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Zusammenfassung

Zusammenfassung

Ein abdominales Aortenaneurysma (AAA) ist eine kardiovaskulare Erkrankung, welche
als progressive Erweiterung der infrarenalen Aorta mit einem Durchmesser von Uber
150 % definiert ist. Die wichtigsten pathophysiologischen Merkmale der AAA-Erkrankung
sind die Inflammation, der Umbau der extrazellularen Matrix (EZM) und die Bildung eines
intraluminalen Thrombus (ILT). Zu den wichtigsten Risikofaktoren dieser Erkrankung
gehdren neben dem Alter als Hauptrisikofaktor ebenfalls Rauchen, das mannliche
Geschlecht, sowie Bluthochdruck. Im Jahr 2021 war das AAA weltweit die zehnthaufigste
Todesursache unter den kardiovaskularen Erkrankungen. Aktuell ist ein chirurgischer
Eingriff die einzige Behandlungsmadglichkeit, denn bis heute steht keine medikamentose
Behandlung der AAA-Erkrankung zur Verfigung. Da Thrombozyten bekanntermallen
eine entscheidende Rolle bei der Entstehung und Progression von Herz-Kreislauf-
Erkrankungen spielen, stellen diese ein vielversprechendes Ziel fir die Entwicklung
neuer medikamentdoser Therapien zur Behandlung des AAA dar. Deswegen ist es
entscheidend, die Thrombozyten-vermittelten Mechanismen, welche zur Entstehung und

zum Fortschreiten des AAA beitragen, weiter zu untersuchen.

Aus diesem Grund wurde in dieser Arbeit die Funktion der Thrombozyten wahrend der
AAA-Progression anhand zweier verschiedener Mausmodelle zur experimentellen AAA-
Induktion analysiert: dem PPE (engl. porcine pancreatic elastase) und dem ePPE
(engl. external porcine pancreatic elastase application) Mausmodell. In beiden AAA-
Mausmodellen zeigten die Thrombozyten ein verstarktes Aktivierungsprofil, eine erhdhte
pro-koagulante Aktivitat, sowie eine gesteigerte Inflammation, die durch die Bildung von
Thrombozytenaggregaten mit inflammatorischen Zellen oder die Einwanderung von
inflammatorischen Zellen in das aortale Gewebe nachgewiesen wurde. Darliber hinaus
wurde ein verstarktes ,Shedding® von mindestens einem der beiden wichtigsten
Glykoproteinrezeptoren (GP) auf der Thrombozytenoberflache, GPIb und GPVI,
beobachtet. Wie bereits erwahnt, ist ein pathophysiologisches Merkmal der AAA-
Entwicklung die Bildung eines thrombozytenreichen ILT, welcher bei 75% aller AAA-
Patienten vorhanden ist. Dennoch ist die genaue Rolle des ILT, der sowonhl
stabilisierende als auch ECM-abbauende Eigenschaften aufweist, im Zusammenhang
mit der AAA-Entwicklung bis heute unklar. Daher wurde in dieser Arbeit das neue
experimentelle ePPE-Mausmodell etabliert und charakterisiert, um den Prozess der ILT-
Bildung in vivo analysieren zu konnen. Dabei konnte Uber einen Zeitraum von 28 Tagen

nach Operation jedoch keine ILT-Bildung beobachtet werden.



Zusammenfassung

Erst kurzlich konnte gezeigt werden, dass Thrombozyten wahrend der AAA-Bildung eine
Rolle bei der Inflammation und dem EZM-Umbau spielen. Dadurch stellt die gezielte
Inhibierung von Thrombozytenrezeptoren und Signalwegen einen vielversprechenden
Ansatz fur die Entwicklung neuer medikamentéser AAA-Therapien dar. Das
Glykoprotein Reelin, welches eine zentrale Rolle in der Gehirnentwicklung einnimmt, ist
nachweislich ebenfalls an der Entstehung verschiedener Herz-Kreislauf-Erkrankungen
beteiligt. Da Thrombozyten Reelin sowohl enthalten als auch (ber ihre Rezeptoren auf
der Zelloberflache binden kénnen, was zur Folge intrazellulare Signalwege auslost,
sollte die Rolle des von Thrombozyten stammenden Reelins im Rahmen dieser Arbeit in
der AAA-Pathologie naher untersucht werden. Dabei konnten bei Reelin Knockout
(RIn KO) Mausen mit einer Thrombozyten-spezifischen genetischen Reelin-Defizienz im
PPE-Mausmodell keine Auswirkungen auf die Entwicklung des Aortendurchmessers
Uber einen Zeitraum von 28 Tagen beobachtet werden. Weiterhin konnte in den
Thrombozyten von RIn KO Ma&usen Reelin nachgewiesen werden, was auf eine
Aufnahme des Reelins durch Thrombozyten aus der Zirkulation hindeutet. Dies
ermdglicht keine genaue Analyse des von Thrombozyten stammenden Reelins in Rin
KO Mausen. Um die Auswirkung von globalem Reelin auf die Bildung der AAA-
Erkrankung zu analysieren, konnten kunftige Experimente in einem ersten
translationalen Ansatz mit dem CR-50 Antikérper zur Hemmung der Reelin-

Funktionalitat durchgefihrt werden.

Zusammenfassend unterstreichen die Ergebnisse dieser Arbeit, dass Thrombozyten
eine entscheidende Rolle bei der Entstehung von AAA spielen. Dies konnte durch
erhohte Thrombozytenaktivierungsprofile, pro-koagulante Aktivitdt und Inflammation
wahrend der AAA-Progression gekennzeichnet werden. Um weiterhin zu analysieren, ob
Reelin ein potenzielles Ziel fir medikamentdse Therapien fir AAA-Patienten sein
konnte, kdnnten erste translationale Experimente mit dem CR-50 Antikorper in einem
AAA Mausmodell durchgefuhrt werden. Zum Schluss zeigte das ePPE-Mausmodell
keine ILT-Bildung Uber einen Zeitraum von 28 Tagen nach Eingriff, sodass die

Verlangerung des Beobachtungszeitraums in Zukunft von Interesse sein kdnnte.



Abstract

Abstract

An abdominal aortic aneurysm (AAA) is a cardiovascular disease (CVD) defined as the
dilatation of the infrarenal part of the aorta with a diameter of more than 150%. Main
pathophysiological features of the AAA pathology are the remodelling of the extracellular
matrix (ECM), inflammation and intraluminal thrombus (ILT) formation. The major risk
factors for this disease include age, smoking, male gender and hypertension. In 2021,
AAA was the 10th leading cause of death in terms of CVDs worldwide. Since there is no
drug-based therapy targeting AAA development to date, the only treatment option is a
surgical intervention. As platelets are known to play a crucial role in CVDs, they represent
a promising target for the development of new drug-based therapies for AAA treatment.
For this reason, it is important to further investigate the underlying mechanisms of

platelets contributing to the development and progression of AAA.

Therefore, platelet function in AAA progression was analysed in this thesis utilising two
different mouse models for experimental AAA induction: the porcine pancreatic elastase
(PPE) and external porcine pancreatic elastase application (ePPE) mouse model.
Thereby, platelets showed an enhanced activation profile, pro-coagulant activity and
inflammation, represented by the formation of platelet-aggregates with inflammatory
cells or infiltration of inflammatory cells into the aortic tissue, in both AAA mouse models.
In addition, enhanced shedding of at least one of the two major glycoprotein (GP)
receptors on platelet surface, GPIb and GPVI, was observed. As previously mentioned,
one pathophysiological hallmark of AAA development is the formation of a platelet-rich
ILT, which is present in 75% of all AAA patients. Nevertheless, the role of the ILT in the
context of AAA development, exhibiting both stabilising and ECM-degrading
characteristics, remains unclear to date. Therefore, the novel experimental ePPE AAA
mouse model was established and characterised to analyse the process of ILT formation
in this thesis. However, no ILT formation could be observed over a time course of

28 days after surgery.

Recently, platelets were shown to play a role in the ECM remodelling and inflammation
processes in AAA formation. Therefore, specifically targeting platelet receptors and
signalling pathways represent a promising approach to develop novel drug-based AAA
therapies. The glycoprotein reelin, which was identified to be crucial in brain development
and maintenance, was shown to be involved in the progression of different CVDs as well.

Since reelin is present in platelets, but also binds to platelet receptors on cell surface
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Abstract

and subsequently triggers intracellular signalling pathways, the role of platelet-derived
reelin in AAA pathology should be investigated in detail within this thesis. Thereby, no
effects on the aortic diameter progression could be observed in Reelin knockout (RIn
KO) mice with a genetic reelin-deficiency in the PPE mouse model 28 days after surgery.
Furthermore, reelin was still found in platelets of RIn KO mice. This indicates their ability
to internalise the protein from the circulation. Thus, the specific analysis of platelet-
derived reelin remains challenging. To analyse the effect of global reelin on AAA
formation, future experiments could be performed in a first translational approach using

the CR-50 antibody to inhibit reelin functionality.

In summary, the results of this thesis emphasise that platelets play a crucial role in the
development of AAA, represented by enhanced platelet activation profiles, pro-coagulant
activity and inflammation. To further analyse, whether reelin could be a potential target
for drug-based therapies for AAA patients, first translational experiments using the
CR-50 antibody in a mouse model of AAA formation could be performed. Finally, the
ePPE mouse model showed no ILT formation over a time course of 28 days after surgery.

Therefore, the extension of the analysis period would be of interest in future.
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Introduction

1 Introduction

1.1 Platelets

1.1.1 Physiology and function

Platelets are small discoid, anucleate cells circulating in the bloodstream and playing an
important role in haemostasis, clot formation and thrombosis. In addition, they are
involved in other physiological and pathological processes such as immune reactions,
inflammation and wound healing [1, 2]. Originally, platelets were found by Giulio
Bizzozero in 1882 by demonstrating their promoting role in thrombosis [3]. In human,
produced by megakaryocytes with a size of 1 — 3 ym and a discoid shape, two thirds of
platelets are circulating in the blood while the other one third is stored in spleen [1, 4].
Mouse platelets are much smaller, with a diameter of 0.5 ym [5]. When platelets remain
inactivated, degradation proceeds after 5 — 9 days by phagocytosis in the liver or spleen.
An average human has a platelet count of 150 — 400 x 10° platelets/ul blood [4]. In
contrast, mice contain many more platelets with 1000 — 1500 x 10° platelets/ul blood.
Therefore, these murine platelets have a shorter lifespan, which ranges between
3 to 4 days [5]. In case of activation, platelets change their shape in an actin-dependent
process. This process includes the reorganisation of the platelet cytoskeleton as well as
the organisation of new actin filaments. Following shape change, platelets can adhere to
injured vessels, aggregate with other platelets and release their granule content [1]. In
order to characterise platelets, various physiological parameters such as the platelet
count, mean platelet volume (MPV), platelet distribution width (PDW) and the plateletcrit
(PCT) are used. The MPV and PDW define the platelet size and its size variability, while
the PCT indicates the volume covered by the platelets within the blood [6, 7].

1.1.2 Platelet receptors and granules

In order to become activated, platelets contain many different receptors on their surface.
These receptors enable the binding of agonists and thereby trigger various signalling
pathways within platelets. One of the main receptors involved in platelet activation is the
glycoprotein (GP) Ib receptor. It is non-covalently linked with GPIX and GPV in a
complex. This GPIb-IX-V complex serves as receptor for von Willebrand factor (VWF)
proteins, being crucial for haemostasis [8]. The most abundant receptor is the GPlIb/llla,
which is also termed integrin a3 and mainly known as fibrinogen receptor [9, 10].
Human platelets express this receptor with around 80,000 copies on their surface, while
mouse platelets even contain around 120,000 copies per platelet [11]. On resting

circulating platelets this receptor has a low affinity for binding respective ligands. After
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Introduction

platelet activation, including conformational changes, this complex increases its ligand
affinity [10]. The ligands for the integrin aisBs receptor are different adhesive proteins
such as fibrinogen, VWF, fibronectin and vitronectin. Therefore, integrin au,Bs plays a
pivotal role in adhesion to site of vascular injury, platelet aggregation and outside-in
signalling to amplify platelet activity [1, 12]. Other important receptors are the two major
collagen receptors GPVI and a231, which are crucial for platelets to adhere firmly to the
injured vessel wall [13]. The two P2Y receptors, P2Y1 and P2Y,, are G protein-coupled
receptors (GPCRs), which belong to the seven-transmembrane domain receptor family
and are required for platelet aggregation after binding of adenosine diphosphate (ADP)
[14, 15]. Further GPCRs with seven-transmembrane domains on the platelet surface are
the thromboxane (TX)Az- and the thrombin-binding PAR4-receptor, playing an important

role in platelet activation and aggregation (Figure 1) [15-17].

ADP

TXA; l

& Granule FibrinoFgen,

: vWF,
secretion Fibronectin,
Thrombin ‘ Vitronectin
P2Y./P2Y,,

\ TXA; receptor /

PAR4 \\>‘ Platelet ‘{_/ /f:.i

Activation

Sl

vWF

Collagen

Figure 1. Main receptors on platelet surface along with their most important ligands. Platelets have
various receptors on their surface. By binding of specific ligands to their respective receptors, platelets
become activated. Collagen binds to the GPVI and integrin azp+1 receptors, VWF to the GPIb-IX-V receptor
complex and thrombin to the PAR4 receptor. In addition, the TXA2 receptor is activated by TXA2 and the
P2Y1 as well as P2Y12 receptor by ADP. Ligands for the auB3 receptor are fibrinogen, vWF, fibronectin and
vitronectin. The activation leads to changes in shape, the stimulation of various intracellular signalling
pathways and degranulation. Created with BioRender.com.
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Upon activation, platelets release the content of their granules. Thereby, platelets contain
three different kinds of granules: a-granules, d-granules, and lysosomes. In these
granules haemostatic mediators and surface molecules are stored that are released into
the bloodstream or transported to and translocated on the platelet surface after activation
(Table 1). The most abundant granules are the a-granules with around 50 to 80 per
platelet. These exhibit a diameter of 200 — 500 nm and contain different molecules,
including adhesion molecules, chemokines, growth factors, fibrinolysis and coagulation
proteins [1, 18]. The &-granules occur in a significantly lower quantity with 5 to 8 per
platelet, revealing a high content of ADP and serotonin as well as magnesium, calcium,
and nucleotides [19, 20]. The few lysosomes contain e.g. cathepsins and acid hydrolases
[21]. However, granule secretion not only induces the translocation of adhesion receptors
to the cell surface and the release of agonists and mediators into the bloodstream.
Moreover, granule secretion also activates intracellular signalling pathways and causes

conformational changes in surface receptors, leading to new binding affinities [1].

Table 1. Content of platelet granules.

Platelets contain three types of granules with different contents. PF4 = platelet factor 4; CCL = C-C motif
chemokine ligand; CXCL = C-X-C motif chemokine ligand; Ca?* = calcium; Mg?* = magnesium;
P5* = phosphor; ATP = adenosine triphosphate; GTP = guanosine triphosphate; ADP = adenosine
diphosphate; GDP = guanosine diphosphate; vVWF = von Willebrand factor (Table adapted from Reed et al.

[21]).

Granules Content

a-granules Adhesion molecules (P-selectin, vVWF, fibrinogen, fibronectin, aiibf3s,
etc.), chemokines (PF4, CCL3, CCL5, CXCL5, CXCLS, etc.),
coagulation proteins, fibrinolysis proteins, growth factors, immunologic

molecules and other proteins

5-granules lons (Ca?*, Mg?*, P5*, pyrophosphate), nucleotides (ATP, GTP, ADP,

GDP), membrane proteins, serotonin

Lysosomes Acid hydrolases, cathepsins

1.1.3 Inside-out and outside-in signalling

Several integrin receptors are expressed on platelet surface including the aunfs
(fibrinogen receptor), a.Bs (vitronectin receptor), a2B+ (collagen receptor), asB+

(fibronectin receptor), and aesB1 (laminin receptor) [22, 23]. After vascular injury, integrins
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are able to mediate platelet activation, adhesion, following aggregation and thrombus
formation by a bi-directional signal transduction. The ‘inside-out signalling’ describes the
integrin activation by ligand-binding to different receptors on platelet surface [9]. As
previously mentioned, the a3 receptor is the most abundant integrin on platelets with
about 80,000/120,000 copies per cell and is crucial for stable platelet adhesion and
aggregation [9, 10]. Under resting conditions, the receptor is in an inactive conformation.
Upon platelet activation via other receptors such as the GPVI receptor the integrin asPs3
undergoes a conformational change and is externalised in a higher number from
a-granules to the platelet surface [10, 18, 21]. This process is called ‘inside-out
signalling’. The conformational change switches the affinity for fibrinogen and collagen-
bound vWF from a low to a high state. Following ligand binding to the activated integrin
aipPBs then promotes ‘outside-in signalling’. Outside-in signalling induces and increases
cellular processes to regulate major platelet functions including platelet spreading,
thrombus stabilisation mediated by fibrin and the control of platelet aggregation via

fibrinogen binding [24].

1.1.4 Physiology of primary and secondary haemostasis

Haemostasis describes the process of thrombus formation at site of vascular injury to
stop bleeding. This process is divided into primary and secondary haemostasis. Within
primary haemostasis, blood platelets are recruited from circulation to form a haemostatic
plug in order to occlude the injured vessel (Figure 2). Under physiological conditions,
platelets are circulating in a resting state within the bloodstream without interacting with
the vessel wall. In case of a vascular injury, components of the subendothelial
extracellular matrix (ECM) such as collagen, laminin and vitronectin are exposed. The
uncovered collagen of the ECM binds soluble vWF from circulation. Subsequently, the
membrane-bound GPIb-IX-V complex on platelets binds to the collagen-bound vVWF,
resulting in the deceleration of platelets from the bloodstream. This leads to an unstable
temporary adhesion of platelets to the vessel wall and is known as “tethering”. The
tethering facilitates binding of the platelet GPVI receptor to exposed collagen, leading to
the activation of various intracellular signalling pathways. Subsequently, this induction of
various intracellular signalling pathways contributes to platelet activation, including the
release of a- and &-granules and the regulation of surface receptor activation. Through
the following degranulation second wave mediators as ADP and TXA: are released [25].
All these processes support the recruitment and adhesion of additional platelets from the
bloodstream into the growing thrombus. For the interaction and aggregation of platelets,
fibrinogen binding to activated integrin auwPs is crucial. Since this binding is only a weak

connection between platelets, the initial thrombus is unstable. Therefore, the secondary
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haemostasis is necessary for stabilising the newly formed thrombus by the incorporation

and cross-linkage of fibrin [25-27].
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Figure 2. Primary haemostasis. The injury of the vessel wall exposes the subendothelial extracellular
matrix. As a result, uncovered collagen binds soluble vVWF from circulation. The immobilised vVWF can be
recognised and bound by the GPIb-1X-V complex on platelet surface. This process is known as “tethering”.
After platelet deceleration, the GPVI receptor binds to exposed collagen, which triggers various signalling
pathways including platelet activation, degranulation, and receptor conformation. The release from second
wave mediators from granules, such as ADP and TXAz, trigger the recruitment, activation and aggregation
of further platelets, which leads to the formation of a thrombus. ADP = adenosine diphosphate;
GP = glycoprotein; TXAz = thromboxane Az; vVWF = von Willebrand factor. Created with BioRender.com.

In the secondary haemostasis the coagulation cascade is activated, resulting in the
cleavage of pro-thrombin to thrombin by factor Xa. Subsequently, thrombin mediates
fibrinogen cleavage to fibrin. The cross-linking of fibrin finally leads to the stabilisation of
the haemostatic plug build in the primary haemostasis under recruitment of further
platelets [27]. Platelets itself also contribute to thrombin generation supporting secondary
haemostasis by the externalisation of phosphatidylserine (PS) on the platelet surface
upon platelet activation. Through the formation of pro-thrombinase complexes for
thrombin formation, this platelet activation also stabilises the thrombus via fibrin
formation [28, 29].

Page | 5



Introduction

1.1.5 Platelets in cardiovascular diseases

As already mentioned, platelets play a pivotal role not only in physiological processes
but also under pathological conditions in cardiovascular diseases (CVDs), such as
atherosclerosis, arterial thrombus and aneurysm formation (see chapter 1.3.5). These
pathologic events can be caused by altered platelet compositions and reactivity resulting
from increased pro-aggregatory or decreased anti-aggregatory stimuli. Furthermore,
platelet surface receptors and molecules stored in the platelet granules can facilitate the
crosstalk of activated platelets with inflammatory cells during vascular inflammation.
Thus, platelets can contribute to development and progression of atherosclerosis
[30, 31]. Since platelets are a driving force in the development of CVDs, they are primary
targets for prevention of these diseases. For this reason, platelet activation can be
inhibited with anti-platelet agents such as aspirin or P2Y12 inhibitors (e.g. clopidogrel)
[32].

1.2 Reelin

1.2.1 Function

The extracellular matrix protein reelin was first found to be synthesised and secreted by
Cajal-Retzius neurons, which are formed in early brain development within the marginal
zone [33, 34]. Reelin is essential for the migration and positioning of neurons during the
development of the neocortex and cerebellar cortex of the brain [35]. The way reelin
achieves its function is described in various hypotheses. These are: reelin attracts
neurons, it can be a rejecting molecule, or it disturbs the connection between migrating
neurons and radial glia [36]. Although 95% of the Cajal-Retzius neurons degenerate
within weeks after birth, reelin can also be found in adult humans’ brain tissue [37, 38].
In these reelin is produced by some cortical gamma-aminobutyric acid (GABA)-ergic and
hippocampal interneurons, as well as by cerebellar granule cells. Since the prenatally
brain development is finished, reelin provides other functions in adult humans.
Postnatally, it is involved in synaptogenesis, neurotransmission, or the regulation of
synaptic plasticity, which is important for learning and memory functions. As a result,
disrupted reelin signalling is associated with human neurological disorders such as
autism, Alzheimer's disease, and schizophrenia [38]. In addition, it was shown that reelin
is also present in several adult pituitary pars intermedia, blood, liver, and adrenal
chromaffin cells [39]. Non-neurological functions of reelin implicate its role in coagulation
dysfunctions, cancer progression, and endothelial disorders in chronic inflammatory
diseases [40]. In 1951, Falconer first described a mouse with a spontaneous autosomal

recessive mutation in the reelin gene, the reeler mouse [41]. However, this mutated gene
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in the reeler mouse was first mapped and named in 1995 [35]. A comparison of amino
acids (94.2%) and nucleotide sequences (87.2%) between mice and humans revealed
a high homology [42]. Effects of the genetic variants in mice were neuroanatomical
impairments as reduced size of the cerebellum, lack of folding pattern and disturbed
organisation of distinct brain layers [43]. Due to the typical reeling gait the mice got their

name. This reeling gait goes along with tremor, ataxia and hypotonia [41].

