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Introduction

1. Introduction
1.1 Stroke

Ischemic stroke is a life-threatening neurological disorder caused by a lack of blood
supply to the brain and a loss of vascular integrity, leading to neuronal cell damage in
the brain parenchyma [1, 2]. Stroke is the second leading cause of death worldwide,
affecting over 15 million people each year [3, 4]. Stroke causes not only primary
damage but also secondary brain damage caused by the mass effect, glucose and oxygen
starvation, coagulation problems, oxidative stress, excitotoxicity, etc. [5, 6].
Inflammation and subsequent brain damage result from leakage of the blood-brain

barrier (BBB), which is dysregulated after brain disease and injury [7].

1.2 Blood-brain barrier

The BBB serves as an interface between the circulation and brain tissue [8]. Cell-cell
interactions within the neurovascular unit (NVU) maintain the stability of the BBB. The
NVU is a structural component that includes endothelial cells, pericytes, astrocytes,
microglia, and neurons [8-12]. The BBB is formed primarily by a single layer of
endothelial cells that form the vessel wall and exhibit specific biological features. BBB
prevents free cellular bypasses through the capillary wall. Endothelial cells of the
central nervous system (CNS) have specific features such as highly specialized cell-cell
junctions including tight junctions (TJs) and adherent junctions (AJs) [13]. Brain
microvascular endothelial cells express specialized transport proteins to control the
dynamic inflow and outflow of substances and display a very low rate of transcytosis
[14, 15].

1.3 Factors associated with the blood-brain barrier

BBB homeostasis is disrupted by changes in its function and structure. Formation,
alteration in expression and distribution of TJ and AJ proteins, followed by the changes
of the local microenvironment, transporter system, enzymes, and extracellular matrix
(ECM), result in the passage of harmful serum components and immune cells through

the BBB, disturbing the CNS homeostasis and causing damage to the brain parenchyma.
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Figure 1. Structure of the blood-brain barrier. The image of the brain with magnifications
shown on the right. The neurovascular unit is formed by endothelial cells of the brain capillaries,
basal membrane, astrocytes, pericytes and neurons. As shown on the right, endothelial cells
form tight junctions and adherens junctions that are connected to the actin cytoskeleton. Image
modified from Scalise et al. 2021 [16] (open access).

1.3.1 TJ protein composition and role

Brain microvascular endothelial cells exhibit high transendothelial electrical resistance
(TEER) due to the presence of TJs and AJs that prevent water and solutes from freely
passing the BBB [17]. The transmembrane proteins claudins, tricellulin, occludin,
junctional adhesion molecules (JAMSs), and zonula occludens (ZO) proteins are mainly
involved in TJs and AJs [18, 19]. Transmembrane TJs proteins have been shown to be
essential to maintain the functional integrity of the BBB. Claudins are a family of
proteins with a molecular weight of 20-24 kDa. Brain endothelial cells mainly express
claudin-1, -3, -5 and -12, while the presence of other claudins at the BBB has recently
been demonstrated [20]. Claudins limit the transport of smaller molecules across the
BBB [21, 22]. In addition, tricellulin is considered to play a function in restricting the
paracellular transport of larger molecules [22, 23]. JAMs are members of the
immunoglobulin subfamily with a molecular weight of almost 40 kDa and are involved
in the modulation of the paracellular permeability of the BBB [24, 25]. ZO-1, ZO-2 and
Z0-3 are important scaffold proteins [26], [27]. Among them, ZO-1 is critical for the
stability and functionality of TJs [28-30] such that it binds transmembrane TJ proteins
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to the actin cytoskeleton [31, 32]. Tjapl (other name Protein Incorporated Later Into
Tight Junctions, Pilt), a protein associated with tight junctions, is located to the Golgi
apparatus and may be involved in vesicle transport. The protein is incorporated into TJs

at a late stage of junction formation [33, 34].

1.3.2 AJs protein composition and role

AJs, which are adhesive structures but not as tight as TJs, support TJs by creating strong
adhesive bonds between adjacent cells [35]. AJs mediate cell signaling, transcriptional
and actin cytoskeleton modulation in addition to stabilizing intercellular adhesion [36,
37]. The functions of AJs and TJs is linked [38-40]. The vascular endothelial adhesion
protein, VE-cadherin, which is important for TJ formation and stability, is applied to
establish essential cell junctions [8, 41]. TJs are affected by claudins and JAMs, while
AJs are influenced by cadherins and nectins. Previous studies revealed that nectins first
form cell-cell adhesion, where cadherins are recruited to form AJs. Thereafter, claudins
and JAMs are recruited to the apical side of AJs to form TJs [42-44].

1.3.3 ABC transporter proteins

ABC transporter proteins contain 48 members and are divided into seven sub-families
based on their structural homology. P-glycoprotein (P-gp, Abcbl), multidrug resistance-
associated proteins (Mrp), and breast cancer resistance protein (Bcrp, Abcg2) are the
most notable BBB transporters [7, 45]. P-gp prevents a variety of lipid-soluble
chemicals from accumulating in the brain parenchyma by transporting them away from
the CNS and brain capillary endothelium [46, 47]. There are 13 components that
constitute Mrp family, including truncated proteins, surface receptors, and ion channels.
The endoplasmic reticulum produces P-gp, which has a molecular weight of 170 kDa,
and the Golgi apparatus glycosylates it to preserve it from dissolving [48, 49]. Mrpl
(Abccl) is a potent efflux transporter. It plays a critical role in inflammatory
mechanisms by promoting the transfer of the inflammatory mediators, leukotriene C4
and prostaglandin E2, the efflux of various internal and external metabolites, and being

involved in defence against oxidative stress [50, 51].
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Figure 2. Schematic representation of mechanisms for crossing the blood-brain barrier.

Gaseous molecules (O2, CO2, N2) can pass through the BBB by passive diffusion. Efflux pumps
(ABC transporter) protect the brain by pumping out the molecules. Receptor-mediated
transcytosis and carrier-mediated transport provide the brain with nutrients such as glucose and
amino acids. Image modified from Zhao et al. 2022 [52] (open access).

1.3.4 Inflammatory factors and TJ proteins

There is accumulating evidence that the impairment of paracellular and transcellular
transport pathways in stroke and traumatic brain injury (TBI) are primarily related to
oxidative stress and neuroinflammation. First, in the context of oxygen/glucose
deprivation (OGD), Brain endothelial cells upregulate cell adhesion molecules,
including Icam-1 and VVcam-1, to trigger local inflammatory responses and release pro-
inflammatory regulators [53]. Second, the increased permeability of the BBB is
triggered by phosphorylation of TJ proteins, which is promoted by inflammatory
mediators generated after ischemic brain injury. ZO-1 is significantly phosphorylated on
the tyrosine, threonine, and serine residues in cultured brain ECs with cytokines or
chemokines such as tumor necrosis factor (TNF)-a, 1I-6, and monocyte chemotactic
protein 1 (Mcpl)/Ccl2 [54-56]. After monocytes were co-cultured with ECs, Rho/Rock
were activated. As a result, occludin and claudin-5 were phosphorylated on serine and
tyrosine residues, which increased the amount of monocytes migrating across the BBB
[57]. Numerous studies have been performed on the dynamic behaviour of TJ proteins

of epithelial cells in peripheral organs [58]. TJ flexibility and barrier properties are
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significantly regulated by the internalization of TJ proteins into cell membranes, and
subsequent transport, recycling and destruction [58].

1.4 Effect of OGD on blood-brain barrier function

On the one hand, reduced glucose and oxygen supply has been observed in certain
regions of the brain after stroke or trauma, resulting in significantly decreased ATP and
ion imbalance, ECM degradation [59], actin contraction, increased cytoskeletal tension,
and modified endothelial cell morphology. On the other hand, the expression of TJ-
related proteins such as occludin, claudin-5, and ZO-1 is regulated, and BBB
permeability is increased [60-62]. In addition, immune cells invade the NVU and
generate an inflammatory response within the brain [63]. After a stroke and / or
traumatic event, the release of inflammatory cytokines can result in the degradation of
cerebrovascular junctional proteins [64, 65]. This leads to an increase in the paracellular
permeability of the BBB. We use the OGD approach to simulate the in vitro post-stroke
or trauma environment for 4h followed by 2h reoxygenation. This method, with some
modifications, has previously been shown to be a reliable in vitro method that mimics
stroke conditions. Numerous studies have shown that brain endothelial cell lines cEND
and cerebEND cell lines exhibit altered BBB properties after 4h of OGD treatment, such
as reduced TEER, increased permeability and altered expression of tight junction
proteins, transport proteins, and matrix metalloproteinases [66].

1.5 cEND and cerebEND

We used the cEND and cerebEND mouse immortalized cerebral and cerebellar
endothelial cell lines, respectively [67, 68]. As shown in previous work, these cell lines
express important junctional proteins including claudin-5, occludin and VE-cadherin.
Both cell lines expressed BBB-specific markers and formed a stable barrier in vitro as
confirmed by TEER and permeability measurement. Furthermore, after exposure to low
serum content media, CEND and cerebEND cell lines showed increased cell layer
density, decreased macromolecule permeability, and changes in TJ protein expression
[69-71]. TNF-a treatment was used to assess inflammation-mediated changes in cEND
and cerebEND which manifested in impaired barrier function and the altered levels of

TJ proteins. The effect was more pronounced in the cerebEND cell line than in cEND.
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This shows that various immortalized endothelial cell lines from different brain areas
have different barrier characteristics. Thus, cEND and cerebEND cell lines can be

considered as suitable in vitro models to study BBB properties [72-79].

