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Abstract

1 Abstract

Glaucoma is one of the leading causes of blindness in the western world (Quigley
1996; Resnikoff et al. 2004). Its pathogenesis is characterized by a chronic
degenerative neuropathy leading to the loss of axons of the retinal ganglion cells
(Allingham et al. 2009; Kwon et al. 2009) and Primary Open Angle Glaucoma (POAG)
is its most prevalent form. Patients suffer from visual field loss, ending in total blindness

if not appropriately treated.

Intraocular pressure (IOP) has been found to be a main risk factor for POAG (Gordon
et al. 2002; Higginbotham et al. 2004). During the pathogenesis of POAG, the outflow
of aqueous humor (AH) is reduced due to an increased outflow resistance in the JCT
of the TM (Grant 1963; Johnson 2006). Even if molecular mechanisms causing this
increase are still unclear, changes in amount and quality of extracellular matrix (ECM)
are likely to be involved (Lutjen-Drecoll et al. 1986; Rohen et al. 1993). Connective
Tissue Growth Factor (CTGF) has been found to be elevated in the AH (Browne et al.
2011; Fahmy et al. 2008) as well as in SC cells of POAG patients (Overby et al. 2014),
and potent to induce ECM expression in TM cells (Junglas et al. 2009). A CTGF
overexpressing mouse model, developing elevated IOP and axon loss over time,
underlined the role of CTGF in the pathogenesis of POAG (Junglas et al. 2012). Next
to changes in the composition of the ECM in the JCT, endothelial cells of Schlemm’s
Canal (SC) inner wall seem to have the potential to modulate outflow resistance
(Stamer et al. 2015). A negative correlation of pore forming ability and SC cell stiffness
was found (Overby et al. 2014). If that pore forming ability becomes disrupted in POAG,

it would lead to impaired AH outflow and IOP elevation.

When IOP increases, it results in increased fluid shear stress for the affected cells of
the outflow pathway (Ethier et al. 2004; Stamer et al. 2011). Under healthy conditions,
increasing IOP leads to increasing NO signaling and - by its cell relaxing effect - to an
increased outflow facility (Buys et al. 2014). Under glaucomatous conditions, SC cells
stiffen (Overby et al. 2014; Vahabikashi et al. 2019) and a dysregulation of NO release
is suggested to result in ocular hypertension (Emam et al. 2014). Reducing cell
stiffness trough cell relaxation is therefore an optional aim to treat POAG. Therefore,
DETA-NO was chosen as exogenous NO donor in this study to investigate its effect

on outflow cells in vitro.
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Micro ribonucleic acids (miRNAs) have emerged as key regulators of gene expression
by post-transcriptionally binding target messenger RNA (mRNA) according to their
nucleotide sequences (Wienholds and Plasterk 2005; Krol et al. 2010; Huntzinger and
lzaurralde 2011). Alterations in miRNAs have been implicated in many different
diseases (Esteller 2011; Gutschner and Diederichs 2012) and it just started to
investigate its role in the pathogenesis of POAG. In the present study, the premise was
that aberrant biomechanical behavior of outflow cells might be due to altered

expression of MiIRNAs that are associated to the NO regulatory system.

The present study investigated a glaucoma mouse model overexpressing CTGF. It
was found that macroglia activation and IOP increase are specific for the transgenic
BB1-CTGF mice, independent on their genetic background. A potential antagonist of
the CTGF effects was investigated by treating SC cells with exogenous NO. There,
DETA-NO treatment not only reduced the expression of CTGF and ECM components
but also caused a significant reduction of cell stiffness. Furthermore, in vitro flow

conditions induced NO production.

By a miRNA-microarray, 39 miRNAs associated to the NO signaling pathway were
found to be differentially expressed in healthy and glaucomatous SC cell strains. By
correlation analysis, four of them were found to have a positive correlation of miRNA
abundance and cell stiffness. For miR-222-3p and miR-455-3p, the increase was
confirmed and miRNA alteration by transfection experiments led to significant impact
on CTGF expression. To further investigate a potential delivery system for miRNAs
towards outflow tissue, the distribution of gold-core nanoparticles (AuNPs) within the
anterior chamber was assessed after ex vivo perfusion of porcine eyes and gold
content of ciliary body, cornea, iris, lens, and the TM was analyzed. ICP-MS analysis
exhibited that independent on AuNP size and surface, most gold was targeted to the
TM. Therefore, NPs can be used as delivery system to specifically target therapeutic

agents to outflow tissue.

By revealing the effect of alterations in NO signaling and miRNA abundance on
glaucoma-associated factors, the molecular mechanisms underlying glaucoma could

be better understood.
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2 Introduction

2.1 Primary Open Angle Glaucoma

Glaucoma is the second leading cause of blindness worldwide (Quigley 1996;
Resnikoff et al. 2004; Quigley 2011) with a number of affected people increasing from
76.0 million in 2020 to 111.8 million in 2040 (Tham et al. 2014). Primary Open Angle
Glaucoma (POAG) is its most prevalent form and is characterized by a chronic
degenerative neuropathy leading to the loss of axons of retinal ganglion cells (RGCs)
(Allingham et al. 2009; Kwon et al. 2009). This degeneration becomes visible at the
papilla, the area where the optic nerve axons leave the eye (Figure 1). As a result,
patients suffer from visual field loss, ending in total blindness if not treated

appropriately.

Figure 1: Ophthalmoscopic images of A) a normal and B) a glaucomatous papilla (Quigley 2011).

Beside age, sex, race and a positive family anamnesis, many prospective randomized
clinical multi-centre studies have revealed that intraocular pressure (IOP) is a main risk
factor for POAG (Collaborative Normal-Tension Glaucoma Study Group 1998a, 1998b;
Gordon et al. 2002; Higginbotham et al. 2004). Therefore, IOP reduction is a major
goal in POAG therapy.

2.2 Aqueous humor and outflow tissue

Aqueous humor (AH) is a transparent fluid filling the anterior chamber of the eye. It
works as structural stabilator as well as supplier for the bradytroph tissues. AH is
produced by the epithelium of the ciliary body and gets drained mainly via the
conventional outflow pathway built up by the trabecular meshwork (TM) and
Schlemm’s Canal (SC) and from there into episcleral veins (Figure 2). By a

homeostasis of production, circulation, and drainage of AH, IOP is generated. While
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AH production is unaffected, pathological changes of POAG occur within the

conventional AH outflow pathway.

Cornea

Trabecular
meshwork

Schlemm’s
canal

Figure 2: Circulation of Aqueous Humor (Alward 2003).
Anterior segment of the eye showing the circulation of the aqueous humor (AH), indicated by blue arrows. From the

ciliary body and through the pupil, it fills the anterior chamber. AH then passes through the trabecular meshwork
into Schlemm's Canal and from there into the episcleral venous system.

The TM is a filter-like structure of a series of fenestrated beams, located in the
iridocorneal angle. It is differentiated into outer zones of uveal and corneoscleral TM
as well as an inner zone of juxtacanalicular tissue (JCT, Figure 3). The JCT is
immediately followed by the inner wall of SC, an endothelial cell layer that lines the SC

lumen. There, the AH outflow resistance is generated. (Keller and Acott 2013)

Schlemm’s canal
(SC)

| Inner endothelial
_| wall

A 2| | Juxtacanalicular
Y % connective
¢ (T tissue (JCT)

Corneoscleral
trabecular
meshwork

Figure 3: Schematic drawing of the trabecular outflow pathway (Mietzner and Breunig 2019).
Aqueous humor (AH) flow (indicated by the dashed arrow) through the layers of the uveal (not shown), corneoscleral
und juxtacanalicular (JCT) regions of the trabecular meshwork and the inner endothelial wall of Schlemm’s Canal

(SC). The dense structure of the JCT and its close relation to the inner wall endothelium of SC becomes obvious.
There, the main AH outflow resistance is generated.

The inner wall of SC is a unique endothelium which synergizes endothelial and
lymphatic characteristics (Stamer et al. 2015). The AH passes through trans- and
paracellular pores (Johnson 2006). The formation of an intracellular pore is a
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sequential process, where the SC cell experiences a basal-to-apical pressure gradient
and forms a giant vacuole, ending in the formation of a transcellular canal (Figure 4).
According to these data, SC endothelial cells seems to have the potential to be a
modulator of outflow resistance (Stamer et al. 2015). The correlation of pore forming
ability and SC cell stiffness was investigated by perfusion as well as atomic force
microscopy experiments. Thereby, a negative correlation of subcortical cell stiffness
and porosity was found (Overby et al. 2014). If that pore forming ability becomes
disrupted in POAG by altered SC stiffness, it would lead to impaired AH outflow and
IOP elevation (Vahabikashi et al. 2019).

Cornea

SC eIIs

Figure 4: Aqueous humor outflow pathway (Overby et al. 2014).

Left) Schematic drawing of the anterior segment of the human eye. Red arrows indicate the direction of aqueous
humor (AH) flow.

Center) Enlargement of the iridocorneal angle, highlighting the conventional AH outflow pathway.

Right) Transmission electron micrograph of endothelial cells forming the inner wall of Schlemm’s Canal (SC). AH
crosses the endothelium through giant vacuoles (V) and pores to enter the lumen of SC.

2.3 Pathology of POAG

During the pathology of POAG, the outflow of AH is reduced due to an increased
outflow resistance in the JCT of the TM (Grant 1963; Johnson 2006). Even if molecular
mechanisms causing this increase are still unclear, changes in amount and quality of
extracellular matrix (ECM) are likely to be involved (Litjen-Drecoll et al. 1986; Rohen
et al. 1993).

Furthermore, not only JCT but also contractility and stiffness of inner wall endothelial
cells of the SC are affected by glaucomatous changes. Comparing SC cells derived
from healthy and glaucomatous eyes (Stamer et al. 1998), significant differences were
found. Overby et al. had shown that glaucomatous SC cells have a reduced pore
density as well as elevated cell stiffness compared to SC cells derived from healthy

donors. They are more sensitive to increasing substratum stiffness, which is
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accompanied by an increased expression of transforming growth factor-f2 (TGF-32)
and connective tissue growth factor (CTGF) (Overby et al. 2014).

2.4 TGF-B2 and CTGF

TGF-B signaling is likely a key regulator of the pathology of POAG. In human, three
isoforms of TGF-Bs are described while TGF-B2 is the most dominant form in the eye
(Jampel et al. 1990). Many studies had reported significantly higher amounts of TGF-
B2 in the AH of POAG eyes (Tripathi et al. 1994; Inatani et al. 2001; Picht et al. 2001,
Ochiai and Ochiai 2002; Ozcan et al. 2004; Min et al. 2006; Trivedi et al. 2011; Agarwal
et al. 2015; Guo et al. 2019). By perfusion experiments of anterior eye segments, TGF-
B2 has been shown to increase IOP (Fleenor et al. 2006; Bhattacharya et al. 2009)
and decrease outflow facility (Gottanka et al. 2004; Bachmann et al. 2006).
Furthermore, TGF-B2 has been shown to induce fibronectin (FN) and plasminogen
activator inhibitor-1 (PAI-1) (Fuchshofer et al. 2003; Bachmann et al. 2006; Fleenor et
al. 2006) as well as the contraction of TM cells (Fuchshofer et al. 2007).

CTGF, a downstream mediator of TGF-$ signaling (Ihn 2002; Leask and Abraham
2004), has been shown to be as potent as TGF-B2 to induce ECM expression and cell
contractility in TM cells (Junglas et al. 2009; Junglas et al. 2012). Other diseases,
associated with an increase of ECM, have also been reported to be associated with
increased CTGF expression (Ito et al. 1998; Cicha et al. 2005; Yamamoto et al. 2005).
In POAG, glaucomatous SC cells have a significantly increased expression of CTGF
MRNA compared to cells derived from healthy donors (Overby et al. 2014).
Furthermore, a CTGF overexpressing mouse model, developing elevated IOP as well
as axon loss over time but no other obvious impairments, underlined the role of CTGF
in the pathogenesis of POAG (Junglas et al. 2012).

2.5 Nitric Oxide

When IOP increases, it results in increased fluid shear stress for the affected cells of
the outflow pathway (Ethier et al. 2004; Stamer et al. 2011). Consequently, the
glycocalyx activates endothelial nitric oxide synthase (eNOS) to increase nitric oxide
(NO) release. NO is synthesized from L-arginine and functions as a signaling molecule
for neighboring cells since it can diffuse via cell membranes. There, it activates a signal

cascade leading to cell relaxation (Overby et al. 2014). Via contraction assay, it has
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been shown that the relaxation of human TM cells increases after exogenous NO
treatment (Dismuke et al. 2014).

Under healthy conditions, increasing IOP causes an higher NO release and thereby
reduced outflow resistance (Buys et al. 2014). Under glaucomatous conditions, a
dysregulation of NO release is suggested to result in ocular hypertension (Emam et al.
2014). Regarding POAG, a case-control study identified decreased NOx plasma levels
in POAG patients (Emam et al. 2014) while other studies could not confirm these
findings (Chang et al. 2000; Tsai et al. 2002). Studies investigating NO level in the AH
are also not consistent which might be due to NO’s volatile character (Chang et al.
2000; Tsai et al. 2002; Kosior-Jarecka et al. 2004). Regardless, animal models prove
the role of eNOS as overexpression of eNOS caused an increased outflow facility while
eNOS inhibition via L-NAME reduced outflow facility in comparison to wildtype
littermates (Stamer et al. 2011). In addition, ex vivo mouse eye perfusion with an
exogenous NO donor increased outflow facility (Chang et al. 2015).

Furthermore, SC cells respond to pharmacological agents that are known to modulate
outflow resistance. Outflow resistance increasing substrates led to a stiffening of SC
cells while drugs reducing resistance caused a softening (Zhou et al. 2012). Reducing
cell stiffness trough cell relaxation might therefore be an optional aim to treat POAG.
Therefore, DETA-NO was chosen as exogenous NO donor in the present study to

investigate its effect on outflow cells in vitro.

2.6 Non-coding RNAs

Micro RNAs (miRNAs) have emerged as key regulators of gene expression. They are
a large family of highly conserved, non-coding RNAs with a size of about 22
nucleotides. After transcription, a pre-miRNA is exported form the nucleus to the
cytoplasm and gets incorporated into the RNA-induced silencing complex (RISC).
Hereby, mature miRNAs can bind target messenger RNA (mMRNA) according to their
nucleotide sequences. Near-perfect complementarity leads to mRNA cleavage while
partial complementarity leads to translational repression. (Wienholds and Plasterk
2005; Krol et al. 2010; Huntzinger and lzaurralde 2011) Interestingly, miRNAs have
been found to often be co-expressed with their target genes (Baskerville and Bartel
2005).
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MiRNAs have been implicated in many different diseases (Esteller 2011; Gutschner
and Diederichs 2012) and it just started to investigate its role in the pathogenesis of
POAG. Since the miRNA expression within the AH of POAG patients differs from that
of age-matched controls (Jayaram et al. 2017), miRNA could be used as potential
biomarker of POAG. As an example, miR-29 is down-regulated by TGF-B2. That
mechanism has been shown to contribute to the induction of several ECM components
in TM cells (Luna et al. 2011).

In the present study, the premise was that aberrant biomechanical behavior of outflow
cells might be due to altered expression of miRNAs that are associated to the NO

regulatory system.

2.7 Aims of the study

The present study was divided into several projects.

Aim 1: Analysis of a glaucoma mouse model overexpressing CTGFE

Our work group established a glaucoma mouse model, overexpressing CTGF under a
lens-specific promotor (Junglas et al. 2012; Reinehr et al. 2019). To support the
likelihood of CTGF to play a key role during the pathology of POAG independently of
the genetic background, mice were bred into different mouse strains. Investigations of
glaucomatous changes in the retina as well as the analysis of the CTGF-induced

increase in IOP were made in vivo.

Aim 2: Investigations on the effect of NO on biomechanical behavior and

expression profile of SC cells

Since POAG is associated with increased AH outflow resistance due to increased cell
stiffness of TM and SC cells, DETA-NO as exogenous NO donor was used in this study
to induce cell relaxation in vitro. Thereafter, investigations on the actin cytoskeleton
and cell stiffness were made. Furthermore, the expression of genes affecting the NO

pathway as well as of glaucoma relevant genes was investigated.

Aim 3: Revealing the role of miRNA in glaucomatous outflow resistance

dysrequlation

MiRNAs became apparent as key regulators of gene expression in numerous cellular

signaling pathways. They have also been implicated in the development of many
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diseases. Preliminary investigations have shown changes in various miRNAs in
glaucomatous SC cells compared to healthy controls. By transfection experiments with
selected miRNAs, their effect on the expression profile of glaucoma-associated genes

was investigated.

Aim 4: Studying the intracameral distribution of gold nanoparticles as

potential delivery system for miRNA to outflow tissue

Finally, the distribution of gold nanoparticles (AuNPs) within the anterior chamber was
investigated after ex vivo perfusion of porcine eyes. Using layer-by-layer coated NPs
with miRNA or other small interfering RNA (siRNA) could provide an intracameral
delivery system for glaucoma therapy. Functionalization of the NPs surface with
hyaluronan acid (HA) has been shown to support NPs mobility within the ECM of
outflow tissue and by interacting with the CD44 receptor directing them towards target
tissue (Dillinger et al. 2018).



3 Material and Methods

Material and Methods

3.1 Material

3.1.1 Reagents

In Table 1, all reagents used in this study are listed alphabetically.

reagent " source of supply

1,4-Diazabicyclo[2.2.2]octan (DABCO)

Roth, Karlsruhe, Germany

4’,6-Diamidin-2-phenylindol (DAPI)

Vector Laboratories Inc., CA, USA

agarose

VWR International GmbH, Darmstadt, Germany

ammonium persulfate (APS)

Roth, Karlsruhe, Germany

bromophenol blue

Serva Electrophoresis GmbH, Heidelberg,
B-mercaptoethanol

Germany
bovine serum albumin (BSA) Roth, Karlsruhe, Germany

Serva Electrophoresis GmbH, Heidelberg,

Germany

Calcein-AM

Thermo Fisher Scientific, PA, USA

Calcium dihydrogen phosphate KH,PO4

Roth, Karlsruhe, Germany

CDP-Star, developer for AP

Roche, Penzberg, Germany

chloroform CHCls

Roth, Karlsruhe, Germany

deoxynucleotide triphosphates (ANTPs)

Thermo Fisher Scientific, Waltham, MA, USA

DETA-NO

Sigma-Aldrich, St. Louis, MO, USA

Dinatriumhydrogenphosphat Na,HPO,4

Merck, Darmstadt, Germany

dithiothreitol (DTT), 1 M

Merck, Darmstadt, Germany

ethanol C,HsO

Roth, Karlsruhe, Germany

ethidium bromide

Serva Electrophoresis
Germany

GmbH, Heidelberg,

fetal bovine serum (FBS)

PPA Laboratories, Pasching, Austria

fluorescent mounting medium (Mowiol)

Vector Laboratories Inc., CA, USA

glucose

Sigma-Aldrich, St. Louis, MO, USA

glycerol, 87% p. a.

AppliChem, Darmstadt, Germany

guanidine hydrochloride

Roth, Karlsruhe, Germany

heparin sodium, 5,000 I.E./ml

Braun, Melsungen, Germany

isoflurane®

Abbott Laboratories Ltd, Berkshire, UK

isopropanol, 100%

Fluka Chemie, Buchs, Switzerland

Ketamine, 10%

WDT, Garbsen, Germany

Luminata, developer for HRP

Millipore Corporation, MA, USA

magnesium dichloride MgCl»,25 mM

New England Biolabs GmbH, Frankfurt am Main,
Germany

methanol CH;OH

Thermo Fisher Scientific, PA, USA

milk powder

Roth, Karlsruhe, Germany

paraformaldehyde (PFA)

Merck, Darmstadt, Germany

Penicillin/Streptomycin

PAA Laboratories, Pasching, Austria

pegGold TriFast™

PeqgLab, Erlangen, Germany

Phalloidin

Sigma-Aldrich, St. Louis, MO, USA

phosphatase inhibitor cocktail

Merck, Darmstadt, Germany

phosphate buffered saline (PBS)

PAN Biotech GmbH, Aidenbach, Germany

potassium chloride KCI

Merck, Darmstadt, Germany

protease inhibitor cocktail plus

Roth, Karlsruhe, Germany

Re-blot Plus

Millipore Corporation, MA, USA
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Roti® Quant universal Roth, Karlsruhe, Germany

sodium dichloride NaCl; VWR International GmbH, Darmstadt, Germany

sodium dodecyl sulfate (SDS) Roth, Karlsruhe, Germany

tetramethylethylendiamin (TEMED) Roth, Karlsruhe, Germany

Tissue-Tek Sakura Finetek, Alphen aan den Rijn,
Netherlands

Tris/HCI Roth, Karlsruhe, Germany

Triton X-100 Merck, Darmstadt, Germany

Trypsin/EDTA, 0.05% PAA Laboratories, Pasching, Austria

Tween 20 Roth, Karlsruhe, Germany

water H,O, RNase free Roth, Karlsruhe, Germany

Xylazine, 2% Serumwerk Bernberg AG, Bernberg, Germany

Table 1: Overview of reagents used for molecular and histological studies.
3.1.2 Enzymes and Kits

For molecular studies, in Table 2 listed enzymes and kits were used.

enzyme/kit order number | source of supply

DuoSet® Ancillary Reagent R&D Systems by biotechne, Minneapolis,

Kit 2 for ELISA DY008 MN, USA

R&D Systems by biotechne, Minneapolis,
eNOS ELISA DY950-05 MN. USA
Griess Reagent Kit for Nitrite | G-7921 Molecular Probes by Thermo Fisher
Determination Scientific, Waltham, MA, USA

Thermo Fisher Scientific, Waltham, MA,
USA

Fermentas by Thermo Fisher Scientific,
Waltham, MA, USA

Quanta Biosciences Inc., Beverly, MA,

mirVana™ miRNA Isolation Kit | AM1560

proteinase K, 10 mg/ml E00492

gScript™ cDNA Synthesis Kit | 95047-100

USA
RNeasy® Plus Mini Kit 74134 Qiagen, Hilden, Germany
taq polymerase ‘A taq” selfmade by Angelika Pach
TagMan® Advanced miRNA A28007 Thermo Fisher Scientific, Waltham, MA,
cDNA Synthesis Kit USA

Table 2: Overview of enzymes and kits used for molecular studies.

3.1.3 Oligonucleotide primer

To genotype mice, polymerase chain reaction (PCR) was performed. The thereby used
primer are listed in Table 3. As standard, the 100 bp Gene Ruler from Thermo Fisher
Scientific was used. Thereby, the size of the generated DNA fragments, separated by

the help of agarose gel electrophoresis, was determined.

gene orientation 5’ - 3’ sequence

BB forward GGA AGT GCCAGC TCATCAGT
reverse GTG CGG GAC AGA AAC CTG

SV40 forward GTG AAG GAACCTTACTTCTGT GGT G
reverse GTC CTT GGG GTC TTC TAC CTT TCTC

DCN forward CTG AAG ATG ACACTG GCATCG G
reverse CCT TCT GGC ACAAGT CTCTTG G

Table 3: Overview of oligonucleotide primer for genotyping PCR.
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All oligonucleotide primer for quantitative, real-time PCR (RT-gPCR) are listed in Table
4. They are all species-specific for human and designed to span intron-exon
boundaries. They were generated with the help of the Universal Probe Library Assay

Design Center from Roche and obtained by Invitrogen.

gene '~ orientation 5 - 3’ sequence

a-SMA forward CTG AAG TAC CCG ATA GAA CAT GG
reverse TTG TAG AAA GAG TGG TGC CAG AT

CALM-1 forward TCA GCT GAC CGA AGA ACA GA
reverse GTGCCATCGCCATCTTTATC

CAV-1 forward TCT TCC AAC ACG TAG CTG CCC
reverse GGA TGG GAA CGG TGT AGA GA

CDa4 forward GAC ACATTC CAC CCC AGTG
reverse TGG AAT TTG GGGTGT CCT TA

COL4A2 forward CCA GGA CAG AAA GGAGACCA
reverse GGT GTG ATG CCT GGG AAC

CTGE forward CTC CTG CAG GCT AGA GAA GC
reverse GAT GCACTTTTT GCCCTT CTT

DCN forward TGG ACA ACA ACA AGC TTA CCA
reverse GAA GTC ACT TGA TCC AAC TAC AGA GA

eNOS forward CAG ATG ATC CCC CAG AACTC
reverse CAG GGC TGC AAACCACTC

EN forward GGG AAG ACA TAC CAC GTAGGA G
reverse AGG TCT GCG GCAGTT GTC

GNB2L forward CCT AACCGC TACTGG CTG TG
reverse CTA GAATGAT CTT TCC CTC TAAATCC

HO-1 forward TTC AGA AGG GCC AGG TGA
reverse TGT TGC GCT CAATCT CCT C

HSP-90 forward CGG AGAATT CTATAAGAG CTTGACC
reverse AGG GCT CTG AAT TCC AAC TG

iNOS forward GTC CAG CGC TAC AACATCCT
reverse CAG CTT GTG CGT TTC CAG

NID-1 forward CCA GAC CAG AAA GGC AAG AG
reverse GGA AAA TGG CAT AGG AGC TG

ANOS forward CTG TGA CAACTC CCG CTACA
reverse ACG TCT TCC TCATGT CTA AGT TCA

PAI-1 forward AAG GCA CCT CTG AGA ACT TCA
reverse CCC AGG ACT AGG CAG GTG

RPL32 forward GAA GTT CCT GGT CCACAACG
reverse GCG ATC TCG GCACAG TAAG

TGF-B2 forward CCA AAG GGT ACA ATG CCA AC
reverse CAGATGCTTCTG GATTTATGG TATT

Table 4: Overview of oligonucleotide primer for real-time PCR.

3.1.4 TagMan probes

TagMan probes were used as additional approach to assess mMRNA expression (Table
5). They are species-specific for human and obtained from applied biosystems by

Thermo Fisher Scientific.
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gene ~order number
eNOS Hs01574665 m1l
RPL32 Hs00851655 g1

Table 5: Overview of TagMan probes for TagMan technique.
3.1.5 Transfection reagents

Transfection reagents were purchased by Dharmacon™ (GE Healthcare, Horizon
Discovery, Cambridge, UK) and are listed in Table 6. They are species-specific for
human and were used with DharmaFECT™ 4 transfection reagent that was optimized

for small RNA delivery and formula 4 was recommended for endothelial cells.

reagent order number function

miR222-3p C-300579-07-0005 m?RNA mimic_: _
IH-300579-08-0005 | miRNA hairpin inhibitor

C-301172-01-0005 MiRNA mimic

IH-301172-02-0005 | miRNA hairpin inhibitor

CN-001000-01-05 mimic negative control

miR455-3p

mMiRIDIAN microRNA Mimic
Negative Control #1
miRIDIAN microRNA Hairpin s .
Inhibitor Negative Control #1 IN-001005-01-05 hairpin inhibitor negative control

DharmaFECT™ 4 T-2004-02 transfection reagent

Table 6: Overview of miRNA mimics and inhibitors as well as their appropriate controls.

With miRNA mimics, gain-of-function experiments were performed. Supplier stated
that their products have the same sequence as the MIMAT code of the mature miRNA.

Table 7 lists the corresponding codes and sequences for miRNAs investigated in this

study.
mMiRNA mimic MIMAT code mature sequence
hsa-miR-222-3p MIMAT0000279 AGC UAC AUC UGG CUA CUG GGU
hsa-miR-455-3p MIMAT0004784 GCA GUC CAU GGG CAU AUA CAC

Table 7: Overview of miRNA mimics and their mature sequence.

For miRNA inhibitors, the supplier did not provide sequence. According to
manufacturer, the inhibitor was designed to build a hairpin shape and was said to be
specific for the corresponding miRNA. With the use of these inhibitors, loss-of-function

experiments were performed.

Since inhibitor were designed different to mimics, it was necessary to use two controls
for miRNA mimics and inhibitors. According to the supplier, controls have non-targeting

sequences that are listed in Table 8.

miRNA control sequence
mimic negative control CUA CCA ACA CUG ACC AAU AAU U
hairpin inhibitor negative control UCA CAA CCU CCU AGA AAG AGU AGA

Table 8: Overview of mimic and hairpin inhibitor negative controls and their sequence.
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3.1.6 Antibodies

All primary antibodies are listed in Table 9 and are polyclonal antibodies gained by the
immunization of host animals, which are specific for the corresponding human or

murine protein.

protein primary antibody order number  source of supply

. . . . Rockland  Immunoche  micals,
a-tubulin rabbit anti a-tubulin 600-401-880 Gilbertsville, PA, USA

: : R&D Systems by biotechne,

CTGF rabbit anti CTGF MAB91901 Minneapolis, MN, USA
eNOS rabbit anti eNOS 9572S Cell Signaling, Cambridge, UK
GFAP | chicken antiGFAP | LS-B4775 Thvett ettt
glutamine . i Santa Cruz Biotechnology, Dallas,
synthetase goat anti GS sc-6640 TX, USA
vimentin goat anti VIM V4630-.2ML Sigma-Aldrich, St. Louis, MO, USA

Table 9: Overview of primary antibodies for Western Blot analyses and histological investigations.

To detect protein bands on Western Blot membranes, in Table 10 listed secondary
antibodies were used. They were either linked to horseradish peroxidase (HRP) or
alkaline phosphatase (AP), which develop detectable chemiluminescence when in
contact with the corresponding developer reagent.

secondary antibody  linked to " order number source of supply

goat anti rabbit AP 7054S Cell Signaling, Cambridge, UK
goat anti rabbit HRP 7074S Cell Signaling, Cambridge, UK

Table 10: Overview of secondary antibodies for Western Blot analyses.

As molecular weight standard for proteins separated by electrophoresis, the EZ-RUN
Pre-Stained Rec Protein Ladder (order number: BP3603500) from Fisher Scientific

was used.

To detect primary antibodies used for immunohistochemistry, secondary antibodies
linked to fluorophores were used as indicated in Table 11.

secondary

antibody linked to order number source of supply

horse anti goat | Biotin BA-9500 \Jgit\or Laboratories, Burlingame, CA,

goat anti chicken | Alexa Fluor 488 | A-11039 Molecular Probes, Eugene, OR, USA
. . Jackson Immuno Research, West

rabbit anti-goat | Cy3 705-165-147 Grove, PA, USA

streptavidin Alexa Fluor 555 | SA-5001 \ljgior Laboratories, Burlingame, CA,

Table 11: Overview of secondary antibodies for histological investigations.
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To avoid unspecific binding of secondary antibodies, negative controls without primary
antibody were performed on additional slices. Nuclear DNA was counterstained with
4’ 6-diamidino-2-phenylindole (DAPI), which was part of the mounting medium (1:10)

to preserve the slices.

