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1 Introduction

Bronchopulmonary dysplasia (BPD) is a chronic respiratory disease following neonatal
lung injury and is one of the most frequent complications following preterm delivery [1].
Pathologically BPD is marked by alveolar hypoplasia (Fig. 1) and abnormal vascular
organization, impairing effective gas exchange, and consequently decreasing lung
function through childhood and into adult life [2]. Different forms of therapy, for example
antenatal steroids and surfactant replacement therapy, have been successfully developed
to improve the outcome of BPD, but none so far have been known to cure or prevent the
disease altogether [1, 3]. Also, the incidence of BPD has risen over the years due to
increased survival of very low birth weight (VLBW) infants, due to recent improvements
in modern medicine [4]. Therefore, it crucial to find new targets for treatment to improve
the quality of life of those affected by the disease. The causes of BPD are manifold; one
of them is the oxygen therapy to treat respiratory distress syndrome (RDS) after preterm
birth. With that knowledge, research has identified molecules that seem to be altered by
hyperoxia, one of them being microRNA (miR)-34a [5]. Knowing about the properties
and potential of miR-34a as a future therapy option, miR-34a had become an interesting
target. But the effect of miR-34a on migration in fibroblasts, a vital feature in lung
development, specifically in relation to platelet-derived growth factor receptor (PDGFR),
is yet to be investigated. The aim of this thesis is to investigate whether miR-34a has an
effect on migration in fibroblast and what role PDGFR plays in this process, in order to

reveal new knowledge that could lead to an alternative approach for BPD treatment.

1.1 Human lung development

The lung is the organ in which gaseous exchange takes place, which is essential for human
survival. It is in the alveolar units of the lung where oxygen crosses into the bloodstream
and in return, carbon dioxide exits the bloodstream and is therefore eliminated from the
organism [6]. The lung consists of a highly complex tubular system, which is organized
to form maximum surface area for extremely efficient gaseous exchange at the blood-air
barrier [7, 8]. Human lung development can be divided into three developmental stages:
The early embryonic period, the foetal period proper and the postnatal period. The foetal

period can be further subdivided into three more phases: The pseudoglandular, the
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Figure 1. Alveolar hypoplasia in mice caused by hyperoxia exposure. A) Normal

alveolarization after exposure to normoxia B) Alveolar hypoplasia and aberrant lung
development due to hyperoxia exposure. Image adapted from [2].

canalicular and the saccular stage (Fig. 2). During the first seven weeks, the early
embryonic period takes place, in which towards the end of week four, a primary lung bud
appears from the ventral wall of the prospective oesophagus. This area expresses Nkx2-1
[8]. Therefore, the epithelial constituents are derived from the endoderm, and the
surrounding connective tissue from the mesoderm. As the bud rapidly grows into the
surrounding mesenchyme by successive dichotomous division, the bud sets the basic
framework for the conductive airways in the adult lung. At the same time, the pulmonary
arteries develop from the sixth pair of aortic arches to form a vascular plexus around the
lung tubules. At the end of the embryonic phase, the primitive lung resembles in shape a
tubulo-acinar gland, hence the name of the following stage, the pseudoglandular stage.
The pseudoglandular stage takes place during the weeks 7-17 in utero, which is marked
by development of the prospective conductive airways and the arrival of the acinar
outlines, through further branching at the periphery of the epithelial tubules. It is known
that epithelial-mesenchymal interactions are crucial to the branching and differentiation
of the epithelium [9]. The pseudoglandular stage is followed by the canalicular stage, it
occurs in weeks 17 to 26. This stage is given its name by its newly formed airways called
canaliculi, which are formed by more peripheral branching, lengthening and widening of
the distal airspaces. Simultaneously, an increase in capillarization can be observed,
forming the first air-blood barriers. The last stage before the postnatal period is the
saccular stage, from week 24 to birth. In this stage, the last generation of airways are

formed, the alveolar sacs. Because of the vast expansion of the airways, interstitial tissue
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Figure 2. The stages of human lung development. Following the embryonic period,
the fetal period takes place, which is further divided into pseudoglandular, canalicular,

saccular and alveolar stages, which partially takes place postnatal. Image from [10]

becomes more and more scarce, eventually leaving only a capillary bilayer in the
intersaccular septa. However, at birth, the lung is not fully developed, the lung has yet to
form secondary septa, which subdivide the saccules to form alveoli. The further reduction
of interstitial tissue causes alveoli and capillaries to appose closely and the capillary
bilayer to merge into one layer, thus completing lung development. This process, which

can take up to 8 years after birth, is called the postnatal period [7].

In conclusion, even though each developmental stage is essential to proper lung

development, the most critical development occurs during late lung development.



MOUSE POSTNATAL ALVEOLOGENESIS
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Figure 3. Late lung development in mice. Process of alveolarization by forming
secondary septa. The newborn mouse only has primary septa, however at P4, secondary
septa arise from crests of tissue (asterisks) containing blood vessels and stromal cells that
migrate from the walls into the crests and differentiate into fibroblasts, which is the main
producer of extra cellular matrix (ECM). In the adult lung, alveolarization is completed.
BADJ: bronchoalveolar duct junction, Cap: Capillary, AEC: alveolar epithelial cell.
Image adapted from [11].



1.2 Fibroblasts in late lung development of the mouse

While the stages of lung development are similar in human and mouse, the main
difference is the length of gestation and consequently the timing of the developmental
stages. For instance, lung development in mice starts as early as embryonic day (E) 8 and
comes to an end at post-natal day (P) 21.5, whereas human lung development begins in
week 4, and ends only years after birth [7, 12, 13].

The most crucial occurrence during late lung development is alveolarization by forming
secondary septa, in which fibroblasts play an important role. At around P4, the secondary
septa appear from an elevation on the wall of the alveolar sacs (Fig. 3). Then, stromal
cells migrate into the secondary septa, to differentiate into pericytes, myofibroblasts,
lipofibroblasts and other poorly characterized cell types [14]. The myofibroblasts are
found at the extremity of the secondary septa and deposit elastin at the tip and at the shaft
of the septa, creating a structure of flexible extracellular matrix that is crucial for
breathing mechanics [15]. The lipofibroblasts, however, are closely associated with
alveolar epithelial cells Type Il (AEC2) and are said to support the AEC2 with surfactant
production [11].

Therefore, the secondary septa further subdivide the alveolar sacs into smaller alveoli to
maximize the surface area for gas exchange, thus concluding the postnatal developmental

stage.

1.3 Bronchopulmonary dysplasia

Bronchopulmonary dysplasia is a chronic lung disease, that occurs as a result of neonatal
lung injury, such as blunted secondary septation and mechanical ventilation with high
oxygen percentage [16]. First described in 1967 by Northway and Colleagues, BPD has
been redefined in 2000 by the National Institute of Child Health and Human Development
(NICHD), for the first time taking different severities of the disease into account. Mild
BPD was defined as the need for supplemental oxygen for >28 days, but not at 36-week
postmenstrual age (PMA). Moderate BPD was determined as the need for supplemental
oxygen for 28 days and at 36-week PMA at <30% O>. Finally, Severe BPD was
characterized as the need for supplementary oxygen for 28 days and at 36-week PMA at

>30% Oz and/or the need for mechanical ventilation [17, 18].



1.3.1 Causes of bronchopulmonary dysplasia

Causes for BPD are believed to be multiple, and they can be divided into internal, external
and iatrogenic factors [1]. Beginning with internal factors, prematurity, so being born
before week 37 of gestation seems to be the determining cause for BPD [19]. Especially
being born during the saccular stage, occurring during weeks 23 to 32 of gestation, where
the lung has yet to develop airway-supporting mechanisms, such as surfactant and
antioxidant mechanisms, is a high risk for developing BPD. Other than prematurity, male
gender [20] and genetic predisposition [21] are thought to be internal factors to promote
BPD. Postnatal infection, as an external factor has also been found to increase the risk of
BPD [22]. latrogenic factors include oxygen treatment and mechanical ventilation,
measures taken in order to treat respiratory distress syndrome (RDS) caused by preterm
birth. Although it is unknown how much oxygen exactly is harmful to the lung, it has
been reported that infants exposed to higher levels of oxygen develop more serious cases
of lung disease [23]. Hyperoxia has been found to induce inflammatory responses, which
disrupt alveolarization [24], the oxygen toxicity appears to be prompted by reactive
oxygen species [25]. Similarly, mechanical ventilation also promotes a proinflammatory
reaction in the preterm lung [26], specifically, the proinflammatory reaction was
prompted by volutrauma caused by high tidal volumes [27], and atelectrauma caused by

insufficient positive end-expiratory pressures (PEEP) [28].

1.3.2 Bronchopulmonary dysplasia treatment

Considering that BPD has severe long-term consequences, not only causing diminished
lung function, but also potentially causes early onset of chronic obstructive pulmonary
disease (COPD) in adults, an ideal therapy regimen is imperative. Furthermore, BPD has
been associated with higher rates of cognitive impairment and language delay [29, 30].
Therefore, an ideal treatment of the preterm infant is required, which currently consists
of optimal ventilation and oxygen therapy, postnatal and antenatal corticosteroids,

Caffeine, Vitamin A and surfactant therapy [1].

Keeping in mind that mechanical ventilation is a major risk factor for BPD, lung
protective ventilation, although challenging to apply successfully, continues to be an
important method. Latest studies suggest that volume-targeted ventilation is superior to
traditional pressure-limited ventilation in reducing mortality and BPD [31]. On the other

hand, optimal oxygen therapy is subject to current research, and is therefore yet to be



determined. However, studies have been made to compare a lower target range of oxygen
saturation (85-89%) and a higher range of oxygen saturation (90-95%) as oxygen
treatment, showing that a lower target range of oxygen saturation increases overall
mortality, yet decreases the incidence of BPD [32]. Women at risk for giving birth
prematurely are treated with antenatal corticosteroids to decrease mortality and
respiratory distress syndrome (RDS) in the preterm infant. Even though there was no
significant effect on the incidence of BPD, the incidence of RDS was reduced by around
50% [3]. The missing effect on the rate of BPD can be explained by the increased survival
of infants at risk of BPD. The same explanation can be given as to why surfactant therapy
does not decrease the incidence of BPD [33]. However, corticosteroids are not only
applied before birth, but also postnatal. Short-term corticosteroid therapy enhances lung
function and suppresses pulmonary inflammation [34]. Therefore, postnatal
corticosteroids are an important medication to decrease the incidence of BPD, although
side effects include cerebral palsy and intestinal perforation if given at <7 days postnatal
[35]. Furthermore, BPD treatment also consists of caffeine, which causes the number of
apnoeic attacks to drop [36] and is known to curb the rate of BPD in VLBW infants, and
is therefore the drug of choice to prevent BPD in VLBW infants [37]. Finally,
supplementing high doses of Vitamin A has shown a small, but statistically significant
reduction of BPD in VLBW infants [38] and is therefore considered a therapy option to
prevent BPD. Although stem cell treatment is yet to be implemented into BPD therapy,
several studies hint at its potential, suggesting that stem cells avert and repair hyperoxia
induced lung damage in rodents [39]. For that reason, stem cells, combined with

conventional therapy options, may play a significant role in the future treatment of BPD.

1.4 MicroRNA biology

MicroRNAs (miRNAs) are endogenous, approximately 22 nucleotides short, single-
stranded RNA molecules that regulate gene expression by binding at the 3'-untranslated
region (UTR) of the target mRNASs. This process is mediated by the RNA-induced
silencing complex (RISC) [40]. Since their discovery, almost 2000 miRNAs have been
described in humans, which are able to target >60% of protein-coding genes in humans
[41]. One miRNA can target the expression of more than one gene, but likewise, one gene
can be regulated by several miRNASs [42]. Research suggest regulatory roles for miRNAs
in many different biological processes in animals, plants and fungi [40], the most

important ones being early development and oncogenesis [43, 44].



1.4.1 MicroRNA biogenesis and function

In the first step of MIRNA biogenesis, primary miRNA (pri-miRNA) is transcribed in the
nucleus by either RNA polymerase 11 or RNA polymerase 111 [45, 46] (Fig. 4). Primary
transcripts of miRNA can be edited by adenosine deaminases acting on RNA (ADARs)
by changing adenosine into inosine, thus possibly changing their sequence, and affecting
their target specificity [47]. In the next step, the pri-miRNA is cleaved by the RNase 111
enzyme Drosha and the DiGeorge critical region (DGCR) 8, resulting in an approximately
70-100-nucleotide long stem-loop structure, called pre-miRNA [48]. While Drosha
appears to cut the pri-miRNA, the role of DGCR 8 is to determine the correct cleavage
site [49].

The pre-miRNA is then transported from the nucleus into the cytoplasm by joint efforts
of Exportin (XPO) 5 and Ran-GTP [50]. XPO5 identifies the pre-miRNA independently
from its sequence by a specific length of the stem and the 3' overhang, in order to only
export correctly cleaved miRNAs [51].

In the cytoplasm, the exported pre-miRNA is further cleaved by RNAse 111 enzyme Dicer
into a miRNA duplex. Dicer is supported by RNA-binding domain proteins Tar RNA
binding protein (TRBP), protein activator of PKR (PACT). Although TRBP and PACT
are not essential to the reaction, they seem to facilitate the reaction and speed up the
cleavage [52, 53]. After cleavage by Dicer, the miRNA duplex is unwound by a helicase
[54], which leaves two strands. The strand with the least stable base pair at its 5" end is
recruited by Ago 1 or 2 and then integrated into the RISC, the other is degraded [55],
therefore concluding miRNA biogenesis. Although the pathway described is thought to
be the canonical miRNA-processing pathway, many studies have revealed miRNA-
specific differences, which in turn could potentially reveal many regulatory options to
process miRNAs [10].

The RISC, consisting of the mature miRNA and Ago proteins, is the executive body of
the miRNA, which functions by matching with its complementary target MRNA and then
interacting with it. There are different mechanisms, by which the RISC is able to reduce
MRNA translation and therefore gene expression: If the complementarity of the mMRNA
to the miRNA is sufficient, the mMRNA is degraded by ubiquitination, thus inhibiting
translation of the mRNA. If the complementarity of the mRNA to the miRNA is rather



imperfect, the RISC resorts to translational repression and sequestration from the
translational complex, by mechanisms that are yet to be fully understood [56]. This

therefore leads to reduced protein levels and has far reaching consequences on the cells.

