance.
Currently, we analyse five of these candidates in more detail. For one of
our candidates, 1700012B09Rik that is conserved between mouse and
human and encodes a short protein of unknown function, we generated
a knock-out mouse. We show that this gene is expressed in ciliated
tissues including the embryonic node, the developing and adult lung
and ependyma and that its expression depends on FOXJ1. The KO mouse
neither reveals an apparent motile cilium defect nor a lung phenotype
so that it is not yet clear whether 1700012B09Rik is involved in cilium
formation or function and if so at what level.
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Moiseenko A1, El Agha E1, MacKenzie B1, De Langhe S2,
Bellusci S1,3

1Excellence Cluster Cardio Pulmonary System, Justus-Liebig-
University Gießen, Gießen; 2National Jewish Health,
University of Colorado Denver, Denver, USA; 3Universities of
Gießen and Marburg Lung Center (UGMLC), Member of the
German Center for Lung Research (DZL)
DOI: 10.1055/s-0034-1376842

Wnt signaling is important for the formation of different organs during
embryonic development. It also plays a key role in lung development, as
it is required for branching morphogenesis, proliferation, differentiation
and survival of lung progenitors in both the epithelium and mesench-
yme. Upregulation of Wnt signaling in the mesenchymal cells is asso-
ciated with lung pathologies, such as asthma, lung fibrosis, and pulmon-
ary arterial hypertension. After naphthalene injury, an established
mouse model of airway epithelial damage, the surviving ciliated airway
epithelial cells express Wnt7b. Wnt7b then acts on parabronchial
smooth muscle cells (PBSMCs) to induce Fibroblast Growth Factor 10
(Fgf10) expression leading to the expansion of epithelial progenitor cells
required for epithelial restoration after injury. We will further investi-
gate the role of Wnt signaling in PBSMCs (using the SMA-Cre-ERT2
mouse driver line, which we recently validated) by gain and loss of
function approaches of Wnt signaling during development and in the
context of naphthalene injury. Loss of function of Wnt signaling will be
performed by using mouse lines that will allow specific deletion of b-
catenin in smooth muscle cells. Gain of function will be performed by
using mouse line, which allows expression of stable form of b-catenin in
smooth muscle cells. We will also use different reporter lines that will
allow us to visualize the smooth muscle cells which underwent Cre
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activation (Tomatoflox/flox mice) and monitor Wnt signaling (Topgal
and Axin2LacZ lines).
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The blood-air barrier is formed by the alveolar epithelium of the per-
ipheral lung consisting of mainly two cell types. The squamous alveolar
epithelial type I cells (ATI) cover up to 97% of the total surface area and
hence are responsible for the pulmonary gas exchange. However, alveo-
lar epithelial type II cells (ATII) are cuboidal and undertake various
functions including synthesis and secretion of surfactant, proliferative
capacity and ion transport. Till date there is no murine cell line available
that reflects the crucial barrier properties of primary ATI cells, which are
functional tight junctions and as a consequence high transepithelial
electrical resistance (TEER). The immortalization of alveolar epithelial
cells could sustainably diminish the number of animal testing according
to the 3R principle (“refine, reduce, replace”) and provide the develop-
ment of in vitro model systems which can be applied for drug delivery
and pulmonary diseases studies. To overcome the laborious procedure of
isolating primary cells and to enhance the reproducibility of in vitro test
systems, we aim at the immortalization of alveolar epithelial cells from
mice with different genetic background to generate novel cell lines mi-
micking the blood-air barrier. We established protocols for immortaliza-
tion of primary murine alveolar epithelial cells (mAEpC). For this pur-
pose, we lentivirally transduced bona fide immortalizing genes such as
the simian virus large T antigen or a set of proliferation genes. Upon
infection, cell lines could be established that exhibit a prolonged life-
span and show TEER values comparable with those of primary cells.
Currently, these cells are characterized more detailed with respect to
the expression of lung specific marker genes. These cell systems could
allow standardized toxicity and transport studies for newly developed
compounds and be helpful in elucidating infection pathways across the
respiratory tract in the context of aerosol transmitted infectious diseases
(e. g. swine flu, tuberculosis, etc.).