3.1.7 Nanoparticles

NP were purchased from Nanopartz™ (Loveland, CO, USA) as accurate spherical gold

NPs and manufacturer’s information are listed in Table 12.

particle diameter order number polydispersity index zeta potential
5nm A11-5-CIT-PBS-1-10 10% -32 mV
50 nm A11-50-CIT-PBS-1-25 4% -32 mV
100 nm A11-100-CIT-PBS-1-50 3% -38 mV
150 nm A11-150-CIT-PBS-1-50 3% -38 mV

Table 12: Overview of gold nanoparticles used for ex vivo eye perfusion experiments.

Furthermore, an additional set of self-made NPs with a core size of 13 nm was
investigated. NP preparation as well as HA coating were done by our cooperation
partner of the Department of Pharmaceutical Technology by Silvia Babl and Tobias

Sonntag.

For ex vivo eye perfusion experiments, the gold concentration was kept constant at

9390 ppb (parts per billion), while the particle number differed (Table 13).

particle diameter ~particle number per ml of perfusion solution
5nm 7.46 x 10*?
50 nm 6.78 x 10°
100 nm 1.02 x 10°
150 nm 2.77 x 108
13 nm 4.58 x 101

Table 13: Overview of gold nanoparticles per ml of perfusion solution for a constant gold concentration.

3.1.8 Buffers and Solutions

All buffer and solutions as well as their compositions are listed in Table 14.

buffer/solution * composition

12.11 g Tris0.3 M
5.84 gNaCl0.1 M
ad 11dH0
3.74 g KCI
0.51 g MgCl>x 6H.0
0.10 g gelantine
4.5 ml Nonidet P-40 (Tergitol™)
4.5 ml Tween 20
10 ml Tris/HCI, 1 M
ad 11dH0

detection buffer
pH 9.5

digestion buffer
for ear punches for genotyping
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electrode buffer, 10x
for Western Blotting

30.29 g Tris/HCI
144.13 g glycine
100 ml 10% (w/v) SDS
ad 11dH0

2.5% paraformaldehyde

EM fixative 2.5% glutaraldehyde
in cacodylate buffer, 0.1 M
epon stem A 62 ml glycidether 100
100 ml DDSA
100 ml glycidether 100
epon stem B 39 ml NMA
glycerol, 5x 60% glycerol
for genotyping PCR cresol red

Laemmli buffer, 5x
pH 6.8

0.454 g Tris/HCI

3.0 ml 20% SDS

3.4 ml glycerol
bromophenol blue
20% B-mercaptoethanol
10% DTT1M

Mowiol with DAPI
as mounting medium

1.2 g Mowiol
3.0 g glycerine
3.0 ml dH0
6.0 ml 0.2 M Tris/HCI, pH 8.5
255 mg DABCO
1 ml DAPI

phosphate buffered saline (PBS), 10x
pH 7.4

80.0 g NaCl
4.4 g Na;HPO4
2.4 g KH2PO,4
2.0 g KCI

ad 11dH0

paraformaldehyde (PFA), 4%

4 g PFA
ad 100 ml phosphate buffer, 0.1 M

Q buffer
for genotyping PCR

1.0ml Tris, 1 M

1.0 ml (NH4)2SO4, 1 M
75 ul MgCl,, 2 M
2.0mlIKCl, 1 M

ad 50 ml dH,O

SDS solution, 10% (w/v)

10 g SDS
ad 100 ml dH20

TBE buffer, 10x
pH 7.0

108 g Tris

55 g boric acid

40 ml 0.5 M EDTA, pH 8.0
ad 11dH.0

TBS buffer, 10x

30 g Tris

80 g NaCl
2 g KCl

ad 11dH0

TBS-T buffer, 1x

100 ml 10x TBS
0.05% (v/v) Tween 20
ad 11dH0

transfer buffer, 10x
for Western Blotting

5.8 g Tris

2.9 g glycine

200 ml methanol

3.7 ml 10% (w/v) SDS
ad 11dH0O
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washing buffer
for protein isolation

14.3 g guanidine hydrochloride
in 500 ml 95% ethanol

hybridization solution
for Northern Blot

112.5 ml 20x SSc
9.0 ml NaPi, 1 M, pH7.2
315.0 ml SDS, 10%
9.0 ml 50x Denhardts solution
4.5 ml dH.O

Denhardts solution
for Northern Blot

1% albumin fraction V

1% polyvinylpyrrolidone K30
1% Ficoll 400

needs heat to dissolve

SSC, 20x
pH 7.0

3.0 M NacCl
0.3 M TriNa-citrate
adjust pH with 1 M HCI

wash solution 1
for Northern Blot

125 ml 20x SSC
50 ml SDS, 10%

wash solution 2
for Northern Blot

25 ml SSC
50 ml SDS, 10%

cacodylate buffer, 0.1 M

10.7 g cacodylate acid
ad 500 ml dH>O

phosphate buffer, 0.1 M

100 ml Na;HPO4 x 2H>0 0.2 M
with NaH;PO4 x H,0 0.2 M to pH 7.4

pH7.4 ad 200 ml dH,O
Tris/HCI, 1.0 M 121.14 g Tris
pH 6.8 ad 11dH,0
Tris/HCI, 1.5 M 181.71 g Tris
pH 8.8 ad 11dH0

Table 14: Overview of buffers and solutions including their composition.

3.1.9 Laboratory Equipment

In Table 15, all laboratory equipment used in this study is listed. Experiments were
performed in the laboratories of the Department for Human Anatomy and Embryology
of the University of Regensburg. Northern blot experiments were performed within a
cooperation with the Department for Biochemistry | of the same university.

equipment source of supply

analytical balance Kern & Sohn GmbH, Balingen, Germany

apotome Carl Zeiss Microscopy GmbH, Berlin, Germany
apparatus for gel electrophoresis PeglLab, Erlangen, Germany

binoculars Carl Zeiss Microscopy GmbH, Berlin, Germany
ggrigguges, 5415D, 5415R, 5702 and Eppendorf, KdIn/Wesseling, Germany

cryostat Microm HM 500 OM g/llCROM International GmbH, Walldorf,
ermany
. : Fine Science Tools GmbH, Heidelberg,
dissecting set
Germany

ELISA plate reader Sunrise
fluorescence microscope Axio Imager Z1
glass ware

Hamilton syringe

heat sealer for RT-gPCR plates

heating plate, including magnetic stirrer

Tecan Austria GmbH, Grodig, Austria

Carl Zeiss Microscopy GmbH, Berlin, Germany
Roth, Karlsruhe, Germany

Hamilton, Bonaduz, Switzerland

4titude, Berlin, Germany

IKA-Werke GmbH & Co KG, Staufen, Germany
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incubator HERA cell 150

Heraeus, Hanau, Germany

incubator innova 4200 including stirrer

New Brunswick Scientific, New Jersey, USA

laminar air flow cabinet HERA safe

Heraeus, Hanau, Germany

LAS 3000

Fuijifilm, Tokyo, Japan

NanoDrop™-1000

Thermo Fisher Scientific, PA, USA

Neubauer improved cell counting | Paul Marienfeld GmbH & Co. KG, Lauda-
chamber Kodnigshofen, Germany

PerfectBlue Tank Electro Blotter PeglLab, Erlangen, Germany

pH Meter WTW GmbH, Weilheim, Germany

pipette Pipetman Concept

Eppendorf, KéIn/Wesseling, Germany

pipette Xplorer

Eppendorf, Kéln/Wesseling, Germany

RT-gPCR bench Captair Bio

erlab, Val de Reuil, France

RT-gPCR cycler CFX connect

BioRad, Munich, Germany

thermomixer comfort

Eppendorf, KdIn/Wesseling, Germany

tonometer TonoLab

Icare Finland Oy, Espoo, Finland

ultrapure water facilities

ELGA LabWater, Celle, Germany
arium® PRO, Sartorius Lab
Gottingen, Germany

Instruments,

ultrasonic bath Bandelin Sonorex RK 102

Bandelin GmbH & Co. KG, Berlin, Germany

Vortex Genie 2

Scientific Industries Inc, NY, USA

water bath

Memmert GmbH & Co. KG, Schwabach,
Germany

Table 15: Overview of laboratory equipment used in this study.

3.1.10 Consumables

Table 16 lists the consumables used to generate the results presented in this study.

consumables " source of supply

cell culture flasks

Sarstedt Inc., NC, USA

cell culture plates

Sarstedt Inc., NC, USA

cell scraper

Sarstedt Inc., NC, USA

cover slips

Thermo Fisher Scientific, PA, USA

falcons, 15 & 50 ml

Sarstedt Inc., NC, USA

gloves, single use

Kimberly-Clark GmbH, Koblenz/Rheinhafen, Germany

injection cannula

Henry Schein Inc, NY, USA

lab books

Kimberly-Clark GmbH, Koblenz/Rheinhafen, Germany

microtiter plate for RT-gPCR

Bio-Rad Laboratories GmbH, Minchen, Germany

nitrile gloves, single use

VWR International GmbH, Darmstadt, Germany

object slide Thermo Fisher Scientific, PA, USA
parafilm Bemis, Neenah, WI, USA

Pasteur pipettes Brand, Wertheim, Germany

pipet tips Sarstedt Inc., NC, USA

pipette Pipetman Concept

Eppendorf, Kdln/Wesseling, Germany

pipette Xplorer

Eppendorf, Kéin/Wesseling, Germany

PVDF membrane, Immobilon®-P
with 0.45 pm

Merck, Darmstadt, Germany

razor blades

American Safety Razor Company, Verona, VI, USA

serological pipets

Sarstedt Inc., NC, USA

syringe, single use

Henry Schein Inc, NY, USA

tubes, 0.5 ml, 1.5 ml & 2.0 ml

Eppendorf AG, Hamburg, Germany

Vivaspin 500 filtration columns

Sartorius Lab Instruments, Gottingen, Germany

Whatman paper

neolLab, Heidelberg, Germany

Table 16: Overview of consumables used in this study.
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3.1.11 Animals

The BB1-CTGF transgenic (TG) mice carry a plasmid leading to the overexpression of
CTGF under a lens-specific promotor. TG mice were compared to wildtype (WT)
littermates and were investigated at the age of 4, 8, 12 and 15 weeks as well as after
one year. The genetic background was either pure CD1, Black6/J or mixed. Timepoints
were chosen to track changes in IOP depending on the genetic background. Animals
of both genders were used and were kept at a 12 hours light/dark-cycle and had access

to food and water ad libitum.

3.1.12 Cell lines

In vitro experiments were performed with primary cell lines (Table 17) obtained from
human donors. SC (Stamer et al. 1998) and TM cells (Stamer et al. 1995) were
thankfully obtained from W. Daniel Stamer’s lab (Department of Ophthalmology, Duke

University, Durham, NC, USA). Within the present study, the following SC cell strains
from healthy donors were investigated: SC60, SC67, SC68, SC71, SC74, SC75,
SC79, SC89 and SC91. From glaucomatous donors, RNA from SC57¢g, SC62g and

SC63g was examined. Furthermore, TM cell strain TM120 was declared to be from a

healthy donor.
time from death to enucleation

SC60 58 years na na

SC67 44 years male 6:16
SC68 30 years na 4:40
SC71 44 years male na

SC74 8 months male 20:40
SC75 10 years male 8:30
SC79 33 years male 5:45
SC89 68 years male 4:13
SC91 74 years female 6:00
SC57¢g 78 years male 3:52
SC62¢g 66 years female 2:15
SC63g 78 years na 5:11
TM120 11 months na na

Table 17: Overview of SC and TM cells investigated in this study.

Beside donors age and sex, the time from death to eye enucleation (in hours) are listed if information was available
(na = not available). Glaucomatous SC cell strains are indicated by a “g”.

Human umbilical vein endothelial cells (HUVECs), used as model cell line for
endothelial-like behavior, were obtained from GIBCO (order number: CO035C).
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3.2 Caell culture

3.2.1 Passaging of cells

All in vitro experiments were performed under sterile conditions to avoid bacterial
contamination. In addition, primary cell lines are very sensitive and difficult to handle.

Extraordinary attention is demanded not to exceed a 1:3 ratio when splitting the cells.

Cells were passaged and split as soon as they reached confluency. After medium was
removed, cells were washed with PBS and got trypsinized. While SC and TM cells
were incubated for about 5 min in the incubator, HUVECs must be kept at room
temperature (RT). Under a microscope, the detachment of the cell layer was checked.
The enzymatic reaction was stopped by adding Ca?*-containing medium and
suspension was transferred into a 15 ml tube. To pellet the cells and get rid of the
trypsin, they were centrifuged at 1,000 g for 5 min. After removing the supernatant, the
cell pellet was resuspended in fresh medium and seeded into new cell culture dishes

for passaging or experiments.

3.2.2 In vitro experiments

Allin vitro experiments were performed under sterile conditions. While SC and TM cells
were incubated at 7% CO2, HUVECs needed 5% CO2. Temperature was kept at 37° C
and air was saturated with humidity.

For SC and TM cells, DMEM medium with low glucose (1.0 g/l) from PAN Biotech
(order number: PO04-01515) was used and 10% FBS and 1% antibiotics
(Penicillin/Streptomycin) were added. Furthermore, it was necessary to use phenol-
red free medium for Griess Assay experiments. For HUVECs, EBM-2 medium from
Lonza (order number: CC-3162) was used. To receive growth medium, EGM-2
SingleQuot Kit (order number: CC-4176) was added according to manufacturer’s

information.

3.2.2.1 DETA-NO treatment
Cells were treated with DETA-NO (order number: D185 10MG) as soon as cells
reached confluency in 6 wells (growth area: 9.6 cm?). Since SC cells do not stand
serum starvation at 0% for long, cells were not set to starvation 24 hours prior to

experiments. To make experiments comparable, HUVECs were treated the same.
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To dissolve solid DETA-NO, a distinct amount of DETA-NO was weighed at a special
accuracy weighing machine and dissolved in appropriate amount of phosphate
buffered saline (PBS) to receive a 10 mM stock solution. From this stock, 10 and 20 pl
were used to obtain a 50 and 100 pM concentration in a total volume of 2 ml medium,
respectively. During DETA-NO treatment, cells were exposed to 0% serum. For up to

24 hours, this was suitable for cell survival.

To be particularly precise, controls were treated with the same amount of solvent as it
was used for the treatment with the highest DETA-NO concentration. Thereby, one
avoids detecting any effect resulting from the solvent of a drug or chemical. Since
DETA-NO was dissolved in sterile PBS, this was not expectable but necessary for

good scientific research.

After incubation for 3, 5, 6, 12 or 24 hours, medium was collected and stored at -80° C
until further use. To harvest cells, cell layer was washed twice with PBS and after
aspiration of remaining fluid, plate was set on ice and processed as described in

section 3.3.

3.2.2.2 miRNA transfection
With the help of transfection experiments, synthetic miRNA mimics and inhibitors can
be brought into living cells. Thereby, their function on target genes can be investigated
in vitro. With their sequence-specific design, they are potent tools in mimicking or

inhibiting the function of the gene, resulting in a specific phenotypic effect.

According to manufacturer’s information, miRIDIAN™ miRNA mimics are synthetic
duplexes that represent the mature miRNAs. Like naturally occurring miRNAS,
synthetic mimics are loaded into RISC (RNA-induced silencing complex) intracellularly.
This complex allows for binding of target site in the 3’-UTR (untranslated region) of
target MRNAs due to complementary sequences. With chemical modifications, the
mature miRNA strand is said to be preferentially loaded into the RISC. With this

approach, transfection with miRNA mimics allows for gain-of-function experiments.

With miRNA inhibitors, the approach is the other way around. According to
manufacturer’s information, inhibitors are non-hydrolyzable, single-stranded reverse
constructs of the mature miRNA. Due to complementary sequences, inhibitor
irreversible binds to the mature miRNA. This binding prevents interaction of miRNA
with its endogenous target mRNA, resulting in the loss of miRNA function (Meister et
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al. 2004). To improve the binding of the inhibitor, miRIDIAN™ miRNA hairpin inhibitors
are designed with a terminal stem-look structure and chemical modifications
(Vermeulen et al. 2007).

Figure 5 shows the timetable for transfection experiments of this study and the

following chapter deals with the individual steps.
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Figure 5: Timetable for transfection experiments.

3.2.2.2.1 seeding cells
Cells were seeded in 96 wells (growth area: 0.32 cm?) the day before transfection. To
receive a cell layer with 80% of confluency the following day, cells must be counted,
and distinct cell numbers needed to be seeded.

To calculate cell numbers, cells were trypsinized as described above (see 3.2.1). The
resuspension must be done with a defined amount of medium. The volume was chosen
to dilute cells sufficiently for counting and was usually between 1 and 4 ml for cells

from a confluent T75 flask.

The Neubauer improved cell counting chamber was cleaned with 70% Ethanol and the
cover slip was attached in a way that excited Newton’s rings. This phenomenon
indicated the correct placement and thereby that the chamber depth was adjusted at
0.1 mm. Cell suspension was resuspended immediately before taking about 20 pl for
counting. The fluid was brought into the counting chamber by locating the pipet tip at
the edge of the chamber. Capillary force sucked fluid in the space between counting
chamber and cover slip while excess amount of fluid run into the intendent channels.

0.9 pl of fluid remind in the counting area and was visible under a microscope.

The counting chamber consists of nine equal squares, divided by additional lines to
facilitate counting. One of the nine big squares had an area of 1 mmz2 and with a depth

of 0.1 mm a volume of 0.1 pl.
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At 100x magnification, cells in four of the nine squares were counted. While additional
lines helped for orientation, one must be aware not to count cells lying on top of these
lines twice. Cells lying on the boundary lines of a big square had to be counted for two

of the four borders. After four big squares were counted, the average was calculated.

Due to the chamber volume, the average cell number must be multiplied with 10 for
calculating the cell concentration per ml. The total number of cells was assessable by

respecting the initial dilution factor.

Initial experiments had shown that - according to different cell sizes - 7,500 SC cells,
10,000 TM cells or 12,000 HUVECs must be seeded per 96 well. Until the transfection

on the following day, cells were cultured in serum-containing medium.

3.2.2.2.2 transfecting cells
Transfection of cells was performed with Dharmacon™ DharmaFECT™ 4 reagent on
day 2. First, working solutions of SIRNA were prepared. Since initial experiments had
shown that mimics and inhibitors were most effective at different concentrations,
applied amounts were different. For mimics and mimic controls, a final concentration
of 100 nM requested 0.5 pl/well of the 20 uM stock solution while a final concentration
of 25 nM for inhibitors and inhibitor controls demanded 0.125 pl/well. With serum-free
medium, volume was set to a total volume of 10 pl/well. In another tube,
DharmaFECT™ transfection reagent must be prepared to a working solution of 0.05 to
0.5 pl/well. Initial experiments revealed that 0.2 pl/well was suitable for our
experiments. Diluted with serum-free medium to a total volume of 10 pl/well, the
solution must be incubated for 5 min at RT before the next step. Afterwards, siRNA
dilution was combined with DharmaFECT™ transfection reagent and carefully mixed
by pipetting. For a control, containing transfection reagent but no SiRNA,
DharmaFECT™ transfection reagent was combined with 10 pl serum-free medium per
well. For an additional control, containing neither transfection reagent nor siRNA, 20 pl
of serum-free medium per well was used. Combined solutions were incubated 20 min
at RT before the next step. Thereafter, 80 pl/well of full growth medium (containing
10% serum) was added to receive a total volume of 100 pl transfection mixture per
well. To transfect cells, growth medium was replaced with the transfection mixture.

Figure 6 shows a drawn picture of the above described workflow.
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SIRNA Dilute
DharmaFECT
transfection reagent
in serum-free
medium

10 L 10 4L

Incubate at RT for 5 min

Combine Tubes 1 and 2
Carefully mix by pipetting

20 L
Incubate .or 20 min

l Add 80 pL growth medium

Replace growth medium on
cells with transfection mixture

Figure 6: Workflow for transfection experiments with DharmaFECT™ transfection reagent (taken from GE
Healthcare UK Limited).

To receive enough RNA from the transfected cells, three of the 96 wells were combined
to one sample. Since every treatment was performed in triplets, every treatment

required 9 wells.

3.2.2.2.3 changing medium and harvesting cells
24 hours after transfection, transfection mixture was replaced by 200 pl of fresh growth
medium after one washing step with PBS. Cells were harvested 48, 72 or 144 hours
after transfection. To supply cells adequate for long term treatment, medium was

changed after 72 hours if cells were incubated for 144 hours.

3.2.2.3 flow experiments with ibidi® pump system
Flow experiments were performed following manufacturer’s instructions. For static
controls, 24 wells were used. Theoretically, near-static conditions of 0.1 dyn/cm? would
represent the best possible control conditions (Ashpole et al. 2014). Thereby, the same
number of cells can be seeded onto the same growth area and perfusion will still
provide enough medium for supply. Since there was only one pump system available
and one can only run experiments with the same pressure at the same time, static

conditions were chosen as controls for the present study.
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Perfusion under flow conditions were performed in ibidi® p-slides (order number:
80176) with a channel height of 0.4 mm and the surface modification ibiTreat®. Cell
numbers seeded on one slide and per 24 well, respectively, were calculated as
mentioned at 3.2.2.2.1. For SC cells, 75,000 cells were seeded and allowed to settle

for one to two hours.

For flow experiments, a ramp of 1 dyn/cm? per 30 minutes was designed to avoid cell
detachment. Therefore, the final flow of 10 dyn/cm2 was achieved 5 hours after
experiment has started. Form that timepoint on, experiments lasted 24 hours or one
week. To allow for NO concentration determination, medium was reduced to a total of

2 ml. Logically, the same amount of medium was used for static controls.

At the end of each experiments, medium was collected and stored immediately
at -20° C. After cells were washed twice with PBS, cells were harvested with 300 pl
pegGold TriFast™,

3.3 Biochemical techniques

3.3.1 Griess Assay

With the Griess Reagent kit (order number: G-7921) from Thermo Fisher Scientific,
nitrite can be spectrophotometrically detected. According to manufacturer’s
instructions, the presence of nitrite allows for quantitative conversion of sulfanilic acid
to a diazonium salt and, thereafter for a second coupling step, resulting in an azo dye.

That dye can be detected based on its absorbance at 548 nm.

To prepare the Griess Reagent, component A and B derived with the kit must be mixed
in equal volumes. Per well, 20 ul will be needed. Furthermore, every reaction mix
consisted of 130 ul dH20 and 150 pl of the nitrite-containing sample. If cell culture
supernatant was investigated, phenolred-free medium must be used since the color

would interfere with the method.

To allow for calibration, a standard with defined nitrite concentrations must be
prepared. Therefore, component C of the kit must be diluted to concentrations between
1 to 100 puM with dH20. Those standard nitrite solutions are combined to the Griess
Reagent and dH20 in place of the experimental samples. Furthermore, a photometric
reference sample, containing unconditioned medium instead of the nitrite containing

sample, must be prepared.
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Standard, sample and reference mixtures were pipetted in technical duplicates and
must be incubated for 30 min at RT. Thereafter, the absorbance was measured relative
to the reference and sample’s nitrite concentration were calculated from relative
absorbance readings of the standard. The detection limit of this method is set at 1 uM.
Therefore, results below that limit were considered to be not detectable (nd).

3.3.2 Protein isolation

To investigate the effect of in vitro treatment on protein synthesis of cultivated cells,

protein was isolated either with peqGold TriFast™ or RIPA buffer.

3.3.2.1 with peqGold TriFast™ method
PegGold TriFast™ is a ready-to-use solution for simultaneous isolation of RNA and
proteins. It contains phenol and guanidinium thiocyanate in a monophasic reagent. By
adding chloroform, centrifugation leads to separation into three phases. While RNA is
exclusively arranged in the upper aqueous phase, protein remains in the lower organic
phase. DNA would be contained in the interphase but was not of interest for the present

study.

To process cells from in vitro experiments, cell layers were washed with PBS and fluid
was aspirated. Cell culture dishes were placed on ice and cells were overlaid with
TriFast™ solution (500 pl per 6 well, 100 ul per 96 well) and incubated for 5 min on
ice. Subsequent, cells were removed with a cell scraper from the bottom of the plate
and the lysate was transferred into a tube. As mentioned in section 3.2.2.2, three
96 wells of the same transfection approach were pooled resulting in a total of 300 pl
TriFast solution. Since processing of samples derived from 6 and 96 wells demanded

different amounts of reagents, Table 18 compiles corresponding amounts.

reagent 6 well ICERIAVELS
pegGold TriFast™ 500 ul 3x 100 pl
chloroform 100 pl 60 ul
100% isopropanol 750 450 pl
wash buffer 1,000 pl 600 pl
95% ethanol 1,000 pl 600 pl
1% SDS incl. inhibitors 200 pl 120 ul

Table 18: Required amounts of reagents for peqGold TriFast™ protein isolation.

After adding chloroform, shaking guaranteed for dissociation. Homogenate was then
centrifuged for 20 min at 12.000 g and 4° C to separate phases. After upper, aqueous

phase was transferred into a fresh tube for RNA isolation (see section 3.4.1.1), protein
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precipitation was performed by adding 100% isopropanol to the organic phase.
Samples were stored 10 min at RT and centrifuged at 12,000 g and 4° C for 10 min.

To wash protein pellet, supernatant was removed and a wash buffer solution
(containing 0.3 M guanidinium hydrochloride in 95% ethanol) was applied three times
for 20 min at RT. Between washing steps, samples were centrifuged at 7,600 g and
4° C for 5 min and supernatant was removed. Next, protein pellet was vortexed once
with 95% ethanol and incubated for another 20 min at RT. Samples were then

centrifuged once more at 7,600 g and 4° C for 5 min.

Finally, the protein pellet was dried and dissolved in 1% SDS containing protease and
phosphatase inhibitors (1:100, each). Usually, pipetting it up and down was sufficient
to dissolve the pellet. Incubation overnight at RT yielded complete solubilization.
Samples were then stored at -80° C for future use.

3.3.2.2 with RIPA method
The RIPA method was more suitable buffer for enzyme-linked immunosorbent assays
(ELISASs) which did not interfere as SDS, but its usage did not allow for RNA isolation
at the same time. Instead of with peqGold TriFast™ solution, cell layer were incubated
with 300 pl RIPA buffer including protease and phosphatase inhibitors (1:100, each).
After 5 min on ice, cells were removed from the cell culture dishes with a cell scraper
and transferred into a fresh tube. After additional 30 min incubation on ice, samples
were centrifuged for 10 min at 20,000 g and 4° C. To get rid of cell debris and insoluble
components, supernatant was transferred into a fresh tube and stored at -80° C for

future use.

3.3.3 Concentrating protein samples

With the help of Vivaspin™ 500 columns from Sartorius, protein samples could be
concentrated two- to three-fold. Following manufacturer’'s instructions, columns were
placed into associated collecting tubes and filled with up to 500 pl of protein sample. When
placing tubes into the centrifuge, attention must be paid to the position of vertical
membrane which should face outwards. By a centrifugation step of 10 min at 16,000 g,
molecules smaller 5 kDa were cut off through the membrane pores. Protein of interest
remained in the column and up to 20 pl of concentrated protein was used for further

Western Blot analyses.
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3.3.4 Protein quantification

Protein quantification was necessary to ensure balanced loading of Western Blots.
Dependent on the buffer used for solubilization, quantification was performed by PCA

method and/or with NanoDrop™ device.

3.3.4.1 via NanoDrop™
Protein concentration of samples dissolved in 1% SDS was assessed by NanoDrop ™ -
1000. Therefore, the options “protein A280” and “BSA” were chosen to assess

concentration and purity of protein.

Prior to measurements, device was blanked with pure 1% SDS. To avoid too high
protein concentrations, 1:5 dilutions of protein samples were prepared. 2 ul of these
dilutions were pipetted onto the lower measurement pedestal and measurement was
started 5 times in a row. The resulting protein concentration was averaged for each

sample.

3.3.4.2 via PCA assay
Protein dissolved in RIPA buffer were quantified by ROTI® Quant universal from Roth.
This quantification method is based on a biuret reaction where Cu?* ions were reduced
to Cu* ions. Whit a cooper-specific colorimetric enhancer reaction, the color change is
then direct proportional to the protein concentration of the sample. Resulting cooper-

protein-complexes are highly absorbing with a maximum at 503 nm.

To receive a standard curve, serial dilution of BSA from 2,000 mg/ml to 1.95 mg/mi
was prepared. Therefore, BSA was weighted in to receive a 2,000 mg/ml stock solution
and was dissolved in RIPA buffer. To receive a 1,000 mg/ml solution, equal amounts
of the 2,000 mg/ml stock solution and RIPA buffer were combined. For solutions of
500 mg/ml to 1.95 mg/ml, procedure was similar with the next higher concentration,

respectively.

1.5 pl of the samples as well as 1.5 pl of the standard curve were incubated with 10 pl
of the working solution, consisting of 15/16 parts of reagent 1 and 1/16 part of reagent 2
of the ROTI® Quant solutions. To avoid pipetting errors, samples and standard were
prepared in duplicates. Since the reaction is rather a continuous one then an endpoint

measurement, samples were incubated for 30 min at 37° C.
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Therefore, the measurement parameter of the NanoDrop™-1000 device were set to
measure protein at 503 nm. Prior to measurements, device was blanked with pure
RIPA buffer. Then, 2 ul of each standard-ROTI® Quant-mixture were pipetted onto the
lower measurement pedestal measured and defined as the corresponding
concentrations. Subsequent, samples solutions were also measured, and their

concentration was calculated according to the just now created standard curve.

3.3.5 Western Blotting

Protein synthesis of in vitro treated cells was assessed by Western Blot technique. The
first step is an SDS polyacrylamide gel electrophoresis which takes the advantage that
proteins can be separated according to their molecular weight within an electric field.
Thereafter, proteins were transferred onto a PVDF membrane and proteins could be

detected by specific antibody-antigen-interaction.

3.3.5.1 SDS polyacrylamide electrophoresis
To pour an SDS polyacrylamide gel, two glass panels were put together, while spacer
arrange an area of 10 cm? containing space for 5 ml running gel as well as 1 ml stacking
gel. Glass panels were put into a frame from PeglLab and the lower aperture was covered.
The running gel was poured as shown in Table 19 while its porosity can be addressed
by the percentage of the single components. After polymerization, the stacking gel was
poured on top. With the help of a comb, ten pockets were built for the loading of protein
samples. After another polymerization step, the frame was put into a tub and filled with

electrode buffer.

solution running gel (12%) stacking gel
dH.O 1.6 ml 680.0 pl
acrylamide mix, 30% 2.0ml 170.0 pl
Tris 1.5 M, pH 8.6 1.3 ml -

Tris 1.0 M, pH 6.8 - 130.0 ul
SDS, 10% 50.0 ul 10.0 ul
APS, 10% 50.0 pl 10.0 pl
TEMED 2.0 l 1.0 pl

Table 19: Volume for running and stacking gels for SDS polyacrylamide electrophoresis.

