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Summary

Summary

Idiopathic pulmonary fibrosis (IPF) is a progressive fibrotic pulmonary disease of
unknown origin with an unavoidable fatal outcome. In principle, IPF is characterized by
alveolar epithelial cell damage, increased deposition of extracellular matrix (ECM) in the
lung interstitium, and enhanced fibroblast/myofibroblast proliferation and activation.
These processes ultimately lead to distortion of normal lung architecture and loss of
respiratory function. Recent data show that Endoplasmic reticulum (ER) stress and
apoptosis of alveolar epithelial cells type II (AECII) play a key role in both, sporadic and
familial forms of IPF. It has been shown that an overload and accumulation of unfolded
and misfolded proteins lead to ER stress. C/EBP homologous protein (CHOP) is thought
to represent a key regulator of pro-apoptotic responses under ER stress. In [PF, induction
and nuclear translocation of CHOP in AECII is regularly found, to a weaker extent also
in yet not fibrotic areas of these lungs. Following this line, we hypothesized that ER
stress-induced CHOP may significantly contribute to AECII injury and apoptosis and
hence fibrosis development in IPF. The present study therefore aimed to (i) characterize
the transcriptional regulation of epithelial CHOP expression in vitro, and (ii) to elucidate
the biological role of Chop in the induction of epithelial apoptosis and lung fibrosis in

vitro and in vivo.

For such purpose, the promotor of the human CHOP gene was extensively analyzed
employing a luciferase reporter gene assay. We identified a new mechanism for the
regulation of CHOP expression during ER stress. According to our data, Ap-1 and c-Ets-
1 transcription factors are up-regulated in the lung epithelium under ER-stress conditions,
interact with each other and jointly bind to the Chop promotor, thereby inducing the Chop

gene expression.

Moreover, the role of Chop in the induction of epithelial apoptosis was studied using
various in vitro and in vivo models. Exclusive Chop overexpression was achieved in vitro
using an inducible "Tetracyclin-On” ("Tet-on”)-system in stably transfected epithelial
MLE 12 cells and in isolated, primary alveolar type II cells. Both in vitro models revealed
induction of cleaved caspase 3 and thus apoptosis in response to Chop overexpression. In
addition, incubation of murine lung fibroblasts with supernatants of these stably
transfected cells resulted in increased fibroblast proliferation once Chop was induced by

doxycyclin application. Moreover, in vivo data support the results of in vitro studies.
14



Summary

Conditional Chop overexpression in AECII in vivo was achieved by crossing SP-C rtTA
to tetO7 Chop mice. In response to oral doxycyclin feeding, Chop was induced in AECII
and led to Caspase 3 cleavage and thus apoptosis of these cells. Furthermore, induction
and up-regulation of Chop target genes such as Caspll, 1l1b, 1l6, Erola, Dr5, and
Gadd34 was detected on mRNA level by qPCR. In short term periods covering 8 weeks,
young transgenic mice with inducible, AECII-specific Chop overexpression did yet not
show a distinct fibrotic phenotype, although we could detect significant up-regulation of
pro-fibrotic markers. Thus, involvement of Chop in the development of lung fibrosis

requires further investigation.

Our findings demonstrate for the first time that AP-1 and c-Ets-1 play an important role
in the transcriptional regulation of CHOP expression during ER stress. Additionally, we
provide evidence that Chop expression alone is sufficient to induce apoptosis in AECII
and consecutive fibroproliferation, hence suggesting a pivotal role of CHOP in the

pathogenesis of pulmonary fibrosis.
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Zusammenfassung

Zusammenfassung

Die idiopathische pulmonale Fibrose (IPF) ist eine schwerwiegende, progressive
Lungenerkrankung unbekannter Genese, die auch heute noch eine unbefriedigende
Uberlebenszeit aufweist. Die IPF ist durch eine chronische Schiadigung und exzessive
Apoptose von alveoldren Typ II Zellen (AECII), durch exzessive Ablagerung von
extrazelluldrer Matrix im Lungeninterstitium, und durch eine gesteigerte Aktivierung und
Proliferation von Fibroblasten und Myofibroblasten charakterisiert. Diese Prozesse
fiihren durch den progressiven Ersatz der normalen Lungenstruktur durch fibrotisches
Bindegewebe zu einer Zerstorung der zarten Alveolar-Struktur, und hierdurch zu der
klinisch im Vordergrund stehenden Verschlechterung des Gasaustausches und der

Lungendehnbarkeit (Compliance).

Neueren Untersuchungen zufolge stellt ein Endoplasmatischer Retikulum (ER)-Stress mit
konsekutiver Apoptose eine Hauptursache fiir die Schidigung und die Apoptose der
AECII bei familidren und sporadischen Formen der IPF dar. In der Vergangenheit konnte
bereits gezeigt werden, dass Proteiniiberladung und Anhéufung von ungefalteten und
missgefalteten Proteinen im ER zu schwerem ER-Stress fiihrt. C/EBP homologous
protein (CHOP) konnte hierbei eine wichtige Rolle bei der Aktivierung von ER-Stress-
induzierten Apoptose-Signalwegen spielen, und somit zu ER-Stress vermittelten

Erkrankungen fiihren.

In IPF-Lungen ist die vermehrte Expression und nukledre Translokation von CHOP in
AECII eindeutig nachweisbar, in vermindertem Umfang auch in noch nicht fibrotisch
umgebauten Arealen dieser Lungen. Wir verfolgten daher die Hypothese, dass die ER-
Stress-induzierte AECII-Apoptose in IPF Lungen hauptsidchlich durch CHOP vermittelt
wird. Die Ziele in dieser Doktorarbeit waren daher i) die vollstindige Aufkldrung der
transkriptionalen Regulation der epithelialen CHOP Expression in vitro, und ii) die
Aufdeckung der biologischen Rolle der CHOP-Uberexpression bei der Induktion von

alveoldr-epithelialer Apoptose und Lungenfibrose in vitro und in vivo.

In dieser Arbeit wurde der Promotor des humanen CHOP-Gens extensiv durch
Luziferase-Reportergen-Assays analysiert, und dabei konnte ein neuer, bisher noch nicht
beschriebener Mechanismus fiir die Regulation der CHOP-Expression unter ER-Stress

Bedingungen identifiziert werden. So konnte gezeigt werden, dass die
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Zusammenfassung

Transkriptionsfaktoren Ap-1 und c-Ets-1 im Lungenepithel unter ER-Stress-Konditionen
hochreguliert werden, dabei in Interaktion miteinander an den murinen CHOP-Promotor

binden, und auf diese Weise die Chop-Expression induzieren.

Die Beteiligung von Chop in der Induktion der alveoldr-epithelialen Apoptose wurde
anhand vielfiltiger in vitro- und in vivo-Modelle untersucht. So wurde die Uberexpression
von Chop in vitro sowohl mit einem induzierbarem "Tetracyclin-On” ("Tet-On")-
Expressionssystem in stabil transfizierten alveolédr-epithelialen MLE12-Zellen als auch
in isolierten, primédren transformierten AECII direkt untersucht. Beide in vitro-Systeme
zeigten Kaspase-3-Aktivierung und -Spaltung nach Uberexpression von Chop. Zudem
wurde eine Chop-abhingige, gesteigerte Proliferation von murinen Lungenfibroblasten
beobachtet, nachdem diese mit Kulturiiberstanden der epithelialen in vitro Modelle
inkubiert wurden. Weiterhin wurden diese in vitro-Resultate durch die Ergebnisse von in
vivo-Experimenten unterstiitzt. So resultierte die konditionale Chop-Uberexpression in
AECII in einem transgenen Maus-Modell (SP-C rtTA / tetO7 Chop) in vivo ebenfalls in
einer Induktion von Kaspase-3-Spaltung und somit der Apoptose dieser Zellen.
Zusitzlich wurde eine Induktion und Hochregulation der Chop-Targetgene Caspl1, 111b,
116, Erola, Dr5 und Gadd34 auf Transkriptebene durch qPCR beobachtet. Im
Kurzzeitexperiment von 8 Wochen zeigten diese transgenen jungen Maiuse mit
konditionaler, AECII-spezifischer Uberexpression von Chop (noch) keine Entwicklung
von Lungenfibrose, obwohl profibrotische Gene in den Maus-Lungen signifikant
hochreguliert waren. Daher sind zusétzliche Untersuchungen nétig, um die Involvierung

von Chop bei der Entwicklung von Lungenfibrose zu kléren.

Zusammenfassend konnte in dieser Doktorarbeit zum ersten Mal gezeigt werden, dass
AP-1 und c-Ets-1 eine bedeutende Rolle in der transkriptionalen Regulation der CHOP-
Expression wihrend ER-Stress spielen. Zusitzlich konnte bewiesen werden, dass die
alleinige Expression von Chop ausreicht um AECII in die Apoptose zu treiben und
nachgeschaltet eine Fibroseantwort in vitro zu provozieren. Diese Ergebnisse zeigen
daher eindeutig, dass CHOP eine bedeutende Rolle in der Pathogenese der Lungenfibrose
spielt.
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Introduction

1 Introduction

1.1. Idiopathic pulmonary fibrosis
1.1.1. Characteristics of idiopathic pulmonary fibrosis

Idiopathic pulmonary fibrosis (IPF) is a chronic fibrotic progressive pulmonary disease
of unknown origin, with an unavoidable fatal outcome [1]. In principle, IPF is
characterized by alveolar epithelial cell damage, increased deposition of extracellular
matrix (ECM) in the lung interstitium, and enhanced fibroblast/myofibroblast
proliferation and activation. These processes ultimately lead to distortion of normal lung

architecture and loss of respiratory function [2].

IPF is the most common subtype of idiopathic interstitial pneumonia (IIP), which
composes a group of diffuse parenchymal lung diseases (DPLDs). Other types of IIP are
nonspecific interstitial pneumonia (NSIP), cryptogenic organizing pneumonia (COP),
acute interstitial pneumonia (AIP), respiratory bronchiolitis interstitial lung disease
(RBILD), desquamative interstitial pneumonia (DIP), lymphocytic interstitial pneumonia
(LIP), idiopathic lymphoid interstitial pneumonia, idiopathic pleuroparenchymal

fibroelastosis [3].

IPF typically is a disease of the elderly and develops in the fifth decade of life or later.
The majority of patients with IIP are over 60 years old, while children are extremely rarely
affected [4]. Currently no ethnic or social factors have been associated with the disease,
but it is well established that the disease has a higher incidence in men than in women
[4]. The reasons for developing IPF are still not fully understood. Nevertheless, risk
factors have been identified and these include smoking and other harmful environmental
factors [5]. The total number of IPF patients worldwide amounts to over 5 million people,
and the number of cases is steadily increasing. Prior to the authorization of the novel
antifibrotic drugs, the average lifespan of patients with IPF ranged between 2.5 and 3.5

years after diagnosis. [6].

Typically patients with IPF report of dyspnea, first at exercise, later at rest, a very general
symptom, which leads often to a missdiagnosis of cardiac or other lung disecases [4].
Besides dyspnea, a common symptom is the dry, non-productive cough, as well as

clubbing of the fingers. [7]. In late stages of the disease patients may show signs of right
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Introduction

ventricular failure, as they may develop pulmonary hypertension. The initial development

of symptoms is usually slow, but can aggravate during the later phases. [4].

While most cases of IPF occur sporadically, recent studies suggest that there are familial
cases in which the disease is caused by heritable genetic mutations. Thus this form of the
disecase was called familial pulmonary fibrosis (FPF), familial interstitial pneumonia
(FIP) or familial idiopathic pulmonary fibrosis (FIPF). This diagnosis can be set only if
two or more members of the family were diagnosed with idiopathic interstitial
pneumonia. Clinical features of familial pulmonary fibrosis are indistinguishable from

usual IPF, except that the disease seems to get evident at a slightly younger age. [8] [9].

1.1.2. Histopathological changes in IPF

Histologically, IPF is described as usual interstitial pneumonia (UIP) which is
characterized by areas of immature and mature fibrosis and alveolar inflammation with
intervening areas of normal tissue architecture (Figure 1.1.A.). However UIP is not a
unique characteristic of IPF, rather it can be encoutered in other lung diseases as lung
fibrosis due to collagen-vascular diseases (CVDs), chronic hypersensitivity pneumonitis

(HP), pneumoconiosis, sarcoidosis, and drug-induced lung diseases [10].

-

Figure 1.1. Histopathological changes in the lung in IPF.

(A) Low-power photomicrograph [40x, H&E stain] demonstrates temporal heterogeneity with abrupt
transition between normal appearing lung (left side) and densely scarred lung parenchyma (right side).
Transitional areas show multiple fibroblastic foci (arrows). (B) High-power photomicrograph [200x, H&E
stain] shows fibroblastic focus comprised of plump spindle cells in a collagen-poor matrix bulging into an
airway lined by hyperplastic epithelial cells (arrowheads) (adapted from [10]).