1.6 Aim of the work

Previous studies have shown that stroke and in vitro OGD treatment resulted in
compromised BBB integrity and significantly increased expression of microRNA-
212/132. Three genes encoding proteins associated with BBB integrity, including Tjap1,
claudin-1 and Jam-3 have been identified as direct targets of microRNA-212/132 [80].
To date, little is known about the cellular function of Tjapl at the BBB. Therefore, the
aim of this dissertation was to elucidate the role of Tjapl in brain microvascular
endothelial cells. For this purpose we generated Tjapl knock-down (Tjapl KD) cEND
and cerebEND cell lines and examined the effects of Tjapl KD on barrier properties,
migration and proliferation rate, angiogenic potential and expression of BBB and
endothelial cell markers.
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2. Materials and methods
2.1 Materials
2.1.1 Chemicals

Table 1: Abbreviations and manufacturers of applied chemicals

Chemical Manufacturer

High Capacity cDNA Reverse Thermo Fisher Scientific
Transcriptase Kit

Dextrose [D(+)-Glucose-Monohydrat] Merck — Life Science

Isopropanol Sodium fluoride (NaF)

Chloroform Enhanced Roche Diagnostics
chemiluminescence solution (ECL)

Agarose Sigma-Aldrich
Albumin from bovine serum (BSA)
Ammonium persulfate (APS)
Bromophenol Blue

CHAPS

4' 6-diamidino-2-phenylindole (DAPI)
Diethylpyrocarbonate (DEPC)

Dextran (70 kDa)

Dimethysulfoxide (DMSO)

Dulbecco’s Phosphate Buffered Saline
(PBS)

Ethylenediaminetetraacetic acid (EDTA)
Evans Blue

Glutaraldehyde

Glycine

Guanidine hydrochloride

HEPES

Proteinase K

Sodium dodecyl sulphate (SDS)
Tetramethylethylenediamine (TEMED)
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Thiourea
Tris hydroxymethyl aminomethane (Tris)
Triton™ X-100

Pierce BCA Protein Assay Kit Thermo Fisher Scientific, # 23225
NucleoSpin® miRNA Macherey Nagel,

Kit #740971.50

ECM Cell Adhesion Merck — Life Science, # ECM540

Array (Colorimetric)

2.1.2 Consumables

Table 2: Consumables

Company Consumables

Thermo Fisher Scientific 24 well plate Nuclon Surface

Greiner Bio One 24 well Trans-well plate (ThinCert, pore
size 0,4um)

12 well plate Nuclon Surface
6 well plate Nuclon Surface

Thermo Fisher Scientific 96 well plate
48 well plate
12 well plate
6 well plate
Sarstedt AG & Co Biosphere® Filter Tips, sterile 0,5-20ul

Biosphere® Filter Tips, sterile 2-100pl
Biosphere® Filter Tips, sterile 100-

1000pl
Ibidi GmbH Culture-Insert 2 well in p-Dish 35 mm
Thermo Fisher Scientific MicroAmp™ Optical 96 well reaction

plate Thermo
MicroAmp™ Optical Adhesive Film
Nalgene Cryogenic Vials
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2.1.3 Antibodies (Abs)

Table 3: Suppliers and dilution ratio of primary Abs for WB

Primary antibody Company Catalog number Concentration

Rabbit anti-Tjapl Abcam Ab80444 1:1000

Mouse anti-claudin-1 | Santa Cruz Sc-166338 1:200
Biotechnology

Mouse anti-claudin-5 | Thermo Fisher 35-2500 1:500
Scientific

Rabbit anti-claudin-12 | IBL-International | JP18801 1:100

Rabbit anti-Jam-C Merck — Life ABT31 1:2000
Science

Rabbit anti-VCAM-1 | Cell Signaling ADb14694s 1:800
Technology

Rabbit anti-ZO-1 Thermo Fisher 61-7300 1:500
Scientific

Human anti-VE- Santa Cruz Sc-6458 1:200

cadherin Biotechnology

Mouse anti-Pgp Enzo Life ALX-801-002- 1:20
Sciences C100

Rabbit anti-Mrp-1 Sigma-Aldrich SAB2100010-Lot: | 1:500

QC13897

Rabbit anti-TIMP-3 Abcam Ab39184 1:100

Guinea pig anti- Acris GmbH AP26410 PU-N 1:100

occludin

Rabbit anti-VEGF Santa Cruz Sc-507 1:100
Biotechnology

R-actin-Peroxidase Sigma-Aldrich A 3854 1:25000

Anti-Mouse IgG Cell Signaling HRP-linked 1:3000
Technology Antibody 7076s

Anti-Rabbit IgG Cell Signaling HRP-linked 1:3000
Technology Antibody 7074s
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2.1.4 Probes real-time PCR

Table 4: Probes real-time PCR

Probe Manufacturer and assay number
Actb Thermo Fisher Scientific
Mm 01205647 g1
Abccl Thermo Fisher Scientific
Mm 00456156_m1
Abcbla Thermo Fisher Scientific
Mm 00440761_m1
Ccl-2 Thermo Fisher Scientific
Mm 00441242_m1
Ccl-5 Thermo Fisher Scientific
Mm 01302427_m1
Ccl-7 Thermo Fisher Scientific
Mm 00443113_m1
Csf-3 Thermo Fisher Scientific
Mm 00438335_g1
Canx Thermo Fisher Scientific
Mm 00500330_m1
Claudin-1 Thermo Fisher Scientific
Mm 00516701_m1
Claudin-5 Thermo Fisher Scientific
Mm 00727012_s1
Claudin-12 Thermo Fisher Scientific
Mm 01316511_m1
Cdh-5/VE-Cadherin Thermo Fisher Scientific
Mm 00486938_m1
occludin Thermo Fisher Scientific
Mm 00500912_m1
Tjapl Thermo Fisher Scientific
Mm 00503864_m1

10
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Timp-3 Thermo Fisher Scientific
Mm 00441826_m1

Vcam-1 Thermo Fisher Scientific
Mm 01320970_m1

Z0O-1 (Tjp-1) Thermo Fisher Scientific
Mm 00493699 _m1

Jam-3 Thermo Fisher Scientific
Mm 00499214 m1l

2.1.5 Transfection reagents

Table 5: Transfection reagents

Company (catalogue number)

Plasmid

Santa Cruz Biotechnology
Sc-152265-SH. Lot # L2414

Pilt ShRNA plasmid(m)

Santa Cruz Biotechnology
Sc-430015-HDR. Lot # E2915

Pcdh2 HDR plasmid(m)

Santa Cruz Biotechnology
Lot #12921

Thermo Fisher Scientific
# 1.3000015

Lipofectamine 3000
Transfection Kit

Thermo Fisher Scientific
# 31985062

OPTI-MEM® I (1 X)

Reduced Serum Medium

2.1.6 Experimental software and hardware

CRISPR/Cas9 diluent DNase-free H,O

Table 6: Suppliers and application of software for experimental analysis

Software Company Application
EndNote X9 Thomson Reuters GmbH References managing
Sigma plot 12.5 Systat Software GmbH Statistical analysis

Fiji/lmage J software

National Institute of Health,

Bethesda, MD, USA

Image processing and

Image analysis

FluorChem FC2

Alpha-InnoTech

WB image

11
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Multilmage I1

densitometric analysis

QuantStudio™ 7 Flex
Real-Time PCR Software
v1.7.1

Thermo Fisher Scientific

PCR amplification and

analysis

Table 7: Suppliers and appli

cation of hardware for experiment performance

Hardware Company Application
Eppendorf Thermal Eppendorf AG Sample heating
mixer®

Nanodrop ND 2000 Thermo Fisher Scientific | RNA concentration
spectrophotometer measurement

Applied Biosystems 2720
Thermal Cycler

Thermo Fisher Scientific,

cDNA transcription

QuantStudio™ 7 Flex
Real-Time PCR System

Thermo Fisher Scientific,

RT-PCR amplification

FluorChem FC2

Multilmage 11 Hardware

Alpha-InnoTech,

WB image scanning

Infinite M200 PRO
Multimode
Micoplate Reader

Tecan Deutschland
GmbH

Protein concentration

measurement for WB

KEYENCE BZ-9000

KEYENCE Corporation

Image acquisition and

fluorescence microscopy processing
2.1.7 Buffers
Table 8: Buffers
Buffers Ingredients
0.1% DEPC solution 1 ml DEPC
1000 ml PBS
Protein wash buffer 0.3 M guanidine hydrochloride
95% ethanol
Protein lysis buffer 8 M Urea
2 M Thiourea

12
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4% CHAPS
100 mM Tris-HCI (PH 8.5)

1% EBA solution

0.1 g Evans blue dye
10 ml 5% BSA/PBS

Hypertonic saline

10 g NaCl
10 ml distilled H20

Fluorescein solution

5 mg Fluorescein
Ringer-HEPES buffer:
8,8 g NaCl

0,387 g KCI

0,244 g CaCl2

0,0406 g MgClI2; 6H20
0,504 g NaHCO3

1,19 g HEPES

0,504 g Glucose

ECL I 25 ml Tris 1M pH 8,8
5 ml Luminol
2,2 ml p-Coumaric-Acid
Ad 250 ml Distilled Wasser
ECL I 25 ml Tris 1 M, pH 8,8

160 pl Hydrogen Peroxide
Ad 250 ml Distilled Water

Running Buffer

50 ml 20 x NuPAGE® MES or MOPS
SDS Running Buffer to 950 mL
deionized water to prepare 1 x SDS

50 x Transfer Buffer

50 ml NuPAGE® Transfer Buffer
(20x)

100 ml NuPAGE® Antioxidant
100 ml Methanol

849 ml Deionized Water

13
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2.2 Methods

2.2.1 Cell culture

2.2.1.1 Cell Culture & Freezing

For the experiments, the endothelial cell lines cEND [68] and cerebEND [67] were
generated from murine cerebrum and cerebellum and used as in vitro models of the
BBB. In previous studies, these cells were separated according to the standard protocol
and stored in nitrogen tanks [81]. After removal from liquid nitrogen, the cells were
carefully thawed in a 37°C water bath (GFL Technology) and then placed in 25 cm? cell
culture flasks (Greiner Bio-One), which were coated with 0.5% gelatin or Speed coating

solution (PeloBiotech) for 15 minutes.