The gel was loaded with 20 pg of each protein sample and Laemmli buffer was added
in a 1:5 ratio. Laemmli buffer was freshly prepared with B-mercaptoethanol and DTT
as mention in Table 14. This additional dye allows for tracking how far the separation
will be progressing. Samples were cooked for 5 min to allow for protein denaturation
and shortly centrifuged. Thereafter, they were placed into the gel's pockets by the use
of a Hamilton® syringe. In an additional pocket, 5 pl of EZ-RUN Pre-Stained Rec
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Protein Ladder from Fisher Scientific were added. Later, this will allow for the
determination of the molecular weight. The gel within the buffer bath was connected to

a power supply and was electroporated at 20 mA and 300 V for 1 hour.

3.3.5.2 Protein blotting on PVDF membrane
PVDF membranes with a pore size of 0.45 pm were used and a piece of 7 x 9 cm2 was

dunked into 100% methanol for activation.

3.3.5.2.1 via semidry blot
The semidry blotting method was used for a successful transfer of proteins up to a
molecular weight of 100 kDa. Therefore, the SDS gel was released from the glass
panels and placed into a blotting stack as shown in Figure 7. The stack was sucked
with transfer buffer and air bubbles were removed. Semidry blot was performed in an
apparatus from PeqgLab, where the power was flatwise to the blotting stack. The blotting

was performed for 45 min at 14 V and 3 mA per cm2 of membrane.

cathode )

\—_\—-?‘ 3 Whatman paper

- SDS gel
\_/ pYor membrane
\/ 2 Whatman paper

m

Figure 7: Composition of a semidry blotting stack for Western Blot.

3.3.5.2.2 via tank blot
To ensure that proteins bigger than 100 kDa were transferred effectively from the gel
onto the membrane, tank blot transfer was performed. Therefore, the blotting stack
was composed as shown in Figure 8 and placed in another blotting apparatus from
PeglLab (Erlangen, Germany), containing an excess amount of transfer buffer. Fluid was
chilled and circulated to avoid an overheating of the system. Proteins were blotted
overnight for 15 hours at 30 V and 60 mA.
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Figure 8: Composition of a tank blotting stack for Western Blot.

3.3.5.3 Detection of proteins
Before protein detection, membrane was blocked immediately after transfer in a 5%
blocking solution of bovine serum albumin (BSA) or milk powder (MP) for 1 hour at RT.
Thereafter, a specific primary as well as secondary antibody was used as listed in
Table 20.

protein blocking primary antibody secondary antibody
CTGF 5% MP in rabbit anti CTGF 1:500 in anti rabbit HRP 1:2,000 in
(35 kDa) | 0.1% TBS-T 5% MP in 0.1% TBS-T 5% MP in 0.1% TBS-T

1 hour at RT overnight at 4° C 1 hour at RT
eNOS 5% BSA in rabbit anti eNOS 1:500 in anti rabbit HRP 1:2,000 in

(130 kDa) | 0.05% TBS-T | 0.5% BSA in 0.05% TBS-T 0.5% BSA in 0.05% TBS-T
1 hour at RT 3 hours at RT, thereafter | 1 hour at RT
overnight at 4° C

a-tubulin | n/a rabbit anti a-tubulin 1:2,000 in | anti rabbit AP 1:2,000 in

(55 kDa) 0.5% BSA or MP in 0.05% | 0.5% BSA or MP in 0.05%
loading TBS-T TBS-T

control overnight at 4° C 1 hour at RT

Table 20: Blocking solutions and antibody dilutions for Western Blot.

In between incubation steps, membranes were washed three times with a TBS-T solution
for 10 min each. The TBS-T solution contained 0.1% Tween-20 for CTGF Blots and 0.05%
for eNOS Blots. Before developing AP signal, membranes must be incubated in detection

buffer for 5 min, additionally.

Secondary antibodies were coupled to HRP or AP. When incubated 5 min with the
corresponding developer in the dark (Luminata for HRP or 1:100 in detection buffer diluted
CDP-Star for AP), both enzymes catalyze a chemical reaction and the thereby emitted

chemiluminescence was detected with an LAS 3000 imager (Fujifilm, Tokyo, Japan).



Material and Methods

The amount of protein of interest was calculated relative to that of a-tubulin which

functioned as loading control.

3.3.6 Enzyme-linked Immunosorbent Assay (ELISA)

To detect eNOS with a more sensitive approach, ELISA was performed according to
manufacturer’'s instructions. Plates were prepared the day before further
investigations. Therefore, the capture antibody was diluted to the working
concentration of 1.00 pg/mlin PBS. With 100 pl per well, plate was coated immediately

thereafter, sealed, and incubated overnight at RT.

At the next day, the plate was washed three times with wash buffer. Since the provided
wash buffer was a 25x concentrate, 1 ml must be diluted with 24 ml dH20 before use.
For washing, the solution was aspirated from each well while complete removal of any
liquid was essential for excellent performance. Blotting the plate against a clean

Kimtech towel was very helpful.

Next, the plate was blocked with 300 ul reagent diluent per well and incubated for
1 hour at RT. Since this eNOS ELISA required a concentration of 1% BSA in PBS, the
provided reagent diluent concentrate was diluted 1:10 in dH20 before use. Thereatfter,

the washing step was repeated.

Then, 100 ul of sample or standard - diluted in reagent diluent - were applied in
duplicates. The recombinant human eNOS standard was applied from 1,250 pg/ml to
19.5 pg/ml. Sealed with an adhesive strip, plate was incubated 2 hours at RT.

Thereafter, the washing step was repeated one more time.

Next, the detection antibody was diluted with reagent diluent to its working
concentration of 200 ng/ml and 100 pl were added to each well. After sealing, the plate

was incubated another 2 hours at RT. Furthermore, the washing step was repeated.

To detect signal, 100 pl of a 40-fold dilution of Streptavidin-HRP in reagent diluent was
added to each well. Then, the plate was covered one more time and incubated for

20 min at RT in the dark. For one last time, the washing was repeated.

To develop signal, 100 pl of substrate solution - consisting of a 1:1 mixture of color
reagent A and B - must be added to each well. For incubation, the plate was place

further 20 min at RT into the dark. Thereafter, the fluid was not removed.
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Finally, 50 ul of stop solution was added to each well. By gentle tapping, substrate and

stop solutions were mixed, and color changed from pink to yellow.

The optical density was determined immediately thereafter with the Sunrise ELISA
reader from Tecan (Grodig, Austria). Wavelength was set to 450 nm and wavelength
correction to 540 nm. Protein concentration was calculated according to the standard
curve created from the eNOS standard.

3.4 Expression analysis

3.4.1 RNA isolation

Derived from in vitro cell culture experiments, RNA was either isolated as total RNA,
or small RNA were enriched for the analysis of miRNA. The following two chapters will

outline both methods.

3.4.1.1 of total RNA with peqGold TriFast™ method
By phase separation after the addition of chloroform, the peqGold TriFast™ method
allows for protein and RNA isolations in parallel. Since samples derived from 6 and
96 wells, different amounts of reagents were required, and corresponding amounts are
listed in Table 21.

reagent 6 well three 96 wells
peqGold TriFast™ 500 pl 3x 100 pl
chloroform 100 i 60 pl
100% isopropanol 250 pl 150 pl
75% ethanol 500 ul 300 ul
RNase-free H,O 10 ul 10 ul

Table 21: Required amounts of reagents for peqGold TriFast™ RNA isolation.

After transferring the agueous phase into a fresh tube (see section 3.3.2.1), ice-cold
100% isopropanol was added. RNA precipitation was forced by incubation overnight
at -20° C. At the following day, samples were centrifuged for 20 min at 12.000 g and
4° C and RNA was pelleted.

To wash the RNA pellet, the supernatant was removed, and 75% ethanol was applied
two times. Between washing steps, samples were vortexed and centrifuged at

12,000 g and 4° C for 10 min. Subsequently, the supernatant was removed.

Finally, the RNA pellet was dried until the rest of ethanol was volatilized. Thereafter,
the pellet was dissolved in RNase-free dH20. Pipetting it up and down was sufficient

to dissolve the pellet. Samples were then stored at -80° C for future use.
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3.4.1.2 of miRNA with mirVana™ miRNA Isolation Kit
The mirVana™ miRNA Isolation Kit was designed to purify RNA suitable for miRNA
investigations. According to manufacturer’s instructions, cells derived from in vitro
treatment were put on ice and lysed in 600 pl Lysis/Binding solution per 6 well. By the
help of a cell scraper, cells were completely removed from the dish and transferred in

a fresh tube. By vortexing, cells were further disrupted.

The organic extraction started with adding 60 pl of mMiRNA Homogenate Additive and
vortexing. After being left on ice for 10 min, 600 ul Acid-Phenol:Chloroform was added,
which must be absorbed from the lower, organic phase from the stock. By vortexing
60 sec and 5 min centrifugation at 10,000 g at RT, phases separated. If the interphase

was not compact, the centrifugation step must be repeated.

To enrich small RNAs, a low concentration of ethanol will be used to immobilize large
RNA on a filter. The flow-through was therefore containing mostly small RNA species.
By adding more ethanol, small RNAs will be caught on filter by passing the mixture
through a second filter. Thereby, the small RNA gets immobilized, can be washed, and
finally eluted.

Therefore, the upper, aqueous phase was transferred into a fresh tube and the amount
must be noticed. To immobilized large RNAs, "4 of the volume of the aqueous phase
was added of 100% ethanol. After vortexing, fluid was transferred onto a filter cartridge
and was passed through by centrifugation. The amount of flow-through must be
noticed since it was containing the small RNA fraction. Next, it was mixed with %5 of
100% ethanol and vortexed. The flow-through/ethanol mixture was then brought onto
a fresh filter cartridge. By centrifugation, small RNA was caught on the glass-fiber filter

and flow-through was disposed.

To wash the immobilized small RNA fraction, 700 pl miRNA Wash Solution 1 was
used. It was pipetted onto the filter and passed through by centrifugation. Once more,
the flow-through was disposed and washing was repeated twice with 500 pl miRNA
Wash Solution 2/3. Thereafter, the filter was placed into a fresh collection tube.
Preheated, 95° C hot dH20 was used to eluate the small RNA in a total volume of
100 pl by a 30 sec centrifugation step. After a second elution step was performed,
small RNA can be stored at -80° C for future use.
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3.4.2 RNA quantification

Large RNA was quantified by NanoDrop™ device from Thermo Fisher while small RNA

was investigated via Agilent 4200 Tape Station System.

3.4.2.1 via NanoDrop™
To blank the system, 1 pl dH20 was used. Thereafter, 1 yl of each sample was
analyzed and the absorption spectrum was determined. With the absorption maximum
at 260 nm for RNA, RNA concentration was determined. If the A260/A280 quotient was

around 2.0, RNA was desired to be pure.

3.4.2.2 via Agilent 4200 Tape Station System
With the Agilent High Sensitivity RNA ScreenTape Assay, not only small RNA
concentration but also its integrity can be determined. Sample buffer must be
equilibrated at RT for 30 min. Thereafter, 1 pl of sample buffer was added to 2 pl of
RNA and 2 pl of High Sensitivity RNA ScreenTape Ladder was used as well. RNA
should have a maximal concentration of 10 ng/ul in total, otherwise its amount would
exceed the system’s capacity and RNA concentration might not be calculated exactly.
Therefore, also small RNA was measured initially to Tape Station analysis with the

NanoDrop™ device as described above for large RNA.

The RNA/sample buffer mixture must be centrifuged shortly before vortexing it 60 sec
at 2,200 rpm. Thereatfter, it was again centrifuged shortly and then kept at 72° C for
3 min to allow for denaturation. After being placed on ice for 2 min, the standard
protocol for small RNA was run by the 4200 TapeStation System. It determined not
only RNAs concentration but also its integrity by the RIN score which would be perfect

if it reaches 10.

3.4.3 cDNA synthesis

By cDNA synthesis, RNA can be reverse transcribed to cDNA (complementary DNA)
which is less susceptible for degradation than RNA. By initially determining RNAs

concentration, one made sure to transcribe similar amounts of RNA.

3.4.3.1 of mRNA with gScript™ cDNA Synthesis Kit
Table 22 lists the reagents for cDNA synthesis of mMRNA. While samples contained
reverse transcriptase (+RT), negative controls were left without (-RT). Thereby,

genomic DNA concentration can be excluded.
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reagent +RT -RT
RNase-free H,O fill up to 20 pl fill up to 20 pl
gScript™ 5x Reaction Mix 4 ul -

gScript™ Reverse Transcriptase (RT) | 1 ul

RNA

100 to 500 ng

100 to 500 ng

Table 22: PCR approaches for cDNA synthesis.

In Table 23, the cycling protocol for cDNA synthesis is listed. cDNA can be stored
at -20° C.

temperature “duration

22° C 5 min
42° C 30 min
85° C 5 min

Table 23 PCR program for cDNA synthesis from mRNA.

3.4.3.2 of miRNA with TagMan Advanced miRNA cDNA Synthesis Kit
For cDNA synthesis from small RNA, more steps were needed. All of them were
performed with reagents of the TagMan Advanced miRNA cDNA Synthesis Kit form

Thermo Fisher Scientific.

In a first step, a poly(A) tail was ligated to the 3’ end of miRNAs. Therefore, 2 pul RNA
was added to a 3 pl master mix, consisting of 0.5 ul 10x poly(A) buffer, 0.5 pl ATP,
0.3 ul poly(A) enzyme and 1.7 pl RNase-free H20 per sample. After short vortexing
and centrifugation, poly(A) tailing was performed following the program displayed in
Table 24.

step temperature duration
polyadenylation 37° C 45 min
stop reaction 65° C 10 min
hold 4°C infinite

Table 24: PCR program for the poly(A) tailing step of cDNA synthesis from miRNA.

Next, an adaptor was ligated towards the processed miRNA. After poly(A) tailing, 10 pl
of a master mix was added to the poly(A) reaction mix. The master mix consisted of
3.0 yl 5x DNA ligase buffer, 4.5 ul 50% PEG 8000, 0.6 ul 25x ligation adaptor, 1.5 pl
RNA ligase and 0.4 ul RNase-free H20 per sample. After short vortexing and
centrifugation, adaptor ligation was performed as shown in Table 25.

step temperature duration
ligation 16° C 60 min
hold 4°C infinite

Table 25: PCR program for the adaptor ligation step of cDNA synthesis from miRNA.

Thereafter, the PCR product was revere transcribed. Even though processed miRNA

fragments are still short, transcription can be initialized from the previously ligated
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adaptors. Therefore, the ligation mix was mixed with 15 pl master mix (consisting of
6.0 ul 5x RT buffer, 1.2 pl dNTP mix (25 mM each), 1.5 yl 20x universal RT primer,
3.0 pl 10x RT enzyme mix and 3.3 pl RNase-free H20 per sample). After vortexing and

centrifugation, reverse transcription was performed as displayed in Table 26.

step temperature duration
reverse transcription 42° C 15 min
stop reaction 85° C 5 min
hold 4°C infinite

Table 26: PCR program for the reverse transcription step of cDNA synthesis from miRNA.

The product of this reverse transcription step can be stored at -20° C for up to
2 months. To receive material for TagMan experiments, cDNA from miRNA must be
further processed by miRNA amplification. Therefore, a 45 pl reaction mix, consisting
of 25.0 pl 2x miR-Amp master mix, 2.5 pl 20x miR-Amp primer mix and 17.5 pl RNase-
free H20 per sample, was pipetted towards 5 pl of the reverse transcription product in
a fresh tube. After vortexing and centrifugation, miRNA amplification was performed

following the program displayed in Table 27.

step temperature duration cycles
enzyme activation 92°C 5 min

denaturation 95° C 3 sec 14x
annealing and extension 60° C 30 sec

stop reaction 99° C 10 min

hold 4° C infinite

Table 27: PCR program for the miRNA amplification step of cDNA synthesis from miRNA.

3.4.4 Expression analysis

The RT-gPCR bases on the principle of the PCR, whereby the distinct amount of
amplificated DNA can be detected by the help of fluorescence in real-time. Another
feature is that not DNA, but cDNA - reverse transcribed from RNA - is analyzed.
Thereby, RT-gPCR allows for statements about expression rates of genes. To make
sure that there are no inaccuracies due to pipetting, values were calculated relative to

a reference gene.

The applied fluorescent dye intercalates in double-stranded DNA and thereby changes
its absorption spectrum. The intensity of the emitted light was thereby directly
proportional to the amount of cDNA which was amplified during the PCR. If conditions
were perfect (good working enzyme, sufficient dNTPs, etc.), cDNA amount doubles
with exponential progression. The cycle threshold (c(t)) describes the entrance into this
phase. The less cycles were required to reach this threshold, the more cDNA was
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initially present. To avoid that also genomic DNA gets amplificated, primer must be
designed spanning intro-exon-borders. Thereby, only cDNA made of mRNA - which

does not have introns - was amplified.

3.4.4.1 of mRNA via quantitative real-time PCR
For RT-qPCR, cDNA - processed as described at 3.4.3.1 - was used. As shown in
Table 28, a mixture of 10 pl was pipetted onto a 96 well plate. Per well, 5 pl of a primer
solution was added to a final concentration of 300 nM. This primer solution contained
as well forward as revere primer and RNase-free H20. A negative control - containing

water instead of +RT or -RT cDNA - was added to exclude contaminations.

reagent with +RT “with -RT with H.0O
RNase-free H,O 1.0 pl 1.0 yl 1.3 ul
Takyon mix 7.5 ul 7.5 plul 7.5 ul
cDNA 0.3 ul 0.3 ul -

Table 28: Required amounts of reagents for RT-qPCR.

To exclude inaccuracies due to pipetting, samples were analyzed in triplets. The
96 well plate was sealed with a transparent cover and by centrifugation, all components
were brought together. As shown in Table 29, RT-qPCR was performed in a CFX

cycler from Bio-Rad.

temperature duration cycles
95° C 3 min

95° C 10 sec

60° C 1 min S0x
95° C 1 min

Table 29: PCR program for RT-gPCR.

To generate a melting curve of the RT-qPCR products, temperature was increased after
RT-gPCR cycling from 55° C to 95° C, stepwise by 0.5° C. Thereby, double-stranded RT-
gPCR products melted, and fluorescence decreased proportional. By differentiation with
respect to the temperature, a graph can be generated. If products were pure, only one

peak at the corresponding melting temperature of the RT-gPCR product was detected.

From the c(t) values of the triplets, the average and the standard error of the mean (SEM)
were calculated. The average of the gene of interest was examine relative to that of a

reference gene. Furthermore, values of treatment were normed to that of controls.
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3.4.4.2 of mMRNA and miRNA via TagMan Assay
Since miRNA fragments are small - even after being processed to cDNA as shown at
3.4.3.2- no RT-gPCR can be performed. Alternatively, another method named
TagMan was developed in the recent years.

Thereby, a TagMan probe anneals specifically to its complementary sequence. At this
status, the probe is intact and the proximity of reporter and quencher dye results in
suppression of the reporter fluorescence. The probe site is located between those of
forward (fwd) and revers (rev) primers. By the enzymatic activity of DNA polymerase,
hybridized probes get cleaved and thereby, the reporter dye separates from the
guencher dye. This separation results in increased fluorescence by the reporter.

As shown for RT-gPCR, every cycle of PCR amplification increases cDNA amount and
thereby fluorescence. The earlier the specific fluorescent signal emerges from
background, the more of this specific cDNA was initially present. Furthermore, values

were calculated relatively to that of a reference miRNA.

cDNA was used in a 1:10 dilution with dH20 and 5 pl were used per well. As a negative
control, an approach without cDNA but dH20 was performed. Furthermore, 15 pl of a
master mix as shown in Table 30, containing miRNA probe, was added to each well.

reagent “amount

2x TagMan Fast Advanced Master Mix 10.0 pl
RNase-free H,O 4.0 pl
miRNA Sonde 1.0 l

Table 30: Required amounts of reagents for TagMan.

As by RT-gPCR, plates were sealed and shortly centrifuged. Thereafter, TagMan were
performed as shown in Table 31. To avoid inaccuracies due to pipetting, approaches

were performed in triplets.

temperature duration cycles
95° C 3 min

95° C 10 sec

60° C 1 min S0x

Table 31: PCR program for TagMan.

Since fluorescence of TagMan products does not come from the integration of a dye
into double stranded cDNA, no melting curve can be performed. The purity of the
products must be created by a probe design that is specifically complementary to the

target sequence.
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3.4.4.3 of miRNA via Northern blot
Northern Blot experiments were performed according to an established protocol of the
Department for Biochemistry I. According to this, a 12% denaturing polyacrylamide gel
must be prepared. For a 60 ml gel, 28.8 ml of the concentrate, 25.2 ml of the diluent
and 6.0 ml of 10x TBE buffer are required. After gentle mixing, 300 ml 10% APS and
30 ul TEMED were added. Gel was poured into an apparatus and a comb was inserted

to generate 12 chambers. Thereafter, the gel could settle for at least 30 min.

MIiRNA samples should contain 15 pg of RNA and was combined with the same
amount of RNA loading dye. Initially, the gel should pre-run in 1x TBE at 350-400 V
with a metal plate attached behind for approximately 20 min. This step was important
to warm up the glass plates which was important to keep the RNA in a linear form.
After the pre-run was finished, miRNA samples must be heated for up to 5 min at 95° C.
Furthermore, the gel chambers must be extensively washed to get rid of the urea by a
1x TBE filled syringe. This cleaning step should be repeated immediately prior to

loading the sample.

After samples and standard were loaded on the gel, the gel was run at constant 400 V.
The gel should run until the lower dye was migrated for 6 to 7 cm which took
approximately 1 hour. To control the loading, an ethidium bromide staining was
performed. After disassembling the gel, it was put into a 1:20,000 ethidium bromide
solution in 1x TBE. After 10 min on the shaker, a picture can be taken, and degraded

miRNA would be recognized.

For Northern Blotting, a blotting stack as shown in Figure 9, was prepared. Northern

Blot was performed at 20 V for 30 min.

cathode )

3 Whatman paper

gel
membrane

2 Whatman paper

«"m

a

Figure 9: Composition of a blotting stack for Northern Blot.
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The crosslinking solution was prepared by 61.25 pl 1-methylimidazol, 2.25 ml dH20
and solution was adjusted to pH 7.5 using approximately 75 ul 1 M HCI. Immediately
before use, 188 mg EDC was added and filled up to 6 ml with dH20. Fresh Whatman
paper were sucked with crosslinking solution and distributed equally. Excess solution
was removed with a towel. Thereafter, membrane was put onto those Whatman paper
with the RNA side facing up. Membrane was put into the hybridization oven for 1 hour
at 50° C.

By rinsing the membrane three times for 20 sec with dH20, the crosslinking solution
was removed. While all so far mentioned steps were performed in the laboratory, the
following steps must be performed in an isotope laboratory.

To label the miRNA probes, a solution as mentioned in Table 32 was prepared for
every probe, equal if miIRNA of interest or reference miRNA.

reagent “amount

oligodeoxynucleotide, 20 uM 1.0 ul
10x PNK buffer A 2.0 ul
PNK 1.0 ul
dH20 14.0 ul
g-32P-ATP, 20 pCi 2.0 ul

Table 32: Required amounts of reagents for labeling miRNA probes from Northern Blot.

The solution was incubated at 37° C for 1 hour. By adding 30 pl EDTA (30 mM), the
reaction was stopped. Furthermore, the solution was purified by gel filtration columns
to get rid of free g-32P-ATP.

Thereafter, the hybridization was performed. Therefore, all solutions must be pre-
heated to 50° C to avoid precipitation of SDS. The membrane was transferred into a
flask (with the RNA site facing towards the inside) and hybridization solution was
added. Furthermore, the labeled probe was added. Thereby, it must have been taken
care not to pipet directly onto the membrane but into the solution. For hybridization,

membrane was incubated over night at 50° C under rotation.

At the next day, membrane was washed after hybridization solution was completely
removed. It was washed two times with 30 ml wash solution 1 and one time with 30 ml

wash solution 2. Thereafter, exposure was performed.

If further investigations should be performed, the membrane must be stripped.
Therefore, the membrane was put back into a flask and washed twice with boiling
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0.1% SDS solution in dH20 for 10 min each. Thereafter, it was washed once more with
boiling dH20.

3.5 Biomolecular methods

3.5.1 Isolation of genomic DNA

To genotype animals, tissue punches were taken from the ear under an isoflurane®
anesthesia by the age of 3 weeks. The position of the punch was also used to identify
individual animals within one cage. Figure 10 shows the scheme used in our laboratory
following Dickies suggestions.

SAZ DORSUM

10 ol 40 04 70 07
off S el e el
30 03 60 06 90 09

Figure 10: Punching code for identification of animals (Dickie 1975).

Punches were lysed overnight at 55° C in 100 pl digestion buffer and 2.5 pl
proteinase K in a shaking thermal cycler. The following day, proteinase K was
inactivated at 95° C for 10 min and the lysate was centrifuged for another 10 min at full
speed to pellet the non-lysed debris. Deoxyribonucleic acid (DNA) was present in the

supernatant and was stored at 4° C.

3.5.2 Genotyping of animals

To discriminate transgenic mice from WT littermates, DNA from ear punches was
assessed by genotyping PCR. PCR is a method to manifold a specific DNA fragment
wherefore Kary B. Millis received the Nobel prize for chemistry in 1993. Two single-
stranded, about 20 nucleotide-long fwd and rev primer are used with a complementary
base sequence to the flanks of the fragment of interest. When the initial DNA double-
strand gets denatured by heat, primer anneal sequence-specifically to that sequence.
Beginning on that double-stranded primer-DNA-hybrid and with the help of a heat-
stable DNA polymerase, double-stranded DNA can be synthesized with
deoxynucleotide triphosphates (ANTPs) according to the DNA matrix. Those steps

must be cyclically repeated to achieve exponential multiplication of the initial material.

To genotype animals of the BB1-CTGF strain, two PCRs with primers detecting the
chicken BB1 promotor in front of the CTGF construct (Reinehr et al. 2019) as well as
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one with a primer pair that spans from the SV40 small T-intron to the polyA-sequence
at the end of the transgenic construct (Junglas et al. 2012). In Table 33, approaches
for both PCRs are shown. To allow for an internal control, both PCRs were combined
with primers detecting a 161 bp fragment of WT decorin (DCN) (Danielson et al. 1997).
Thereby, one was sure to have loaded sufficient amount and quality of DNA.
Otherwise, a failed detection of the BB1 or SV40 construct would erroneously be

classified as WT.

reagent BB1 PCR SV40 PCR
H-0 5.55 ul 5.55 ul
10x Q buffer 1.50 pl 1.50 pl
1:10 diluted fwd BB1 primer 0.30 ul -

1:10 diluted rev BB1 primer 0.30 pl -

1:10 diluted fwd SV40 primer - 0.30 ul
1:10 diluted rev SV40 primer - 0.30 ul
1:10 diluted fwd DCN primer 0.15 ul 0.15 ul
1:10 diluted rev DCN primer 0.15 pl 0.15 pl
10 uM dNTPs 0.30 pl 0.30 ul
25 mM MgCl, 0.15 pl 0.15 ul
5x glycerol 3.00 pl 3.00 ul
Atag 0.60 pl 0.60 ul

Table 33: Required amounts of reagents for PCR approaches for genotyping BB1-CTGF mice.

12 pl of the PCR approach were combined with 3 pl of genomic DNA. A transgenic
animal functioned as positive control while an approach lacking DNA (containing 3 pl

of H20 instead) served as negative control.

Table 34 shows the cycling program that was performed with all samples. Since the
PCR products of B1 and SV40 PCR were approximately of the same size and the

same DNA taq was used, the cycling program was the same for both PCRs.

temperature duration cycles
94° C 2 min

94° C 30 sec

55° C 30 sec 35x
72° C 45 sec

72° C 5 min

10° C 0

Table 34: PCR program for genotyping BB1-CTGF mice.

3.5.3 Agarose gel electrophoresis

Electrophoresis is a technique to separate negatively charged, linear DNA according
to its size, following an electric field in a porous agarose gel. The smaller a DNA
fragment, the faster it moves through the porous gel and the other way around. Hence,

a bigger fragment gets less far in the same time span. By adding ethidium bromide to
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the gel, it intercalated into double-stranded DNA and thereby changes its absorption

spectrum. Thereby, DNA becomes visible under UV light.

For a 2% gel, 2 mg agarose were solubilized in 100 ml TBE buffer by microwave
heating. After chilling the liquid to avoid cancerogenic vapor, 3 pl ethidium bromide
were added to a final concentration of 50 ng/ml. The liquid was poured into a frame
and a comb was inserted to provide pockets for sample loading. After the gel was
hardened, the comb was removed, and the gel was placed in an electrophoresis
chamber filled with TBE buffer.

The first pocket was filled with 2 ul of the 100 bp Gene Ruler as DNA marker. Since
with reddish 5x glycerol, the samples already contained stain and weight, following
pockets were filled with 15 ul of PCR product without further additions. To fragment the
DNA, electrophoresis was performed for 30 min at 120 V. Thereafter, the agarose gel
was put onto an UV shield and PCR products were detected and documented by taking
a photo of the PCR result.

All sufficiently lysed biopsies should provide the 161 bp fragment. If that internal
positive control signal was missing, genotyping must be repeated. Animals showing a
360 bp fragment after the BB1 PCR as well as a 300 bp fragment after the SV40 were

considered transgenic while animals missing those bands were declared WT.

3.6 Preparation of animal tissue

3.6.1 Measurement of intraocular pressure

From earlier studies of our working group, it is known that transgenic mice of the fB1-
CTGF strain develop POAG-like changes due to their CTGF overexpression (Junglas
et al. 2012). To investigate if the CTGF effect is consistent within different genetic
backgrounds, IOP was measured with the help of rebound tonometry. Different genetic
backgrounds were investigated at different ages while the focus was set on 4, 8, 12

and 15 weeks as well as the age of 1 year.