1.2.2 Structure of the reelin protein

Reelin is a large glycoprotein with a molecular weight of 388 kDa and 3461 amino acids,
which gene is highly conserved in many vertebrates, including humans [35, 42]. The
glycosylated status of the protein has around 450 kDa [44]. In the early nineties the RELN
gene location (7g22) could be identified by DeSilva et al. and was described in 1997 [42].
Meanwhile, D’Arcangelo et al. published in 1995 the partly identified protein structure of
reelin [35]. Structurally, the reelin protein is composed of a signal peptide with a following
F-spondin homology domain and a unique region. The main part consists of eight
repeated reelin-specific sequences (R1 to R8 with 350 — 390 amino acids each)
containing two sub-repeats (A and B) that are flanking an epidermal growth factor
(EGF)-like motif (30 amino acids) [35]. Near to the N-terminus a hinge region containing
a CR-50 epitope can be found, being crucial for signalling processes by inhibiting reelin
oligomerisation [45]. At the positively charged C-terminal end (33 amino acids) a highly
conserved sequence is located that is identical among mammalian species [38, 46]. After
secretion of the reelin protein it can be cleaved by metalloproteases at two different
cleaving sites [47, 48]. These are the N-terminal cleavage between repeats 2 and 3 and
the C-terminal cleavage between repeats 6 and 7. According to this, five different
fragments (named N-R2, R3-6, R7-8, N-R6 and R3-8) can be produced with changed
properties for receptor-binding and signalling (Figure 3) [47]. Since the smallest
biologically active fragment from repeat 3 to 6 is crucial for reelin-receptor-binding and

cellular signalling in vivo, cleavage is not impairing protein activity [49].
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Figure 3. Schematic illustration of the reelin protein structure. The glycosylated form of the extracellular
matrix protein reelin has a molecular weight of around 450 kDA. It consists of eight repeats composed of
two sub-repeats (A and B) with an EGF-like motif between them. At the N-terminal end are a signal peptide,
an F-spondin-like region, and a CR-50 epitope. Between the R2/R3 and R6/R7 repeats, the protein can be
cleaved, resulting in five possible reelin fragments. EGF = epidermal growth factor; kDA = kilodalton. Created

with BioRender.com.

1.2.3 Signalling pathway of reelin in neuronal cells

By binding of reelin to various receptors, different signalling pathways are triggered.
Binding of oligomerised reelin to the apolipoprotein E receptor 2 (ApoER2), very low-
density lipoprotein receptor (VLDLR) and amyloid precursor protein (APP) triggers a
shared intracellular signalling cascade [50, 51]. Thereby, the oligomerisation of the reelin
protein leads to clustering of the receptors, which is crucial for following signal
transduction [46]. The intracellular signalling cascade starts with the phosphorylation of
intracellular adaptor-protein Disabled-1 (Dab-1) [50]. Phosphorylated Dab-1 in turn
activates src family tyrosine kinase (SFK) [52] and phosphatidylinositol 3 (PI3) kinases
to manage positioning of neurons during brain development, synaptic plasticity, and
memory formation (Figure 4) [53-55]. To maintain a balance, reelin simultaneously
promotes Dab-1 degradation by ubiquitin-proteasomes and its own degradation as well
[54, 55]. Thereby, reelin is internalised and degraded by the lysosomes of the target cells
[46, 56]. Other reelin receptors are the integrin asB1 receptor and cadherin-related

neuronal receptors to activate possible signal transduction pathways [57, 58].
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Figure 4. Reelin receptors on neuronal cell surface. Binding of reelin to APP, VLDLR and ApoER2 on
neuronal cells triggers phosphorylation of adaptor protein DAB-1. This activates the following SFKs and PI3
kinases, which contribute as a result to intact brain development. ApoER2 = apolipoprotein E receptor 2;

APP = amyloid precursor protein; Dab-1 = disabled-1; PI3 = phosphatidylinositol 3; SFK = src family kinase;

VLDLR = very low-density lipoprotein receptor. Created with BioRender.com.

1.2.4 Reelin and platelets

Reelin was also found to be present in megakaryocytes, which are the precursor cells of
platelets, and in mature platelets, where it is stored in the a-granules [59]. Upon platelet
activation, reelin can be released into the bloodstream, which in turn enables reelin
binding to the GPIba, ApoER2 and APP receptors on the platelet surface [53, 60]. It was
recently shown that reelin also interacts with the GPVI receptor (Figure 5). Binding of
reelin to the different receptors on the platelet surface induces various signalling
pathways, including spleen tyrosine kinase (SYK), phospholipase C (PLC)y2 and Rho
GTPases (ras-related C3 botulinum toxin substrate 1 (Rac1) & ras homolog family
member A (RhoA)). Activation of these signalling pathways leads to platelet adhesion to
fibrinogen and collagen, as well as initiation of the integrin aiBs-mediated outside-in
signalling pathway. In addition, a signal amplification loop was found that is induced after
reelin binding to the GPVI receptor. Upon GPVI-dependent platelet activation, reelin is
released into the circulation and subsequently increases platelet activation, adhesion
and degranulation via GPVI binding [53].
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Figure 5. Reelin receptors on platelet cell surface. Reelin is able to bind to various receptors on platelet
surface including the APP, ApoER2, GPIba and GPVI receptor. This is followed by the stimulation of
signalling cascades that contribute to the activation of integrin aupfs, which leads to increased platelet
function. ApoER2 = apolipoprotein E receptor 2; APP = amyloid precursor protein; GP = glycoprotein.

Created with BioRender.com.

1.2.5 Reelin in neuronal and cardiovascular diseases

As already mentioned, reelin is crucial for brain development and therefore associated
with  human neurodevelopmental and neuropsychiatric disorders like autism,
schizophrenia, and bipolar disorder [38]. It was shown to be 50% downregulated in brain
under pathological conditions. But also changes in the reelin gene structure (regarding
DNA methylation, single nucleotide polymorphism) or in signalling pathways are
associated with these human neurological disorders. Altered reelin expression or lack of
reelin receptors can influence following reelin signalling pathways resulting in impaired
brain development. Changes in the organisation of brain layers through improper
neuronal migration, synaptic formation, plasticity and connectivity can lead to motor and
cognitive deficits that finally results in neurological disorders [46]. However, reelin is also
present in the circulation, liver and other tissues and thus promoting CVDs [39, 61]. In
the cardiovascular system, reelin can enhance the adhesion of leukocytes to endothelial
cells through an increase in the most important adhesion molecules ICAM-1 (intercellular
adhesion molecule 1), VCAM-1 (vascular cell adhesion molecule 1) and E-Selectin,
thereby supporting vascular inflammation and contributing to atherosclerosis [61]. In
addition, reelin also promotes arterial thrombosis through platelet adhesion, activation
and thrombus formation via binding to APP, GPIb and GPVI. Reelin binding to these
receptors triggers intracellular signalling pathways, including activation of protein kinase
B (AKT), extracellular signal-regulated kinase (ERK), SYK and PLCy2 [53, 60]. Through
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the upregulation of thrombin formation and the formation of fibrin clots, reelin is also able

to promote coagulation [62].

1.3 Abdominal aortic aneurysm

An abdominal aortic aneurysm (AAA) is a CVD characterised by a pathophysiological
and progressive dilatation of the infrarenal part of the aorta with a size of more than 150%
or a maximum diameter of 3 cm [63]. Risk factors for AAA development including e.g.
age, smoking, family history, hypertension and male gender [64]. It was shown that the
prevalence of AAA in men is 6 fold higher than in woman [65]. Furthermore, in over 75%
of AAA patients an intraluminal thrombus is present [66]. Since the AAA is usually
asymptomatic until rupture, it is often diagnosed incidentally by ultrasound (USG),
abdominal computed tomography (CT) or magnetic resonance imaging (MRI) performed
for other purposes [63, 67]. Actually, there are two possible intervention options in case
of diagnosis: the open surgical repair (OR) and the endovascular aneurysm repair
(EVAR). The choice of treatment option depends on several factors such as the
morphology of the aneurysm and the condition of the patient. If the aneurysm remains
undetected, the risk of rupture increases with size, growth rate and persistent
hypertension [68]. In case of rupture, less than 50% of patients reach the hospital alive.
Even 30 — 70% of them do not survive the surgical intervention, resulting in a very high
mortality rate for AAA [69, 70]. In 2021, AAA was in fact the 10th most common cause
of death in terms of CVDs worldwide [71]. Depending on their shape, aneurysms can be
divided into saccular and fusiform aneurysms. The fusiform aneurysm has a
circumferential bulge around the aorta, whereas in saccular aneurysms only one side of
the aorta is affected by the dilatation [72]. In addition, aneurysms can also be clinically
differentiated according to their location in relation to the renal arteries. Infrarenal
aneurysms are located under the renal arteries, while pararenal aneurysms include the
renal arteries. Whereas juxtarenal aneurysms only affect the aorta below the renal

arteries, suprarenal aneurysms can even extend to the celiac trunk (Figure 6) [73].

Page | 11



Introduction

Saccular  Fusiform Healthy Infrarenal  Juxtarenal  Pararenal Suprarenal
aorta aneurysm  aneurysm  aneurysm aneurysm

Figure 6. Variations and locations of abdominal aortic aneurysm. (A) Depending on their shape,
aneurysms can be divided into saccular and fusiform aneurysms. (B) Depending on their particular location,

aneurysmes are classified as infrarenal, juxtarenal, pararenal and suprarenal. Created with BioRender.com.

1.3.1 Structure of the aorta

The aorta is the largest artery in the body, transporting oxygen-rich blood from the left
ventricle of the heart to all organs in the body [74]. Only recently, the aorta was officially
defined as an independent organ [75]. Physiologically, the vascular wall of the aorta is
divided into three distinct layers. The inner layer is the tunica intima, followed by the
tunica media and the abluminal tunica adventitia. Between these layers, thin elastic
lamellae (internal and external) are separating the layers from each other. The tunica
intima consists of a single layer of endothelial cells that functions as barrier to the
bloodstream [76]. The tunica media consists of elastic fibres and circumferentially
oriented vascular smooth muscle cells (VSMC), which are the predominant cells within
this layer. Thereby, VSMCs are the main cell type producing elastin, but also other ECM
proteins such as collagen, glycoproteins and proteoglycans [77-79]. The outer layer, the
tunica adventitia, supports vessel structure and consists of small blood vessels (vasa
vasorum), nerves, fibroblasts and different extracellular matrix proteins including
collagen and elastin [76]. The ECM is crucial for the structural and functional integrity of
the aortic wall [77]. While elastic fibres are important for the recoil properties and
flexibility of the aortic wall, its resistance to tensile loads to manage high blood pressure
is provided by collagen fibres [78]. Thereby, VSMCs are able to react on haemodynamic
changes by remodelling of the vessel wall [78]. Physiological remodelling of aortic wall

is characterised by a balanced degradation of ECM proteins by proteases such as matrix
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metalloproteinases (MMPs) and the synthesis of new ECM proteins. In this context, the
proteolytic activity of MMPs is highly regulated by tissue inhibitors of proteases (TIMPs)
(Figure 7) [77].
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Figure 7. Vessel wall structure of a healthy aorta. The aorta is composed of three layers containing the
tunica intima, tunica media and tunica adventitia. The luminal tunica intima consists of a single layer of
endothelial cells. The predominant cell type of the tunica media are the VSMCs producing elastin and other
ECM proteins. Thus, VSMCs are able to react on haemodynamic changes with ECM remodelling. In healthy
tissue, physiological remodelling is highly regulated by MMPs and their respective TIMPs. The abluminal
tunica adventitia contains mainly fibroblasts and ECM molecules. ECM = extracellular matrix; MMP = matrix
metalloproteinase; TIMP = tissue inhibitor of metalloproteinases; VSMC = vascular smooth muscle cell.

Created with BioRender.com.

1.3.2 Pathophysiological changes of the aorta in AAA disease

In AAA patients, the physiological processes in the aortic wall are disturbed.
Pathophysiologic characteristics of AAA leading to the destruction of the vascular
integrity including the apoptosis of VSMCs, oxidative stress and development of an
intraluminal thrombus (ILT) [80-82]. The major events of the AAA pathology are the
degeneration of the ECM leading to vascular wall remodelling, accompanied by chronic
inflammation. During the remodelling process, apoptosis of VSMCs and degradation of
ECM proteins such as elastin and collagen by proteases result into a thinning and
weakening of the aortic wall. This degradation is a result of an imbalance between MMPs
and their TIMPs activity (Figure 8). Thereby, it was already shown that MMP-1, -3,
and -9 are highly upregulated in large sized aneurysms, whereas MMP-2, primarily
produced by VSMCs, is the main MMP in patients with small sized aneurysms [83-86].
Furthermore, a type Ill collagen turnover was detected in aortic tissue of AAA patients
contributing to vascular wall remodelling [87]. During inflammation, platelets, neutrophils,
macrophages, lymphocytes and plasma cells invade the aortic tissue. These

inflammatory cells are the main source for inflammatory cytokines but can also secrete
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ECM-degrading MMPs and serine proteases [88-90]. Additionally, inflammatory
leukocytes contribute to oxidative stress by producing reactive oxygen species (ROS).
Oxidative stress is characterised by the accumulation of ROS, including free superoxide
radicals O% or hydrogen peroxide H.O,, within the aneurysm wall resulting in tissue
damage and cell apoptosis [81, 91]. All these processes contribute to a disturbed vessel
wall integrity preventing the vascular wall from withstanding haemodynamic forces. As a

result, this can cause aortic rupture if the vessel wall cannot resist blood pressure. [84] .
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Figure 8. Structure of the vessel wall in AAA pathology. In the pathology of AAA the vascular wall
integrity is destroyed by different events including VSMC apoptosis, degeneration of the ECM and infiltration
of inflammatory cells such as macrophages. During the remodelling of the ECM, structural proteins like
collagen and elastin are degraded resulting from an imbalance of matrix metalloproteinases and their TIMPs.
AAA = abdominal aortic aneurysm; ECM = extracellular matrix; MMP = matrix metalloproteinase;
TIMP = tissue inhibitor of metalloproteinases; VSMC = vascular smooth muscle cell. Created with

BioRender.com.
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1.3.3 The intraluminal thrombus

As already mentioned, the formation of an ILT is one of the pathological events in AAA,
occurring in about 75% of all AAA patients [66]. This ILT is a mostly multi-layered
biologically active entity built up by cells such as platelets, erythrocytes and neutrophils
[82, 92, 93]. Thereby, this multi-layer can be observed in 80% of all ILT, reflecting the
periodic growth of the thrombus [94]. These ILTs are composed of three different layers:

the luminal, medial and abluminal layer (Figure 9).
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Figure 9. Structure of a multi-layered ILT. Macroscopic pictures of an ILT with a three-layered structure
including the luminal, medial and abluminal layer. The different layers are shown (A) in the intact thrombus,
(B) as separated single layers and (C) in a cross-section of the prepared thrombus. ILT = intraluminal
thrombus. Images in (A) and (B) were taken by O’ Leary et al. [95].

The blood-facing luminal layer has a dense fibrin network of cross-linked fibres and
contains an enhanced cellular content consisting of platelets, red blood cells and
leukocytes. In the medial layer, the dense fibrin network loses its secondary cross-links,
indicating matrix degradation. Finally, the acellular wall-facing abluminal layer shows
only barely organised fibrin structures (Figure 10) [96]. The aforementioned periodic
growth of the ILT is caused by platelets in the luminal layer. Thereby, platelets located
within the luminal layer release platelet activation marker, contributing to platelet
recruitment as well as aggregation and thus developing of the thrombus [97].
Furthermore, all three layers are transversed by a continuous network of interconnected
canaliculi containing an infiltrate including neutrophils, lymphocytes, macrophages and
platelets. This enables macromolecules to penetrate from the lumen through the
thrombus into the aortic wall contributing to aneurysm enlargement [94]. Another way
the thrombus supports aneurysm formation and development is the conversion of fibrin-
bound plasminogen to plasmin at the abluminal ILT layer. Since plasmin leads to MMP
activation, this process promotes aneurysm enlargement by the degradation of ECM
proteins [97]. In addition, the permanent contact of the luminal layer with the bloodstream

allows not only platelets but also neutrophils, to be recruited into the thrombus tissue.
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These cells are able to produce MMPs and elastase, also promoting the development of
an aneurysm [97]. Nevertheless, it is known that the ILT, in addition to all these
aneurysm-promoting characteristics, reduces the mechanical stress on the aortic wall
and thus protects against rupture of the aneurysm. [98]. However, the underlying
mechanisms of ILT formation are poorly understood. Therefore, it is still not clear whether

the thrombus has a more protective or damaging function.
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Figure 10. Molecular composition of an ILT. The distinct layers of the ILT consist of different cells and
molecules. As the luminal layer is in constant contact with circulating blood, it contains a dense fibrin network
that includes platelets, red blood cells and neutrophils. The dense fibrin network is degraded in the medial
layer of the thrombus due to the loss of cross-links between the fibrin fibres. Finally, the acellular abluminal
layer contains poorly organised fibrin fibres. ILT = intraluminal thrombus; MMP = matrix metalloproteinase;

TIMP = tissue inhibitor of metalloproteinases. Created with BioRender.com.

1.3.4 Experimental animal models of AAA

Experimental AAA models are important for a better understanding of the underlying
pathophysiological mechanisms of AAA development, to identify new potential

therapeutic targets. The first animal model for AAA was described in the early 1950s
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[99]. In this rats were fed with sweet peas containing B-aminopropionitrile (BAPN), an
active agent. This BAPN inhibits the lysyl oxidase (LOX), which prevents the cross-
linking of collagen and elastin, leading to the formation of an aneurysm and spontaneous
rupture of the aorta [100, 101]. In addition to such chemical-induced AAA models,
surgical models have been developed and performed to induce the aneurysm formation.
Currently there are four common mouse models for the induction of AAA: the porcine
pancreatic elastase (PPE) model, the external porcine pancreatic elastase application
(ePPE) model, the angiotensin Il (Ang Il) infusion model and the calcium chloride (CaCl,)
model [102]. The classic PPE model was first described in rats by Anidjar et al. in 1990
and later adapted to mice by Pyo et al. in 2000. In this model, the aorta is infused with
porcine pancreatic elastase under a certain pressure of 120 mm Hg, which leads to the
development of an aneurysm in this area. The aneurysmal dilatation is accompanied by
the degradation of elastin fibres and the infiltration of inflammatory cells into the aortic
wall [103, 104]. For the ePPE model, puncturing the aorta is not necessary as a topical
elastase application is conducted. This model was introduced in 2012 by Bhamidipati
et al. and is usually combined with the oral administration of BAPN. The additional
treatment with BAPN prevents the cross-linking of elastin and collagen fibres, which
weakens the stability of the matrix and promotes aneurysm formation [105, 106]. A major
advantage compared to the PPE model is that the endothelial layer of the aorta is not
mechanically destroyed by an infusion catheter, enabling a better comparability with the
human pathology [107]. Furthermore, the formation of an ILT, which is characteristic for
the human AAA pathology, can be observed [106, 108]. In 2000, Daugherty et al.
implanted osmotic minipumps with Ang Il into mice to identify a way to increase blood
pressure in atherosclerotic mice. Unexpectedly, they found systemic infiltration of Ang Il
led to the development of abdominal aortic aneurysms in ApoE” mice with this
atherosclerotic background [109]. The Ang Il mouse model is also often combined with
the administration of BAPN via the drinking water or infusion in wild-type (WT) mice
[110, 111]. The last most common model mentioned above is the CaCl, model. In 2001,
Chiou et al. first described a reproducible CaCl, model. Therefore, a cotton sheet pre-
soaked with CaCl, is placed on the aorta to induce aneurysm formation with elastin

degradation, inflammation and calcification [112].

1.3.5 Role of platelets in the pathology of AAA

Platelets have been shown to play a crucial role in CVDs such as atherosclerosis,
thrombosis and AAA [113]. Clinical studies have demonstrated that AAA patients have
a significantly higher MPV and a significantly lower platelet count compared to healthy

controls. The reduced platelet count is associated with coagulation disorders and may
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be the result of increased platelet activation in the aneurysm, leading to an enhanced
platelet turnover. The increased platelet activation can be detected in AAA patients by
an increased level of soluble P-selectin, which serves as marker for platelet activity [114].
As part of therapeutic treatment, patients diagnosed with CVD are given low-dose aspirin
(ASA) or clopidogrel as secondary prophylaxis to reduce platelet activation and
aggregation and thereby prevent ischemic events [115-118]. Thus, by using anti-platelet
therapies, the mortality rate of AAA patients could be significantly reduced [119].
Depending on size of the aneurysm (4.0 — 4.9 cm), it has been shown that the
administration of ASA can reduce the rate of aneurysm expansion as well [120]. All these
conditions support the evidence of platelets being important in human AAA pathology.
However, the role of platelets has not only been shown to be important in AAA patients.
In the experimental PPE mouse model it was demonstrated that platelets contribute to
aneurysm formation as well. Through the interaction of platelets with macrophages, the
production of the inflammatory protein osteopontin and various cytokines is increased.
Thus, they are contributing to inflammation and remodelling of the matrix, but also to
platelet adhesion and migration into the aortic wall. Consequently, it has been shown
that a general depletion of platelets reduces inflammation and remodelling of the ECM
[89]. Furthermore, the partial inhibition of platelet activation and aggregation by the
administration of platelet receptor antagonists showed a reduction in the development of
AAA in various experimental animal models. For example, administration of the P2Y»
receptor inhibitor AZD6140 in the rat xenograft model or clopidogrel in the Ang Il mouse
model was able to reduce aortic diameter and rupture of the aneurysm [121, 122].
However, depletion or inhibition of platelets can lead to bleeding disorders, so treatment
of AAA with such drugs may cause other complications [123]. Therefore, it is important
to further investigate the role of platelets in AAA and the underlying molecular
mechanisms in order to find a possible basis for the development of future drug-based

therapies against AAA.