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A considerable number of diseases in the mature lung can be related to
the deregulation of (embryonic) programs that control the balance be-
tween proliferation and differentiation of cells. Pediatric pulmonary hy-
poplasia is a common cause of neonatal death; consequently, a lot of
effort has been put into understanding the network of signaling path-
ways that assure correct lung growth and development. However the
mechanisms of cell cycle control during lung organogenesis were only
insufficiently understood. Unraveling these is crucial to understand how
tissue homeostasis in the lung is achieved and how deregulation of the
cell cycle may contribute to pulmonary diseases. We recently reported
on the function of the T-box transcription factor gene Tbx2 in lung
development. Tbx2-deficient mice exhibit markedly hypoplastic lungs
in combination with reduced branching morphogenesis. Tbx2 mutant
lungs feature decreased mesenchymal proliferation accompanied by ex-
cessive matrix deposition that indicates premature differentiation of
fibroblasts. Downregulation of canonical Wnt-signaling and upregula-
tion of the cell cycle inhibitors Cdkn1a (p21) and Cdkn1b (p27) precede
these changes. Genetic depletion of Cdkn1a and Cdkn1b partially re-
stored lung growth in Tbx2 mutant mice. In contrast, misexpression of
Tbx2 in the lung mesenchyme of adult mice complementary resulted in
hyperproliferation and a loss of Cdkn1a and Cdkn1b expression indicat-
ing a direct regulatory function of Tbx2 in control of these cell cycle
regulators. We evaluated this presumption by ChIP experiments and
showed binding of Tbx2 to the loci of Cdkn1a and Cdkn1b in vivo.
Conclusion: Tbx2 regulates lung growth and mesenchymal differentia-

tion by direct inhibition of Cdkn1a and Cdkn1b. Hence Tbx2 is a crucial
mediator of cell cycle control during organ development in vivo. Refer-
ences: DOI: 10.1371/journal.pgen.1003189
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Congenital pulmonary alveolar proteinosis (PAP) caused by mutations in
GM-CSF receptor a chain (CSF2RA) represents a rare, life-threatening
disease characterized by the accumulation of phospholipids and pro-
teins in the lungs due to a functional insufficiency of alveolar macro-
phages. So far, therapy options are limited, but recent data suggest that a
gene therapy approach based on the intratracheal application of gene-
corrected macrophages may be feasible. To this aim, we have generated
SIN-lentiviral constructs expressing the codon-optimized human
CSF2RA-cDNA in combination with EGFP (Lv.EFS.CSF2RA.EGFP) or the
inducible suicide gene iCaspase9 (Lv.EFS.CSF2RA.iCASP) from an
EFS 1a-promoter sequence. BaF3 cells transduced with these vectors
showed stable and longterm (> 3 month) expression of CSF2RA
(CD 116) as detected by flow cytometry. Furthermore, these cells sur-
vived in an hGM-CSF dependant proliferation analysis even at low con-
centrations of GM-CSF (5 ng/ml) confirming the formation of functional
hybrid receptors with the murine GM-CSF receptor ß-chain by the trans-
gene. Further characterization of GM-CSF receptor downstream signal-
ling revealed 5- to 6-fold increased STAT5 phosphorylation by Western
blot analysis in response to hGM-CSF (over control cells). In addition,
administration of a chemical inducer of dimerization (AP20187) to acti-
vate the iCaspase9 suicide switch led to time- and concentration depen-
dent apoptosis of Lv.EFS.CSF2RA.iCASP transduced cells. Imposingly,
conferring the vector to patient-derived CSF2RA-deficient CD 34+ cells
rescued hGM-CSF dependent colony formation and allowed for effective
granulocyte and monocyte differentiation. Furthermore, healthy CD 34+
samples transduced with the vector exhibited no aberrations in colony
formation or in vitro differentiation towards macrophages analysed by
surface marker expression of CD 11b, CD 68 and CD163. Thus, we gener-
ated suitable vectors for a cell-based gene therapy approach for CSF2RA
deficiency PAP, establishing functionality and safety in BaF3 as well as
primary hematopoietic stem cells. Given its iCaspase9 safety switch in
particular the CSF2RA.iCASP construct appears suitable for further eva-
luation towards first clinical approaches.