By reducing gene expression of many proteins, miRNA are indicated to play crucial roles
in for example early development [57], proliferation [58] and apoptosis [59]. Because
miRNAs regulate such vital processes, altered miRNA expression has been linked to
various diseases, such as cancer. miRNAs can act as oncogenes and tumor suppressors,
implicating their future importance in diagnostics and treatment of cancer [60]. Because
miRNAs are differently expressed in different tissues, they could alter gene expression in
a way that allows for specific protein levels in different cell types [40].

microRNA gene or intron
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Figure 4. MicroRNA biogenesis. The canonical pathway of microRNA (miRNA)
synthesis in nucleus and cytoplasm is shown. The pri-miRNA is transcribed by RNA-
polymerase 11 or 111, and then cleaved by the Drosha-DiGeorge syndrome critical region
(DGCR) 8 complex to form a pre-miRNA. In the following step, the pre-miRNA is
exported from the nucleus into the cytoplasm by Exportin-5, where it is once more
cleaved by Dicer, leaving a miRNA duplex. This duplex is then unwound by a helicase,
and finally the mature miRNA is integrated into the RNA-induced silencing complex
(RISC). Image from [10].



1.4.2 MicroRNA in lung development

Despite the fact that very little is known about miRNA function, they are strongly
implicated in the development of many organs, including the heart [61] the nervous
system [62] and haematopoiesis [63]. The first study to have shown that miRNAs may
also be involved lung development, used Dicer knockout mice, which exhibited aberrant
alveolarization, abnormal epithelial branching and apoptosis [64]. Further evidence for
miRNA involvement in lung development is that several miRNAs were found to be
upregulated in foetal lungs compared to adult lungs [65]. Furthermore, mice lacking
Ago2, a crucial component of the RISC, die before birth. This study also showed that
Agol and Ago2 were expressed in specific locations in the lung, all in all suggesting
miRNA significance in lung development [66]. Additional evidence to mMiRNA
involvement in lung development is that the expression of one of the largest miRNA
clusters, miR-17-92, is decreased as lung development progresses [67]. Over-expressing
the miR-17-92 cluster resulted in highly proliferative and undifferentiated epithelial cells
of the lung [68], features that are also typical for cancer. Interestingly, miR-17-92 is

overexpressed in human lung cancer [69].

So therefore, efforts have been made to investigate the role of miRNAs in lung diseases,
such as BPD. Using a micro-array analysis, Bhaskaran and colleagues identified miRNAs
in the lung that were altered after hyperoxia exposure. The microRNAs that were
downregulated were miR-342, miR-335, miR-150, miR-126* and miR-151*, and the
upregulated miRNAs were miR-21 and miR-34a [4]. Moreover, it was discovered that
the application of antagomiR-489 to block miR-489 improved lung structure [70] In
conclusion, the evidence supporting miRNA involvement in both lung development and
disease suggests vast potential for treatment options in the future and makes miRNAs

such a compelling field of research.

1.4.3 The miR-34 family

In the aforementioned study by Bhaskaran and colleagues, amongst others, miR-34a was
upregulated at E21, P6 and P14 after hyperoxia exposure [4], therefore becoming an
interesting target for BPD research. The highly conserved miR-34 family consists of three
members: miR-34a, miR-34b and miR-34c. In mice, miR-34a is located on chromosome
(Chr) 4, miR-34b and miR-34c are located on Chr 9, albeit in humans, miR-34a is found
on Chr 1, miR-34b and miR-34c on Chr 11 [71] (Fig. 5). miR-34a is expressed

10



ubiquitously in mice, but its highest levels of expression are found in the brain, while
miR-34b and miR-34c are mainly expressed in the lung. However, in total, miR-34a is
expressed at higher levels than miR-34b and miR-34c [72].

Current research suggests that the miR-34 family is involved in cell proliferation and
apoptosis since their targets are, for example, factors required for G1/S transition
(c-MYC [73]) and anti-apoptotic proteins (Bcl2 [74], SIRT1 [75]), inducing cell cycle
arrest and apoptosis in tumour cells. Furthermore, overexpression of miR-34a causes
downregulation PDGFRa and PDGFRS in non-small cellular lung cancer (NSCLC) cell
lines [76] Additionally, it was reported that miR-34a is a direct transcriptional target of
p53, a transcriptional factor that induces apoptosis and growth arrest. These reports
therefore suggest that miR-34a deregulation is a factor to cancer development [43].
Furthermore, miR-34a appears to also play an important role in cardiac ageing and
function. Research shows that not only miR-34a was expressed at a higher level in the
heart of aged mice than in the heart of young mice, but also that miR-34a inhibition
improves recovery of cardiac function after acute myocardial infarction [77].

The heavy involvement of miR-34a in cancer development is hard to overlook, given the
evidence. However, cell proliferation and apoptosis are crucial features of not only
cancer, but also organogenesis, thus indicating an important, yet still unknown role for

miR-34a in lung development and therefore BPD.

pi-miE-Jaa:

pri-miR-340/34c
— PR oo

miF-3da; UGGCAGUGTC - TUAGCUGSTUG

miF-34b. AGGCAGUGUC AUTAGCUGATUG

miR=-3c; AGECAGUGGUTAGCUGE UG
Figure 5. Genomic organization of the miR-34 family in mice. Above: microRNA
(miR)-34ais located on Chromosome (Chr) 4, whereas miR-34b and miR-34c are located
on Chr 9. Below: Comparison of the sequences of the miR-34 family, in which the

common nucleotides are highlighted. Image adapted from [77]
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1.5 The platelet-derived growth factor receptors

As previously mentioned, miR-34a was shown to target PDGFRa and PDGFR}. In this
study, miR-34a was revealed to target the PDGFRa and PDGFRp 3' UTRs and miR-34a
expression was inversely related to PDGFRo and PDGFRp expression [76], thus

presenting a clear connection between miR-34a and PDGFR.

PDGFRs are tyrosine kinase receptor molecules that are located on the cell surface. There
are two chains: o and B, which are able to form 3 different dimeric receptors upon
activation by their ligand: PDGFRao,, PDGFRaf and PDGFRp [78]. Their also dimeric
ligands are PDGF-AA, PDGF-AB, PDGF-BB, PDGF-CC and PDGF-DD. Each ligand
binds to the receptors differently (Fig. 6). PDGFA exclusively binds to PDGFRa. [79],
PDGFD mostly binds to PDGFR [80], and PDGFB binds to all receptors, therefore it is
the most potent ligand of the PDGF-family [79]. Following dimerization and
autophosphorylation, the PDGFRs activate downstream signalling molecules including
Growth factor receptor-bound protein (Grb) 2, which in a complex with son of sevenless
(Sos) 1 activates the Ras and the extracellular signal-regulated kinase (ERK) pathway.
Furthermore, PDGFR phosphorylation activates phospholipase C, which then leads to an
activation of protein kinase C [81]. Additionally, phosphoinositide-3-kinase (PI3K) is

activated, which activates the AKT kinase, also known as protein kinase B [82].

PDGFR regulates proliferation, migration and differentiation of cells [83], moreover it
has been shown that PDGFR expression induces oncogenic transformation [84]. These
findings indicate an important role for PDGFR in cancer and lung development, and
therefore BPD. PDGFR downregulation mediated by miR-34a induced apoptosis and
reduced tumourgenesis in lung cancer [76], highlighting the importance of both PDGFR
and miR-34a in cancer. Additionally, it was shown, that PDGFR and transforming growth
factor (TGF) B, an anti-oncogenic protein, interact closely with one another [85]. The
importance of PDGF-signalling in lung development was demonstrated by studying
PDGF-AA null mice, whose lungs showed emphysema and failure to form alveoli by
secondary septation [86]. Further examination by the same group came to the conclusion
that PDGF-signalling is crucial for late lung development, but not early branching
morphogenesis [87], suggesting PDGFR may play a role in alveologenesis. Further

evidence is shown by a study that demonstrated PDGFRa expressing cells were located
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at the alveolar entry ring [88]. Furthermore, in BPD research, Popova and colleagues

showed that PDGFR expression was reduced in human BPD [89].

Therefore PDGF-signalling appears to be a crucial factor, not only in cancer, but also in
lung development and thus appears to be an important target for further BPD research.

5 Dimeric PDGF Ligands

PDGFR-wa PDGFR-aff PDGFR-ff
Figure 6. The PDGF ligands and their receptors. The homo- or heterodimeric ligands
each bind differently to the dimeric receptors, which also form hetero- or homo-dimers.

TK: Tyrosin kinase. Image adapted from [90]
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2 Hypothesis and thesis objective

Even though considered a rare disease, many preterm infants develop BPD. However,
although much progress has been made in controlling the disease and reducing long- term
effects, a definitive cure is yet to be found. Therefore, further research regarding BPD

and late lung development is required.

Amongst other factors, fibroblast migration is implied to be a defining feature of alveolar
septation [11], and its deterioration is an essential trait of BPD. Previous studies already
established the importance of fibroblasts and PDGFRa in alveolar septation. It was
shown, that PDGF-A null mice developed lung emphysema, due to failure of alveolar
septation. Furthermore, a-smooth muscle actin (a-sma), the marker for the contractile
elements of myofibroblasts and the parenchymal elastin were strongly reduced in PDGF-
A null mice, suggesting, firstly that the parenchymal elastin is produced by the
myofibroblasts in the lung and secondly, that PDGF-A is involved in myofibroblast
differentiation [86]. A study by Bhaskaran and colleagues demonstrated that miR-34a
was upregulated in lungs treated with high levels of oxygen, suggesting a role in BPD
pathogenesis [4]. Furthermore, it was shown that miR-34a downregulates PDGFRa and
PDGFRf by targeting its 3' UTR, thus linking miR-34a and the PDGF receptors [76].
However, it is yet to be demonstrated how miR-34a regulates fibroblast migration,
therefore the hypothesis was constructed that miR-34a regulates mouse lung fibroblast

migration by modulating PDGF signalling.

The objective of this thesis is to investigate if miR-34a influences fibroblast migration by
downregulating PDGFRa and PDGFR. To this end, a series of in vitro experiments were
carried out, in which mouse lung fibroblasts were transfected with a miR-34a mimic to
investigate its effect on PDGFRa and PDGFR, their downstream signalling and the

effect on fibroblast migration.
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3 Materials and methods

3.1 Materials

3.1.1 Technical equipment
Material

-20 °C freezer

-80 °C freezer

+4 °C refrigerator, Comfort Nofrost
Airflow control hood

Cell counter, Countess™ automated cell

counter

Centrifuge, Heraeus Fresco 17
Centrifuge, Heraeus Multifuge 3 S-R
Incubator, CO> incubator HERAcell 150i
Incubator, Heraeus Function Line

Liquid nitrogen container

Luminescence image Analyzer,
Imagequant LAS-4000

Microplate reader, Versa Max
Microscope, Leica DMIL

Microscope with camera, Leica DMI
3000 B

0»-Sensor

PCR machine, Step One Plus Real time
PCR system

Manufacturer (production site)

Gram Commercial A/S (Vojens,
Denmark)

New Brunswick Scientific (Enfield,
USA)

Liebherr (Bieberrach, Germany)
Vinitex (Sint Oedenrode, Netherlands)

Invitrogen (Eugene, USA)

Thermo-Scientific (Waltham, USA)
Thermo-Scientific (Waltham, USA)
Thermo-Scientific (Waltham, USA)
Thermo-Scientific (Waltham, USA)
Cryotherm (Kirchen, Germany)

General Electric (Fairfield, USA)

Molecular Devices (Sunnyvale, USA)
Leica (Solms, Germany)

Leica (Solms, Germany)

Biospherix (Lacona, USA)

Thermo-Scientific (Waltham, USA)
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pH-Meter, pH211 microprocessor
pH-Meter

Pipette, Pipet-Boy Acu 2

Power supply, Power Pac HC
Real-time gPCR-machine, Pegstar
Roller mixer

Sample mixer

Scale

Shaker, Unimax 2010
Spectrophotometer, Nandrop ND1000

Suction pump, Automatic vacuum-

security suction system

Thermo shaker

Tissue culture hood, Safe 2020.12
Vortex-machine, Genius 3

Water bath, VWB 12

3.1.2 Chemicals

Materials

Acrylamid, Rotiphorese Gel 30 acrylamid

Bradford dye

Bromphenol blue sodium salt
Bovine serum albumin (BSA)
Buffer solution, pH 4,7,10

Chloroform, 99%

Hanna (Kehl, Germany)

Integra (Fernwald, Germany)

Biorad (Hercules, USA)

Peglab (Erlangen, Germany)

Stuart (Stone, UK)
Thermo-Scientific (Waltham, USA)
Kern (Balingen, Germany)

Heidolph (Schwabenbach, Germany)
Peglab (Erlangen, Germany)

Ditabis (Pforzheim, Germany)

Ditabis (Pforzheim, Germany)
Thermo-Scientific (Waltham, USA)
IKA (Staufen, Germany)

VWR (Leuven, Belgium)

Manufacturer (production site)
Roth (Karlsuhe, Germany)
Bio-rad (Hercules, USA)
Sigma-Aldrich (St. Louis, USA)
Invitrogen (Carlsbad, USA)
Hanna (Kehl, Germany)

Sigma-Aldrich (St. Louis, USA)

16



Complete

Dimethylsulfoxide (DMSO)
Dithiothreitol (DTT)
Ethylenediaminetetraacetic acid (EDTA)
Ethylene glycol tetraacetic acid (EGTA)
Ethanol, 70% and 100%

Glycerol, anhydrous

Glycin

Hydrochloric acid (HCL) 25%

Marker, Precision Plus Protein Dual Color
Standarts

Maximum Sensitivity Substrate,

SuperSignal® West Femto
Mercaptoethanol, 98%

Methanol, 99.90%

Milk powder

Sodium chloride (NaCl)
Sodiumhydroxide solution (NaOH)
02, 95%

Sodium dodecyl sulfate (SDS)