1.4 Aim of the study

AAA is a severe CVD. The high mortality rate in AAA results from the mostly
asymptomatic course of the disease, leading to an increased risk of rupture. It was
already shown that platelet counts and other platelet-specific parameters such as
elevated activation are altered in AAA patients. In addition, it was confirmed in various
experimental animal models of AAA that platelets play a crucial role in the formation and
progression of AAA. However, the underlying mechanism are still unclear and further

investigations are necessary for a better understanding of the AAA pathology.
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1.4.1 Characterisation of platelets after PPE surgery

In the first part of this thesis, different platelet-specific parameters were characterised in
the experimental PPE mouse model. For this purpose, wild-type mice (C57BI/6J mice)
were analysed at days 3, 10 and 28 after elastase infusion and compared to
sham-operated control mice. Using ultrasound measurements, aneurysm formation was
observed, and blood cell counts were analysed. Various platelet-specific parameters
were analysed via flow cytometry, including platelet activation upon stimulation with
different agonists and changes in glycoproteins on platelet surface. In this context, ELISA
were performed to investigate plasma concentration of possibly shed platelet receptors,
namely GPVI and GPIb. In addition, formation of circulating platelet-leukocyte
aggregates and platelet PS exposure were determined. Further, the deposition of the
inflammatory and remodelling-related protein osteopontin within the aortic wall and

plasma was analysed.

1.4.2 The role of platelet-derived reelin in AAA formation

After general characterisation of platelet-specific changes in the PPE model, the next
goal was to investigate the role of platelet-derived reelin in AAA pathology. The protein
reelin has been shown to promote CVDs by binding to various platelet receptors thereby
increasing platelet activation. Furthermore, reelin can be released upon platelet
activation, resulting in an amplification loop. Using RIn"": PF4-cre and RIn": PF4-cre*
mice in the experimental PPE mouse model, the influence of platelet-derived reelin on
the development and progression of AAA was analysed at days 7 and 28 after surgery.
In this context, aortic diameter was determined, different platelet-specific parameters
were measured using flow cytometry (see chapter 1.4.1) and blood cell counts were
analysed. Additionally, the influence of reelin deficiency in platelets was analysed by
histological and immunofluorescence stainings of the aortic wall to investigate the effects
on inflammation and remodelling of the aorta. Thereby, the aortic wall thickness, elastin
degradation and VSMC apoptosis, but also the content of platelets and macrophages in

the aortic wall were determined.

1.4.3 Establishment of the external porcine pancreatic elastase application

(ePPE) model as a novel experimental AAA mouse model

To investigate the pathological mechanisms associated with AAA, several experimental
AAA mouse models have been developed within the last years. Thereby, our group could
clearly show that the PPE model reflects almost all relevant features of human AAA

pathology. Nevertheless, the PPE model does not lead to ILT formation. Therefore,
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Lu et al. described in 2017 the ePPE model as an efficient and powerful method to study
ILT formation in AAA pathology. Busch et al. claimed that thrombus formation occurs
even 28 days after ePPE surgery [106]. For the establishment of this mouse model,
wild-type mice (C57BI/6J mice) were used and investigated for AAA formation within
28 days after surgery. The mice treated with elastase were compared to a control group
of sham-operated mice. In this context, different concentrations of BAPN were tested to
achieve sufficient aneurysm formation with a minimum diameter dilatation of 150%. AAA
formation was analysed by determination of the aortic diameter, the incidence and the

survival rate of AAA formation.

1.4.4 Characterisation of aortic aneurysm formation and progression in

ePPE-operated mice

After the establishment of the ePPE model, platelet-specific parameters such as
activation and aggregation were characterised. For this purpose, wild-type mice
(C57BI/6J mice) were used. The elastase treated mice were compared with
sham-operated control mice 28 days after ePPE surgery. To characterise the platelets,
various parameters were analysed using flow cytometry as in the PPE model (see
chapter 1.4.1). In addition, histological and various immunofluorescence stainings were
performed to investigate the effects on inflammation and remodelling of the aorta as well
as thrombus formation. Moreover, plasma concentration of possibly shed platelet

receptors, sGPVI and glycocalicin, were examined.

The overall aim of this study was to characterise platelets in the PPE model, to increase
the understanding of the role of platelets and in specific platelet-derived reelin on AAA
formation and to further establish another experimental mouse model (ePPE) important
to analyse thrombus formation in AAA mice. Both, the role of reelin and the establishment
of the ePPE mouse model are important to find new therapeutic approaches in future to
treat AAA patients.
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2 Material

2.1 Experimental animals

Mice used for the animal experiments were either purchased from external animal
breeders or were generated and bred in the animal facility “Zentrale Einrichtung fur
Tierforschung und wissenschaftliche Tierschutzaufgaben” (ZETT) of the Heinrich-
Heine-University of Duesseldorf. According to the guidelines of Federation of
European Laboratory Animal Science Association (FELASA) all mice were
maintained under standard laboratory specific-pathogen free conditions (SPF). They
were housed in groups in Makrolon cages type Il for genetically modified organisms
(GMOs) and followed a standardised 12-hour day-night rhythm in a temperature- and
humidity-controlled room. The mice were fed with a standard laboratory diet and water
ad libitum. Pathogen-free C57BL/6J mice were purchased from Janvier Labs.
Rin"*-mice were obtained from Prof. Hans Bock (Clinic for Gastroenterology,
Hepatology and Infectiology, UKD), originally from Prof. Joachim Herz (Dept. of
Molecular Genetics, UTSW) and crossed to PF4-cre mice, which were purchased
from the Jackson Laboratory (C57BL/6-Tg [PF4-cre] Q3Rsko/J). These newly
generated RIn"": PF4-creand RIn™: PF4-cre” mice were used for the experiments in
this thesis. The RIn": PF4-cre mice were raised in inbreeding strains in the animal
facility of the Heinrich-Heine-University of Duesseldorf (ZETT). For all experiments in
this study, male mice between the age of 10 — 12 weeks were used. All animal
experiments were performed in accordance with the Declaration of Helsinki and the
guidelines of Directive 2010/63/EU of the European Parliament on the protection of
animals. The protocols were authorised by the Animal Welfare Commission of the
Heinrich-Heine-University and the North Rhine-Westphalia State Office for Nature,
Environment and Consumer Protection (LANUV, NRW; Permit Numbers
81-02.04.2021.A429; 81-02-04.2018.A409; 81-02.05.40.21.041; 0O86/12).

Table 2. Experimental mouse strains.
Summary of experimental mouse strains used in this study together with corresponding experimental
approaches. ePPE = external porcine pancreatic elastase application; PPE = porcine pancreatic

elastase; RIn = reelin.

Mouse strains Term Experimental model
C57BL/6J C57BL/6J PPE, ePPE
RIn™; PF4-cre RIn™; PF4-cre- PPE

RIn™; PF4-cre*
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Agnes Bosbach has attended a laboratory animal science course in accordance with
the FELASA guidelines (category B). According to § 16 Abs. 1 Satz 5 TierSchVersV,
Mrs. Agnes Bosbach has an exceptional authorisation. This allows her to perform the
surgical animal experiments described in the above-mentioned permission for the
external porcine pancreatic elastase application (ePPE) mouse model (permit number
81-02.04.2021.A429). The other surgical animal model (permit number 81-02-
04.2018.A409) was conducted by surgeons of the Clinic of Vascular and
Endovascular Surgery and the S1-project of the Transregio (TRR)259.

2.2 Standard devices and equipment

Table 3. Standard devices.

Device

Model

Company

Automatic microtome

Bench scales

Blot module

Centrifuges

Chemiluminescence

imager

Electrophoresis cell

Filter paper

Flow cytometer

Haematology analyser

Microm HM355

AE166
Quintix® 1102

EMB 100-3
XCell [I™

5804 R
5424 R

S8030-5000

Vilber Fusion-FX6

XCell SureLock™

FACSCalibur™

FACSSymphony™ A1

KX-21N

XP-300

Thermo Fisher Scientific

Mettler
Sartorius

Kern & Sohn
Invitrogen™

Eppendorf
Eppendorf

Starlab

Vilber Lourmat

Invitrogen™
Whatman

BD Biosciences

BD Biosciences

Sysmex

Sysmex
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Incubators

Magnetic stirrer

Micropipettes

Microscope camera

Microscope lighting

equipment

Microscopes

Microtiter plate reader

Microwave

Multipipette

Paraffin dispenser

Paraffin bath

pH-Meter

Pipettor

Power supply

Roll mixer

Thermo shaker

BE 300

UM 500

RET basic

Research® plus

ErgoOne®

Axiocam 503 color

HXP 120C

Axio Observer.D1

Axioskop 20

GloMax® Multi+

NN-E201W

Multipette® plus

peqPETTE 200M

47311

43900

MH8517

pH526

ErgoOne®Fast

PowerPac™ Universal

RMS

TS-100C incl. SC-24NC

Memmert

Memmert
IKA Labortechnik

Eppendorf

Starlab
Zeiss

Zeiss

Zeiss

Zeiss
Promega
Panasonic

Eppendorf

PEQLAB

Medax

Medax
Electrothermal
WTW

Starlab
Bio-Rad

CAT

BioSan
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Table 4. Standard equipment.

Equipment

Company

Coverslides

Cryogenic vials
FACS-tubes
Glass capillaries
Needles

Nitrocellulose membrane

Safe-lock tubes (0.2; 0.5; 1.5; 2 mL)
Slides

Pipette tips (10-20; 200; 1000 L)
Syringes (1; 5; 10; 20 mL)

Tissue cassettes

Transfer pipettes (1; 5; 10; 25 mL)

Conical tube (15; 50 mL)

24x60 mm; Engelbrecht
24x70 mm; O. Kindler

18x18 mm; A. Hartenstein

2 mL, 10018-754; VWR®

5 mL, 75x12 mm, PS; Sarstedt
Minicaps®, Na-heparin; Hirschmann
27G x %, 21G x 1 V%; Sterican®; Braun

Amersham™ Protran® Premium

0.2 um; Cytivia Life Sciences™
Sarstedt

76x26 mm; Marienfeld Superior™
TipOne®

Injekt®; Braun

M490-2; Simport™ Scientific

CXN3.1; Roth
Stripette™; Corning® Costar®

Polypropylen conical tube; Falcon®
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2.3 Special devices and equipment for surgical procedures
and mouse experiments

Table 5. Surgical devices for surgical procedures and mouse experiments.

Device Model Company
Controller for Axio Zoom EMS3 Zeiss
Face mask For mouse UNO
Flowmeter Type CM2 UNO
Hot bead sterilizer Type 250 Fine Science Tools
Infrared lamp IL 35 Beurer
Isoflurane induction box For mouse UNO
Stereomicroscope for surgery Discovery.V20 Zeiss
Stereomicroscope for harvesting  MSZ5000-IL-TL Kriss
Stereomicroscope lights LED High Power Brunel
Spotlight
Razor Isis GT420 Aesculap
Temperature controller Piccolo P116 PID Eurotherm
Ultrasound imaging system Vevo 3100° VisualSonics
Ultrasound transducer MX550D VisualSonics
Vaporizer Sigma Delta Isoflurane Penlon
Vaporizer

Table 6. Surgical equipment for surgical procedures and mouse experiments.

Equipment Model Company

Blunt retractors #18200-11 Fine Science Tools
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Catheter tube

Coated vicryl suture 8-0

Cotton swab

Csatroviejo micro needle holders

Disinfection spray

Dumont #5 forceps
Dumont #5/45 forceps
Extra narrow scissor
Eye lotion

Fixing tape

Hair removal cream
Infusion system

Needle for puncturing
Nylon black suture 10-0
Precision wipes
Pressure bag

Prolene suture 7-0

Ring forcep

Sealing foil

Standard pattern forcep

Vascular clamp

#MRE-010

#427401

#V548G

#71010

#12060-01

Kodan® tincture

forte colourless

#11251-20

#11251-35

#14088-10

#1527

#4186109

#4656300, 30G x %"

#03171

#7551

#MX4805

#8701H

#11103-09

#PM-996

#11000-12

#00396-01, B-1V

Braintree Scientific

BD Biosciences
Ethicon

MaiMed®

Fine Science Tools

Schilke & Mayr
GmbH

Fine Science Tools
Fine Science Tools
Fine Science Tools
Bepanthen®
Transpore™, 3M™
Veet

Braun

Sterican®; Braun
S&T

Kimtech™ Science
ICU Medical
Ethicon

Fine Science Tools
Parafim®

Fine Science Tools

Fine Science Tools
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2.4 Chemicals and buffers
Table 7. Chemicals.

Chemicals

Company

Adenosine diphosphate (ADP)
Agarose

Apyrase

B-aminopropionitrile (BAPN)
Bovine serum albumin (BSA)

Buprenorphine — “Buprenovet Multidose”

Calcium chloride (CaCly)
Citric acid (CegHsO7)

Collagen-related peptide (CRP)

DL-Dithiothreitol (DTT)
Eosin G-solution
Ethanol 100% (EtOH)

Ethylenediaminetetraacetate (EDTA)
solution (0.5 M)

Fluoromount™ aqueous mounting medium
Glucose

Goat serum

Heparin-sodium-25000

HEPES

A2754; Sigma-Aldrich
A9539; Sigma-Aldrich
A7646; Sigma-Aldrich
A3134; Sigma-Aldrich
A7906; Sigma-Aldrich

PZN - 18760711; VetViva Richter
GmbH

C5080; Sigma-Aldrich
6490; Sigma-Aldrich

XL1; University of Cambridge, UK

CRP-A; Pplus Products, UK
D0632; Sigma-Aldrich
3139; Carl ROTH GmbH
100983; Merck Millipore

03690; Sigma-Aldrich

F4680; Sigma-Aldrich
HNO06; Carl ROTH GmbH
ZIE.SE.0100; Bio & Sell
2047217; B Braun

H4034; Sigma-Aldrich
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Hydrochloric acid 25%

IGEPAL® CA-630

Isoflurane

Ketaset

Magnesium chloride (MgCl.)

Mayer’s hemalum solution

Microvette® 500 EDTA K3E

Midori green

Milk powder

NuPAGE™ 7% Tris-acetate gel

NuPAGE™ LDS sample buffer

NuPAGE™ transferbuffer (20x)

PAR4 peptide

Paraffin

Phosphate buffered saline (PBS)

Potassium chloride (KCI)

Precision Plus Protein™ dual colour

standards
Prostaglandin I (PGl.)
Proteinase-inhibitor

Protein block

1.00316; Sigma-Aldrich

18896; Sigma-Aldrich

PZN - 09714675; Piramal Critical Care
PZN — 12467832; Zoetis

KK36; Carl ROTH GmbH
1.09249; Sigma-Aldrich
20.1341.100; Sarstedt

MGO04; NIPPON Genetics JAPAN
T145; Carl ROTH GmbH
EA03555B0OX; Invitrogen™
NPO0O0O7; Invitrogen™

NPO0O0O0G6; Invitrogen™

3494; Tocris Bioscience

P3558; Sigma-Aldrich

D8537; Sigma-Aldrich

9023717; Merck Millipore

1610374; Bio-Rad

538925; Merck Millipore
04693124001; Roche

X0909; DAKO
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Recombinant reelin

Roti®Histofix (Paraformaldehyde 4%)
Roti®Histokitt

Roti®Histol

Sodium acid (NaNs)

Sodium chloride (NaCl; 0.9%; fluid)

Sodium chloride (NaCl; powder)

Sodium dihydrogen phosphate (NaH2PO,)

Sodium hydrogen carbonate (NaHCO3)

Sodium orthovanadate (Naz;VOj)

Sodium phosphate, dibasic (NazHPO4)

Tri-sodium citrate dehydrate (Tri-Na-Citrat)

Triton™ X-100

Trizma® hydrochlorid (Tris-HCI)
Tween® 20

Type | porcine pancreatic elastase
U46619 (U46)

Ultrasound gel

Western HRP substrate

Xylazine 20 mg/mL

AG Korth; Institute for
Neuropathology, University Hospital

Duesseldorf

P087; Carl ROTH GmbH
6638; Carl ROTH GmbH
6640; Carl ROTH GmbH
S2002; Sigma-Aldrich

PZN — 00412205; Fresenius

PZN — 00809061; Fresenius
S3014; Sigma-Aldrich
6345; Merck Millipore
6885; Carl ROTH GmbH
S6508; Sigma-Aldrich
4984; Carl ROTH GmbH
3580; Carl ROTH GmbH
T8787; Sigma-Aldrich
T5941; Sigma-Aldrich
822184; Merck Millipore
E1250; Sigma-Aldrich
1932; Tocris Bioscience
GELLO® GmbH
WBKLS0500; Millipore

PZN — 14022086; Serumwerk
Bernburg AG
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Table 8. Buffers and solutions.

Buffer/Solution Components
ADP solution (20 mM) 0.1 g ADP

11.7 mL PBS pH 7.4
Binding buffer 10 mM HEPES

140 mM NaCl

2.5 mM CaCl; pH 7.4
CacCl; solution (100 mM) 1.47 g CaCl;

100 mL dH20O

Citrate buffer

Heparin solution (20 U/mL)

Hydrochloric acid-alcohol solution

Western HRP substrate solution

IP-buffer

(stock solution 5x)

Murine lysis buffer

41 mL 0.1 M Tri-Na-Citrat
9 mL 0.1 M citric acid

450 mL dH20 pH 6.0

40 uL Heparin-Sodium-25000

10 mL PBS

10 mL Hydrochloric acid 25%

990 mL EtOH 70%

50% Luminol

50% Peroxide solution

15 mM Tris-HCI
155 mM NaCl

1 mM EDTA
0,005% NaN3

1L dHO

5 x IP-Puffer (2 mL)
5% IGEPAL
5 mM NazVO4

1x Proteinase-inhibitor
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Murine Tyrode’s buffer

PBS-T

Tris buffered saline (TBS) buffer

(stock solution 5x)

TBS-T

2.5 Antibodies

Table 9. Primary antibodies.

Antibody Isotype

134 mM NaCl

12 mM NaHCOs3
2.9 mM KClI

0.34 mM NazHPO4
20 mM HEPES

10 mM MgCl,

5 mM glucose

0.2 mM CacCl;

1L dH0 pH 7.35

500 mL PBS
500 yL Tween
15,8 g Tris-HCI

45 g NaCl
1L dH0 pH 7.6

100 mL 5x TBS buffer
400 mL dH20

500 yL Tween

Clonality Company

Rabbit anti-mouse (EPR25A);  1gG

Isotype control

Rabbit anti-mouse (3-Actin IgG
(13E5)
Rabbit anti-mouse alpha [e]€}

smooth muscle actin (a-SMA)

monoclonal  ab172730; abcam

monoclonal = 4970; Cell Signaling

polyclonal ab5694; abcam
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Rabbit anti-mouse cleaved IgG polyclonal 9661; Cell Signaling

caspase-3 (Asp175) (Casp3)

Rabbit anti-mouse Osteopontin | 1gG polyclonal ab181440; abcam

(OPN, N-terminal)

Rat anti-mouse CD107b IgG1 monoclonal  550292; BD Pharmingen™

(Mac3)

Rat anti-mouse CD42b 1gG1 monoclonal  M042-0; Emfret Analytics

(GPIba)

Rat anti-mouse IgG; 1gG1 monoclonal  C301; Emfret Analytics

Isotype control

Mouse anti-mouse reelin IgG monoclonal = AG Korth; Institute for
Neuropathology,
University Hospital
Duesseldorf

Table 10. Secondary antibodies.

Antibody Isotype Conjugate Dilution Company

Donkey anti-rabbit IgG IgG Alexa 1:100 A32794; Invitrogen™

(H+L) highly cross- Fluor™ Thermo Fisher

adsorbed secondary Plus 555 Scientific

antibody

Goat anti-rat IgG (H+L) IgG - 1:200 BA-9400; Vector

antibody, biotinylated Laboratories

Donkey anti-rabbit IgG IgG HRP 1:2500 NA934; Cytivia Life

Sciences™
Sheep anti-mouse 1gG IgG HRP 1:2500 NA931; Cytivia Life

Sciences™
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Table 11. Antibodies for flow cytometry.

Antibody Clone Conjugate Company

Rat anti-mouse CD11b M1/70 APC 553312; BD Biosciences
Rat anti-mouse CD14 Sa14-2 APC 123311; BioLegend

Rat anti-mouse CD3 17A2 APC 100235; BioLegend

Rat anti-mouse CD41/61 JON/A PE D200; Emfret Analytics

(active form)

Rat anti-mouse CD42b Xia.G5 PE MO040-2; Emfret Analytics
Rat anti-mouse CD45 30-F11 APC 559864; BD Biosciences
Rat anti-mouse CD49e Tap.A12 FITC MO080-1; Emfret Analytics
Rat anti-mouse CD61 Luc.H11 FITC MO031-1; Emfret Analytics
Rat anti-mouse CD62P Wug.E9 FITC D200; Emfret Analytics
Rat anti-mouse GPVI JAQ1 FITC MO011-1;Emfret Analytics
Rat anti-mouse Ly6G 1A8 APC 127614; BioLegend

2.6 Dyes

Table 12. Dyes.
Dye Dilution Company
4' 6-diamidino-2-phenylindole 1:3000 10236276001; Roche
(DAPI)
Cy™5 Annexin V 1:10 559934; BD Bioscience
eBioscience™ streptavidin 1:20 50-4317-82; Invitrogen™ Thermo
eFluor™ 660 conjugate Fisher Scientific
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2.7 Kits

Table 13. Kits.
Kit Catalog No. Company
AccuStart™ |l PCR Genotyping Kit 733-2236 Quantabio
Mouse Neutrophil Elastase/ELA2 MELA20 R&D
Quantikine ELISA Kit
Mouse Soluble Glycoprotein VI (SGPVI)  MBS109240 MyBioSource
ELISA Kit
Mouse Glycocalicin ELISA Kit MBS042712 MyBioSource
Mouse DuoSet ELISA DY441 R&D
Elastic stain Kit HT25A-1KT Sigma-Aldrich

2.8 Software

Table 14: Software.

Software Company
BioRender Biorender.com
CellQuest BD Biosciences
Endnote X8 Clarivate
FACSDiva™ BD Biosciences

Graph Pad Prism 8.4.3
Microsoft Office 365
VEVO Lab 5.5.0 Software

ZEN 3.5 (blue edition)

GraphPad Software, LLC
Microsoft Corporation
VisualSonics

Zeiss
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3 Methods

3.1 Experimental mouse models of AAA

3.1.1 Preparation, analgesia and anaesthesia

Before surgery, the mice received a subcutaneous injection of buprenorphine diluted
in NaClz (0.1 mg/kg) to avoid pain. After 30 min, the mice were first sedated in an
anaesthesia chamber with isoflurane [2 — 3%] and oxygen [0.75 L/min] until reaching
the surgical tolerance phase. The mice were weighed and placed with their noses into
an isoflurane mask under a stereomicroscope. A heated mat under the cork plate
allowed maintaining body temperature to prevent mice from cooling down during
surgery. The isoflurane nose mask ensured a constant flow of isoflurane [2 — 3%] and
oxygen [0.75 L/min] during the entire surgical procedure. To protect the cornea from
dehydration, the eyes were covered with an eye lotion. Testing the interdigital reflex
ensured complete pain elimination, the mice were placed backwards and then fixed
in position using elastic bands and pins. Then the abdominal area was depilated,
cleaned and sterilised. The entire surgical procedure was performed under a
stereomicroscope in combination with two flexible neck lamps for better exposure of
the surgical area. For pain relief after surgery, the mice received buprenorphine
subcutaneously every four hours for three days during the daylight phase. In addition,
buprenorphine was administered via drinking water [9 ug/ml] to maintain pain relief

also in the dark phase.