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Airway epithelial cell production in vitro offers new options to treat
airway diseases, including genetic disorders like cystic fibrosis. Pluripo-
tent stem cells (PSCs) (embryonic (ESCs) or induced pluripotent stem
cells (iPSCs)) represent a suitable exogenous cell source for cell replace-
ment strategies. Aiming at the long-term restoration of functional air-
way epithelium, epithelial progenitor/stem cells will be required, e. g.
Clara cells. Clara cells are able to regenerate the airway epithelium fol-
lowing injury. With the aim to establish a mouse model of long-term
airway epithelial regeneration, we aimed at the in vitro generation of
Clara cells from murine PSCs. Using iPSCs established from two different
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Clara cell reporter mouse strains enabled identification of generated
Clara cells. iPSCs from CCSP-rtTA2 s-M2/GFP-tetO7-lacZ mice as well
as ESCs were differentiated towards Clara cells using a serum-free
monolayer (ML) protocol. The medium was supplemented with dexa-
methasone, 8-Bromo-cAMP and isobutylmethylxanthine (DCI), with or
without keratinocyte growth factor (KGF). Specific marker expression
was measured by qRT-PCR. iPSC-derived lacZpos Clara cells were visua-
lized via X-gal staining and were further analyzed by electron micro-
scopy. Pre-differentiated iPSCs were injected under the kidney capsule
of immunodeficient mice and analyzed two weeks later. Furthermore,
we established additional iPSC clones from CCSP-2A/YFP-2A/iCre knock-
in mice. We have identified the factor combination DCI as an import
inducer of the Clara cell marker CCSP in differentiation cultures of mur-
ine PSCs. The CCSP-driven expression of lacZ enabled the monitoring of
iPSC-derived Clara cells and the confirmation of the Clara cell phenotype
in isolated lacZpos areas by enhanced CCSP mRNA expression and a
Clara cell typical ultrastructure. Moreover, the iPSC-derived lacZpos cells
formed epithelial-like structures in vivo with similarities to lacZpos air-
ways of the Clara cell reporter mice. The recently established iPSC clones
from CCSP-2A/YFP-2A/iCre knock-in mice were already successfully dif-
ferentiated into YFPpos cells using the DCI supplemented ML protocol.
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Hereditary Pulmonary Alveolar Proteinosis (herPAP), caused by a muta-
tion in the GM-CSF receptor b-chain (Csf2rb), is an extremely rare lung
disease resulting from the inability of alveolar macrophages to clear the
alveolar spaces from surfactant phospholipids. Since current treatment
options are extremely limited, we here investigate the suitability of a
gene therapy approach based on hematopoietic cells derived from in-
duced pluripotent stem cells (iPSC). Studies were performed in a murine
model for Csf2rb-deficiency (Csf2rb-/-). Therefore iPSCs were generated
from lin- bone marrow cells of Csf2rb-/- mice utilizing lentiviral over-
expression of the standard Yamanaka-factors OSKM. Generated PAP-
iPSCs displayed all major pluripotency criteria such as SSEA-1 expres-
sion, alkaline phosphatase activity, endogenous Sox2, Oct4, Klf4, Nanog
reactivation, as well as three germ layers differentiation capacity as-
sessed by teratoma formation. Following an eight-day embryoid-body
based differentiation protocol, the PAP-iPSCs gave rise to CD 41+ hema-
topoietic progenitor cells (HPCs) that were capable to differentiate into
granulocyte-, monocyte-, and erythrocyte-containing colonies compar-
able to HPCs derived from control iPSCs. However, upon differentiation
with GM-CSF, PAP-iPSCs – in contrast to control iPSCs – were unable to
form GM-type colonies, recapitulating the defect found in primary lin-
bone marrow cells of Csf2rb-/- mice. Furthermore, the obtained HPCs
form both control and PAP-iPSCs were differentiated into macrophage-
like cells in the presence of M-CSF. iPSC-derived macrophages expressed
CD 45, CD11b and F4/80, exhibited typical chemokine secretion, and
activated the transcription factor STAT5 in response to IL-3 and GM-
CSF in a similar manner to bone marrow-derived macrophages. In sum-
mary, we generated murine Csf2rb-deficient iPSC lines, which upon he-
matopoietic differentiation recapitulated GM-CSF dependent functional
defects characteristic of PAP. These cells – upon genetic correction –
appear as a promising source to test future cell and gene therapy stra-
tegies.