One of the main features of UIP is the spatial heterogeneity and the fibrotic dissemination
towards the healthy areas of the lung. Particularly, changes are seen in the lower lobes of
the lungs, as well as in peripheral and subpleural, peripheral and paraseptal parts of the
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Introduction

lungs [10]. Proliferative fibroblasts / myofibroblasts produce a variable number of
clusters, these clusters are called fibrotic foci (Figure 1.1.B.). It is considered that these
centers are the main sites of active disease. It was noted, that higher numbers of fibroblast
foci were associated with poor prognosis [10]. Of note, in IPF lungs several studies found
alveolar epithelial cell (AEC) injury with hyperplasia of type II pneumocytes (Figure
1.1.B.) as well as impaired proliferation, apoptosis of AECII, and incapacity to

differentiate into type I alveolar epithelial cell [11] [12] [1].

1.1.3. Pathogenesis of IPF

The causes of IPF are still not well understood. There are two main hypotheses for the
pathogenesis of IPF: an older, “inflammatory” hypothesis and more recent one focusing

on “repetitive alveolar type II cells injury and abnormal wound repair” [13] [5] [1].

The inflammatory hypothesis argues that inflammation triggers fibroproliferation
followed by the end-stage fibrotic scar [14]. This hypothesis proposes that inflammation
of the alveolar-capillary compartment leads to the loss of alveolar type I cells,
proliferation of the alveolar type II cells and stromal cells, and the deposition of
extracellular matrix (ECM) [14]. However, although there are without any doubt formes
of lung fibrosis, which are mediated by chronic inflammation (such as sarcoidosis or
hypersensitivity pneumonia), it is still not clear whether inflammation leads to the
development of the fibrotic lesions in IPF. The major counter-argument is that IPF
patients in fact are placed at a higher risk for dying when put on a combination of steroids

and azathioprin [15] [16] [1] [17].

Current theories suggest that IPF may be caused by repeated, prolonged damage to the
alveolar compartment, followed by aberrant repair. (Figure 1.2) [4] [5]. Injury to the
alveolar epithelial cells leads to fibroblast proliferation and differentiation into
myofibroblasts. There is evidence that the cross talk between the alveolar epithelium and
its associated mesenchyme is dysregulated in IPF leading to excessive ECM deposition

[18][19] [5].

In accordance with such hypothesis, mutations in the SFTPA, SFTPC, TERC, TERT and
other genes [9] have been observed in familial forms of UIP/IPF and these genes are very
tightly linked to the alveolar type II cell. These mutations are discussed more closely in
the following:
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First reports of pulmonary fibrosis suggested a genetic predisposition in patients with
defined (systemic) clinical syndromes such as Hermansky-Pudlak-Syndrome and
Dyskeratosis Congenita [20] [21] [9]. Genetic analysis of patients with these syndromes
revealed mutations in HPS genes for Hermansky-Pudlak Syndrome [20] and DKC, TERT
and TERC gene mutations for patients with Dyskeratosis Congenita [22]. These patients

can develop a form of lung fibrosis which is indistinguishable from UIP/IPF.

In 2001, Nogee et al., described the first of meanwhile around 35 mutations in SFTPC
gene. Later, mutations in the SFTPA gene were identified [23] [24] [25]. These reports
indicate that mutations in these surfactant proteins SFTPA and SFTPC, which are almost
exclusively produced by alveolar type II cells, are the underlying reason in a reasonable
fraction of familial cases of IPF (percentages ranging between 5% (USA) and 45% (EU)).
These mutations lead to improper protein folding followed by their accumulation in the
endoplasmic reticulum which leads to activation of unfolded protein response and
subsequently AECII apoptosis [24] [26] [27]. Another study suggest that expression of
SFTPC mutant induces lysosome stress and epithelial cells dysfunction through

macroautophagy [28].

The later proof of mutations in the TERT and TERC genes, which are responsible for
maintaining an adequate telomere length and hence preventing replicative senescence in
human stem cells, in ~15% of the families with IPF provided a valuable hint that cellular
aging processes may also result in the development of pulmonary fibrosis [9]. Moreover,
Cronkhie et al provided evidence of peripheral blood and lung epithelial cell telomere
shortening in both, sporadic as well as familial, IPF patients without mutations in
TERT/TERC [29], suggesting that, regardless of the TERT/TERC genotype, telomere
shortening and increased cellular ageing could represent an important event in IPF. [30]
[31][9]. As mentioned above lung fibrosis is detected in the genetic disorder dyskeratosis
congenital (DKC) [22]. DKC is characterized by telomere shortening [22]. Different
mutations in genes regulating telomere length were identified especially genes that
influence telomere or telomere associated proteins, such as DKCI1, TERT, TERC.
Mutation in the DKC1 gene leads to X-linked form of DKC, whereas mutations of TERT

and TERC are autosomal dominant [32].
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Figure 1.2. Pathways involved in the development of pulmonary fibrosis.

This figure illustrates known and hypothesized relationships between two components of the alveolar region
of the lung, the epithelium and the mesenchyme. Dysregulated cross talk between these two components
leads to development of the disease. An inciting factor or event that predisposes an individual to developing
the disease (e.g., chronic cellular stress or epithelial injury), a host of other abnormal responses (e.g.,
abnormal proliferation of fibroblasts and excessive stiffening of the mesenchyme) are likely to be integral
in the progression of fibrosis (adapted from [5]).

1.2. Unfolded protein response (UPR)

1.2.1. Overview

The endoplasmic reticulum (ER) is an essential organelle responsible for folding of
secreted and membrane proteins and lipid and sterol biosynthesis, storage and production
of glycogen and it is a major site of free calcium storage within the cell [33]. The initial
stage in protein synthesis is the expansion of the polypeptide chain. Later, the polypeptide
properly folds into a functional three-dimensional, structure; it is glycosylated and then
passed through the secretory pathway. In normal conditions, protein folding in ER is

assisted by chaperone proteins such as immunoglobulin — heavy chain binding protein
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(BiP), known also as glucose regulated protein 78 (GRP78). Under stress conditions
caused by factors such as calcium shortage, metabolic stress, decrease of energy reserves,
increased protein synthesis or misfolding of mutant proteins an unfolded protein response
(UPR) can develop, which represents a classic coping mechanism aiming to restore the
cellular homeostasis [34]. The upstream signal that activates this pathway is referred to
as ER stress and is defined as an imbalance between the load of resident and transit
proteins in the ER and the organelle’s ability to process that load. ER stress can be
provoked by a variety of pathophysiological conditions such as ischemia, viral infection,
increased protein synthesis (e.g. in maturating b-cells), ageing, or genetic mutations that

impair resident/secretory protein folding [33].

The UPR primarily acts to improve protein folding. It contributes to the maintenance of
cellular homeostasis and prevents cell death caused by the accumulation of misfolded
proteins. These proteins can interfere with the basic functions of cells [35] [36]. In
addition, the ERAD (ER stress associated degradation) machinery involving the
proteasome is upscaled and activated [37]. If the UPR mechanisms fail, or if the ER stress

is overwhelming, it results in growth arrest followed by apoptosis.

The initiation of the UPR is critically depending on the availability of GRP78. GRP78
not only binds to misfolded and unfolded proteins and helps them to fold correctly, it also
regulates the transmembrane ER stress sensors protein kinase RNA like ER kinase
(PERK), inositol-requiring protein 1o (IREla), and activating transcription factor 6
(ATF6). As long as these proteins are bound by BiP they are kept in an inactive state
(Figure 1.3) [38] [39] [40] [41].
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Figure. 1.3. The UPR is mediated by three ER stress sensors.

Binding of unfolded proteins to GRP78 within the ER lumen allows activation of PERK, ATF6 and IREI.
PERK dimerises and autophosphorylates. It phosphorylates elF20 and thus general cap-dependent
translation is inhibited. Cap-independent translation allows the translation of certain proteins such as ATF4
which activates CHOP transcription. One of the genes induced by CHOP is GADD34 which can
dephosphorylate elF2a. Activation of ATF6 allows its translocation to the Golgi where it undergoes
cleavage by S1P and S2P proteases. Cleaved ATF6 activates XBP1 transcription. Active IRE1 is a dual
kinase and endonuclease. One of its targets is XBP1 mRNA which undergoes splicing to produce an active
transcription factor, XBP1s. (adapted from[42]).

BiP / GRP78 is a dominant chaperone, belonging to the family of heat shock proteins
which facilitate protein folding in the ER. Properly folded proteins are liberated from BiP
and transported into the Golgi apparatus. When missfolded proteins remain bound to BiP,
they are retained in the ER, which may lead to their degradation. When missfolded
proteins accumulate in the ER, BiP dissociates from the three key sensor molecules
PERK, ATF6 and IREI in order to assist in protein folding. This dissociation in turn
results in the activation of PERK, ATF6 and IRE1 and — through this — the activation of
signaling pathways resembling the UPR [38] [40] [41]. These three pathways are

described more closely in the following:

In response to BiP dissociation, PERK undergoes autophosphorylation and dimerization

[43]. This active form of PERK phosphorylates and inactivates only one target — the o
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subunit of eukaryotic translation initiation factor 2 (elF2a) [33]. In all eukaryotic cells,
initiation of protein synthesis requires the elF2a and phosphorylation of eIF2 a inhibits
protein synthesis. elF2a phosphorylation also controls expression of ATF4, ATF5 and
C/EBP homologous protein (CHOP), genes that regulate amino acid metabolism and
chaperone production and that activate glutathione [44]. ATF4’s transcriptional targets
include genes involved in amino acid metabolism, oxidoreductases required for disulfide
bond formation in the ER and several ubiquitin ligases. In a prolonged ER stress state,
ATF4- dependent induction of CHOP leads to expression of DNA damage-inducible gene
34 (GADD34), which in turn phosphorylates elF2a to, restore protein translation (Figure
1.3) [45].

Dissociation of GRP78 from transcription factor ATF6 leads to translocation of ATF6 to
Golgi, where it is cleaved by site-1 and site-2 proteases to yield an active N-terminal 50
kDa domain (N-ATF6/pSOATF6) that translocates to the nucleus [40] [46]. The cleaved
domain migrates to the nucleus where it binds to cis - acting ER stress response elements
(ERSE) and activates the transcription of ER chaperone proteins, such as BIP, GRP94,
calreticulin, calnexin and protein disulfide isomerase (PDI), ER-associated protein
degradation (ERAD) components (Figure 1.3) [38]. In mammalian cells ATF6 exists in
two isoforms: ATF6 a and ATF6 B. ATF6 a induces the synthesis of X-Box binding
protein I (XBP-1) [38].

IRE-1 is a transmembrane protein, which has a kinase and an endonuclease activity, both
being activated by ER stress. Mammals have two isoforms of IRE-1: IRE-1a and IRE-
1B, which homodimerize after BiP dissociated from IRE-1. The dimerized IRE-1 RNase
domain cleaves at nucleotide 26 of the intron sequence in the XBP-1 transcript. Spliced
XBP-I translocates to the nucleus and binds to the ERSE and facilitates the transcription

of ER associated degradation genes (ERAD) (Figure 1.3) [42].

The induction of the ERAD pathway is an important component of the ER stress response.
The exact mechanisms of recognition and distortion of misfolded proteins are still not

clear. However, the process was described to occur in several stages.
* recognition of misfolded proteins by PDI, BiP

» translocation of misfolded proteins from the ER to the cytoplasm via the translocon,
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» ubiquitination of misfolded proteins by a sequence of enzymatic reactions, mediated by
E1 (ubiquitin activating enzyme), E2 (ubiquitin conjugating enzyme) and E3 (ubiquitin

ligation enzyme)
* deglycosylation
* transport to the proteasome for degradation [47]

These three sensors are activated by UPR pathways to alleviate ER stress and achieve cell
protection. Unfortunately, prolonged ER stress can lead to apoptosis via the extrinsic and
intrinsic pathways [42]. In the so-called “intrinsic” pathway, various noxious stimuli
cause the release of cytochrome ¢ from the mitochondria into the cytosol. Once in the
cytosol, cytochrome ¢ forms a complex, known as the apoptosome, with Apaf-1 and
procaspase-9 in the presence of ATP/dATP. This results in the processing and activation
of this initiator caspase [48]. In contrast, the “extrinsic” pathway utilizes death receptors
such as Fas, TNFR1, DR3, DR4, or DRS for the activation of caspases. Binding of a
ligand to these cell surface receptors recruits adaptor proteins, such as FADD, to the
cytoplasmic domain of the receptors, which in turn recruits the initiator procaspase-8 to
form a death-inducing signaling complex that induces caspase-8 activation [49]. Once
activated, the upstream initiator caspases cleave and activate downstream effector
caspases such as caspase-3, -6, and -7, which in turn cleave death substrates and result in
the morphological changes associated with apoptosis [50]. The extrinsic pathway can
cross-talk with the intrinsic pathway through caspase-8 cleavage of the BH3-only protein
Bid that activates the mitochondrial pathway to amplify the apoptotic signal [48].
Extrinsic and intrinsic pathways of apoptosis lead to influx of calcium from the ER to the
cytosol and the activation of signaling cascades UPR. ER stress activates caspase-12,

caspase-3 and caspase-9 mediating cell death pathways [42].