3.1.2 Porcine pancreatic elastase (PPE) model

To induce experimental AAA via the porcine pancreatic elastase (PPE) model
(Figure 11), a median laparotomy was performed to expose the blood vessels in the
abdomen including the aorta. For this purpose, the abdominal organs, especially the
colon, needed to be carefully pushed aside and fixed with blunt retractors. The aorta
is not directly visible as it is still covered by tissue. Therefore, the fine tissue above
the aorta had to be removed. After exposure, the abdominal aorta was temporarily
ligated to ensure subsequent puncturing without severe bleeding. For this purpose, a
vascular clamp was used infrarenally. Distally, a piece of the catheter tube was placed
under the aorta. The subsequent pulling up of the catheter provides a better angle for
puncturing of the aorta. Finally, using a catheter inserted into the aorta, fresh sterile
isotonic saline (NaClz, 0.9%) containing porcine pancreatic elastase [2.5 U/mL] was

infused into the aorta at 120 mm Hg for 5 min. In control (sham) mice sterile isotonic
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saline was applied instead of elastase. After time expired, the catheter was removed,
and the aortic hole was closed using a 10-0 nylon black suture without constricting
the aorta. Afterwards, the abdomen was closed. An 8-0 coated vicryl suture was used
to close the peritoneum, while the uppermost layer of skin was sutured with a
7-0 prolene suture. This operation model was conducted by surgeons of the Clinic of

Vascular and Endovascular Surgery and S1-project of the TRR259.

elastase

Figure 11. The PPE model. (A) Important for the surgical procedure is the exposure of the abdominal
aorta. (B) After infrarenal and distal ligation, the aorta is punctured and then porcine pancreatic elastase
is infused via a catheter for 5 min at 120 mmHg. (C) After catheter removal the aortic hole is closed
without constriction. (D) Aneurysm formation after 14 days post surgery. PPE = porcine pancreatic

elastase. Image taken from Lysgaard Poulsen et al., 2016 [124].

3.1.3 External porcine pancreatic elastase application (ePPE) model

To induce experimental AAA using a different mouse model, the external porcine
pancreatic elastase application (ePPE) model was performed (Figure 12). Initially,
this surgery model was developed and verified by Dr. Guanyi Lu at the University of
Michigan [105]. Based on his protocol, the model was established and modified at the
University Hospital of Duesseldorf. Thereby, as in the PPE model (see chapter 3.1.2),
a median laparotomy was performed to expose the blood vessels including the aorta.
After exposition, the aorta was isolated from the vena cava with the utmost care in
order to avoid damaging the tissue and in particular the blood vessels. Once the aorta
had been separated from the vena cava by carefully removing the tissue between the
two sensitive blood vessels, parafilm was placed under the aorta. Therefore, a piece

of fine paper tissue was placed on the vena cava and the parafilm cut to size was
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placed over it. The aorta was then carefully lifted to pull the piece of parafilm under
the aorta to the other side using an angled pair of forceps. Then the parafilm was used
to form a shell for the elastase. In this step, it was important to ensure that the shell
was sufficiently closed to avoid the elastase from leaking and damaging surrounding
tissue. Finally, the shell was filled with 10 pl elastase [25.5 U/mL] for 5 min. For
sham-operated control mice, heat-deactivated elastase was used. Heat-deactivation
was performed for 30 min at 100 °C. After removing the elastase with a cotton swab
a washing step with NaCl, followed. The parafilm shell was carefully opened and
removed before the abdomen was closed. Afterwards, the peritoneum was sutured
with an 8-0 coated vicryl suture, while the skin layer was closed with a 7-0 prolene
suture. In addition to surgical intervention, the mice received B-aminopropionitrile
(BAPN) in their drinking water. BAPN weakens the stability of the matrix and promotes
the formation of aneurysms by preventing the cross-linking of elastin and collagen
fibres. For establishing the ePPE procedure, different BAPN concentrations
[0.1% and 1%] were tested and additionally compared with results obtained without
BAPN administration. Supplementation of BAPN began 3 days prior to surgery and
was maintained throughout the experiment. Thereby, the drinking water with BAPN
had to be changed every 2 — 3 days. The establishment of the surgical procedure and

following surgeries were performed by myself.

Figure 12. The ePPE model. To establish the ePPE model, (A) the blood vessels in the abdomen have
to be exposed. (B) The aorta is often not visible and has to be isolated from the vena cava. (C) After
separating the aorta from the vena cava, parafilm is placed under the aorta, (D) forming a shell. (E) This
shell is filled with 10 pl elastase for 5 min. (F) After removing the elastase, a washing step with NaCl2
follows before the abdomen is closed. ePPE = external porcine pancreatic elastase application.
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3.2 Monitoring and harvesting of animals

3.2.1 Ultrasound measurements

To monitor the formation and progression of abdominal aortic aneurysms, ultrasound
imaging was performed using a Vevo 3100® High-Resolution In Vivo Micro-Imaging
System. Thereby, the maximum aortic diameters were measured at the aneurysm site
before (baseline), on day 3, 7, 14, 21 and 28 after surgery. For this procedure, the
mice were initially anaesthetised with isoflurane [2 — 3%] and oxygen [0.75 L/min] in
an isolated anaesthetic chamber. After initial anaesthesia, the mice were placed back
down on a hot plate at 37 °C with their nose in an isoflurane mask to prevent
movement while ultrasound measurements. For sufficient ultrasound imaging the
abdomen was depilated. Ultrasound gel was applied to the abdomen and the
ultrasound probe was placed vertically on top of the mouse. A standardised imaging
algorithm with longitudinal B-mode images of the systolic phase was used to monitor
the progressive inner aortic diameter dilatation. Once the aneurysm had been located
and imaged, the ultrasound gel was removed, and the mouse was taken out of the
anaesthetic mask. Finally, the mouse was weighed and placed back in the cage to

awake.

3.2.2 Blood and tissue collection

At the end of the experiments, blood was collected from mice. Therefore, the mice
were anaesthetised with isoflurane [2 — 3%] and oxygen [0.75 L/min] in an anaesthetic
chamber. The sufficient depth of anaesthesia was determined based on the toe pain
reflex. Using microcapillaries, the blood was taken retrobulbar by puncturing the
venous complex located behind the eye. Blood samples were collected in 1.5 mL
tubes containing 300 ul of anti-coagulant heparin buffer for flow cytometric analyses
(see chapter 3.4.1) or for preparation of platelet lysates (see chapter 3.4.2). Blood
collection in EDTA tubes was performed to determine the blood cell count (see
chapter 3.4.3) and prepare plasma samples (see chapter 3.6.1). These plasma
samples were stored at - 70 °C until use. To collect and preserve the mouse tissue
for histological analysis, the mice were euthanised by cervical dislocation.
Subsequently, the abdomen and thorax were opened to expose the heart for flushing
the circulatory system. A syringe filled with ice-cold NaCl, was placed in the apex
cordis. Systemic flushing was ensured by incising the right atrium before. Once the
circulating blood has been removed, the thoracic and abdominal aorta were collected

using a stereomicroscope to remove the surrounding tissue. Finally, the aortic tissue
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was stored in 4% PFA at 4 °C overnight as preparation for embedding in paraffin (see
chapter 3.3.1).

3.3 Preparation of murine tissue and blood

3.3.1 Paraffin fixation

For histological and immunofluorescence analysis, the aortic tissue of mice was
embedded in paraffin. Therefore, the tissue was fixed for at least 24h at 4 °C in 4%
PFA after collection. The next day, the aortic tissue was incubated for 1 — 2h in
ascending order in each ethanol solution [70%, 80%, 90%, 96%, 100%] and
transferred to Roti®Histol (Carl Roth) overnight at RT. Finally, the tissue was
equilibrated in liquid paraffin for at least 4h before embedding. For histological and
immunofluorescence staining, 5 uym tissue sections were prepared using a microtome

(see chapter 3.5.1).

3.3.2 Washing of murine whole blood

For flow cytometric analyses, murine whole blood was washed to remove the heparin.
Therefore, the heparinised blood was centrifuged at 650 x g for 5 min. The
supernatant was discarded, and remaining blood was diluted with 500 pl murine
Tyrode’s buffer before a further centrifugation step at 650 x g for 5 min. Again, the
supernatant was discarded, and the blood was diluted with 700 pl murine Tyrode’s
buffer. The blood was divided into fresh tubes: 150 ul for the measurement of
AnnexinV-binding, 250 pl for the measurement of aggregates and the remaining blood
was used for the measurement of platelet activation, degranulation, and glycoprotein
externalisation. After separating the blood, the last centrifugation step was performed
at 650 x g for 5 min. Again, the supernatant was discarded. For the AnnexinV
measurements, the blood was taken within binding buffer and for all other

measurements in Tyrode’s buffer supplemented with 1 mM CaCly

3.4 Cell biological methods

3.4.1 Flow cytometry of murine samples

Flow cytometry is a method that enables the single-cell analysis of cells from a
suspension. For this purpose, the cells are transported into the system under negative
pressure and guided past a laser. This laser differentiates the cells according to their

size (forward scattering, FSC) and granularity (side scattering, SSC). For a more
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detailed analysis of the cells, fluorescence-labelled antibodies can be used, which
bind to specific cell receptors. In this thesis, flow cytometric analysis was performed
with washed whole blood from mice. The specific SSC and FSC profile and the
fluorescence obtained by using platelet-specific antibodies were used to gate the
cells. The experiments with blood from PPE mice were performed using the
FACSCalibur™ flow cytometer, while the experiments with blood from ePPE mice
were performed using the FACSymphony™ flow cytometer. The stimulation of surface
receptors by different agonists was performed in both flow cytometers with agonists
in a ratio of 1:10 in a total reaction volume of 30 pl. In this context, it is important to
mention that the CRP concentration can differ between experiments, depending on
the used FACS device, but also on the manufacturer and the activity of the CRP. Each
new vial was tested and titrated previously to receive mild, moderate and high
stimulation. Thereby the same experimental groups (PPE vs. sham; RIn WT vs.
RIn KO; ePPE vs. sham) were measured with the same CRP on the same device for
comparability. In addition to CRP, ADP, U46 and PAR4 were used as agonists. For
analysis and processing of the flow cytometry data measured with the FACSCalibur™
the CellQuest software was used, while the data obtained with the FACSymphony ™

were analysed with the FACSDiva™ software.

3.4.1.1 Murine platelet activation

Platelet activation and degranulation in murine whole blood was measured by two-
colour analysis. Therefore, fluorescence-labelled antibodies were used to determine
the expression of P-selectin (Wug.E9-FITC) and the active form of integrin cun3s
(JON/A-PE). For the analyses with the FACSCalibur™, these antibodies were mixed
in a ratio of 1:10 in a total reaction volume of 30 pl with the washed and calcium-
enriched mouse blood. When using the FACSymphony™, the antibodies were mixed
with the blood at a ratio of 1:100, as well in a total reaction volume of
30 ul. After 15 min of stimulation at RT including respective agonists, antibody binding

was stopped with 300 ul PBS and measured immediately.

3.4.1.2 Glycoprotein externalisation

Glycoprotein surface expression of GPVI and GPIb on murine platelets was measured
by two-colour analysis. Therefore, fluorescence-linked antibodies against the GPVI
(JAQ1) and GPIb (Xia.G5) receptor were used. The surface expression of the other
glycoproteins was measured separately. Here, antibodies against the integrin as
(Tap.A12) and against the integrin B3 (Luc.H11) receptor were used. The integrin 3

antibody binds the B3z subunit of integrin aisBs. All antibodies against the various
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surface glycoproteins were used in a ratio of 1:10 for the measurements on the
FACSCalibur™. While the dilution of the antibody directed against the integrin as
receptor remained the same for both flow cytometers, all other antibodies were used
on the FACSymphony™ at a final dilution of 1:100 in the total reaction volume of
30 ul. After incubation of the blood samples with the respective antibodies for 15 min

at RT, antibody binding was stopped with 300 yl PBS and measured directly.

3.4.1.3 AnnexinV-binding of platelets

AnnexinV-binding was used to detect PS exposure on platelets. Therefore, washed
murine whole blood was diluted in binding buffer. In both flow cytometers, the
AnnexinV antibody was mixed at a ratio of 1:10 in a total reaction volume of 30 ul with
whole blood. 300 ul binding buffer was used to stop the reaction after incubation for
20 min at RT.

3.4.1.4 Platelet-aggregates with inflammatory cells

To measure aggregates of platelets with other blood cells, different antibody mixtures
were used for two-colour analysis. The GPIb antibody was used for labelling platelets.
Furthermore, a Ly6G (1A8) antibody for labelling neutrophils, a CD45 (30-F11)
antibody for detecting leukocytes, a CD3 (17A2) antibody for identifying CD3 T-cells,
a CD14 (Sa14-2) antibody for labelling monocytes and macrophages and a CD11b
(M1/70) antibody for detecting monocytes, macrophages and granulocytes were
used. For the FACSCalibur™, the antibodies for the platelet-leukocyte and platelet-
neutrophil aggregates were diluted 1:12 (GPIb) and 1:30 (Ly6G and CD45) in a total
reaction volume of 30 ul. The final dilution for the platelet antibody was 1:10 and for
all other antibodies 1:100 for the FACSymphonie™. Antibody binding was stopped

after incubation for 15 min at RT with 300 pyl PBS and measured immediately.

3.4.2 Murine platelet preparation

For the preparation of murine platelets, blood collection was performed as described
above (see chapter 3.2.2). In a first centrifugation step, the heparinised blood was
centrifuged for 5 min at 250 x g. After transferring the supernatant and interphase to
a new reaction tube, a further centrifugation step was performed at 50 x g for 5 min.
The whole blood pellet was discarded. After centrifugation, the platelet-rich plasma
(PRP) was transferred to a new reaction tube, while the remaining pellet was
resuspended in 200 pyL of murine Tyrode's buffer. Apyrase [0.02 U/mL] and PGI;

[0.5 uM] were added in this and all following steps to prevent pre-activation of
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platelets. The suspension was centrifuged again at 50 x g for 5 min. The resulting
PRP was transferred to the previously collected PRP and centrifuged again at
650 x g for 5 min. Next, the occurring platelet pellet was washed once with 1 ml of
Tyrode's buffer supplemented with PGIl; and apyrase. After discarding the
supernatant, the pellet is finally resuspended in 200 pL Tyrode's buffer supplemented
with calcium [0.2 mM] to provide proper platelet activation. At the end, the platelet

count was determined as described in chapter 3.4.3.

3.4.3 Blood cell count analysis

Blood cell counts were determined using an automated haematology analyser
(Sysmex KX-21N, Sysmex XP-300). For this purpose, blood from PPE mice was
collected in heparin, while blood from ePPE mice was collected in EDTA tubes. In this
analysis, platelet count, mean platelet volume (MPV), white blood cell (WBC) count
and red blood cell (RBC) count were determined. The measurement of platelet count
after preparation of mouse platelets was conducted at a dilution of 1:10 in PBS and
was necessary to adjust the count for the preparation of platelet releasates (see
chapter 3.4.4).

3.4.4 Murine platelet releasates

For the preparation of platelet releasates, prior isolation of murine platelets (see
chapter 3.4.2) with following determination of the platelet count (see chapter 3.4.3) is
required. A total of 80 x 10° platelets/sample were transferred into fresh tubes to
analyse the reelin content in platelets. Next, the isolated platelet suspension was
centrifuged at 650 x g for 5 min with the addition of apyrase [0.02 U/mL] and PGI.
[0.5 uM]. The resulting platelet pellet was resuspended in 11 pl murine lysis buffer
[1 x] and lysis was performed for 10 min at 4 °C. After vortexing, the samples were
centrifuged at 10,000 x g at 4 °C for 5 min. The supernatant was transferred to a new
tube, mixed with 3 yl NUPAGE® LDS Sample Buffer and 1 pL dithiothreitol (DTT) and

stored at - 70 °C until use.

3.5 Histological and immunofluorescence analysis

3.5.1 Preparation of aortic tissue slides for staining

Following embedding of aortas in paraffin blocks, 5 ym sections were made using a
microtome. The sliced 5 ym sections were placed in a pre-heated water bath [37 °C]

to smoothen the paraffin including the tissue. The sections were taken with a
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microscope slide and heat-fixed overnight at 37 °C on the slide. For staining, the
tissue sections were deparaffinised by a descending ethanol series after incubation
for 10 min in Roti®Histol. Afterwards, the slides were incubated for 2 min in each
ethanol concentration [100%, 96%, 70%].

3.5.2 Hematoxylin and eosin staining of murine aortic tissue

The histological haematoxylin and eosin (H/E) staining is a common technique for
differentiating tissue components. Haematoxylin stains ribosomes and nucleic acids
blue, while proteins such as collagen and elastin are stained pink by eosin.
After deparaffinisation, the tissue was incubated for 10 min in a pure hematoxylin
(Mayer’s hemalum) solution. The slides were washed briefly in tap water. To remove
unspecific background and excess haematoxylin staining from tissue, a differentiation
step was performed with a hydrochloric acid-alcohol solution for 30 — 60 sec until only
the nuclei remained stained. The slides were then washed again briefly with tap water.
To achieve a colour change, bluing was performed under running tap water for
10 min. Finally, the aortic tissue was incubated in eosin solution for 20 sec to stain
the surrounding tissue. To finish, the tissue was dehydrated with an ascending ethanol
series [70%, 96%, 100%] before incubation in Roti®Histol for further 10 min followed
by covering using Roti®Histokit and coverslides. The H/E staining was used to

determine aortic wall thickness.

3.56.3 EvG-staining

The Elastica-van-Gieson staining is a trichrome staining method and enables the
differentiation between connective tissue and elastic fibres. The Elastica staining
solution stains elastin fibres and cell nuclei, while the van Gieson solution
differentiates between cytoplasm (yellow) and connective tissue (red). After
deparaffinisation of the tissue, the slides were incubated in the Elastica staining
solution for 30 min. After a washing step in distilled water for 1 min, the tissue was
incubated in a ferric-lllI-chloride solution for 4 — 5 min to remove unspecific background
and excess staining from the tissue. As in H/E staining, a 10 min bluing was performed
under running tap water to achieve a colour change. To remove the iodine, the slides
were briefly washed in 96% EtOH solution and then in distilled water. This was
followed by staining with van Gieson solution for 5 min, before dehydration with 96%
EtOH for 1 min and briefly with 100% EtOH. Finally, the tissue was incubated in
Roti®Histol for 10 min before being mounted using Roti®Histokit and coverslips.

Elastin degradation was assessed using the following classification (Figure 13).
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Grade 1 Grade 2

Elastin degradation grade

Grade 3

Figure 13. Elastin degradation grade. Exemplary images for the evaluation of elastin degradation
grades using EvG staining. Grade 1 = intact elastin fibres without visible breaks. Grade 2 = up to 50% of
the elastic fibres are markedly degraded. Grade 3 = elastic fibres partially visible but degraded in more
than 50% of the tunica media. Grade 4 = ruptured vessel wall without intact elastic fibres.

Scale bar: 50 pm. Image for grade 4 was taken and adapted from Ho et al. [125].

3.5.4 Immunofluorescence staining

Immunofluorescence stainings can be used to detect the presence and distribution of
specific antigens and proteins by labelling with antibodies. This technique was used
to visualise platelets (anti-GPlb), macrophages (anti-Mac3), VSMCs (anti-a-SMA)
and apoptotic vascular cells including VSMCs (anti-caspase3). Before starting, the
aortic tissue was deparaffinised by a descending ethanol series (see chapter 3.5.1).
The slides were then transferred to citrate buffer and boiled in the microwave for
10 min at 360 W in order to unmask the antigens on the tissue from surrounding
paraffin. After cooling in citrate buffer for 30 min, the tissue was washed in PBS for
5 min. All subsequent washing steps were performed three times for 5 min with PBS.

To prevent dehydration the slides were transferred into a humid chamber. To block
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non-specific binding sites in casp3 and a-SMA staining, a blocking solution (5% goat
serum in PBS) with 0.3% Triton for simultaneous permeabilisation of the cell
membranes was incubated on the tissue for 1 h at RT. For staining of platelets and
macrophages, a specific protein blocking solution (DAKO) was used instead. The
respective primary antibodies were diluted (anti-caspase3, anti-a-SMA and, anti-GPIb
1:50; anti-Mac3 1:10) in PBS with 1% goat serum to bind to the target cells/molecules
in the tissue. Respective rat IgG and rabbit IgG antibodies were used as IgG controls.
The tissue was incubated overnight at 4 °C with the primary antibodies. The next day,
the unbound antibodies were washed off with PBS. For staining of the VSMCs
(a-SMA) and apoptotic VSMCs (casp3), a donkey anti-rabbit 555 secondary antibody
was used. After 1 h of incubation, all unbound antibodies were again washed away
with PBS. DAPI [1.67 ug/mL] was used to stain the cell nuclei and incubated on the
tissue for 5 min. After a final washing step with PBS, the tissue was covered with
coverslips and mounting medium. For platelet and macrophage staining, a
streptavidin-biotin complex was used to amplify the signal of the target antigen. The
tetrameric streptavidin is able to bind four biotinylated molecules, which enables
enhanced signal detection. For this purpose, a biotin-labelled secondary antibody rat
anti-mouse was used and incubated for 1 h at RT. Washing with PBS was followed
by 30 min incubation with a 660 fluorophore-labelled streptavidin. After washing, the
nuclei staining and covering of the tissue was performed as described above.
Visualisation of stained tissue was conducted using a Zeiss Observer.D1
miscroscope and the ZEN software (blue edition, version 3.3). This ZEN software was
also used for the analysis. For quantification of a-SMA, casp3, GPIb and Mac3
content, the mean fluorescence intensity (MFI) was determined. Thereby, the MFI of

each section was normalised to the total area of the aortic tissue.