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Animal models of lung disease have provided extraordinary information
to understand human disease. They are powerful tools that enable the
study of the mechanisms and natural history of such diseases. Never-
theless anatomic and immunologic differences between mice and hu-
mans mean that those models have limitations that must be considered
when interpreting the results. Magnetic resonance imaging (MRI) is a
promising tool especially for serial studies, because of the absence of
ionizing radiation. The detailed representation of interstitial structures
remains the strength of CT while SPECT-CT adds the functional and
physiological aspects into a molecular imaging setup. The ongoing de-
velopment of computed tomography, SPECT and magnetic resonance
imaging has markedly improved the imaging of lung diseases. With
the optimization of the technology new demands on the interdisciplin-
ary collaboration come up. The well-known technical problems of lung
MRI (low spatial resolution, motion artifacts, low signal-to-noise ratio of
the lung parenchyma) have been reduced by recent technical advances.
Concerning chronic infiltrations CT scanning remains the superior ima-
ging modality due to the inferior spatial resolution of MRI. There are
ongoing research projects involving the applied technology of MRI, bio-
physical measurements using MR e. g., combined T1 and T2 mapping
using efficient imaging sequences, using radial scans with ultra short
TE enabling the visualization of detailed lung structures without using
expensive hyperpolarized helium techniques and the use of MR to long-
itudinally monitor tissue parameters. We are on the move in developing
and using in-vivo ultra-high field MRI techniques in combination with
SPECT-CT to study aspects of lung diseases and lung transplantation. The
increased sensitivity and enhanced contrast mechanisms at these high
magnetic field strengths in multimodal applications might provide in-
sight into yet unsolved problems. Image: Lung Perfusion SPECT-CT in a
Mouse (left) and Ultrashort TE MRI image of lung tissue (right)
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Introduction: Peripheral arterial disease leads to the damage of the
blood vessels, currently replaced with vascular grafts, which are not able
to regenerate in vivo. Tissue engineered vascular substitutes using de-
cellularised equine carotid artery (ECA) seeded with the patient’s own
cells and mechanically stimulated in vitro represent an attractive alter-
native. The aim of this study was to investigate the optimum hydrody-
namic conditions for maintaining the viability of fresh ECA in vitro.
Methods: ECAs were isolated and disinfected in antibiotics prior to
loading in a bioreactor. The optimum duration of the antibi-otic treat-
ment was assessed through MTT assay and sterility test at 30 min, 1hour
and 2hours. 3D fluid-structure interaction (FSI) simulations, based on
stress-strain data from ECAs, were conducted on LS-DYNA to determine
the wall shear stresses (WSS) at two steady volume flow rates of 265 ml/
min (physiological) and 132.5 ml/min. The samples were then cultured
statically and dynamically at the above mentioned flow rates, for 1day,
and assessed with MTT as-say, H&E stain and immunofluorescence using
CD 31. Results: The optimum time to disinfect the ECAs without affect-
ing their viability was 1hour. The WSS for the physiological and half-
physiological flow rates used was 5.6 and 2.9 Pa, respectively. These
were rather larger than the physiological val-ues reported by experi-
mental studies (2.5 – 5 Pa). The samples conditioned for 1 day at both
flow rates showed signifi-cantly higher levels of viability compared to
the samples cultured statically and to the negative control (decellu-
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larised ECA). The histological and immunofluorescence analysis revealed
the integrity of the ECM, for both the static and dy-namic samples, and
the presence of endothelial cells. Conclusion: The results suggested that
dynamic conditioning improves cells viability. This study provided the
basis for optimising the culture of the cell-seeded carotid arteries in
vitro to generate peripheral arterial-like tissue.