For cerebEND cells, 10% fetal calf serum (FCS, Merck-Sigma) and 1%
penicillin/streptomycin were added to DMEM (Dulbecco's modified eagle media)
(Sigma-Aldrich). Meanwhile, cEND cells were plated on 0.5% gelatin-coated flask in
Endothelial Cell Medium (CellBiologics) and supplemented with Endothelial cell
culture kit (content: VEGF, Heparin, EGF, ECGS, Hydrocortisone, L-glutamine,
Antibiotic-Antimitotic, FCS) (CellBiologics). Both cell lines were grown in 37 °C, 95%
humidity, and 5% CO> incubator (Thermo Fisher Scientific).

The cell culture medium was changed every two to three days. Depending on the
growth conditions, the cells were split after reaching confluence. The splitting ratio of
cell lines was 1:2 or 1:3. Normally, the old medium was removed first, and then the
cells were washed twice with 20 ml PBS (phosphate buffered saline, Sigma-Aldrich).
The cells were then treated with 2 ml of prewarmed trypsin solution (Stem Pro Cell
Dissociation Reagent, Thermo Fisher Scientific), while observing cell dissociation to
avoid over-trypsinization. Warm complete medium was added to stop the process. The
cell suspension was then divided into two or three gelatin-coated 25 cm? cell culture
flasks. Remaining trypsinized cells were centrifuged at 100 x g for 5 minutes at room
temperature and the medium was discarded. Thereafter, 1 ml of freezing solution (80%
cell culture medium, 10% FCS, and 10% DMSO) was added to the cell pellet, which

was then stored at -80°C and later kept in liquid nitrogen.

14
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2.2.1.2 Oxygen/Glucose Deprivation

Endothelial cells were maintained under normoxic conditions in Endothelial Cell
Medium at 37°C, 5% COg, and 21% O>. For OGD, cells were washed with PBS and
were cultured for 4 hours in Endothelial Cell Medium without Glucose and FCS at 37°C,
5% COg2, and 1% O [81]. After this time, the medium was replaced with Endothelial
Cell Medium containing 0.1% glucose and 1% FCS, and the cells were placed for 2
hours at 37°C, 5% CO», and 21% O, for re-oxygenation.

2.2.1.3 Establishment of the Knock-down cell lines

The gene silencer technique with plasmids expressing ShRNA against Tjapl was used to
generate the knock-down (KD) cell lines. The cerebEND and cEND cell lines were
transfected with Pilt sShRNA plasmid (m) (Sc-152265-SH, Santa Cruz Biotechnology) or
the control HDR plasmid (Sc-428717-HDR, Santa Cruz Biotechnology). Both plasmids
contain a puromycin resistance gene. For transfection, 1.5 — 2.5 x 10° cells/well were
seeded on 6-well plates (6-well-Nuclon surface tissue plates, Greiner Bio One), and the
transfection was carried out after 24 hours with a cell density of 40% to 80%.
According to the manufacturer’s instructions, the cells were transfected with
Lipofectamine 3000 (Thermo Fisher Scientific) and 1 pg of Pilt ShRNA plasmid (Tjap
KD cell line) or HDR plasmids (control cell line) for 24-72 hours. The culture medium
containing puromycin (Puromycin dihydrochloride from Streptomyces alboniger,
P8833-100MG, Sigma-Aldrich) was added for selection of transfected clones after 24
hours. After the transfected cells reached confluence, the success of transfection was
evaluated using PCR and WB techniques.

222MTT

Cell viability and cellular metabolic activity were determined using the 3-(4,5-
dimethylthiazolyl-2)-2,5-diphenyltetrazolium bromide (MTT) assay (Sigma-Aldrich).
Wild type, control, and Tjapl KD cEND cells were seeded at 2.5 x 10* cells/well in flat-
bottom 96 well plates. After 24 hours, 100 pl of MTT solution (1 mg/mL) in DMEM
without phenol red was added to each well and incubated at 37 °C for 4 hours.
Formazan crystals were solubilized in 100 ul of isopropanol for 15 minutes, and the

absorbance at 570 and 630 nm was measured using a Tecan Microplate Reader (Tecan).

15
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2.2.3 BrdU

The proliferation assay was performed according to the manufacturer's instructions
using a 5'-bromo-2'-deoxyuridine (BrdU) Cell Proliferation Assay ELISA Kit (Merck).
In a gelatin-coated 96 well plate, wild type, control, and Tjapl KD cEND cells (5 x 103
cells) suspended in 200 pL culture medium were seeded. The BrdU Label solution was
added after the cells had attached, and the cells were allowed to grow for 24 hours. The
absorbance was measured with a spectrophotometric plate reader (Tecan) at 450 and
540 nm.

2.2.4 Quantitative real-time polymerase chain reaction (QPCR)

2.2.4.1 RNA lIsolation

The cells were split, seeded, and grown to confluence in 6 well plates (6-well-Nuclon
Surface tissue plates, Greiner Bio One). The NucleoSpin® miRNA Kit (Macherey
Nagel) was used to isolate the ribonucleic acid (RNA). The cells were first washed with
PBS after the culture medium was removed. A mixture of 350 pl of RAL lysis buffer
and 3.5 pl B-mercaptoethanol (Sigma-Aldrich) was added to each well. The lysate was
scraped with a cell scraper and placed in a sterile 1.5 ml Eppendorf tube. The lysates

were either processed immediately or frozen for storage at -80°C.

The sample was passed 10 times through a 1 ml syringe (Braun) for further lysis and
then placed in the first NucleoSpin filter and centrifuged for 1 minute at 11,000 x g
(Heraeus Megafuge 16R, Thermo Fisher Scientific). After washing, the RNA was
eluted in 40 pl of RNase-free water. The RNA concentration was then measured with a
spectrometer (NanoDrop 2000, Thermo Fisher Scientific). Usually a RNA concentration
of 200-300 ng/pl was obtained. RNA was stored in a -80°C freezer for further use.

2.2.4.2 Reverse transcription - cDNA synthesis
By using High Capacity cDNA Reverse Transcription Kit (Thermo Fisher Scientific),
which can reverse transcribe up to 2 pg of RNA in a single reaction, the acquired RNA

was used to generate single-stranded complementary DNA (cDNA). In each reaction,
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6.8 ul of the master mix were added to the 0.2 ml reaction tubes (Eppendorf AG)
according to the manufacturer's instructions.
Master mix (per reaction)
2 UL 10 x RT Buffer
0.8 uL 25 x dRTP Mix(100 mM)
2 uL 10 x RT Random Primers
1L Multiscribe Reverse Transcriptase
1L RNA Inhibitor
X pL Nuclease-free H20

X uL 1 pg Template RNA)- H20 and RNA depending on the

RNA concentration up to the final volume of 20 pl

The volume of RNA solution required for 1 pg RNA per reaction was calculated. To
achieve a final volume of 20 ul per reaction, the RNA was diluted with the appropriate
amount of RNAase-free. The cDNA was synthesized in the thermal cycler (Thermal
Cycler 2720, Thermo Fisher Scientific) using the following program:

25°C 37°C 85°C 4°C

10 min 120 min 5min o0

The cDNA was then used directly or was frozen for storage at -20°C.

2.2.4.3 Quantitative real-time PCR

Quantitative real-time PCR was used to amplify and quantify the samples as it allows
quantification of the amount of amplified DNA while the reaction is taking place and
eliminates the need for further analytical steps. TagMan mRNA expression assays
(Thermo Fisher Scientific) use gene specific probes and oligonucleotides labelled with a
fluorescent reporter dye at the 5' end and a so-called quencher at the 3' end. The
quencher almost completely inhibits the reporter dye signal. The 5'-nuclease activity of
the Taq polymerase enzyme induces the destruction of the probe and the release of the
dye through the amplification of the specific DNA sequence.

5 pl of TagMan Universal PCR Master Mix (Thermo Fisher Scientific) along with 0.5
pl of the specific TagMan probe (Thermo Fisher Scientific) and 2 pl of nuclease-free
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water (Ambion) were pipetted into a 384 well plate (MicroAmp Otical 384 well reaction
plate, Thermo Fisher Scientific). Then 2.5 pl of the cDNA diluted 1:10 with nuclease-
free water were added. To ensure a high level of sensitivity, g°PCR was run in triplicates.
The same method was used for the endogenous control, which was calnexin (CanX)
(Mm00500330_m1).
Reaction mix:

5 ML FAST QPCR ROX MIX

0.5 pL Tagman probe (20x)

2 UL H20 (nuclease-free)

25 pL cDNA (1:10 in H2O-DNase free)

The plate was then completely covered with a film (MicroAmp Optical Adhesive Film,
Thermo Fisher Scientific), vortexed to mix, and span using a bench top centrifuge
(Thermo Fisher Scientific) to ensure no residue of the reaction mixture was adhering to

the sides of the wells or the film.

Real-time PCR was then performed on the prepared plate and a PCR device
(QuantStudio™ 7 Flex Real-Time PCR System, Thermo Fisher Scientific) was used.
Fifty cycles followed the initiation at 95°C for 10 minutes, each cycle running 15

seconds at 95°C and one minute at 60°C.

The gene expression was normalized to the expression of the endogenous control using
a QuantStuiodio™ Real-Time PCR Software v1.7.1 (Thermo Fisher Scientific).