CHORP is another transcription factor involved in apoptosis induction. It is activated by
all three UPR pathways through ATF4, cleaved ATF6 and spliced XBP-1 [51]. C-Jun N-
terminal kinase (JNK) is also involved in UPR induced apoptosis, but the mechanism is
still not fully understood [52]. An additional mechanism by which cells cope with ER
stress is autophagy. Autophagy is a major catabolic process that delivers proteins,
cytoplasmic components, and organelles to lysosomes for degradation and recycling.
Autophagy can be activated by missfolded proteins in the ER [53]. Some studies have
found a direct connection between ER stress and autophagy [54] [55]. A link between
autophagy and the UPR has been further substantiated by the demonstration that the
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PERK - elF2a pathway is essential for autophagy induction after tunicamycin treatment
[55]. Specifically, ATF4 and CHOP, were shown to transcriptionally regulate autophagy-
related genes [55]. However, it remains unclear whether autophagy protects the cell from

apoptosis or can induce cell death.

1.3. Role of CHOP in ER stress — mediated apoptosis

CHORP is believed to be the most significant mediator of ER stress-induced apoptosis [56].
Overexpression of CHOP was reported to result in cell cycle arrest and/or apoptosis.
CHOP null cells were protected from ER stress-induced apoptosis, indicating the
significance of this apoptotic pathway during ER stress [56]. However, the molecular

mechanisms of this process are not fully understood.

As a transcriptional factor, CHOP has been shown to regulate numerous pro- and anti-
apoptotic genes, including “down-stream of CHOP” (DOC) genes [57]. DOCs are a
family composed of three members: DOC1, DOC4, and DOC6 [57]. DOCI1 is a stress-
inducible form of carbonic anhydrase VI which is predicted to increase the proton
concentration and to decrease intracellular pH. DOC4 is a homolog of Tenm/Odz which
might function in signaling at compartment boundaries. DOC6 is a homolog of the actin-
binding proteins villin and gelsolin, and is implicated in changes in the actin cytoskeleton

during apoptosis [57].

One of the most common mechanisms of CHOP-induced apoptosis is inhibition of Bel-2
protein. This conclusion is based primarily on studies showing an inverse correlation
between the expression of CHOP and Bcl-2 in fibroblasts. Inhibition of Bcl-2 as well as
increased oxidative stress and apoptosis were observed in these cells [58]. It is important
to note that the genetic reconstitution of Bel-2 in CHOP-transfected cells rescued them
from oxidative stress and apoptosis [58]. Additionally CHOP may interact with
transcriptional repressors, thus reducing the transcription of the Bcl-2 protein [58]. In one
study using thapsigargin for induction of ER stress in murine embryonic fibroblasts
(MEFs) an interaction between CHOP and C/EBPf, subsequent inhibition of Bcl-2 and

increased apoptosis was encountered [59].

The Bcl-2 family of proteins, which consists of both anti- and pro-apoptotic members,

controls a critical intracellular checkpoint in the intrinsic pathway of apoptosis by
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regulating the release of apoptogenic factors from mitochondria [60]. Bel-2 regulates cell
survival by inhibiting BH3-specific proteins such as Bcl-2-associated death promoter
(Bad), Bcel-2-like protein 11 (Bim), Phorbol-12-myristate-13-acetate-induced protein 1
(Noxa) and p53 upregulated modulator of apoptosis (Puma). These proteins are required
for Bax- and Bak-mediated apoptosis and mitochondrial permeability [61]. It has been
shown that especially the BH3-specific protein Bim exerts an important influence on the
ER stress-induced apoptosis. Renal epithelial cells from Bim deficient mice were
protected from apoptosis induced by tunicamycin. It has also been reported that ER stress
increases the level of Bim through decreased proteasomal degradation and CHOP —
CEBPa -mediated induction of downstream genes [62]. Bim is an important protein in
ER stress-induced apoptosis in a broad range of cell types, including thymocytes,
macrophages and epithelial cells from breast or kidney; however, it appears possible that
different BH3-only proteins are required for this process in other tissues [62]. For
example, it was found that ER-stress induced by palmitate increased Puma expression,
Bax activation and apoptosis by CHOP — AP-1 complex induction [63]. Recently, it has
been shown that CHOP-induced apoptosis is mediated by translocation of Bax from the
cytosol to mitochondria [64]. Further investigation showed the increase of Bax in ER

stress — CHOP-induced cardiomyocyte apoptosis [65].

Oxidative stress is another mechanism through which CHOP may induce apoptosis.
Prolonged ER stress can lead to hyperoxidation of the ER lumen. This leads to leakage
of H>0» into the cytoplasm and, as a result, to the induction of cytotoxic reactive oxygen
species (ROS) in the cytoplasm. Oxidation of the proteins in the ER lumen is induced by
ER-oxidase 1 a (EROla) which is a CHOP transcriptional target [66]. Under normal
conditions it promotes the formation of disulfide bonds with newly translated protein and,
a partial inhibition of EROIla protects cells from tunicamycin induced apoptosis. This
observation lead to the suggestion that within prolonged ER stress, ERO1a may develop
a hyperoxidizing environment, thereby promoting cell death [66]. In diabetes, the lack of
CHOP reduces apoptosis in beta cells of the pancreas. This protection is directly related
to the decrease in EROla, inhibition of markers of oxidative stress and antioxidant gene

induction [67].

Recent studies have identified a specific molecular mechanism linking EROlo with

CHOP-induced apoptosis. Employing in vitro and in vivo studies it was shown that

CHOP-induced apoptosis goes along with an activation of the pro-apoptotic cytoplasmic

calcium signaling pathways [68] [69] [70]. In UPR, CHOP induced apoptosis can be
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blocked by buffering of cytoplasmic calcium [68]. Cytoplasmic calcium triggers
apoptosis by activating calcium-sensing kinase (CaMKII). CaMKII is a ubiquitous,
multifunctional serine/threonine kinase [71]. It mediates Ca?*-dependent phosphorylation
of a wide range targets [71]. Activation of CaMKII leads to activations of a number of
effector pathways of apoptosis [69] [70]. The role of ERO1a is supported by the fact that
the CHOP induced ERO1a activates calcium channel [P13R in the ER and subsequently
calcium release from the ER, which is extremely important for signaling processes
induced by cytoplasmic calcium [72]. Moreover, the induction of oxidation in the ER
lumen by CHOP — EROla is often followed by pro-apoptotic oxidative stress in the
cytoplasm. In fact, one of the conditions of the CHOP — ERO1la — IP3R1 — CaMKII
pathway is the induction of NADPH oxidase subunit Nox2 and generation of ROS [71].

For cells undergoing a period of prolonged ER stress it appears critical to inhibit protein
translation as a key mechanism for the prevention of oxidative stress and apoptosis [73].
Under these circumstances, the target of CHOP is growth arrest and DNA damage-
inducible protein (GADD34). GADD34 is member of a family of GADD genes that are
induced by DNA damage, growth factor deprivation, and other forms of cell stress [74]
and it has been shown to bind to the eukaryotic serine/threonine phosphatase protein
phosphatase 1 (PP1) to direct eIF2a dephosphorylation in vitro and thus to restore protein
translation [75] [45]. In this regard, renal epithelial cells from transgenic mice with
mutated (loss of function) GADD34 were protected from the otherwise pro-apoptotic
consequence of tunicamycin treatment [66]. This process therefore seems to represent yet

another mechanism of pro-apoptotic CHOP signaling in a state of prolonged ER stress.

Tumor necrosis factor (TNF)-related apoptosis-inducing ligand (TRAIL), a member of
the TNF superfamily, is an apoptosis-inducing cytokine. TRAIL appears to specifically
kill a wide variety of cancer cells in culture, but has little or no effect on normal cells.
TRAIL-induced apoptosis is associated with the interaction of its ligands with two closely
related membrane receptors, TRAIL-R1 (DR4) and TRAIL-R2 (DRS5). This interaction -
in cooperation with the adaptor molecule FADD - results in recruitment and cleavage of
the initiator caspase-8 and the consecutive activation of an effector — caspase 3 [49] [50].
It has been found that CHOP up-regulates TRAIL-R2 during ER stress and that this
receptor is at least partially responsible for ER stress-induced death in cultured cancer
cell lines [76]. Another CHOP-induced molecule thought to induce apoptosis is Tribbles
homolog 3 (TRB3). TRB3 encodes a human ortholog of Drosophila tribble, and TRB3-

knock-down cells are resistant to ER stress-induced apoptosis [77].
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Finally, the ability of CHOP to induce ER stress-associated apoptosis has recently been
suggested to be dependent on the duration of the stress state. Chronic exposure resulting
in mild stress could lead to a kind of adaptive response, with selective attenuation of
CHOP expression through degradation of CHOP mRNA and CHOP protein in face of
(still) expressed, protective downstream targets such as BiP, possibly due to long-lived

mRNAs and proteins [78].

1.4. Role of ER-stress and CHOP-mediated apoptosis in non-
pulmonary diseases

One crucial feature for cell survival is the ability to respond and adapt to changes in ER
function. However, extensive ER stress induces apoptosis, hence turning a primarily
cytoprotective mechanism into a pro-apoptotic one. Extensive data suggests that
excessive apoptosis of structural parenchymal cells affects the development of many
human diseases. Accordingly, CHOP has been suggested to play a pivotal role in a
number of diseases, including renal dysfunction [56], diabetes [67], ethanol - induced
hepatocyte injury [79], Parkinson's disease [80], experimental colitis [81], expressed
atherosclerosis and heart pressure overload effects [82] [65]. Some of these diseases and

the impact of CHOP on their evolution will be discussed in the following:

1.4.1. CHOP and neurodegenerative diseases

Neurodegenerative diseases are characterized by progressive neuronal dysfunction and
neuronal cell death and missfolded proteins, in part due to mutations within key functional
proteins, seem to play a major role in this regard. Histopathological analysis of the brain
of patients with Alzheimer's disease, a classic example of a neurodegenerative disease,
revealed extensive ER stress as a prominent observation and this was also observed to
occur in patients with other neurodegenerative diseases such as Parkinson's disease [83]
[79]. With regard to Alzheimer's disease (AD), the precise reason of which is still
unknown, it is assumed that the increase of the B-amyloid (AB) production and
accumulation is the main reason of the neurodegenerative processes. Interstingly, AP
induces expression of CHOP in neuronal cells and the brain of animals and the expression
of small interfering RNAs targeting CHOP results in increased survival of neurons which

already have accumulated AP [84]. An increase of neuronal CHOP production was
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observed in laboratory mice carrying a presenilin-1 mutation, with consecutively

increased production of B-amyloid [85].

B-amyloid is produced from the amyloid precursor protein (APP) by the initial cleavage
of aspartyl protease BACE1 (P -site amyloid precursor protein-cleaving enzyme 1) and
subsequent cleavage by y-secretase enzyme complex [86]. Cleavage of APP by BACEI
represents the rate-limiting step of f-amyloid production. CHOP and NF-KB activation
precedes the increase of BACEI in the triple transgenic mouse model and seems to cause
oxidative damage and ROS accumulation, increased levels of f-amyloid, and, ultimately,
neuronal cell death. Application of CHOP-targeting siRNA in human neuroblastoma has
been shown to reduce the level of 27-hydroxycholesterol (27-OHC)-induced Af

production and to dampen the inflammatory response [87].

1.4.2. CHOP and diabetes

Type II diabetes is associated with a high demand for insulin, which is secreted
exclusively by pancreatic beta-cells. Increased production of properly folded insulin
therefore increases the work load of the ER and, if overwhelming, may cause ER stress.
[67]. Tt is therefore not surprising that type II diabetes is linked to B-cell apoptosis.
According to recent studies, pancreatic B-cells are extremely sensitive to ER stress and
ER stress-mediated apoptosis [88] [89]. CHOP has been shown to be upregulated in type
IT diabetes and to contribute to the induction of apoptosis in B-cells under these conditions
[90]. In a recent study it was shown that ER-stress induced H>O superoxide anion and
ROS production [66]. Increase of ROS causes the activation of CHOP and TRB3 in
diabetic kidneys [91]. It was also found that increased apoptosis of pancreatic B-cells in
mice is linked to an increase amount of hyper-stable TRB3 linked with a reduction in -

cells function in humans [92].
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1.4.3. Atherosclerosis

Atherosclerosis is a disease characterized by formation of atheroma inside blood vessels.
Atheroma are structures formed by fat, cholesterol, calcium, and other substances found
in the blood. In this process macrophage activation results in the excretion of
proinflammatory and cytotoxic substances, including peroxynitrite, an early inducer of
atherosclerosis through the ER stress pathway [93]. Studies on the regulation of ER-stress
and CHOP regulation in macrophages revealed the prolonged ER stress can result in
enhanced CHOP expression, release of calcium from the ER resulting in death receptor
Fas activation, and macrophage apoptosis [94]. Increased macrophage apoptosis was also

suggested to be favored by a concomitant decrease in the anti-apoptotic protein BAL-2.