N,N,N",N"-Tetramethylethylenediamine
(TEMED)

Tris Buffer
Trypan-Blue solution
Tween 20

Natriumorthovanadate

Roche (Basel, Schweiz)
Sigma-Aldrich (St. Louis, USA)
Sigma-Aldrich (St. Louis, USA)
Promega (Madison, USA)
Sigma-Aldrich (St. Louis, USA)
Roth (Karlsruhe, Germany)
Merck (Hohenbrunn, Germany)
Roth (Karlsruhe, Germany)
Roth (Karlsruhe, Germany)

Bio-rad (Hercules, USA)

Thermo-Scientific (Waltham, USA)

Sigma-Aldrich (St. Louis, USA)
Roth (Karlsruhe, Germany)
Roth (Karlsruhe, Germany)
Roth (Karlsruhe, Germany)
Merck (Hohenbrunn, Germany)
Westfalen (Minster, Germany)
Roth (Karlsruhe, Germany)

Sigma-Aldrich (St. Louis, USA)

Roth (Karlsruhe, Germany)
Fluka (St. Gallen, Switzerland)
Sigma-Aldrich (St. Louis, USA)

Sigma-Aldrich (St. Louis, USA)
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3.1.3 Lab commodities
Material

6- well cell culture plate

Countess™ cell counting chamber slide

Cell culture dishes

Disposable glass pasteur pipettes
Electronic pipettes, Xplorer 15-300 pl

Filter tip, Biosphere® 0.5-10 pl, 2-20 pl,
2-100 pl, 200 pl, 100-1000 pl

Freezing container, Nalgene Cryo 1 °C

Cryovials

Nitrile gloves, size M
Perfusor syringe, 50 ml
Pipettes, 10-1000 ul range

Reagent tubes, Safe Seal micro tube
(0.5ml and 1.5 ml)

Reagent tubes, 25 ml and 50 ml, blue cap

Serological pipette, sterile, Cellstar® 5
ml, 10 ml, 25 ml, 50 ml

Syringe driven filter unit, 33 mm, 0.22

pm pore size

TC-flask, T75

Manufacturer (production site)

Greiner-bio-one (Frickenhausen,

Germany)
Invitrogen (Carlsbad, USA)

Greiner-bio-one (Frickenhausen,
Germany)

VWR (Leuven, Belgium)
Eppendorf (Hamburg, Germany)

Sarstedt (Numbrecht, Germany)

Thermo-Scientific (Waltham, USA)

Greiner-bio-one (Frickenhausen,

Germany)

VWR (Leuven, Belgium)

Braun (Melsungen, Germany)
Eppendorf (Hamburg, Germany)

Sarstedt (NUmbrecht, Germany)

Greiner-bio-one (Frickenhausen,

Germany)

Greiner-bio-one (Frickenhausen,
Germany)

Millex (Tullagreen, Ireland)

Sarstedt (NUmbrecht, Germany)

18



3.1.4 Cell culture
Material

Dulbecco’s Phosphate buffered saline
(PBS)

Eagle’s minimal essential medium
(EMEM)

Foetal bovine serum (FBS)
Lipofectamine® 2000
MiScript miRNA mimic kit
OptiMEM®

Trypsin-EDTA-solution

3.1.5 Cell-types

Material

Manufacturer (production site)

Sigma-Aldrich (St. Louis, USA)

ATCC (Manassas, USA)

Lonza (Walkersville, USA)
Invitrogen (Carlsbad, USA)
Qiagen (Hilden, Germany)
Gibco (New York, USA)

Sigma-Aldrich (St. Louis, USA)

Manufacturer (production site)

Mouse Lung fibroblasts (MLg), Cell-line  ATCC (Manassas, USA)

(MLg 2908) (CCL-206)

3.1.6 Antibodies

Table 1. Overview of all antibodies used in alphabetical order.

Antibodies Host Dilution | Catalogue Manufacturer
Number (production site)
Anti-AKT rabbit 1:1000 9272 Cell Signalling Technology

(Danvers, USA)

Anti-p44/42 rabbit 1:1000
MAPK
(ERK1/2)

9102 Cell Signalling Technology
(Danvers, USA)
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Anti-PDGFRo | rabbit 1:1000 3164 Cell Signalling Technology
(Danvers, USA)

Anti-PDGFRp | rabbit 1:1000 C82A3 Cell Signalling Technology
(Danvers, USA)

Anti-Phospho- | rabbit 1:500 9271 Cell Signalling Technology

AKT (Danvers, USA)

Anti-Phospho- | rabbit 1:500 9101 Cell Signalling Technology

p44/42 MAPK (Danvers, USA)

(ERK1/2)

Anti-Bactin rabbit 1:1000 | 4967 Cell Signalling Technology

(Danvers, USA)

Secondary rabbit 1:3000
antibodies

Santa Cruz (Heidelberg,
Germany)

3.1.7 Proteins
Material
PDGFA, mouse, recombinant
PDGFB, mouse, recombinant

PDGEFD, E. coli, recombinant

3.1.8 Western blot
Material
Cell scraper
Chromatography paper, 3 mm
Mini-Protean® Tetra Cell

Mini-Trans-Blot® Cell

Manufacturer (production site)

Creative Biomart (Shirley, USA)

Creative Biomart (Shirley, USA)

Mybiosource (San Diego, USA)

Manufacturer (production site)

Sarstedt (NUmbrecht, Germany)

GE Healthcare UK, Little Chalfont

Bio-rad (Hercules,USA)

Bio-rad (Hercules,USA)
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Nitrocellulose membrane, 0.2 um

Tissue culture plate 96 well

3.1.9 Migration assay

Material

Cell culture flasks, 25 cm?® 50 ml

Cell insert, 30 p-dish 35 mm, low,

culture insert

Grid plates, 60 p-dish, 35 mm, low Grid
500

Improved Neubauer Chamber

Tweezers

3.1.10 Real-time gPCR

Material

Micro Amp Fast 96-Well Reaction Plate
(0.1 ml)

miRNeasy Mini kit (50)
MiScript Il RT kit
miScript PCR kit, SYBR Green 200

Qiazol Lysis reagent

Bio-rad (Hercules,USA)

Sarstedt (NUmbrecht, Germany)

Manufacturer (production site)

Greiner-bio-one (Frickenhausen,

Germany)

Ibidi (Planegg, Germany)

Ibidi (Planegg, Germany)

Marienfeld superior (Lauda, Germany)

Martin (Solingen, Germany)

Manufacturer (production site)

Thermo-Scientific (Waltham, USA)

Qiagen (Hilden, Germany)
Qiagen (Hilden, Germany)
Qiagen (Hilden, Germany)

Qiagen (Hilden, Germany)
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3.1.11 Primers

Gene Catalogue number Manufacturer (production site)
miR-34a-5p MS00001428 Qiagen (Hilden, Germany)
miR-34a-5p MS00007910 Qiagen (Hilden, Germany)
miR-34a-5p MS00001442 Qiagen (Hilden, Germany)
RNU6-2 MS00033740 Qiagen (Hilden, Germany)

3.1.12 Software

Material Manufacturer (production site)
Graphpad Prism, 6.02 Graphpad Software, (Lajolla, USA)
Image J General Electric (Fairfield, USA)
Leica Application Suite, V3 Leica (Solms, Germany)

Microsoft Excel Microsoft (Redmond, USA)
Nanodrop software, ND1000 V3.3.0 Peglab (Erlangen, Germany)

Thermo-Scientific (Waltham, USA)

Real Time software, Step One Software

3.2 Methods

3.2.1 Cell-culture

3.2.1.1 Thawing fibroblasts and changing medium

Foetal bovine serum (FBS), filtered through a syringe driven filter unit with 0.22 um pore

size, was added to Eagle’s minimum essential medium (EMEM), so that the medium
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contained 10% (v/v) FBS (EMEM complete medium). A cell culture flask was filled with
10 ml of EMEM complete medium and incubated at 37 °C and at 5% CO> for 15 min. In
the meantime, an aliquot of fibroblasts was taken from the liquid nitrogen storage at
-210 °C and was thawed at 37 °C. Once thawed, fibroblasts were transferred into the
flask and then incubated at 37 °C and at 5% CO.. After 24 h the medium was replaced
with fresh medium. Under the tissue culture hood the medium in the cell culture flask was
aspirated using a glass pasteur pipette connected to a suction pump. Then, 12 ml of
EMEM complete medium was transferred into the cell culture flask and placed at 37 °C
and at 5% CO..

3.2.1.2 Cell passage and counting cells

Fibroblasts were washed with 5 ml of 1x PBS, and then incubated with 3 ml of trypsin at
37°C for 3 min to detach the fibroblasts from the flask. The function of the trypsin was
inhibited by adding 7 ml of EMEM complete medium to add up to a total of 10 ml in the
flask. Then, 45 pl of trypan-blue and 5 pl of the cell-suspension (dilution of 1:10) were
mixed in a 1.5 ml tube, so that 10 pl could be pipetted onto the cell-counting slide, to
count the cells. To determine the volume of cell suspension per flask, the following was

calculated:

Calculations: Total cells in reagent tube = n cells/ml x 5 x 10 ml, where n is number

of cells in 1 ml, determined by counting cells.

[c] 10mi (cells/ml) = Total cells/10 ml, where [c] 10 miis the concentration

of cells in the flask
Volume/flask (ml) = Cells needed per flask x 1/[c] 10mI

The fibroblasts were split over three cell-culture flasks (T75) for an approximately 70%
confluent monolayer in three days. The cell culture flasks were filled up with medium to
a 12 ml total and were incubated at 37 °C and 5% CO..

3.2.1.3 Seeding cells into 6-well plates

Once the fibroblasts had reached an approximately 70% confluent monolayer the
fibroblasts were ready to be seeded into 6-well cell culture plates. The cells were detached
as described in 3.2.1.2. In order to calculate the volume of cell suspension per well, the

following calculation were made:
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Calculations: Total cells in reagent tube = n cells/ml x 5 x 10 ml, where n is number

of cells in 1 ml, determined by counting cells.

[c] 10mi (cells/ml) = Total cells/10 ml, where [c] 10 miis the concentration
of cells in the flask

[c] 50 mi (cells/ml)=[c] 10 mi/5, where [c] so mi is the concentration of cells
in the flask, after filling the tube up to 50 ml, to dilute the cell

suspension.
Volume/well (ml) = Cells needed per well x 1/[C] 10 mi

After [c] 10 miwas calculated, 40 ml of media were added to the suspension, making it a
1:50 dilution. The suspension was mixed thoroughly, but carefully. Into each well
600,000 fibroblasts were seeded. The 6-well cell culture plates were placed in the
incubator at 37 °C and at 5% CO». After 24 h to 48 h the fibroblasts would have formed

an approximately 70% confluent monolayer.

3.2.2 Hyperoxia exposure

Fibroblasts were seeded into four separate 6-well plates as described in 3.2.1.2. The
fibroblasts were seeded into the wells as shown in figure 7. The cells were incubated
until approximately 70% confluence was reached, and then the fibroblast cell cycles were
synchronised by starving the cells in 0% (v/v) FBS EMEM for 12 h. After starvation, the
medium was replaced with EMEM complete medium and the fibroblasts were incubated
in either 85% oxygen (O2) or 21% O, for either 24 h or 48 h.

3.2.3 Real-time quantitative PCR analysis

3.2.3.1 RNA-isolation

To harvest the fibroblasts, to each well 200 pl of QIAzol lysis reagent was added. After
transferring the fibroblasts into different tubes, RNA was extracted using a miRNeasy®
Mini kit following the manufacturer’s instructions. To measure the RNA concentration
of the samples, a spectrophotometer of the type Nanodrop ND1000 was used. Once the
RNA concentration for each sample was determined, the exact volume of each sample

containing 0.2 pg of RNA was calculated, using the following formula:

Calculations: Volume/sample (ul) = 0.2 pg x (1/[c]), where [c] is the measured

concentration by spectrophotometer of each sample.
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The samples containing 0.2 pug of RNA were then used to synthesize cDNA.
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Figure 7. Hyperoxia exposure. Fibroblasts are seeded into the wells of each 6-well
plate. The fibroblasts exposed to 21% O2 are the control group, and were incubated for
24 h or 48 h. The fibroblasts exposed to 85% O2 were also incubated for 24 h or 48 h.

3.2.3.2 cDNA-synthesis

Firstly, the amount of RNAse-free water needed was calculated, using the following

formula:

20 ul - 8 pul - X ul = RNAse-free water (ul), where 20 pl is the total amount for each well,
8 ul is the volume of the mastermix and X pl is the volume of the sample containing

0.2 png RNA.
To create the mastermix, each sample required:

a. 4 ul of 5x HiSpec Buffer
b. 2 ul of 10x nucleic mix

C. 2 ul of Reverse Transcriptase
All the reagents listed above were provided in the miScript Il RT Kit

At this point, the calculated amount of RNAse-free water, the 0.2 pg of RNA and 8 pl of

the master mix were added to a 0.5 pl tube. Each micro tube was both mixed and
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centrifuged briefly before it was placed inside the cDNA-machine peqgstar 2x Gradient to
perform the reverse-transcription (RT) PCR. When the RT-PCR had finished, each
sample was diluted with 40 ul of RNAse-free water.

3.2.3.3 Real-time quantitative PCR and processing data

For the real-time gPCR the miScript SYBR Green PCR kit and the Step One Plus Real

Time PCR system were used.

First, the reagents were mixed according the following protocol. For each sample the

following was required:

a. 12.5 ul of 2x Quantitect SYBR Green PCR Master mix
b. 2.5 pl of 10x miScript Universal Primer
C. 5.0 ul of RNAse-free water

All the reagents listed above were provided in the miScript SYBR Green PCR Kit.