Therefore, mice were anesthetized with the help of an isoflurane® evaporator and the
duration and depth of torpidity were kept the same for all animals of an experiment.
The tonometer pin was placed upright towards the center of the cornea and
measurement was started. By rebound tonometry, one measures the force, the eye

subtends towards the pin when it hits the cornea. The higher the I0P, the bigger the
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counteracting force the pin detects. The TonoLab tonometer from Icare Finland
calculated the mean of a series of measurements, thereby indicating how much the
single measurements diverged. Only values with little divergence were included into
analysis. Finally, the mean value of several measurements per eye was calculated and

IOP of transgenic animals was compared to WT IOP.

3.6.2 Preparation of murine eyes

All procedures including animal tissue were conformed to the tenets of the National

Institutes of Health Guidelines on the Care and Use of Animals in Research.

Eyes from BB1-CTGF mice with a pure CD1 background were taken at the age of
15 weeks to investigate changes in the retina. To fixate the tissue, PFA was used,
which cross-links the tissue’s proteins. Since its penetration depth is restricted,
incubation in a PFA bath alone is not sufficient. The fixative was brought via the blood

system directly into the tissue.

3.6.2.1 PFA-fixation
To isolate tissue, mice were anesthetized with a mixture of Ketamine (75 mg/ml) and
Xylazine (5 mg/ml). The thorax was opened, and the heart was punctured into the left
ventricle. A solution of 0.89% NaClz, containing heparin (1:1000), was perfused into
the circulatory system. An incision into the right atrial auricle allowed for tension relief.
Thereby, the blood with its auto-fluorescent erythrocytes, was removed. Thereafter, a

4% PFA solution in 0.1 M phosphate buffer (Php) was used to fixate the tissue.

Eyes were enucleated and incubated in 4% PFA overnight at 4° C. For better

penetration, a hole was cut into the cornea after the first hour of fixation.

3.6.2.2 Embedding
To produce cryo sections, eyes must be dehydrated by a series of increasing sucrose
concentrations. After three initial washing steps with 0.1 M Php for 20 min each, eyes
were incubated in 10%, 20% as well as 30% sucrose (in 0.1 M Php) for at least 4 hours

each.

As embedding medium for perfused and dehydrated eyes, Tissue-Tek from Sakura
was used. By the help of a binocular, eyes were brought into a horizonal position.
Surrounded by Tissue-Tek, eyes were held in fluid nitrogen which freezes and hardens

the Tissue-Tek. Blocks were stored at -20° C until cutting.
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3.6.2.3 Cryo sectioning
Of the embedded eyes, 12 um thin sagittal sections were produced. To avoid
defrosting, sectioning was done in a cryostat at -20° C. Sections were put onto object

slides and used for histological staining (see 3.7.1).

3.6.3 Exvivo perfusion of porcine eyes

Porcine eyes derived from a local abattoir. Carried on ice, experiments were performed
soon after slaughtering. Eyes with defects as those of cornea epithelium were
excluded. Palpebra, extraocular muscles and other remaining tissue was removed

while the integrity of the bulbus was kept intact.

3.6.3.1 Perfusion with gold nanopatrticles
Eyes were placed onto gaze facing upwards at 35° C in a water bath and were
surrounded by 0.89% NacClz. One needle, connected to the perfusion chamber, was
inserted into the anterior chamber, and placed behind the iris. A second needle was
placed into the anterior chamber to allow for the exchange of the AH. Therefore, it was

connected to a collection reservoir and only open during exchange steps.

Initially, both parts of the system were filled with a 5 mM glucose solution in PBS,
providing sufficient nutrients to keep the tissue alive. To avoid air bubbles, glucose
solution was outgased in an ultrasonic bath. First, the AH was replaced be an excess

amount of glucose, then, the glucose was replaced by the AuNP solution.

Ex vivo perfusion experiments were performed at 10 mmHg, which was adjusted by a
height difference of the eye’s limbus and the solution column in the perfusion reservoir.
During the 3 hours of perfusion, eyes were perfused via the natural AH outflow
pathway. Thereafter, AUNP solution was replaced by an excess amount of glucose and

perfusion was performed another 2 hours to flush the outflow pathway.

3.6.3.2 Preparation of tissues of the anterior chamber
To investigate the gold content of distinct tissues of the anterior chamber, eyes were
dissected after perfusion. The bulbus was opened along the equator and vitreous was
removed. The lens was the first tissue to be collected and could be easily captured by
forceps. Next, the anterior chamber was cut into two pieces. By an incisura, the iris
was cut off and collected, too. Furthermore, the ciliary body was removed by a micro-

scissor and collected as well.
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At that point, tiny slices of the remaining cornea-scleral tissue - containing the TM and
the aqueous plexus (AP) - was isolated and fixed for transmission electron microscopy
(TEM) experiments (see 3.6.3.3). A piece of each quarter was taken to cover the

different outflow areas at its best.

Thereafter, the TM was isolated from the four remaining pieces. By tiny cuts, it was
restricted and could be extracted by forceps. Finally, the cornea was removed and
collected as well. Tissue was frozen at -80° C until further processed by ICP-MS,

performed by our cooperation partners.

3.6.3.3 Epon embedding for semi thin sections
Cornea-scleral slices were fixed in EM fixans for 24 hours at 4° C and washed three
times with 0.1 M cacodylate buffer for 20 min thereafter. Eye were further fixed in
1% osmiumtetraoxid and washed again with 0.1 M cacodylate buffer for 20 min.

By an ascending alcohol series of 70%, 80%, 90% and 100%, eyes were dehydrated
and embedded thereafter. The standard protocol was a series of the following
solutions: ethanol and acetone in a 1:1 ratio, 100% acetone, Epon and acetone in a
1:2 ratio, thereafter in a 2:1 ratio. Finally, 100% Epon was used. For hardening, eyes
were incubated for 24 hours at 60° C and 48 hours at 90° C. For embedding, Epon
stem A and stem B were used in a 1:1 ratio. Finally, 1 um sections were performed by

Angelika Pach and analyzed by TEM.

3.7 Histological techniques

3.7.1 Immunohistochemical staining of tissue sections with fluorescent dyes

To allow for the determination of the presence and the abundance of proteins,

immunohistochemical staining of the murine retinae were performed.

Semithin sagittal sections were prepared as described at 3.6.2.3. After thawing, the
object slides were washed in 0.1 M Php to remove the Tissue-Tek. To avoid unspecific
antibody binding, slices were blocked 1 hour at RT with blocking solutions listed in
Table 35. There, the corresponding antibody dilutions and their incubation times are
listed as well. The object slides were kept in a wet chamber to avoid drying as well as

in the dark to avoid fading.
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To safe animal material, GS and GFAP as well as VIM and GFAP staining were
performed as double staining. To avoid unwanted interaction of the secondary

antibodies, GS or VIM staining must be performed before the GFAP staining.

| protein_blocking_____ primary antibody _________ secondaryantibody _
GS 3% BSA, goat anti GS 1:250 in rabbit anti goat Cy3 1:2,000
0.1% Triton 1:10 diluted blocking solution | in 1:10 diluted blocking solution
in 0.1 M Php overnight at 4° C 1 hour at RT
1 hour at RT
VIM 3% BSA, goat anti VIM 1:100 in biotinylated anti goat 1IG 1:500
0.1% Triton 1:10 diluted blocking solution | in 1:10 diluted blocking solution
in 0.1 M Php overnight at 4° C 1 hour at RT
1 hour at RT

Streptavidin Alexa 555 1:1,000
in 1:10 diluted blocking solution

1 hour at RT
GFAP | 2% BSA, chicken anti GFAP 1:2,000 in | goat anti chicken Alexa 488
0.2% CWFG, 1:10 diluted blocking solution | 1:1,000 in 1:10 diluted blocking
0.1% Triton overnight at 4° C solution
in 0.1 M Php 1 hour at RT

1 hour at RT

Table 35: Blocking and antibody dilutions for immunohistochemical staining.

After the blocking as well as in between incubation steps with antibodies, slices were
washed three times for 5 min with 0.1 Php, each. The last washing step consisted of a
5 min incubation in dH20. Thereafter, the slices were covered with fluorescent
mounting medium (Mowiol) containing DAPI to stain nuclear DNA.

To exclude unspecific binding of the secondary antibodies, slices were stained without
primary antibodies. Slices were incubated with 1:10 diluted blocking solution instead.
Those slices were declared as negative controls. Additional to those negative controls
without primary antibodies, controls must be performed to exclude interactions of the

two secondary antibodies with the other primary antibody.

3.7.2 Labeling of cells with Phalloidin

SC cells and HUVECs were seeded onto glass coverslips and cultivated until they were
80% confluent. After DETA-NO treatment (see 3.2.2.1), medium was removed and
cells were washed twice with PBS. Thereafter, cells on coverslips were fixed with
chilled 4% PFA for 5 min and washed twice with 0.1 M Php.

Phalloidin (order number: P1951-.1MG) was dissolved 1:1,000 in 0.1 M Php and
incubated on the slides for 1 hour in the dark. Afterwards, coverslips were washed
three times with 0.1 M Php and mounted with Mowiol (containing DAPI for nuclear
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staining) onto a microscope slide. After slides were dried overnight, fluorescence was

assessed by a fluorescent microscope.

3.7.3 Calcein-AM stain

With the Calcein AM kit (order number:4892-010-K) from Trevigen, cell viability and
cytotoxity can be determined. According to manufacturer’s information, Calcein AM is
a non-fluorescent compound that easily permeates cell membranes of living cells.
Intracellularly, Calcein AM gets hydrolyzed to calcein which is strongly fluorescent.
Since the permeation into cells is an active transport, only viable cells were fluorescent

within their cytoplasm.

Calcein AM is resuspended in DMSO to provide a 2 mM stock solution. Therefrom, a
2x Calcein AM working solution must be prepared by dilution with 1x Calcein AM
Dilution/Wash Buffer. Per well, 50 pl will be required. The best fitting Calcein AM
concentration ranges from 1 to 10 uM and must be determined for each cell type in

preliminary experiments.

Adherent cells — ideally grown on black-welled plates - were cultured to appropriate
confluence. Thereafter, medium was removed and 100 pl of 1x Dilution/Wash Buffer
added. The Wash Buffer was removed and replaced by 50 pl of fresh 1x Calcein AM
Dilution/Wash Buffer. Thereafter, 50 ul of freshly prepared 2x Calcein AM working

solution was added to each well.

After an incubation step of 30 min under standard cell culture conditions, fluorescence
was detected using a 490 nm excitation filter and a 520 nm emission filter. The

fluorescence intensity was direct proportional to the number of viable cells.

3.7.4 Microscopy

Fluorescent microscopy was performed with in vitro treated cells as well as sagittal
sections from murine eyes. Therefore, the Axio Imager Z1 microscope from Carl Zeiss

(Géttingen, Germany) was used.

For investigations of the retina, images were made at a 40x magnification. Four
pictures were taken from each slice while two were taken peripheral and two almost
central, next to the papilla. Since 6 slices were investigated, a total of 24 images per

animal were analyzed.
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EM sample processing, cutting and evaluation of EM images were thankfully done by

Angelika Pach.

3.8 Software and statistical analysis

For gPCR data analysis, the Bio-Rad CFX Manager 3.1 software was used and AAc(t)-
method was applied for normalization. Western Blot analysis was done with the Image
Lab software from Bio-Rad (version 6.0.1, Feldkirchen Germany). ELISA and Griess

Assay data were assessed by www.myassays.com.

Student’s t-test was used for statistical analysis and significant outliers were identified
by Grubbs’ test. Data were presented a mean £ SEM. Level of significance was set to
p < 0.05 and was indicated by *. Differences with p <0.01 were indicated by ** and
with p £ 0.001 by ***,


http://www.myassays.com/

Results

4 Results

4.1 Analysis of a glaucoma mouse model overexpressing CTGF under a lens-

specific promotor

Our working group established a transgenic mouse model, overexpression CTGF
under a lens-specific promotor (BB1-CTGF). These mice have been shown to develop
elevated IOP and a reduced number of optic nerve axons by age while showing no

structural abnormalities in the iridocorneal angle. (Junglas et al. 2012)

While Junglas et al. investigated the BB1-CTGF mouse in a mixed FVB/N and CD1
background, this study addressed the question whether the glaucoma-causing effect
of CTGF is ubiquitous but not specific for this mouse strain. Therefore, BB1-CTGF

transgenic mice were bred into additional mouse strains.

4.1.1 Genotyping of transgenic BB1-CTGF mice and WT littermates

Independent of the genetic background, transgenic mice must be discriminated from
WT littermates. Therefore, DNA from ear punches was assessed by genotyping PCR.
After amplification and gel electrophoresis, mice carrying the transgenic construct had
a 360 bp DNA fragment after BB1 PCR as well as a band at 300 bp after a SV40 PCR
while WT littermates had no fragment at that height (Figure 11).

Figure 11: Detection of PCR products after agarose gel electrophoresis.
Transgenic animals show a 360 bp band after B1 PCR as well as a band at 300 bp after SV40 PCR, while wildtype
animals miss that signal. All DNA-containing samples must have the 161 bp fragment, functioning as internal

control, while negative control, containing water instead of DNA, must lack any signal. As positive control, DNA of
a securely transgenic animal was used. As standard, the 100 bp Gene Ruler was used.

To allow for an internal control, both PCRs were combined with primers detecting a
161 bp fragment of WT decorin (Danielson et al. 1997). By detecting any WT fragment,
both genotypes should provide, one was sure to have loaded sufficient amount and
qguality of DNA. Otherwise, a failed detection of the B1 or SV40 construct due to
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insufficient DNA would erroneously be classified as WT. Results from both PCRs were
expected to exhibit similar results and only animals with corresponding results were

used for experiments.

As negative control, a sample containing water instead of DNA was treated the same
as the others. The lack of any signal there assures, that the signal in the other samples
was specific. As positive control, DNA of a securely transgenic animal was used.

4.1.2 Overexpression of CTGF leads to activation of retinal macroglia and

glaucomatous changes

The present study contributed to the publication Reinehr et al. in 2019 by investigating
macroglia activation in the retina. Therefore, astrocytes were stained with glial fibrillary
acidic protein (GFAP), and vimentin (VIM) and glutamine synthetase (GS) were stained
to label Mdller cells (compare 3.7.1).

While the GFAP as well as the VIM staining showed a slightly increased stain-positive
area in BB1-CTGF®P! transgenic mice, GS signal was significantly increased in
comparison to WTCP? [ittermates (Figure 12). These findings indicate macroglia

activation under the high IOP conditions of the transgenic animals.

GFAP+DAPI Vimentin+DAPI GS+DAPI

Figure 12: Macroglia activation in BB1-CTGF (CD1) transgenic mice.

Macroglia were stained with specific antibodies against green fluorescent acidic protein (GFAP, green), vimentin
(red) and glutamine synthetase (GS, red). Cell nuclei were labeled with DAPI (blue). While GFAP and vimentin
showed slightly increased stain* areas, GS* area was significantly increased in BB1-CTGFCP! retinae compared to
wildtype®Pl (WT) retinae (Reinehr et al. 2019). Scale bar represents 20 pm with n=5eyes per group
(GCL = ganglion cell layer, IPL = inner plexiform layer, INL = inner nuclear layer).

BB1-CTGF
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4.1.3 Pure-breeding of BB1-CTGF transgenic mice in additional genetic

backgrounds

While transgenic BB1-CTGF mice, purebred in the CD1 background, were already
available in our working group, purebred Black6/J (BL6) mice were generated within
this study. Therefore, a BB1-CTGF transgenic mouse with CD1 background was bred
with a WT Black6/J mate. After a total of eight generations, the BB1-CTGF transgene
construct was brought into the pure Black6/J background and mice were considered
to be purebred. Both, transgenic as well as WT littermates were viable and fertile (data

not shown).

4.1.4 CTGF overexpression leads to increase of IOP, independent of genetic

background

While Junglas et al. found significantly increased IOP in the BB1-CTGF mice with a
mixed FVB/N and CD1 background (first generation) at the age of 4, 8 as well as
12 weeks, Reinehr et al. reported an influence of the genetic background since there,
the BB1-CTGF mice within a pure CD1 background showed no increase of IOP until

the age of 15 weeks.

However, the present study showed that the increase in IOP is conserved at the age
of 1 year in mice with the pure CD1 background (Figure 13). While WTCP! animals had
an IOP of 12.67 + 0.79 mmHg, BB1-CTGFP! mice had a significantly increased IOP

of 15.76 + 1.00 mmHg (p < 0.05).
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Figure 13: IOP was significantly increased in 1l-year old BB1-CTGF (CD1) mice compared to wildtype
littermates.

IOP was measured from both eyes with rebound tonometry in mice, anesthetized with isoflurane®. At the age of
1 year, transgenic B1-CTGF mice (n = 7) with a pure CD1 background had significantly increased IOP compared
to wildtype littermates (n = 14, p < 0.05).
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Within this study, BB1-CTGF mice were bred into the Black6/J background.
Exemplarily, the 7! generation of the breeding into the Black6/J background was
investigated (Figure 14). Therefore, the same animals from one litter (n = 3 for both
groups) were investigated subsequently at the age of 4, 8 and 12 weeks. IOP was
measured from both eyes of each animal with rebound tonometry in anesthetized mice.
While IOP was almost identical at the age of 4 weeks (WTBL: 12.50 + 1.02 mmHg,
BB1-CTGFBL6: 13.07 + 0.57 mmHg), transgenic mice had significantly increased 10P
at the age of 8 weeks (WTBL6; 12.44 + 1.00 mmHg, BB1-CTGF®BL6: 16.54 + 0.99 mmHg
with p < 0.05). and high significantly increased IOP at the age of 12 weeks (WTBL;
12.87 + 0.37 mmHg, BB1-CTGFB6: 16.27 £ 0.90 mmHg with p < 0.01).
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Figure 14: IOP was significantly increased in 8 and 12-week old BB1-CTGF (CD1 and Black6/J, 7t
generation) mice compared to wildtype littermates.

IOP was measured from both eyes with rebound tonometry in mice, anesthetized with isoflurane®. The same
animals from one litter (n = 3 for both groups) were investigated subsequently at the age of 4, 8 and 12 weeks.

While IOP was almost identical at the age of 4 weeks, BB1-CTGFBL6 transgenic mice had significantly increased
IOP at the age of 8 (p =< 0.05) and high significantly increased IOP at the age of 12 weeks (p <0.01).

Further genetic backgrounds were investigated within the doctoral thesis of Felix

Hutmacher, a medical student who was supervised throughout this study.

Even if there are slight differences concerning the timepoint and the extent, the
increase of IOP emerges in transgenic mice, the CTGF-induced increase in IOP is
sustained over all investigated genetic backgrounds. These findings underline the
power of the established mouse model and make it an even stronger and very valid
mouse model for glaucoma. Furthermore, the likelihood of CTGF to play a key role

during the pathology of POAG is supported by those findings.
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4.2 Effect of Nitric Oxide on biomechanical behavior and expression profile of

outflow tissue cells

In recent years, the relaxing effect of NO signaling gained attention as potential
approach to treat glaucoma. Therefore, the mean topic of this thesis was the analysis
whether NO has an influence of the biomechanical behavior and on the expression
profile of endothelial cells. The focus was on the in vitro treatment of SC cells (and
HUVECSs) with an exogenous NO donor, DETA-NO. This study was supported by a
cooperation with Prof. Dr. Johnson’s lab as well as Ramona Pawlak who did her master

thesis on this topic.

4.2.1 DETA-NO as exogenous NO donor in vitro

To investigate the NO effects, endothelial cells were treated with DETA-NO in different
concentrations (50 and 100 uM) in vitro. Prior to experiments, Calcein-AM staining was
performed to eliminate the risk that the chosen concentrations do negatively affect cell
viability. SC cells were treated with 100 uM DETA-NO for 3 or 5 hours before staining
(Figure 15). Since there were no significant changes in cell viability to PBS-treated

controls, 50 and 100 uM DETA-NO were eligible for further in vitro experiments.

control 3 hours DETA-NO 5 hours DETA-NO

SC cells

Figure 15: DETA-NO did not impair cell viability.

Calcein-AM staining of SC cells. Green fluorescence indicates viable cells, blue nuclear staining. If compared to
PBS-treated controls, neither 3 nor 5 hours of DETA-NO treatment (100 uM) did cause a significant change in cell
viability. Scale bars: 50 pm.

In a next step, the ability of DETA-NO to release NO into cells supernatant under the
given in vitro conditions was investigated (SC71 and SC79, n = 4 each). Great interest
was put on the temporal course over up to 24 hours. The NO concentration was
indirectly determined by measuring the nitrite concentration by Griess reagent

analysis. While PBS-treated controls revealed a concentration below the detection limit
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of 1.0 uM nitrite for this assay (3 hours: 0.34 + 0.06 uM; 6 hours: 0.22 + 0.05 uM,;
24 hours: 0.43 £0.07 uM), DETA-NO did highly significantly increase NO in the
supernatant of SC cells over a period of up to 24 hours (Figure 16). The increase of
nitrite concentration with increasing DETA-NO concentration was consistent
(p £0.001) while there was no significant difference between the investigated
timepoints of 3, 6 and 24 hours (3 hours: 50 uM DETA-NO: 20.85 + 0.85 uM, 100 uM
DETA-NO: 36.49 + 1.15 uM; 6 hours: 50 uM DETA-NO: 21.17 +1.08 uM, 100 pM
DETA-NO: 33.54 + 1.86 uM;. 24 hours: 50 uM DETA-NO: 20.14 £ 1.01 pM, 100 pM
DETA-NO: 36.00 £ 2.01 puM). This finding has shown that a treatment for up to

24 hours generates consistent NO concentrations after DETA-NO supplementation.
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Figure 16: DETA-NO did increase NO concentration in cells supernatant.

NO concentration was indirectly determined by measuring the nitrite concentration by Griess reagent analysis in
the supernatant of PBS-treated, 50 pM and 100 uM DETA-NO treated SC cells (SC71 and SC79, n = 4 each). PBS-
treated controls showed a concentration below the detection limit of 1.0 uM nitrite for this assay. DETA-NO
treatment did significantly increase the nitrite concentration after 3 (light gray), 6 (dark gray) as well as 24 hours
(black) of treatment (p < 0.001).

In this study, the focus of gene expression studies was set on 6, 12 and 24 hours of
DETA-NO treatment. The relative mRNA expression was investigated in PBS-treated,
50 uM and 100 uM DETA-NO treated SC cells via RT-gPCR. To analyze whether
DETA-NO can induce NO response genes, the expression of heme oxygenase 1 (HO-
1), a ubiquitous and inducible heme-containing member of the heat shock proteins,
was investigated. HO-1 is induced in fibroblasts after a 2 to 4 hour treatment with a NO
donor (SNAP) and its response depends directly on NO since it was strongly reduced
after the addition of L-NAME, a NOS inhibitor (Hemish et al. 2003).
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In SC cells, the increase of HO-1 mRNA was significant after 6 hours of treatment not
only when comparing 50 uM (2.18 £ 0.32, p <0.01) and 100 uM DETA-NO treatment
(3.98 £ 0.69, p < 0.01) to the PBS-treated control but also when comparing the DETA-
NO treatments among each other (p < 0.05). After 12 hours of treatment, the induction
was reduced and longer significant (50 uM DETA-NO: 1.48 + 0.36, 100 uM DETA-NO:
2.29 £ 0.63 with p = 0.057). No change in mRNA expression was found after 24 hours
of DETA-NO treatment (50 uM DETA-NO: 0.90 +0.20, 100 uM DETA-NO:
1.00 £ 0.18). This finding has shown that the treatment with DETA-NO at the given
concentrations are sufficient to cause expression changes in SC cells (Figure 17).
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Figure 17: DETA-NO did induce the expression of the NO response gene HO-1.

Relative mRNA expression of HO-1 was investigated in PBS-treated, 50 uM and 100 uM DETA-NO treated SC
cells (SC68, SC74 and SC79, n = 3 each).DETA-NO treatment did significantly increase HO-1 mRNA expression
after 6 hours of treatment (p <0.05, p £0.01, p £0.001). After 12 hours of treatment, the induction was reduced
and no longer significant (p = 0.057 for 100 pM DETA-NO treatment). No change in mRNA expression was found
after 24 hours of DETA-NO treatment. RPL32 was used as reference gene.

4.2.2 HUVECSs as suitable endothelial model cell line for SC cells

Since human SC cells are difficult to isolate (Stamer et al. 1998) and our access to
supply is limited, having a suitable model cell line is essential to establish experimental
setups. HUVECs have been proven to be a suitable endothelial cell model for SC cells
(Perkumas and Stamer 2012; Ashpole et al. 2014).

Using a cell strain as model for another strain, one must be aware that there are some
limitations. Differences in expression profile of distinct genes may occur in different cell
strains. Within this study, we investigated the expression profile of decorin (DCN), a

gene that has been shown to be associated to POAG (Grisanti et al. 2005; Hill et al.
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2015; Hill et al. 2016; NikhalaShree et al. 2019). While we have shown that SC cells
do express DCN (Overby et al. 2014), HUVECs have been proven to have no
endogenous DCN expression (Buraschi et al. 2013). These findings have been
reproduced in this study, even if DETA-NO did not have influence on DCN gene
expression in three investigated SC cell strains (Figure 18, 6 hours: 50 pM DETA-NO:
0.70 £ 0.11, 100 pM DETA-NO: 0.89 £ 0.15; 12 hours: 50 uM DETA-NO: 0.85 + 0.09,
100 uM DETA-NO: 0.62 + 0.14; 24 hours: 50 uM DETA-NO: 1.26 £ 0.27, 100 pM
DETA-NO: 0.78 £ 0.19).
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Figure 18: DETA-NO did not affect the expression of DCN but investigations revealed that DCN is expressed
in SC cells but not in HUVECs.

Relative mRNA expression of DCN was investigated in PBS-treated, 50 uM and 100 uM DETA-NO treated SC cells
(SC68, SC74 and SC79, n = 3 each). DETA-NO treatment did have no effect on DCN mRNA expression after 6,
12 or 24 hours of treatment (p > 0.05). RPL32 was used as reference gene.

4.2.3 Induction of NO signaling in endothelial cells

Within initial experiments, we tried to detect major components of the NO signaling
pathway under cell culture conditions. Therefore, two approaches were used to
analyze eNOS and NO in SC cells. One attempt was to use DETA-NO as exogenous
NO donor to induce intracellular NO signaling (compare 4.2.3.1) while the other was to

mimic in vivo conditions by flow-induced shear stress (compare 4.2.3.2).

4.2.3.1 DETA-NO treatment
To investigate the effect of exogenous NO on NO signaling, the expression of eNOS
in DETA-NO treated HUVECs and SC cells was investigated.
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In SC cells, eNOS was not detectable at mMRNA level, neither by RT-gPCR nor TagMan
(data not shown). Furthermore, the two other isoforms of NOS, INOS and nNOS were

also not detectable in SC cells (data not shown).

On the other hand, HUVECs expressed detectable eNOS mRNA amount (Figure 19).
There, DETA-NO treatment did have not significant effect on eNOS expression but
revealed tendencies towards a dose-dependent affection (n =4; 50 uM DETA-NO:
1.40 £ 0.20 with p = 0.057, 100 uM DETA-NO: 1.59 + 0.37).
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Figure 19: DETA-NO did not affect the expression of eNOS in HUVECs.

Relative mRNA expression of eNOS was investigated in PBS-treated, 50 pM and 100 uM DETA-NO treated
HUVECs (n =4). DETA-NO treatment had no significant effect on eNOS mRNA expression after 24 hours of
treatment, even if a tendency towards a dose-dependent increase was revealed with p = 0.057 for the 50 uM
treatment.

To further investigate if the DETA-NO treatment had impact on eNOS protein
synthesis, HUVECs were investigated after treatment with 50 and 100 uM DETA-NO
for 6, 12 or 24 hours. By Western Blot analysis, no changes of eNOS synthesis was
observed (Figure 20, 6 hours (n =5): 50 uM DETA-NO: 1.20 £ 0.18, 100 uM DETA-
NO: 1.30 £ 0.55; 12 hours (n = 4): 50 uM DETA-NO: 1.10 £ 0.19, 100 uM DETA-NO:
1.37 £0.74; 24 hours (n=4): 50 uM DETA-NO: 2.31 +0.58, 100 uM DETA-NO:
1.54 + 0.34).
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Figure 20: DETA-NO did not affect the synthesis of eNOS in HUVECs after 6,12 and 24 hours of treatment.
Relative protein synthesis of eNOS was investigated in PBS-treated, 50 uM and 100 uM DETA-NO treated HUVECs
(6 hours: n =5, 12 hours: n =4, 24 hours: n =4). DETA-NO treatment did not have significant effect on eNOS

protein synthesis at any of the investigated timepoints (p > 0.05). Representative images of eNOS (~ 130 kDa) and
a-tubulin (~ 55 kDa) Western Blots are shown.

The next attempt was to investigate eNOS synthesis in SC cells by Western Blot
technique. Neither samples dissolved in 1% SDS (n = 3) nor in RIPA buffer (n = 3) had
detectable eNOS protein (Figure 21). Even if cells were kept one week confluent to
undergo differentiation, no eNOS protein could be detected by this method. Untreated
HUVECs functioned as positive control and provided chemiluminescent signal at
~ 130 kDa. As loading control, a-tubulin was used to ensure adequate loading and

sufficient signal for all seven samples was detected.
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Figure 21: eNOS protein was not detectable in SC cells by Western Blot.
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The protein synthesis of eNOS was investigated in SC cells (SC91) via Western Blot analysis after cells were kept
one week confluent to undergo differentiation. Proteins from untreated cells, either dissolved in 1% SDS (n = 3) or
in RIPA buffer (n = 3), were separated by electrophoresis and transferred to a PVDF membrane. When incubated
with rabbit-anti-eNOS antibody, only positive control (untreated HUVECS) provided chemiluminescent signal at
~ 130 kDa. As loading control, rabbit-anti-a-tubulin antibody was used to ensure adequate loading and sufficient
signal for all seven samples was detected.

As a more sensitive method, eNOS ELISA was performed. This method requires a
standard with defined amounts of eNOS (compare 3.3.6). Thereby, initial investigations
revealed, that SDS buffer interfered with ELISA reagents (data not shown).

Dissolved in RIPA buffer, sample sets from three different SC cell strains (SC68, SC74
and SC89, n =14 in total) were investigated (Figure 22). After 24 hours, DETA-NO
treatment did not have any effect on eNOS protein synthesis after 24 hours (control:
133.29 + 12.95 pg/ml, 50 uM DETA-NO: 126.43 + 15.11 pg/ml, 100 uM DETA-NO:
130.82 + 15.47 pg/ml).
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Figure 22: eNOS protein was detectable in SC cells by ELISA, but synthesis was not affected by DETA-NO
treatment.