2.2.5 Western Blot

2.2.5.1 Protein preparation

The cells were split, plated in 6 well plates (6 well Greiner Bio One Nuclon Surface
tissue plates), and grown for six to seven days to confluence. After discarding the
medium, the cells were washed ice-cold PBS twice. Protease inhibitor Cocktail (Roche)
was added to the protein lysis buffer as described in Table 8. After a few minutes on ice,
the cells were scraped out of the wells with a cell scraper (Sarstedt), and then transferred
into prepared Eppendorf tubes. The samples were then used immediately for

experiments or frozen at -80°C for further use.
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2.2.5.2 Protein quantity determination

Frozen samples were slowly thawed on ice. Samples were processed in an ultrasound
device (Bandelin electronic GmbH & Co. KG), for 0.5 /3.0 s x 5 times. The amount of
protein was then calculated from the supernatant, which was centrifuged at 11,000 x ¢
for 1 minute at 4°C.

Pierce BCA Protein Assay Kit (Thermo Fischer Scientific) was used to quantify protein
content by using bicinchoninic acid methods. Bovine serum albumin (BSA, Sigma-
Aldrich) was first diluted in a standard dilution series from a concentration of 2000
pg/ml to 25 pg/ml according to the recommended protocol. A 96 well plate (Thermo
Fisher Scientific) was used for the measurement, while the other wells were each filled
with 22 pl of distilled water and 3 pl of the test samples. The BCA reaction solution
(Reagent A: Reagent B 50:1) was then added to each well at a ratio of 200 pl. After 30
minutes of incubation at 37°C and cooling to the RT, the absorbance was measured at
560 nm in the microplate reader (Tecan). The protein content was calculated by
comparing the samples with a standard curve generated from the BSA dilution series.
Twenty pg of the samples were added to 4x LDS Sample Buffer (Thermo Fisher
Scientifc) and 10 x Sample Reducing Agent (Thermo Fisher Scientific) and frozen at -

20°C. The remaining native samples were stored at -80°C.

2.2.5.3 SDS-PAGE and protein transfer

The proteins were separated using a SDS-PAGE electrophoresis technique. The gel
(NUPAGE 4-12% Bis-Tris GEL, # NP0329BOX, Thermo Fisher Scientific) was
installed in the electrophoresis chamber and filled with electrophoresis buffer. If there
were gel residues in the pockets after removing the comb, they were washed out with
buffer. 20 pg of each protein sample was pipetted into the wells immediately after
samples, already mixed with LDS Sample Buffer and Sample Reducing Agent, were
boiled for 10 minutes at 70 °C in a block thermostat (Techne). One of the pockets was
filled with 3.5 pg band marker to detect the size of the protein bands (Prestained Protein
Lader, # 01147545, Thermo Fisher Scientific). The samples were separated at room
temperature with voltages of 70 V for the loading gel and 100 V for the running gel
(PowerPacTM HC High-Current Power Supply, Bio Rad Laboratories).
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The separated proteins were transferred to a polyvinylidene difluoride (PVDF)
membrane (Bio Rad Laboratories) for further analysis of antibodies using a tank
blotting strategy [82]. To reduce hydrophobic interactions with the transfer buffer, the
PVDF membrane was first activated in 100% methanol for 1 minute. After the
electrophoresis was complete, the gel was removed, the loading gel discarded, and the
running gel placed in the transfer buffer for a short time to remove any electrophoresis
buffer that might have remained and interfere the transfer. The gel and the PVDF
membrane were then placed between two Whatman® filter papers (GE Healthcare),
which had also been soaked in transfer buffer for a few minutes. The filter papers with
the gel were then clamped between two fiber pads in the supplied cassette without any
air bubbles. The PVDF membrane was installed on the anode side. The transfer
chamber was filled with the chilled transfer buffer (Thermo Fisher Scientific). A
magnetic stirring bar (GLW) was inserted at the bottom of the transfer chamber and set
to the highest speed by a magnetic stirrer (GLW) to maintain an even temperature and
ion distribution on the transfer sandwiches. Proteins were transferred over a period of

two days at 4°C with an applied current of 40 mA per gel.

The PVDF membrane was immersed in 5% milk in PBS (blocking buffer) for 1 hour
(AppliChem) to prevent non-specific binding of the antibodies to the membrane. The
primary antibody diluted in blocking buffer as listed in Table 3 was then incubated at
4°C overnight. The membrane was washed three times for 10 minutes with 0.1% Tween
(Sigma Aldrich) in PBS to thoroughly eliminate non-specifically bound primary
antibodies. The membrane was then incubated with secondary antibody diluted in 5%

skim milk as described in Table 3 for 20 minutes.

After the incubation with the secondary antibody, the membrane was washed three more
times for a total of 10 minutes with 0.1% Tween/PBS before the 2 minute-incubation in
10 ml of a chemilumiscence solution freshly mixed from two components (ECL I 5ml
and ECL II 5ml). The FluorChem FC2 Multi-Imager Il (Alpha Innotec) was used for

detection, and ImageJ for analysis of protein bands.
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2.2.6 Wound healing assay

A special cell culture vessel with two separate chambers (2 well silicone insert, Ibidi
GmbH) was used to demonstrate the ability of the cell lines to migrate as published
previously [83]. The two chambers are formed by silicone inserts that can be removed
without leaving any residue, creating a defined 500 um wide cell-free gap. After
seeding, the cells were cultivated in their individual chambers for a few days until a
confluent cell monolayer was formed. A Keyence BZ9000 microscope was used to
capture the first image of the gap after the silicone insert was removed and 1% FCS
DMEM was added. The migrating cells were photographed after 24 and 48 hours. The
percentage of cell free area relative to the initial cell free area was then calculated using
BZ-11-Analyzer software (Keyence).

2.2.7 ECM Adhesion assay

The ECM Cell Adhesion Array Kit (Merck) was used to investigate cell adhesion to
various ECM components. This is a 96 well plate assay that has been divided into
twelve 8-well strips. The reaction strips (8 wells per cell line) were rehydrated in PBS
according to the manufacturer's instructions. Each strip has seven wells coated with
different human ECM proteins and one control coated with BSA. Relative adhesion was
determined by seeding 1.0 x 10° cells in serum-free DMEM. The medium was removed
after one hour of incubation at 37°C in a 5% CO2 and 21% O incubator, and non-
adherent cells were removed by washing twice with the assay buffer. To stain the cells,
100 pl Cell Stain Solution was added per well. The stain solution was removed after 5
minutes, and the cells were washed with distilled water. 100 ul of Extraction Buffer
were added after the dishes had been briefly dried at RT. The absorbance was measured

with a microplate reader (Tecan) at a wavelength of 540-570 nm.

2.2.8 Tube formation assay

Tube formation assay can be used to assess the angiogenic potential of endothelial cells
in vitro. The Matrigel® matrix (Corning) has similar components to the mammalian
ECM. Matrigel stored at -20°C was thawed overnight at 4°C. Handling of the Matrigel®
was performed on ice [84]. To induce angiogenesis, 20 ng/ml of VEGF (Vascular
Endothelial Growth Factor, Thermo Fisher Scientific) was added to Matrigel®. Each
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well in a 24-well plate was filled with 300 pl of Matrigel® without bubbles, and the gel
polycondensation reaction was carried out at 37°C for one hour. 500 pl of a cell
suspension containing 2 x 10° cells per mlwas added to each well. Images were
acquired using a Keyence BZ9000 microscope after 6-18 hours of incubation at 37°C.
The parameters of the formed capillaries were analysed with the MetaVi Lab (Ibidi
GmbH) software.

2.2.9 Measurement of Transendothelial Electrical Resistance (TEER)

Cell lines were grown to confluence on 24-well Trans-well™ inserts coated with Speed
coating solution (ThinCert, pore size 0.4um, Greiner Bio-One) for 7 days. The culture
medium was changed every two to three days. On the seventh day, cell culture medium
with 1% FCS was applied. 24 hours later the TEER measurements with a chopsticks
electrode were performed (World Precision Instruments Inc.). The resistance of the
empty Trans-well™ was subtracted from the measured value before the final calculation

of the TEER in Q cm?.

2.2.10 Measurement of cell permeability

The cells were grown to confluence on 24-well Trans-wells™ and differentiated with
1% FCS DMEM for 24 hours. 10 uM fluorescein sodium salt (Sigma-Aldrich) with a
molecular size of 376 Da was mixed with the Ringer-Hepes buffer. To measure the
paracellular flux, 500 pl of fluorescein solution was added to the Trans-well™ insert
and incubated at 37°C for one hour. The lower chamber was filled with Ringer-Hepes
buffer (1.5ml/well). Samples were taken from the lower chamber every 20 minutes and
from the upper chamber after 1 hour and the fluorescence was measured in the
microplate reader (Tecan) with an excitation of 485 nm and an emission of 535 nm. The
permeability of the cells was determined by comparison to empty Trans-wells™ and in

correlation with the initial fluorescein concentration.

2.2.11 Immunohistochemistry
The wild type (WT) and Tjapl knock-down (KD) cEND cells were seeded on
coverslips and were grown to confluence for 6 days. DMEM containing 1% ssFCS was

added for 24 hours to increase barrier properties of the cells. After a PBS wash, the cells
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were fixed in ice-cold methanol for 10 minutes. The coverslips were then blocked with
5% porcine serum (Normal Swine Serum, Vector Laboratories) in PBS/BSA for one
hour. Next, the primary antibodies diluted in 5% porcine serum in PBS/BSA were
added and incubated at 4°C overnight in the dark. To visualize the nuclei, DAPI (Roche)
1:100 was added to the primary antibody. The coverslips were washed with PBS/BSA
three times the next day, then the secondary antibody (in case of using non-conjugated
primary antibody) was added diluted 1: 500 with 5% porcine serum in PBS/BSA for 1
hour. The coverslips were washed with PBS/BSA three times. The coverslips were
applied to slides with a drop of mounting solution followed by a one-hour light-
protected incubation at room temperature (Vectashield, Vector Laboratories). Images

were acquired using a Keyence BZ9000 fluorescent microscope (Keyence).