In the following step, 20 ul of the reaction mix were pipetted into each well of a Micro
Amp Fast 96-Well Reaction Plate (0.1 ml). Then, 2.5 ul of cDNA and 2.5 ul of primer
Assay were added. After selecting Quantstudio™ Real-Time PCR Software, and setting
up the real-time gPCR, the 96-well plate was placed inside the machine and the real-time

gPCR was started.

After the real-time gPCR was completed, the data was exported into Microsoft Excel, and

the ACt of each gene of interest were calculated applying the following formula:
Housekeeping Ct mean — gene of Interest Ct mean = ACt, where Cr is Cycle Threshold.

The data then was exported into the Prism Graph Pad software to be analysed and to be

plotted in a graph.

3.2.4 Transfection

Before transfection, MLg fibroblasts were seeded into 6-well plates as described in
3.2.1.2. The transfection reagent used for the MLg cell line was Lipofectamine® 2000,
which was combined with scrambled microRNA (SCR) ([c] 20 uM) and miR-34a mimic
(MIM34a) ([c] 20 uM) at a ratio of 2:1. In this particular case, 4 pl of SCR and 4 pl of

MIM34a each were combined with 8 pl of Lipofectamine® 2000 and incubated at room
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temperature to form transfection complexes for 20 min. Together with 1000 pl
transfection medium OptiMEM™, the transfection complexes were then pipetted onto
the fibroblasts (Fig. 8), and were incubated at 37 °C and at 5% CO: for 4-6 h in order to
allow the transfection complexes to enter the cells. After 4-6 h, OptiMEM™ was replaced
with EMEM complete medium. Protein isolation was performed 24 h after transfection.

Calculations: [€] stock 20 UM of SCR or MIM34a x 4 pl = 80 uM of SCR or MIM34a

[C] Transfection = 80 uM/1000 pl OptiMEM = 80 nM of SCR or MIM34a
on each sample of fibroblasts.

3.2.5 Fibroblast stimulation

The MLg fibroblasts were seeded into 6-well plates as described in 3.2.1.2 and transfected
as shown in 3.2.4. After 4-6 h of transfection, the SCR and MIM34a transfected MLg
fibroblasts and 3 of the 6 non-transfected wells were stimulated (Fig. 9). Depending on
which stimulant was used, different concentrations of the stimulant were added to the
fibroblasts [80, 90]. If stimulating the fibroblasts with PDGFA, 80 ng/ml were used, if
stimulating with PDGFB, 40 ng/ml were used and if stimulating with PDGFD, 160 ng/ml
were used to stimulate the MLg fibroblasts. After the stimulant was diluted using EMEM
complete medium and then pipetted onto the MLg fibroblasts, the fibroblasts were

incubated for 30 min prior to protein isolation.

3.2.6 Protein isolation, Bradfordassay and sample preparation

First, the lysis buffer containing 20 mM tris (pH 7.5), 150 mM NaCl, 1 mM EDTA,
1 mM EGTA and 0.5% NP-40, diluted with dH20, was supplemented with 1 mM sodium
orthovanadate and 1 mM complete™ protease inhibitor cocktail. Then, 100 pl of lysis
buffer were used to harvest the fibroblasts employing a cell scraper. In the next step, the

fibroblasts were incubated on ice at approximately 4 °C for 30 min, vortexing every ten
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Figure 8. Model for fibroblast transfection, without stimulation. Mouse Lung (MLg)
fibroblasts were seeded into each well. After reaching 70% confluence, the fibroblasts
are treated with either 80nm scrambled microRNA (SCR) or micro-RNA 34a mimic
(MIM34a) as indicated in the figure. Mock: Cells treated with Lipofectamine only.
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Figure 9. Model for fibroblast transfection, with stimulation. Mouse Lung (MLg)
fibroblasts were seeded into each well. The fibroblasts are treated with either 80nm
scrambled microRNA (SCR) or micro-RNA 34a mimic (MIM34a) as indicated in the
figure. Mock-PDGF: Cells treated with Lipofectamine only, mock+PDGF: Cells treated
with Lipofectamine and stimulated with PDGF.

min. After that, the cells were centrifuged at 13,249.6 x g for 15 min at 4 °C. After
centrifuging, the supernatant, containing the proteins, was collected to perform a Bradford
assay to measure protein concentration. The Bradford assay was performed using a
micro-plate reader measuring the absorbance at 570 nm wavelengths. The protein
concentrations from the samples were then derived from a bovine serum albumine (BSA)
standard curve. The concentrations of the BSA standard curve solutions were 0.05 pg/ul,
0.1 pg/ul, 0.2 pg/ul, 0.3 pg/ul, 0.4 pg/ul and 0.5 pg/ul. Therefore, 10 ul of each BSA
standard curve solution, distilled H2O (dH20), lysis buffer and protein samples were
pipetted into a 96-well plate (table 2). After adding 200 pul of Quick Start ™ Bradford
dye reagent to each well and incubating the plate for 5 min, the protein concentration of
the samples was determined. Then, the formula shown below was used to calculate the pl

per well in order to fill each well with the same amount of protein.
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Calculations: Load/well (ug) x 1 pul/[c] sample
For example: Given, that the load/well is 40 pg and the protein concentration is 1 pg/ul
40 ug x 1 /1 pg/pl = 40 pl/well

The proteins were combined 1:3 with a 5x Laemli buffer containing 100 mM tris (pH
6.8), 4% Sodiumhydroxide solution (SDS), 0.2% bromphenol blue and 20% glycerol and
100puM Dithiothreitol (DTT). Before loading into acrylamide gels, the proteins were
denatured at 95 °C for 10 min.

3.2.6.1 Casting the gel, electrophoresis and Transfer

The denatured proteins were loaded into 8% or 10% (v/v) acrylamide gels. To cast the
acrylamide gels, the Mini-Protean® Tetra Cell kit was used. The reagents for the
resolving gel and stacking gel were added to each other (table 4), and were left to
polymerize for 30 min each. For electrophoresis, the running chamber from the
Mini-Protean® Tetra Cell kit was used. To maintain a stable pH during electrophoresis,
the running chamber was filled with running buffer (table 3). Then, after removing the
combs, 10 ul Bio-rad marker was added into the first well of the gel. Finally, the samples
were loaded into the other wells of the gel. The gel was run at 110 V using a Power Pac

HC for 1.5 h, to separate the proteins according to size.

To blot the proteins onto a nitrocellulose membrane, the Mini-Trans-Blot® Cell kit was
used. Therefore, the transfer cassette was assembled in the following way from bottom to
top: black part of the cassette (-), sponge, chromatography paper, gel, nitrocellulose
membrane, another piece of chromatography paper, a second sponge and finally the white
part of the cassette (+), forming a “sandwich”. Then, the cassette was placed inside the
transfer chamber, along with an ice tray and a magnetic stirrer, to avoid overheating. To
ensure that the pH remains stable during the transfer, the chamber was filled with the
transfer buffer, which was diluted with methanol and dH20. Finally, the transfer was run
at 90 V for 1 h.
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Table 2. Bradford assay

dH20 dH20 dH20 Sample1l | Sample 1 Sample 1
SC 0.05 pg/ul | SC 0.05| SC 0.05 | Sample 2 | Sample 2 Sample 2
pg/ul pg/ul
SCO.1 pg/ul | SC 0.1 pg/ul | SC 0.1 ug/ul | Sample 3 | Sample 3 Sample 3
SC 0.2 pg/ul | SC 0.2 ug/ul | SC 0.2 pg/ul | Sample 4 | Sample4 | Sample 4
SC 0.3 ug/ul | SC 0.3 pg/ul | SC 0.3 pg/ul | Sample 5 | Sample 5 Sample 5
SC 0.4 pg/ul | SC 0.4 pg/ul | SC 0.4 ug/ul | Sample 6 | Sample 6 Sample 6
SC 0.5 pg/ul | SC 0.5 pg/ul | SC 0.5 ug/ul | Sample 7 | Sample 7 Sample 7
Lysis buffer | Lysis buffer | Lysis buffer | Sample 8 | Sample 8 Sample 8

All samples, distilled H>O (dH20), Lysis buffer, and standard curve solutions (SC) were
pipetted in triplicates for more accurate measurement of the samples’ protein

concentrations.
3.2.7 Western Blot

3.2.7.1 The buffers

Table 3. The buffers used in western blots

Buffer: Reagents:
10x running 30 g tris
144 g glycin

100 ml 10% SDS solution

11dH.0

10x transfer 24.5 g tris
122 g glycin

11dH.0
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Washing

100 ml 10x PBS
1 ml tween 20

11dH.0

5% blocking

50 g milk powder

11PBS

Stripping

62 ml tris (1 M, pH 6.8)

20 ml 10% SDS solution

11dH20
Reagents for 1 | of buffer.
Table 4. Reagents for 4 SDS gels
Reagents: Resolving gel: 8% | 10% Stacking gel:
dH20 18.7 ml 15.9 mi 13.6 mi
30% (v/v) acrylamid | 10.5 ml 13.3 ml 3.3 ml
1.5 M tris (pH 8.8) 10 ml 10 ml 2.5ml
10% (v/v) SDS 200 pl 200l | 200 pl
10% (m/v) APS 200 pl 200l | 200 pl
TEMED 26 pl 26 l 20 pl

3.2.7.2 Blocking, antibody incubation and protein visualization

After the proteins were blotted on the nitrocellulose membrane, the membrane was
incubated with 5% milk buffer for 30 min to block the antibodies on the membrane. Then,
the membrane was incubated with the primary antibody diluted 1:500 or 1:1000
(depending which antibody was used, table 1) with 5% milk buffer for either 1 h at room
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temperature or overnight at 4 °C. After incubation with primary antibodies, the membrane
was washed three times for 10 min using washing buffer. After washing, the membrane
was incubated with secondary antibodies diluted 1:3000 with 5% milk buffer for 1 h at
room temperature. Before visualization of the protein bands, the membrane was again
rinsed three times for 10 min using washing buffer. To visualize the protein bands blotted
on the nitrocellulose membrane, the membrane was incubated with SuperSignal® West
Femto chemoluminescence substrate. After taking a picture of the marker, the protein
bands were visualized by varying the exposure time until a representative image was

taken.

3.2.7.3 Stripping the membrane

If, after visualizing protein bands, another protein of interest had a size as the protein
investigated first, the membrane was stripped from its antibodies before it was incubated
with the antibody for the second protein. Therefore, it was rinsed three times for 10 min,
and then the membrane was incubated for 7 min at 52 °C with 50 ml stripping buffer and
347 ul 2-mercaptoethanol, to detach the antibodies from the nitrocellulose membrane.
Once more, the membrane was washed 3 times with washing buffer for 10 min. Then, the
proteins were blocked with 5% milk buffer, the membrane incubated with antibodies and

the protein bands visualized as described in 3.2.7.2

3.2.7.4 Processing the western blot data

After developing all proteins of interest and loading control, the density and size of the

bands of the western blot were analysed using the ImageJ software.

Calculations: Normalized pixel density of the protein of interest/ Normalized pixel

density of loading control

The result of this analysis is then exported to the GraphPad Prism Software to be even

further analysed and plotted in a graph.

3.2.8 Migration assay

3.2.8.1 Seeding the fibroblasts

The fibroblasts were cultivated in a smaller 50 ml cell culture flask. The culture inserts

were placed inside of the grid plates with a pair of tweezers. The insert is placed, so that
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the centre part of the insert is aligned with one of the axes from the grid (Fig. 10). To
prevent cells from migrating under the insert, it was important, that the insert was firmly
placed onto the grid. The cells were passaged and counted as described in 3.1.2.1.
However, before counting, the cells were centrifuged at 13,249.6 x g for 8 min. From the
total of 5 ml, 3 ml of the supernatant were discarded, leaving 2 ml, in which the cells were
suspended. To count the cells, the cells were diluted 1:5 with trypan-blue were transferred
into an Improved Neubauer counting chamber. The cells were counted manually, to

improve the accuracy of the result.

Calculations: Total cells in reagent tube = n cells x 10,000 x 5 x 2 ml, where n is

number of cells in 1 ml, determined by counting cells.

[c] (cells/ml) = Total cells/2 ml, where [c] is the concentration of
cells in the flask

Volume/well (ml) = Cells needed per well x 1/[c]

9000 cells per well were loaded into the cell culture inserts, and were

incubated until 70% confluence was reached

4 x 10 x 10 squares

Figure 10. Positioning the cell culture insert. With a pair of tweezers, the insert is

removed from the cell culture dish and placed onto the grid plate. Adapted from [92]

3.2.8.2 Transfection of the migration assay

The fibroblasts were transfected as described in 3.2.4. Therefore, the transfection was

executed as shown in table 5 and table 6.
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Table 5. Transfection for migration assay without stimulation

CTRL OptiMEM™ only

SCR OptiMEM™,  Lipofectamine and  scrambled
microRNA

MIM34a OptiMEM™, Lipofectamine and mimic miR-34a

CTRL: control, SCR: scrambled microRNA (miR), MIM34a: miR-34a mimic

Table 6. Transfection for migration assay without stimulation

CTRL OptiMEM™ only

mock-PDGF OptiMEM™ and Lipofectamine

mock+PDGF OptiMEM™ and Lipofectamine

SCR OptiMEM™,  Lipofectamine and Scrambled
microRNA

MIM34a OptiMEM™, L ipofectamine and mimic miR-34a

CTRL: control, mock-PDGF: mock-platelet-derived growth factor, SCR: scrambled
microRNA (miR), MIM34a: miR-34a mimic

3.2.8.3 Acquiring pictures and analysis

After the standard duration of the transfection, 24 h, the cell culture inserts were removed

to create the gap between the fibroblasts. Then, pictures were taken with the Leica DMI

3000 B microscope and its camera at 0 h, 24 h and 48 h post transfection. If the fibroblasts

were to be stimulated before taking pictures, it was done as described in 3.2.5, with the

difference, that the stimulant was left on the MLg fibroblasts until after taking all the

pictures. The 24 h and 48 h pictures were compared to the O h pictures, so that only the

cells that had migrated into the gap were counted. The cells were counted manually, and

the data was inserted into the GraphPad Prism software for analysis.