The protein synthesis of eNOS was investigated via ELISA. Other than with Western Blot technique, eNOS was
detectable in SC cell samples dissolved in RIPA buffer. In this overall survey of three investigated SC cell strains
(SC68, SC74 and SC89, n = 14 in total), DETA-NO treatment had no effect on eNOS protein synthesis.

As shown by Western Blot analysis for HUVECSs, neither 50 uM nor 100 uM DETA-NO
did significantly affect eNOS protein synthesis in SC cells. Since eNOS was
undetectable at mRNA level and only detectable at protein level when dissolved in
RIPA buffer and investigated by the sensitive ELISA method, standard cell culture

conditions seem to lead to very low eNOS in SC cells.

4.2.3.2 flow conditions
To mimic the in vivo situation in vitro, allowing for a more suitable setup, flow

experiments were performed. Thereby, a continuous flow of medium was induced by
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an ibidi® pump system (see also 3.2.2.3). This shear stress mimicked the in vivo

conditions, where SC cells are also exposed to flow of AH.

Next, it was investigated if the high flow conditions can induce NO production in SC
cells (Figure 23). By Griess reagent analysis, the supernatant of SC cells was
assessed (SC68, SC74 and SC89, n = 17 for 0 dyn/cm?and n = 10 for 10 dyn/cm? after
one day and n =21 for 0 dyn/cm? and n =9 for 10 dyn/cm? after one week in total)
which were kept one day or one week under flow conditions (10 dyn/cm?2). Results were

compared to controls kept under static conditions (0 dyn/cm?2).

Thereby, results for SC cells kept under static conditions were below the detection limit
of 1.0 uM for this assay (compare with results from controls of DETA-NO treated SC
cells in Figure 16). If kept under flow conditions, nitrite was increased in the
supernatant from SC cells already after one day of incubation (O dyn/cmz:
0.26 £ 0.06 uM, 10 dyn/cmz. 1.53 +0.19 uM). This increase was even more
pronounced and high significantly higher after one week of incubation (0 dyn/cmz:

0.61 + 0.06 uM, 10 dyn/cmz 3.99 + 0.81 pM, with p < 0.01).
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Figure 23: NO was induced in SC cells under flow conditions in vitro already after one day of incubation.

NO concentration was indirectly determined by measuring the nitrite concentration by Griess reagent analysis in
the supernatant of SC cells (SC68, SC74 and SC89, n = 17 for 0 dyn/cm? and n = 10 for 10 dyn/cm? after one day
and n = 21 for 0 dyn/cm? and n = 9 for 10 dyn/cm? after one week in total) which were kept one day or one week

under flow conditions (10 dyn/cm?2). Results were compared to controls kept under static conditions (0 dyn/cmg?).

SC cells incubated under static conditions produced nitrite concentrations below the detection limit of 1.0 uM for
this assay. Already after one day of incubation, SC cells under flow conditions produced detectable amounts of

nitrite. This increase was even more pronounced and significantly higher after one week of incubation (** < 0.01).

These findings indicate that flow conditions mimic the in vivo situation and lead to a
stimulation of NO production in SC cells. Based on the increased NO production, we

investigated eNOS expression. Therefore, cells were harvested after one week under
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flow conditions and cells cultured in parallel for one week under static conditions served

as control.

The expression of eNOS mRNA in SC cells (SC68, SC74 and SC89) was investigated
after one week of incubation (Figure 24). Flow conditions slightly induced eNOS
MRNA expression compared to static control (0 dyn/cm? (n=11): 1.00 £0.12,
10 dyn/cm? (n = 9): 2.11 + 1.04) but the increase was not significant.
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Figure 24: eNOS mRNA expression in SC cells was slightly induced by flow conditions in vitro.

eNOS mRNA expression was investigated by RT-qPCR in SC cells (SC68, SC74 and SC89) after one week under
flow conditions. The incubation under flow (10 dyn/cm?, n = 9) slightly induced the expression of eNOS mMRNA
compared to static controls (0 dyn/cm?, n = 11), but the increase was not statistically significant.

4.2.4 Effect of flow conditions on the expression of glaucoma relevant genes

Since high flow resistance and thereby high pressure within the TM and SC are
symptoms of POAG, glaucoma-associated factors were investigated under flow

conditions.

TGF-B2 mRNA expression was investigated in SC cells (SC68, SC74 and SC89) under
flow conditions (Figure 25). Neither one day, nor one week of incubation had any effect
on TGF-B2 mRNA expression (one day: 0 dyn/cm? (n = 10): 1.00 + 0.10, 10 dyn/cm?
(n=9): 0.80 £0.12; one week: 0 dyn/cm? (n = 11): 1.00 £ 0.04, 10 dyn/cm? (n = 10):
0.75 + 0.26).
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Figure 25: TGF-B2 mRNA expression in SC cells was unaffected by in vitro flow conditions.

TGF-B2 mRNA expression was investigated by qPCR in SC cells (SC68, SC74 and SC89) after one day (n = 10
for 0 dyn/cm? respective n = 9 for 10 dyn/cm? in total) as well as after one week (n = 11 for O dyn/cm? respective
n = 10 for 10 dyn/cmz in total) under flow conditions. Neither one day nor one week of incubation had any effect on
TGF-B2 mRNA expression compared to static controls.

Furthermore, CTGF as a downstream mediator of TGF-$ signaling (Ihn 2002; Leask
and Abraham 2004) was investigated in SC cells (SC68, SC74 and SC89, Figure 26).
As TGF-B2, CTGF mRNA expression was not affected by flow conditions. Neither after
one day of incubation, nor after one week under flow conditions, CTGF mRNA was
affected compared to static controls (one day: O0dyn/cm? (n=11): 1.00 +0.19,
10 dyn/cm? (n=11): 1.50 +0.38; one week: 0dyn/cm? (n=12): 1.00 £ 0.05,
10 dyn/cm2 (n = 11): 1.59 + 0.63).
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Figure 26: CTGF mRNA expression in SC cells was unaffected by in vitro flow conditions.
CTGF mRNA expression was investigated by qPCR in SC cells (SC68, SC74 and SC89) after one day (n = 11 for
0 dyn/cm? respective n =11 for 10 dyn/cm? in total) as well as after one week (n =12 for 0 dyn/cm? respective

n = 11 for 10 dyn/cm? in total) under flow conditions. At both time points, flow conditions had no significant impact
on CTGF mRNA expression compared to static control.

4.2.5 Effect of exogenous NO on actin cytoskeleton and cell stiffness

The effect of exogenous NO on actin cytoskeleton and cell stiffness was investigated.

By phalloidin labeling (compare 3.7.2), actin cytoskeleton was displayed.
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Thereby, PBS-treated HUVECs had saturated signal derived from actin stress fibers
(Figure 27). After DETA-NO treatment (100 uM), cells revealed less stress fibers.
These changes were already observed after 3 hours of treatment and sustained until

5 hours.

control 3 hours DETA-NO 5 hours DETA-NO

Figure 27: DETA-NO causes changes of the actin cytoskeleton of HUVECs.

HUVECs

Phalloidin labeling of HUVECs. Red fluorescence indicates actin cytoskeleton, blue nuclear staining. Untreated
controls show filamentous actin cytoskeleton, while DETA-NO treated cells (100 uM) show less actin stress fibers.
Changes were already observed 3 hours after treatment and sustained until 5 hours. Scale bars: 50 pm.

In SC cells, plenty of longitudinally arranged actin stress fibers were found (Figure 28).
As shown in HUVECs, SC cells had less stress fibers after DETA-NO treatment
(100 puM). Furthermore, these changes were observed after 3 hours of treatment and

more pronounced after 5 hours.

control 3 hours DETA-NO 5 hours DETA-NO

Figure 28: DETA-NO causes changes of the actin cytoskeleton of SC cells.

SC cells

Phalloidin labeling of SC cells (SC71). Red fluorescence indicates actin cytoskeleton, blue nuclear staining.
Untreated controls show filamentous actin cytoskeleton, while DETA-NO treated cells (100 uM) show less actin
stress fibers. Changes were already observed 3 hours after treatment and even more pronounced after 5 hours.
Scale bars: 50 pm.

Next, the expression of a-SMA - as major component of actin cytoskeleton - was

investigated.

In HUVECS, results were not explicit. While the 100 uM DETA-NO treatment for
6 hours significantly increased the a-SMA expression, the 50 uM DETA-NO treatment

high significantly reduced the expression after 12 hours of treatment (Figure 29;
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6 hours: 50 uM DETA-NO: 1.06 + 0.15, 100 uM DETA-NO: 1.89 + 0.35 with p < 0.05;
12 hours: 50 uM DETA-NO: 0.46 + 0.13 with p £0.01, 100 uM DETA-NO: 0.72 £ 0.21;
24 hours: 50 pM DETA-NO: 1.05 + 0.36, 100 pM DETA-NO: 1.46 + 0.34).
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Figure 29: DETA-NO did affect the expression of a-SMA in HUVECs.

Relative mRNA expression of a-SMA was investigated in PBS-treated, 50 uM and 100 uM DETA-NO treated
HUVECSs (n = 4 each). While 6 hours of treatment with 100 uM DETA-NO did significantly increase a-SMA mRNA
expression (p <0.05), 12 hours of 50 uM DETA-NO treatment did high significantly reduce the a-SMA mRNA
expression (p <0.01).

In SC cells, DETA-NO treatment for 6 and 12 hours did not affect the expression of a-
SMA. However, 100 uM DETA-NO treatment did highly significantly reduce the
expression of a-SMA after 24 hours (Figure 30; 6 hours: 50 uM DETA-NO:
0.90 £ 0.10, 100 uM DETA-NO: 0.87 £ 0.10; 12 hours: 50 uM DETA-NO: 0.92 + 0.05,
100 uM DETA-NO: 1.00 £ 0.20; 24 hours: 50 uM DETA-NO: 0.89 +£0.10, 100 pM
DETA-NO: 0.84 + 0.00 with p < 0.001).
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Figure 30: DETA-NO did reduce the expression of a-SMA in SC cells.
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Relative mRNA expression of a-SMA was investigated in PBS-treated, 50 pM and 100 uM DETA-NO treated SC
cells (SC68, SC74 and SC79, n = 3 each). DETA-NO treatment did have highly significant effect on a-SMA mRNA
expression after 24 hours of treatment with 100 pM DETA-NO (p < 0.001).

Whether DETA-NO treatment has an effect on cell stiffness, cell stiffness was analyzed
with atomic force microscopy (AFM, Figure 31). By investigating HUVECs and SC
cells, the very low indentation depth of sharp tips allows for analysis of the cell cortex.

With a spherical tip, the subcortical cell stiffness was analyzed.

Investigating cell stiffnesses of PBS- and 50 uM DETA-NO treated HUVECs (middle
panel) and SC cells (lower panel) by sharp AFM tips (left column), a highly significant
reduction (p < 0.001) of cortical cell stiffness was observed after DETA-NO treatment.
For AFM measurements with spherical tips (right column), HUVECs as well as SC cells
also revealed a highly significant reduction (p < 0.001) of cell stiffness, thereby in the

subcortical region.
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Figure 31: DETA-NO treatment reduced cell stiffness in HUVECs and SC cells.

Cell stiffness [in KPA] was analyzed by atomic force microscopy (AFM). Upper panel shows images of the AFM tips
and schematic drawing visualizes the indentation depth (Vargas-Pinto et al. 2013). Experiments were performed
with a 20 nm sharp tip (left column) and a 10 um spherical tip (right column). HUVECs (middle panel) and SC cells
(lower panel) were assessed either when PBS-treated as control or after 50 uM DETA-NO treatment. DETA-NO
treatment lead to significant reduced cell stiffness in the cortical as well as subcortical region of HUVECs and SC
cells. Mean values + SD of three independent experiments are given. Asterisks mark statistically significant
differences.
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4.2.6 Effect of exogenous NO on the expression of genes affecting the NO

pathway

First, caveolin-1 (CAV-1), the coat protein of caveolae and an inhibitor of eNOS activity,

was investigated.

In HUVECs, CAV-1 mRNA was highly significantly reduced after 50 uM DETA-NO
treatment already after 6 hours of DETA-NO treatment. After 12 hours of treatment,
both DETA-NO concentrations significantly or even high significantly reduced CAV-1
expression. After 24 hours, mRNA expression was no longer significantly affected
(Figure 32; 6 hours: 50 uM DETA-NO: 0.53 + 0.06 with p £ 0.001, 100 uM DETA-NO:
1.02 £ 0.35; 12 hours: 50 uM DETA-NO: 0.49 + 0.19 with p < 0.05, 100 uM DETA-NO:
0.40 + 0.15 with p £0.01, 24 hours: 50 uM DETA-NO: 0.81 + 0.20, 100 uM DETA-NO:
0.91 +0.13).
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Figure 32: DETA-NO did reduce the expression of CAV-1in HUVECs.

Relative mRNA expression of CAV-1 was investigated in PBS-treated, 50 pM and 100 uM DETA-NO treated
HUVECSs (n = 4 each). DETA-NO treatment did significantly reduce CAV-1 mRNA expression after 6 and 12 hours
of treatment (p <0.05, p £0.01, p £0.001).

In SC cells, CAV-1 expression was not affected by 6 and 12 hours of DETA-NO
treatment. However, CAV-1 mRNA was significantly reduced after the 50 uM DETA-
NO treatment and high significantly reduced by the 100 uM treatment after 24 hours
(Figure 33; 6 hours: 50 uM DETA-NO: 0.77 £ 0.15, 100 uM DETA-NO: 0.83 = 0.16;
12 hours: 50 uM DETA-NO: 0.90 £ 0.12, 100 uM DETA-NO: 0.75 = 0.21; 24 hours:
50 uM DETA-NO: 0.67 +£0.10 with p<0.05, 100 uM DETA-NO: 0.56 £ 0.07 with
p <0.01).



Results

N 1.20 -
-
&
o 100 1 *
Z 0.80 *k
O
S 0.60
o
w
o
-4 0.40 A
x
(V]
< 0.20 4
4
£
o 0.00 -
2
3 & F 0 ® L R ¢ °
= s s <X & ¥ ¥ & ¥ <X
& N N2 & 2 2
Q Q Q Q Q Q
N N o N o N

o¥ o¥ o¥ N o¥ o¥

3 O 9 RS S 9

6 hours of treatment 12 hours of treatment 24 hours of treatment

Figure 33: DETA-NO did reduce the expression of CAV-1in SC cells.

Relative mRNA expression of CAV-1 was investigated in PBS-treated, 50 uM and 100 uM DETA-NO treated SC
cells (SC68, SC74 and SC79, n =3 each). DETA-NO treatment did have significant effect on CAV-1 mRNA
expression after 24 hours of treatment with 50 uM (p < 0.05) and high significant effect when treated with 100 uM
DETA-NO (p <0.01).

Next, calmodulin-1 (CALM-1) was investigated at mRNA level. Induced by Ca?,
CALM-1 builds a complex with eNOS which is then freed from CAV-1, thereby

becoming active and NO producing (Sriram et al. 2016).

In HUVECSs, already 6 hours of 50 uM DETA-NO treatment did highly significantly
reduce CALM-1 mRNA expression. After 12 hours of DETA-NO treatment, a dose-
dependent reduction of CALM-1 mRNA expression was found. 24 hours of DETA-NO
treatment did no longer have significant impact on CALM-1 mRNA expression (Figure
34; 6 hours: 50 uyM DETA-NO: 0.40 £0.08 with p<0.001, 100 uM DETA-NO:
1.04 £0.29 with p>0.05; 12 hours: 50 uM DETA-NO: 0.42 +0.12 with p <0.01,
100 uM DETA-NO: 0.32+£0.07 with p<0.001; 24 hours: 50 uM DETA-NO:
0.89 +0.16, 100 uM DETA-NO: 1.04 + 0.15).
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Figure 34: DETA-NO did reduce the expression of CALM-1 in HUVECs.

Relative mRNA expression of CALM-1 was investigated in PBS-treated, 50 uM and 100 uM DETA-NO treated
HUVECSs (n = 4 each). DETA-NO treatment did have significant effect on CALM-1 mRNA expression after 6 and
12 hours of treatment with DETA-NO (p < 0.01 and p < 0.001, respectively).

CALM-1 mRNA expression was also affected in SC cells. While 6 and 12 hours of
DETA-NO treatment did not affect CALM-1 expression, 24 hours of treatment
significantly reduced CALM-1 mRNA expression by the 100 uM DETA-NO treatment
(Figure 35; 6 hours: 50 uM DETA-NO: 0.85 + 0.13, 100 uM DETA-NO: 0.89 = 0.13;
12 hours: 50 uM DETA-NO: 0.93 £ 0.04, 100 puM DETA-NO: 0.82 + 0.10; 24 hours:
50 uM DETA-NO: 0.86 + 0.09, 100 uM DETA-NO: 0.72 £ 0.08 with p < 0.05).
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Figure 35: DETA-NO did reduce the expression of CALM-1 in SC cells.

Relative mMRNA expression of CALM-1 was investigated in PBS-treated, 50 uM and 100 pM DETA-NO treated SC
cells (SC68, SC74 and SC79, n =3 each). DETA-NO treatment did have significant effect on CALM-1 mRNA
expression after 24 hours of treatment with 200 pM DETA-NO (p < 0.05).
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Heat shock protein-90 (HSP-90) which was shown to mediate balance between NO
and superoxide anion production from eNOS (Pritchard et al. 2001) was also

investigated.

In HUVECSs, 6 hours of DETA-NO treatment did high significantly reduced HSP-90
expression after 50 uM DETA-NO treatment. After 12 hours of treatment, both DETA-
NO concentrations had high significant or even highly significant impact on HSP-90
expression. After 24 hours, mRNA expression was no longer significantly affected
(Figure 36; 6 hours: 50 uM DETA-NO: 0.47 £ 0.14 with p £0.01, 100 pM DETA-NO:
0.94 £ 0.29; 12 hours: 50 uM DETA-NO: 0.31 + 0.12 with p £ 0.01, 100 pM DETA-NO:
0.30 = 0.07 with p =0.001; 24 hours: 50 uM DETA-NO: 0.81 £ 0.32, 100 uM DETA-
NO: 1.42 + 0.70).
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Figure 36: DETA-NO did reduce the expression of HSP-90 in HUVECs.

Relative mRNA expression of HSP-90 was investigated in PBS-treated, 50 uM and 100 uM DETA-NO treated
HUVECs (n = 4 each). DETA-NO treatment did have significant effect on HSP-90 mRNA expression after 6 and
12 hours of treatment with DETA-NO (p < 0.01 and p < 0.001, respectively).

In SC cells, the DETA-NO treatment for 6 and 12 hours did not affect HSP-90 mRNA
expression, RT-gPCR analysis detected that HSP-90 mRNA was significantly reduced
by 100 uM DETA-NO treatment after 24 hours (Figure 37; 6 hours: 50 uM DETA-NO:
0.95 + 0.06, 100 uM DETA-NO: 0.83 £ 0.11; 12 hours: 50 uM DETA-NO: 1.25 + 0.32,
100 uM DETA-NO: 0.91 +0.23; 24 hours: 50 uM DETA-NO: 1.16 £ 0.42, 100 pM
DETA-NO: 0.63 £+ 0.13 with p < 0.05).
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Figure 37: DETA-NO did reduce the expression of HSP-90 in SC cells.

Relative mRNA expression of HSP-90 was investigated in PBS-treated, 50 UM and 100 uM DETA-NO treated SC
cells (SC68, SC74 and SC79, n =3 each). DETA-NO treatment did have significant effect on HSP-90 mRNA
expression after 24 hours of treatment with 100 uM DETA-NO (p < 0.05).

4.2.7 Effect of exogenous NO on the expression of glaucoma relevant genes

So far, it is not known whether NO influences the expression of growth factors.
Therefore, the effect of exogenous NO on the expression of glaucoma relevant genes

was investigated. TGF-B2 as global player was investigated first.

A significant impact of DETA-NO treatment was revealed on TGF-f2 mRNA
expression in HUVECSs. Already after 6 hours of DETA-NO treatment, TGF-2 mRNA
expression was high significantly reduced by the 50 uM DETA-NO treatment.
Furthermore, 24 hours of the same treatment also reduced TGF-B2 expression
significantly. 100 uM DETA-NO as well as the treatment for 12 hours had no significant
impact on TGF-f2 mRNA expression (Figure 38; 6 hours: 50 uM DETA-NO:
0.58 + 0.11 with p = 0.01, 100 uM DETA-NO: 1.04 £ 0.14; 12 hours: 50 uM DETA-NO:
1.03 £0.32, 100 uM DETA-NO: 2.29 £ 0.61; 24 hours: 50 uM DETA-NO: 0.63 + 0.10
with p < 0.05, 100 uM DETA-NO: 1.32 + 0.38).
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Figure 38: DETA-NO did reduce the expression of TGF-B2 in HUVECs.

Relative mRNA expression of TGF-B2 was investigated in PBS-treated, 50 uM and 100 uM DETA-NO treated
HUVECs (n =4 each). 50 pM DETA-NO treatment did have significant impact and reduced TGF-2 mRNA
expression high significantly after 6 hours of treatment and significantly after 24 hours of treatment (p < 0.05 and
p <0.01, respectively).

In SC cells, TGF-B2 expression was not affected by the DETA-NO treatment. For
neither of the investigated timepoints, TGF-2 mRNA was significantly altered (Figure
39; 6 hours: 50 uM DETA-NO: 0.89 + 0.10, 100 uM DETA-NO: 0.85 + 0.15; 12 hours:
50 uM DETA-NO: 1.44 £0.53, 100 uM DETA-NO: 0.97 £ 0.24; 24 hours: 50 uM
DETA-NO: 0.84 +£ 0.13, 100 uM DETA-NO: 0.70 £ 0.12).
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Figure 39: DETA-NO did not significantly influence the expression of TGF-82in SC cells.

Relative mRNA expression of TGF-82 was investigated in PBS-treated, 50 pM and 100 uM DETA-NO treated SC
cells (SC68, SC74 and SC79, n = 3 each). DETA-NO treatment did have no effect on TGF-82 mRNA expression
after 6, 12 or 24 hours of treatment (p > 0.05).
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Next, the expression of TGF-3 response genes as PAI-1 were investigated.

For expression analysis in HUVECs, PAI-1 was found to be significantly reduced at
MRNA expression by the DETA-NO treatment. There, 6 hours of 50 uM DETA-NO
treatment significantly reduced the PAI-1 mRNA expression. Furthermore, 12 hours of
DETA-NO treatment did also have high significant impact on PAI-1 mRNA expression
with both DETA-NO concentrations. On the other hand, 24 hours of DETA-NO
treatment hadFigure 40; 6 hours: 50 uM DETA-NO: 0.75 £ 0.07 with p < 0.05, 100 puM
DETA-NO: 1.11 + 0.48; 12 hours: 50 uM DETA-NO: 0.42 + 0.10, 100 uM DETA-NO:
0.55 £ 0.06 with p £ 0.01; 24 hours: 50 pM DETA-NO: 1.33 £ 0.34, 100 pM DETA-NO:
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Figure 40: DETA-NO did reduce the expression of PAI-1 in HUVECs.

Relative mRNA expression of PAI-1 was investigated in PBS-treated, 50 uM and 100 uM DETA-NO treated
HUVECSs (n =4 for 6 and 24 hours, n = 3 for 12 hours of treatment). DETA-NO treatment did significantly reduce
PAI-1 mRNA expression after 6 hours of treatment with 50 uM DETA-NO (p < 0.05). After 12 hours of DETA-NO
treatment, both DETA-NO concentrations high significantly reduced PAI-1 mRNA expression (p < 0.01).

Even if TGF-B2 itself was not significantly affected by DETA-NO treatment in SC cells,
PAI-1 as a TGF-B2 response gene, was. While 6 and 12 hours of DETA-NO treatment
had no effect, the 24-hour DETA-NO treatment did significantly reduce PAI-1 mRNA
expression. Both DETA-NO concentrations highly significantly reduced the expression
(Figure 41; 6 hours: 50 uM DETA-NO: 0.88 £ 0.16, 100 uM DETA-NO: 0.85 + 0.09;
12 hours: 50 uM DETA-NO: 1.03 £0.12, 100 uM DETA-NO: 1.41 +0.41; 50 uM
DETA-NO: 0.65 + 0.02 with p < 0.001, 100 uM DETA-NO: 0.80 + 0.02 with p < 0.001).
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Figure 41: DETA-NO did reduce the expression of PAI-1in SC cells.

Relative mRNA expression of PAI-1 was investigated in PBS-treated, 50 pM and 100 uM DETA-NO treated SC
cells (SC68, SC74 and SC79, n = 3 each). DETA-NO treatment did have highly significant effect on PAI-1 mRNA
expression after 24 hours of treatment with 50 and 100 uM DETA-NO (p < 0.001).

CTGF as another downstream mediator of TGF[3-2 signaling was further investigated.

In HUVECSs, a high significant reduction of CTGF mRNA expression was found after
6 hours of treatment with 50 uM DETA-NO as well as after 12 hours of treatment with
both DETA-NO concentrations. After 24 hours of DETA-NO treatment, no significant
impact was found (Figure 42; 6 hours: 50 uM DETA-NO: 0.63 + 0.10 with p <0.01,
100 uM DETA-NO: 1.35 £ 0.35; 12 hours: 50 uM DETA-NO: 0.55 + 0.15 with p < 0.01,
100 uM DETA-NO: 0.60 £ 0.13 with p < 0.01; 24 hours: 50 uM DETA-NO: 0.86 £ 0.18,
100 uM DETA-NO: 1.16 + 0.24).
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Figure 42: DETA-NO did reduce the expression of CTGF in HUVECs.
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Relative mRNA expression of CTGF was investigated in PBS-treated, 50 uM and 100 uM DETA-NO treated
HUVECSs (n = 4 each). 6 hours of treatment with 50 uM DETA-NO did as well as both DETA-NO concentrations did
high significantly reduce CTGF mRNA expression (p < 0.01).

In SC cells, CTGF mRNA expression was highly significantly reduced by the 100 uM
DETA-NO treatment already after 6. After 12 hours of treatment, 50 uM DETA-NO
significantly reduced the CTGF mRNA expression. Furthermore, 24 hours of treatment
had also impact on CTGF expression. While 50 uM DETA-NO did high significantly
reduce the CTGF mRNA expression, 100 uM DETA-NO did significantly reduce the
expression. Therefore, DETA-NO treatment did have significant impact on CTGF
expression at all three investigated timepoints (Figure 43; 6 hours: 50 uM DETA-NO:
0.84 + 0.09; 100 uM DETA-NO: 0.69 + 0.02 with p <0.001; 12 hours: 50 uM DETA-
NO: 0.82 £ 0.06 with p < 0.05, 100 uM DETA-NO: 0.77 + 0.13; 24 hours: 50 uM DETA-
NO: 0.68 + 0.04 with p £0.01, 100 uM DETA-NO: 0.63 £ 0.10 with p < 0.05).
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Figure 43: DETA-NO did reduce the expression of CTGF in SC cells.

Relative mRNA expression of CTGF was investigated in PBS-treated, 50 uM and 100 pM DETA-NO treated SC
cells (SC68, SC74 and SC79, n = 3 each). DETA-NO treatment already did have highly significant effect on CTGF
MRNA expression after 6 hours of treatment with 100 uM DETA-NO (p < 0.001). After 12 hours of treatment, 50 pM
of DETA-NO treatment significantly reduced the CTGF expression (p < 0.05). After 24 hours, 50 as well as 100 pM
DETA-NO treatment did have significant effect. While 50 uM DETA-NO high significantly reduced the expression
of CTGF (p £0.01), 100 uM DETA-NO treatment reduced CTGF expression significantly (p < 0.05).

Further it was investigated if a reduced CTGF mRNA expression leads to a reduced
protein synthesis in SC cells as well (Figure 44). While 50 pM DETA-NO treatment
had no effect on CTGF protein synthesis (0.90 = 0.08, p > 0.05), 100 uM DETA-NO
treatment reduced CTGF synthesis highly significantly (0.37 + 0.04 with p < 0.001).



Results

>
o

1.20 4

CTGF
— - 35kDa

B e s c-tubulin
~ 53 kDa

relative protein syntheis of CTGF to a-tubulin

control 30 phd DETA-MO 100 ph DETA-NO

Figure 44: DETA-NO did reduce the synthesis of CTGF in SC cells.

Relative protein synthesis of CTGF was investigated by Western Blot in three SC cell strains (SC71 n =3, SC74
n =4 and SC79 n = 5) after 24 hours of DETA-NO treatment. a-tubulin was used as reference protein.

A) CTGF protein synthesis was highly significantly reduced by the 100 uM DETA-NO treatment (p < 0.001) while
50 pM treatment did have no effect. This finding underlines the finding at mMRNA expression.

B) Representative Western Blot of CTGF (~ 35 kDa) and the reference protein a-tubulin (~ 55 kDa).
4.2.8 Effect of exogenous NO on the expression of ECM components

Since changes in the composition of the ECM play a major role in the pathogenesis of
POAG, its components were investigated in the present study. One of them, nidogen-
1 (NID-1), is a component of the basement membrane and binds collagen type IV as

well as laminin, thereby connecting them and leading to stabilization.

DETA-NO treatment of SC cells had no effect on the relative mRNA expression of NID-
1 after 6 and 12 hours of treatment. However, the expression of NID-1 was significant
reduced after 24 hours by both DETA-NO concentrations (Figure 45; 6 hours: 50 uM
DETA-NO: 1.06 £ 0.11, 100 pM DETA-NO: 0.91 £ 0.10; 12 hours: 50 uM DETA-NO:
0.91 £ 0.07, 100 uM DETA-NO: 0.96 + 0.14; 24 hours: 50 pM DETA-NO: 0.77 + 0.09
with p < 0.05, 100 uM DETA-NO: 0.88 + 0.05 with p < 0.05).
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Figure 45: DETA-NO did reduce the expression of NID-1, a component of the basement membrane.

Relative mRNA expression of NID-1 was investigated in PBS-treated, 50 uM and 100 uM DETA-NO treated SC
cells (SC68, SC74 and SC79, n = 3 each). DETA-NO treatment did significantly reduce NID-1 mRNA expression
after 24 hours of treatment (p < 0.05).