2.2.12 Statistics

In our experiments we normalized the data to non-transfected cells (the wild type cEND
and cerebEND), which was set as 1. A transfected control vector group (Control) served
as an additional control, but was not used for validation purposes. All experiments were
performed at least three times. The measurement for two groups was analyzed with a
student’s t-test if distributed normally. Multiple measurements of more than two groups
were analyzed by one-way analysis of variance (ANOVA) followed by the Bonferroni
post-hoc test if distributed normally. Each data set was compared to the control (wild
type CEND or cerebEND) and statistically significant results were marked with asterisks.
Further significances between groups are additionally indicated in the graphics.
Differences were considered significant when P<0.05. Statistical analysis of data was

performed with Sigma Plot 12.5. All data are presented as mean + s.e.m.
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3. Results
3.1 Generation of Tjapl KD cEND and cerebEND models

To examine the role of Tjapl at the BBB, its expression was knocked-down using Pilt
shRNA Plasmid in mouse cEND and cerebEND cell lines. The knock-down of Tjapl
(Tjap 1 KD) was evaluated at the protein and mMRNA levels after stably transfecting the
cells with Pilt shRNA-expressing plasmid. The significant Tjapl knock-down was
observed at protein and mRNA level in cEND and cerebEND (Figure 3A). After
immunostaining the cerebEND cells with the antibodies, a reduced signal for Jam-3 was
seen in the Tjapl KD cells (Figure 3 B). ZO-1 showed slightly stronger staining in the
Tjapl KD cells (Figure 3 B). In addition, we analyzed the expression of proteins and
mRNA of ZO-1 (Tjp-1), Jam-3, and claudin-5 in cEND cell line. The expression of ZO-
1, Jam-3 and claudin-5 was higher at both protein and mRNA level as shown in Figure
3 C-D, while occludin expression was significantly lower at the mRNA level but not at

the protein level (Figure 3 C-D).
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Figure 3: Expression changes in Tjapl Knock-down (KD) cells compared to control cells. (A) The
expression of Tjapl in the wild type and transfected cerebEND cells (cerebEND, control and Tjapl KD)
at the protein and mRNA level. (B) Immunohistochemical staining of the cerebEND cells. The images
were taken with the Keyence BZ9000 fluorescence microscope, scale bars, 20um. The expression of
Tjapl and the associated proteins BBB proteins (ZO-1, Jam-3, claudin-5 and occludin) in cEND and
transfected cell lines (cEND, Control and Tjapl KD), assessed by gPCR (C) and immunoblotting (D).
B-actin (Western blot) and calnexin (QPCR) were used as endogenous controls. The expression levels of
the transfected cells are shown as the fold-change of the wild type cells, which was set to 1. Statistical
analysis using ordinary one-way ANOVA. (ns: not significant, *=P<0.05, **=P<0.01, ***=P<0.001,
****=P<(0.0001, n=3).
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3.2 Altered function of cerebEND/cEND cells with Tjapl KD

3.2.1 Effect of Tjapl KD on paracellular permeability

To investigate the effects of Tjapl KD on the barrier properties of endothelial cells, the
TEER and the fluorescein permeability were investigated. The TEER of the Tjapl KD
cells was lower than that of the wild type and control vector cells. The permeability of
the Tjapl KD cells was higher than that of the other groups. TEER was measured in
Qcm? and was normalized to wild type cells (Figure 4A). To measure permeability,
paracellular flow of fluorescein was measured as described. The wild type cerebEND
and cEND and transfected (control and Tjapl KD) cell lines were cultured in Trans-
wells™ for seven days before the experiments were performed. The permeability of the
control and Tjapl KD cells was calculated as a fold of the permeability of wild type
cells, which was set as 1. The permeability of the Tjapl KD cells was increased (Figure
4B).
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Figure 4: Barrier properties of Tjapl Knock-down in cerebEND and cEND cell lines. (A)
Transendothelial electrical resistance. Shown are TEER values normalized to wild type cells set to 1. (B)
Paracellular permeability of cerebEND and cEND cell lines. The permeability values of transfected cells
were normalized to wild type cells which were set to 1. Statistical analysis using ordinary one-way
ANOVA. (*=P<0.05, ****=P<0.0001, n=3).
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3.2.2 Effect of Tjapl KD on cell viability

In 96 well plates, the same amount of cells were seeded for MTT assay as described in
Materials and Methods. The measured absorbance correlates with the amount of the
living cells in the well. Tjapl KD cerebEND and cEND cells showed lower viability
than the wild type and control cEND and cerebEND (Figure 5).
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Figure 5: Lower cell viability of Tjapl Knock-down (Tjapl KD) in cerebEND and cEND cell lines.
The cell viability was measured by MTT. Statistical analysis using ordinary one-way ANOVA.
(*=P<0.05, **=P<0.01, n=3).

3.2.3 Effect of Tjapl KD on cell proliferation and migration capacity

The BrdU Cell Proliferation Assay was used to measure the proliferation rate of wild
type and transfected cerebEND and cEND. After cell passaging, 5,000 cells were
seeded in 96 well plate. After the cells attached, the BrdU label was added. After 24
hours the BrdU labeling was detected with respective antibody and the absorbance was
measured at 450/540. The Tjapl KD cells proliferated significantly slower than wild
type cerebEND and cEND cells (Figure 6A). Next, a wound healing approach was used
to assess the migration rate of the cell lines. The cells were first grown in chambers
separated by a silicone insert. After removal of the separation chambers, a defined gap
of 500 um was created (Figure 6B-C). The cell free area was measured at time 0 and 48

hours. Tjapl KD migrated faster than control and wild type cells.
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Figure 6: Cell proliferation and migration ability of Tjapl Knock-down (Tjapl KD) in cerebEND
and cEND cell lines. (A) Proliferation assay. BrdU incorporation was measured in different cell lines.
Tjapl KD cerebEND and Tjapl KD cEND cells showed lower proliferation rate than wild type
(cerebEND and cEND) and control cells (cEND). (B) Wound healing assay of wild type and Tjapl KD
cerebEND cells. The cells were photographed immediately after removal of the silicon insert (Oh) and
after 48h. The cell free area was measured and the migration rate was calculated. (C) Wound healing
assay of wild type and Tjapl KD cEND cells. Mean values and standard deviation are shown. Statistical
analysis using ordinary one-way ANOVA. (ns: not significant, *=P<0.05, ***=P<0.001, ****=P<0.0001,
n=3).
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3.2.4 Effect of Tjapl KD on tube formation

The ability of endothelial cell lines to form tubes in vitro was examined by seeding the
cells on Matrigel®. Endothelial cells form vessel-like structures (so-called tubes) in this
gel, which branch and form rounded structures (so-called loops) (Figure 7). Four
passages of wild type, control vector and Tjapl KD cEND cells were analyzed. The
assay was not performed in cerebEND. The following parameters were determined
using MetaVi Lab software (Ibidi GmbH): number of loops, average area, length of
tubes and number of branches. Tjap KD cells showed a significantly reduced ability to

form tubes compared to control and wild type cEND (Figure 7).
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Figure 7: Tube formation assay of Tjapl Knock-down in cEND cell lines. (A) Growth of cEND,
control and Tjapl KD cells in Matrigel. The images were taken after 6 h incubation at 37°C with the
Keyence microscope at 10 x magnification. Representative low magnification images (10x) of tubes
formed by cells are shown. Total tube number, branching points and tube length were assessed by MetaVi
Lab software. Values are means+ SEM, statistical analysis using ordinary one-way ANOVA (ns: not
significant, *=P<0.05, **=P<0.01, ***=P<0.001, n=3).

3.2.5 Effect of Tjapl KD on cell adhesion
The ECM Cell Adhesion Assay Kit was used to determine adhesion to various
components of the ECM. Three consecutive passages of wild type cerebEND and
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control and Tjapl KD cells were analyzed in comparison. No statistically significant

differences in adhesion were observed between the cell lines (Figure 8).
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Figure 8: Cell adhesion ability of Tjapl Knock-down in cerebEND cell lines. Values are
means + SEM, Statistical analysis using ordinary one-way ANOVA, no statistical differences were

detected (n=3).

3.3 Effects of Tjapl KD on metabolic activity and barrier properties under OGD

conditions

3.3.1 Effect of Tjapl KD on barrier properties under OGD conditions

TEER and paracellular permeability to fluorescein were analyzed to assess the effect of
OGD and Tjapl KD on endothelial cells barrier properties. OGD-treated cells showed
lower TEER values than the cells grown under normal conditions (Figure 9A). In
addition, the permeability of OGD-treated cells was higher than that of the cells cultured
under normal conditions (Figure 9B). TEER and permeability values are shown as a
fold of cells grown under normal culture conditions. Interestingly, the Tjapl KD
showed significantly lower TEER and higher permeability values as compared to wild

type and / or control cells.
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Figure 9: Barrier properties under OGD conditions in cerebEND and cEND cell lines. (A)
Transendothelial electrical resistance. (B) Transcellular permeability measurement. Values of transfected
cells were normalized to wild type cells set to 1. Values are means £ SEM, Ordinary one-way ANOVA
was used in each group, Two-way ANOVA was used between two conditions (*=P<0.05, **=P<0.01,

***=P<0.001, ****=P<0.0001, n=3) for statistical analyses.

3.3.2 Effect of Tjapl KD on cell viability under OGD conditions

We intended to confirm the impact of OGD on cell viability, as previously
demonstrated. The viability of both cerebEND and cEND cells was decreased under
OGD conditions as compared to the normal conditions (Figure 10). Tjapl KD cEND
and cerebEND showed significantly lower viability and metabolic activity compared to

the respective wild type and control cells.