34



4 Results

4.1 microRNA-34a, microRNA-34b and microRNA-34c expression
levels are upregulated in mouse lung fibroblasts exposed to

hyperoxia after 24 h and 48 h

In accordance to treatment of prematurely born infants, MLg fibroblasts, a cell-line, were
exposed to 85% O2 [31]. The levels of expression of miR-34a, miR-34b and miR-34c
were determined by real-time gPCR and compared to a control group, which was exposed
to only 21% O.. It was revealed that the delta cycle threshold (AC+) of miR-34a, miR-34b
and miR-34c in MLg fibroblasts exposed to 85% O was significantly higher than the
ACt of miR-34a, miR-34b and miR-34c in MLg fibroblasts in the control group, after
24 h exposure to 85% O as well as 48 h exposure (Fig. 11). Also, it was observed, that
MLg fibroblasts that dwelled in 85% O> for 48 h exhibited a stronger increase in miR-
34a, miR-34b and miR-34c expression levels, than the MLg fibroblasts that were left at
85% O for only 24 h. Finally, it was found that the ACt of miR-34a in MLg fibroblasts
after 48 h exposure to 85% O was at a higher value than the ACt of miR-34b and the
ACt of miR-34c after 48 h in 85% O (Fig. 11). In conclusion, it can be stated, that
miR-34a, miR-34b and miR-34c expression levels were brought up by exposure to 85%
O for 24 h, and even more so for 48 h, and that miR-34a had the highest levels of
expression after 48 h exposure to 85% O, compared to the expression levels of miR-34b
and miR-34c. The fact that miR-34a expression was higher after exposure to high levels
of oxygen than miR-34b and miR-34c, justifies that miR-34a was chosen for further

examination, rather than miR-34b or miR-34c.

4.2 Platelet-derived growth factor receptor a and platelet-derived
growth factor receptor  are downregulated in mouse lung

fibroblasts after 24 h and 48 h exposure to hyperoxia

It has been reported that PDGFRa and PDGFR[ are targets of miR-34a [93].
Additionally, playing an important role in late lung development [83] PDGFRa and

additionally PDGFR were selected to be examined, in order to investigate the role of
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Figure 11. The miR-34 family is upregulated in mouse lung fibroblasts under
hyperoxic conditions. Levels of microRNA (miR)-34a (a-b), miR-34b (c-d), miR-34c
(e-f) expression are increased in Mouse Lung (MLg) fibroblasts exposed to 85% O
compared to 21% O for 24 h (a, c, €) and 48 h (b, d, f). Results were obtained by
real-time gPCR, where n=3. Values are means + SEM. An unpaired Students t-test was

used to determine P-values.
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Figure 12. PDGFR a and B levels are reduced in mouse lung fibroblasts under
hyperoxic conditions. Platelet-derived growth factor receptor o (a-c) and
platelet-derived growth factor receptor B (d-f) are downregulated in mouse lung
fibroblasts after exposure to 85% O> for 24 h (b, €) and 48 h (c, f). Protein expression
was assessed by western blot, where n=3 and Bactin was loading control. Values are

means + SEM. An unpaired Students t-test was used to determine P-values.

miR-34a on fibroblasts migration. Seeing as how expression levels of miR-34a were

elevated in MLg fibroblasts after exposure to 85% O», MLg fibroblasts were incubated at
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21% O2 and 85% O for 24 h and 48 h, to be examined whether levels of PDGFRa and
PDGFRp were affected by high levels of oxygen accordingly. Western blots showed that
the amount of PDGFRa and PDGFRp in MLg fibroblasts after 24 h and 48 h long
exposure to 85% O, was significantly lower than equally long exposure to 21% O
(Fig. 12). It was also revealed that after 48 h of exposure to 85% O, PDGFRa was more
drastically downregulated than after only 24 h of the same high-level oxygen treatment
(Fig. 12). PDGFR levels, even though clearly downregulated after both 24 h and 48 h
of exposure to high levels of oxygen did not react as strongly to doubling the exposure
time to high levels of oxygen, as PDGFRa (Fig. 12). Therefore, high levels of oxygen
downregulated both PDGFRa and PDGFRp protein levels in MLg fibroblasts,

maintained under hyperoxic conditions for 24 h and 48 h.

4.3 Platelet-derived growth factor receptor o and platelet-derived
growth factor receptor 3 are downregulated in mouse lung

fibroblasts after microRNA-34a over expression

Considering that 85% O- significantly upregulated miR-34a and downregulated PDGFRa
and PDGFRp in MLg fibroblasts, the next step was to explore whether miR-34a
downregulates PDGFRa and PDGFRf levels in MLg fibroblasts. For that, MLg
fibroblasts were transfected with either a miR-34a mimic or scrambled miR, which was
the control group. The western blots showed, that in the miR-34a transfected MLg
fibroblasts, levels of PDGFRa and PDGFR[ were significantly lower than in the MLg
fibroblasts, which were transfected with scrambled miR (Fig 13). To conclude, miR-34a
had a downregulating effect on PDGFRa. and PDGFRJ protein levels in MLg fibroblasts
after 24 h of transfection. These results suggest miR-34a as part of the mechanism that
drove the downregulation of PDGFRa and PDGFRp protein levels in MLg fibroblasts

under hyperoxic conditions.

4.4 No significant change in phosphorylation of AKT and ERK in

mouse lung fibroblasts after microRNA-34a over expression

AKT and ERK, downstream signalling molecules of PDGFRoa and PDGFR( [67, 68],

were investigated, because AKT and ERK were shown to promote fibroblast migration
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Figure 13. PDGFR a and B are downregulated by over expressing miR-34a in
mouse lung fibroblasts. Over expression of microRNA-34a in Mouse Lung fibroblasts
downregulates Platelet-derived growth factor receptor a (a, ¢) and Platelet-derived

growth factor receptor f3 (b, d). The Mouse Lung (MLg) fibroblasts were transfected with
80 nM scrambled (SCR) microRNA and microRNA-34a mimic (MIM34a) for 24 h, or
not transfected (NTR), where n=3. Protein expression was assessed by western blot,
where Bactin and Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) were loading
control. Values are means + SEM. An unpaired Students t-test was used to determine

P-values.

and proliferation [94]. AKT gene upregulation was also proven to preserve alveolar
structure in a new born rat model of hyperoxia induced BPD [95]. With these pre-existing
implications that AKT and ERK play important roles in lung alveolarization, these
downstream signalling molecules seemed like the logical choice to further investigate the

impact of miR-34a on the PDGF receptors and on fibroblast migration. Measuring the
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activation of AKT and ERK was an attempt to further specify the connection between
miR-34a expression and fibroblast migration by examining the effect of miR-34a on the

downstream signalling on two of its targets, PDGFR o and f.
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Figure 31. AKT and ERK phosphorylation remains unaffected after miRNA-34a
over expression in mouse lung fibroblasts. AKT (a-b), ERK (a, c¢). Transfection of
mouse lung (MLg) fibroblasts with 80 nM scrambled (SCR) miroRNA and
microRNA-34a mimic (MIM34a) for 24 h, and not transfected (NTR), where #n=3. Protein
expression was assessed by western blot, where Glyceraldehyde 3-phosphate
dehydrogenase (GAPDH) was loading control and platelet-derived growth factor receptor
(PDGFRp) was transfection control. Values are means £ SEM. An unpaired Students
t-test was used to determine P-values. Primary antibodies against PDGFRp,
phosphorylated AKT (pAKT), total AKT (tAKT), phosphorylated ERK (pERK), total
ERK (tERK) and GAPDH were used.
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Low levels of activated downstream signalling molecules are a sign for lesser receptor
activation, therefore lower levels of activated AKT and ERK would illustrate
downregulation of PDGF receptor expression. So, the ratio of phosphorylated AKT and
phosphorylated ERK to the total amount of AKT and ERK was determined in miR-34a
transfected MLg fibroblasts by western blot. As transfection control, the MLg fibroblasts
exhibited downregulation of PDGFR[ protein levels in miR-34a transfected MLg
fibroblasts (Fig. 14a). The western blot however shows no significant difference between
the relation of activated AKT and total AKT in miR-34a mimic transfected MLg
fibroblasts (Fig. 14a and b). When testing for ERK, similar results showed (Fig. 14a and
c). Therefore, it can be concluded, that transfecting MLg fibroblasts with miR-34a mimic
has a downsizing effect on PDGFRa and PDGFR[ expression, but no effect on its rate

of activation of the PDGF receptor pathway in form of AKT or ERK phosphorylation.

4.5 AKT and ERK pathway activation is reduced in mouse lung

fibroblasts after microRNA-34a over expression and stimulation

of platelet-derived growth factor receptor a with its ligand
PDGFA

It has been reported that PDGFA is a specific ligand of PDGFRa [79]. Since the AKT
and ERK signalling pathways of the PDGF receptors failed to activate significantly after
transfecting MLg fibroblasts with miR-34a in an unstimulated situation, the consequent
measure was to stimulate PDGFRa. with its ligand after transfection with miR-34a mimic
to investigate, whether the activation of PDGFRa is affected by miR-34a in MLg
fibroblasts. Therefore, MLg fibroblasts were treated with PDGFA to stimulate PDGFRa.,
after over expressing miR-34a in the fibroblasts by transfection. The western blots from
these fibroblasts showed downregulation of PDGFRa in miR-34a transfected MLg
fibroblasts, showing that the transfection of the MLg fibroblasts was successful
(Fig. 15a). As stimulation control, the western blots also showed a stronger activation of
AKT (Fig. 15a and d) and ERK (Fig. 15a and e) signalling pathways in fibroblasts
stimulated with PDGFA, than in the fibroblasts without stimulation. And finally, the MLg
fibroblasts exhibit diminished activation of AKT (Fig. 15a and b) and ERK (Fig. 15a and
¢) signalling pathways if transfected with miR-34a and treated with PDGFA.
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Figure 15. AKT and ERK phosphorylation is downregulated in platelet-derived
growth factor A stimulated mouse lung fibroblasts after miRNA-34a over
expression. AKT (a, d) and ERK (a, €). Mouse lung (MLg) fibroblasts were transfected
with 80 nM scrambled (SCR) microRNA and 80 nM microRNA-34a mimic (MIM34a)
for 24 h, and stimulated with platelet-derived growth factor (PDGF) A, where n=3. Mock
samples were not transfected. Protein expression was assessed by western blot, where
Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) was loading control and PDGF
receptor (PDGFR)a was transfection control (a). AKT (a-b) and ERK (a, c¢)
phosphorylation is amplified in PDGFA treated MLg fibroblasts (stimulation control).
Values are means = SEM. An unpaired Students t-test was used to determine P-values.
Primary Antibodies of phosphorylated AKT (pAKT), total AKT (tAKT),
phosphorylated ERK (pERK), total ERK (tERK), PDGFRa and GAPDH were used.
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Figure 16. AKT activation remains unaffected and ERK activation is inhibited in
platelet-derived growth factor B treated mouse lung fibroblasts after miRNA-34a
over expression. AKT (a-d) and ERK (a, €). Mouse lung (MLg) fibroblasts were
transfected with 80 nM scrambled (SCR) microRNA and 80 nM microRNA-34a mimic
(MIM34a) for 24 h, and stimulated with platelet-derived growth factor (PDGF) A, where
n=3. Mock samples were not transfected. Protein expression was assessed by western
blot, where Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) was loading control
and PDGF receptor (PDGFR) B was transfection control. AKT (a-b) and ERK (a, c)
phosphorylation is amplified in PDGFB stimulated MLg fibroblasts (Stimulation
control). Values are means = SEM. An unpaired Students t-test was used to determine
P-values. Primary Antibodies of phosphorylated AKT (pAKT), total AKT (tAKT),
phosphorylated ERK (pERK), total ERK (tERK), PDGFRp and GAPDH were used.
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To conclude, miR-34a over expression reduces AKT and ERK activation in MLg
fibroblasts that were stimulated with PDGFA. Considering PDGFRa was stimulated with
its specific ligand [79], it can be concluded, that the reduction of AKT and ERK activation
is caused by downregulation of PDGFRa by miR-34a.

4.6 Treating mouse lung fibroblasts with PDGFB after transfection
with microRNA-34a shows reduction of ERK activation and no

change of AKT activation

Previous studies show that PDGFB is a ligand to both of PDGFRa and PDGFRf
[79]. To further examine whether the activation of PDGFRa and PDGFR} is affected by
miR-34a over expression, MLg fibroblasts were treated with PDGFB after transfecting
the fibroblasts with miR-34a mimic. The results from these western blots showed
downregulation of PDGFRf in miR-34a transfected MLg fibroblasts, demonstrating that
transfection of the MLg fibroblasts was successful (Fig. 16a). As stimulation control, the
western blots also showed a stronger activation of AKT (Fig. 16a and d) and ERK
(Fig. 16a and e) signalling pathways in fibroblasts stimulated with PDGFB, than in the
fibroblasts without stimulation, demonstrating successful stimulation of PDGFR].
Differently from stimulation with PDGFA, stimulation of the MLg fibroblasts with
PDGFB after over expressing miR-34a, demonstrated that the AKT signalling pathway
was not significantly affected (Fig. 16a and b). However, similarly when stimulating with
PDGFA, PDGFB stimulation of MLg fibroblasts revealed reduced activation of ERK
(Fig. 16a and c). This therefore signifies that PDGFB stimulation of miR-34a transfected
MLg fibroblasts shows reduced activation of the ERK signalling pathway and not the
AKT signalling pathway. Keeping in mind that PDGFB binds to both PDGFRa and
PDGFRp [79], it can be assumed that the reduced activation of ERK is caused by miR-

34a induced downregulation of the PDGF receptors.
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4.7 Treating mouse lung fibroblasts with PDGFD after transfection
with microRNA-34a shows reduction of ERK activation and no

change of AKT activation

It has been reported that PDGFD binds to PDGFR specifically [80], although research
also suggests it is also a ligand to the PDGFRa and PDGFR heterodimer [96]. Aiming
at establishing a connection between miR-34a and PDGFRf, PDGFRp was stimulated
with its ligand PDGFD [80] after transfecting MLg fibroblasts with miR-34a mimic. The
results showed downregulation of PDGFRf in miR-34a transfected MLg fibroblasts,
showing that transfection of the MLg fibroblasts was successful (Fig. 17a). Contrary to
the stimulation controls obtained when stimulating with PDGFA and PDGFB, the rate of
activation of both AKT and ERK signalling pathways was reduced in PDGFD treated
MLg fibroblasts, compared to non-stimulated fibroblasts. (Fig. 17a, d and e) However,
similarly to stimulation with PDGFB, stimulation of the MLg fibroblasts with PDGFD
after transfection with miR-34a mimic, demonstrated that the rate of activation of the
ERK signalling pathway was significantly reduced in miR-34a over expressing MLg
fibroblasts (Fig. 17a and c). Also, similarly to stimulation with PDGFB, the results show
that the activation of the AKT signalling pathway was not affected in fibroblasts over
expressing miR-34a (Fig. 17a and b). In conclusion, PDGFD treatment of miR-34a
transfected MLg fibroblasts shows reduction of activation of the ERK signalling pathway

and not the AKT signalling pathway.