1.4.4. Ischemic disease

Tissue ischemia is characterized by oxygen deprivation leading to glucose and
endoplasmic Ca?" depletion. Ischemia is also linked to ER stress. The induction of CHOP
mRNA was observed in mice with brain ischemia [95]. Nitric oxide (NO) plays an
important role in the pathophysiology of cerebral ischemia. NO decreases cytoplasmic
Ca?" and facilitates CHOP gene transcription in primary neuronal cultures [96]. Data
showed that CHOP mediated cell death was involved in the transition from cardiac
hypertrophy to heart failure in mice [97]. The Calnexin silenced cardiomyocytes display
ER stress, as evidenced by the increase in the level of protein GRP78 and ATF6 and
increasing spliced XBPI mRNA, EROIa and CHOP mRNA [98].

1.5. Potential pathomechanism of ER stress in pulmonary
fibrosis

The first indication that ER stress plays a role in pulmonary fibrosis came from early
studies of patients with mutations in surfactant protein C gene [23]. In 2001, Nogee et al
reported a mutation in the carboxy-terminal region of the surfactant protein - C (SFTPC)
that resulted in the removal of exon 4 and its 37 amino acids (Aexon4) in an infant with
nonspecific intestinal pneumonia. The mother of the child was also suffering from

desquamative interstitial pneumonia [23]. Afterwards, another study on SF7PC mutations
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found another mutation resulting in the replacement of glutamine with leucine at amino
acid position 188 (L188Q) of pro-SP-C in 11 related adults and three children with UIP
and nonspecific intestinal pneumonia [99]. Studies in vitro [100] [101] showed that
mutations in the carboxy-terminal portion SFTPC led to incorrect processing and
accumulation of the misfolded proteins in the ER. Modeling of Aexon4 and the L188Q
mutation in vitro showed that the mutant SP-C causes ER stress and caspase 4 (12)-
mediated apoptosis in AECII like cell lines such as human A549 and mouse MLE12 lung
epithelial cells [27] [102] [101]. In 2003 a transgenic mouse model expressing mutations
of SFTPC2**™ ynder human SFTPC promoter was developed. These mice had abnormal
lung morphogenesis resulting in fetal death with abnormal surfactant processing and
accumulation of misfolded proteins in the ER [103]. Later on, another transgenic mouse
model was developed which relied on the tet-on system for conditional expression of
L188Q SFTPC mutations specifically in alveolar type II cells. Without doxycyclin, mice
grew and developed normally without an apparent abnormal phenotype. In doxycyclin
treated mice, however, expression of LL188Q SFTPC resulted in a modest ER stress
reaction in AECIIs in mature mice, but did not lead to overt AECII apoptosis or
pulmonary fibrosis. Interestingly, treatment of these transgenic mice with low doses of
bleomycin, which would not cause any significant fibrosis in wild type mice, did result
in extensive AECII death, activation of the caspase 4/12 and lung fibrosis. A control
experiment addressing the question if AECIIs cell death under these conditions was truly
caused by ER stress was undertaken, in which wild mice were exposed to tunicamycin,
which alone did only cause a modest ER-stress reaction, followed by a low dose of
bleomycin. As with the transgenic expression of LI88Q SFTPC, application of
tunicamycin alone induced ER stress in AECII, but apoptosis or fibrosis were not present.
However, in combination with bleomycin, mice treated with tunicamycin and bleomycin

showed extensive AECII apoptosis and pulmonary fibrosis [104].

Despite SFTPC mutations leading to ILD in childhood these mutations are rare in adults
with IPF [105]. However, the disclosure of the causative role in familial cases of IPF put
emphasis on the importance of the alveolar type II cell in the initiation and early
pathogenesis of IPF [23]. Accordingly, elevated UPR and ER stress markers were found
in the lung tissue of patients with familial IPF either carrying or not carrying the LI88Q
SFTPC mutation, as well as patients with sporadic IPF. It was demonstrated by
immunohistochemistry that the AECs lining areas of pulmonary fibrosis were expressing

BiP, EDEM, XBP-1, ATF4, ATF6 and CHOP and these areas were linked with ER stress.
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Thus ER stress was identified in IPF lungs even in the absence of SF7TPC mutations [26]
[27].

Similar to SFTPC mutations, it has been found that mutations in the gene encoding
surfactant protein A2 (SFTPA2) were associated with FIP [25]. Wang et al. showed two
different FIP families in which missense mutations in SFTPA2 were identified. One
mutation was detected in replacement of valine for glycine at codon 231 (G231V) and
second mutation in the SFTPA2 gene resulted in replacement of serine for phenylalanine
at codon 198 (F198S) [25]. Following overexpression of both SF7PA2 mutated genes in
A549 cells, both forms of mutant SP-A proteins were detected in ER, which led to
activation of UPR. This observation provided a similar role for ER stress in SFTPA2

mutation in induction of lung fibrosis which was observed in SFTPC mutations [24] [25]

It is known that ER stress and inflammation are interconnected in UPR pathways through
activation of JNK, p38 mitogen-activated protein kinases and NF-KB. In vitro
overexpression of Aexond SFTPC led to the activation of NF-KB. However, the
relationship between this pathway and LI88Q SFTPC mutation was not found. /n vivo
expression of LI88Q SFTPC revealed no increased tendency to inflammation of the lungs.
Although the interaction between the UPR and inflammatory signaling pathways affect
tissue remodeling during fibrosis, the inflammatory effect of ER stress depends on the

cause, severity, and duration of ER stress [104].

Research conducted on several groups of patients revealed that viral infections play an
important role in the pathogenesis of IPF. Patients with IPF showed an increase in
antibody titers to cytomegalovirus and Epstein - Barr virus [106]. Herpes antigens could
also be detected in the AECs lining the areas of fibrosis in lung biopsy samples from IPF
but not in control patients [107] [27] [108]. Herpesvirus causes ER stress and activates
UPR [35]. It was observed that proteins of other herpes viruses (Epstein-Barr virus,
cytomegalovirus, and Kaposi's sarcoma herpesvirus) have been identified in the AECIIs
lining areas of fibrosis in IPF. These viral proteins can be colocalized with ER stress
markers [27]. These data suggest that herpesvirus is involved in the pathogenesis of IPF.
Further question is if they alone can directly induce ER stress or they aggravate an already

existing ER stress response.

Cigarette smoke is usually associated with the development of both IPF [109] and FIP
[110]. One study showed that exposure to cigarette smoke can activate UPR. Additionally
in vitro studies showed that the exposure of 3T3 cells to cigarette smoke extract was
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associated with PERK and activation of ATF4. This resulted in up-regulation of BiP and
other ER stress associated genes [111]. Additional studies have showed that CHOP was
activated by ROS in cigarette smoke in human bronchial epithelial cells [112] and this
activation occurred through PERK-elF2a pathway [113]. Other study on normal and
malignant epithelial lung cells showed that the expression of UPR — related genes was
induced by the exposure to cigarette smoke [114]. Many studies have shown that
environmental factors related to lung fibrosis can lead to ER stress and activation of the
UPR. However, it is not known if any of the listed external risk factors exert their

influence through induction of ER stress.
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2 Aim of the study

It is well known that dysregulation of alveolar homeostatic balance contributes to the
development of chronic fibrotic interstitial lung diseases, such as IPF. Endoplasmic
reticulum stress plays a role in the dysregulation of apoptosis in alveolar type II cells. ER
stress is the most potent inducer of C/EBP homologous protein (CHOP) expression and
CHORP is known as a pro-apoptotic factor. CHOP-mediated apoptosis contributes to the
pathogenesis of a number of ER stress-related diseases. Little is known about regulation
of CHOP expression in lung epithelial cells. Furthermore, our previous studies showed
that CHOP is up-regulated specifically in alveolar type II cells. Thus, I hypothesize that
ER stress-induced apoptosis is mediated by CHOP and this is the major factor responsible
for AECII injury and apoptosis in IPF.

In this context, the research focus is:

1. To analyse the transcriptional regulation of epithelial CHOP expression in vitro.
2. To elucidate the biological role of Chop overexpression in induction of epithelial

apoptosis and lung fibrosis in vitro and in vivo
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3 Materials and methods

3.1 Materials

3.1.1 Reagents

Name

2-(4.,2-hydroxyethyl)-piperazinyl-1-

2-Mercapto-ethanol
4-[3-(4-iodophenyl)-2-(4-nitrophenyl)-2H-5-tet-
razolio]-1,3-benzene (WST-1)

Acetic acid

Acrylamide solution, Rotiphorese® Gel 30
Agarose

Albumine, Bovine Serum Fraktion V (BSA)
Ammonium Persulfate (APS)

Ampicillin sodium

Bacto Agar

Bacto-Yeast extract

Bacto-Trypton

Beads for ChIP

BJ5183 cells

Bovine serum albumin (BSA) 10mg/ml solution
Bromphenol Blue

Calcium chloride

Chloroform

Chloroform

Cytotoxicity Detection Kit (LDH)
D-(+)-Glucose

Dimethyl Sulfoxide (DMSO)

Dispase
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2-amino-2-hydroxymethyl-1,3-propanediol (Tris)

Company

Sigma Aldrich, Germany
Roth, Germany
Sigma Aldrich, Germany

Roche, Germany
Sigma-Aldrich, Germany
Roth, Germany

Roth, Germany

Roth, Germany

Roth, Germany

Sigma Aldrich, Germany
BD, Sparks, USA

BD, Sparks, USA

BD, Sparks, USA
Millipore, Germany
Agilent Technologies, USA
New England BioLabs, USA
Sigma Aldrich, Germany
Sigma-Aldrich, Germany
Merck, Germany

Merck, Germany

Roche, Germany

Roth, Germany

Sigma Aldrich, Germany
BD Bioscience, USA
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DMEM medium
DMEM-F12 Medium
DNA ladder

Dnase

DNeasy blood and tissue kit

Dulbecco’s Phosphate Buffered Saline (PBS)

Ethanol 99,5%
Ethansulfonate (HEPES)

Ethidium bromide

Ethylenediamine-tetraacetic Acid (EDTA)

Fetal Calf Serum (FCS)
Formaldehyde 37,8%

Gel extraction kit
Geneticin/G418

Glycergel® Mounting Medium
Glycerol

Glycine 99%

Hot Start DNA polymerase
HotStar high fidelity DNA Polymerase
HotStar Taqg DNA Polymerase
Hydrobeta-estradiole
Hydrochloric Acid (HCI) 32%
Hydrocortisone

Hygromycin

Insulin, Transferrin, Sodium Selenite (ITS)

1Q™ SYBR® Green Supermix
Isoamyl alcohol

Isopropanol

Kanamycin

KH>PO4

L-Glutamine

Luciferase Assay Kit
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Gibco, Germany

Gibco, Germany
Eurogentee, Belgium
Fermentas, Germany
Qiagen, Germany

PAA, Austria

Roth, Germany

Roth, Germany
Sigma-Aldrich, Germany
Sigma Aldrich, Germany
Roth, Germany

Sigma Aldrich, Germany
Qiagen, Germany

Roth, Germany

Dako, Denmark

Roth, Germany

Roth, Germany

Merck, Germany
Qiagen, Germany
Qiagen, Germany
Sigma Aldrich, Germany
Sigma Aldrich, Germany
Sigma Aldrich, Germany
Roth, Germany

PAN Biotech, Germany
Bio-Rad, USA

Sigma Aldrich, Germany
Sigma-Aldrich, Germany
Roth, Germany

Merck, Germany

Gibco, Germany

Promega, Germany




Materials and methods

Magnesiumchloride (anhydrous)
Matrigel™ Growth Factor Reduced
Methanol 99,9%

Milk powder

N,N,N’,N’-tetramethyl-1,2-diaminomethane (TEMED)

Na;HPO4 x 2H>0

Na-deoxycholate

NP-40

Nucleotide Mix (dNTPs)