3.6 Protein biochemical methods

3.6.1 ELISA

In this study, plasma samples were used for the ELISA analyses. Therefore, collected
blood in EDTA tubes was centrifuged at 2,500 x g for 5 min at RT. Afterwards, the
plasma was transferred to fresh tubes and stored at - 70 °C until use. For the detection
of the quantitative concentration of distinct proteins in mouse plasma, respective
ELISA kits were used. The concentration of soluble (s)GPVI and glycocalicin were
determined using the Mouse Soluble Glycoprotein VI (sGPVI) and the Mouse
Glycocalicin ELISA kits from MyBioSource. The Mouse Neutrophil Elastase/ELA2

Quantikine ELISA kit from R&D Systems was used to detect the amount of neutrophil
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elastase and the Mouse Osteopontin DuoSet ELISA kit from R&D Systems to detect
the plasma concentration of osteopontin (OPN). All ELISA were performed according
to the manufacturer's protocol and are based on the principle of the ‘sandwich ELISA
technique’. In this technique, a monoclonal primary antibody is pre-fixed on a 96-well
microtiter plate. After adding the sample to the plate, this primary antibody binds
specifically to the target antigen of the protein contained in the sample. The following
polyclonal secondary antibody also binds specifically to the antigen in the sample and
is conjugated with a horseradish peroxidase (HRP). This HRP enzyme converts the
substrate solution added in the following step. Thereby, an enzymatic colour reaction
can be observed in which a blue product is formed. When the stop solution is added
to stop the enzymatic reaction, a colour change from blue to yellow occurs. The colour
reaction is proportional to the amount of specific antigen in the sample. Finally, the
colour intensity was measured photometrically at 450 nm, with a wavelength
correction at 540 nm if necessary, using the GloMax microplate reader. Depending

on the manufacturer and type of kit, some steps may be performed together.

3.6.2 Gel electrophoresis and wet Western blot transfer

The method of electrophoresis with subsequent Western blot analysis can be used to
analyse proteins. In electrophoresis, proteins are separated in an electric field based
on their molecular weight and charge. For the separation of proteins in platelet lysates
for the analysis of the protein reelin, the NuPage® electrophoresis system with an
XCell SureLock™ electrophoresis cell was used. Recombinant Reelin [5 nM] and
platelet lysates (see chapter 3.4.4) from RIn WT, RIn KO, C57BL/6J (WT) and reeler
mice were applied to a ready-to-use NuPage® 7% tris-acetate gel. Thereby, 11 pl of
the recombinant reelin were also mixed with 3 yl NUPAGE® LDS sample buffer and
1 ul dithiothreitol (DTT). The Precision Plus Protein™ Dual Colour Standards was
used as marker to determine the size of the reelin protein. Electrophoresis was
performed for about 1.5 h at 40 mA. After electrophoresis, the gel was transferred to
a wet-tank transfer system to transfer the size-separated proteins to a suitable
membrane. The wet-tank transfer system used for this thesis was the XCell II™ Blot
Module in the already before used XCell SureLock™ System. Before stacking the
different layers, the nitrocellulose membrane and the blotting pads were soaked in
1 x transfer buffer. The Whatman filter paper was soaked briefly just before use. The
blotting system was assembled according to the following scheme, starting from the
cathode: two blotting pads, Whatman filter paper, the tris-acetate gel, activated
nitrocellulose membrane, Whatman filter paper, two blotting pads. Afterwards, the

blotting chamber was assembled by placing the anode core on the cathode core
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including layering and placed into the XCell SureLock™ System. In order to ensure
this construction was firmly attached, a gel tension wedge was additionally installed
and tightened. Finally, the XCell II™ Blot Module is filled with 1 x transfer buffer until
the layering including the gel is completely covered. The XCell SureLock™ system is
filled with around 650 ml dH20. Blotting was carried out overnight for about 16 h at
30 mA and 4 °C. After protein transfer, the membrane was blocked with 5% skimmed
milk powder in PBS-T for 1 h at RT. The membrane was then washed three times for
5 min with PBS-T and incubated overnight at 4 °C with the primary antibody. The
primary mouse anti-mouse reelin antibody was provided by the AG Korth and was
diluted 1:500 in PBS-T with milk powder [5%]. The next day, the membrane was
washed three times with TBS-T and incubated with an HRP-conjugated secondary
anti-mouse IgG antibody in 5% skimmed milk powder in TBS-T for 1 h at RT. Finally,
the membrane was washed again three times with TBS-T and incubated for 1 — 2 min
with Immobilon™ Western Chemiluminescent HRP substrate solution (BioRad) to
visualise the protein bands. The resulting chemiluminescence signal was detected
using a Vilber Fusion-FX6-EDGE V.070 imaging system. As a control, the membrane
was then incubated overnight with a rabbit anti-mouse B-actin antibody at 4 °C after
the membrane had been washed three times with TBS-T. The next day, the same
procedure as the day before was performed with the respective secondary anti-rabbit

antibody to visualise the B-actin protein bands.

3.7 Statistical analysis

The number of analysed individuals is indicated as n. As inbred mouse strains were
used and the number of independent biological replicates for in vivo experiments was
low, the statistical analysis was performed based on the normality assumption. In all
graphs, the mean value (MW) is shown with the standard error of the mean (+ SEM).
The statistical analysis for systemic differences in two or more matrices within
separate groups was calculated using Graph Pad Prism 8 software (version 8.4.3). In
this thesis, two-way ANOVA, followed by the recommended post-hoc test, unpaired
student's t-test and unpaired multiple t-test were considered as appropriate and used
as described in the respective figure legends. In addition, survival rates were analysed
using a log-rank model (Mantel-Cox) and the incidence of AAA in mice using a
Fisher's exact test. The non-parametric Spearman correlation was used to determine
the correlation between two parameters. All significant differences were labelled with
an asterisk in the graphs and categorised as follows: p < 0.05 = *, p < 0.01 = **,
p <0.001 = **=,
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4 Results

4.1 Platelet activation and pro-coagulant activity play a
central role for the progression of experimental AAA

The classic porcine pancreatic elastase (PPE) mouse model is used to study
experimental AAA development and progression. Thereby, the aorta of male wild-type
mice (C57BI/6J) is infused with elastase to induce AAA formation. The resulting
degeneration of elastin fibres in the aortic wall induces aneurysmal dilatation,
accompanied by inflammation and remodelling of the aortic wall. In this study, the
PPE model was used to investigate the impact of platelets on the formation and
progression of experimental AAA. Therefore, platelet activation, platelet surface
expression of glycoproteins and phosphatidylserine (PS) as well as platelet-aggregate
formation with inflammatory cells were analysed in PPE- and sham-operated mice.
Furthermore, also blood cell counts and the deposition of the inflammatory and
stiffness-related cytokine osteopontin (OPN) into the murine aneurysmal wall were
investigated. Overall, these analyses were performed 3, 10 and 28 days after PPE

surgery.

4.1.1 Aortic diameter in PPE-operated mice was significantly increased,

while platelet count was not altered

In order to verify the efficiency of the recently established PPE mouse model, basic
analyses of aortic diameter progression and AAA incidence were performed over a
time period of 28 days (Figure 14 A). The AAA incidence describes the rate of mice
developing an aneurysm. Therefore, in our analyses the threshold was set at 150%
of the initial aortic diameter, because an AAA in humans is defined as an enlargement
of the aorta by at least 150%. In this context, a significant increased incidence of
aneurysm formation was detected in PPE-operated compared to sham-operated mice
(sham: 0%; PPE: 66.7%; p = 0.0053) (Figure 14 B). Ultrasound measurements of the
inner aortic diameter during a time course of 28 days after PPE surgery, revealed a
mild aortic dilatation (~110%) in sham-operated mice within the first seven days. After
this initial growth, the aortic diameter reached a plateau with no further increase. In
contrast, the aortic diameter in PPE-operated mice showed persistent growth,
reaching the threshold of 150% on day 14. Beginning at day 14, the PPE-operated
mice indicated a significantly increased aortic diameter compared to sham-operated
mice (p < 0.001) (Figure 14 C and D). On day 28 after surgery, the aorta reached an
average inner diameter of 175% + 6.5% (Figure 14 D and E).

Page | 48



Results

A sham B
vs. PPE
7 100+
: = s
Radi % 807 66,7 %
- flow cytometric platelet analysis 2 —
! ! | post PPE 3 *
bas?llne do d|3 d|10 d|28 surgery g 404
r A 1
4 1 3 20
| 0%
pre- | 0-

Surgery ppg

sham PPE

O
m

aneurysm diameter
normalised to baseline [%]

2007 gham Rk *kk

- PPE

NN
g o O
T 9

175+

-

- -
N 3]
U (=]
1 1

—

(=

<

-
(=4
o

aneurysm diameter d28
normalised to baseline [%)]

I T T 1
baselined3 d7 d14 d21 d28 sham PPE

Figure 14. Aortic diameter in PPE-operated mice was significantly increased compared to sham-
operated mice. (A) Scheme of experimental procedure: C57BL/6J mice underwent elastase treatment
upon PPE surgery. As controls, sham-operated mice were treated with sterile NaClz. The mice were
sacrificed at the indicated time points on day 3, 10 and 28. (B) AAA incidence of sham- and PPE-operated
mice (n = 10 — 15) with an average aortic diameter of > 150% in PPE-operated mice at day 28 after
surgery. (C) Representative ultrasound images of aneurysm formation 28 days after surgery in sham-
and PPE-operated mice. (D and E) Ultrasound measurements were performed before surgery (baseline)
and on day 3, 7, 14, 21 and 28 after surgery (n = 7 — 14). Data were normalised to baseline. All data are
represented as mean values + SEM. Statistical significance was determined by (B) Fisher's exact test,
(D) two-way ANOVA with a Sidak's multiple comparisons post-hoc test and (E) an unpaired student’'s
t-test. **p < 0.01, ***p < 0.001. AAA = abdominal aortic aneurysm; PPE = porcine pancreatic elastase
(infusion). Data published in Wagenhauser et al., 2024 [89].

After verifying the efficiency of the PPE surgery, blood cell counts were measured,

and a following detailed analysis of platelets was performed. Therefore, blood cell
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counts were determined including platelet count (Figure 15 A), mean platelet volume
(MPV) (Figure 15 B) and white blood cell (WBC) count (Figure 15 C) on day 3, 10
and 28 after elastase treatment. No differences were found with the exception that
increased numbers of WBCs were detected on day 3 in the PPE-operated mice
(sham =5.51 £ 0.61 in 10%/uL; PPE = 7.34 £ 0.59 in 10%/uL; p = 0.044).
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Figure 15. White blood cell (WBC) counts were increased 3 days after PPE surgery. (A) Platelet
counts, (B) MPV and (C) the number of WBCs were measured on day 3, 10 and 28 post surgery in whole
blood samples of sham- and PPE-operated mice using a haematology analyser (n = 8 — 16). Data are
represented as mean values + SEM. Statistical significance was determined by an unpaired multiple
t-test. *p < 0.05. MPV = mean platelet volume; PPE = porcine pancreatic elastase (infusion);
WBC = white blood cell. Data partially published in Wagenhauser et al., 2024 [89].

For the analysis of basal platelet function, the expression of surface receptors was
examined. In this context, detection of integrin as (Figure 16 A) and integrin 33
expression on the platelet surface on day 3 (Figure 16 B), 10 (Figure 16 C), and 28

(Figure 16 D) showed no differences between sham- and PPE-operated mice under
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resting conditions. Only under mild stimulation with CRP [0.1 ug/mL] PPE-operated
mice displayed a significant decrease in integrin B3 externalisation on day 3 after
surgery (sham: 114.88 + 3.33 MFI; PPE: 100.08 + 3.89 MFI; p = 0.017)
(Figure 16 B).
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Figure 16. Integrin B3 externalisation on the platelet surface in PPE-operated mice was altered
upon mild CRP stimulation 3 days after surgery. Surface exposure of (A) integrin as and (B — D)
integrin B3 on the platelet surface under resting conditions and upon stimulation with indicated agonists
(n =8 — 12) were measured in whole blood samples of sham- and PPE-operated mice at day 3, 10 and
28 after surgery. Data were obtained by flow cytometric analyses and were represented as mean + SEM.
Statistical significance was determined by an unpaired multiple t-tests. *p < 0.05. CRP = collagen-related
peptide; MFI = mean fluorescence intensity; PAR4 = protease-activated receptor 4 activating peptide;

PPE = porcine pancreatic elastase (infusion). Data published in Wagenhauser et al., 2024 [89].

In addition, the expression of the two glycoproteins (GP) GPIb and GPVI, which are
crucial for haemostasis, was measured. Thereby, no differences in GPVI surface
exposure but an enhanced GPIb exposition on the platelet surface in whole blood
samples of PPE-operated mice were observed 3 days post surgery
(sham: 61.4 + 3.91 MFI; PPE: 72.68 + 3.39 MFI; p = 0.039) (Figure 17 A and C). In
addition, the plasma concentration of soluble (s)GPVI and GPIb was determined.
Thereby, no difference in the sGPVI concentration was detected between sham- and

ePPE-operated mice on day 28 after surgery (Figure 17 B). In contrast, glycocalicin,
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the soluble form of GPIb, was found to be increased in PPE-operated mice
(sham: 0.8918 + 0.09 pg/mL; PPE: 1.340 + 0.14 pg/mL; p = 0.027) on day 28 after
surgery (Figure 17 D).
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Figure 17. Soluble GPIb, glycocalicin, showed elevated plasma level. (A) GPVI and (C) GPIb
exposure on platelet surface were determined on day 3, 10 and 28 after PPE surgery in PPE- and sham-
operated mice using whole blood samples in flow cytometry (n = 8 — 14). Plasma levels of (B) sGPVI
(n=8-12) and (D) glycocalicin (n = 5 — 6) were measured via ELISA 28 days after PPE surgery. Data
are represented as mean + SEM. Statistical significance was determined by (A and C) unpaired multiple
t-tests and (B and D) unpaired student’s t-test. *p < 0.05. GP = glycoprotein; MFI = mean fluorescence

intensity; PPE = porcine pancreatic elastase (infusion); sGPVI = soluble GPVI.

4.1.2 Platelet activation and pro-coagulant activity were enhanced in

late stages of aneurysm formation

Another important aspect of analysing platelets is the investigation of platelet
activation and degranulation. Thereby, decreased platelet degranulation
(P-selectin-FITC) after stimulation of the PAR4 receptor 3 days after surgery was
observed in PPE-operated mice (PAR4 [70 uM]: p = 0.015). The integrin auinPs
activation (JON/A-PE) was reduced as well (PAR4 [70 pM]: p = 0.0008;
PAR4 [100 uM]: p = 0.0072) (Figure 18 A). On day 10 after surgery no differences
were detected (Figure 18 B). In contrast, on day 28 after surgery platelet
degranulation (P-selectin-FITC) and integrin auBs activation (JON/A-PE) upon

stimulation of the GPVI receptor were increased in PPE-operated mice
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(P-selectin: CRP [0.1 pg/mL]: p = 0.028; CRP [5 pg/mL]: p = 0.0059; JON/A:
CRP [0.1 pg/mL]: p = 0.042) (Figure 18 C).
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Figure 18. Platelet activation was increased in late stages of aneurysm progression. Platelet
degranulation (P-selectin-FITC) and integrin aiibf3 activation (JON/A-PE) were measured in whole blood
of sham- and PPE-operated mice (A) 3, (B) 10 and (C) 28 days after surgery via flow cytometry. Platelets
were stimulated with indicated agonists (n = 8 — 14). Data are represented as mean + SEM. Statistical
significance was determined by unpaired multiple t-tests. *p < 0.05, **p < 0.01, ***p < 0.001.
ADP = adenosine diphosphate; CRP = collagen-related peptide; MFI = mean fluorescence intensity;
PAR4 = protease-activated receptor 4 activating peptide; PPE = porcine pancreatic elastase (infusion).
Data published in Wagenhauser et al., 2024 [89].
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Measurements of phosphatidylserine (PS) exposure on the platelet surface through
AnnexinV binding is used for the analysis of platelet pro-coagulant activity. Since PS
exposure promotes the assembly of essential coagulation factor complexes required
for the conversion of pro-thrombin into thrombin [126], the pro-coagulant activity is
crucial for thrombus formation. In this context, an increased AnnexinV-binding to
platelets was observed in whole blood of PPE-operated mice on day 28 after surgery
(sham: 100 * 16.8%; PPE: 177.02 + 23.98%; p = 0.039) (Figure 19 C). On day 3 and
10 after surgery, no changes in AnnexinV-binding were detected (Figure 19 A and
B). In addition, a weak but significant correlation between PS exposure on the platelet
surface and the aneurysm diameter was found using Spearman’s correlation, based
on data measured on day 3 and 28 after surgery (R = 0.3229; p = 0.045)
(Figure 19 D).
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Figure 19. Pro-coagulant activity of platelets correlated with aortic diameter progression.
AnnexinV-binding of platelets in whole blood samples of sham- and PPE-operated mice was measured
on days (A) 3, (B) 10 and (C) 28 after surgery using flow cytometry (n = 8 — 16). Data are represented
as percent of control. (D) A Spearman’s correlation between AnnexinV-binding to platelets and aneurysm
diameter was performed using data from day 3 and 28 after PPE surgery (n = 8 — 16). Statistical
significance was determined by (A — C) unpaired student’s t-test. *p < 0.05. PPE = porcine pancreatic
elastase (infusion). Data published in Wagenhauser et al., 2024 [89].
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4.1.3 Inflammation was enhanced in early stages of aneurysm formation

Furthermore, platelet-aggregate formation with circulating inflammatory cells were
analysed. Thereby, increased formation of platelet (CD42b*)- neutrophil (Ly6G™)-
aggregates could be detected at day 3 after PPE surgery in whole blood of PPE-
operated mice compared to sham-operated control mice (sham: 39.84 + 3.36%;
PPE: 55.9 + 1.47%; p = 0.002) (Figure 20 B). Analysis of platelet (CD42b*)-leukocyte
(CD45%)-conjugates revealed no alteration between PPE- and sham-operated mice
(Figure 20 A).
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Figure 20. Formation of platelet-neutrophil aggregates was enhanced in early stages of aneurysm
growth. (A) Platelet-leukocyte and (B) platelet-neutrophil aggregate formation were determined before
(baseline), and on day 3, 10 and 28 after surgery using whole blood samples of sham- and PPE-operated
mice (n = 4 — 6). Data are represented as percent of double-positive events for CD42b (platelet maker,
GPIba) and CD45 (leukocyte marker) or Ly6G (neutrophil marker). Statistical significance was
determined by two-way ANOVA with Sidak’s multiple comparison test. ***p < 0.001. PPE = porcine
pancreatic elastase (infusion). Data published in Wagenhauser et al., 2024 [89].

In following experiments, the inflammatory and matricellular protein osteopontin
(OPN) was analysed. Therefore, immunofluorescence staining and an ELISA were
performed on day 28 after PPE surgery to detect OPN in aortic wall tissue and in the
plasma of mice. Compared to aortic tissue of control mice, PPE-operated mice
showed a strongly enhanced amount of OPN in the aortic wall
(naive: 209.1 + 41.72 MFI; PPE: 646.8 + 137.4 MFI; p = 0.0062) (Figure 21 A and B,
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Appendix Figure 54). In contrast, the plasma concentration of OPN revealed no
differences between sham- and PPE-operated mice 28 days after surgery as detected
by ELISA (Figure 21 C).
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Figure 21. The inflammatory protein OPN was increased in aortic tissue of PPE-operated mice in
late stages of aneurysm formation. (A) Representative immunofluorescent images and
(B) quantification of OPN in aortic wall tissue from naive and PPE-operated mice 28 days after surgery.
The aortic tissue was specifically stained for OPN (anti-OPN, orange), nuclei were stained with DAPI
(blue) (n = 3). (C) Plasma concentrations of OPN in sham- and PPE-operated mice (n = 5) on day 28
after surgery, as detected by ELISA. Data are represented as mean + SEM. Statistical significance was
determined by unpaired student’s t-tests. **p < 0.01. Scale bar: 100 pm. DIC = differential interference
contrast; DAPI = 4'6-diamidino-2-phenylindole; MFI = mean fluorescence intensity;
OPN = osteopontin; PPE = porcine pancreatic elastase (infusion). Data partially published in
Wagenhauser et al., 2024 [89].