4.8 Over expression of microRNA-34a inhibits migration in mouse

lung fibroblasts

Since migration is such a dominant feature in late lung development [11], a migration
assay was performed, to examine the effects of miR-34a at a functional level. The results
of the migration assay show that migration is not yet reduced after 24 h in miR-34a
transfected cells (Fig. 18a, b and d). However, migration is reduced in mir-34a over
expressing cells after 48h. The control samples, cells without any transfection, had the
most cells after 24 h and after 48 h post transfection and had formed a confluent layer of
cells, which was too dense to quantify in numbers (Fig. 18a and d). Thus, proving that

migration was
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Figure 17. AKT activation remains unaffected and ERK activation is inhibited in
platelet-derived growth factor D treated mouse lung fibroblasts after miRNA-34a
over expression. AKT (a-d) and ERK (a, e). Mouse lung (MLg) fibroblasts were
transfected with 80 nM scrambled (SCR) microRNA and 80 nM microRNA-34a mimic
(MIM34a) for 24 h, and stimulated with platelet-derived growth factor (PDGF) A, where
n=3. Mock samples were not transfected. Protein expression was assessed by western
blot, where Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) was loading control
and PDGF receptor (PDGFR) B was transfection control. AKT (a-b) and ERK (a, c)
phosphorylation is decreased in PDGFD stimulated MLg fibroblasts (Stimulation
control). Values are means + SEM. An unpaired Students t-test was used to determine
P-values. Primary Antibodies of phosphorylated AKT (pAKT), total AKT (tAKT),
phosphorylated ERK (pERK), total ERK (tERK), PDGFRp and GAPDH were used.
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Figure 18. MiR-34a reduces fibroblast migration. Over expression of microRNA-34a
reduces migration in fibroblasts after 48 h (a, ¢). Migration is not reduced after 24 h (a-
b). Transfection of the mouse lung (MLg) fibroblasts with 80nM scrambled microRNA
(SCR) an and miR-34a mimic (MIM34a) for 24 h, where n=3. Control samples (CTRL)
were not transfected. Migration was assessed by cell assay. Representative pictures are
shown from the samples control (CTRL), SCR and MIM34a taken after 0 h, 24 h and 48
h after transfection. (d) Values are means + SEM. An unpaired Students t-test was
used to determine P-values. +++++ = 95% of gap area covered by fibroblasts, ++++ =

90% of gap area covered by fibroblasts, +++= 85% of gap area covered by fibroblasts.

indeed inhibited by miR-34a mimic transfection and not by an error in method. In

conclusion, it can be said, that miR-34a over expression reduces migration in MLg

fibroblasts after 48 h.
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4.9 Over expressing microRNA-34a before stimulating with platelet-
derived growth factor A inhibits migration in mouse lung
fibroblasts

PDGFRa and its specific ligand PDGFA [79] are key players in fibroblast migration
[83]. To establish whether miR-34a inhibits fibroblast migration through PDGFRa,, the
MLg fibroblasts were treated with the specific ligand for PDGFRa, PDGFA, [79] after
transfecting the fibroblasts with miR-34a mimic in a migration assay. The results from
the migration assay showed that the control samples had migrated to close the gap with
a confluent layer after 48 h (Fig. 19a, Fig 22). The stimulation control also revealed that
PDGFA treated fibroblasts had a higher rate of migration than the fibroblasts without
treatment with PDGFA after 24 h (Fig. 19a, d and Fig 22) and 48 h (Fig. 19a, e and Fig
22). Finally, the migration assay showed, that if treated with PDGFA, MLg fibroblasts
which were transfected with miR-34a mimic were migrating significantly less than
fibroblasts that were transfected with scrambled miR after 24 h (Fig. 19a, b and Fig 22)
and 48 h post transfection (Fig. 19a, ¢ and Fig 22) Therefore, it can be said, that the
reduced rate of migration of miR-34a over expressing MLg fibroblasts is caused by
miR-34a mimic induced downregulation of PDGFRa. This also means that stimulation
of miR-34a transfected MLg fibroblasts with PDGFA, showed results of inhibited
migration already after 24 h post transfection, compared to the non-stimulated migration
assay, in which the effect of miR-34a was only observed after 48 h. The control samples
demonstrated that migration was indeed inhibited by miR-34a mimic transfection and

not by an error in method (Fig. 19a and Fig 22).

4.10 Transfection with microRNA 34a before stimulating with platelet-
derived growth factor B reduces migration of mouse lung
fibroblasts

PDGFB binds to both PDGFRa and PDGFRf [79] and is therefore also a crucial
element in fibroblast migration [83]. To investigate whether miR-34a inhibits fibroblast
migration by affecting PDGFRa and PDGFR}, the MLg fibroblasts were treated with
PDGFB, after over expressing miR-34a in the MLg fibroblasts in a migration assay. The
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Figure 19. Over expression of miRNA-34a inhibits migration in PDGF A treated
fibroblasts after 24 h and after 48 h (analysis). 24 h (a, d) and 48 h (a, €). Mouse lung
(MLg) fibroblasts were transfected with 80nM scrambled microRNA (SCR) and
microRNA-34a mimic (MIM34a) for 24 h, and stimulated with platelet-derived growth
factor (PDGF) A, where n=3. Control (CTRL) and mock samples were not transfected.
Migration was assessed by cell assay, where mock was stimulation control (a-c). Values
are means = SEM. An unpaired Students t-test was used to determine P-values.
+++++ = 95% of gap area covered by fibroblasts, ++++ = 90% of gap area covered by
fibroblasts, +++= 85% of gap area covered by fibroblasts. Representative images shown
in Appendix (Fig. 21).
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Figure 20. Over expression of miRNA-34a inhibits migration in PDGFB treated
fibroblasts after 24 h and after 48 h (analysis). 24 h (a, d) and 48 (a, ). Mouse lung
(MLg) fibroblasts were transfected with 80nM scrambled microRNA (SCR) and
microRNA-34a mimic (MIM34a) for 24 h, and stimulated with platelet-derived growth
factor (PDGF) B, where n=3. Control (CTRL) and mock samples were not transfected.
Migration was assessed by cell assay, where mock was stimulation control (a-c). Values
are means + SEM. An unpaired Students t-test was used to determine P-values. +++++
= 95% of gap area covered by fibroblasts, ++++ = 90% of gap area covered by fibroblasts,
+++=85% of gap area covered by fibroblasts. Representative images shown in Appendix
(Fig. 22)
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control samples had migrated to close the gap with a confluent layer after 48 h (Fig. 20a
and Fig 23). The stimulation control revealed, that treatment with PDGFB led to a higher
rate of migration in MLg fibroblasts, than in fibroblasts without treatment with PDGFB
after 24 h (Fig. 20a, d and Fig 23) and 48 h (Fig. 20a, e and Fig 23). The results showed,
that if treated with PDGFB, MLg fibroblasts that were over expressing miR-34a were
migrating significantly less than fibroblasts that were not over expressing miR-34a after
24 h (Fig. 20a, b and Fig 23) and 48 h post transfection (Fig. 20a, ¢ and Fig 23). Hence,
the reduced rate of migration of miR-34a over expressing MLg fibroblasts is a result of
miR-34a mimic induced downregulation of PDGFRa and PDGFR. The control samples
showcase that migration was indeed inhibited by miR-34a over expression and not by an
error in method (Fig. 20a and Fig 23).

4.11 Transfection with microRNA 34a before stimulating with platelet-
derived growth factor D reduces migration of mouse lung
fibroblasts

PDGFD binds to PDGFR[ [80] and is therefore also an important element in fibroblast
migration [83] To examine whether miR-34a decreases fibroblast migration by
influencing PDGFRp, the MLg fibroblasts were treated with PDGFD, after over
expressing miR-34a in the MLg fibroblasts in a migration assay. The control samples
had closed the gap by migrating with a confluent layer after 48 h (Fig. 21a and Fig. 24).
Unexpectedly, the stimulation control shows, that stimulating the fibroblasts with
PDGFD, caused the MLg fibroblasts to migrate less than PDGFD treated fibroblasts
after 24 h (Fig. 21a, d and Fig. 24) and 48 h (Fig. 21a, e and Fig. 24), which contradicts
the results from the other migration assays, although it is in concurrence with the results
from 4.7. At last, the migration assay showed, that if treated with PDGFD, MLg
fibroblasts that were transfected with miR-34a mimic were migrating significantly less
than fibroblasts that were not over expressing miR-34a after 24 h (Fig. 21a, b and Fig.
24) and 48 h post transfection (Fig. 21a, ¢ and Fig. 24). In conclusion, even though over
expression of miR-34a in MLg fibroblasts before treatment with PDGFD did have a
decreasing effect on fibroblast migration, stimulating the fibroblasts with PDGFD did
not improve migration, opposed to treatment with PDGFB and PDGFA, but is consistent

with results from the PDGFD stimulated western blot. The control samples
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demonstrated that migration was indeed inhibited by miR-34a mimic transfection and

not by an error in method (Fig. 21a and Fig. 24).
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Figure 21. Over expression of miRNA-34a inhibits migration in PDGFD treated
fibroblasts after 24 h and after 48 h (analysis). 24 h (a, d) and 48 h (a, €) Mouse lung
(MLg) fibroblasts were transfected with 80nM scrambled microRNA (SCR) and
microRNA-34a mimic (MIM34a) for 24 h, and stimulated with platelet-derived growth
factor (PDGF) D, where n=3. Control (CTRL) and mock samples were not transfected.
Migration was assessed by cell assay, where mock was stimulation control (a-c). Values
are means = SEM. An unpaired Students t-test was used to determine P-values.
+++++ = 95% of gap area covered by fibroblasts, ++++ = 90% of gap area covered by
fibroblasts, +++= 85% of gap area covered by fibroblasts. Representative images shown
in Appendix (Fig. 23)
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5 Discussion

5.1 Summary of results

So far, little is known about the role miR-34a plays in lung development, however, it has
been demonstrated that several miRNAs were deregulated after hyperoxia exposure of
neonatal rat lungs and one of the most strikingly upregulated miRNAs was miR-34a [4].
This thesis is an attempt to shed some light on the role of miR-34a regulating fibroblast
migration and therefore late lung development and BPD pathogenesis. To this end a series
of in vitro experiments was performed, involving exposing MLg fibroblasts to hyperoxia
and over expressing miR-34a in fibroblasts via transfection in order to examine its targets
PDGFRa and PDGFR, its downstream signalling by means of Western Blot, and its
impact on fibroblast migration per migration assay. The effect of miR-34a was therefore
demonstrated on multiple levels of the miR-34a — PDGFR axis.

Exposing MLg fibroblasts to 85% O- resulted in upregulation of the entire miR-34 family,
although the effect of hyperoxia was strongest in miR-34a. Additionally, PDGFRa and
PDGFR protein levels were found to be downregulated after hyperoxia exposure. Then,
transfecting MLg fibroblasts with a miR-34a mimic demonstrated a downregulation of
both PDGFRa and PDGFR. In both experiments the downregulation of PDGFRa. was
stronger than the downregulation of PDGFR. Investigation of the downstream signalling
molecules of PDGFRa and PDGFRf, AKT and ERK initially showed no difference of
activation after miR-34a over expression, however stimulating PDGFRo and PDGFRf
with their specific ligands, after miR-34a over expression showed some effect. After
stimulation with PDGFA, both AKT and ERK activation were reduced, after stimulating
with PDGFB and PDGFD, only ERK activation was decreased. AKT activation remained
consistent (table 7). Furthermore, the effect of miR-34a was shown on a functional level:
miR-34a over expression significantly reduced fibroblast migration in a cell assay. The
effect was amplified by stimulating fibroblasts with PDGF-A, PDGF-B and PDGF-D
after miR-34a over-expression. Although some questions remain unanswered, this study
was able to elucidate the role of miR-34a in regulating fibroblast migration by reducing
PDGFR signalling.
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Table 7: Summary of results miR-34a transfection of MLg fibroblasts and its effect

on AKT and ERK

Fibroblasts stimulated with

Downregulation of AKT

Downregulation of ERK

PDGFA Yes Yes
PDGFB No Yes
PDGFD No Yes

5.2 Analysis of results

The results demonstrated by the hyperoxia experiment showed higher levels of the
members of the miR-34 family, where miR-34a was upregulated more than miR-34b and
miR-34c. These results are in accordance to the results presented by Bhaskaran and
colleagues, in which miR-34a is upregulated in neonatal rat lungs that were exposed to
hyperoxia using miRNA microarray and real-time gPCR. [4], the study did not research
the effect of hyperoxia on miR-34b or miR-34c. Another study performed by Bommer
and colleagues compared expression levels of the members of the miR-34 family in
different organs of mice. It was revealed that although miR-34a was ubiquitously
expressed at higher levels than miR-34b and miR-34c, miR-34b and miR-34c were
expressed at around five times higher levels than miR-34a in lungs [71]. So even though
miR-34a is less abundant than miR-34b and miR-34c in mouse lungs, the effect of
hyperoxia on miR-34a is greater than on miR-34b and miR-34c, highlighting the
importance of miR-34a as a response to hyperoxia exposure. The second hyperoxia
experiment revealed that PDGFRa and PDGFR[ were downregulated after exposure to
85% O, demonstrating an inverse correlation between miR-34a expression and PDGFRa
and PDGFR} protein levels. These results match the findings of Garofalo and colleagues,
which demonstrated an inverse correlation between miR-34a and PDGFRa and PDGFRf
expression in two lung cancer cell lines and in vivo in non-small cellular lung cancer
(NSCLC) [76]. The results are also in congruence with the study performed by Popova
and colleagues, which found that neonatal mesenchymal stromal cells (MSC) from infants
who developed BPD, and were treated with mechanical ventilation, show lower mRNA
and protein expression of PDGFRa and PDGFR{ [89].
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Over-expression of miR-34a in MLg fibroblasts led to downregulation of PDGFRa and
PDGFRJ protein levels, indicating miR-34a as a part of the mechanism driving hyperoxia
induced PDGFRa. and PDGFRP downregulation. This idea is supported by the
aforementioned study by Garofalo and colleagues, which also established that miR-34a
targets PDGFRa and PDGFRP mRNA directly at its 3' UTR [76]. Furthermore, the
results from both hyperoxia treatment and miR-34a over-expression show that PDGFRa.
protein levels are brought down more than PDGFRJ protein levels. The reason for this
difference in downregulation could be that the miR-34a seed sequence matches two
regions on PDGFRa mRNA (nucleotides 2670-2676 and nucleotides 2699 and 2705) but
only one region on PDGFRB mRNA (nucleotides 1535-1541) [76], suggesting that
miR-34a has twice as many binding sites, on PDGFRa. mMRNA than on PDGFR3 mRNA,
thus influencing PDGFRa more effectively than PDGFRp. This research further supports
the theory, that miR-34a upregulation causes PDGFRa and PDGFR[3 downregulation in

hyperoxia.