Furthermore, other ECM components of interest were investigated. After 24 hours of
DETA-NO treatment, COL4A2 and FN gene expression was investigated in SC cells.
There, COL4A2 expression was highly significantly decreased after the treatment with
100 uM DETA-NO compared to the PBS-treated control (Figure 46 A; 50 uM DETA-
NO: 0.79 £ 0.17, 100 uM DETA-NO: 0.39 + 0.16 with p < 0.001). The reduction of FN
MRNA expression was also highly significantly after the treatment with 100 uM DETA-
NO (Figure 46 B; 50 uM DETA-NO: 1.08 + 0.08, 100 uM DETA-NO: 0.78 £ 0.03 with
p < 0.001).
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Figure 46: DETA-NO did reduce the expression of the ECN components COL4A2 and FN.

Relative mRNA expression of (A) COL4A2 and (B) FN was investigated in PBS-treated, 50 uM and 100 pM DETA-
NO treated SC cells (SC68, SC74 and SC79, n = 3 each). COL4A2 and FN mRNA expression was high significantly
reduced after 24 hours of 100 uM DETA-NO treatment (p <0.001). Role of miRNA in glaucomatous outflow
resistance dysregulation.
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4.2.9 Small RNA sequencing revealed altered miRNA profile of glaucomatous
SC cells

Research of recent years had shown that miRNA seem to have regulatory function in
many processes as neurodegenerative disorders (Eacker et al. 2009; Ferrarelli 2015),
their influence on POAG development came into focus. Therefore, this study
investigated the altered miRNA profile of glaucomatous SC cells and focused further

on the influence of mIRNA alteration on glaucoma relevant genes.

In preliminary investigations, small RNA sequencing was performed by this working
group to identify differentially expressed miRNAs in glaucomatous and normal SC cell
strains. Therefore, full transcriptome sequencing of four normal and three
glaucomatous SC cell strains was performed, collecting reads per million (RPM) for

each miRNA in each sample set.

In total, 1317 miRNAs were identified with altered expression patterns in the
glaucomatous SC strains compared to normal SC strains. 138 among them were
differentially regulated with an expression ratio differences of either greater than
log2(0.8) or less than logz(-0.8).

The calculation of logz-fold changes does level the disadvantages of only calculating
guantity changes which might miss differently expressed miRNAs with large
differences but small ratio. To avoid these incorrect weighting, the following equation

was used: logz fold = logz(mean RPM(glaucoma)) - logz(mean RPM(normal)).

Out of the strongly altered 138 miRNAs, 39 were predicted to the NO system. In Figure
47, the 26 up-regulated miRNAs are presented while the 13 down-regulated miRNAs
are shown in Figure 48.
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SC cells Glaucoma Normal

miRNA R:‘l:::“ RII;::::“ log2fold
hsa-miR-376a-3p 159.5 05
hsa-miR-29b-3p 126.6 1.3
hsa-miR-495-3p 63.0 1.3
hsa-miR-19b-3p 156.4 51
hsa-miR-193a-3p 494 3.0
hsa-miR-136-3p 694.5 704
hsa-miR-20a-5p 42.0 52
hsa-miR-106b-5p 46.6 8.0
hsa-miR-17-5p 371 71
hsa-miR-30c-5p 2421 46.2
hsa-miR-221-5p 159.4 355
hsa-miR-299-5p 161.9 411
hsa-miR-138-5p 123.5 323
hsa-miR-185-5p 273.4 741
hsa-miR-23a-3p 980.9 296.8
hsa-miR-181c-5p 439.2 143.7
hsa-miR-130a-3p 196.1 66.2
hsa-miR-16-5p 2326 824
hsa-miR-28-5p 130.8 499
hsa-miR-222-3p 56,572.1 22,580.9
hsa-miR-493-3p 302.9 146.3
hsa-miR-29a-3p 3,330.6 1,614.2
hsa-miR-181c-3p 70.9 354
hsa-miR-455-3p 128.0 66.3
hsa-miR-31-5p 9,115.9 48195
hsa-miR-598-3p 62.1 35.2

Figure 47: Up-regulated miRNAs related to the NO pathways.

By small RNA sequencing, 1317 miRNAs were found to be differentially expressed in glaucomatous SC cells
compared to normal SC cells. Out of the 138 moist regulated miRNAs, 26 up-regulated miRNAs were related to the
NO pathway. RPM = reads per million, hsa = homo sapiens.

SC cells Glaucoma Normal

miRNA R,',"I::':“ RITI:::“ log2fold
hsa-miR-184 14.5 762.2
hsa-miR-935 6.8 376
hsa-miR-199a-5p 401.6 1,466.1
hsa-miR-625-5p 14.4 36.9
hsa-miR-214-5p 12.9 30.0
hsa-miR-1270 30.2 65.6
hsa-miR-320c 316 64.4
hsa-let-7a-5p 58.4 113.9
hsa-miR-106b-3p 2247 430.4
hsa-let-7d-5p 567.1 1,077.7
hsa-let-7b-5p 934044 | 174,824.9
hsa-miR-27b-5p 66.7 114.6
hsa-miR-204-5p 142.2 248.9

Figure 48: Down-regulated miRNAs related to the NO pathways.

By small RNA sequencing, 1317 miRNAs were found to be differentially expressed in glaucomatous SC cells
compared to normal SC cells. Out of the 138 moist regulated miRNAs, 13 down-regulated miRNAs were related to

the NO pathway. RPM = reads per million, hsa = homo sapiens.
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4.2.10 Correlation analysis between miRNA expression and cell stiffness in SC

cells

For all 39 miRNAs, associated to the NO system, correlation analysis was performed.
Thereby, the miRNA abundance - given by small RNA sequencing as mean RPM for
glaucomatous as well as normal SC cells - was set in correlation of stiffness data by
AFM.

As indicated by the sequencing results, miRNAs were either more abundant in
glaucomatous SC or in normal SC cells, dependent on its up- or down-regulation
(compare Figure 47 and Figure 48). Furthermore, glaucomatous SC cell strains were
in general stiffer compared to normal SC cell strains (Overby et al. 2014).

For four miRNAS, a statistically significant correlation of miRNA abundance and cell
stiffness was found. For miR-30c-5p, miR-138-5p, miR-222-3p and miR-455-3p, which
all were found to be up-regulated in the sequencing study (compare Figure 47), the
mMiRNA abundance was the higher, the stiffer the cells. For miR-30c-5p, a correlation
of r = 0.94 with p = 0.0050 was found. miR-138-5p had a correlation of r = 0.98 with
p = 0.0006 and miR-222-3p a correlation of r = 0.91 with p = 0.0090. Moreover, the
correlation of miR-455-3p was r = 0.93 with p = 0.0070 (Figure 49).
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Figure 49: Correlation analysis between miRNA expression and cell stiffness.

For four miRNAs, a positive correlation of miRNA abundance and cell stiffness was found (p <0.001, r ~ 1 with
exact values mentioned within the graph). The more miRNA was detected by small RNA sequencing, concerning
miR-30c-5p, MiR-138-5p, miR-222-3p and miR-455-3p, the stiffer the cell strain was found by atomic force
microscopy (Overby et al. 2014).
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Furthermore, all mentioned miRNAs were more abundant in glaucomatous SC cells strains compared to healthy
cell strains. Additionally, glaucomatous SC cell strains were stiffer in general. Black diamond: healthy SC cell strain,
dark gray circle: glaucomatous SC cell strain.

4.2.11 Verification of small RNA sequencing data by TagMan technique

With the positive correlation of miRNA abundance and cell stiffness, the focus was set
on miR-30c-5p, MiR-138-5p, miR-222-3p and miR-455-3p for further investigations.

Initially, the small RNA sequencing results were verified by TagMan technique.

RNA from four healthy SC cell strains (SC60, SC67, SC71 and SC75) and three
glaucomatous SC cell strains (gSC57, gSC62 and gSC63) was investigated while miR-
26a-5p was used as reference miRNA (Figure 50). For miR-30c-5p and miR-138-5p a
significant increase of miRNA in glaucomatous SC cell strains could not be confirmed
since only slight increases were detected (miR-30c-5p: healthy: 1.00 £ 0.32,
glaucomatous: 1.28 +0.36; mIiR-138-5p: healthy: 1.00 +£0.23, glaucomatous:
1.90 £ 0.40). MiR222-3p as well as miR455-3p revealed a significant increase of both
MiRNAs (miR-222-3p: healthy: 1.00 + 0.13, glaucomatous: 3.06 + 0.59 with p <0.01;
mMiR-455-3p: healthy: 1.00 + 0.40, glaucomatous: 2.26 *+ 0.24 with p < 0.05). Thereby,
initial MiIRNA sequencing data were verified for miR-222-3p and miR-455-3p.
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Figure 50: Verification of initial small RNA sequencing data.
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Relative miRNA expression of those four miRNAs with positive correlation between miRNA abundance and cell
stiffness was investigated in RNA from four healthy SC cell strains (SC60, SC67, SC71 and SC75) and three
glaucomatous SC cell strains (SC57g, SC62g and SC63g) by TagMan technique, while miR-26a-5p was used as
reference miRNA.

For miR-30c-5p and miR-138-5p, a significant increase of mIRNA in glaucomatous SC cell strains could not be

confirmed since only slight increases were detected. However, miR222-3p as well as miR455-3p were proven to
be significantly increased in glaucomatous SC cells compared to healthy controls (p <0.05, p <0.01).

Furthermore, all four miRNAs revealed expression differences between healthy and
glaucomatous SC cell strains when presenting TagMan data as changes of the
logz fold. Thereby, the logz fold of the mean difference between miRNA expression in

healthy and glaucomatous SC cell strains was greater than logz(0.8) for three of the

four miRNAs (Table 36). For miR-30c-5p, the logz fold of expression difference was
only 0.36, but for miR-138-5p with 0.93, for miR-222-3p with 1.61 and for miR-455-3p
with 1.18 greater than the cut-off set for this study.

array data verification by TagMan

log. fold of mean expression | mean expression log:fold of

expression in healthy SC in glaucomatous  expression

difference difference
miR-30c-5p | 2.4 1.00 1.28 0.36
miR-138-5p | 1.9 1.00 1.90 0.93
miR-222-3p | 1.3 1.00 3.06 1.61
miR-455-3p | 0.9 1.00 2.26 1.18

Table 36: MiRNA expression differences of healthy and glaucomatous SC cells, presented as log: fold.

Three of four investigated miRNAs revealed logz fold of expression differences greater than logz(0.8), indicating
great expression differences between healthy and glaucomatous SC cells.

Likewise, these results support the assumption that miR-138-5p, miR-222-3p as well
as miR-455-3p are strongly up-regulated in SC cells under glaucomatous conditions

while the upregulation was less pronounce for miR-30c-5p.

4.2.12 Exogenous NO effectively reduced miRNA abundance in DETA-NO

treated SC cells

This study has already presented a significantly reduced cortical and subcortical cell
stiffness of DETA-NO treated SC cells (compare 4.2.5). To reveal if NO affects the
expression of miRNAs, SC cells were investigated via TagMan after DETA-NO

treatment for 6, 12 or 24 hours (Figure 51).

For miR-30c-5p (n = 5) and miR-138-5p (n = 4), no significant changes of miRNA were
found in DETA-NO treated SC cells compared to PBS-treated controls (miR-30c-5p:
control: 1.00 + 0.00, 50 uM DETA-NO: 0.89 + 0.22, 100 uM DETA-NO: 0.91 £ 0.20;
miR-138-5p: control: 1.00 £ 0.00, 50 uM DETA-NO: 0.66 + 0.20, 100 uM DETA-NO:
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0.74 £ 0.20). For miR-222-3p (n = 4), a significant decreased expression was found in
100 uM DETA-NO treated SC cells after 6 hours of treatment (control: 1.00 £ 0.00,
50 uM DETA-NO: 1.11 £ 0.31, 100 uM DETA-NO: 0.67 + 0.21 with p <0.05). After
24 hours of treatment, miR-455-3p (n = 4) was high significantly reduced in 50 uM
DETA-NO treated SC cells (control: 1.00 £ 0.00, 50 uM DETA-NO: 0.48 £ 0.10 with
p <0.01, 100 uM DETA-NO: 0.94 + 0.28). Thereby, DETA-NO treatment reduces the

expression of miRNAs that were found to be elevated under glaucomatous conditions.
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1.20 4 1.20 4
1.00 4
0.80 4

0.60 4

relative miRNA expression
relative miRNA expression

0.40 4

0.20 4

0.00 -

control 50 uM Deta-NO 100 uM Deta-NO control 50 UM Deta-NO 100 uM Deta-NO

6 hours of treatment 12 hours of treatment

160 160 4

140 1 miR-222-3p 140 1 miR-455-3p

relative miRNA expression
relative miRNA expression

control 50 pM Deta-NO 100 pM Deta-NO control 50 uM Deta-NO 100 uM Deta-NO
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Figure 51: DETA-NO treatment reduced miRNA expression that were found to be elevated under
glaucomatous conditions.

Relative miRNA expression of miRNAs was investigated via TagMan technique in SC cells (SC68) after DETA-NO
treatment for 6, 12 or 24 hours. miR-191-5p was used as reference miRNA.

For miR-30c-5p (n = 5) and miR-138-5p (n = 4) no significant changes of MIRNA was found in DETA-NO treated
SC cells compared to PBS-treated controls. For miR-222-3p, a significant decreased expression was found in
100 uM DETA-NO treated SC cells after 6 hours of treatment (n = 4, p < 0.05). After 24 hours of treatment, miR-
455-3p was high significantly reduced in 50 uM DETA-NO treated SC cells (n = 4, p <0.01).

To assure that the TagMan technique is viable and its results are resilient, Northern
Blots were performed to validate TagMan results (Figure 52). Relative miRNA
expression of miR-222-3p was investigated by Northern Blot (SC68, n=1) and U6 was
used as loading control. MiR-222-3p as with 22,580.9 RPM the most abundant one of

the investigated miRNAs was detectable by a radioactive probe and seems to be
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affected in a dose-dependent manner by DETA-NO treatment (control: 1.00, 50 uM
DETA-NO: 0.66, 100 uM DETA-NO: 0.53).

NP
&
% Q
Q
< » N
Q X Q
& S Y
1.20 -
=] LT Wb s S
e miR-222-3p - AR
o 1.00 4 - & :
(32}
N\
N
q
@ 080 -
£
k]
§ 060 -
2
[0}
5
& 040 -
<
Z
14
€ 0.20 A
o
>
©
2 0,00

control 50 uM DETA-NO 100 pM DETA-NO

Figure 52: Verification of TagMan results by Northern Blot.

Relative miRNA expression of miR-222-3p was investigated by Northern Blot (SC68, n = 1) to verify TagMan data.
U6 was used as loading control. MiR-222-3p as with 22,580.9 RPM the most abundant one of the investigated
mMiRNAs was easily detectable by a radioactive probe.

MiR-455-3p on the other hand was not detectable due to its low abundance of only
66.3 RPM (data not shown).

4.2.13 MiRNA-transfected cells reveal alterations in the expression profile of

glaucoma relevant genes

Thereatfter, the effect of the miRNA abundance on the expression profile of glaucoma
relevant genes was investigated. Therefore, four SC cell strains (SC68, SC71, SC74
and SC79), one TM cell strain (TM120) as well as HUVECs were transfected with
miRNA mimics or inhibitors and its appropriate controls (see 3.2.2.2).

Within initial experiments, a concentration of 100 nM of miRNA mimics and 25 nM of
miRNA inhibitors have been found to be a suitable concentration for transfection
experiments (data not shown). Consequently, the corresponding controls were used at
the same concentrations. Furthermore, controls not only differed within the applied
concentrations but also concerning their design. Due to those facts, different controls

for miRNA mimic and inhibitor experiments were chosen.
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Next, the effectiveness of miRNA inhibition was proven (SC68, SC71 and SC79).
MiRNA level were investigated after transfection with miR-222-3p inhibitors for
144 hours (Figure 53).

By comparing the miR-222-3p amounts after treatment with transfection reagent alone
(dharmacon-co) and transfection with non-targeting controls (inhibitor-co), no
significant changes were observed (0.73+£0.14 and 1.00 £0.23, respectively).
Thereby, the non-targeting inhibitor controls were proven to have no influence on miR-
222-3p expression. When transfected with miR-222-3p inhibitors, miR-222-3p was
highly significantly reduced in comparison to both controls (0.17 + 0.03 with p < 0.001
in comparison to both controls). These findings underlined the efficiency of the miRNA

inhibitors used for transfection experiments.
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relative miRNA expression of miR-222-3p to miR-26a-5p

Figure 53: Proof of effective inhibition of miR-222-3p expression by transfection with miR-222-3p inhibitors.

Relative miRNA expression of miR-222-3p was investigated via TagMan technique in three SC cell strains (SC68,
SC71 and SC79, n = 3 each) after transfection with miR-222-3p inhibitor for 144 hours. miR-26a-5p was used as
reference miRNA.

When transfected with miR-222-3p inhibitors, miR-222-3p was highly significantly reduced (p < 0.001). On the other
side, treatment with transfection reagent alone (dharmacon-co) and transfection with non-targeting controls
(inhibitor-co) did not lead to significant differences concerning miR-222-3p abundance (not sign.).

Additionally, the specificity of miRNA inhibition was proven. Relative miRNA
expression of miR-222-3p was investigated in SC cells after transfection with miR-455-
3p inhibitor for 144 hours (Figure 54).

When miR-455-3p was inhibited by transfection with miR-455-3p inhibitors, miR-222-
3p was not affected (dharmacon-co: 0.90 £ 0.12, 25 nM inhibitor-co: 1.00 = 0.07,
25 nM inhibitor (for miR-455-3p): 1.02 + 0.06). This finding underlined the specificity of

inhibitors used for transfection experiments.
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Figure 54: Proof of specific inhibition with miR-455-3p that did not affect the expression of miR-222-3p.
Relative miRNA expression of miR-222-3p was investigated via TaqgMan technique in SC cells (SC71, n = 3) after

transfection with miR-455-3p inhibitor for 144 hours. miR-26a-5p was used as reference miRNA.

When miR-455-3p was inhibited by transfection with miR-455-3p inhibitors, miR-222-3p was not affected (not sign.).

This finding underlined the specificity of inhibitors used for transfection experiments.

All following transfection results are calculated relative to the specific, non-targeting
mimic or inhibitor control experiments which will be indicated by dashed lines. Thereby,
the influence of MiRNA alterations was investigated on the expression profile of

glaucoma relevant genes.

4.2.13.1 transfection effects of miR-222-3p mimic and inhibitors

TGF-B2

After the transfection with miR-222-3p mimics and inhibitors, the expression of TGF-
B2 was investigated (Figure 55). Table 37 summarizes the findings.

In HUVECs (n =4 for 48 hours, n = 3 for 72 hours and n =5 for 144 hours), TGF-2
expression was slightly reduced after 48 hours and high significantly after 72 hours. At
that timepoint, miR-222-3p inhibition significantly increased the expression of TGF-2.

After 144 hours of treatment, no effect on TGF-B2 expression was investigated.

In SC cells (SC68, SC71, SC74 and SC79, n =3 each) TGF-B2 expression was
unaffected at all three investigated timepoints.

When TM cells (TM120, n = 3 for 48 hours, n =6 for 72 hours, n = 3 for 144 hours)
were transfected with miR-222-3p mimics, TGF-B2 expression was high significantly
reduced. On the other hand, the transfection with miR-222-3p inhibitors did not
significantly affect TGF-B2 expression.
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Figure 55: TGF-B2 expression was affected by transfection with miR-222-3p mimics and inhibitors in
HUVECs and TM cells, but not in SC cells.

Relative mRNA expression of TGF-B2 was investigated in HUVECs (n = 4 for 48 hours, n = 3for 72 hoursand n =5
for 144 hours), four SC cell strains (SC68, SC71, SC74 and SC79, n =3 each) and TM cells (TM120, n = 3 for
48 hours, n = 6 for 72 hours, n = 3 for 144 hours) after transfection with miR-222-3p mimics and inhibitors as well
as appropriate controls (set to 1, indicated by the dashed lines) for 48, 72 and 144 hours. GNB2L was used as
reference gene.

48 hours | 72 hours 144 hours
TGF-82 miR-222-3p miR-222-3p | mMiR-222-3p mMiR-222-3p = MiR-222-3p mMiR-222-3p
mimics inhibitors mimics inhibitors mimics inhibitors
0.24 + 0.05 0.43 +0.07 1.78 +0.17
HUVECs b =007 1.00 £ 0.15 <001 0<0.05 0.79+0.12 | 0.77£0.03
SCecells | 2.67+1.13 1.32+0.38 | 0.89+0.14 | 0.85+0.08 1.06 £0.17 | 0.89 +0.09
0.53+0.04 0.54 +0.08 1.26 + 0.09
TM cells 0 <001 1.02 + 0.09 1.79+0.54 | 0.89 +0.27 <001 b= 0.06

Table 37: Summary of transfection effects on the expression of TGF-B2 after miR-222-3p transfection.

TGF-B2 expression after miR-222-3p transfection calculated in relation to appropriate controls. Given are
expression changes + SEM and relevant p-values. Significant changes are highlighted in red.

PAI-1

Since TGF-B2 expression was affected by miR-222-3p transfection, the expression of
its response gene PAI-1 was investigated, too (Figure 56). Table 38 summarizes the

results.

In HUVECs (n =4 for 48 hours, n=6 for 72 hours and n=5 for 144 hours), the
expression of PAI-1 was not affected at any investigated timepoint.

When SC cells (SC68, SC71, SC74 and SC79, n = 3 each) were transfected with miR-
222-3p mimics, PAI-1 expression was high significantly reduced after 144 hours of
transfection. On the other hand, miR-222-3p inhibitors did not have any effect on PAI-
1 expression.

When TM cells (TM120, n = 3 for 48 hours, n =6 for 72 hours, n = 3 for 144 hours)

were transfected with miR-222-3p mimics, PAI-1 expression was high significantly
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reduced after 144 hours of transfection which was equally to the findings in SC cells.
The transfection with miR-222-3p inhibitors did not significantly affect PAI-1 expression

at any of the investigated timepoints.
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Figure 56: PAI-1 expression was affected by transfection with miR-222-3p mimics in SC and TM cells, but
not at all in HUVECs.

Relative mRNA expression of PAI-1 was investigated in HUVECs (n = 4 for 48 hours, n =6 for 72 hours and n = 5
for 144 hours), four SC cell strains (SC68, SC71, SC74 and SC79, n =3 each) and TM cells (TM120, n = 3 for
48 hours, n =6 for 72 hours, n = 3 for 144 hours) after transfection with miR-222-3p mimics and inhibitors as well
as appropriate controls (set to 1, indicated by the dashed lines) for 48, 72 and 144 hours. GNB2L was used as
reference gene.

48 hours | 72 hours 144 hours
PAI-1 miR-222-3p miR-222-3p | miR-222-3p mIiR-222-3p | mMiR-222-3p mMiR-222-3p
mimics inhibitors mimics inhibitors mimics inhibitors
HUVECs | 0.85+ 0.03 0.90 £ 0.08 1.24+0.81 1.00+1.19 0.80 £0.19 1.16 +0.11
0.78 £ 0.09 0.56 + 0.08
SCcells | 1.19+0.16 1.15+0.10 b = 0.09 1.35+0.34 0 <001 1.08 +0.13
TMcells | 0.90 £ 0.23 1.44+0.24 1.97+064 | 0.47+0.33 0513%56 1.32+0.17

Table 38: Summary of transfection effects on the expression of PAI-1 after miR-222-3p transfection.

PAI-1 expression after miR-222-3p transfection calculated in relation to appropriate controls. Given are expression
changes + SEM and relevant p-values. Significant changes are highlighted in red.

CTGFE

As indicated by alterations in PAI-1 expression, TGF- signaling seems to be affected
by miRNA alterations. As CTGF is another down-stream effector of active TGF-
signaling and associated to the pathogenesis of POAG, its expression also was
investigated after miR-222-3p transfection (Figure 57). In Table 39, results are

summarized.

When HUVECSs (n = 4 for 48 hours, n =6 for 72 hours and n =5 for 144 hours) were
transfected with miR-222-3p mimics, CTGF expression was highly significantly
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reduced after 48 hours of treatment. On the other hand, miR-222-3p inhibition did not

significantly affect the CTGF expression at any of the investigated timepoints.

In SC cells (SC68, SC71, SC74 and SC79, n = 3 each), transfection with miR-222-3p
mimics highly significantly reduced CTGF expression at all three investigated
timepoints. Transfection with miR-222-3p inhibitors led to the opposite result. While 48
and 72 hours of miR-222-3p inhibition slightly increased CTGF expression, the

144 hour treatment did highly significantly increase it.

Also, when TM cells (TM120, n=3 for 48 hours, n=6 for 72 hours, n=3 for
144 hours) were transfected with miR-222-3p mimics, CTGF expression was highly
significantly reduced after 144 hours of transfection. On the other hand, transfection
with miR-222-3p inhibitors led to the opposite result and significantly increased the
CTGF expression after 144 hours.
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Figure 57: CTGF expression was affected by transfection with miR-222-3p mimics and inhibitors in
HUVECSs, SC and TM cells.

Relative mMRNA expression of CTGF was investigated in HUVECs (n = 4 for 48 hours, n =6 for 72 hoursand n =5
for 144 hours), four SC cell strains (SC68, SC71, SC74 and SC79, n =3 each) and TM cells (TM120, n = 3 for
48 hours, n = 6 for 72 hours, n = 3 for 144 hours) after transfection with miR-222-3p mimics and inhibitors as well
as appropriate controls (set to 1, indicated by the dashed lines) for 48, 72 and 144 hours. GNB2L was used as
reference gene.

48 hours \ 72 hours \ 144 hours
CTGF mMiR-222-3p miR-222-3p | miR-222-3p miR-222-3p | miR-222-3p mMiR-222-3p
mimics inhibitors mimics inhibitors mimics inhibitors
0.40 £ 0.08 0.59 +0.18
HUVECs b < 0.001 1.02 +0.12 0= 0.08 1.31+0.62 0.88+0.14 | 0.72+0.07
SC cells 0.40 £ 0.04 1.38 +0.15 0.29 £ 0.03 1.26 + 0.08 0.27 £0.03 1.53+0.12
p <0.001 p = 0.06 p <0.001 p =0.09 p <0.001 p <0.001
0.38 £ 0.03 1.68+0.14
TMcells | 0.71 +0.20 1.18 + 0.20 0.63+0.10 0.84 £ 0.29 0 <0.001 0 <0.05

Table 39: Summary of transfection effects on the expression of CTGF after miR-222-3p transfection.

CTGF expression after miR-222-3p transfection calculated in relation to appropriate controls. Given are expression

changes + SEM and relevant p-values. Significant changes are highlighted in red.
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DCN

DCN is another factor, affected by glaucoma. As shown by literature, DCN is not
expressed endogenously by HUVECs (Buraschi et al. 2013). Therefore, it was not
investigated here. Since SC and TM do express DCN, its expression profile after miR-

222-3p transfection was investigated (Figure 58). Table 40 summarizes the findings.

When SC cells (SC68, SC71, SC74 and SC70, n = 3 each) were transfected with miR-
222-3p mimics, DCN expression was significantly and high significantly increased after
48 and 72 hours of transfection, respectively. Transfection with miR-222-3p inhibitors

led to the opposite result and significantly reduced the DCN expression after 72 hours.

In TM cells (TM120, n =3 for 48 hours, n =6 for 72 hours, n = 3 for 144 hours) no
effects on DCN expression was found after transfection with miR-222-3p mimics and

inhibitors at all investigated timepoints.
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Figure 58: DCN expression was affected by transfection with miR-222-3p mimics and inhibitors in SC cells
but not in TM cells, while it was not detectable in HUVECs at all.

Relative mMRNA expression of DCN was investigated in HUVECs (nd = not detectable), four SC cell strains (SC68,
SC71, SC74 and SC79, n=3 each) and TM cells (TM120, n =3 for 48 hours, n =6 for 72 hours, n=3 for
144 hours) after transfection with miR-222-3p mimics and inhibitors as well as appropriate controls (set to 1,
indicated by the dashed lines) for 48, 72 and 144 hours. GNB2L was used as reference gene.

48 hours \ 72 hours \ 144 hours

DCN mMiR-222-3p miR-222-3p | miR-222-3p miR-222-3p | miR-222-3p mMiR-222-3p

mimics inhibitors mimics inhibitors mimics inhibitors

HUVECs nd nd nd nd nd nd
1.63 +0.22 1.42 + 0.08 0.72 +£0.08

SC cells 0 <0.05 1.01+£0.11 D <0.01 0 <0.05 1.11+0.14 0.73+0.14
TMcells | 0.89+0.13 | 1.34+028 | 238%087 | 5944033 | 096+013 | 1272005

p=0.13 p=0.06

Table 40: Summary of transfection effects on the expression of DCN after miR-222-3p transfection.

DCN expression after miR-222-3p transfection calculated in relation to appropriate controls. Given are expression
changes + SEM and relevant p-values, nd = not detectable. Significant changes are highlighted in red.
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BMP-4

Another member of the TGF-3 superfamily is the bone morphogenic protein-4 (BMP-
4), that is counteracting the TGF-B2 effects (Fuchshofer et al. 2007; Wordinger et al.
2007). Its mRNA expression was investigated after miR-222-3p alterations (Figure 59)
and Table 41 summarizes the findings.

In HUVECs, BMP-4 expression was only affected at one of the investigated timepoints
by miR-222-3p alterations. When HUVECSs (n = 4 for 48 hours, n = 6 for 72 hours and
n =5 for 144 hours) were transfected with miR-222-3p mimics, BMP-4 expression was

highly significantly reduced after 72 hours of treatment.

When SC cells (SC68, SC71, SC74 and SC79, n = 3 each) were transfected with miR-
222-3p mimics, BMP-4 expression was high significantly reduced after 72 as well as
after 144 hours. Conflictingly, the BMP-4 expression was also significantly reduced by
miR-222-3p inhibitors after 48 hours of transfection. Furthermore, no alteration of miR-

222-3p were found to lead to an increased BMP-4 expression in SC cells.

In TM cells (TM120, n = 3 for 48 hours, n = 6 for 72 hours, n = 3 for 144 hours), BMP-
4 expression was unaffected after transfection with miR-222-3p mimics and inhibitors

at all three investigated timepoints.

HUVECs 4.00 SC cells 4.00 A TM cells

relative expression of BMP-4 to GNB2L
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3.00 3.00
3.00
2.50 250 250 4
200 2.00 2.00 4
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Figure 59: BMP-4 expression was contradictory affected by transfection with miR-222-3p mimics and
inhibitors in HUVECs and SC cells, but notin TM cells.