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Introduction: Mitral valve regurgitation is the second most common
cause of surgery of the heart valves. Current treatment options are im-
perfect, requiring re-operations or lifelong anticoagulation therapy. The
aim of this work was to develop and characterize a decellularised mitral
valve scaffold for mitral valve replacement. Methods: Mitral valves from
6 month old pigs were disinfected, placed in hypotonic buffer and trea-
ted with SDS and sodium de-oxycholate for 36 hours, followed by ex-
tensive washing and nucleic acid digestion. Radial sections comprising
annulus, leaflets, chordae tendinae, and papillary muscle were analyzed
histologically by H&E and DAPI, immunohistochemically by collagen IV,
and by alpha-gal fluorescence staining. DNA was extracted from the
annulus, anterior leaflet, and chordae, and quantified using a NanoDrop
spectrophotometer. Sections of the treated leaflets were analyzed under
transmission electron microscopy (TEM), whereas fresh and treated leaf-
let strips were subjected to uniaxial tensile loading to failure. Results:
Following decellularisation, no cell nuclei were observed under H&E or
DAPI. There was also no change in the presence of collagen IV. The
treatment resulted in a significant decrease of alpha-gal. DNA content
was significantly reduced compared to the native tissue. TEM showed
cell-free decellularised tissue, with a conserved histoarchitecture. The
decellularised tissue demonstrated a großly-maintained mechanical in-
tegrity. Conclusion: A protocol that effectively removed cells and DNA,
whilst maintaining the native valve histoarchitecture and mechanical
integrity was developed. Although some alpha-gal was still detectable
after decellularisation, the reduction observed was encouraging. The
presence of alpha-gal could potentially be overcome in the clinical set-
ting by the use of alpha-gal knockout porcine tissue. However, analyzing
the effect of decellularisation on alpha-gal in wild-type porcine tissue
could provide an insight on whether other sugars, also potentially im-
munogenic, are removed. Future work will focus on optimizing the pro-
tocol in order to further decrease the alpha-gal content.
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*Presenting author The ability to genetically modify human induced
pluripotent stem cells (hiPSCs), including the correction of gene defects
by means of homologous recombination (HR) is of great interest regard-
ing their potential for ex vivo gene therapy, especially in terms of rare
pulmonary diseases like Cystic Fibrosis (CF). Genetic engineering of
hiPSCs via customized designer nucleases has been shown to be signifi-
cantly more efficient than conventional gene targeting, but still typically
depends on the introduction of additional genetic selection elements.
For the generation of CF patient-specific iPS cells, endothelial cells from
the peripheral blood or fibroblasts from skin biopsies of CF-patients
were isolated and reprogrammed through lentiviral overexpression of

pluripotency factors. The CF-iPS cells, homozygous for F508del muta-
tion, morphologically resemble human embryonic stem cells, express
pluripotency markers and could be differentiated in vitro into deriva-
tives of all three germ layers. For gene targeting approaches we devel-
oped a protocol for the establishment of efficient non-viral and selec-
tion-independent gene targeting in hESCs and hiPSCs. The protocol was
applied to target the endogenous safe harbour locus AAVS1. Here, by
using ZFNs and TALENs, targeting efficiencies of up to 1.6% were demon-
strated for one hESC and two hiPSC lines, and stable transgenic PSC lines
were generated by FACSorting. The high targeting efficiencies obtained
allowed for direct PCR screening of correctly targeted clones by applying
TALENs together with short single stranded oligonucleotide donors
without any pre-selection (Merkert et al.). Targeting the underlying ge-
netic defect in our CF iPSCs revealed targeted integration of the missing
base pairs, as demonstrated in cell pools. The establishment of single
cell clones is currently ongoing. The established targeting protocol will
enable footprint less gene correction and transgene-independent isola-
tion of mutation-corrected CF-iPSC clones which will facilitate disease
modelling, drug screening and, ultimately, the generation of clinically
useful transgenic iPSC derivatives. Reference: Merkert, S., Wunderlich,
S., Bednarski, C., Beier, J., Haase, A., Dreyer, A.-K., Schwanke, K., Meyer, J.,
G�hring, G., Cathomen, T., and Martin, U. (2014). Efficient designer nu-
clease-based homologous recombination enables direct PCR screening
for footprint less targeted human pluripotent stem cell clones. Stem Cell
Reports 2, 107 – 118.