*

0.6 S 0.8 1
£ ' B cercbEND £ - —5 M cEND
= Control g Control
e t iapl K g M Tjapl KD
::I 0.4 W Tjapl KD 'rf 0.6 Jap
5 =
£ § 0.4
202 2
: 502
2 2

0.0 0.0

Normal oGD Normal 0GD

Figure 10: Cell viability under OGD conditions in cerebEND and cEND cell lines. MTT assay for
estimation of cell viability under normal and OGD-conditions was performed with wild type, control and

Tjapl KD cerebEND and cEND cells. Values are means + SEM, Ordinary one-way ANOVA was used in
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each group, Two-way ANOVA was used between two conditions (*=P<0.05, **=P<0.01,

****=P<0.0001, n=3) for statistical analyses.

3.4 The effect of OGD conditions on tight and adherens junctions proteins

Tight junctions (TJs) and adherens junctions (AJs) [13], affect the barrier function of
endothelial cell lines. The changes at the mRNA and protein level of TJs and AJs

proteins correspond to changes in barrier tightness.

3.4.1 The effect of OGD conditions on tight junctions proteins

TJs are mainly composed of transmembrane proteins (including claudin-1,-5,-12,
occludin, and junctional adhesion molecule-A) that close the gap between cells,
cytoplasmic scaffolding proteins (including zonula occludens proteins ZO-1-3) that
physically support the TJs and are connected to the actin cytoskeleton [85]. We
evaluated the expression of TJs proteins in cerebEND and cEND cells by gPCR and
WB to analyze the effects of Tjapl KD in OGD (Figure 11).

The expression of Tjapl was decreased in the Tjapl KD group in cerebEND and cEND
cells at both mRNA and protein levels, but there was no significant difference in Tjapl
expression among normal and OGD conditions. At the protein level, the expression of
Tjapl was significantly decreased in the OGD-treated group compared to normal
culture conditions (Figure 11A). The expression of occludin in Tjapl KD cerebEND
and cEND was significantly downregulated at the mRNA level, but there was no
difference between the OGD and the normal culture conditions groups. In addition,

there were no significant changes at the protein level of occludin (Figure 11B).
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Figure 11: The Effect of OGD condition on tight junction protein expression. The mRNA and protein
expression was detected by qPCR and WB. (A) The expression of Tjapl in cerebEND and cEND cell
lines. (B) The expression of occludin in cEND cell line. B-actin (Western blot) and calnexin (QPCR) were
used as endogenous controls. The expression levels of the transfected cells are shown as the fold change
of the wild type cells, which was set to 1. Values are means + SEM, statistical analysis using ordinary
one-way ANOVA (*=P<0.05, **=P<0.01, ***=P<0.001, ****=P<0.0001, n=3).

Claudin-1 expression was reduced at the mRNA and protein level in Tjapl KD
cerebEND and cEND, showing no significant difference between normal and OGD
conditions (Figure 12A). Claudin-5 expression was reduced in the cerebEND Tjapl KD
cell line, but there was no significant difference between normal and OGD conditions.
Claudin-5 expression was significantly increased in the cEND Tjapl KD cell line with
no difference between normal and OGD conditions (Figure 12B). Claudin-12
expression was also different between cerebEND and cEND, with significantly

increased expression in Tjapl KD cerebEND and significantly decreased expression in
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Tjapl KD cEND, with no differences observed between normal and OGD conditions

(Figure 12C).
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Figure 12: The Effect of OGD on tight junction proteins. The mRNA and protein expression was
detected by gPCR and WB. (A) The expression of claudin-1. (B) The expression of claudin-5. (C) The
expression of claudin-12. R-actin (Western blot) and calnexin (QPCR) were used as endogenous controls.
The expression levels of the transfected cells are shown as the fold change of the wild cells, which was
set to 1. Values are means+ SEM, Statistical analysis using ordinary one-way ANOVA (*=P<0.05,
**=P<(.01, ***=P<0.001, ****=P<0.0001, n=3).

Z0O-1 expression was significantly increased at both mRNA and protein level in Tjapl
KD cerebEND and cEND cells. However, there was no difference between the normal
and OGD conditions (Figure 13A). Jam3 expression in Tjapl KD cerebEND cells was

reduced at both mRNA and protein level, showing no difference between normal and
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OGD conditions (Figure 13B). In cEND cells, Tjapl KD resulted in increased Jam3

expression.
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Figure 13: Effect of OGD on tight junction proteins. The mRNA and protein expression was detected
by RT-PCR and WB. (A) The expression of ZO-1. (B) The expression of Jam3 -actin (Western blot) and
calnexin (QPCR) were used as endogenous controls. The expression of the transfected cells is shown as
the fold change of the wild type cells, which was set to 1. Values are means + SEM, statistical analysis
using ordinary one-way ANOVA (*=P<0.05, **=P<0.01, ***=P<0.001, ****=P<0.0001, n=3).

3.4.2 The effect of OGD conditions on adherens junction proteins

In addition to the TJs, the junctional complex includes the AJs. Vcam1l expression was
reduced at the mRNA level in both cerebEND and in cEND Tjapl KD cells lines but
increased at the protein level. However, expression at protein levels of both cell lines
were increased, but there was no statistically significant difference (Figure 14A). In
cerebEND Tjapl KD cells, VE-cadherin (Cdh-5) expression was increased at both
mRNA and protein levels. However, in cEND Tjapl KD cells, mMRNA expression was
reduced while protein expression was increased. No differences between normal and
OGD conditions could be observed (Figure 14B).
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Figure 14: Effect of OGD on adherens junction proteins. The mRNA and protein expression was
detected by RT-PCR and WB. (A) The expression of VVcam-1. (B) The expression of VE-cadherin. B-
actin (Western blot) and calnexin (qQPCR) were used as endogenous controls. The expression of the
transfected cells is shown as the fold change of the wild type cells, which was set to 1. Values are
means + SEM, statistical analysis using ordinary one-way ANOVA (*=P<0.05, **=P<0.01, ***=P<0.001,
***%=P<(0.0001, n=3).

3.4.3 The effect of OGD conditions and Tjapl KD on inflammatory response

The endothelial cells are activated in response to ischemic stroke and trauma, releasing
pro-inflammatory mediators and upregulating cell adhesion molecules. Ccl-2, Ccl-5,
and Csf-3 expression was reduced in cerebEND Tjapl KD cells compared to the control
cells, but there was no difference between normal and OGD conditions. Similar

expression changes were observed in cEND Tjapl KD cells (Figure 15 ABCD).
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Figure 15: Effect of OGD and Tjapl KD on inflammatory response. The mRNA expression was
detected by gPCR. (A) The expression of Ccl-2. (B) The expression of Ccl-5. (C) The expression of Csf-3.
Calnexin was used as an endogenous control. The expression levels of the transfected cells are shown as
the fold change of the wild type cells, which was set to 1. Values are means + SEM, statistical analysis
using ordinary one-way ANOVA (*=P<0.05, **=P<0.01, ***=P<0.001, ****=P<0.0001, n=3).

3.4.4 The effect of OGD conditions and Tjapl KD on ABC transporter

The ABC transporter protein family consists of 48 members, divided into seven
subfamilies based on structural homology. The most notable for BBB function are the
P-gp and Mrp. After Tjapl KD, Mrpl (Abccl) expression was significantly decreased
at mMRNA level compared to the control cells, but there was no difference between
normal and OGD conditions (Figure 16A). P-gp (Abcbla), on the other hand, was
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decreased at both mRNA and protein levels in cEND Tjapl KD cells, with no difference
in cerebEND Tjapl KD cells (Figure 16B).
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Figure 16: Effect of OGD on ABC transporter expression. (A) The expression of Abccl at mMRNA
level. (B) The expression of Abcbla at mRNA and protein level. B-actin (Western blot) and calnexin
(gPCR) were used as endogenous controls. The expression levels of the transfected cells are shown as the
fold change of the wild type cells, which was set to 1.Values are means + SEM, statistical analysis using
ordinary one-way ANOVA (*=P<0.05, **=P<0.01, ***=P<0.001, ****=P<0.0001, n=3).
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3.4.5 The effect of OGD conditions on Timp3

Matrix metalloproteinases are a group of peptidases involved in the degradation of the
ECM. Tissue inhibitor of metalloproteinases 3 (Timp3) inhibits matrix
metalloproteinases. The changes of BBB permeability are accompanied by breakdown
of the ECM. Tjapl KD led to decreased Timp3 mRNA expression in cerebEND and
CEND under OGD conditions (Figure 17A). Similarly, lower Timp3 protein levels were
observed in Tjapl KD cerebEND and cEND cells treated with OGD (Figure 17B).
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Figure 17: Effect of OGD on Timp3 protein and mRNA expression. The mRNA and protein
expression was detected by qPCR and WB. (A) The expression of Timp3 mRNA. (B) The expression of
Timp3 proteins B-actin (Western blot) and calnexin (QPCR) were used as endogenous controls. The
expression levels of the transfected cells are shown as the fold change of the wild type cells, which was
set to 1. Values are means+ SEM, Statistical analysis using ordinary one-way ANOVA (*=P<0.05,
**=P<0.01, ****=P<0.0001, n=3).
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4. Discussion
4.1 Tjapl Knock-down

We used the Tjapl knock-down method to examine the Tjapl and its role in BBB
properties. Small and short hairpin RNAs, or shRNAs, have the ability to permanently
or transiently block the expression of target genes at the RNA level [86]. We generated
the cEND Tjapl KD and cerebEND Tjapl KD cell lines using stable expression of
vectors with shRNAs against Tjapl mRNA. The gene knock-down was verified by PCR
and WB showing that Tjapl expression was decreased in both cell lines compared to the
wild type and control cells. In fact, strong effects on Tjapl expression were observed at
mRNA level. However, at the protein level, only a partial reduction of Tjapl was
observed meaning that Tjapl function was reduced in the cells but still present at a

lower level.

4.2 Barrier properties and regulation of TJ proteins

The BBB, which separates the brain from the blood and regulates the exchange of
specific chemicals, is a highly specialized structure. Various neurological diseases are
associated with changes in BBB function. Elucidating the mechanism of action of the
BBB can be of great benefit in the treatment of diseases, since modifications in the
barrier properties of the BBB are major pathways of regression in many pathologies,
particularly trauma and stroke. Intercellular TJs, AJs, ABC transporter proteins, release
of inflammatory factors from cells and ECM degradation are all associated with
regulation of the BBB barrier properties.