Relative mMRNA expression of BMP-4 was investigated in HUVECs (n = 4 for 48 hours, n = 6 for 72 hours, n = 5 for
144 hours), four SC cell strains (SC68, SC71, SC74 and SC79, n = 3 each) and TM cells (TM120, n = 3 for 48 hours,
n =6 for 72 hours, n =3 for 144 hours) after transfection with miR-222-3p mimics and inhibitors as well as
appropriate controls (set to 1, indicated by the dashed lines) for 48, 72 and 144 hours. GNB2L was used as
reference gene.
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48 hours \ 72 hours \ 144 hours

miR-222-3p miR-222-3p | miR-222-3p mIiR-222-3p | mMiR-222-3p mMIiR-222-3p

mimics inhibitors mimics inhibitors mimics inhibitors
0.30 £ 0.05 0.69 + 0.03

HUVECs | 0.64 +0.32 0.99 + 0.56 0 <0.001 1.61+0.95 0.60 £ 0.17 b = 0.07

0.78 £ 0.05 0.61 £ 0.09 0.76 £ 0.06

SCcells | 1.09 +0.08 0 <0.05 0 <0.01 1.02 + 0.09 b <001 1.00 + 0.08
TMcells | 2.55+1.26 0.68 +£0.11 255:%%?9 0.64 £ 0.29 0.99+0.14 1.15+0.08

Table 41: Summary of transfection effects on the expression of BMP-4 after miR-222-3p transfection.

BMP-4 expression after miR-222-3p transfection calculated in relation to appropriate controls. Given are expression
changes + SEM and relevant p-values. Significant changes are highlighted in red.

a-SMA

By this study, it has been shown that reduction in cellular stiffness and reduction of a-
SMA expression go hand in hand. To further investigate what is affecting a-SMA
expression, its expression was analyzed after miR-222-3p transfection (Figure 60). In

Table 42, findings are summarized.

When HUVECSs (n = 4 for 48 hours, n = 6 for 72 hours and n =5 for 144 hours) were
transfected with miR-222-3p mimics, a-SMA expression was high significantly reduced
already after 48 hours of transfection. By the transfection with miR-222-3p inhibitors,

the a-SMA expression was significantly increased after 48 hours of treatment as well.

When SC cells (SC68, SC71, SC74 and SC79, n = 3 each) were transfected with miR-
222-3p mimics, a-SMA expression was also highly significantly reduced after 72 as
well as 144 hours of transfection. Interestingly, a-SMA expression was also
significantly reduced after 72 hours of transfection with miR-222-3p inhibitors.

Otherwise, inhibition of miR-222-3p had no effect on a-SMA expression.

In TM cells (TM120, n = 3 for 48 hours, n = 6 for 72 hours, n = 3 for 144 hours), a-SMA
expression was highly significantly reduced after 144 hours of transfection. On the
other hand, transfection with miR-222-3p inhibitors significantly increased a-SMA

expression after the same treatment period.
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Figure 60: a-SMA expression was affected by transfection with miR-222-3p mimics and inhibitors in
HUVECSs, SC as well as TM cells.

Relative mRNA expression of a-SMA was investigated in HUVECs (n = 4 for 48 hours, n = 6 for 72 hours, n =5 for
144 hours), four SC cell strains (SC68, SC71, SC74 and SC79, n = 3 each) and TM cells (TM120, n = 3 for 48 hours,
n=6 for 72 hours, n =3 for 144 hours) after transfection with miR-222-3p mimics and inhibitors as well as
appropriate controls (set to 1, indicated by the dashed lines) for 48, 72 and 144 hours. GNB2L was used as
reference gene.

48 hours | 72 hours 144 hours

a-SMA  miR-222-3p miR-222-3p mIiR-222-3p mMIiR-222-3p MiR-222-3p MiR-222-3p

mimics inhibitors mimics inhibitors mimics inhibitors

0.56 + 0.02 1.80+0.03 | 0.63+0.18
HUVECs 0 <001 0 <0.05 b = 0.09 1.02 £ 0.52 0.98+0.10 | 0.72+0.06
0.74+0.05 | 0.78+0.06 0.51 +£0.05

SCcells | 0.91+0.08 1.08 £0.12 b <0.001 0<0.05 0 <0.001 0.90 + 0.06
2.34+0.73 | 047 +0.27 0.39 £ 0.05 1.53+0.16

TMcells | 1.21 +£0.39 0.86 +0.21 0=014 b= 0.09 0 <0.001 0 <0.05

Table 42: Summary of transfection effects on the expression of a-SMA after miR-222-3p transfection.

a-SMA expression after miR-222-3p transfection calculated in relation to appropriate controls. Given are expression
changes + SEM and relevant p-values. Significant changes are highlighted in red.

eNOS

Since the NO signaling pathway - and thereby its major component eNOS - are of
particular interest of the present study, eNOS expression after miR-222-3p transfection

was investigated (Figure 61). Results are summarized in Table 42.

When HUVECSs (n = 4 for 48 hours, n = 3 for 72 hours and n =5 for 144 hours) were
transfected with miR-222-3p mimics, eNOS expression was high significantly
increased after 48 hours of transfection. On the other hand, the transfection with miR-
222-3p inhibitors led to no changes of eNOS expression at any of the investigated

timepoints.

To reveal if there is more effect on eNOS expression by higher miRNA concentrations,
transfection experiments were not only performed with 100 nM mimics but also with
200 nM mimics. For inhibitors, not only 25 nM, but also 100 nM were used for
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transfection experiments. Nevertheless, none of the investigated concentrations could
significantly affect eNOS expression in HUVECs at the investigated timepoints (data

not shown).

Since the present study was already confronted with detection problems of eNOS, it
was of no wonder that eNOS expression was not detectable in SC cells under
standard, static cell culture conditions.

Even if eNOS as well as INOS have been reported to be altered in glaucomatous SC
as well as TM cells (Nathanson and McKee 1995a; Fernandez-Durango et al. 2008),
none of those NOSs were detectable in transfected TM cells of this present study (data

not shown).
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Figure 61: eNOS expression was affected by transfection with miR-222-3p mimics in HUVECs, but not
detectable in SC and TM cells.

Relative mRNA expression of a-SMA was investigated in HUVECs (n = 4 for 48 hours, n = 3 for 72 hours, n =5 for
144 hours), SC cells (nd = not detectable) and TM cells (nd = not detectable) after transfection with miR-222-3p
mimics and inhibitors as well as appropriate controls (set to 1, indicated by the dashed lines) for 48, 72 and
144 hours. GNB2L was used as reference gene.

48 hours | 72 hours | 144 hours
eNOS mMiR-222-3p miR-222-3p | miR-222-3p miR-222-3p | miR-222-3p mMIiR-222-3p
mimics inhibitors mimics inhibitors mimics inhibitors
2.26 £ 0.06
HUVECs 0 <001 1.17+£0.06 | 1.73+0.84 | 0.74+1.75 | 1.20+£ 0.85 | 0.80 + 0.46
SC cells nd nd nd nd nd nd
TM cells nd nd nd nd nd nd

Table 43: Summary of transfection effects on the expression of eNOS after miR-222-3p transfection.

eNOS expression after miR-222-3p transfection calculated in relation to appropriate controls. Given are expression
changes + SEM and relevant p-values, nd = not detectable. Significant changes are highlighted in red.
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4.2.13.2
TGE-B2

transfection effects of miR-455-3p mimics and inhibitors

After the transfection with miR-455-3p mimics and inhibitors, the expression of TGF-

B2 was investigated (Figure 62). Table 44 summarizes the findings.

In HUVECs (n = 3), the expression of TGF-$2 was not affected by the transfection with
mMiR-455-3p mimics and inhibitors.

When SC cells (SC68, SC71, SC74 and SC79, n=3 each) were transfected with miR-
455-3p mimics, TGF-B2 expression was unaffected. By transfection with miR-455-3p

inhibitors, TGF-B2 expression was significantly upregulated after 72 hours.

Furthermore, the effect of miR-444-3p transfection was investigated in TM cells. When
TM cells (TM120, n = 6 for 48 hours, n = 3 for 72 and 144 hours) were transfected with
miR-455-3p mimics, TGF-B2 expression was unaffected at all three investigated
timepoints. The transfection with miR-455-3p inhibitors resulted in a highly significant
decrease of TGF-B2 expression after 144 hours.
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*
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Figure 62: TGF-B2 expression was contradictorily affected by transfection with miR-455-3p mimics in SC
and TM cells, but not at all in HUVECs.

Relative mRNA expression of TGF-£2 was investigated in HUVECs (n = 3), four SC cell strains (SC68, SC71, SC74
and SC79, n = 3 each) and TM cells (TM120, n = 6 for 48 hours, n = 3 for 72 and 144 hours) after transfection with
miR-455-3p mimics and inhibitors as well as appropriate controls (set to 1, indicated by the dashed lines) for 48, 72
and 144 hours. GNB2L was used as reference gene.

48 hours \ 72 hours \ 144 hours
mMiR-455-3p mIiR-455-3p | mMiR-455-3p mIiR-455-3p | mMiR-455-3p mMIiR-455-3p
mimics inhibitors mimics inhibitors mimics inhibitors
HUVECs | T220 007 | 1082004 | 1284021 | 0972008 | 125£034 | 0.79+0.12
SCecells | 1.35+£0.24 1.08 £ 0.14 1.01+0.18 1§2<i0%537 0.88 £ 0.09 0.96 £0.12
TMcells | 0.98+0.10 | 1.35+0.29 | 107007 | 0.90+008 | 1.01x007 | 0070

Table 44: Summary of transfection effects on the expression of TGF-B2 after miR-455-3p transfection.
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TGF-B2 expression after miR-455-3p transfection calculated in relation to appropriate controls. Given are
expression changes + SEM and relevant p-values. Significant changes are highlighted in red.

PAI-1

Even if TGF-B2 expression itself is not consistently affected by miR-455-3p
transfection, the investigation of the expression profile of its response gene PAI-1 might

lighten transfection effects (Figure 63). Table 45 summarizes the findings.

When HUVECs (n = 3) were transfected with miR-455-3p mimics, PAI-1 expression
was high significantly increased (p < 0.01) after 48 hours of transfection. Paradoxically,
the same period of transfection with miR-455-3p inhibitors did also high significantly

increase the PAI-1 expression.

Furthermore, SC cells (SC68, SC71, SC74 and SC79, n = 3 each) were investigated.
There, PAI-1 expression was high significantly increased after 48 hours of transfection
but significantly decreased after 144 hours. On the other hand, the transfection with
miR-455-3p inhibitors significantly increased the expression of PAI-1 after 48 hours

which led to conflicting results.

When TM cells (TM120, n=6 for 48 hours, n=3 for 72 and 144 hours) were
transfected with miR-455-3p mimics, PAI-1 expression was not affected significantly at
any investigated timepoint. On the other hand, the transfection with miR-445-3p
inhibitor led to a highly significantly increased PAI-1 expression after 48 hours of

transfection.
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*k%x
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Figure 63: PAI-1 expression was contradictorily affected by transfection with miR-455-3p mimics in
HUVECSs, SC and TM cells.

Relative mRNA expression of PAI-1 was investigated in HUVECs (n = 3), four SC cell strains (SC68, SC71, SC74
and SC79, n = 3 each) and TM cells (TM120, n = 6 for 48 hours, n = 3 for 72 and 144 hours) after transfection with
miR-455-3p mimics and inhibitors as well as appropriate controls (set to 1, indicated by the dashed lines) for 48, 72
and 144 hours. GNB2L was used as reference gene.
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48 hours \ 72 hours \ 144 hours
PAI-1 mMiR-455-3p  mIiR-455-3p | mMiR-455-3p mIiR-455-3p | mMiR-455-3p mMIiR-455-3p
mimics inhibitors mimics inhibitors mimics inhibitors
1.55 + 0.06 1.79 + 0.09
HUVECs 0 <001 0 <001 1.18 +0.12 1.08 + 0.08 0.82 £ 0.09 0.89 £ 0.11
1.29 £ 0.07 1.25+0.10 1.68 +0.36 0.75 £ 0.06
SC cells 0 <0.01 0 <0.05 1.10 £ 0.16 b =0.05 0 <005 0.79 £ 0.06
TMcells | 0.95+0.12 2p0<8§80116 0.77 £0.08 1.11+0.21 1.09+0.14 1.38 £ 0.10

Table 45: Summary of transfection effects on the expression of PAI-1 after miR-455-3p transfection.

PAI-1 expression after miR-455-3p transfection calculated in relation to appropriate controls. Given are expression
changes + SEM and relevant p-values. Significant changes are highlighted in red.

CTGE

Furthermore, the effect of miR-455-3p transfection on CTGF expression was
investigated (Figure 64). In Table 46, results are summarized.

When HUVECs (n = 3) were transfected with miR-455-3p mimics, CTGF expression
was also not affected significantly after none of the investigated timepoints.
Furthermore, transfection with miR-455-3p inhibitors led to inconsistent results. While
the 48-hour treatment high significantly increased the expression of CTGF, the long-
term treatment for 144 hours led to a significantly reduced CTGF expression.

On the other hand, SC cells (SC68, SC71, SC74 and SC79, n = 3 each) had no effect
of miR-455-3p mimics and inhibitors on CTGF expression.

Furthermore, TM cell (TM120, n = 6 for 48 hours, n = 3 for 72 and 144 hours) also had

no changes of CTGF expression after miR-455-3p transfection.
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Figure 64: CTGF expression was contradictorily affected by transfection with miR-455-3p mimics in
HUVECSs, but not at all in SC as well as TM cells.

Relative mMRNA expression of CTGF was investigated in HUVECs (n = 3), four SC cell strains (SC68, SC71, SC74
and SC79, n = 3 each) and TM cells (TM120, n = 6 for 48 hours, n = 3 for 72 and 144 hours) after transfection with
miR-455-3p mimics and inhibitors as well as appropriate controls (set to 1, indicated by the dashed lines) for 48, 72
and 144 hours. GNB2L was used as reference gene.
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48 hours \ 72 hours \ 144 hours
miR-455-3p miR-455-3p | miR-455-3p mMIiR-455-3p | MiR-455-3p mMIiR-455-3p
mimics inhibitors mimics inhibitors mimics inhibitors
1.47 £0.07 1.51+£0.18 0.68 + 0.07
HUVECs | 1.16 £ 0.02 b <001 b =0.08 0.98 + 0.07 0.93+0.11 0 <0.05
SCcells | 0.96 +0.07 1.14 +0.12 0.74 £ 0.12 1.33+0.29 0.80+£0.21 1.05+0.43
TMcells | 1.31+0.26 1.38+0.31 1.09 +0.13 1.09+0.16 0.84 £ 0.09 0.80 + 0.07

Table 46: Summary of transfection effects on the expression of CTGF after miR-455-3p transfection.

CTGF expression after miR-455-3p transfection calculated in relation to appropriate controls. Given are expression
changes + SEM and relevant p-values. Significant changes are highlighted in red.

DCN

The glaucoma-associated factor DCN was investigated after miR-455-3p transfection
(Figure 65). As shown by Buraschi et al., DCN is not expressed in HUVECs.
Furthermore, Overby at al. could show that SC cells do express DCN. Here, its
expression was investigated after miR-455-3p transfection and results are summarized
in Table 47.

When SC cells (SC68, SC71, SC74 and SC70, n = 3 each) were transfected with miR-
455-3p, DCN expression was not affected at any investigated timepoint, neither with

miR-455-3p mimics nor inhibitors.

In TM cells (TM120, n = 6 for 48 hours, n = 3 for 72 and 144 hours), alterations on miR-

455-3p did also have no significant effect on DNC expression.
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Figure 65: DCN expression was not affected by transfection with miR-455-3p mimics and inhibitors in SC
and TM cells, while it was not detectable in HUVECs at all.

Relative mMRNA expression of DCN was investigated in HUVECs (nd = not detectable), four SC cell strains (SC68,
SC71, SC74 and SC79, n =3 each) and TM cells (TM120, n = 6 for 48 hours, n = 3 for 72 and 144 hours) after
transfection with miR-455-3p mimics and inhibitors as well as appropriate controls (set to 1, indicated by the dashed
lines) for 48, 72 and 144 hours. GNB2L was used as reference gene.
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48 hours \ 72 hours 144 hours

mMiR-455-3p  mIiR-455-3p | mMiR-455-3p mIiR-455-3p | mMiR-455-3p mMIiR-455-3p
mimics inhibitors mimics inhibitors mimics inhibitors

HUVECs nd nd nd nd nd nd

SCcells | 1.14+0.06 | 0.97+0.11 | 1.04+0.08 | 1.02+0.10 | 0.86+0.07 | 1.07+0.12

TMcells | 0.94+0.19 | 1.29+0.13 | 1.02+0.03 | 0.89+0.03 | 1.01+£0.05 | 0.90+0.08

Table 47: Summary of transfection effects on the expression of DCN after miR-455-3p transfection.

DCN expression after miR-455-3p transfection calculated in relation to appropriate controls. Given are expression
changes + SEM and relevant p-values, nd = not detectable. Significant changes are highlighted in red.

BMP-4

As member of the TGF-f superfamily and antagonizing the TGF-f effect (Fuchshofer
et al. 2007; Wordinger et al. 2007), BMP-4 expression was investigated after miR-455-

3p transfection (Figure 66). In Table 48, findings are summarized.

When HUVECSs (n = 3) were transfected with miR-455-3p mimics, BMP-4 expression
was significantly increased after 72 hours. On the other hand, the transfection with

miR-455-3p inhibitors led to significant reduction after 144 hours.

In SC cells (SC68, SC71, SC74 and SC79, n = 3 each), results were contradictory to
the findings in HUVECs. There, BMP-4 expression was unaffected after the
transfection with miR-455-3p mimics and high significantly increased when transfected
with miR-455-3p inhibitors for 48 hours.

Furthermore, alterations on miR-455-3p did not significantly affect BMP-4 expression
in TM cells (TM120, n =6 for 48 hours, n =3 for 72 and 144 hours) at any of the
investigated timepoints.
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Figure 66: BMP-4 expression was contradictory affected by transfection with miR-455-3p mimics and
inhibitors in HUVECs and SC cells, but not affected at all in TM cells.
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Relative mRNA expression of BMP-4 was investigated in HUVECs (n = 3), four SC cell strains (SC68, SC71, SC74
and SC79, n = 3 each) and TM cells (TM120, n = 6 for 48 hours, n = 3 for 72 and 144 hours) after transfection with
miR-455-3p mimics and inhibitors as well as appropriate controls (set to 1, indicated by the dashed lines) for 48, 72

and 144 hours. GNB2L was used as reference gene.

48 hours | 72 hours 144 hours
mMiR-455-3p mIiR-455-3p | MiR-455-3p mMIiR-455-3p | MiR-455-3p MIiR-455-3p
mimics inhibitors mimics inhibitors mimics inhibitors
1.56 £ 0.12 0.64 £ 0.09
HUVECs | 1.08+0.05 | 1.12+0.14 0<0.05 0.95+0.06 | 1.27+£0.23 0<0.05
SCcells | 1.03 +0.09 1'§5<%%'112 0.84£0.10 | 1.30£0.21 | 0.96+0.07 | 0.97+0.05
TMcells | 1.25+0.27 | 1.55+0.32 | 1.09+0.17 | 1.18+0.25 | 1.59+0.23 | 1.23+0.03

Table 48: Summary of transfection effects on the expression of BMP-4 after miR-455-3p transfection.

BMP-4 expression after miR-455-3p transfection calculated in relation to appropriate controls. Given are expression
changes + SEM and relevant p-values. Significant changes are highlighted in red.

a-SMA

The effect of miR-455-3p alterations on a-SMA expression was investigated (Figure

67). All findings are summarized in Table 49.

In HUVECSs (n = 3), transfection with miR-455-3p mimics significantly reduced a-SMA
expression after 72 hours. The transfection with miR-455-3p inhibitors led to
ambiguous results. While the a-SMA expression was high significantly increased after

48 hours, the 144-hour transfection high significantly reduced the a-SMA expression.

When SC cells (SC68, SC71, SC74 and SC79, n = 3 each) were transfected with miR-
455-3p mimics, a-SMA expression was highly significantly reduced after 144 hours of

transfection while miR-455-3p inhibition had not significant effect.

Interestingly, a-SMA expression was not affected in TM cells (TM120, n =6 for 48
hours, n = 3 for 72 and 144 hours) by miR-455-3p alterations.
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Figure 67: a-SMA expression was affected by transfection with miR-455-3p mimics and inhibitors in
HUVECs and SC cells, but not affected at all in TM cells.
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Relative mRNA expression of a-SMA was investigated in HUVECs (n = 3), four SC cell strains (SC68, SC71, SC74
and SC79, n = 3 each) and TM cells (TM120, n = 6 for 48 hours, n = 3 for 72 and 144 hours) after transfection with
miR-455-3p mimics and inhibitors as well as appropriate controls (set to 1, indicated by the dashed lines) for 48, 72
and 144 hours. GNB2L was used as reference gene.

48 hours | 72 hours | 144 hours
a-SMA  miR-455-3p mIiR-455-3p | mMiR-455-3p mMIiR-455-3p | MiR-455-3p mMIiR-455-3p
mimics inhibitors mimics inhibitors mimics inhibitors
1.99+0.06 | 0.63+0.06 0.65+0.04
HUVECs | 1.00+0.14 0 <001 <001 1.07+0.12 | 0.76 +0.12 0<001
0.72+£0.10 0.59 £ 0.06
SCcells | 0.98 +£0.08 1.13+£0.13 0 = 0.06 1.10+0.16 0 <0.001 0.81+0.12
TMcells | 1.13+0.19 1.24+0.10 | 1.36+0.14 | 0.96+0.11 | 0.67+0.11 | 0.57 +0.08

Table 49: Summary of transfection effects on the expression of a-SMA after miR-455-3p transfection.

a-SMA expression after miR-455-3p transfection calculated in relation to appropriate controls. Given are expression
changes + SEM and relevant p-values. Significant changes are highlighted in red.

eNOS

Finally, eNOS expression was also investigated after miR-455-3p transfection (Figure

68) and results are summarized in Table 43.

When HUVECSs (n = 3) were transfected with miR-455-3p mimics, eNOS expression
was significantly increased after the inhibition of miR-455-3p for 48 hours. Longer
periods of treatment had no impact on eNOS mRNA expression.

In SC and TM cells, eNOS was not detectable as it was shown transfection
experiments with miR-222-3p.
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Figure 68: eNOS expression was affected by transfection with miR-455-3p inhibitors in HUVECSs, but not
detectable in SC and TM cells.

Relative mRNA expression of a-SMA was investigated in HUVECs (n = 3), SC cells (nd = not detectable) and TM
cells (nd = not detectable) after transfection with miR-455-3p mimics and inhibitors as well as appropriate controls
(set to 1, indicated by the dashed lines) for 48, 72 and 144 hours. GNB2L was used as reference gene.
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48 hours \ 72 hours \ 144 hours
miR-455-3p miR-455-3p | miR-455-3p mMIiR-455-3p | MiR-455-3p mMIiR-455-3p
mimics inhibitors mimics inhibitors mimics inhibitors
HUVECS | 0.93005 | *777 (| 0.95+003 | 0.04+0.03 | 0.85+0.06 | 0.8+ 0.06
SC cells nd nd nd nd nd nd
TM cells nd nd nd nd nd nd

Table 50: Summary of transfection effects on the expression of eNOS after miR-455-3p transfection.

eNOS expression after miR-455-3p transfection calculated in relation to appropriate controls. Given are expression
changes + SEM and relevant p-values, nd = not detectable. Significant changes are highlighted in red.

4.3 Intracameral delivery of layer-by-layer coated nanoparticles as potential

delivery system for miRNA to outflow tissue

Published by Dillinger et al., our working group has proven the ability of NPs to deliver
siRNA towards AH outflow cells. Furthermore, HA-decorated NP have been shown to
keep their mobility in the ECM and accumulated within the TM (Dillinger et al. 2018).

As long-term goal, this study worked on the development of a delivery system for
causative glaucoma therapy with miRNA. So far, this study investigated the distribution
of gold-core NP (AuNP) within the anterior chamber of ex vivo perfused eyes.
Experiments were performed in collaboration with the Department for Pharmaceutical

Technology. There, Tobias Sonntag prepared AuNPs and did their quantification.

4.3.1 Characterization of gold-core nanoparticles

Initially, NPs were investigated by TEM. AuNPs from Nanopartz™ with 5, 50, 100 and
150 nm and an additional set of 13 nm AuNPs were visualized. Unlike those purchased
from Nanopartz™, the 13 nm cores were processed self-made. With respect to the
scale bars, the size of AuNPs fitted manufacturer’s information (Figure 69).

50 nm 13 nm

5nm 100 nm

150 nm

HA-AUNP

3
N

Figure 69: Transmission electron microscopy images of gold nanoparticles.
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By this method, gold-cores of 5, 50, 100 and 150 nm small nanoparticles (AuNPs) from Nanopartz™ and 13 nm
self-made AuNPs were visualized. If the surface was citrate or hyaluronan was not distinguishable. Nevertheless,
the total diameter of the HA-coated NP (HA-AuNP) was expected to be slightly bigger than the core alone. Scale
bars: 100 nm.

If the surface was citrate or hyaluronan was not distinguishable by TEM. To investigate
whether the total diameter of the HA-AuNP was slightly bigger than that of the AuNP
without HA, the hydrodynamic diameter was determined for all investigated AuNPs
(Figure 70). The size distribution was number weighted, meaning that each patrticle
(but not its volume) counted equally. Thereby, only the 150 nm HA-AuNP were on
average slightly smaller than those without the final HA layer. All other NPs showed an
increase in diameter after addition of the final HA-layer. Nevertheless, the size increase

was about three times and thereby unexpectedly big for the 5 nm AuNP.
250+
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Figure 70: Hydrodynamic diameter of gold-core nanoparticles.
The number weighted size distribution of 5, 50, 100 and 150 nm AuNPs from Nanopartz™ as well as 13 nm self-

made AuNPs with (+) or without (-) a final layer of hyaluronan (HA). The total diameter of the HA-AuNPs were
expected to be slightly bigger than the AuNP without HA.

In addition, the zeta-potential of AUNPs and HA-AuNPs was determined (data not
shown). Thereby, it was proven that the binding of negatively charged HA on the
AuNPs surface decreased the zeta-potential for Nanopartz™ NPs. Self-made AuNPs
of 13 nm did not change the surface charge by the addition of HA whether it was

bindable by an SH-group or not.

Furthermore, the stability of AUNP was proven (data not shown). When incubated in
medium with 0.35% FBS - which is the corresponding protein amount of the AH - HA-
coating improved colloidal stability. Similar results were reported for fluorescent layer-
by-layer NPs with and without HA (Dillinger et al. 2018).
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4.3.2 Exvivo eye perfusion experiments with gold-core nanopatrticles

Other than fluorescent NP, the gold cores of AuUNPs allow for one by one retrievability
of each single NP. To investigate its distribution within the anterior chamber, ex vivo
perfusion experiments were performed (see 3.6.3). Thereafter, the following distinct
tissues were prepared: ciliary body (Cl), cornea (CO), iris (IR), lens (LE) and TM. After
preparation (n = 6), tissue was weighted (Figure 71). Distinct weight, SEM as well as
percental aberration are given thereafter in Table 51.
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Figure 71: Weight of prepared tissue after ex vivo eye perfusion experiments.

Ciliary body (ClI), cornea (CO), iris (IR), lens (LE) as well as trabecular meshwork (TM) were prepared after ex vivo
eye perfusion experiments (n = 6). Weight was given in mg and error bars represent SEM.

weight [mg] aberration [%0]
Cl 120.47 14.82 12.31
CO 300.48 16.58 5.52
IR 28.27 1.97 6.98
LE 359.50 28.80 8.01
™ 3.83 0.78 20.41

Table 51: Weight of prepared tissue after ex vivo eye perfusion experiments.

Ciliary body (CI), cornea (CO), iris (IR), lens (LE) as well as trabecular meshwork | were prepared after ex vivo eye
perfusion experiments. Weight was given in mg and aberration in %.

The aberration of CO, IR and LE was smaller than 10%. Since these tissues have
smooth surface, less fluid adhesion occurred. In Cl and TM, aberration was the highest.
Those tissues have the most rough, fissured surface of all investigated tissues.
Thereby, proportionally more fluid - leftover by the preparation process - might lead to
weight variations. To avoid these inaccuracies, tissue was freeze-dried for further

investigations.

By inductively coupled plasma mass spectroscopy (ICP-MS), gold content of five
tissues of the anterior chamber was investigated after ex vivo eye perfusion
experiments. Perfusion was performed with 5, 50, 100 and 150 nm AuNPs from

Nanopartz™ as well as 13 nm self-made AuNPs.
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Figure 72 shows the results for AUNP with citrate surface (n = 3, expect the result for
TM, perfused with 5 nm AuNPs, there n = 2 due to a significant outlier). For all AUNP
sizes, the most gold was found in CI, IR and - moist importantly - in the TM. Almost no
gold was found in CO and LE. Form 50 nm over 100 nm to 150 nm, the bigger the
AuNPs were, the more gold was found. Table 52 summarizes the findings.
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Figure 72: Gold content of eye tissue, especially of the trabecular meshwork, increased by the size of
nanoparticles with citrate surface after ex vivo perfusion.

By inductively coupled plasma mass spectroscopy, gold content of five tissues (CI = ciliary body, CO = cornea,
IR =iris, LE = lens, TM = trabecular meshwork) of the anterior chamber was investigated after ex vivo eye perfusion
experiments (n = 3, expect the result for TM, perfused with 5 nm AuNPs, there n = 2 due to a significant outlier).
Perfusion was performed with 5, 50, 100 and 150 nm AuNPs from Nanopartz™ as well as 13 nm self-made AuNPs.
Data are presented as mean + SEM.

AuNP Cl (6{0) IR LE ™
5nm 1.79+1.35 0.12+0.01 3.20+0.92 0.02+0.01 0.79+0.15
50 nm 0.44 +0.24 0.04 +0.01 0.38 + 0.08 0.04 +0.01 1.43 + 0.56
100 nm 0.70+0.28 0.02 +0.00 0.65+0.16 0.02 +0.00 4.90+0.85
150 nm 2.75+£1.25 0.13+0.02 3.18 £ 0.61 0.05+0.03 8.50 + 4.37
13 nm 2.12+1.02 0.10 +£0.05 0.69 +0.33 0.04 +0.02 4.24 +2.93

Table 52: Summary of gold content of eye tissue after ex vivo perfusion with AuNPs.

Gold content of ciliary body (ClI), cornea (CO), iris (IR), lens (LE) and trabecular meshwork (TM). Given in ppb per
mg tissue £ SEM.