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Upon infection, viral antigen presentation is accompanied with activa-
tion of innate immunity which shapes the adaptive immune response
and in particular the T cell response. We aimed at developing a mouse
model to induce immune mediated lung damage to better understand
the mechanisms involved in lung regeneration. For this purpose, we
mated SPCCre mice in which the CreERT2 recombinase is expressed in
lung alveolar type II epithelial cells (Rock et al., 2011) to RosaOva trans-
genic mice (Sandhu et al., 2011). In the resulting double transgenic mice
Tamoxifen induced Cre recombination results in de novo OVA expres-
sion in about 50% cells. We employed a reporter mouse model SPCCre x
ROSALuc to monitor the time course of activation of the Cre recombi-
nase specifically in vivo in lung. To evaluate the T cell response upon
antigen expression, we generated SPCCre x ROSA Ova x OT-I mice. In this
model, the intracellular neo-antigen Ova is induced in alveolar type II
cells of the lung in presence of Ova antigen specific CD8 T cells (OT-I).
Upon Tamoxifen mediated induction of antigen we observed massive
infiltration of lymphocytes as documented by histological analysis. In-
terestingly, this T cell infiltration was transient, suggesting OT-I cell
mediated destruction of alveolar type II cells followed by regeneration
of lung tissue. These findings indicate the potential of the model to
investigate T-cell response, antigen clearance and reconstitution of re-
spiratory tissue independently of the innate immune induction in the
full-fledged adaptive immune system. References: Rock, J. R. and B. L.
Hogan (2011). "Epithelial progenitor cells in lung development, mainte-
nance, repair, and disease." Annu Rev Cell Dev Biol 27: 493 – 512. Sand-
hu, U., et al. (2011). "Strict control of transgene expression in a mouse
model for sensitive biological applications based on RMCE compatible
ES cells." Nucleic Acids Res 39(1): e1.
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Introduction: Mitral valve regurgitation represents the second major
valvular disorder in the western world, whereas current strategies for
mitral valve reconstruction are imperfect. The aim of this study was to
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develop a tissue engineered substitute for mitral valve leaflet recon-
struction using acellular porcine pericardium seeded with porcine me-
senchymal stem cells (pMSCs). Methods: Porcine pericardial scaffolds
were decellularised as described previously. pMSCs were cultured on the
mesothelial sur-face of the scaffolds (3 cm diameter) under static condi-
tions, using 3 different cell densities (2 x 104, 1 x 105 and 2 x 105 cells/
cm2). The seeded scaffolds were analysed by scanning electron micro-
scopy (SEM), H & E and live/dead staining at 1, 3 and 7 days. Following
3 days of static culture, samples seeded with 1 x 105 cells/cm2 were
cultured dynamically (10% strain) for 1 day in a biaxial strain bioreactor.
Following dynamic conditioning, samples were assessed for cell viability
with live/dead staining and MTT assay, and for extracellular matrix
(ECM) integrity with H&E. Results: The optimum seeding density for
acellular pericardial samples was 105 cells/cm2. Samples seeded with
this density and maintained statically for 3 days, prior to dynamic con-
ditioning, showed the best cell penetration without a significant disrup-
tion in the ECM. Seeded samples conditioned dynamically for 1 day
showed similar levels of viable cells to seeded samples cultured stati-
cally for 1 day. Cell alignment was also obvious in the dynamically
conditioned samples. Conclusion: Acellular pericardium was shown to
be an optimum material for cell repopulation. Reseeded scaffolds were
viable after 1 day under 10% dynamic strain. This study provided the
basis for optimising the mechano-stimulation of cell-seeded pericardial
scaffolds in vitro in order to generate heart-valve like tissue.
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Aim: During the process of wound healing it is really important to keep
the area safe from bacteria infections and treat possible inflammation
incidents. Model antiseptic and anti-inflammatory agents can be encap-
sulated into a drug delivery carrier for combined treatment. Electrospin-
ning (E-Spin) has been acknowledged as a versatile technique for the
production of biodegradable fibrous scaffolds to encapsulate therapeu-
tics for wound healing. Methods: Both single jet and coaxial jet E-Spin
were used as a method to produce fibers. Polycaprolactone (PCL), Ben-
zoin (BZ) and Acetyl Salicylic Acid (ASA) were dissolved in 99.8Vol.%
2,2,2-Trifluoroethanol (TFE) for the single jet E-Spin. For the coaxial jet
E-Spin the same solution was used for the core while a solution of Poly-
lactic acid (PLA) or PCL in the same solvent was used as the sheath
solution. Morphology of the fibrous scaffolds as well as fiber diameter
and pore size were examined by Scanning Electron Microscopy (SEM).