To further investigate the effect of miR-34a on PDGFRa and PDGFR}, the activation of
AKT and ERK, two downstream signalling molecules [81], were examined after
miR-34a over-expression in fibroblasts. The western blot analysis showed no significant
alteration in AKT and ERK activation, even though a transfection control confirmed
successful transfection. Because miR-34a over-expression resulted in PDGFRa and
PDGFR downregulation, the expected results were that the PDGFRa and PDGFRf
downstream signalling molecules AKT and ERK would be equally downregulated. It is
not entirely clear why the expected results were not obtained, although it is suspected,
that the downstream signalling of PDGFRa and PDGFR was not affected, because the
receptors were in an inactivated state. This idea is supported by the changes in
downstream signalling that were obtained when stimulating the receptors with their
respective ligands. Alternatively, or additionally contributing to these results could be
that even though AKT and ERK are downstream signalling molecules of PDGFRa. and
PDGFRp, they are not exclusively activated by PDGFRs [97]. This leads to the idea that
miR-34a may directly or indirectly affect another molecule, which in turn activates AKT
and ERK, thus masking the expected effect on PDGFR downstream signalling. This idea

is supported by the known fact, that miRNAs are able to affect many different targets,
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due to short seed sequences and imperfect complementarity [42]. Furthermore, the

mechanisms of miR-34a are yet to be fully understood.

Keeping in mind that AKT and ERK are not specific for the PDGFRs, in addition to
miR-34a over-expression, the fibroblasts were treated with PDGFA, PDGFB and
PDGFD, in order to investigate the effect of miR-34a on PDGFR downstream signalling.
The results from stimulating PDGFRa and PDGFRp with their ligands each revealed a
significant reduction of activated ERK, whereas the activation of AKT was only also
reduced after stimulation with PDGFA. Stimulation with PDGFB and PDGFD after
miR-34a over-expression showed no change in AKT activation (table 7). Therefore only
stimulating PDGFRa with its specific ligand PDGFA [79] resulted in reduced levels of
both activated ERK and AKT after miR-34a over-expression, leading to the assumption
that miR-34a affects PDGFR downstream signalling primarily through PDGFRa. This
theory compares well with the previous results obtained in this thesis: Hyperoxia and
miR-34a over expression seem to affect PDGFRa more strongly than PDGFR(.
However, when stimulating with PDGFB, which is the ligand for both PDGFRa and
PDGFRf [79], only ERK, but not AKT was affected by miR-34a over-expression. Similar
results were obtained when stimulating with PDGFD, which mostly binds PDGFRJ [66],
although research suggests that PDGFD also binds to the PDGFRo and PDGFRf
heterodimer [96], thus also activating PDGFRa.. In this series of stimulation experiments
there are two common features in each result: Firstly, ERK activation is reduced after
stimulating with PDGFA, PDGFB and PDGFD, all stimulating PDGFRa at least to some
extent. Secondly, in each case PDGFR[ was stimulated, the results showed that AKT
activation is not affected by miR-34a over-expression, further consolidating the idea that
miR-34a affects PDGFR downstream signalling mainly through PDGFRa. The missing
downregulation of activated AKT in miR-34a over-expressing fibroblasts after
stimulation of PDGFR leads to the speculation that AKT is activated by other molecules
also affected by miR-34a. Even though some open questions remain, this therefore
demonstrates that miR-34a over-expression impacts not only PDGFR protein expression,

but also its downstream signalling, most likely mainly through PDGFRa.

Considering the involvement of AKT in fibroblast migration and of ERK in fibroblast
proliferation [94, 95] this data suggests that miR-34a regulates fibroblast migration
mainly via PDGFRa., which is also more strongly affected by miR-34a. The extent of the
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involvement of PDGFR} is not entirely clarified by these experiments. On the one hand
PDGFRp is clearly downregulated by miR-34a over expression, on the other hand the
downstream signalling of PDGFR is not as strongly affected as the downstream
signalling of PDGFRa.. Especially the lack of AKT downregulation after miR-34a over
expression suggests a more minor role of PDGFRp, taking into account the implied
importance of AKT in fibroblast migration [95]. Also to be considered is that it is unclear
whether PDGFD is a specific ligand to PDGFRp. While one study reports it to be the
specific ligand to PDGFRf [80], another reports PDGFD to also bind to the PDGFRao/f3
heterodimer [96]. Therefore, it remains uncertain whether the downregulation of ERK
activation caused by miR-34a is to be attributed to PDGFR[ alone when stimulated with
PDGFD.

To investigate the effect of miR-34a on a functional level, migration assays were
performed, first without, then with stimulating PDGFRa and PDGFRf with their ligands.
In the migration assay without PDGFR stimulation, migration in miR-34a over expressing
MLg fibroblasts was significantly reduced after 48h. There was no significant difference
after 24h. However, whether PDGFRa and PDGFR} are part of the process that reduces
migration after miR-34a over-expression remained unclear. In order to connect miR-34a
induced inhibition of fibroblast migration and the PDGFRs, the miR-34a over-expressing
fibroblasts were stimulated with PDGFA, PDGFB and PDGFD in different migration
assays. In the migration assays, in which the fibroblasts were treated with PDGF,
migration of miR-34a over-expressing fibroblasts was already reduced after 24h, showing
an earlier decrease in migration than without stimulating PDGFRa and PDGFR. These
findings are in concurrence with the results from the PDGF treated western blots for AKT
and ERK. After 24 h of transfection, AKT and ERK showed no reduction in activation
without PDGF stimulation, however when treated with PDGF, downstream signalling is
significantly reduced in miR-34a transfected fibroblasts. This shows a link between
miR-34a, the PDGFR, their downstream signalling, and fibroblasts migration.
Furthermore, since PDGFA is the specific ligand for PDGFRa, PDGFB binds both
PDGFRa and PDGFRp [79], it therefore shows, that miR-34a reduces fibroblast
migration by downregulating PDGFRa. Whether mir-34a curbs fibroblast migration
through PDGFRB downregulation remains unanswered because of the aforementioned

additional binding of PDGFD to the PDGFRo/p heterodimer [80, 96]. The role of
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PDGFR} in late lung development demands further research, but these results highlight
the importance of miR-34a and PDGFR signalling in the development of BPD,
considering the importance of fibroblast migration in alveolarization and thus late lung

development.

Returning to the PDGFD stimulated western blot for AKT and ERK, an unexpected result
was, that stimulating MLg fibroblasts with PDGFD alone, as stimulation control, caused
a decrease in ERK activation. Similar results can be found in the PDGFD stimulated
migration assay, where stimulation with PDGFD alone, caused fibroblasts to migrate less,
than the fibroblasts that were not stimulated with PDGFD. Considering the role of
PDGFD and its receptors, these results seem contradictory, to what would be expected.
Although it is unclear why, a possible explanation would be a negative feedback loop,
reducing ERK activation and therefore fibroblast migration. It also could be a currently
unknown effect of PDGFR, since PDGFD mainly stimulates PDGFRp. The reduced
downstream signalling and fibroblast migration in miR-34a over expressing fibroblasts
could be the effect of PDGFD also stimulating PDGFRa. through the PDGFRo/3
heterodimer to some extent. This further supports the theory, that miR-34a mainly reduces
fibroblast migration via PDGFRa, rather than PDGFRf. Because these unexpected
results were obtained from the stimulation control from both the PDGFD stimulated
western blot and migration assay, it sheds a different light on its main results. These were,
that ERK activation and fibroblast migration is reduced in miR-34a over expressing
fibroblasts, when stimulated with PDGFD. However, since the stimulation control
showed this particular data, a conclusive statement regarding ERK activation and
fibroblast migration in miR-34a over expressing fibroblasts in not possible. Since those

results were obtained repeatedly, an error in method was ruled out.

5.3 Open questions and Outlook

Prior to the begin of the thesis, primary mouse lung fibroblasts had demonstrated a poor
resistance to hyperoxia in the laboratory. However, MLg fibroblasts, a mouse lung cell
line, showed strong resilience in extreme conditions such as hyperoxia, therefore the MLg
cell line was chosen for further investigation. Thus, an open question remaining is
whether similar results can be obtained when investigating primary mouse lung
fibroblasts and primary human fibroblasts. A different study researching BPD was able

to detect sex-specific differences in BPD and in miR-34a expression using primary mouse
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lung fibroblasts [98] Another study researching BPD by Syed et al. also showed increased
levels of miR-34a in primary AEC type 2 cells and in a cell line: Mouse lung epithelial
(MLE) 12. Differently to this thesis, the primary AEC type 2 cells were exposed to
hyperoxia for a shorter time: 4h and 16h, in comparison to 24h and 48h [99]. Although it
is still unclear, these findings indicate, that similar results would have been obtained, if
primary lung fibroblasts would have been used, instead of the cell line used for this thesis.
Perhaps a shorter time of exposure to hyperoxia, could have made experiments possible
in primary lung fibroblasts. In Addition to the results listed above, Syed et al. showed
increased levels of miR-34a in tracheal aspirates of human neonates with BPD or RDS.
These results in Human BPD therefore validate the relevance of not only their own

research on mice, but also the research done in this thesis.

Another open question remaining is, if similar results would have been obtained when
transfecting MLg fibroblasts with miR-34b and miR34c instead of miR-34a. MiR-34a
was chosen to be investigated because it showed the strongest reaction to hyperoxia in
comparison to miR-34b and miR-34c. However, in previous research, it was revealed that
miR-34b and miR-34c are expressed at around five times more in lungs than miR-34a
[71]. Even though miR-34b and miR-34c showed a less strong reaction to hyperoxia than
miR-34a, this could indicate an important role for miR34b and miR34c. Whether it is an
important role in fibroblast migration involving the PDGF receptors is still unclear. So
far, miR-34b and ¢ have not extensively been investigated in BPD, yet some research has
been made regarding NSCLC. Both miR-34b and ¢ have been shown to inhibit migration
and proliferation of NSCLC cell lines [100, 101]. More specifically, miR-34c was proven
to reduce proliferation and invasion of NSCLC cell lines via mitogen-activated protein
(MAP) kinase [101]. Keeping in mind, that ERK belongs to the family of MAP kinases,
this indicates that the miR-34 family targets similar pathways to regulate migration. To
conclude, even though the research has been made in NSCLC cell lines, miR-34b and ¢
have been shown to reduce migration of said cells, even by similar mechanisms. This
imposes the idea, that similar results would have been obtained, when transfecting MLg
fibroblasts with miR-34b or c, instead of miR-34a.

In the analysis of the results it was already theorized that miR-34a affects PDGF receptor
downstream signalling mainly through PDGFRa., because of the lack of reduction of
activated AKT when stimulating PDGFRf. What still remains unclear is the exact reason

for this. Considering that AKT is not specific for the PDGF receptors, the assumption is
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that PDGFRp, when stimulated, activates a different molecule, which in turn then
activates AKT, masking the downregulation of AKT via miR-34a. Furthermore, miR-34a
targets many different molecules that could interfere with the activation of AKT and
ERK. For example, in the aforementioned study by Syed et al., miR-34a was shown to
reduce angiopoetin-1 expression, which binds to the tyrosine kinase Tie2, which in turn
activates AKT and MAP kinase in AEC type 2 cells of hyperoxia treated rat lungs [99].
This indicates that the lack of decreased activation of AKT in miR-34a over expressing
fibroblasts could be a cause of different molecules being activated by miR-34a.

One of the main open questions remaining is the role of PDGFRf and whether it is part
of the miR-34a — PDGFR axis curbing fibroblast migration. The methods used in thesis
were merely able to hint at an involvement of PDGFRp, however it could not fully
elucidate its role. Since it is unclear whether PDGFD is a specific ligand to PDGFRJ or
whether it also binds to the PDGFRo/ heterodimer [80, 96], it is uncertain if downstream
signalling and fibroblast migration would be downregulated in miR-34a over expressing
fibroblasts if PDGFRp exclusively had been stimulated. A more promising approach to
reveal the extent of its involvement in fibroblast migration could be to involve small
interfering RNAs (siRNA). Using a specific sSiRNA to block PDGFRa expression in
miR-34a transfected fibroblasts could further elucidate the role of PDGFR in fibroblast
migration. So far, PDGFRp has not extensively been investigated in BPD. However, a
study by de Visser et al., showed that apelin, a potent vasodilator and angiogenic factor,
attenuates hyperoxic lung injury in neonatal rats [102]. Although PDGFRf was not a
target of this investigation, different studies examining Apelin in context of liver fibrosis
discovered that apelin and the apelin receptor upregulate PDGFRp [103]. Considering
apelin targets PDGFRp, and plays a role in hyperoxia induced lung injury, these
connections hint at a role of PDGFR in BPD. Therefore, the function of PDGFR} in

BPD deserves further research.