Oligo(dT) Primer

Omniscript RT Kit

Opti-MEM medium

PageRuler™ Prestained Protein Ladder
Paraffin, Paraplast Plus®

PCR purification kit
Penicillin/Streptomycin

Phenol

Phosphatase Inhibitor Cocktail Set I[1I™
Pierce® BCA Protein Assay Kit
Pierce® ECL Plus Western Blotting Substrate
Plasmid isolation Mini and Maxi kit
PMSF (phenylmethylsulfonyl fluoride)
Potassium Chloride (KCI)

Potassium phosphate monobasic
Protease Inhibitor Cocktail Set [™

Protein A agarose/Salmone Sperm DNA

Proteinase K

QIAshredder

QuikChange® II Site-Directed Mutagenesis Kit
Reporter Lysis Buffer

Restore™ Western Blot Stripping Buffer
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Sigma-Aldrich, Germany
BD Biosciences, Germany
Roth, Germany

Roth, Germany

Sigma Aldrich, Germany
Merck, Germany

Merck, Germany

Sigma Aldrich, Germany
Qiagen, Germany
Roche, Germany
Qiagen, Germany
Invitrogen, Germany
Thermo Scientific, USA
Sigma Aldrich, Germany
Qiagen, Germany

PAA, Austria

Roth, Germany
Calbiochem, Germany
Thermo Scientific, USA
Thermo Scientific, USA
Qiagen, Germany
Thermo Scientific, USA
Merck, Germany
Sigma-Aldrich, Germany
Calbiochem, Germany

Millipore, Germany
PEQLAB Biotechnologie,
Germany

Qiagen, Germany
Stratagene, Germany
Promega, Germany

Thermo Scientific, USA
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Restriction endonucleases
RNase A

RNase Inhibitor

RNase-free Water

RNeasy Mini Kit

Skim Milk Powder
SmartLadder

Sodium Chloride (NaCl)
Sodium Citrate Tribasic Dihydrate
Sodium Dodecyl Sulfate (SDS)
Sodium Hydroxide (NaOH)

Staurosporine
Streptavidin coated magnetic beads
T4 DNA ligase

T4 DNA ligase buffer
TOP 10, competent cells
Triton-X-100
Trypsin/EDTA
Tunicamycin

TurboFect

Tween-20

XL10 cells

B-Galactosidase Assay Kit

Sodium phosphate (monobasic, anhydrous)

New England BioLabs, USA
Thermo Scientific, USA
Roche, Germany

Qiagen, Germany

Qiagen, Germany

Fluka, Germany

Eurogentec, Belgium

Sigma Aldrich, Germany
Sigma Aldrich, Germany
Sigma Aldrich, Germany
Sigma Aldrich, Germany
Sigma-Aldrich, Germany
Calbiochem, Germany
Invitrogen, Germany

New England BioLabs, USA
New England BioLabs, USA
Invitrogen, Germany

Sigma Aldrich, Germany
PAA, Austria

Calbiochem, Germany
Thermo Scientific, USA
Sigma Aldrich, Germany
Agilent Technologies, USA

Promega, Germany

3.1.2 Equipment

Name

Agarose-gel electrophoresis chambers

Analytical Balance
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Company

Kreutz Labortechnik, Germany

Mettler Toledo, Switzerland
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Bacteria culture incubator

Cell culture centrifuge, Universal 30RF
Cell Culture Hood HER Asafe

Cell Culture Incubator, HER Acell 1501
Cell Scrapers

Ceramic beads

Electrophoresis Chambers

Falcon Roller

Falcon tubes

Falcons filters: 70um; 40pum; 10pum
Filter Tips: 10; 100; 1000ul

Filter units 0.22 um syringe-driven
Fluorescence microscope

Fridge +4°C

Freezer -20 °C

Frezer -80°C

Gel Doc XR+

Glass bottles: 250, 500, 1000 ml
Glass Pipettes

Heating block VLM EC2

Heating Oven, FunctionLine
iCycler IQ™ Thermocycler

Light Microscope, Axiovert 25
Magnetic Stirrer

Mini spin centrifuge

Multifuge centrifuge

Multipipette

NanoDrop

NanoZoomer

Neubauer Chamber

PCR-thermocycler

Petri Dish
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Heraeus, Germany
Hettich, Germany
Hereaus, Germany
Thermo Scientific, Germany
Costar, USA

PeqlLab, Germany
Bio-Rad, UK

CAT, Germany

Greiner, Germany

BD Falcon, USA
Eppendorf, Germany
Millipore, USA

Carl Zeiss, Germany
Bosch, Germany

Bosch, Germany

Bosch, Germany

Biorad, Hercules, USA
Roth, Germany

Greiner, Germany

VLM, Bielefeld, Germany
Hereaus, Germany
Bio-Rad, USA

Carl Zeiss, Germany
Heidolph, Germany
Eppendorf, Germany
Eppendorf, Germany
Eppendorf, Germany
Peqlab, Germany
Hamamatsu, Germany
Optik Labor, Germany
Bio-Rad, Germany

Sarstedt, Germany
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pH-meters

Pipet tips: P10, P20, P100, P200, P1000
Pipetboy

Pipets

Power Supply, Consort

Precellys Homogeniser

PVDF Transfer Membrane, Hybond™.-P
Semi Dry Blot (Trans-Blot SD)
Serological pipette: 10ml

Sonorex

SpectraFluor Plus

Syringes

Tissue Culture Dish 100mm

Tissue culture plates: 6, 24, 48 well
Vortex machine

Water bath

Western blot unit

Whatmann paper

MettlerToledo, Germany

Biozym, Germany
Eppendorf, Germany
Eppendorf, Germany
Roth, Germany
PeqlLab, Germany
GE Healthcare, UK
Bio-Rad, USA

BD Falcon, USA
Bandelin, Germany
Tecan, Germany
Braun, Germany
Greiner, Germany
BD Falcon, USA
VWR, Germany
Medingen, Germany
Bio-Rad, Germany
GE Healthcare, UK
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3.2 Methods

3.2.1. Human tissues

The study was approved by the local research ethics committee, and written consent was
obtained from all participants (No. 31/93,29/01, and No. 111/08: European IPF Registry).
Lung tissue samples were obtained from two healthy patients (mean age 40 + 4 years; one

female, one male).

3.2.2. Animal experiments

All animal experimentation as described in this thesis were performed according to the
Helsinki convention for the use and care of animals and was approved by the Justus-
Liebig-University's Committee on Animal Investigations (V54-19¢ 20/15 h02, Gi 20/10-
Nr. A53/2012). The animal experiments including genetically modified mice (mice with
conditional AECII-specific overexpression of Chop) were approved by the local
authorities [Regierungsprasidium Gieflen], GI 20/10-Nr. 12/2009). 8 weeks old male and
female mice (FVBN strain) with a weight between 18-20g were used in all experiments.
Mice were obtained from Charles River Laboratories, Sulzfeld, Germany. All
experimental protocols involving animals were performed by Dr. Ingrid Henneke and

Stefanie Hezel.

3.2.2.1. Generation of transgenic animals and induction of the transgene

For generation of transgenic mice with conditional overexpression of CHOP in AECII,
the bidirectional pBI-L vector from Clontech was used. This vector allows the
simultaneous expression of the gene of interest and luciferase from the bidirectional
tetracycline responsive promoter Pbi-1. The mouse Chop gene was previously cloned into

the pBI-L vector and then kindly provided by Dr. M. Hiihn.

After cloning, DNA fragments containing bacterial Amp" resistant cassette and Col E1
ori were removed from created pBI-L-CHOP-Tet construct by restriction endonucleases.
The linearized pBI-L-CHOP-Tet construct was then injected into oocytes by Dr. P
Moreira, (EMBL Mouse Biology Unit, Italy). 3 positive founders were identified by PCR

screening and bred to homozygosity (two males and one female founder). After that,
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homozygous transgenic mice were crossbred with homozygous transactivator SP-C rtTA
mice. For induction of transgene expression, homozygous Chop transgenic mice were fed
with doxycyclin enriched nutriment and phenotyped after 4 and 8 weeks. AECII specific
transgene induction was evaluated using qPCR (chapter 3.2.7) and Western blotting
analysis (chapter 3.2.10) of lung homogenate and immunohistochemistry (chapter

3.2.11).

Mice number Time point Dox Founder
164 4 weeks Dox - Female
130 4 weeks Dox + 1%t Male
134 4 weeks Dox + 15 Male
145 4 weeks Dox + Female
146 4 weeks Dox + Female
161 4 weeks Dox + 2" Male
172 4 weeks Dox + 2" Male
174 4 weeks Dox + 2" Male
99 8 weeks Dox - 1%t Male
101 8 weeks Dox - 15t Male
110 8 weeks Dox - 1% Male
97 8 weeks Dox + 1 Male
98 8 weeks Dox + 15t Male
102 8 weeks Dox + 15t Male
113 8 weeks Dox + 2" Male
120 8 weeks Dox + 2" Male
123 8 weeks Dox + 2" Male
124 8 weeks Dox + 2" Male
131 8 weeks Dox + 1* Male
132 8 weeks Dox + 15t Male
148 8 weeks Dox + Female
149 8 weeks Dox + Female
150 8 weeks Dox + Female
175 8 weeks Dox + 2" Male
176 8 weeks Dox + 2" Male

Table 1. List and characteristics of transgenic mice used for analysis.
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3.2.3. Cell lines and culturing conditions

The human and mouse lung epithelial cell lines (A549 and MLE-12 respectively) were
obtained from ATCC, Manassas, USA. The human embryonic epithelial kidney 293T cell
line (HEK293T) was kindly provided by Dr. Sven Becker, Max Planck Institute for Lung
Research, Bad Nauheim, Germany. The mouse lung fibroblast (Mlg) was a kind gift of
Prof. Saverio Bellusci, Department of Internal Medicine, Justus Liebig University,
Giessen, Germany. All cells were grown in 10 cm? tissue culture plates in full medium
based on growth medium DMEM-F12 for A549 and MLE12, DMEM for HEK293T and
Mlg, at 37°C, 5% COa.

DMEM-F12 medium for A549 cell line

Component Final Concentration
FCS 10% (v/v)
L-Glutamine 2mM

MEM Vitamins 1% (v/v)
MEM Non-essential 1% (v/v)
Penicillin 100 U/ml
Streptomycin 100 pg/ml

DMEM-F12 medium for MLE12 cell line

Component Final Concentration
Hydrocortisone 10 nM
Hydrobeta estradiole 10 nM

ITS 5% (v/v)
HEPES 10 mM
L-Glutamine 2mM

FCS 2% (v/v)
Penicillin 100 U/ml
Streptomycin 100 pg/ml
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DMEM medium for HEK293T and MIg cell line

Component Final Concentration
FCS 10% (v/v)
L-Glutamine 2mM
Penicillin 100 U/ml
Streptomycin 100 pg/ml

When cells had reached a confluence of 80-90%, they were passaged to a new plate. In
order to detach from culture plate, cells were washed with PBS and incubated with 2 ml
of trypsin for 2-5 min at 37°C. After that, 2 ml of culture medium containing FCS was
added to neutralize trypsin. For maintaining the culture, the cells were diluted 1:10 and

plated on new culture dishes.

For in vitro experiments, cells were seeded on 6-, 12- or 96-well plates and cultured in
the medium for 16h. Transfections as well as treatment of cells with chemicals were

performed when cells reached 60-70% of confluency.

3.2.3.1. Isolation of alveolar epithelial type II cells (AECII)

Primary murine alveolar epithelial type II cells (AECII) were isolated from the lungs of
C57BL/6 mice as described [115]. Stefanie Hezel performed all steps with handling and
killing of mice. Animals were anesthetized by intraperitoneal injection of a mixture of
ketamine, xylazine and heparin (in the ratio 2:2:1). The abdominal cavity was opened and
the renal artery was severed to exsanguinate the mouse. The lungs were perfused with
10ml of saline, until visually cleared of blood. Dispase, followed by 0.5 ml of 1% low-
melting-point agarose in DMEM medium, was injected into lungs via the trachea (with a
Vasofix® Safety cannula from Braun). Agarose solution was allowed to solidify for 2
min. Then lungs were separated from the trachea and other connective tissues. The
isolated organ was incubated in 2 ml of dispase for 45 min at room temperature. After
this time, lungs were dissected in 7 ml of Plus Medium. Lungs were chopped; the resulting
crude cell mixture was incubated for 10 min at room temperature with gentle shaking.
This was followed by subsequent washing with Plus Medium and filtration through 70
um, 40 um and 10 um Nitex filters. The resulting filtrate was centrifuged at 130xg at 4°C

for 10 min and resuspended in 2 mL of ER Lysis Buffer. The lysis reaction was stopped
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by adding Minus Medium + 10% FCS followed by centrifugation at 130xg at 4°C for 10

min. Obtained cells were counted with Trypan Blue. The following antibodies (BD
Bioscience) were then added to the cell suspension in 5 ml of Minus media + 10% FCS:
anti-CD16/32 at 0.75 ul/million cells, anti-CD45 at 0.9 ul/million cells, anti CD-31 at 0.4
ul/million cells. The mix was then incubated at 37°C for 30 min, followed by
centrifugation and resuspension in Minus media (216 pl/million cells). Streptavidin
coated magnetic beads were prepared by washing three times in PBS and beads
suspension (11 pl/milion cells) was added to the cells. The mix was incubated at room
temperature for 30 min and then placed on a magnetic separator for 15 min. The cell
suspension was carefully aspirated from beads, transferred to a new tube and centrifuged
as described above. The isolated AECII were then resuspended in Minus medium. The
AECII were plated on wells of a 6-well-plate (1x10%well) coated with matrigel (BD
Bioscience, Germany). Cells were cultured in BEGM (Lonza) medium supplemented
with CS-FBS (HyClone) and hKGF (PreproTech). In this study, AECII cells were
cultured up to 5 days. All cultures were maintained in humidified atmosphere with 5%

COz at 37°C.