The previous conducted experiments revealed enhanced platelet activation, pro-
coagulant activity and inflammation in mice that underwent PPE surgery. These
processes are known to promote AAA formation. In addition, the soluble form of one
of the most important platelet receptors, GPIb (glycocalicin), which is crucial for VWF
binding upon vessel injury, showed increased plasma concentrations in mice after
treatment with PPE.
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4.2 Effect of platelet-specific loss of reelin on aneurysm
formation

The extracellular matrix protein reelin, which was originally found to be produced by
Cajal-Retzius cells in the brain during early brain development, also occurs in cells of
adult organisms such as neurons, blood and liver cells. [33, 39]. Previous publications
have shown that reelin is also present in blood in platelets, where it is stored in a-
granules [59]. It is also known that reelin promotes CVDs such as atherosclerosis or
arterial thrombosis by the modulation of platelet signalling pathways [53, 60, 61].
Therefore, the role of platelet-derived reelin on AAA formation should be investigated
in this work by using mice with platelet-specific genetic reelin deletion. For this
purpose, newly generated and genetically modified RIn WT (RIn"": PF4-cre’) and RIn
KO (RIn": PF4-cre*) mice were used for the experiments. These RIn WT and Rin KO
mice underwent PPE surgery and were analysed for blood cell counts, platelet
activation, surface expression of glycoproteins, aggregate formation and PS exposure
7 and 28 days after surgery. In addition, histological H/E and EvG stainings were
performed to investigate the impact of reelin on aortic wall remodelling on day 28 post
surgery. Moreover, alpha-smooth muscle actin (a-SMA) and caspase 3 (casp3) within
the aneurysm segment were stained using specific immunofluorescence staining to
analyse the content of vascular smooth muscle cells (VSCM) and cell apoptosis in the

aortic wall 28 days post surgery.
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4.2.1 Platelet- and aortic-specific characteristics were not affected by

the genotype of the Rin KO mice

As the mouse strain was newly generated in our laboratory, initial measurements were
performed with naive mice to obtain basic data on specific platelet and aortic
parameters. Using ultrasound measurements, the aortic diameter of naive RIn WT
and RIn KO was determined and no differences were observed (Figure 22 A).
Similarly, when measuring blood cell counts including platelet count, MPV and WBC,

no differences were detected between RIn WT and RIn KO mice (Figure 22 B).
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Figure 22. Aortic diameter and blood cell counts in naive RIn KO mice were not altered compared
to WT controls. (A) Representative ultrasound images of the aortic diameter of naive RIn WT (RIn";
PF4-cre’) and RIn KO (RIn™; PF4-cre*) mice (n = 12). (B) Blood cell counts including platelet count, MPV
and the number of WBCs were determined with a haematology analyser using whole blood samples
from RIn WT and RIn KO mice (n = 9 — 12). Data are represented as mean values + SEM. Statistical
significance was determined by unpaired student’s t-tests. KO = knockout; MPV = mean platelet volume;
RIn = reelin; WBC = white blood cell; WT = wild-type.
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A more detailed analysis of platelets, in which platelet degranulation (P-selectin-FITC)
(Figure 23 A) and integrin a3 activation (JON/A-PE) (Figure 23 B) were measured,
revealed no differences in the activation profile of reelin-deficient platelets under

resting conditions, as well as after stimulation with different agonists.
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Figure 23. Platelet activation and degranulation was unaltered in naive RIn KO mice. (A) Platelet
degranulation (P-selectin-FITC) and (B) integrin ausBs activation (JON/A-PE) were measured in whole
blood samples of RIn WT (RIn"; PF4-cre’) and RIin KO (RIn™; PF4-cre*) mice using flow cytometry.
Platelets were stimulated with indicated agonists (n = 5 — 7). Data are represented as mean values
+ SEM. Statistical significance was determined by unpaired multiple t-tests. ADP = adenosine
diphosphate; CRP = collagen-related peptide; KO = knockout; MFI = mean fluorescence intensity;
PAR4 = protease-activated receptor 4 activating peptide; RIn = reelin; U46619 (U46) = thromboxane A2
analogue; WT = wild-type.
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Furthermore, the glycoprotein surface expressions showed no differences between
naive RIn WT and RIn KO mice (Figure 24 A). Also in aggregate formation of platelets
with inflammatory cells such as leukocytes and neutrophils (Figure 24 B) and
pro-coagulant activity of platelets (Figure 24 C) no differences between naive RIn WT
and RIn KO mice could be detected.
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Figure 24. Glycoprotein expression, aggregate formation of platelets and leukocytes, and pro-
coagulant activity in naive RIn KO were not altered. (A) Surface exposure of integrin as, integrin {33,
GPVI and GPIb on platelets (n = 7 — 12), (B) platelet-leukocyte and platelet-neutrophil aggregate
formation (n = 8 — 14) and (C) AnnexinV-binding to platelets (n = 8 — 14) were measured in whole blood
of RIn WT (RIn"; PF4-cre’) and RIn KO (RIn"; PF4-cre*) mice using flow cytometry. For aggregate
formation (B), double-positive events for CD42b (platelet maker, GPIba) and CD45 (leukocyte marker)
or Ly6G (neutrophil marker) were detected. Data are represented as mean values + SEM. Statistical
significance was determined by unpaired multiple t-tests. CRP = Collagen-related peptide;
GP = glycoprotein; MFI = mean fluorescence intensity; PAR4 = Protease-activated receptor 4 activating

peptide; RIn = reelin.
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To identify the impact of platelet-derived reelin on the aortic wall structure, aortic-
specific parameters were analysed. Thereby, the intima/media thickness
(Figure 25 A) as well as the degree of elastin degradation within the aortic media

(Figure 25 B) were investigated showing no alterations between both groups.
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Figure 25. Aortic wall structure in naive RIn KO mice was unaltered compared to Rin WT mice.
Representative images of histological (A) H/E staining (n = 6 — 7) including the evaluation of the
intima/media thickness and (B) EvG staining (n = 5) with evaluated elastin degradation grade of aortic
tissue of RIn WT (RIn"; PF4-cre’) and RIn KO (RIn""; PF4-cre*) mice. Data are represented as mean
values * SEM. Statistical significance was determined by an unpaired student's t-test.

Scale bar: 100 ym. EvG = Elastica-van-Gieson; H/E = Haematoxylin-eosin; KO = knockout; RIn = reelin;

WT = wild-type.

These results in naive mice indicate that differences in platelet- and aortic-specific
parameters in RIn WT and RIn KO mice that might be detected after PPE surgery are

not caused by their genetic modification.
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4.2.2 Platelet-derived reelin did not alter experimental induced AAA

formation during a time course of 28 days

To investigate the effect of reelin on aneurysm formation after PPE surgery, RIn WT
and RIn KO mice were analysed 28 days after elastase treatment (Figure 26 A).
Measurements of aortic diameter showed no differences at day 28 after surgery
(Figure 26 B and C). In addition, the incidence of aneurysm formation (> 150%) was
unaltered in both groups (RIn WT: 76.9%; RIn KO: 58.3%; p = 0.41) (Figure 26 D).
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Figure 26. Platelet-specific reelin deficiency did not alter experimental induced aortic diameter
progression. (A) Scheme of experimental procedure: Rin WT (RIn""; PF4-cre’) and Rin KO
(RIn™": PF4-cre*) mice were analysed for 28 days after PPE surgery. (B) Representative ultrasound
images and evaluation of aortic diameter of RIn WT and RIn KO (n = 12 — 13) mice 28 days after PPE
surgery. (C) To investigate aneurysm diameter, ultrasound measurements were performed before
surgery (baseline) and on day 3, 7, 14, 21 and 28 after surgery (n = 10 — 14). (D) AAA incidence of
sham- and PPE-operated mice (n = 12 — 13) show percentage of mice with an aortic diameter of > 150%

28 days after surgery. Data are represented as mean values + SEM. Statistical significance was
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determined by (B) an unpaired student’s t-test, (C) two-way ANOVA with a Sidak's multiple comparisons
post-hoc test and (D) a Fisher's exact test. AAA = abdominal aortic aneurysm; KO = knockout;

PPE = porcine pancreatic elastase (infusion); RIn = reelin; WT = wild-type.

The determination of blood cell counts including platelets, their MPV and WBCs
(Figure 27 A - C) revealed no differences between RIn WT and RIn KO mice 28 days
after PPE surgery.
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Figure 27. Platelet-specific reelin deficiency showed no effects on blood cell counts 28 days after
PPE surgery. Blood cell counts including (A) platelet count, (B) MPV and (C) number of WBCs were
determined with a haematology analyser using whole blood samples of RIn WT (RIn"; PF4-cre’) and
RIn KO (RIn"; PF4-cre*) mice (n = 13 — 17). Data are represented as mean values + SEM. Statistical
significance was determined by unpaired student’s t-tests. KO = knockout; MPV = mean platelet volume;
RIn = reelin; WBC = white blood cell; WT = wild-type.
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For a detailed analysis, platelets were examined by flow cytometric analyses.
Thereby, platelet degranulation (P-selectin-FITC) (Figure 28 A) and integrin aus33
activation (JON/A-PE) (Figure 28 B) showed no differences in RIn WT and Rin KO
mice 28 days after PPE surgery.
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Figure 28. Platelet-specific reelin deficiency had no effect on platelet degranulation and activation
at day 28 post PPE surgery. (A) Platelet degranulation (P-selectin-FITC) and (B) integrin aunf33
activation (JON/A-PE) were measured in whole blood samples of Rin WT (RIn"#; PF4-cre”) and RIn KO
(RIn™. PF4-cre*) mice using flow cytometry. Platelets were stimulated with indicated agonists
(n =11 -17). Data are represented as mean values + SEM. Statistical significance was determined by
unpaired multiple t-tests. ADP = adenosine diphosphate; CRP = collagen-related peptide;
KO = knockout; MFI = mean fluorescence intensity; PAR4 = protease-activated receptor 4 activating

peptide; RIn = reelin; U46619 (U46) = thromboxane Az analogue; WT = wild-type.
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In addition, platelet glycoprotein exposure (Figure 29 A), the formation of aggregates
of platelets with inflammatory cells such as leukocytes and neutrophils (Figure 29 B)
and the pro-coagulant activity of platelets (Figure 29 C) showed no differences

between RIn WT and RIn KO mice at day 28 day after PPE surgery.
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Figure 29. Platelet-specific reelin deficiency exerted no effect on glycoprotein exposure,
aggregate formation and pro-coagulant activity 28 days after PPE surgery. (A) Surface exposure
of integrin as, integrin B3, GPVI and GPIb on platelets (n = 13 — 17), (B) platelet-leukocyte as well as
platelet-neutrophil aggregate formation (n = 11 — 17) and (C) AnnexinV-binding to platelets (n =11 —17)
were analysed in whole blood samples of RIn WT (RIn"; PF4-cre’) and RIn KO (RIn™; PF4-cre*) mice.
(B) For the detection of aggregate formation, double-positive events for CD42b (platelet maker, GPIba)
and CD45 (leukocyte marker) or Ly6G (neutrophil marker) were measured. Data are represented as
mean values * SEM. Statistical significance was determined by unpaired multiple t-tests.
CRP = collagen-related peptide; GP = glycoprotein; KO = knockout; MFI = mean fluorescence intensity;

PAR4 = protease-activated receptor 4 activating peptide; RIn = reelin; WT = wild-type.
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Apart from analysing the aortic diameter and different platelet-specific parameters,
the aortic structure and remodelling of the extracellular matrix (ECM) were studied in
RIn WT and RIn KO mice 28 days after PPE surgery. Therefore, H/E staining was
performed (Figure 30 A) to determine the intima/media thickness, which is not
different between both groups (Figure 30 B). There is also no correlation between
aneurysm size and aortic wall thickness 28 days after elastase treatment
(r=0.09; p=0.70) (Figure 30 C).
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Figure 30. Platelet-specific reelin deficiency revealed no effect on aortic wall thickness at day 28
after PPE surgery. (A) Representative images of histological H/E stainings, (B) evaluation of the
intima/media thickness (n =8 — 11) and (C) Spearman’s correlation between intima/media thickness and
the aneurysm diameter (n = 8 — 11) at day 28 post PPE surgery of RIn WT (RIn"; PF4-cre’) and RIn KO
(RIn™. PF4-cre*) mice. Data are represented as mean values + SEM. Statistical significance was
determined by an unpaired student’'s t-test. Scale bar: 100 uym. H/E = haematoxylin-eosin;
KO = knockout; RIn = reelin; WT = wild-type.
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The evaluation of the EvG staining (Figure 31 A) showed no differences in elastin
degradation between RIn WT and RIn KO mice 28 days after PPE surgery
(Figure 31 B). There is only a weak correlation between the aneurysm size and the
degree of elastin degradation that does not reach statistical significance
(r=0.22; p = 0.30) (Figure 31 C).
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Figure 31. Platelet-specific reelin deficiency showed no effects on elastin degradation 28 days
post PPE surgery. (A) Representative images of histological EvG staining and (B) evaluation of elastin
degradation (n = 9 — 15). (C) Spearman’s correlation between elastin degradation grade and the
aneurysm diameter (n = 9 — 15) at day 28 post PPE surgery of Rin WT (RIn"f; PF4-cre’) and RIn KO
(RIn™. PF4-cre*) mice. Elastin degradation grade was categorised as described in chapter 3.5.3. Data
are represented as mean values + SEM. Statistical significance was determined by an unpaired student’s
t-test. Scale bar: 100 ym. EvG = Elastica-van-Gieson; KO = knockout; RIn = reelin; WT = wild-type.
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To further analyse the progressive remodelling of the abdominal aortic wall, specific
immunofluorescence staining of vascular smooth muscle cells (VSMC) was
conducted, as apoptosis of VSMCs is described to be a characteristic feature of AAA.
Therefore, immunofluorescence staining of a-SMA (Figure 32 A, Appendix Figure 55)
was performed. Quantification of the a-SMA content within the aortic tissue of
PPE-operated RIn WT and RIn KO mice revealed no alterations between both groups
at day 28 post surgery (Figure 32 B). However, there is a weak correlation between
aneurysm size and a-SMA content in the aortic wall without statistical significance
(r=0.38; p =0.08) (Figure 32 C).
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Figure 32. Platelet-specific reelin deficiency exhibited no effects on the aortic a-SMA content at
day 28 post PPE surgery. (A) Representative images of immunofluorescence a-SMA staining with
(B) quantification of the a-SMA content in the aortic wall of RIn WT (RIn""; PF4-cre’) and Rin KO
(RIn™": PF4-cre*) mice (n = 10 — 13), specifically stained for a-SMA (anti-a-SMA, orange) and nuclei
(DAPI, blue). Elastin fibres are shown by autofluorescence (green). (C) Spearman’s correlation between
a-SMA content and the aneurysm diameter (n = 10 — 13) at day 28 post PPE surgery of RIn WT and Rin
KO mice. Data are represented as mean values + SEM. Statistical significance was determined by an
unpaired student’'s t-test. Scale bar: 100 pum. o-SMA = alpha smooth muscle cell actin;
DAPI = 4'6-diamidino-2-phenylindole; KO = knockout; MFI = mean fluorescence intensity;
RIn = reelin; WT = wild-type.
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In addition to the a-SMA content as a marker for VSMC abundance, caspase3 (casp3)
can be used as an indicator for apoptosis of cells including VSMCs. Therefore,
immunofluorescence staining for caspase3 was performed (Figure 33 A, Appendix
Figure 55) indicating no differences between Rin WT and RIn KO mice with regard to
caspased positive cells within the aortic tissue (Figure 33 B). Nevertheless, a weak
correlation was found between the aneurysm diameter and the caspase3 content
(r=0.26; p = 0.46) (Figure 33 C).
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Figure 33. Platelet-specific reelin deficiency revealed no effects on the aortic caspase3 content
28 days post PPE surgery. (A) Representative images of immunofluorescence caspase3 staining with
(B) quantification of caspase3 in the aortic wall (n = 5). Images were specifically stained for caspase 3
(anti-casp3, orange) and nuclei (DAPI, blue). Elastin fibres are shown by autofluorescence (green).
(C) Spearman’s correlation between the caspase3 content and the aneurysm diameter (n = 5) at day 28
post PPE surgery of RIn WT (RIn™; PF4-cre’) and RIn KO (RIn""; PF4-cre*) mice. Data are represented
as mean values + SEM. Statistical significance was determined by an unpaired student’s t-test.
Scale bar: 100 uym. Casp3 = caspase 3; DAPI = 4'.6-diamidino-2-phenylindole; KO = knockout;
MFI = mean fluorescence intensity; RIn = reelin; WT = wild-type.

In conclusion, the results of RIn WT and RIn KO mice 28 days after PPE surgery
indicated that platelet-specific reelin has no impact on aneurysm formation. Neither
platelet-specific parameters nor ECM remodelling, including elastin degradation and

VSMC apoptosis, were affected.
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4.2.3 Platelet-specific reelin reduced aortic diameter progression in

early stages of aneurysm formation

Although reelin showed no apparent effects on ECM remodelling and therefore on
aneurysm formation after 28 days, RIn WT and RIn KO mice were also examined
7 days after PPE surgery to further investigate the impact of reelin on AAA related
inflammation (Figure 34 A). Measurements of the aortic diameter revealed a
significant decrease in RIn KO mice on day 7 after PPE surgery (RIn WT: 140.1
1 20.16%; RIn KO: 112.9 + 4.74%; p = 0.0062) (Figure 34 B — D).
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Figure 34. Platelet-specific reelin deficiency showed reduced aneurysm formation 7 days after
PPE surgery. (A) Scheme of the experimental procedure: Rin WT (RIn"; PF4-cre’) and Rin KO
(RIn"": PF4-cre*) mice were analysed at day 7 after PPE surgery. (B) Representative ultrasound images
of the aortic diameter of RIn WT and RIn KO mice 7 days after PPE surgery. (C) For examination of
aneurysm diameter, ultrasound measurements were performed before surgery (baseline) and on day 7

after surgery (n = 6 — 10). (D) Aneurysm diameter on day 7 after PPE surgery normalised to baseline
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(n =6 — 10). Data are represented as mean values + SEM. Statistical significance was determined by
(C) two-way ANOVA with a Sidak's multiple comparisons post-hoc test and (D) an unpaired student’s
t-test. **p <0.01, ***p < 0.001. KO = knockout; PPE = porcine pancreatic elastase (infusion); RIn = reelin;
WT = wild-type.

Despite the reduced aortic diameter progression in an early stage of AAA formation,
no differences in blood cell counts, including platelet count (Figure 35 A), MPV
(Figure 35 B) and WBC count (Figure 35 C), were detected.
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Figure 35. Platelet-specific reelin deficiency exhibited no effects on blood cell count 7 days after
PPE surgery. Blood cell counts including (A) platelet count, (B) MPV and (C) WBC count were
determined in whole blood of RIn WT (RIn"A; PF4-cre’) and RIn KO (RIn"" PF4-cre*) mice (n = 5 — 10)
using a haematology analyser. Data are represented as mean values + SEM. Statistical significance was
determined by unpaired student’s t-tests. KO = knockout; MPV = mean platelet volume; Rin = reelin;
WBC = white blood cell; WT = wild-type.
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After the initial analysis of the aortic diameter progression and blood cell counts, flow
cytometric analyses were performed to obtain more detailed insights into the platelet
activation profile in early AAA formation. Thereby, measurements of platelet
degranulation (P-selectin-FITC) 7 days after surgery revealed a reduced P-selectin
exposure of reelin-deficient platelets under resting conditions (Rin WT: 3.04
+ 0.043 MFI; RIn KO: 2.80 £ 0.062 MFI; p = 0.0066). In contrast, RIn KO mice exhibit
an increased degranulation after stimulation with ADP/U46 (RIn WT: 10.80 £ 0.76
MFI; RIn KO: 13.71 £ 1.06 MFI; p = 0.040) and a high concentration of CRP,
stimulating the collagen receptor GPVI (RIn WT: 32.45 = 2.15 MFI; RIn KO: 39.06
+ 2.41 MFI; p= 0.081) (Figure 36 A). In addition, integrin a,B3 activation (JON/A-PE)
is increased upon CRP stimulation in RIn KO mice on day 7 after elastase treatment
(RIn WT: 54.76 £ 1.57 MFI; RIn KO: 62.78 + 3.58 MFI; p = 0.031) (Figure 36 B).
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Figure 36. Reelin-deficient platelets showed reduced degranulation under resting conditions, but
an increased integrin aupf3 activation and degranulation upon stimulation in early AAA formation.
(A) Platelet degranulation (P-selectin-FITC) and (B) activation of integrin aiwPs (JON/A-PE) were
measured in whole blood samples of RIn WT (RIn": PF4-cre’) and Rin KO (RIn""; PF4-cre*) mice by
flow cytometry. Platelets were stimulated with indicated agonists (n = 5 — 10). Data are represented as
mean values + SEM. Statistical significance was determined by unpaired multiple t-tests. *p < 0.05,
**p < 0.01. ADP = adenosine diphosphate; CRP = collagen-related peptide; KO = knockout; MFI = mean
fluorescence intensity; PAR4 = protease-activated receptor 4 activating peptide; RIn = reelin;
U46619 (U46) = thromboxane Az analogue; WT = wild-type.
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In addition, further platelet-specific parameters were examined using flow cytometry
using whole blood of RIn WT and RIn KO mice. The analysis of the exposition of
various glycoproteins at the cell surface revealed no differences in reelin-deficient
platelets on day 7 after PPE surgery (Figure 37 A). In contrast, pro-coagulant activity
in RIn KO mice is enhanced upon CRP stimulation (RIn WT: 8.57 £ 1.75%; RIn KO:
15.6 £ 2.54%; p = 0.034), while PAR4 stimulation (RIn WT: 9.85 + 1.37%; RIn KO:
4.68 £ 0.29%; p = 0.021) causes a reduction in RIn KO mice (Figure 37 B). As a
marker for platelet-mediated inflammation, the aggregate formation of platelets with
circulating inflammatory cells was analysed. Thereby, less aggregate formation with
neutrophils was observed on day 7 after PPE surgery with reelin-deficient platelets
(RIn WT: 31.53 £ 2.14%; RIn KO: 21.06 £ 3.95%; p= 0.023) (Figure 37 C).
Nevertheless, the concentration of neutrophil elastase in the plasma was not different

in reelin-deficient compared to control WT mice (Figure 37 D).
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Figure 37. Platelet-specific reelin deficiency revealed altered pro-coagulant activity and
decreased platelet-neutrophil aggregate formation 7 days after PPE surgery. (A) Surface exposure
of integrin as, integrin B3, GPVI and GPIb on platelets (n = 6 — 10). (B) AnnexinV-binding to platelets
(n =5 —-10) and (C) platelet-leukocyte and platelet-neutrophil aggregate formation (n = 6 — 10) were
measured in whole blood samples of RIn WT (RIn™; PF4-cre’) and RIn KO (RIn""; PF4-cre*) mice using
flow cytometry. (B) For aggregate formation, double-positive events for CD42b (platelet maker, GPIba)
and CD45 (leukocyte marker) or Ly6G (neutrophil marker) were analysed. (D) Measurement of plasma
concentration of neutrophil elastase was performed via ELISA (n = 6 — 8). Data are represented as mean

values + SEM. Statistical significance was determined by (A — C) unpaired multiple t-tests and (D) an
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unpaired student’s t-test. p < 0.05. CRP = collagen-related peptide; GP = glycoprotein; KO = knockout;
MFI = mean fluorescence intensity; PAR4 = protease-activated receptor 4 activating peptide; RIn = reelin;
WT = wild-type.

In contrast to previous studies in RIn WT and RIn KO mice on day 28, the analysis on
day 7 after PPE surgery clearly showed an influence of platelet-derived reelin on early
aneurysm formation. In summary, mice with reelin-deficient platelets revealed
reduced aortic diameter, altered platelet degranulation and decreased aggregate

formation of platelets with neutrophils on day 7 after surgery.

4.2.4 Platelets of RIn KO mice contained reelin despite platelet-specific

gene deletion

The analysis of RIn WT and RIin KO mice revealed different results in aneurysm
formation on day 7 and 28 following PPE surgery. A possible explanation for this
discrepancy could be provided by the results of the Western blot analysis. The results
of this Western Blot analysis in RIn WT and RIn KO mice showed that the RIn KO
mice contain different amounts of reelin in their platelets despite the genetic deletion
of reelin in megakaryocytes and platelets (Figure 38 A). Furthermore, the analysis of
28-day mice on day 7 as a direct comparison to the above shown results revealed
two populations of mice that develop either reduced or elevated aneurysm diameter
compared to control mice (Figure 38 B). Considering only the lower population in the
red square and comparing this result to RIn WT mice showed similar results as
observed in mice that were only analysed until day 7 (Figure 38 C, already shown in
34 D). Western blot analysis of RIn WT and RIn KO mice was performed by Dr. Irena

Kruger.
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Figure 38. Platelets from RIn KO mice contained reelin. (A) Reelin content in platelet lysates from
RIn WT and RIn KO mice using Western blot analysis (n =4 — 5). Recombinant reelin and platelet lysates
of reeler and WT mice were used as controls. (B) Aneurysm diameter normalised to baseline on day 7
of before analysed 28-day RIn WT and RIn KO mice (see chapter 4.2.2) (n = 12 — 13). Red square
indicates a specific population. (C) Aneurysm diameter normalised to baseline of analysed 7-day Rin WT
and RIn KO mice (see chapter 4.2.3). Data are represented as mean values + SEM. Statistical
significance was determined by (B and C) unpaired student’s t-tests. KO = knockout; PPE = porcine

pancreatic elastase (infusion); RIn = reelin; WT = wild-type. Data in (A) conducted by Dr. Irena Kriiger.