Tjapl is expressed in the Golgi apparatus and is involved in TJ regulation, but its exact
role is unclear. This study demonstrated that Tjapl KD can decrease cell survival in
cerebEND and cEND cells (Figure 5) as well as alter their ability to proliferate and
migrate. Tjapl KD appeared to have a negative effect on endothelial cell barrier
properties. Tjapl KD cells show higher fluorescein permeability and lower TEER
values compared to wild type and control cells. Yan et al. [87] showed that Tjapl and
claudin-1 expression was elevated when the BBB was dysfunctional. In our case Tjapl
and claudin-1 expression were reduced. In Tjapl KD cells, the expression of others TJ

proteins was also altered. Claudins are transmembrane proteins that bind the membrane
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across layers and are essential for the formation and maintenance of TJs [88]. Claudin-5
modulates the paracellular transport of small molecules and is highly expressed in brain
capillaries [22]. The polymerization of claudins requires the scaffold protein ZO-1. In
addition, ZO-1 and Jam-3 are involved in angiogenesis, barrier formation, and cell
migration. The expression of ZO-1 and Jam-3 was similar to that of claudin-5, with
increased expression at both the mRNA and protein levels. On the other hand, the
function of occludin in TJs is thought to be similar to that of Tjapl, both of which have
regulatory roles in late tight junctional action. Occludin expression was significantly
downregulated at the mRNA level, although the protein level showed an unstable trend.
We believe that either Tjapl KD alters the function of other highly associated proteins
or that this is a compensatory mechanism. Further research is needed to discover the
exact mechanism. Meanwhile, an increasing number of studies are now showing that
BBB dysfunction is not only caused by an altered expression level of crucial TJ proteins,
but rather by the instability of the TJ complex [80], which also explains why some other

proteins are expressed differently in Tjapl KD cells in the opposite direction.

4.3 OGD and Barrier properties

Previous research has demonstrated that hypoxia increases the expression of microRNA
212/132, which in turn compromises the integrity of the BBB [80]. Our results show
that hypoxia enhances the reduced cell viability caused by the Tjapl KD in the cEND
Tjapl KD and cerebEND Tjapl KD cell lines, although there is no statistically
significant difference between the two conditions in the cEND Tjapl KD cells. At the
same time, the barrier properties of the cells changed, with KD cells exhibiting
increased fluorescein permeability and reduced TEER values. Compared to normal
controls, hypoxia exacerbated BBB dysfunction, although this impact was not
statistically significant in the cEND Tjapl KD cell line. It is possible that this is the case
because the two cell lines come from different parts of the brain. The BBB of different
brain regions could be regulated in different ways. The local microenvironment,
transport systems, enzymes, and extracellular matrix are all altered by the hypoxic
environment, further leading to the passage of harmful serum components and immune
cells through the BBB, disturbing the CNS homeostasis and negatively affecting the

surrounding brain parenchyma.
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431 OGDand TJs

Cell growth, TJ protein expression changes, and cytoskeletal rearrangements are all
driven by hypoxia. The results indicate that although Tjapl KD reduced Tjapl mRNA
and protein expression, consistent with reduced barrier properties, the hypoxic
environment was not significantly different from the normal treatment group. This is
consistent with the barrier properties after hypoxic treatment and may be related to the
duration of hypoxia or reoxygenation time. In addition, it has been shown that members
of the TJ protein family respond differently at different time points after hypoxic
damage to endothelial cells [89]. However, this was not verified in our experiments.

The role of occludin in epithelial cells has been described as regulatory rather than
barrier tightening [90]. The BBB is disrupted by a variety of changes; however,
occludin protein expression is a late target. Although occludin mRNA expression
significantly decreased in Tjap 1 KD cells, its expression was not significantly different
under normal and OGD conditions. In addition, the expression of its proteins was
unstable, possibly due to a post-transcriptional regulation that was not examined in this

work.

The formation of TJ in brain endothelial cells involves claudin-1, -5, and -12 [22]. Du et
al. showed that increased claudin-1 expression improved LPS-induced deterioration in
endothelial permeability [91]. The results of our work show that both the mRNA and
protein levels of claudin-1 were reduced in Tjapl KD cells. In addition, hypoxia
decreased the expression of claudin-1 mRNA, but with no statistically significant
difference compared to normal conditions.

Claudin-5 plays an important role in regulating the permeability of small molecules
across the BBB [16]. Claudin-5 seals the barrier, which can engage the homophilic
interactions or binding to claudin-3 [92, 93] and claudin-1 [94]. After hypoxic treatment,
claudin-5 expression was decreased in the Tjapl KD cerebEND but did not changed
significantly from the normal treatment group. Studies have shown [66, 95] that OGD
reduces the expression level of the claudin-5 gene and affects the claudin-5 protein

location at the plasma membrane. Nevertheless, claudin-5 expression was increased in
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Tjapl KD cEND at the mRNA and protein levels, again without any apparent
differences between the OGD treatment group and the normal treatment group. It is
interesting to note that cEND and cerebEND cells did not show the same tendency of
claudin-5 expression. This could be related to the fact that the two cell types originate

from different areas of the brain.

In addition, we examined claudin-12 expression. Here, the trend was different. Tjapl
KD cerebEND cells showed increased expression, but neither mRNA nor protein level
showed a statistically significant difference between groups. Nevertheless, claudin-12
expression in cEND cells was strongly reduced in the Tjapl KD group but OGD
treatment appeared not to differ from the control group. In an animal model of multiple
sclerosis, Castro Dias et al. demonstrated that knocking-down claudin-12 resulted in the
formation of an intact BBB with no evidence of dysfunction or inflammation. This
therefore indicates that claudin-12 is unlikely to be involved in the progression and

maintenance of TJ integrity [96].

Z0O-1 plays an important role in maintaining the integrity of the BBB. Tjapl KD cEND
cells showed an increased expression of ZO-1 at mRNA and protein levels, however no
difference between OGD and normal conditions was observed. Several members of the
Jam family interact with scaffold proteins containing the PDZ domain (e.g. ZO-1) to
promote maturation of cell-cell junctions and to regulate the production of linking
complexes such as TJs and AJs [97, 98]. In the cEND and cerebEND cell lines, Jam-3
expression was different. In Tjapl KD cerebEND cells, Jam-3 expression was
downregulated and OGD treatment further downregulated its expression. In contrast,
Tjapl KD cEND cells showed increased Jam-3 expression with no changes due to OGD.
It has been shown that ZO-1 [99] and Jam-3 [100] expression is reduced due to hypoxia.
This is consistent with the regulation in cerebEND and correlates with impaired barrier
properties of our model. This also demonstrates that the maintenance of the BBB
correlates with the stability of the TJs protein complex. Furthermore, Jam-3 and ZO-1

are direct targets of microRNA-212/132 and are also post-transcriptionally regulated.
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4.3.2 OGD and AJs

VE-cadherin is the major transmembrane protein of endothelial adhesion junctions. Not
only does it mediate the primary contact between two cells, but AJs also influence TJ
formation and integrity. Increased VE-cadherin expression has a protective effect on the
BBB [99]. Tjapl KD was differentially expressed in the two cell lines. In cerebEND,
Tjapl KD caused an increase in VE-cadherin expression at both mRNA and protein
levels, but the two groups were not statistically significant compared to the normal
group. In contrast, in cEND cells, Tjapl KD caused a decrease in VE-cadherin
expression at the mRNA level but an increase at the protein level (Figure 14). This
difference may correlate with the cellular origin and the transcriptional process of the
protein, but we have not study it. In addition, studies have shown that OGD/R can
induce high permeability of endothelial cell monolayers by mediating VE-cadherin

internalization [101].

4.3.3 OGD and Inflammatory response

Emerging research suggests that neuroinflammation affects BBB integrity as a risk
factor and that the production of multiple cytokines, including Il-1, TNF-q, is primarily
responsible for BBB disruption [102]. In the OGD environment, the endothelial cell
induce a local inflammatory response and the secretion of pro-inflammatory regulators
through upregulation of cell adhesion molecules such as Icam-1 and Vcam-1[53].
Inflammatory mediators released during ischemic brain injury also induce
phosphorylation of TJ proteins, resulting in high BBB permeability. We examined the
expression of Ccl-2 and -5 and Csf-3 at the mRNA level. Tjapl KD reduced the
expression of the corresponding inflammatory factors, while OGD treatment resulted in

an increase in the expression of the inflammatory factors.

This indicates that while OGD can enhance the inflammatory response of cells, Tjapl
KD inhibits this response of cells. In addition, it has been reported that ABC transporter
protein expression and their activity can be affected by pro-inflammatory cytokines,
resulting in a dose-dependent decrease in P-gp activity and a concomitant decrease in
Abcbl mRNA levels in EC similar to our results [103].
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4.3.4 OGD and ABC transporter

ATP-binding cassette proteins (ABC-transporter), which represent an essential class of
membrane pumps that actively pump out molecules from cells [104-106], are highly
expressed at the BBB. P-gp, also known as multidrug resistance protein 1 (Mdrl or
Abcbl), breast cancer resistance protein (Bcrp or Abcg2), and multidrug resistance-
associated proteins (Mrps) are the three primary ABC-transporters at the BBB [107-
109]. The transporter P-gp was induced in a model of focal cerebral ischemia in mice
and rats [107, 110], consistent with in vitro studies showing that OGD treatment
regulates P-gp at the mRNA and protein levels [66, 110]. Tjapl KD in cEND cells
caused a statistically significant decrease in P-gp expression at both mRNA and protein
levels with no difference due to OGD. The exact mechanism of this Tjapl-mediated

regulation is not yet clear.