This thesis was able to shed some light on the effect miR-34a has on fibroblast migration
by modulating PDGFR signalling, however it merely set the groundwork required for
further research on miR-34a and PDGFRa. and PDGFR in late lung development. This
research was able to show promising results indicating a prominent role of miR-34a and
PDGFRa interaction in fibroblast migration, so that further research involving in vivo

experiments in mice were conducted. In a hyperoxia induced model of BPD in mice,
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different ways of targeting miR-34a and its interaction with PDGFRa were shown to
restore alveolarization [104]. Since Syed et al. already showed increased levels of
miR-34a in human BPD [99], miR-34a should be looked at as a possible target for therapy
of BPD.

Considering the prospect of future treatment options for BPD involving miR-34a and
PDGFRa and PDGFRp, there are different possibilities. Future medication for BPD
could be antagonising miR-34a directly via complementary RNA-strands (Antagomir),
or by specifically blocking the binding of mir-34a to the PDGF receptors using a target
site blocker. Taking into account that miR-34a is expressed ubiquitously and that
miR-34a affects many different targets, the most promising approach would be to
interfere with the miR-34a — PDGF receptor interactions by the use of a target site
blocker. This approach would be advantageous as to leaving other targets of miR-34a
unaffected, whilst specifically inhibiting the pathophysiological interaction contributing
to BPD. The approach had already been proven effective by partially restoring
alveolarization in a hyperoxia induced mouse model by Ruiz-Camp et al [104]. Another
approach for clinical application would be the application of PDGF in order to treat BPD.
In a study by Oak et al. endotracheal application of PDGFA resulted in higher numbers
of alveoli in a mouse model with mechanically ventilated mice versus the control. The
study also showed an increase of micro vessels and PDGFRa expression in PDGFA
treated mice [105]. To further specify the medication and to minimize possible side
effects, a volatile administration form for pulmonal application of such medication would

be preferable, as miR-34a and PDGFR are ubiquitously expressed.

Another future clinical prospect to be considered is miR-34a and the PDGF receptors as
a predictive marker for BPD, furthermore it could find clinical application as prognostic
marker regarding the severity of the disease. Even though there have been several efforts,
so far, no marker has definitely established itself in clinical practise. However, some
studies showed some promising results: Studies by Borghese and by Baker revealed low
levels of endothelial colony forming cells (ECFC) in umbilical cord blood, for example
CD34+, CD133-, CD45-, and vascular endothelial growth factor (VEGF) receptor, were
associated with an increased risk of developing BPD [106, 107]. Another study showed,
that low levels of VEGF in tracheal fluid of preterm infants also correlated with the
occurrence of BPD [108]. Further potential predictive markers are also Clara cell protein

(CC) 16 and KL-6, a serum marker for interstitial lung disease, were used in as a
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combination to predict the occurrence of BPD [109]. A study by Tokuriki et al. claimed
carboxyhaemoglobin (CO-Hb) as predictive marker for BPD [110]. As it is easy to
measure in the blood of preterm infants, this approach seems to be the most feasible for
clinical practice. However, CO-Hb can be influenced by many factors, such as infection
and sepsis [111], and therefore has not been established as a marker for BPD in clinical
practice. A more recent study revealed, that high levels of oxylipins, for example
Prostaglandin E (PGE) 1 and 2, not only correlated with the occurrence of BPD, but also
showed prospect as a prognostic marker for the severity of the disease [112]. Nonetheless,
it has yet to be implemented into clinical practice. Therefore, BPD lacks a reliable marker
to predict its occurrence and to predict the severity of the disease, even though promising
efforts have been made. Whether miR-34a or the PDGF receptors have any value as

predictive markers is unknown so far, and deserves further investigation.

6 Summary

Bronchopulmonary dysplasia (BPD) is a chronic lung disease, which often occurs in
preterm infants due to neonatal lung injury, and is defined by a lack of alveoli formation.
Depending on the severity of the disease there are severe long-term consequences, such
as early onset of chronic obstructive lung disease (COPD). Although a lot of progress has
been made to improve the outcome of the disease, a cure has yet to be found. Therefore,
it is imperative to investigate the development of BPD in order to identify new targets to
improve the prognosis of the disease. In an experimental mouse model of hyperoxia
induced BPD, a microarray showed an upregulation of microRNA (miR)-34a. It was also
revealed, that miR-34a targets the platelet-derived growth factor receptors (PDGFR) o
and B, which are known to be crucial for fibroblast migration during secondary septation.
Downstream signalling molecules of PDGFRa and [ are for example extracellular signal-

regulated kinase (ERK) and AKT, also known as Protein Kinase B.

In this thesis, a series of in vitro experiments including real-time quantitative polymerase
chain reaction (gPCR), transfection, western blot analysis and migration assay, was
conducted in mouse lung (MLg) fibroblasts, to investigate the effect of miR-34a on
PDGFRa and B and on fibroblast migration. It was revealed by gPCR analysis that
hyperoxia firstly increases the level of the miR-34 family, most notably of miR-34a, and

secondly reduces the expression of PDGFRa and 3 in MLg fibroblasts. Transfecting MLg
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fibroblasts with miR-34a also showed a reduction of PDGFRa and B levels. To further
examine the effects of miR-34a on PDGFRa and 3, its downstream signalling molecules
were investigated. Western blot analysis showed a reduced activation of downstream
signalling, especially when stimulating the miR-34a transfected MLg fibroblasts with
PDGFA, the specific ligand to PDGFRa. Furthermore, migration assays revealed reduced
migration in MLg fibroblasts after miR-34a transfection, with and without stimulation of
PDGFRa and B with their ligands.

In conclusion, these results suggest an important role of miR-34a as a negative regulator
of fibroblasts migration via the PDGFR, and thus as a crucial factor in one of the
mechanisms causing BPD. Therefore, further investigation of miR-34a and PDGFR
interaction could contribute to a deeper understanding of BPD and ultimately improve the

outcome of the disease.

/  Zusammenfassung

Bronchopulmonale Dysplasie (BPD) ist eine chronische Erkrankung der Lunge, die
héufig bei Frihgeborenen auftritt, die einer kinstlichen Beatmung bedirfen. Die
Erkrankung ist durch einen Mangel an Alveolen charakterisiert. Abhéngig vom
Schweregrad der Erkrankung gibt langfristige Komplikationen, zum Beispiel friihes
Einsetzen von chronisch obstruktiver Lungenerkrankung (COPD). Obwohl bereits viele
Fortschritte gemacht wurden um das Outcome der Erkrankung zu verbessern, konnte
diese Erkrankung bisher nicht geheilt werden. Daher ist es notwendig die Entstehung von
BPD zu untersuchen, um neue Therapietargets zu identifizieren, um die Prognose der
Erkrankung zu verbessern. In einem experimentellen Mausmodell mit Hyperoxie
induzierter BPD, konnte eine vermehrte Expression von microRNA (miR)-34a
festgestellt werden. Ferner wurde festgestellt, dass platelet-derived growth factor receptor
(PDGFR) a und B, wichtige Molekiile fir die Migration von Fibroblasten, Targets von
miR-34a sind. Nachgeschaltete Signalmolekile von PDGFRa. und  sind zum Beispiel

extracellular regulated kinase (ERK) und AKT, auch bekannt als Protein Kinase B.

In dieser Arbeit wurden mittels einer Serie von Zellversuchen an Mauslungen (MLg)
Fibroblasten die Effekte von miR-34a auf PDGFRo und 3 und auf Fibroblasten Migration

untersucht. Diese Versuche beinhalteten quantitative  Echtzeit-Polymerase-

64



Kettenreaktion (qQPCR), Transfektion, Western Blot Analyse und Migrationsassays. Es
konnte mittels qPCR gezeigt werden, dass Hyperoxie erstens die Expression der miR-34
Familie, vor allem von miR-34a, verstéarkt, und zweitens, die Expression von PDGFRa.
und B reduziert. Eine Transfektion der MLg Fibroblasten zeigte ebenso eine Reduktion
von PDGFRa und B Expression. Um die Wirkung von miR-34a auf PDGFRa und 3
tiefgrindiger zu untersuchen, wurden dessen nachgeschaltete Signalmolekdle untersucht.
Western Blot Analyse zeigte eine reduzierte Aktivierung dieser Signalmolekdle in mit
miR-34a transfizierten MLg Fibroblasten, insbesondere in dem Fall einer Stimulation mit
PDGFA, dem spezifischen Liganden fur PDGFRa. Des Weiteren konnten mittels
Migrationsassays eine reduzierte Migration der miR-34a transfizierten MLg Fibroblasten

festgestellt werden, mit und ohne Stimulation von PDGFRa. und  mit ihren Liganden.

Zusammenfassend deuten diese Ergebnisse auf eine wichtige Rolle von miR-34a als
negativer Regulator von Fibroblasten-migration durch die PDGFR, und somit als Teil
einer der Mechanismen, die die Entstehung von BPD begunstigen. Daher kdnnte weitere
Forschung an der miR-34a und der PDGFRa und 3 das Verstandnis der Pathophysiologie

von BPD vertiefen und letztlich zu einer VVerbesserten Prognose der Erkrankung fihren.
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8 Additional Data
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Figure 22. Over expression of mirRNA-34a inhibits migration in PDGFA treated
fibroblasts after 24 h and after 48 h (representative images). Analysis of data shown
in Results (Fig. 18). Mouse lung (MLg) fibroblasts were transfected with 80nM
scrambled microRNA (SCR) and microRNA-34a mimic (MIM34a) for 24 h, and
stimulated with platelet-derived growth factor (PDGF) A, where n=3. Control (CTRL)
and mock samples were not transfected. Migration was assessed by cell assay, where

mock was stimulation control.
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Figure 23. Over expression of miRNA-34a inhibits migration in PDGFB treated
fibroblasts after 24 h and after 48 h (representative images). Analysis of data shown
in Results (Fig. 19). Mouse lung (MLg) fibroblasts were transfected with 80nM
scrambled microRNA (SCR) and microRNA-34a mimic (MIM34a) for 24 h, and
stimulated with platelet-derived growth factor (PDGF) B, where n=3. Control (CTRL)
and mock samples were not transfected. Migration was assessed by cell assay, where

mock was stimulation control.
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Figure 24. Over expression of miRNA-34a inhibits migration in PDGFD treated
fibroblasts after 24 h and after 48 h (representative images). Analysis of data shown
in Results (Fig. 20). Mouse lung (MLg) fibroblasts were transfected with 80nM
scrambled microRNA (SCR) and microRNA-34a mimic (MIM34a) for 24 h, and
stimulated with platelet-derived growth factor (PDGF) D, where n=3. Control (CTRL)
and mock samples were not transfected. Migration was assessed by cell assay, where

mock was stimulation control.
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9 List of abbreviations

[c]

°C
ADAR
AEC
a-sma
BADJ
BPD
BSA
cC
Chr
cm
CO:
CO-Hb
COPD
CTRL
ACr
DGCR
dH0
DMSO
DTT

ECFC
ECM
EDTA
EGTA
EMEM
ERK
FBS

Concentration

Degrees Celsius

Adenosine deaminases acting on RNA
Alveolar epithlial cell

a-smooth muscle actin
Bronchoalveloar duct junction
Bronchopulmonary dysplasia
Bovine serum albumine

Clara cell protein

Chromosome

Centimeter

Carbondioxide
Carboxyhaemoglobin

Chronic obstructive pulmonary disease
Control

Delta cycle threshold

DiGeorge critical region

Destilled water

Dimethylsulfoxide

Dithiothreitol

Embryonic day

Endothelial colony-forming cells
Extra cellular matrix
Ethylenediaminetetraacetic acid
Ethylene glycol tetraacetic acid
Eagle’s mimimal essential medium
Extracellular signal-regulated kinase
Foetal bovine serum

Gram

Force of gravity
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Grb

HCL
kDa
KL-6

MAP

HY
pl
uM
mg
MIM
min
miR
ml

MLE

MRNA
MSC

NaCl
NaOH
ng
NICHD
Nkx2-1
nm

NSCLC

Protein activator of PKR
Hour/Hours

Hydrochloric acid
Kilodalton

Krebs von den Lungen-6
Liter

Mitogen-activated Protein
Microgram

Microliter

Micromole

Milligram

MicroRNA mimic
Minutes

MicroRNA

Milliliter

Mouse lung epithelial
Mouse lung

messenger RNA
Mesenchymal stromal cells
Number of cells

Sodium chloride
Sodiumhydroxide
Nanogram

National Institute of Child Health and Human Development
NK2 Homeobox 1
Nanometer

Non-small cellular lung cancer
Oxygen

Post-natal day
Probability

Protein activator of PKR

Phosphate-buffered saline
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PDGF
PDGFR
PEEP
PGE
PI3K
PMA
qPCR
RDS
RISC
RNA
SC
SCR
SDS
SEM
SIRNA
Sos
TEMED
TGF
™
TRBP
UTR

VEGF
viv
VLBW
XPO

Platelet-derived growth factor
Platelet-derived growth factor receptor
Positive end-expiratory pressures
Prostaglandin E
Phosphoinositide-3-kinase
Postmenstrual age

Real-Time quantitative polymerase chain reaction
Respiratory distress syndrome
RNA-induced silencing complex
Ribonucleic acid

Standad curve solution

Scramble

Sodium dodecyl sulfat

Standart error

Small interfering RNA

Son of sevenless
N,N,N",N"-Tetramethylethylenediamine
Transforming growth factor
Trademark

Proteins Tar RNA binding protein
Untranslated region

Volt

Vascular endothelial growth factor
Volume density

Very low birth weight

Exportin
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