These results demonstrated that both, platelets from Rin WT and from Rin KO mice

contain reelin despite platelet-specific gene deletion.
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4.3 Establishment of the ePPE model for experimental AAA
induction in mice

An important characteristic of the human AAA pathology is the formation of an
intraluminal thrombus (ILT), which is present in about 75% of all AAA patients [66].
Since the PPE model does not represent all aspects of human AAA pathology
including ILT formation, another mouse model for AAA was established. In contrast
to the PPE model, it is described that ILT formation takes place in the ePPE mouse
model [106, 108]. The main difference of the ePPE model compared to the PPE model
is the external peri-adventitial application of the elastase. In addition to the elastase
treatment administration of B-aminopropionitriie (BAPN) in the drinking water is
important for AAA development in the ePPE mouse model. BAPN, as an inhibitor of
the lysyl oxidase (LOX), prevents cross-linking of newly formed elastin and collagen
fibres and thus mimics the geriatric situation in humans. Sham-operated mice treated
with heat-deactivated elastase served as controls. For the establishment of the ePPE
model, two different BAPN concentrations of 0.1% and 1% in the drinking water were
tested. As an additional control group ePPE mice received no BAPN. Survival
probability, AAA incidence and aneurysm diameter progression were determined as
markers for successful AAA induction during the 28 day time course after ePPE
surgery. In addition, blood cell counts, including platelets, WBCs and RBCs, were

analysed.

In the first group, where mice received no BAPN in the drinking water, the survival
probability of all mice was 100% (Figure 39 A). In addition, the incidence of aneurysm
formation in ePPE mice was 100% as well, while none of the sham-operated control
mice developed an aneurysm (Figure 39 B). Already on day 7, the aortic diameter
was significantly increased in the ePPE-operated mice compared to the sham controls
(sham: 102.47 £ 1.24%; ePPE: 146.62 £ 3.85%; p < 0.001) and continued to increase
until the end of the observation period. However, the increase in aneurysm diameter
in ePPE-operated mice achieved almost a plateau at the end of the study period at
day 28 (Figure 39 D). Nevertheless, the aortic diameter expansion of ePPE-operated
mice reached a level of 200%, normalised to the initial size of the aorta, while the
aneurysm diameter of the sham-operated mice showed no increase of the aortic size
(sham: 105.8 + 3.75%; ePPE: 208.4 + 20.44%; p < 0.001) (Figure 39 C and E).
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Figure 39. Effects of elastase treatment in mice undergoing ePPE surgery without BAPN
administration. (A) Probability of survival of sham- and ePPE-operated mice without additional BAPN
administration (n =9 — 12). (B) The incidence for aneurysm formation (> 150%) was determined on day
28 after surgery (n = 9 — 12). (C) Representative images of ultrasound measurements of the aneurysm
diameter. (D — E) To investigate aneurysm diameter, ultrasound measurements were performed before
surgery (baseline) and on day 7, 14, 21 and 28 after surgery (n = 9 — 12). Data are represented as mean
values + SEM. Statistical significance was determined by a (A) Log-rank (Mantel-Cox) test, (B) Fisher's
exact test, (D) two-way ANOVA with a Sidak's multiple comparisons post-hoc test and (E) an unpaired
student’s t-test. ***p < 0.001. AAA = abdominal aortic aneurysm; BAPN = (-aminopropionitrile;

ePPE = external porcine pancreatic elastase (application); w/o = without.

In the second group, in which mice received 0.1% BAPN in drinking water, the overall
survival probability for the sham-operated mice was 100% and for the ePPE-operated
mice 85.7% (p = 0.22) (Figure 40 A). The incidence of aneurysm formation showed

an identical outcome as the group without additional BAPN treatment. While the
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ePPE-operated mice revealed an incidence of 100% for aneurysm formation, no
dilatation of the aortic diameter was observed in sham-operated mice (p < 0.001)
(Figure 40 B). Again, the aortic diameter in the ePPE-operated mice was already
significantly increased at day 7 compared to the sham controls (sham: 102.89 +
1.96%; ePPE: 146.2 + 3.42%; p < 0.001) (Figure 40 D). On day 28 after elastase
treatment, the aneurysm diameter, normalised to the initial measurements in naive
mice, was almost 250% in the ePPE-operated mice. In comparison, the sham-
operated mice revealed no increase in the aortic diameter (sham: 107.3 = 6.84%;
ePPE: 249.8 + 51.82%; p < 0.001) (Figure 40 C and E).
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Figure 40. Effects of elastase treatment in mice undergoing ePPE surgery with administration of
0.1% BAPN. (A) Probability of survival of sham- and ePPE-operated mice with additional BAPN
administration of 0.1% (n = 11 — 14). (B) The incidence for aneurysm formation (> 150%) was evaluated

on day 28 after PPE surgery (n = 11 — 12). (C) Representative images of aortic diameter progression
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determined by ultrasound measurements. (D — E) To investigate aneurysm diameter, ultrasound
measurements were conducted before surgery (baseline) and on day 7, 14, 21 and 28 after surgery
(n =11 - 14). Data are represented as mean values + SEM. Statistical significance was determined by
(A) a Log-rank (Mantel-Cox) test, (B) Fisher's exact test, (D) two-way ANOVA with a Sidak's multiple
comparisons post-hoc test and (E) an unpaired student’s t-test. ***p < 0.001. AAA = abdominal aortic

aneurysm; BAPN = 3-aminopropionitrile; ePPE = external porcine pancreatic elastase (application).

In the last group for establishing the ePPE surgery, mice received 1% BAPN in their
drinking water. The overall survival probability was 100% for the sham-operated and
75% for the ePPE-operated mice in this group (p = 0.30) (Figure 41 A). As in the
other two groups, the incidence of aneurysm formation was 100% in the
ePPE-operated mice and 0% in the sham controls (p <0.001) (Figure 41 B). Similarly,
the aneurysm diameter was significantly increased in the ePPE-operated mice
compared to the sham-operated mice starting from day 7 after surgery (sham: 97.33
1 3.6%; ePPE: 134.04 + 2.64%; p = 0.0008) (Figure 41 D). Finally, on day 28, the
aneurysm diameter of ePPE-operated mice reached a level of 260% compared to
baseline measurements, while the aneurysm diameter of the sham-operated mice
revealed no increase (sham: 98.31 + 4.49%; ePPE: 261.7 £ 39.71%; p < 0.001)
(Figure 41 C and E).
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Figure 41. Effects of elastase treatment in mice undergoing ePPE surgery with 1% BAPN
administration. (A) Probability of survival of sham- and ePPE-operated mice with additional BAPN
administration of 1% (n = 4 — 8). (B) The incidence for aneurysm formation (> 150%) was determined on
day 28 after surgery (n =4 — 6). (C) Representative images of ultrasound measurements of the aneurysm
diameter. (D — E) To investigate aneurysm diameter progression, ultrasound measurements were
performed before surgery (baseline) and on day 7, 14, 21 and 28 after surgery (n = 4 — 8). Data are
represented as mean values + SEM. Statistical significance was determined by (A) a Log-rank
(Mantel-Cox) test, (B) Fisher's exact test, (D) two-way ANOVA with a Sidak's multiple comparisons post-
hoc test and (E) an unpaired student’s t-test. ***p < 0.001. AAA = abdominal aortic aneurysm;

BAPN = B-aminopropionitrile; ePPE = external porcine pancreatic elastase (application).

Comparing all three groups with different BAPN concentrations in the drinking water,
a significant difference in aortic diameter expansion can be observed in the
ePPE-operated mice between the group without (w/0) BAPN (208.43 + 5.9%) and the
other two groups with 0.1% (249.81 + 14.96%; p"°%'% = 0.016) and 1%
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(261.67 £ 16.21%; p™*"”% = 0.01) BAPN administration. In contrast, the aneurysm
diameter in the two groups with BAPN administration of 0.1% and 1% was similar
(p =0.97) (Figure 42 A). In further investigations, the number of blood cells including
platelet, WBC and RBC counts were determined. No differences in platelet counts
were observed between all groups (Figure 41 B). The WBC counts were significantly
reduced in sham-operated mice of the group treated with 1% BAPN
(2.18 = 0.26 in 10%uL) compared to the other two groups without BAPN treatment
(8.07 + 1.19 in 10%/uL; p™*"% = 0.003) and with administration of 0.1% BAPN
(7.47 £0.93 in 10%/uL; p©@ "% < 0.001) (Figure 42 C). The administration of 1% BAPN
also resulted in a reduced RBC content in ePPE-operated mice
(6.567 + 0.34 in 10%uL) compared to ePPE-operated mice without BAPN
administration (8.217 + 0.15 in 10%/uL; p < 0.001) (Figure 42 D).
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Figure 42. Administration of 0.1% BAPN revealed minimum secondary effects in the ePPE mouse
model. (A) Aneurysm diameter of all three groups treated with different BAPN concentrations 28 days
after ePPE surgery (n = 4 — 14). Blood cell counts including (B) platelet count, (C) WBC count and
(D) RBC count were determined in whole blood samples of sham- and ePPE-operated mice treated with
different concentration of BAPN using a haematology analyser. Data are represented as mean values +
SEM. Statistical significance was determined by (A — D) two-way ANOVA with a Tukey's multiple
comparisons post-hoc test. *o < 0.05, **p < 0.01, ***p < 0.001. BAPN = B-aminopropionitrile;
ePPE = external porcine pancreatic elastase (application); RBC = red blood cell; WBC = white blood cell.
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Based on these results of aneurysm diameter expansion and blood cell counts during
the establishment of the ePPE mouse model, the administration of 0.1% BAPN was
used for further and more detailed analyses. This concentration was selected as it
provides sufficient aneurysm diameter progression 28 days after surgery without

secondary effects on WBC and RBC counts.

4.4 Platelet activation, inflammation and remodelling of the
aortic wall support aneurysm formation in the ePPE
mouse model

For further characterisation of the new established ePPE mouse model, different
platelet- and aortic-specific parameters, as well as ILT formation were analysed. Flow
cytometric analyses were performed to investigate platelet activation, the expression
of glycoproteins on the platelet surface, aggregate formation of platelets with
circulating immune cells and PS exposure as marker for pro-coagulant activity. In
addition, plasma concentrations of soluble forms of the GPVI and GPIb receptor were
determined. To analyse ECM remodelling of the aortic wall, histological H/E and EvG
stainings, as well as specific immunofluorescence stainings for alpha smooth muscle
cell actin (a-SMA) and caspase 3 (casp3) were performed. Further
immunofluorescence stainings to analyse platelet (GPIb) and macrophage (Mac3)

migration into aortic tissue were conducted.

4.41 Platelet degranulation and integrin cunfs3 activation were enhanced

in ePPE-operated mice

Flow cytometric analyses of platelet degranulation (P-selectin-FITC) showed an
increase in ePPE-operated mice upon low-dose stimulation with PAR4
(PAR4 [70 uM]: sham: 22.3 + 2.7 MFI; ePPE: 44.78 + 7.84 MFI; p = 0.012)
(Figure 43 A). Furthermore, platelets of ePPE-operated mice are in a pre-activated
state under resting conditions indicated by enhanced integrin a3 activation without
addition of any agonist (JON/A-PE) (sham: 11.5 + 1.15 MFI; ePPE: 15.64 £+ 1.3 MFI;
p = 0.029). In addition, these mice revealed increased integrin a3 activation upon
stimulation with ADP/U46 (sham: 603.4 + 17.3 MFI; ePPE: 691.18 + 33 MFI;
p = 0.034) as well as PAR4 (PAR4 [100 pM]: sham: 756. + 62.95 MFI;
ePPE: 952.18 * 4357 MFI; p = 0.018) compared to sham-operated mice
(Figure 43 B).
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Figure 43. Platelet degranulation and activation were enhanced in ePPE-operated mice.
(A) Platelet degranulation (P-selectin-FITC) and (B) integrin aupfs activation (JON/A-PE) were measured
in whole blood samples of sham- and ePPE-operated mice with BAPN administration of 0.1% in drinking
water using flow cytometry. Platelets were stimulated with indicated agonists (n = 10 — 11). Data are
represented as mean + SEM. Statistical significance was determined by (A and B) unpaired multiple
t-tests. *p < 0.05. ADP = adenosine diphosphate; BAPN = 3-aminopropionitrile; CRP = collagen-related
peptide; ePPE = external porcine pancreatic elastase (application); MFI = mean fluorescence intensity;

PAR4 = protease-activated receptor 4 activating peptide; U46619 (U46) = thromboxane Az analogue.

4.4.2 Shedding of GPVI and GPIb from the platelet surface correlated

with aortic diameter upon aneurysm formation and progression

Next, the platelet surface exposure of integrin as, integrin B3 and GPVI was measured
by flow cytometry, revealing reduced exposure of GPVI on platelets from
ePPE-operated mice (sham: 1899.6 £ 40.71 MFI; ePPE: 1754 £ 51.19 MFI; p = 0.043)
(Figure 44 A). To investigate if the reduced GPVI expression on platelets is due to
enhanced receptor shedding, the plasma concentration of soluble (s)GPVI was
measured. As shown in Figure 44 B, an increased plasma concentration of sGPVI in
plasma samples of ePPE-operated mice was detected (sham: 3.544 + 0.31 ng/mL;
ePPE: 4.71 £ 0.20 ng/mL; p = 0.0055). In addition, the plasma concentration was
correlated with the surface expression of GPVI and the aneurysm diameter to

determine possible correlations. Thereby, sGPVI was strongly negatively correlated
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with the surface expression of GPVI with a high significance (r = - 0.78; p = 0.001)
(Figure 44 C). In contrast, the correlation of sGPVI with aneurysm size showed a
significant moderate positive relation (r = 0.47; p = 0.029) (Figure 44 D). As a result,
an increase in sGPVI in plasma is accompanied by a decrease in GPVI on the platelet

surface and an enlarged aneurysm diameter.
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Figure 44. ePPE-operated mice showed reduced GPVI exposition on platelet surface and
enhanced sGPVI in the plasma. (A) Surface exposure of integrin as, integrin 3 and GPVI on platelets
were measured in whole blood samples of sham- and ePPE-operated mice using flow cytometry
(n =10 — 12). (B) Plasma concentration of sGPVI were determined by ELISA (n = 11). Spearman’s
correlation between (C) surface exposure of GPVI and sGPVI plasma concentration (n = 10) as well as
between (D) aneurysm size and sGPVI plasma concentration (n = 11). Data are represented as mean
values + SEM. Statistical significance was determined by (A) an unpaired multiple t-test and (B) unpaired
student’s t-test. *p < 0.05, **p < 0.01. BAPN = B-aminopropionitrile; ePPE = external porcine pancreatic
elastase (application); GP = glycoprotein; MFI = mean fluorescence intensity; sGPVI = soluble GPVI.
Data partially published in Feige et al., 2024. Layout changes have been made [127].

In addition, platelet surface glycoprotein GPIb, which is critical for haemostasis, was
measured using flow cytometry showing no differences between sham- and

ePPE-operated mice on day 28 after surgery (sham: 884.2 + 81.75 MFI;
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ePPE: 930 + 72.56 MFI; p = 0.68) (Figure 45 A). Although no change in GPIb receptor
exposition on the platelet surface was observed, plasma concentrations of the soluble
form of GPIb, namely glycocalicin, were measured. Thereby, an increased plasma
concentration of glycocalicin was found in ePPE-operated mice compared to sham
controls (sham: 1.43 £ 0.038 pg/mL; ePPE: 1.71 = 0.10 pg/mL; p = 0.029)
(Figure 45 B). A correlation between the plasma concentration of glycocalicin and
aneurysm size revealed a significant strong positive correlation between both
parameters (r = 0.718; p = 0.0085). Thereby, an increase in aneurysm diameter is
associated with elevated glycocalicin concentrations in the plasma of sham- and

ePPE-operated mice (Figure 45 C).
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Figure 45. Plasma concentration of glycocalicin was increased in ePPE mice. Surface expression
of (A) GPIb (n = 10 — 12) was measured in whole blood samples of sham- and ePPE-operated mice
using flow cytometry (n = 5). (B) Measurement of plasma concentration of glycocalicin was performed
via ELISA (n = 6). (C) Spearman’s correlation between aneurysm size and glycocalicin plasma
concentration (n = 6). Data are represented as mean values + SEM. Statistical significance was
determined by (A and B) unpaired student’s t-tests. *» < 0.05. BAPN = -aminopropionitrile;
ePPE = external porcine pancreatic elastase (application); GP = glycoprotein; MFI = mean fluorescence

intensity.
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4.4.3 Platelet pro-coagulant activity is increased in ePPE-operated mice

Flow cytometric analyses of AnnexinV-binding to platelets were performed to
determine platelet pro-coagulant activity as an important factor in the process of
thrombus formation. Thereby, no differences were observed under resting conditions
or upon stimulation with the PAR4 agonist. In contrast, ePPE-operated mice showed
an increased pro-coagulant activity upon CRP stimulation compared to sham controls
(sham: 17.07 £ 2.9%; ePPE: 27.99 + 4.4%; p = 0.047) (Figure 46 A). The correlation
of CRP-induced AnnexinV-binding of platelets with the aneurysm size is moderate but
significantly positive (r = 0.497; p = 0.0045) (Figure 46 B).
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Figure 46. Platelet pro-coagulant activity was increased in ePPE-operated mice. (A) AnnexinV-
binding to platelets (n = 15 — 16) was measured in whole blood samples of sham- and ePPE-operated
mice using flow cytometry. Platelets were stimulated with indicated agonists.
(B) Spearman’s correlation between aneurysm size and AnnexinV-binding to platelets upon stimulation
with CRP (n = 15 — 16). Data are represented as mean values + SEM. Statistical significance was
determined by (A) an unpaired multiple t-test. *p < 0.05. BAPN = [(-aminopropionitrile;
CRP = collagen-related peptide; ePPE = external porcine pancreatic elastase (application);

PAR4 = protease-activated receptor 4 activating peptide.

4.4.4 Progressive aortic wall remodelling in the ePPE mouse model was
characterised by thickening of the aortic media through cell

proliferation and degradation of elastin

After analysing various platelet-specific parameters, aortic characteristics were also
examined in sham- and ePPE-operated mice on day 28 after surgery. Important
cellular features of the PPE model are the thinning of the vessel wall and the
degradation of elastin fibres. These parameters were also examined in the ePPE

mouse model. Therefore, H/E staining was used to analyse the general structure of
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the aortic wall, while EvG staining was performed to investigate the grade of elastin

degradation.

The histological H/E staining revealed a significantly increased intima/media
thickness in ePPE-operated mice  compared to  sham controls
(sham: 45.57 + 1.64 um; ePPE: 88.38 + 9.13 uym; p = 0.0013) (Figure 47 A and B).
The thickening of the vessel wall was strongly positively correlated with the aneurysm
diameter (r = 0.83; p = 0.0005). This indicates that an enlargement of the aneurysm

is accompanied by an increase of aortic wall thickness (Figure 47 C).
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Figure 47. Elastase treatment during ePPE surgery led to a thickening of the aortic wall 28 days
after surgery. (A) Representative images of histological H/E staining including (B) evaluated
intima/media thickness (n = 6 — 7) and (C) Spearman’s correlation between intima/media thickness and
the aneurysm diameter (n = 6 — 7) at day 28 post ePPE surgery of sham- and ePPE-operated mice. Red
arrow indicates proliferated tissue. Data are represented as mean + SEM. Statistical significance was
determined by (B) an unpaired student's ttest. **p < 0.01. Scale bar: 100 pum.
BAPN = (-aminopropionitrile; ePPE = external porcine pancreatic elastase (application);

H/E = haematoxylin-eosin.
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Using the EvG staining, the elastin degradation grade was analysed in sham- and
ePPE-operated mice. Thereby, an increased grade of elastin degradation was
observed in ePPE-operated mice, while sham-operated mice showed no degradation
(sham: 1 £ 0; ePPE: 2.57 + 0.20; p < 0.001) (Figure 48 A and B). Correlating the
elastin degradation grade with the aneurysm diameter revealed a very strong positive
correlation (r = 0.90; p = 0.001), indicating that an increase in the aortic diameter is

accompanied by enhanced elastin degradation (Figure 48 C).
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Figure 48. Elastin degradation was significantly enhanced in ePPE-operated mice.
(A) Representative images of histological EvG staining with zoom in image including (B) evaluated
elastin degradation grade (n = 7 — 8) and (C) Spearman’s correlation between elastin degradation grade
and the aneurysm diameter (n = 7 — 8) at day 28 post ePPE surgery of sham- and ePPE-operated mice.
Elastin degradation grade was classified as described in chapter 3.5.3. Data are represented as mean
values +* SEM. Statistical significance was determined by (B) an student’s t-test. ***p < 0.001.
Scale bar: 100 ym and 25 um. BAPN = 3-aminopropionitrile; ePPE = external porcine pancreatic elastase
(application); EvG = Elastica-van-Gieson.
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4.4.5 Aortic wall thickening in the ePPE mouse model is based on cell

proliferation of a-SMA-positive cells

After analysing the basic aortic wall structure, including wall thickness and elastin
degradation, immunofluorescence staining was used to investigate the cellular
composition of the aortic wall and the surrounding tissue. Therefore, the content of
alpha-smooth muscle cell actin (a-SMA) and caspase 3 (casp3) positive cells, as well
as platelet (GPIba positive cells) and macrophage (Mac3 positive cells) migration

were analysed.

An important feature of aneurysm formation is the apoptosis of VSMCs which is also
reflected in the PPE model. To analyse if the ePPE mouse model represents this
characteristic feature of AAA as well, a-SMA positive cells were specifically stained in
the aortic wall of sham- and ePPE-operated mice (Figure 49 A, Appendix Figure 56).
The analysis of the a-SMA content in the aortic wall revealed a higher a-SMA signal
in ePPE-operated mice compared to sham controls (sham: 399.3 + 39.71 MFI;
ePPE: 632.8 £ 84.71 MFI; p = 0.018) (Figure 49 B). The increased a-SMA content
indicates elevated VSMC proliferation and was consistent with the observation of a
thickened aortic wall. Thus, this result let suggest that the newly formed tissue does
not represent thrombus tissue as it was published by others recently. Correlating the
a-SMA content with the aneurysm diameter showed a moderate positive correlation.
This indicates that the enlargement of the aneurysm is accompanied by an increase
in the a-SMA content in the aortic wall (r = 0.52; p = 0.055) (Figure 49 C).
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Figure 49. Content of a-SMA positive cells in the aortic wall correlated with the aneurysm
diameter. (A) Representative images of immunofluorescence a-SMA staining including
(B) quantification of a-SMA content in the aortic wall of sham- and ePPE-operated mice (n =7 —9). The
aortic wall was specifically stained for a-SMA positive cells (anti- a-SMA, orange). Elastin (green) is
demonstrated by autofluorescence, and nuclei were stained with DAPI (blue). (C) Spearman’s correlation
between a-SMA content and the aneurysm diameter (n = 7 — 9) at day 28 post ePPE surgery. Data are
represented as mean values + SEM. Statistical significance was determined by (B) an unpaired student’s
ttest. *» < 0.01. Scale bar: 100 um. a-SMA = alpha smooth muscle cell actin;
BAPN = B-aminopropionitrile; DAPI = 4',6-Diamidin-2-phenylindol; ePPE = external porcine pancreatic
elastase (application); GFP = green fluorescent protein.