In parallel, we also examined Mrpl expression at the mRNA level. Tjapl KD in cEND
cells resulted in a significantly reduced Mrpl expression with no OGD effect. A
previous study showed that Mrpl levels were slightly reduced in response to focal
cerebral ischemia. In isolated brain microvascular fractions, Mrpl protein expression
decreased 3 hours after stroke and partially recovered after 24 - 72 hours [111].
However, in human neocortex after traumatic brain injury, Mrpl expression was
increased in cerebral microvasculature [112]. Therefore, Mrpl appears to be involved in
the hypoxic response of endothelial cells and it expression depends on the Tjapl protein

level.

4.3.5 OGDand ECM

After neurological diseases such as stroke, the BBB and the ECM are simultaneously
destroyed, leading to aninflux of solutes, plasma and leukocytes into the brain
parenchyma [113, 114]. The main mediator of these processes are the matrix
metalloproteinases (Mmps). Mmps are inhibited by Timp and Timp-3 is one of the main
regulators [115]. Upregulated Mmps can degrade basement membrane ECM and digest
TJ proteins, resulting in BBB leakage [52, 116]. In contrast, disturbed Mmp/Timp-3
homeostasis is associated with BBB dysfunction [117]. In endothelial cells, occludin is
hydrolyzed to inactive fragments mostly by Mmp-2/-9 and to a lesser extent by Mmp-3
proteins, leading to barrier disruption [118]. In our experiments, Timp-3 MRNA
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expression was significantly reduced in both cEND and cerebEND Tjapl KD cell lines
with no OGD effect. This correlated with the impaired barrier properties of Tjapl KD

cell lines.

4.4 Conclusion

Tjapl plays an important role in maintaining stable BBB function in endothelial cells
and its knock-down causes multiple changes in endothelial phenotype. Tjapl KD
resulted in impaired barrier properties of the endothelial cells as shown by lower TEER
values and higher paracellular permeability. Tjapl KD cell lines proliferated slower but
migrated faster in a wound healing assay and showed significantly lower angiogenic
capacity in the tube formation assay. These phenotypic changes were accompanied by
changes in mMRNA and protein expression of TJ and AJ proteins, transporter proteins
and inflammatory mediators. Tjapl expression is regulated in response to OGD and
Tjapl KD resulted in additional damage to the BBB barrier properties under OGD
conditions. However, most likely due to cell recovery during the two hour
reoxygenation period, no other significant differences were observed between normal
and OGD treatment groups. The broad involvement of Tjapl in the endothelial cell
phenotype demonstrated in this work warrants further investigation of its role in brain
disorders such as stroke or traumatic brain injury and should be considered in future

therapy development strategies.
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5. Abstract

Stroke is one of the leading causes of mortality and disability worldwide. The blood-
brain barrier (BBB) plays an important role in maintaining brain homeostasis by tightly
regulating the exchange of substances between circulating blood and brain parenchyma.
BBB disruption is a common pathologic feature of stroke and traumatic brain injury.
Understanding the cellular and molecular events that affect the BBB after ischaemic

brain injury is important to improve patient prognosis.

We have previously shown that microRNA-212/132 is elevated in hypoxic brain
microvascular endothelial cells and acts through suppressing the expression of direct
microRNA-212/132 target genes with function at the BBB: claudin-1, junctional
adhesion molecule 3 (Jam3) and tight-junction associated protein 1 (Tjapl). While the
role of claudin-1 and Jam3 at the BBB is well known, the role of Tjap1 is still unclear.
The aim of this work was therefore to characterize the role of Tjapl in brain endothelial
cells using a knock-down (KD) approach in established murine in vitro BBB models
CEND and cerebEND. Tjapl KD was established by stable transfection of a plasmid
expressing sShRNA against Tjapl. The successful downregulation of Tjapl mRNA and
protein was demonstrated by qPCR and Western blot. Tjapl KD resulted in impaired
barrier properties of endothelial cells as shown by lower TEER values and higher
paracellular permeability. Interestingly, the Tjapl KD cells showed lower cell viability
and proliferation but migrated faster in a wound healing assay. In the tube formation
assay, Tjapl KD cell lines showed a lower angiogenic potential due to a significantly
lower tube length and number as well as a lower amount of branching points in formed
capillaries. Tjapl KD cells showed changes in gene and protein expression. The TJ
proteins claudin-5, Jam3 and ZO-1 were significantly increased in Tjapl KD cell lines,
while occludin was strongly decreased. In addition, efflux pump P-glycoprotein was
downregulated in Tjapl KD cells. Oxygen-glucose deprivation (OGD) is a method to
mimic stroke in vitro. Brain endothelial cell lines treated with OGD showed lower
barrier properties compared to cells cultured under normal condition. These effects were
more severe in Tjapl KD cells, indicating active Tjapl involvement in the OGD

response in brain microvascular endothelial cells.

49



Abstract

We thus have shown that Tjapl contributes to a tight barrier of the BBB, regulates cell
viability and proliferation of endothelial cells, suppresses their migration and promotes
new vessel formation. This means that Tjapl function is important for mature BBB
structure in health and disease.

Zusammenfassung

Schlaganfall ist weltweit eine der hdufigsten Ursachen fiir Mortalitdt und Behinderung.
Die Blut-Hirn-Schranke (BHS) spielt eine wichtige Rolle bei der Aufrechterhaltung der
Gehirnhomdostase, indem sie den Stoffaustausch zwischen dem zirkulierenden Blut und
dem Gehirnparenchym streng reguliert. Eine Stérung der BHS ist ein gemeinsames
pathologisches Merkmal von Schlaganféllen und traumatischen Hirnverletzungen. Um
die Prognose der Patientinnen und Patienten zu verbessern, ist es wichtig, die zellul&ren
und molekularen Ereignisse zu verstehen, die sich nach einer ischdmischen
Hirnverletzung auf die BHS auswirken.

Wir haben zuvor gezeigt, dass microRNA-212/132 in hypoxischen mikrovaskuldren
Endothelzellen erhoht ist und durch die Unterdriickung der Expression direkter Zielgene
mit Funktion and der BHS wirkt. Zu den Zielgenen von microRNA-212/132 gehdren:
Claudin-1, Junctional Adhesion Molecule 3 (Jam3) und Tight Junction Associated
Protein 1 (Tjapl). Wéhrend die Rolle von Caludin-1 und Jam3 and der BHS gut bekannt
ist, ist die Rolle von Tjapl noch unklar. Ziel dieser Arbeit war es daher, die Rolle von
Tjapl in Endothelzellen mithilfe eines Knock-down (KD)-Ansatzes in etablierten
murinen In-vitro-BHS-Modellen zu charakterisieren. Tjapl-KD wurde durch stabile
Transfektion eines Plasmids etabliert, das shRNA gegen Tjapl exprimiert. Die
erfolgreiche Herunterregulierung von Tjapl-mRNA und -Protein wurde durch gPCR
und Western Blot nachgewiesen. Tjapl-KD fiuhrte zu einer Beeintrachtigung der
Barriereeigenschaften von Endothelzellen, was sich in niedrigeren TEER-Werten und
einer hoheren parazelluldaren Permeabilitdt wiederspiegelte. Interessanterweise zeigten
die Tjapl-KD-Zellen in einem Wundheilungstest eine geringere Zelllebensfahigkeit und

Proliferation, wanderten jedoch schneller. Im tube formation assay zeigten Tjapl-KD-
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Zelllinien ein geringeres Angiogenese-Potential durch eine signifikant geringere Anzahl
der gebildeten Kapillaren. Tjap-1-KD-Zellen zeigten Veranderungen in der Gen- und
Proteinexpression. Die TJ-Proteinen Claudin-5, Jam3 und ZO-1 waren in Tjapl-KD-
Zelllinien signifikant erhoht, wéahrend Occludin stark verringert war. Darlber hinaus
wurde P-Glykoprotein in Tjapl-KD-Zellen herunterreguliert. Sauerstoff-Glukose-
Entzug (eng. oxygen/glucose-deprivation, OGD) ist eine Methode zur Nachahmung
eines Schlaganfall in vitro. Mit OGD behandelte Endothelzelllinien zeigten im
Vergleich zu unter normalen Bedingungen kultivierten Zellen geringere
Barriereeigenschaften. Diese Effekte waren in Tjapl-KD-Zellen schwerwiegender, was
auf eine aktive Beteiligung von Tjapl an der OGD-Antwort in Endothelzellen hinweist.
Wir haben gezeigt, dass Tjapl zu einer dichten Barriere der BHS beitragt, die
Zellviabilitdt und die Proliferation von Endothelzellen reguliert, deren Migration
unterdruckt und die Bildung neuer Gefale fordert. Dies bedeutet, dass die Tjapl-
Funktion fir die reife BHS-Struktur unter physiologischen und pathophysiologischen

Bedingungen wichtig ist.
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I. Abbreviations

Ab
AP
BBB
CSF
CCL
ECs
FITC
KD
PVDF
SDS-PAGE
TJP
WB
Al
BSA
DMEM
ECM
JAM
Z0
Tjap
TEER
VCAM
VEGF
TIMP
Pgp
Mg
pm
ml

Antibody

Action potentials

Blood brain barrier
Colony stimulating factor
Chemokine ligand
Endothelial cells
Fluoroscein isothicyanate
Knock-down

Polyvinylidene fluoride

Sodium dodecyl sulfate-polyacrylamide gel electrophoresis

Tight junction protein
Western blot
Adherens Junction
Bovines Serumalbumin
Dulbeco’s modified eagle medium
Extracellular matrix
Junctional adhesion molecule
Zonula occludens
Tight junction-associated protein
Transendothelial Electrical Resistance
Vascular cell adhesion molecule
Vascular Endothelial Growth Factor
Metalloproteinase inhibitor
Permeability glycoprotein
Microgram
Micrometer
Milliliter
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