Minus Medium Plus Medium ER (Erythrocyte) Lysis

Buffer

8,292 NH4Cl
Minus Medium
500 ml DMEM supplemented with 0,04 1g KHCOs

10 mM HEPES mg/ml DNase 0,037g Na;EDTA x H,0
100 U/l Penicillin Add 1000 ml dest. H2O

100 pg/ml Streptomycin pH 7.4

3.2.4. Isolation of genomic DNA

Genomic DNA from human lung tissue was generally isolated with use of the “QIAgen
DNeasy Blood and Tissue Kit” following the instructions of the manual. Genomic DNA
from lung tissue was provided as a pellet in 70 % (v/v) ethanol and spinned down, dried

at air and resuspended in 200 pl water before further use.
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3.2.5. RNA isolation

Total RNA was isolated from exponentially growing cells and animal lung tissues
according to the manufacturer’s instructions using the “RNeasy® Plus Mini Kit
(Qiagen)”. The concentration and quality of the isolated RNA were determined by
applying of 2ul of the sample to NanoDrop® spectrophotometer and by measuring its

absorbance at 260 nm and 280 nm. RNA samples were stored at -80°C until further use.

3.2.6. Reverse transcription

In order to synthesize cDNA from isolated total RNA, reverse transcription (RT) was
performed using Omniscript® Reverse Transcription Kit (Qiagen) and Oligo dT primers
(Applied Biosystem) according to manufacturer’s instructions. 2 ug of total RNA per
sample was used. For annealing of Oligo dT primers to RNA, samples were incubated at
room temperature for 10 min. Thereafter, cDNA was synthesized at 37°C for 65 min and

newly synthesized cDNA was stored at -20°C.

Reverse Transcriptase reaction mix:

Component Volume (20 pl) Final concentration
10xRT Buffer 2ul 1x
RNase inhibitor (20U/ pul) 0,5 ul 0,5U
SmM dNTP mix 2ul 0,5 mM
50uM Oligo d(T) 0,5 ul 1,25 uM
Omniscript™ RT (4U/ul) 1l 2U
RNA upto?2 pug
Water up to 20 pl

3.2.7. Quantitative polymerase chain reaction (QPCR)

qPCR is used for simultaneous quantification and amplification of specific cDNA
sequences. The procedure follows the common PCR strategy, but after each round of
amplification, the DNA is quantified. Quantification is performed by the incorporation of

a fluorescent reporter dye — SYBR® Green I — which directly binds to dsDNA. The
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incorporated dye produces a signal that is proportional to the DNA concentration.
Quantification of cDNA was performed according to the manufacturer’s instructions

provided with a SYBR® Green PCR Supermix Kit (Bio-Rad).

PCR reaction mix was prepared as follows:

Component Volume (20pl) Final concentration
iQ™ SYBR® Green Supermix 10ul 1x
Forward primer * (10pmol/pl) 0,5ul 0,25 nM
Reverse primer * (10pmol/ul) 0,5ul 0,25 nM
cDNA template 1wl 25-50 ug
Water 8ul

* All primer sequences are listed in Table 1

The qPCRs were performed using a Bio-Rad iCycler with MyiQ detection system. The

amplification and quantification of cDNA was performed according to the following

program:
Step Time Temperature
Polymerase activation 1x 3 min 95°C
Denaturation 35 cycles 15 sec 95°C
Annealing * 30 sec 59-60°C
Melting curve analysis 70 cycles 10 sec/step 0,5°C increment

* Annealing temperatures varied depending on the primers used in the experiment.

The primers for qPCR were designed using the online program GeneFISHER
(http://bibiserv.techfak.unibielefeld.de/genefisher?). As endogenous reference, gene Actbh

was used for all qPCR reactions. The relative transcript abundance of a gene was
represented as ACt values (ACt = Ct target — Ct reference). Relative changes in transcript

levels were displayed as fold induction (2A¢Y).
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Gene name Forward primer (5’-3’) Reverse primer (5’-3’)
Caspll ACTGTCCAGGTCTACGAGAC CCGGAAGCAGGAAATGATTC
Chop CCTAGCTTGGCTGACAGAG GTCAGGCGGTCGATTTCC
Collal GAGCGGAGAGATCTGGATCG GTGGCTACGCTGTTCTTGC
Dr5 CTAGGCCTCTGGATAGGACTC GGAGTCAAAGGGCACTATGTC
Erola TGGAATTAAGTCTGCGAGCTAC GACACTCCATATCCTCCAAGG
Gadd34 CCAGGACAAGATGATCTTAGAG CAGCAGAAGCTTGGTAAGTC
11 GGACCCATATGAGCTGAAAGC ACTCCACTTTGATCTTGACTTC
Pail CCTGGTGCTGGTGAATGC CTGGTCATGTTGCCCTTC
Acta? ATCCGACACTGCTGACAGAG ACGCTCGGCAGTCAC
Xbpl spliced GCTTTTACGGGAGATAACTC GCCTGAACCTGCTGCG
Actb CTACAGCTTCACCACCACAG CTCGTTGCCAATAGTGATGAC

Table 2. List of primers used for qPCR

3.2.8. Protein isolation

3.2.8.1. Protein isolation from cells

Cells were harvested at indicated time points by detaching from plate surface using ice

cold proteolytic enzyme 1x trypsin. Then cells were transferred to a 15ml falcon tube and

collected by centrifugation. After that, cell pellets were washed with ice cold PBS and

shock-frozen in liquid nitrogen. In order to get raw protein extract, 100 pl of lysis buffer

containing PMSF was applied to a cell pellet from a well of a 6-well-plate, followed by

repeated shock freezing in liquid nitrogen and thawing (3 times) in liquid nitrogen. After

3" time freezing and thawing, samples were incubated on ice for 1 h, and afterwards

centrifuged for 10 min at 13000xg at 4°C to get clear extract. Supernatants were

transferred to new tubes and stored at -20°C for further experiments.
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3.2.8.2. Protein isolation from lung tissue

Protein extracts from murine lung tissue were isolated by wusing Precellys®
homogenizator (Bertin Technology). Pieces of murine lung tissue were put into
homogenization vials containing 1,4 mm and 2,8 mm ceramic beads and 1 ml of lysis
buffer, followed by homogenization for 2 times, for 20 sec at the speed of 5000 rpm. To
get clear extracts, samples were centrifuged at 13000xg at 4°C for 10 min. Supernatants

were stored at -20°C.

Protein extraction buffer

Component Final concentration
Tris-HCl pH 7.5, 50 mM
EDTA pH 8.0 5 mM
NacCl 150 mM
Triton-X-100 1% (W/v)
Na-deoxycholate 0.5% (w/v)
Water up to 11

3.2.8.3. Protein quantification

Protein concentrations of tissue and cell extracts were determined spectrophotometrically
using the Pierce® BCA Protein Assay Kit (Thermo Scientific) and a microtiter plate
reader (SpectraFluor Plus, Tecan) according to the manufacturer’s instructions.
Bicinchoninic Acid (BCA) protein assay is based on the color detection and quantification
of total protein compared to a protein standard. BCA reaction forms an intense purple
chelate-complex with Cu® ions. The protein reduces alkaline Cu?* to Cu' in a
concentration-dependent manner. BCA is a highly specific chromogenic reagent for Cu®,
thereby forming the purple complex with an absorbance maximum at 562 nm. Because
of this property, the resulted absorbance at 562 nm is directly proportional to the protein
concentration. The dye binds primarily to sulfur (from cysteine), aromatic amino acids
residues and the peptide bounds. 20 pl of protein sample were mixed with 200 pl of BCA
reagent in a well of a 96-well plate, followed by incubation at 37°C for 30 min. Different
dilutions in the range 7,8 pg/ml to 1,5 mg/ml of bovine serum albumin were used as a

standard, and were prepared and mixed with the BCA reagent in the same ratio as the
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sample of unknown concentration. Finally, purple-colored complexes of the samples and

standards were quantified by measuring the absorbance at 562 nm.

3.2.9. SDS-polyacrylamide gel electrophoresis

Protein extracts were separated by SDS-polyacrylamide gel electrophoresis (SDS-

PAGE). Before loading onto the gel, protein was mixed with 4x loading buffer, and

denaturated by heating for 10 min at 98°C. Thereafter, samples were shortly vortexed and

collected by brief centrifugation. Separation of proteins was performed in the gel

consisting of 4 % stacking gel and different concentrations of resolving gel — depending

on the size of the target protein. Electrophoresis was carried out in 1x SDS-running buffer

at 100 V.
Loading buffer (4x)
Component Final concentration

SDS 5% (W/v)

Tris/HCI, pH 6,8 156 mM

Glycerol 40% (v/v)

Bromophenol blue 0,01% (wW/v)

2-mercaptoethanol 5% (v/v)

Water up to 100 ml

SDS-PAGE Resolving gel (10ml) Stacking gel (10ml)

9% 10% 15% 4%

Acylanzg%iz)%éfgﬁ/f)glamide 3ml 333ml Sml 1,33ml

Dist.H,O 3,53ml 3,20ml 1,53ml 6,57ml

10% SDS 100ul 100ul 100ul 100ul

1,125M Tris, pH 8.8 3,33ml 3,33ml 3,33ml -

0.625M Tris, pH6.8 -- - - 2ml

10%APS 50ul 50ul 50ul 100ul

TEMED 10ul 10ul 10ul 10ul

52




Materials and methods

SDS-running buffer (1x)

Component Final concentration
Tris 25 mM
Glycine 192 mM
SDS 0,1% (w/v)
Water up to 11

3.2.10. Protein blotting
3.2.10.1. Western blotting

Western blotting was performed in order to visualize and detect specific proteins
separated by SDS-PAGE. Proteins separated by SDS-PAGE were transferred onto a 0,45
um polyvinylidene fluoride (PVDF) membrane in a semi-dry blotting chamber. Transfer

was performed with transfer buffer at 75 mA for 1,5 h.

Transfer buffer

Component Final concentration
Tris 20 mM
Glycine 159 mM
Methanol 20% (v/v)
Water up to 11

3.2.10.2. Protein detection

The membranes were blocked with 5% (w/v) non fat dry milk in 1% TBST buffer at room
temperature for 90 min, followed by incubation with primary antibody dissolved in 5%
(w/v) Skim milk solution (Table 2) at 4°C overnight. The membranes were washed 3
times for 15 min in TBST buffer and were incubated for 2h at room temperature with
HRP-conjugated secondary antibody (Dako), and finally washed for 4 times for 20 min
with TBST buffer. Proteins on the membrane were detected using the Pierce® ECL Plus
chemiluminescent detection system (Thermo Scientific), and emitted signals were
detected with a chemiluminescence imager (Intas ChemoStar, Intas, Germany). In order

to re-probe membranes with B-actin antibodies, membranes were stripped in Restore™
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Western Blot Stripping Buffer for 1h at room temperature after which subsequent protein

detection was performed as described above.

TBST buffer, pH 7,5
Component Final concentration

Tris 50 mM

NaCl 50 mM

Tween-20 0,1% (v/v)

Water up to 11

Name Source Dilution Company

AP-1 Rabbit 1:1000 Abcam
Aviva Systems

ATF4 Rabbit 1:6000 Biology

ATF6 Rabbit 1:1000 Abcam

c-Ets-1 Rabbit 1:1000 Santa Cruz

cleaved Caspase 3 Rabbit 1:500 Cell Signaling

CHOP Rabbit 1:1000 Santa Cruz

DRS Rabbit 1:500 Abcam

GADD34 Rabbit 1:300 Santa Cruz

B-actin Rabbit 1:10000 Abcam

Table 3. List of primary antibodies used in Western Blot.