After incubation in PBS and acetate buffer at 37 oC inside a water bath
the absorbance was measured using a UV-Vis spectrophotometer to
evaluate the cumulative release of the drugs and the release mechanism.
Results: The coaxial approach resulted in fibers with an average dia-
meter of 1.83 & 0.68 mm and an average pore size of 16.11 & 9.09 mm2 for
BZ and ASA respectively. Furthermore, the amount of drug released in
the first 8 hours was reduced from 65.1% to 11.65% for BZ and from
58.32% to 33.14% for ASA while the encapsulation efficiency increased
from 87.5% to 97.1% for BZ and from 34.36% to 86.13% for ASA, in con-
trast to single jet electrospun fibers, following a Fickian diffusion in all

cases. Conclusions: Biodegradable scaffolds from PCL core-shell fibers
can be considered as promising drug delivery carriers for sustained
release of antiseptic and anti-inflammatory agents in wound healing
applications. References: A. Szentivanyi et. al. A review of developments
in electrospinning technology: New opportunities for the design of arti-
ficial tissue structures. Int J Artif Organs 2010;34:986 – 997 A. Szentiva-
nyi et. al. Electrospun cellular microenvironments: Understanding con-
trolled release and scaffold structure. Advanced Drug Delivery Reviews
2011;63:209 – 220
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Introduction: Polycaprolactone (PCL) and chitosan (CS) are polymers
with attractive properties (excellent biocompatibility & degradation).
However their mechanical properties seperately do not satisfy the needs
for cardiovascular tissue engineering. In the present work we aimed to
optimize electrospinning parameters to obtain a flexible PCL/CS poly-
meric scaffold, with combined nano- and micro-fiber architecture and
appropriate mechanical properties for cardiovascular tissue engineering
in regenerative medicine. Methods: PCL and CS were dissolved in acetic
acid (AAC) and 2,2,2-trifluroethanol (TFE) using different concentrations.
Electrospinning was performed at a custom made apparatus, at room
temperature. Morphology of the fibrous membranes were examined by
SEM. Cyclic sinusoidal uniaxial mechanical tests were performed with
an electroforce dynamic tensile testing system. Rectangular, 15 x 10 mm
strips were cut and tested at 0 – 30% strain, 1 cycle/s, RT, dry conditions.
The applied force and the local principal strain were monitored and
stress/strain data was computed. Mechanical properties like Young’s
modulus (the elastic modulus at linear portion of stress/strain curve)
was evaluated. For biophysical characterization FTIR spectroscopy and
contact-angle studies were performed. Results: SEM observations
showed a micro fibrous (2 mm) structure in PCL scaffolds and a com-
bined nano/micro- (0.25 – 2 mm) arrangement in PCL/CS blend scaffolds.
Young’s modulus showed a significant drop from 25 MPa (PCL) to 5 – 6
MPa for AAC and 12 MPa for TFE with increasing CS concentration, (0 –
30% total strain). The hydrophillicity of the scaffolds was significantly
higher with the addition of CS. Discussion: From preliminary results it
seems that the concentration of CS plays an important role in structural
appearance of electrospun PCL fibers. A combination of small porous
nanofibers with a greater porous microfibers arrangement was obtained
in polymer blends, suitable for potential cell seeding. Elastic modulus of
polymer blends, especially in higher CS concentration, was close to
properties measured in soft cardiovascular tissues. References: Szenti-
vanyi A. et al. Electrospun cellular microenviroments: Understanding
controlled release and scaffold structure. Advanced Drug Delivery Re-
views 2011;63:209 – 220. Dimosthenis Mavrilas et al. Dynamic mechan-
ical characteristics of intact and structurally modified bovine pericardial
tissues. Journal of Biomechanics, Volume 2005;38:761 – 768
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