In Figure 73, the results for HA-AUNP are presented (n = 3, expect the result for
tissues perfused with 150 nm HA-AuNPs, there n = 2). Expect of the 5 nm AuNP, for
all AuNP sizes, the moist gold was found in the TM. Again, in CI, IR and TM was more
gold per mg tissue found than in CO and LE. Interestingly, 100 nm HA-coated AuNP
were found more abundant in all five tissues than the corresponding 100 nm AuNP

with citrate surface. For the 150 nm as well as 13 nm sized AuNP, findings were the
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other way around. There, less gold was found in the samples perfused with HA-AuNPs
than in those with citrate AUNP. Furthermore, the results for the TM perfused with 5 nm
HA-AuNP were negative since there, the results for the blank perfused tissue had

higher counts than the particle-perfused one. Table 53 summarizes the findings.
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Figure 73: Gold content of eye tissue varied by the size of nanoparticles with hyaluronan surface after ex
vivo perfusion.

By inductively coupled plasma mass spectroscopy, gold content of five tissues (Cl = ciliary body, CO = cornea,
IR =iris, LE = lens, TM = trabecular meshwork) of the anterior chamber was investigated after ex vivo eye perfusion
experiments (n = 3, expect the result for TM, perfused with 5 nm AuNPs, there n = 2 due to a significant outlier).
Perfusion was performed with 5, 50, 100 and 150 nm AuNPs from Nanopartz™ as well as 13 nm self-made HA-
AuNPs. Data are presented as mean + SEM.

HA-AuNP Cl | CO IR = ™
5nm 0.34+0.06 | 0.02+0.00 | 0.38+0.07 | 0.01+0.01 | -0.13+-0.04
50 nm 0.18+0.10 | 0.00+0.00 | 0.20+0.09 1.00 £ 0.01 1.00 + 0.42
100 nm 1.79+0.54 | 0.08+0.01 1.61+0.28 | 0.03+0.01 5.17+1.39
150 nm 1.45+0.07 | 0.05+0.02 1.02+0.38 | 0.00+0.00 1.70+0.44
13 nm 0.31+0.15 | 0.03+0.01 0.34+0.10 | 0.02+0.01 1.99+1.42

Table 53: Summary of gold content of eye tissue after ex vivo perfusion with HA-AuNPs.

Gold content of ciliary body (CI), cornea (CO), iris (IR), lens (LE) and trabecular meshwork (TM). Given in ppb per
mg tissue + SEM.

To further investigate, how deep the AuNPs perforated into the outflow tissue, TEM
images of perfused outflow tissue were investigated. Thereby, AUNP and HA-AuNP
were retrievable within the porcine TM. Images of outflow tissue, perfused with 200 nm
NPs, are shown in Figure 74. Both, AUNP and HA-AuNP were found within the ECM

of outflow tissue (indicated by the arrows).
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Figure 74. Transmission electron microscopy images of outflow tissue, perfused with 100 nm gold
nanoparticles.

By this method, gold-cores of 100 nm NPs were visualized in porcine outflow tissue after ex vivo eye perfusion
experiments. AuNP were found within the ECM of outflow tissue, independent on their surface coating (indicated
by the arrows). Scale bars: 1,000 nm.

Furthermore, HA-AuUNP were spread throughout the whole outflow tissue and even
reached the AP, which is the porcine analog of the human SC (Figure 75). There, HA-

AuNP were also found to be located intracellularly in AP cells.
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Figure 75: Transmission electron microscopy image of the aqueous plexus of a porcine eye, perfused with
100 nm HA-coated gold nanoparticles.

By this method, gold-cores of 100 nm HA-AuNPs were visualized after ex vivo eye perfusion experiments. HA-
AuNP perforated the outflow tissue deep and reached the aqueous plexus (AP, lumen marked with #, giant vacuole
marked with *). Furthermore, HA-AuNPs were found to be located intracellularly in AP cells (indicated by the arrow).
Scale bar: 1,000 nm.

Finally, it was investigated if and how the HA-receptor CD44 abundance varied in SC
cells (SC68, SC74 and SC89) under flow conditions in vitro (Figure 76). Thereby,
CD44 mRNA expression was not affected by flow conditions. Neither after one day of
incubation nor after one week, CD44 mRNA was affected compared to static controls
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(one day: 0 dyn/cm? (n = 11): 1.00 £ 0.19, 10 dyn/cm?2 (n = 11): 0.99 £ 0.19; one week:
0 dyn/cm2 (n =12): 1.00 £ 0.19, 10 dyn/cm2 (n = 11): 0.98 + 0.21).
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Figure 76: CD44 mRNA expression in SC cells was unaffected by in vitro flow conditions.

CD44 mRNA expression was investigated by RT-gPCR in SC cells (SC68, SC74 and SC89) after one day (n =11
for 0 dyn/cm? respective n = 11 for 10 dyn/cm? in total) as well as after one week (n = 12 for 0 dyn/cm? respective
n =11 for 10 dyn/cm? in total) under flow conditions. At both time points, flow conditions of 10 dyn/cm? had no
impact on CD44 mRNA expression compared to static control (0 dyn/cm2).

With those findings, NP have been shown once again to be a promising tool as
potential delivery system for agents towards the area of increased outflow resistance
during POAG. Whether it will be NO analogs or miRNAs, manipulating on the

expression of glaucoma relevant genes, NP hold the power to deliver both.
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5 Discussion

5.1 Summary

The aim of the present study was to gain a better understanding of the molecular

mechanisms underlying glaucoma.

Initially, a glaucoma mouse model, overexpressing CTGF under a lens-specific
promotor, was investigated. It was found that macroglia activation and IOP increase
are specific for the transgenic BB1-CTGF mice, independent on their genetic

background.

Thereafter, we identified a potential antagonist to the CTGF effects by treating human
SC cells with an exogenous NO donor. DETA-NO treatment not only reduced the
expression of the TGF-3 response genes PAI-1 and CTGF but also caused significant
reduction of cell stiffness and a-SMA expression. Furthermore, the expression of ECM

components, including NID-1, COL2A2 and FN, was reduced.

Additionally, the endogenous NO production of SC cells was investigated. By in vitro
flow conditions, NO production of SC cells was induced. An incubation for 24 hours at
10 dyn/cm2 was sufficient to increase NO production towards detectable amounts while
one week of incubation significantly increased this induction. Interestingly, the
expression or synthesis of eNOS was neither affected by exogenous NO treatment nor

by flow conditions.

By a miRNA-microarray, 39 miRNAs associated to the NO signaling pathway were
differentially expressed in healthy and glaucomatous SC cell strains. 4 miRNAs were
found to have a positive correlation of miRNA expression and the stiffness of the
corresponding SC cell strains. With TagMan technique, miR-222-3p and miR-455-3p
were confirmed to be more abundant in glaucomatous SC cell strains in comparison to
healthy donors. In turn, DETA-NO treatment led to a reduced expression of these two
mMiRNAS.

The transfection with miR-222-3p caused a significant down-regulation of PAI-1, CTGF
and a-SMA in SC cells while DCN expression was significantly increased. On the other
hand, the inhibition of miR-222-3p significantly up-regulated the expression of CTGF.
Nevertheless, transfection studies with miR-455-3p led to time-dependent effects.

Additionally, HUVECs and TM cells were included in the transfection studies.
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To investigate a potential delivery system for miRNAS, the distribution of AUNPs within
the anterior chamber was assessed after ex vivo perfusion of porcine eyes. NP can
function as intracameral delivery system for glaucoma therapy and can carry siRNA,
MIiRNA (mimics or inhibitors) or NO donors as agents. Therefore, they must be
addressed specifically towards outflow tissue.

Here, the gold content of ciliary body, cornea, iris, lens, and the TM was analyzed after
perfusion with AuNP. ICP-MS analysis had shown that independent on AuNP size and
surface, almost no gold was detected in cornea and lens. Instead, gold was found in

ciliary body, iris and - with the highest amount - in the TM.

5.2 CTGF causes glaucoma, independent on the genetic background

According to the gene expression profile of the human TM, CTGF belongs to the 50
most abundant genes (Tomarev et al. 2003). In the AH of POAG patients, a significant
increased amount of CTGF have been reported (Fahmy et al. 2008; Browne et al.
2011). Furthermore, CTGF expression is elevated in glaucomatous SC cells compared
to healthy strains (Overby et al. 2014). With its ability to induce ECM deposition and
increasing the cell contraction in TM cells (Junglas et al. 2009), CTGF is suggested to

be a potential glaucoma-causing factor.

Our group established a transgenic mouse line that overexpresses CTGF under a lens-
specific promotor. While no structural changes of the iridocorneal angle were obvious,
transgenic mice develop an elevated IOP and a progressive loss of axons in the optic
nerve head, which is the main characteristic for glaucoma (Junglas et al. 2012).

The present study investigated this mouse model in a Black6/J background and
observed a significant increased IOP in transgenic mice at the age of 8 and 12 weeks.
Black6/J is an inbreeding mouse strain with increased homozygosity as far as
individuals are considered to be genetically identical (Wang et al. 1999). Although
parameter as IOP or axon numbers investigated in these strains may be particularly
consistent within a group, findings might be influenced by hidden genetic
abnormalities. For example, Black6é mice from the NIH subline (Black6/N) were found
to carry the rd8 mutation in the Crbl gene, coding for retinal degeneration, while the
Black6/J strain from the Jackson Laboratory does not (Mattapallil et al. 2012; Simon et
al. 2013). Since homozygous animals develop phenotypical changes, those mice

should be excluded, and only Black6/J mice were used.
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The present study focused further on the investigation of the mouse model in a pure
CD1 background. CD1 is an outbred strain with a diverse gene pool and have been
shown to be very sensitive regarding IOP with higher axon loss than other strains
(Cone et al. 2010). We found the IOP of transgenic BB1-CTGF mice with a CD1
background to be elevated not until the age of 15 weeks. This was diverging from initial
findings, where transgenic mice developed an increased IOP already after 4 weeks
(Junglas et al. 2012). This finding might be explained since experiments were
performed in two different laboratories and this circumstance has been reported to be
potential to lead to discrepancies in the results (Crabbe et al. 1999; Wahlsten et al.
2006).

Furthermore, different mouse strains were investigated. While mice in the original
paper were analyzed as first generation of a mixed FVBN/CD1 background, the
present study investigated them in a pure CD1 background. Since there, the macroglia
activating and IOP increasing effect of the CTGF overexpression was sustained
(Reinehr et al. 2019), the glaucoma-causing effect of CTGF and thereby the power of

the corresponding mouse model were underlined.

5.3 Endogenous NO signaling is weak in SC cells under standard in vitro

conditions

eNOS protein was reported to be detectable in cell cultures of TM and SC cells
(Perkumas and Stamer 2012). In the present study, we could not reproduce these data
by Western Blot which was likely due to the unavailability of the Santa Cruz antibody
used by Perkumas and Stamer. Nevertheless, we could detect eNOS protein by
ELISA, a more sensitive method. However, in vitro conditions always have been a
model for the in vivo situation that was confronted with restrictions and limitations as
differentiation processes and the lack of signals from neighboring cells. In histological
sections of the murine iridocorneal angle, eNOS protein can be easily stained in the
SC endothelium (data not shown).

In vivo, SC cells are confronted with an incessant flow of AH passing by and through
the cells. Perfusion experiments with inverted flow direction have shown that pore
forming ability - an essential feature of creating outflow resistance within the SC cells
endothelium in vivo - was severely impaired (Overby et al. 2014). In the present study,

experiments were performed under flow conditions, where SC cells were exposed to
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shear stress applied by passing medium. By this setup, NO production was induced

and increased over time as it was shown by Ashpole et al. in 2014.

Furthermore, shear stress has been shown to post-transcriptionally regulate eNOS
activity. The recruitment of HSP-90 protein to eNOS enhances its activation (Garcia-
Cardefa et al. 1998). Thereby, NO production can be increased even if eNOS
synthesis remains unaffected. If eNOS gets phosphorylated at Ser(1177) by Akt
kinase, Ca?* sensitivity of eNOS is altered towards an enzyme activity maximum below
physiological Ca?* concentrations. Thereby, an Akt-dependent, but Ca?*-independent
regulatory mechanism of eNOS activity might also contribute to an increased NO
production beside alterations of eNOS synthesis (Dimmeler et al. 1999; Fisslthaler et
al. 2000). Even if the Ser(1177) phosphorylation leads to a low NO production,
subsequent phosphorylation at Thr(495) and high intracellular Ca?* recruit CALM-1 to
the complex and further enhances NO production (Fleming et al. 2001). Hence, NO
production can be enhanced even if eNOS protein amount itself is unaffected.

The expression of both eNOS enhancers, HSP-90 and CALM-1, has been shown to
be significantly reduced by DETA-NO treatment. One might assume that high NO level
could function as negative feedback loop to avoid persistent NO production.
Nevertheless, CAV-1 as an eNOS inhibitor has been shown to be also significantly
reduced by the same treatment. CAV-1 was the first protein being described to be
associated to eNOS (Garcia-Cardefia et al. 1996). Back then, authors found that the
above mentioned Thr-phosphorylation goes hand in hand with a 50% decrease in
enzyme activity at low intracellular Ca?* conditions. By external stimuli, a Ca?* influx
can promote the dissociation of CAV-1 from eNOS, allowing for the binding of the
enhancer CALM-1 (Michel et al. 1997). Therefore, an increasing intracellular Ca?*
concentration is a promoter of NO production by eNOS, while high NO concentrations
from the exogenous donor did not consistently affect components of the NO signaling

pathway.

CAV-1 knockout mice have a decreased outflow facility and therefore develop
increased IOP (Lei et al. 2016). Interestingly, an increased eNOS activity was found in
those mice due to increased tyrosine nitration. A mislocalization of the enzyme is
thought to cause the reduction of flow-dependent signaling (Yu et al. 2006), but further

studies are necessary to address the underlying mechanisms.
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5.4 DETA-NO treatment reduces SC cell stiffness and actin stress fibers

The effect of NO donors on the AH outflow facility has been investigated over decades.
Exogenous NO has been proven to decrease outflow resistance and thereby IOP in
various species (Johnson and Kamm 1983; Nathanson and McKee 1995b;
Schneemann et al. 2002; Dismuke et al. 2008; Ellis et al. 2009; Borghi et al. 2010;
Stamer et al. 2011; Chang et al. 2015; Ge et al. 2016). On the other hand, SC cell
stiffness has been widely investigated and its dynamic range of contractility has been
found to be like that of smooth muscle cells. Despite donor-specific variability in
baseline stiffness and responsiveness, SC cells stiffen in response to agents that are
known to increase outflow resistance and soften in response to agents that are known

to decrease outflow resistance (Zhou et al. 2012; Stack et al. 2018).

The present study investigated the response of SC cells after DETA-NO treatment for
the first time. While DETA-NO treatment has been known to lead to the relaxation of
TM cells (Dismuke et al. 2014), AFM measurements revealed significantly reduced
stiffness of HUVECs and SC cells. Together with the finding, that a-SMA expression
was also significantly reduced by DETA-NO treatment, the softening of SC cells in
response to DETA-NO might be beneficial since it was shown that cortical as well as
subcortical stiffness of glaucomatous SC cells are increased compared to those from
healthy donors while pore formation has been found to be decreased (Overby et al.
2014).

However, these findings underline the potential of NO to reduce SC cell stiffness which
further has been shown to go hand in hand with a decreased outflow resistance,
increased outflow facility and reduced IOP. By investigating eNOS overexpressing
mice, a first model was described with reduced IOP, elevated outflow facility but with
anatomically normal iridocorneal angle (Stamer et al. 2011; Chang et al. 2015). In
transgenic mice, an outflow regulating mechanism was found to be continually present
while it was pressure-dependent in WT mice and only seen above 35 mmHg. They
hypothesize, that the mechanosensitivity of eNOS activity postulated in systemic
vasculature (Topper et al. 1996; Go et al. 2001; van Haperen et al. 2003) is
transmissible to SC endothelium. Functioning as “barostat”, SC cells are thought to
sense changes in the IOP and regulate outflow facility to restore IOP homeostasis
(Stamer et al. 2011). This assumption becomes even more substantial since three

polymorphisms in the NOS3 gene, coding for eNOS, have been found to be associated
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to POAG (Tunny et al. 1998; Logan et al. 2005; Kang et al. 2010). Furthermore, the
glaucomatous TM and SC have a decreased reactivity of the NO-indicator marker
NADPH-d (Nathanson and McKee 1995a) and eNOS knockout mice have been shown
to develop elevated IOP and decrease AH outflow (Lei et al. 2015).

5.5 Exogenous NO reduced expression of glaucoma-associated factors

Even if the involvement of impaired NO production in the pathogenesis of POAG is
very likely, there are other factors that have been shown to be associated to POAG.
CTGF has been proven to be a glaucoma-causing factor (Junglas et al. 2009; Junglas
et al. 2012; Reinehr et al. 2019) and is furthermore associated to disorders with a
pathological increase in ECM deposition (Ito et al. 1998; Schneemann et al. 2002; Sato
et al. 2000; Di Mola et al. 2004; Cicha et al. 2005; Yamamoto et al. 2005). CTGF has
been shown to induce the expression of ECM components as COL4 and FN (Junglas
et al. 2009). In the present study, we identified the potential of exogenous NO to
significantly reduce CTGF expression and synthesis in SC cells. Furthermore, this
reduction went hand in hand with a significant decrease of the expression of the ECM
components NID-1, COL4A4 and FN.

In the pathogenesis of POAG, the CTGF effect is thought to be induced by the
abnormal high TGF-32 level in the AH (Fuchshofer and Tamm 2009). In the present
study, we could not show an impact of DETA-NO treatment on TGF-2 expression.
However, expression itself does not allow for any assumptions regarding TGF-2
activity. This could only be done by studying TGF-B2 activity at protein level. So far,
the reduced expression of the TGF- downstream effectors PAI-1 and CTGF hints for
reduced TGF-f signaling. In HUVECs, an endothelial cell line used as a model cell line
within this study, the downregulation of TGF-2 mRNA has been shown and further
confirmed a significant down-regulation of PAI-1 and CTGF mRNA expression after

DETA-NO treatment in another endothelial cell line.

The flow experiments on cultured SC cells showed no change in CTGF mRNA
expression. The present study applied constant flow and thereby reproduced data from
HUVECSs which have been reported to show no alterations in CTGF expression under

constant shear stress (Eskin et al. 2004).
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In summary, NO has not only an effect on cell stiffness but also on the expression
profile of some glaucoma relevant genes, which are associated with an increased

formation of stress fibers and thereby an increased cell stiffness (Overby et al. 2014).

5.6 miR-222-3p mimics also positively affect the expression of glaucoma-

associated genes

MiRNAs are strong post-transcriptional regulators of mRNA abundance by
complementary sequence paring to the 3' UTR of the target mRNA (Krol et al. 2010;
Huntzinger and lzaurralde 2011). This paring leads either to the cleavage of the bound
MRNA or to less efficient translation into protein. Thereby, miRNA alterations have

been linked to many diseases. (Esteller 2011)

Since small RNA sequencing revealed altered miRNA expression profiles for
glaucomatous and healthy SC cell strains, the investigation of those miRNAs might
give an insight to yet unknown regulation of the disease. In the present study, miR-
222-3p and miR-455-3p have been confirmed to be significantly elevated in
glaucomatous SC cells. Furthermore, both miRNAs have been shown to be

significantly reduced by DETA-NO treatment.

miR-222-3p has been shown to target STAT5A, being involved in inflammation-
mediated vascular remodeling (Dentelli et al. 2010), iINOS (Brown and Yin 2013) and
eNOS (Suérez et al. 2007), eventually via the transcription factor ets-1 (Evangelista et
al. 2013). Evangelista proclaimed that the inhibition of miR-222-3p does induce the
expression of eNOS of about 25%. Even if such an induction might take place in SC
cells, the present study was confronted with still undetectable eNOS mRNA amounts.
Furthermore, eNOS protein and its activation (determined by Ser(1177)
phosphorylation) has been shown to be lower in aged human aortic endothelial cells
with corresponding increased amount of eNOS-suppressing miR-222-3p amounts
(Rippe et al. 2012). Our experiments were performed in SC cells with less than 10
passages. Therefore, an influence of aging in our cells is unlikely since Rippe et al.
defined their primary endothelial cells with passage 27 + 1 as non-senescent controls
and those with passage 44 + 1 as senescent. However, the finding that exogenous NO
efficiently reduced the miRNA abundance might provide a regulatory mechanism to
reduce miRNAs, which we have reported here to be elevated in the pathogenesis of
POAG.
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By transfection experiments, miR-222-3p alterations have been shown to affect the
expression of glaucoma-relevant genes in SC cells. Even if one could have expected
the opposite, transfection with miR-222-3p mimics significantly down-regulated CTGF,
PAI-1 and a-SMA expression. Since no direct interaction of miR-222-3p with CTGF,
PAI-1, etc. was found by evaluation with the TargetScan software, further studies are
needed to confirm if there are other transcription factors that are targeted by the miRNA
which then might have an impact on those genes. However, the finding that miR-222-
3p mimics significantly reduced CTGF expression, while miR-222-3p inhibition led to
the opposite result, was consistent in HUVECs and TM cells and therefore deserves

further investigations.

The miR-221-3p/222-3p family has been found to have inhibitory effects on TGF-3
signaling (Verjans et al. 2018). In biopsies from fibrotic myocards, a negative
correlation of miRNA level was reported with the extent of fibrosis and ventricular
stiffness. By in vitro TGF-$ treatment of cardiac fibroblasts, miR-222-3p expression
was downregulated and by inhibition of miR-222-3p, the pro-fibrotic signaling was
induced. If this counteracting effect of miR-222-3p and TGF-B signaling can be
transferred to cells of the outflow tissue is worth to be addressed by further

investigations.

That the transfection results for HUVECs and TM cells did not cover every finding made
in SC cells might suggest for a cell type specific effect. Furthermore, there might be
some other limitations: So far, only one TM cell and one HUVEC line were investigated.
Since they derive from one single donor each, donor-specific aberrations might
influence findings. Additionally, other timepoints might reveal changes in different cell
types. Since HUVECs often reacted fast - with pronounced changes already after
48 hours - earlier time points might benefit the quality of these results. Besides, only
one mimic and one inhibitor concentration were tested so far. For miR-455-3p, other
concentrations might be more suitable since that miRNA has been found to be less
abundant than miR-222-3p.

5.7 AuNPs specifically accumulate within the outflow tissue and can be
addressed towards the TM by functionalization with HA

Since transfection with miRNA has been shown to positively affect the expression of

some glaucoma-relevant genes, their potential as glaucoma treatment deserves
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investigation. In recent years, NP were developed to deliver sufficient therapeutic
concentrations of drugs specifically towards target tissue. Furthermore, they can be
designed to release drugs over prolonged time. Therefore, their administration might
not only increase drug’s effectiveness but also patient's compliance by reduced

application frequency.

Concerning eye diseases, intracameral injection of NP-associated drugs would avoid
side effects of topical applications. Commonly, POAG drugs are applied as eye drops
but are accompanied by off-target effects as conjunctival hyperemia (Chandrawati et
al. 2017) and low bioavailability of active agents in the AH (Janagam et al. 2017,
Mietzner and Breunig 2019; Subrizi et al. 2019).

Our group in cooperation with Prof. Dr. Breunig had developed layer-by-layer coated
NPs with a biodegradable PLGA core and a final coating of HA. Thereby, the NP’s
mobility was improved in the ECM of outflow tissue and NPs reached JCT and SC
endothelium in ex vivo perfusion experiments. Furthermore, HA is a natural ligand of
the CD44 receptor, which leads to an improved cellular uptake of HA-NPs by cells of
the outflow pathway. Coated with siRNA against CTGF, our HA-coated NPs effectively
transfected TM cells and significantly reduced CTGF synthesis. (Dillinger et al. 2018)

Since the NPs used for the experiments published by Dillinger et al. had a fluorescent
core for tracking, the detection of single NPs and their quantification was not possible.
Hence, the present study performed ex vivo perfusion experiments with Au-NP.
Thereby, we were able to recover gold as ppb per mg tissue in five tissues of the
anterior chamber. Convincingly, the greatest amount of gold was recovered in the TM
for NPs ranging from 13 to 150 nm in size. Only 5 nm small NPs did not accumulate
within the TM which might be due to their small size and an increased likelihood to
pass the outflow tissue with flow. However, particles with a size from 200 to 500 nm
can pass the inner wall pores (Abu-Hassan et al. 2014), therefore all of our investigated
AuNPs were suitable, not to clog the outflow pathway. If our NP get functionalized with
SiRNA, miRNA (mimics or inhibitors) or even NO donating components in further

approaches, they are proven by this study to reach their target site in the outflow tissue.

That there was in general less gold detected for HA-AuUNP compared to AUNP might
be due to an additional dialysis step. In the process of HA-coating, dialysis became

necessary to eliminate unbound HA. Therefore, the molecular cut-off of the selectively
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permeable membrane was chosen to be 2.5-times bigger than HA but smaller than the

particles. It has to be clarified in future studies, whether the dialysis has an impact.

5.8 Further directions

The BB1-CTGF overexpressing mouse line will be further investigated in different
genetic backgrounds. Beside IOP evaluation at different ages, the ultrastructure of the
iridocorneal angle as well as axon numbers must be investigated. Furthermore,
crossbreeding with DCN knockout mice will allow an insight in the interaction of two

glaucoma-causing factors.

In vivo and ex vivo studies with NO donors will reveal their potential to treat
glaucomatous changes. ldeally, the administration will be combined with NPs,
developed to specifically target outflow tissue.

Concerning miRNA, the mechanisms and targets must be investigated further. In vitro
TGF-B2- and CTGF-treated TM and SC cells as well as corneoscleral rings from
murine glaucoma models can be evaluated regarding their miRNA expression profile.
With gain-of-function and loss-of-function experiments, miRNA interaction partner
should be identified. At protein level, their physiological effect must be proven.
Furthermore, miR-222-3p had shown a high potential to reduce CTGF expression
when abundant. Therefore, its influence on SC cell stiffness can be investigated by
AFM. In vivo, miRNA mimics and inhibitors could be applied, embedded in a NP
transport system, to target outflow tissue. Thereafter, IOP and outflow facility
measurements could give an insight on their impact on factors, relevant for the

pathogenesis of POAG.

So far, the interaction of mMiRNAs with eNOS has not been tested in the present study
since eNOS was hardly detectable under static cell culture conditions. By a
transcellular perfusion setup, this limitation might be overcome and an in vitro situation
that better mimics the in vivo situation might allow for further studies of the NO signaling

pathway in SC cells.
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6 Conclusion

The present study reports the glaucoma-causing effects of CTGF overexpression in a
murine mouse model to be regardless of the genetic background. Beside minor
variations in the temporal sequence of the appearance of changes, the power of the

corresponding BB1-CTGF mouse model was underlined.

By in vitro treatment with exogenous NO, not only CTGF but also the expression of
ECM components was reduced. Thereby, it provides potential to positively intercept
glaucomatous changes beside reducing cell stiffness, which also was proven within
this study. Furthermore, the influence of miRNA abundance on the expression profile
of SC cells has been argued. Even if their impairment on eNOS could not be
addressed, this study exhibited stunning impact on the expression profile of CTGF and

other glaucoma-associated factors.

With the tracking of AuNPs in tissues of the anterior chamber after ex vivo perfusion
experiments, we finally underlined their potential to specifically accumulate in the TM.
Thereby, undesired side effects on other tissues are expected to be negligible when
NP will be functionalized with siRNA or miRNA (mimics or inhibitors) coating in future

experiments.
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3-UTR 3-prime untranslated region

AFM atomic force microscopy

AH agueous humor

AP alkaline phosphatase

AP agueous plexus

APS ammonium persulfate

AuNP gold-core nanopatrticle

BL6 Black6/J

BMP-4 bone morphogenic protein-4

bp base pair

BSA bovine serum albumin

c(t) cycle threshold

CA California

cDNA complementary deoxyribonucleic acid
Cl ciliary body

(6{0) cornea

CO Colorado

CTGF Connective Tissue Growth Factor
CWEG cold water fish gelatine

DAPI 4’ 6-diamidino-2-phenylindole

DCN decorin

DETA-NO diethylenetriamine/nitric oxide adduct
DNA deoxyribonucleic acid

DTT dithiothreitol

EBM-2 endothelial cell basal medium-2
EGM-2 endothelial cell growth medium-2

EM electron microscopy

eNOS endothelial nitric oxide synthase
ets-1 V-ets erythroblastosis virus E26 oncogene homolog-1
fwd forward

GFAP glial fibrillary acidic protein

GS glutamine synthetase

HA hyaluronan acid

HA-AuNP hyaluronan acid coated, gold -core nanoparticle
HRP horseradish peroxidase

HUVEC human umbilical vein endothelial cell
ICP-MS inductively coupled plasma mass spectroscopy
iINOS inducible nitric oxide synthase

IOP intraocular pressure

IR iris

JCT juxtacanalicular tissue

kDa kilodalton

KO knockout

LE lens

L-NAME N-nitro-L-arginine methyl ester hydrochloride
MA Massachusetts

min minute

miRNA micro ribonucleic acid

ml milliliter
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mM millimolar

mmHg millimeter of mercury

MN Minnesota

MO Missouri

MP milk powder

mMRNA messenger ribonucleic acid

uCl microcurie

ul microliter

UM micromolar

n/a not applicable

na not available

NC North Carolina

nd not detectable

NJ New Jersey

nm nanometer

nM nanomolar

nNOS neuronal nitric oxide synthase
NO nitric oxide

NOS nitric oxide synthase

NP nanoparticle

ns not statistically significant

NY New York

OR Oregon

PA Pennsylvania

PBS phosphate buffered saline

PCR polymerase chain reaction

PFA paraformaldehyde

Php phosphate buffer

POAG Primary Open Angle Glaucoma
ppb parts per billion

PVDF polyvinylidene difluoride

rev reverse

RGCs retinal ganglion cells

RISC RNA-induced silencing complex
RNA ribonucleic acid

RPM reads per million

RT room temperature

RT reverse transcriptase

RT-gPCR guantitative, real-time polymerase chain reaction
SC Schlemm’s Canal

SDS sodium dodecyl sulfate

sec second

SEM standard error of the mean

Ser serine

SiRNA small interfering ribonucleic acid
SNAP S-nitroso-N-acetyl penicillamine
TEM transmission electron microscopy
TEMED tetramethylethylenediamine

TG transgenic

TGF-B Transforming Growth Factor-f3
TGF-B2 Transforming Growth Factor-32
Thr threonine

™ trabecular meshwork

X Texas
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UK United Kingdom

USA United States of America
uv ultraviolet

V voltage

\i Virginia

VIM vimentin

WA Washington

Wi Wisconsin

WT wildtype
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