3.2.10.3. Densitometry

Band densities of respective proteins in immunoblot were measured using Imagel

software (version 1.46, NIH). The band densities were normalized to -actin.
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3.2.11. Immunofluorescence

In order to localize and detect the expression of proteins in lung tissue,
immunofluorescence analysis was performed. Paraffin-embedded, formalin-fixed lung
tissue was sectioned (3 um — sections) and used for immunofluorescence staining.
Sections were deparaffinized by incubation at 60°C for 1h at air, followed by washing in
xylene for 10 min. Sections were then rehydrated in alcohol baths with declining
concentrations of ethanol (99.6% > 96% > 80% > 70% > 50%, each bath for 3 min) and
kept in distilled water until further use. Antigen retrieval was performed by incubating
the sections in a 1% trypsin solution for 10 min at room temperature, and then washed 3
times for 5 min with 1 x PBS. After that, sections were blocked in 5% (w/v) BSA for 1h
at room temperature and then incubated with primary antibodies (antibodies used in
immunofluorescence analysis are listed in Table 3) overnight at 4°C. After 3 washes for
10 min in PBS, sections were incubated for 40 min with fluorochrome-conjugated
secondary antibodies (Invitrogen) in the dark at room temperature. Finally, sections were
stained with DAPI (4',6-diamidyno-2-fenyloindol) for indicating the nuclei. Control
sections were performed by omitting the primary antibody. Visualization of protein

expression was performed using a Zeiss (Germany) fluorescence microscope.

PBS 10x, pH 7,4
Final
Component concentration
NaCl 1,37 M
KCl 26,8 mM
Na;HPO4x2H,0 64,6 mM
KH2PO4 14,7 mM
Water up to 11
Name Source | Dilution Company
Seven Hills
ABCA3 Mouse 1:500 Bioreagents
CHOP Rabbit 1:100 Santa Cruz
cleaved
Caspase-3 Rabbit 1:500 Cell Signaling

Table 4. List of primary antibodies used in immunofluorescence studies.
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3.2.12.Cloning
3.2.12.1. Cloning of DNA fragments into plasmids

For cloning of the mouse full length Chop ¢cDNA into pAdTrack-CMV-vector (Addgene),
and Mzf-1, Sp-1, Ap-1, c-Ets-1 cDNAs into the pCMV-3Tag-4a-vector (Agilent
Technologies), reverse transcription was performed using RNA extracts from mouse lung
tissue in order to synthesize complementary DNA (cDNA). Then the full-length cDNA’s
for mentioned genes were amplified using gene-specific primers (Table 4) and HotStar-
HighFidelity Polymerase (Qiagen) according to the manufacturer’s instruction. The Chop
gene was cloned into the pAdTrack-CMV-vector together with the Kozak sequence and
its STOP codon sequence.

The DNA fragments of the human CHOP promoter as well as of the human ACTB
promoter were amplified from genomic DNA using gene-specific primers (Table 5) and
the HotStarTaq DNA Polymerase (Qiagen) according to manufacturer’s instruction, and
then cloned into the pGL4.14-plasmid [luc2/hygro] (Promega). For deletion analysis,
small DNA sequences from the 4" fragment of the human CHOP promoter were cloned
using the whole DNA sequence of the 4™ fragment as template, and with use of gene-
specific primers (Table 6) and HotStarTaq DNA Polymerase (Qiagen). Finally, PCR-
generated DNA sequences of the 4™ fragment were cloned into the pGL4.14-plasmid.

After amplification, PCR products were in general purified using the PCR purification kit
(Qiagen), followed by digestion with restrictions enzymes (for projected cloning) and
separation by agarose gel electrophoresis. Digested DNA fragments were gel-purified
using the commercially available “QIAquick Gel Extraction Kit” (Qiagen) according to

the manufacturer’s instruction.

Gene Restriction Primers (5°—3’)
enzyme

Chop Sall F-CTTGATGTCGACGCCACCATGGCAGCTGAGTCCCTGC

HindIII R-GGTCATAAGCTTTCATGCTTGGTGCAGGCTGAC
Sp-1 EcoRI F-CTTGATGAATTCATGAGCGACCAAGATCACTC

Xhol R-GGTCATCTCGAGGAAACCATTGCCACTGATATTAAT

c-Ets-1 BamHI F-CTTGATGGATCCATGAAGGCGGCCGTCGATC
Sall R-GGTCATGTCGACGTCAGCATCCGGCTTTACAT
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Ap-1 BamHI F-CTTGATGGATCCATGACTGCAAAGATGGAAACGA
Xhol R-GGTCATCTCGAGAAACGTTTGCAACTGCTGCG

Mefl EcoRI F-CTTGATGAATTCATGAGACCCACTGTGCTGGGCTCC
Xhol R-GGTCATCTCGAGCTCAGTGCTGTGGACACGCTGGT

Table 5. List of primers used for cloning of genes.

Fragment | Restriction .
g Primers (5°—3’)
name enzyme
¢ Kpnl F-CTTGATGGTACCCGGCTAATTTTTGTATTTTTAGTA
1* fragment
HindIII R-GGTCATAAGCTTGACCTCGGGAGCGCCTG
nd Kpnl F-CTTGATGGTACCTCCCCTGCGCGTGCGCG
2" fragment
HindIII R-GGTCATAAGCTTGCCGACCTCGGGAGCTG
rd Kpnl F-CTTGATGGTACCCGGCTAATTTTTGTATTTTTAGTA
3" fragment
HindIII R-GGTCATAAGCTTCACCGAGGGTGGTGGGAG
th Kpnl F-CTTGATGGTACCTCCCCGCCCCCCTTTCCT
4™ fragment
HindIII R-GGTCATAAGCTTGCCCCGCCCCGTGCCT
th Kpnl F-CTTGATGGTACCCAAGTCACATGACCTCTGCC
5™ fragment
HindIII R-GGTCATAAGCTTGGTGTGCTGATGCGCGCCT
Actin Kpnl F-CTTGATGGTACCGAAAGGGTGACAAGGACAGG
promotor
HindIII R-GGTCATAAGCTTTACCCCCTCTCCCCTCCTT

Table 6. List of primers used for cloning of human CHOP promoter.

Restriction .
Fragment name Primers (5°—3’)
enzyme
F-
CTTGATGGTACCCCTTTCCTCCCCTC
4.1 fragment - ASP-C Kpnl ECCC
E GGTCATAAGCTTGCCCCGCCCCGTG
s HindIII CCT
= CTTGATGGTACCCCCGCTACACTCC
4.2 fragment - ASP-1/MZF-1 Kpnl §CTC
GGTCATAAGCTTGCCCCGCCCCGTG
HindIII CCT
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4.3 fragment - ASP-1/MZF-
1/MZF-1

Kpnl

F-
CTTGATGGTACCGCGCGCATGACTC
ACCCA

HindIII

R-
GGTCATAAGCTTGCCCCGCCCCGTG
CCT

4.4 fragment - ASP-1/MZF-
1/MZF-1/AP-1

Kpnl

F-
CTTGATGGTACCCCTCCTCCGTGAA
GCCTC

HindIII

R-
GGTCATAAGCTTGCCCCGCCCCGTG
CCT

4.5 fragment - ASP-1/MZF-
1/MZF-1/AP-1/c-Ets-1

Kpnl

F-
CTTGATGGTACCTCCGACACTACGT
CGACCC

HindlIIl

R-
GGTCATAAGCTTGCCCCGCCCCGTG
CCT

4.6 fragment - ASP-1

Kpnl

F-
CTTGATGGTACCTCCCCGCCCCCCTT
TCCT

HindIII

R-
GGTCATAAGCTTGTCCCTCGCATCC
GCCA

4.7 fragment - ASP-1/c-Ets-1

Kpnl

F-
CTTGATGGTACCTCCCCGCCCCCCTT
TCCT

HindIII

R-
GGTCATAAGCTTGGCTTTGGGTCAC
GAGGC

4.8 fragment - ASP-1/c-Ets-1/AP-
1

Reverse

Kpnl

F-
CTTGATGGTACCTCCCCGCCCCCCTT
TCCT

HindIII

R-
GGTCATAAGCTTGCGCGCCGCGGAG
GG

4.9 fragment - ASP-1/c-Ets-1/AP-
1/MZF-1

Kpnl

F-
CTTGATGGTACCTCCCCGCCCCCCTT
TCCT

HindIII

R-
GGTCATAAGCTTGGAGTGTAGCGGG
GGGG

4.10 fragment - ASP-1/c-Ets-
1/AP-1/MZF-1/MZF-1

Kpnl

F-
CTTGATGGTACCTCCCCGCCCCCCTT
TCCTCC

HindIl

R-
GGTCATAAGCTTAGGGGCGGGGGG
AAAGGAGG

Table 7. List of primers used for amplification of very small DNA fragments of the
4™ fragment of the human CHOP promotor (For “deletion analysis” of the 4

fragment).

Legend: Restriction site; Kozak — sequence; Start codon; Sftop codon; F — forward

primer; R — reverse primer
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3.2.12.2. Ligation of DNA fragments into vectors

The purified DNA fragments were ligated into the linearized plasmids by using the NEB
T4 DNA ligase in a molar ratio of roughly 1:3. The ligation reaction was incubated

overnight at 16°C and then transformed into competent cells of E. coli.

Components Volume/concentration
DNA fragment 100 ng
Linearized plasmid 50 ng
10 x ligase buffer Tl
T4 DNA ligase 1U
H>O up to 10 pul

3.2.12.3. Heat shock transformation and amplification of plasmids

The transformation of TOP10 E. coli cells was performed by the heat shock method. The
ligation mixture or the plasmid DNA was gently mixed with one aliquot of the competent
cells and incubated at 4°C for 30 min. Then the mixture was heated immediately to 42°C
for 2 min and cooled on ice for 2 min. Thereafter, the bacterial cells were cultured in 1
ml Luria Bertani medium (LB) medium without antibiotics at 37°C for 1.5h. An aliquot
of 100 pul was spread over an ampicillin (100pg/ml) containing agar dish and incubated

overnight at 37°C.

Luria Bertani medium (LB) medium

Components Final concentration
Tryptone 10 g/l
Yeast extract S5¢/l
NaCl 10 g/l
pH 7.3

After overnight incubation, individual bacterial colonies were picked from the plate on
the following day and inoculated in LB medium containing the appropriate antibiotics.
The bacterial tubes were shaken overnight at 37°C at 222 rpm. Plasmids were

subsequently isolated using a mini or maxi plasmid isolation kit (Qiagen).
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In order to evaluate the efficiency of cloning, an aliquot of purified plasmids was sent to
GATC-Biotech for sequencing. The primers used for sequencing are listed in Table 7.
The sequences were then compared to the expected insert sequence obtained from the

NCBI (NCBI gene/NCBI-Blast)

Vector Primers (5°—3’)
pCMV-3Tag-4a F-GTCTATATAAGCAGAGCTG
pGLA4.14 [luc2/hygro] F-CTAGCAAAATAGGCTGTCCC
pAdTrack-CMV R-GTGGTATGGCTGATTATGATCAG

Table 8. List of primers used for sequencing.

3.2.13. Agarose gel electrophoresis

In order to separate and analyze DNA-fragments, the agarose gel electrophoresis
technique was used. DNA was analyzed in 1.5% (w/v) agarose gels. Agarose was mixed
with 1xTAE buffer and 0,5 pg/ml ethidium bromide. The DNA samples were mixed with
5xDNA loading buffer and loaded onto the gel. The gel was then run in 1XTAE buffer at
100 V. The size of separated DNA was determined with use of a DNA molecular weight
standard (SmartLadder, Eurogentech). The DNA was visualized by UV light in a Biorad

Gel Doc XR+ gel imager.
1x TAE
Component Final concentration
Tris-acetate, pH 8.0 40 mM
EDTA, pH 8,0 1 mM
5x DNA loading buffer
Component Final concentration
Bromophenol blue 0.01% (wW/v)
Glycerol 40 % (w/v)
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3.2.14. Epithelial cell lines with conditional, stable
overexpression of transgenes

3.2.14.1. Stable transfection of cell lines and selection of double-
transgenic cells

The pTet-on plasmid (containing rtTA) and the pBI-L-vector were purchased from
Clontech (Clontech Laboratories Inc). The pBI-L vector allows the expression of both the
gene of interest and luciferase from a bidirectional tetracycline responsive promoter. The
mouse Chop gene was already cloned into the pBI-L vector by Dr. Martin Hiihn. All
procedures for creating of stable, double-transgenic cell lines were performed according

to Clontech guidelines.

Prior to transfection, pTet-on vector was linearized with HindIII and purified with PCR
purification kit (Qiagen) according to manufacturer’s instructions. MLE12 cells were
seeded in 6-well plates in full-growth DMEM/F12 media, as described in chapter 3.2.3
and allowed to grow for 24 h. Cells were transfected with 2 pg of the linearized Tet-on
vector containing a rtTA (reverse tetracycline-controlled activator protein) element and a
neomycin resistance gene. Transfection was carried out using TurboFect reagent (Thermo
Scientific) as described in chapter 3.2.16. After 32 h post-transfection, growth
DMEM/F12 medium was replaced with medium containing 500 pug/ml of G418/geneticin
(Roche) and left for additional 48 h.

Stably transfected cell lines were established by limit dilution method. After transfection,
MLEI12 cells were plated onto 96-well plates in volume of 100 pl at a density of
approximately 5000 cells per well. After 2—3 weeks with changing of the culture media
every 3-4 days, resistant cells to the G418 grew. If cells were able to grow out in the wells
in the presence of G418/geneticin, the cells were regarded as a transgenic cell lines and

were referred to as MLE12/Tet-on cells.

In order to check efficiency of stable transfection, all antibiotic (G418) resistant clones
were transiently transfected with 2 pg of the pBI-L-empty vector using the TurboFect
reagent (Thermo Scientific) (chapter 3.2.16). After 24 h of transfection cells were treated
with 1 ug/ml of doxycyclin (Sigma Aldrich) or left untreated, and incubated for additional
24 h. Thereafter, cells were harvested, and the activity of reporter gene luciferase was
determined (see below, chapter 3.2.14.2). Only luciferase-positive clones were used for

second round of stable transfection.
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Using the same method of transfection described above, MLE12/Tet-on cells were co-
transfected either with pBI-L-empty-vector or the pBI-L-CHOP together with the /inear
hygromycin marker (Clontech Laboratories Inc.) in a ratio 1:15. Before transfection, these
plasmids were linearized with Aatll and purified by PCR purification kit (Qiagen), as
described before. The linear hygromycin marker is a DNA fragment containing the
hygromycin resistance gene for the selection of stably transfected cells. Multiple cell
clones of stably co-transfected MLE12/Tet-on cells were selected by adding 100 pg/ml
of the G418 (Roche) and 100 ug/ml of the hygromycin (InvivoGen) to the medium.
Selection process was performed for 2-3 weeks after co-transfection. Finally, obtained

cell clones were named MLE12/pBI-L-CHOP or MLE12/pBI-L-EV cells, respectively.

3.2.14.2. Identification of stably transfected cells using a reporter gene-
luciferase assay

The pBI-L vector contains the bidirectional tet-responsive promotor (Ppi-1), which allows

to express a gene of interest and the Luciferase gene at the same time.

In order to identify MLE12/pBI-L-CHOP or MLE12/pBI-L-EV cells in which Chop or
Luciferase expression was effectively regulated by doxycyclin, all antibiotics (G418 and
hygromycin) resistant clones were treated with 1 pg/ml of doxycyclin (Sigma Aldrich) or
left untreated. After 24 h of treatment, the cells were harvested, and the activity of the
reporter gene Luciferase was detected using the “Luciferase Reporter Assay System”
(Promega) as described in chapter 3.2.19. If the luciferase activity of the cells was low
without doxycyclin induction, but high with doxycyclin induction, the clonal population
was considered to be stably transfected MLE12/pBI-L-Chop or MLE12/pBI-L-EV cells
in which transgene expression was effectively regulated by doxycyclin. These clones

were used in subsequent experiments.

3.2.15. Viral techniques

3.2.15.1. Vectors used for homologous recombination in bacteria

The in vitro-studies with use of adenoviral overexpression systems were approved by the
local authorities ([Regierungsprasidium Giellen], No.: IV44-53r 30.03 UGI 106.13.02).

For creating of adenoviruses, two vectors were used. The first adenoviral plasmid was
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pAdEasy-1 (Addgene), which contains all Ad5 (genome of adenovirus, generation 5)
sequences except nucleotides 1-3,533 (encoding the E1 genes) and nucleotides 28,130—
30,820 (encoding E3 gene). The second vector was pAdTrack-CMV (Addgene) which is
used for expression of transgenes. It contains a CMV promotor and a polylinker for
insertion of exogenous transgenes. This site is surrounded by adenoviral sequences
(“‘arms’”) that allow the homologous recombination with pAdEasy-1. The left arm
contains Ad5 nucleotides 34,931-35,935, which mediate the homologous recombination
with pAdEasy-vectors in E. coli, and contains inverted terminal repeat (ITR) and
packaging signal sequences (nucleotides 1-480 of AdS), which are required for viral
production in mammalian cells. The right arm contains again Ad5 nucleotides 3,534—
5,790, which mediate homologous recombination with the pAdEasy-vector. Pacl
restriction sites are surrounding both arms. The pAdTrack-CMV-plasmid also contains a
kanamycin resistance gene as well as the GFP gene under control of independent CMV

promotor.

3.2.15.2. Generation of recombinant adenoviral plasmids by
homologous recombination in E. coli.

Cloning of the mouse Chop gene into pAdTrack-CMV was performed as described in
chapter 3.2.12.

Before co-transformation, either pAdTrack-CMV-EV or pAdTrack-CMV-CHOP were
linearized with Pmel. To create either pAd-EV or pAd-CHOP, 1 pg of the linearized
pAdTrack-CMV-EV or pAdTrack-CMV-Chop was co-transformed with 100 ng of the
supercoiled circular pAdEasy-1-plasmid into E. coli BJ5183 cells (Agilent
Technologies), as described in chapter 3.2.12.3. 16h after transformation, 20 kanamycin-
resistant clones were picked up and inoculated in LB medium containing 50pg/ml of
kanamycin, and incubated for additional 16h at 37°C. Plasmids were isolated and purified
by wusing phenol/chloroform/isoamyl alcohol (25:24:1) extraction and ethanol
precipitation. Clones were first screened by analyzing their supercoiled sizes on agarose
gels, by comparing them with pAdEasy-1 controls; and candidate clones were then
digested with BamHI and Pacl restriction endonucleases to verify proper recombination.
Afterwards, plasmid-DNA of the positive clones was transformed into E. coli XL.-10 Gold
cells (Agilent Technologies), and propagated overnight at 37°C in 100 ml of LB media
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containing 50pg/ml of kanamycin. After that, plasmids were isolated using maxi-plasmid

purification kit (Qiagen).

3.2.15.3. Production of adenoviruses in mammalian cells

Transfection of mammalian cells was performed using the transfection reagent TurboFect
as described in chapter 3.2.16. Approximately 1.5x10° HEK293T- “packaging cells”
were plated in 25 cm?-flasks, and reached after 24h 50-70% confluency. Before
transfection procedure, 4 pg of recombinant adenoviral vector pAd-EV and pAd-CHOP
was digested with Pacl and ethanol precipitated. Both linearized adenoviral vectors pAd-
EV and pAd-CHOP were then used for transfection of each 25- cm? flask. Transfected
cells were monitored for GFP expression, and collected during 20 days after transfection
by scraping cells from flasks and pelleting them along with any floating cells in the culture
supernatants. In order to get viral particles, cells were destroyed by three cycles of
freezing at -80°C and rapid thawing at 37°C. Afterwards, whole viral lysate was used to
infect 10x10° HEK 293T cells in a 75 cm? flask, two flasks were used for each viruses.
Five days later, viruses were harvested as described above and proceeded to 3™ round of
infection, where 35 of 75 cm? flasks were infected. The efficiency of such infections could
be conveniently followed with GFP; after three to four days, cells were harvested and
viruses were isolated as described above. Cell lysate containing either Ad-EV or Ad-

CHOP were used for determination of viral titer and infection of AECII.

3.2.15.4. Tissue culture infectious dose 50 (TCIDso)

The TCIDso method is based on the development of CPE (cytopathic effect) in HEK293T

cells using end-point dilutions to estimate the titer.

HEK 293T cells were plated in 96-well-plates to reach 5x10° cell density one day before
infection, and left for 16h to adhere in a humidified atmosphere at 37°C and 5% CO,.
Virus titrations were performed by applying virus-dilutions onto cells, which grew in 96-
well-plates in medium containing the diluted viruses. Titrations were carried out from 10"
310 107 fold dilutions. 10" and 1077 dilutions were necessary to determine the endpoint

for Ad-EV and Ad-CHOP. The efficiency of virus titrations were monitored with GFP
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expression, after five days of infection. The titer was expressed as the log10 TCID50/ml

and PFU/ml.

3.2.16. Transient transfection

Cells were transiently transfected using TurboFect reagent (Thermo Scientific) according
to the manufacturer’s instruction on 6- or 12-well plates. Transfections were performed,
when cells reached 60-70% confluency. On the day of transfection, plasmid DNA was
diluted with serum-free DMEM-F12 or DMEM (depends on cell line) without use of
antibiotics. After that, transfection reagent was added to the mixture and incubated for 30
min at room temperature in order to form the complex between plasmid DNA and cationic
transfection reagent, which in turn was added onto cells. After 6 h, the transfection
mixture was replaced with complete DMEM-F12 or DMEM medium. Cells were

harvested and analyzed for gene and protein expression after a given time point.

3.2.17. Cytotoxicity assay

The “Cytotoxicity Detection Kit” (Roche) contains a colorimetric assay for the
quantification of cell death and cell lysis, based on the measurement of lactate
dehydrogenase (LDH) activity released from the cytosol of damaged cells into the cell-
culture medium. The relative LDH release is directly proportional to the cell death level
in an experimental setting. LDH assay was performed according to manufacturer’s
instructions. Experiments were performed on 12-well plates, each well with a volume of
1 ml. As a positive control, cells were treated for 5 min with 500 pl of 2% Triton-X-100
in full medium. For measuring cell death, 500 pl of cell supernatants were transferred into
new tubes and centrifuged at 1000xg for 5 min. Subsequently, the reaction mix from the
kit was added, and the absorbance at 490 nm was measured by an ELISA-plate reader
(SpectraFluor Plus, Tecan). The raw data were analyzed according to the formula stated

below and presented as a % of relative LDH release into the medium.

Absorbance Medium — Absorbance Blank

x100% = LDH relative release

Absorbance \ fodjum + Triton-x 100 — APSCrbance Blank
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For each sample, two biological replicates were employed and three independent

experiments had been performed.

3.2.18. Measurement of fibroblast proliferation after
incubation with supernatants of Chop overexpressing
epithelial cells.

WST-1 (4- [3- (4- iodophenyl)- 2- (4-nitrophenyl)- 2H- 5-tetrazolio]- 1,3-benzene
disulphonate) is a colorimetric reagent that quantifies mitochondrial dehydrogenase
activity and thus reflects cell viability. Cell proliferation, measurements for WST-1 assay
(Roche) was performed according to manufacturer’s instructions. Briefly, MLE12/pBI-
L-CHOP or MLE12/pBI-L-EV cells were grown in 12-well plates in complete medium
containing 100 pg/ml G418 and hygromycin. At 60% confluency, cells were treated for
6h, 12h, 24h and 48h with 1 ug/ml of the doxycyclin (Sigma Aldrich) or left untreated.
Thereafter, supernatants of Chop overexpressing MLE 12 cells were used for lung

fibroblast — proliferation experiments.

Meanwhile, approximately 5x10°/ml Mlg cells (mouse lung fibroblast cell line) were
seeded in 96-well plates. Then, 100 pul of culture supernatant from MLE12/pBI-L-CHOP-
overexpressing MLE 12 cells or MLE12/pBI-L-EV-expressing MLE 12 cells were
transferred to Mlg cells and incubated for an additional 24h. After that, WST-1 reagent
was added to Mlg cells and re-incubated for 2h in the dark at 37°C and 5% CO>. The
absorbance of each well was then determined by an ELISA reader (Tecan) at 450 nm. A
triplicate of untreated cells was taken as blank. The average absorbance of blank should

range between 0.1-0.2. The sample absorbance was calculated as:

Sample absorbance = Absorbance measured — Average absorbance of blank.

3.2.19. Luciferase and B-galactosidase assay

The Luciferase assay system is used to study gene expression and other cellular events
coupled to gene expression, such as receptor activity, intracellular signal transduction,
mRNA processing, protein folding and protein-protein interactions. The -Galactosidase
assay is used to determine the efficiency of transfection and the normalization of

luciferase activity.
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Luciferase assay (Promega) and -Galactosidase assay (Promega) were done according
to the manufacturer’s instruction. Briefly, after transfection and treatment with chemicals
at appropriate time points, cells were washed with ice-cold PBS and “Reporter lysis
buffer” (Promega) was applied, 200 pul per well of a 12-well plate. For lysis of cells, one
cycle of freezing at -80°C overnight and thawing on ice was performed. Then cells were
scraped and centrifuged for 10 min at 13000xg at 4°C, in order to get clear extract. To
measure luciferase and f-galactosidase activity, 20 pl<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>