Even though no thinning of the aortic wall due to reduced VSMCs was observed, the
apoptosis of cells including VSMCs was analysed. Therefore, casp3 was specifically
stained in the aortic wall tissue, revealing only a tendency to a higher content of casp3
in the ePPE-operated mice compared to  sham-operated mice
(sham: 1552 + 268 MFI; ePPE: 1688 + 20.17 MFI; p = 0.10)
(Figure 50 A and B, Appendix Figure 56). Correlating the content of casp3 in the
aortic wall with the aneurysm diameter showed a possible weak correlation
(r=0.32; p =0.24) (Figure 50 C).
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Figure 50. The content of caspase 3 positive cells was unaltered within the aortic wall of ePPE
mice. (A) Representative images of immunofluorescence casp3 staining in aortic wall tissue, specifically
stained for casp3 (anti-casp3, orange). Nuclei were stained with DAPI (blue) and elastin
autofluorescence is shown in green. (B) Quantification of casp3 positive cells (n = 7 — 8) in sham- and
ePPE-operated mice. (C) Spearman’s correlation between the casp3 content and aneurysm diameter
(n =7 — 8) at day 28 post ePPE surgery of sham- and ePPE-operated mice. Data are represented as
mean values + SEM. Statistical significance was determined by (B) an unpaired student’s t-test.
Scale bar: 100 uym. BAPN = B-aminopropionitrile; casp3 = caspase 3; DAPI = 4'.6-Diamidin-2-
phenylindol; ePPE = external porcine pancreatic elastase (application);
GFP = green fluorescent protein.
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4.4.6 Elevated inflammation in ePPE-operated mice

Next, the inflammatory response in ePPE mice was analysed. To this end, aggregate
formation of platelets with different circulating inflammatory cell was investigated. As
shown in Figure 51, no changes in aggregate formation were observed with CD45*
leukocytes, Ly6G* neutrophils, CD11* or CD14" macrophages and granulocytes as

well as CD3* T-cells.

7073 sham + BAPN
¢o- EH ePPE + BAPN
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Figure 51. No differences in platelet-leukocytes aggregates in ePPE-operated mice. The formation
of platelet-aggregates with inflammatory cells (CD45*; Ly6G*; CD11b*; CD14*; CD3*) was measured in
whole blood samples of sham- and ePPE-operated mice using flow cytometry (n = 7 — 8). Data are
represented as percent of double-positive events for CD42b (platelet marker, GPIba) and CD45
(leukocyte marker), Ly6G (neutrophil marker), CD11b (monocyte, macrophage and granulocyte marker),
CD14b (monocyte and macrophage marker) and CD3 (T-cell marker). Statistical significance was
determined by an unpaired multiple t-test. *p < 0.05. BAPN = B-aminopropionitrile; CD = cluster of
differentiation; ePPE = external porcine pancreatic elastase (application); Ly6G = lymphocyte antigen 6

complex locus G.

In the PPE mouse model, platelet migration into the aortic wall was observed at early
time points after elastase treatment [89]. Similarly, in the ePPE-operated mice, a
significantly increased number of platelets (GPIba) was found in aortic tissue 28 days
after surgery compared to sham controls (sham: 2351 + 11.43 MFI;
ePPE: 269.0 + 9.39 MFI; p = 0.045) (Figure 52 A and B, Appendix Figure 57). When
correlating the platelet content with the aortic diameter, a strong and significant
positive correlation was detected (r = 0.77; p = 0.033). The increase of the aneurysm
diameter was associated with an elevated content of GPIba positive cells in the aortic
wall (Figure 52 C).
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Figure 52. The platelet content was increased in the aortic wall of ePPE-operated mice.
(A) Representative images of immunofluorescence GPlba staining including (B) quantification (n = 6).
Aortic tissue was specifically stained for platelets (anti- GPlba, pink) and nuclei were stained with DAPI
(blue). Elastin (green) is shown as well by autofluorescence. (C) Spearman’s correlation between GPlba
content and the aneurysm diameter (n = 6) at day 28 post ePPE surgery of sham- and ePPE-operated
mice. Data are represented as mean values + SEM. Statistical significance was determined by (B) an
unpaired student’s t-test. *o < 0.05. Scale bar: 100 ym. BAPN = B-aminopropionitrile; DAPI = 4',6-
Diamidin-2-phenylindol; ePPE = external porcine pancreatic elastase (application); GFP =

green fluorescent protein; GP = glycoprotein.

Finally, the content of infiltrating macrophages within the aneurysm segment was
analysed (Figure 53 A, Appendix Figure 57). The migration of macrophages into the
aortic wall of ePPE-operated mice was also increased compared to sham-operated
mice (sham: 152.4 £ 1.46 MFI; ePPE: 172.3 = 3.79 MFI; p = 0.0002) (Figure 53 B),
revealing a strong positive correlation between the aneurysm diameter and the
content of macrophages in the aortic wall (r = 0.87; p = 0.001) (Figure 53 C). In this
context, it is important to mention that the amount of detectable Mac3 is basically
marginal, since macrophages are cells of the acute inflammation, which is mainly part

of the early stage of aneurysm formation.
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Figure 53. The migration of macrophages was significantly enhanced in ePPE-operated mice.
(A) Representative images of immunofluorescence Mac3 staining, specifically stained for macrophages
(anti- Mac3, pink), including zoom in images. Nuclei were stained with DAPI (blue) and elastin
autofluorescence (green) is shown. (B) Quantification of Mac3 content (n = 7 — 8) in the aortic wall of
sham- and ePPE-operated mice 28 days after surgery. (C) Spearman’s correlation between Mac3
content and the aneurysm diameter (n = 7 — 8) at day 28 post ePPE surgery. Data are represented as
mean values + SEM. Statistical significance was determined by (B) an unpaired student’s t-test. ***p <
0.001. Scale bar: 100 and 20 ym. BAPN = B-aminopropionitrile; DAPI = 4',6-Diamidin-2-phenylindol;

ePPE = external porcine pancreatic elastase (application); GFP = green fluorescent protein.

Taken together, the establishment of the ePPE mouse model, allows a more detailed
characterisation of the role of platelets in experimental AAA, showing higher platelet
activation as represented by elevated degranulation (P-selectin) and integrin aun33
activation (JON/A), increased shedding of GPVI and GPIb from the platelet surface
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and higher pro-coagulant activity. Importantly, no ILT formation could be detected at
day 28 as recently published by others. Instead, the proliferation of VSMCs was

observed, leading to a thickening of the aortic wall.
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5 Discussion

Platelets are known to play an important role in both, physiological and pathological
processes. This includes CVDs such as atherosclerosis, arterial thrombus formation
and AAA. As platelets are a driving force for the development of CVDs, they represent
a primary target for their prevention. However, various retrospective clinical studies
and meta-analyses demonstrated different effects of anti-platelet agents such as ASA
on the progression and rupture of AAA [120, 128, 129]. Since there is no specific drug-
based therapy for the treatment of AAA to date, platelets might represent a promising
target in future. However, to date, anti-platelet therapies impair physiological functions
of platelets, leading to prolonged bleeding times and therefore affect haemostasis.
Thus, it is important to develop therapies for the treatment of AAA that do not affect
haemostasis. Consequently, it is necessary to better understand how platelets

contribute to the development and progression of AAA disease.

5.1 Platelets play a crucial role during aneurysm formation
by modulating platelet activation and by affecting
inflammation in AAA

Recently, Wagenhauser et al. [89] published that platelets modulate chronic
inflammation and progressive ECM degradation in the process of aneurysm
formation. As a result, depletion of platelets led to reduced inflammation and ECM
remodelling and consequently decreased aneurysm formation. The results of this
thesis were partially published in Wagenhauser et al. [89] and revealed that platelet
activation and pro-coagulant activity might support AAA formation being shown in an

experimental mouse model of aneurysm formation.

5.1.1 Aortic diameter in PPE-operated mice is significantly increased

compared to sham-operated mice

After the confirmation of successful aneurysm formation over a time course of 28 days
after PPE surgery by determining the size of the aortic diameter and AAA incidence
(Figure 14), blood cell counts were measured 3, 10 and 28 days after intervention for
a general overview (Figure 15). In this context, no differences could be observed in
platelet count and size. This is consistent with data from the Ang Il model, another
AAA mouse model, where no differences in platelet count at day 28 could be observed

[89]. However, these results are not in line with decreased platelet counts in AAA
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patients as recently described in literature [89, 130]. As already known, 75% of AAA
patients develop an intraluminal thrombus mainly consisting of platelets, erythrocytes
and neutrophils [82, 92, 93]. Circulating platelets passing the aneurysm segment and
the growing ILT might be activated and recruited to thrombus tissue [97], leading to
reduced platelet counts in the circulation. In contrast, mice that underwent PPE
surgery do not establish an ILT [106]. Also, Ang ll-infused mice which were analysed
in our research group that developed an aneurysm showed no thrombus formation
(unpublished data). Here, it is important to mention that Ang ll-infused mice may
develop a thrombus, as shown by others. Nevertheless, this thrombus is not classified
as an ILT, as it develops within the false lumen of the dissection induced in the Ang Il
mouse model. The absence of ILT formation in PPE-operated and
Ang ll-infused mice may help explain why these mice exhibit no significant differences
in platelet counts compared to the control group. Mukaiyama et al. supported this
hypothesis by providing evidence for the uptake of radiolabelled platelets into a mural

thrombus in an AAA patient with reduced platelet counts [131].

5.1.2 Plasma concentration of glycocalicin is enhanced 28 days after

aneurysm formation

By analysing the exposure of glycoproteins on platelets to characterise changes in
the surface composition, no differences were observed in GPVI surface expression
or the level of sGPVI in the plasma of mice 28 days after AAA induction (Figure 17).
GPVI is the main collagen receptor at the platelet surface, playing a crucial role in
platelet activation and adhesion [13]. According to the results in PPE-operated mice,
Feige et al. reported that GPVI surface exposure was unchanged in AAA patients,
whereas Benson et al. described an increased surface exposure of GPVI.
Nevertheless, both found an increased concentration of sGPVI in the plasma of AAA
patients that is in contrast to the results of PPE-operated mice [127, 132]. The
opposing results of GPVI surface exposure as published by Feige et al. and Benson
et al. may depend on the shear rates of AAA patients in the studied cohorts. In human
AAA pathology, disturbed blood flow with high shear rates and enhanced wall shear
stress can be observed in the dilated aorta [133, 134]. Al-Tamimi et al. could show
that the ectodomain of the GPVI receptor on the platelet surface can be shed upon
pathological shear rates, thus enhancing sGPVI levels in the plasma of AAA patients.
The physiological shear rates in human vessels are in a range between 20-2,000 s,
declaring the increased level of sGPVI in plasma in patients with coronary stenosis
with a mean shear rate of 2,935 s (peak shear 19,224 s) [135]. In PPE-operated

mice, the development of flow velocity and shear rates in and after the aneurysm
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segment, which change rapidly in human AAA and consequently becomes important
for GPVI shedding, has not yet been published. Thus, it can be hypothesised that the
increase of shear rates in the aorta of PPE-operated mice is not sufficient to promote
shear-induced GPVI shedding from the platelet surface. Furthermore, there is no
evidence of shear-induced GPVI shedding in mice to date. Therefore, measurements
of shear rates using e.g. MRI within the aneurysm of PPE-operated mice could give

a more detailed insight into the mechanisms of shear-induced GPVI shedding in mice.

Another important glycoprotein on the platelet surface is GPIb, the vWF receptor of
platelets. By binding vVWF, GPIb initiates platelet adhesion and activation in the
process of haemostasis [8]. Analogous to GPVI, GPIb was analysed for its surface
exposure and plasma concentration after PPE surgery. These analyses showed
increased surface expression at an early time point of aneurysm formation and
increased plasma concentrations at later time points in PPE-operated mice
(Figure 17). In 2004, Bergmeier et al. were able to show that the metalloproteinase
ADAM17 is a physiological sheddase of the GPIba receptor in mice [136]. In general,
the shedding of GPIba from the platelet surface is a physiological process that
constantly takes place in the circulation in a controlled process [137]. Upon activation
of ADAM17, which binds to the Gly464 — Val465 peptide bond, GPIba shedding can
be upregulated [136, 138, 139]. In in vitro experiments with endothelial cells it was
shown that shear stress accelerates the transport of mature ADAM17 to the cell
surface [140]. Thus, we hypothesise that increased shear stress in the aneurysm
segment of PPE-operated mice could induce the shedding of GPIb by ADAM17 and
thus increase plasma glycocalicin levels. Furthermore, the results of enhanced
glycocalicin levels in plasma of PPE-operated mice are consistent with glycocalicin
levels being elevated in AAA patients compared to healthy controls and patients with
symptomatic carotid disease [130]. In this context, the elevated glycocalicin level is
not useful as a marker for AAA pathology, since this phenomenon can also be

observed in other diseases such as cirrhosis and leukaemia [141].

5.1.3 Platelet activation and pro-coagulant activity are enhanced in late

stages of aneurysm formation

The analysis of platelet activation is crucial for the investigation of their role in
aneurysm formation as platelets can mediate various processes such as
inflammation, ECM remodelling and ILT formation. The platelet activation profile is

very important for the validation of the PPE model, especially when AAA pathology in

Page | 98



Discussion

experimental mice is compared to the human pathology. Indicated by measurements
of P-selectin exposure and integrin a3 activation (JON/A), platelet activation was
reduced upon stimulation with PAR4 in PPE-operated mice at an early stage of
aneurysm formation. In contrast, at later time points, platelet activation was increased
in PPE mice following CRP stimulation (Figure 18). A possible explanation for the
initial reduction in platelet activation after PAR4 stimulation might be a temporary
downregulation of the PAR4 receptor on the platelet surface. In an arterial thrombosis
mouse model, Kawano and colleagues already showed that platelet reactivity can be
reduced due to decreased platelet counts as well as due to the loss of platelet
receptors [142]. Furthermore, it is known that the expression of the PAR4 receptor at
the platelet surface can be negatively regulated at the post-transcriptional level by
prostacyclin, which plays a regulatory role in the cardiovascular system and is known
to be an important inflammatory mediator [143, 144]. Based on these studies, it can
be speculated that the PAR4 receptor may be downregulated in PPE-operated mice
at the beginning of aneurysm formation as induced by increased inflammation.
Measurements of the prostacyclin level in plasma and the amount of the PAR4
receptor on the platelet surface using PAR4-specific antibodies in PPE mice may help

to prove this hypothesis.

The analysis of platelet activation at later time points revealed an increase in the
platelet activation of PPE-operated mice after stimulation of GPVI. This is consistent
with human data, which show an increase in platelet activation in AAA patients
compared to healthy controls [89]. Since vascular collagen fibres are exposed during
aneurysm formation, we hypothesise that increased platelet reactivity upon
stimulation of GPVI amplifies platelet activation in the circulation and thus supports
further platelet recruitment to enhance aneurysm formation and progression. This
hypothesis is supported by Feige et al., who recently published that GPVI is crucial
for inflammation and aortic wall remodelling in the process of aneurysm formation by
modulating different cellular processes including platelet migration, VSMC apoptosis
and neutrophil infiltration. In another publication, Morrell et al. reported increased
platelet reactivity upon stimulation of the thrombin receptors using the ePPE mouse
model for AAA formation [145]. In contrast, in our research, we did not detect any
differences in platelet reactivity when stimulating the PAR4 receptor. Of note, mouse
platelets are known to express the thrombin receptors PAR3 and PAR4, and thrombin
can bind to both receptors [146]. Thus, the discrepancy between our results and those
of Morell et al. may arise from the agonists used to trigger platelet activation, but also

from the choice of the mouse model for AAA. In still another mouse model of
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aneurysm formation, the Ang Il model, no increased platelet activation was observed
at any of the time points of aneurysm formation that have been analysed [89]. These
differences to the PPE and ePPE model can be explained by the fact that the Ang |l
model is rather a model for the analysis of aortic dissection than of aneurysm
formation. However, in further studies from Owens and colleagues the inhibition of
platelet activation revealed positive effects upon aneurysm formation. By
administration of aspirin (ASA) and clopidogrel, they found reduced aortic diameter
progression in Ang ll-infused mice [128]. In another study, AZD6140, a P2Y 1, receptor
antagonist, was found to inhibit platelet activation and to reduce aneurysm formation
in a rat model of aneurysm formation. These results support our overall hypothesis

that platelets play a crucial role in aneurysm formation and progression.

Moreover in this study, PS exposure was analysed as a marker for the pro-coagulant
activity of platelets, a prominent cellular response of platelets in the process of
thrombosis. Increased pro-coagulant activity was observed in PPE mice in late stages
of aneurysm formation, which may account for increased platelet activity. In addition,
a positive correlation between the aneurysm diameter and pro-coagulant activity was
detected (Figure 19), supporting the hypothesis that PS exposure on platelets plays
a crucial role in aneurysm formation. Pro-coagulant platelets are involved in the
process of thrombin generation and in the activation and recruitment of further
platelets to the injured vessel to stop bleeding [147, 148]. The observation of
increased PS exposure at the platelet surface of PPE-operated mice is consistent with
the results from AAA patients [89]. However, PS exposure is not a specific marker for
AAA pathology, as pro-coagulant activity is also increased in other CVDs such the

coronary artery disease [149].

5.1.4 Platelet-mediated inflammation is enhanced in PPE-operated mice

during aneurysm formation

It is already known that AAA is associated with chronic inflammation. This chronic
inflammation is characterised by the infiltration of inflammatory cells including
macrophages, lymphocytes and leukocytes into the aortic wall [88, 150]. Studies with
in vivo depletion of platelets in PPE-operated mice revealed a role of platelets in the
inflammatory response and in aneurysm formation. In detail, Wagenhauser and
colleagues demonstrated that the aneurysm diameter, elastin fragmentation, the
number of macrophages in the aortic tissue and gene expression of inflammatory
genes including IL-1B, IL-6, IL8, IL10, IL-12B, CCL2 and TNFa were reduced in
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platelet-depleted PPE mice in an early stage of aneurysm formation. Furthermore, the
expression of OPN, a matricellular protein which can also act as pro-inflammatory
cytokine in its soluble form [151], was found to be decreased after platelet-depletion
in PPE-operated mice at day 10 after PPE-surgery [89]. Similar results were shown
by Liu et al. using another mouse model of AAA formation, namely the Angll mouse
model. They demonstrated a reduction in inflammation and aneurysm progression
after inhibition of platelets. Blocking of the platelet P2Y1, receptor with clopidogrel
resulted in reduced aortic diameter expansion, macrophage infiltration into the
aneurysm tissue and monocyte chemotactic protein 1 (MCP1) content in the aortic
wall [121]. In this thesis, OPN was found to be elevated in the aortic wall of PPE-
operated mice, even at later stages of aneurysm formation (Figure 21). In addition,
Wagenhauser et al. provides evidence for a modulation of inflammatory gene
expression in macrophages by the release of pro-inflammatory cytokines and growth
factors from platelets in vitro. As a result, the SPP1 gene (coding for OPN) and other
important inflammatory genes such as IL-1B, IL-6 and IL-12B were upregulated in
macrophages after incubation with platelet releasates [89]. So we hypothesise that
platelet are able to increase inflammation due to stimulation of migrated macrophages

in aortic tissue.

Since chronic inflammation is characterised by the infiltration of various inflammatory
cells into the aortic tissue, direct interaction of platelet with these inflammatory cells
was analysed. Therefore, aggregate formation of platelets with circulating leukocytes,
especially with neutrophils were measured, revealing increased platelet-neutrophil
aggregates in the early stage of aneurysm formation (Figure 20). These results may
support the previous hypothesis that increased inflammation induces downregulation
of PAR4 leading to reduced platelet activation at early stages of aneurysm formation
(see chapter 5.1.3). In turn, Rigg et al. demonstrated a PAR4-specific decrease of
platelet-leukocyte aggregate formation upon inhibition of the PAR4 receptor,
indicating a correlation between both processes [152]. In summary, the here
presented results clearly show that platelets play a role in the inflammatory process
in AAA disease.

To summarise these findings, platelet activation and degranulation as well as
increased pro-coagulant activity support aneurysm formation by the inflammatory
response in early AAA formation. This is indicated by a hyperactive state of platelets
in an early stage of AAA development, which in turn promotes the recruitment of pro-

inflammatory cells as well as platelets into the aneurysm wall. The pro-inflammatory
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environment within the aneurysm thereby fosters an enhanced pro-coagulant activity
of circulating platelets. This pro-coagulant activity is crucial for local thrombin
generation and thus ILT formation and progression. As the aortic diameter growth
proceeds, enhanced luminal shear rates induce the shedding of GPIb from the platelet

surface resulting in higher glycocalicin plasma levels.

5.2 The role of platelet-specific reelin in AAA formation and
progression

Reelin is a large extracellular matrix protein that was originally found to be synthesised
by Cajal-Retzius cells in the marginal zone of the developing cerebral cortex with a
crucial role in brain development. Furthermore, reelin is expressed by various other
cell types, including hepatic stellate cells in the liver and blood cells such as platelets,
indicating its role in neurological as well as non-neurological functions [33, 34, 39].
Moreover, reelin can be released into the bloodstream by both, liver and blood cells,
whereas liver cells represent the main source of circulating reelin [39]. Published data
demonstrated that plasma reelin is able to directly influence the onset and progression
of different CVDs by promoting vascular inflammation, platelet adhesion and
activation, as well as thrombus formation [53, 60, 61]. In this context, Gowert et al.
and Krueger et al. showed that the loss of reelin protects mice from arterial thrombosis
by reducing platelet adhesion, which occurs through impaired GPIlb-dependent inside-
out activation of integrin ainPs, as well as diminished reelin-induced GPVI activation
and integrin apB3 outside-in signalling [53, 60]. After myocardial infarction, reelin,
produced by lymphatic endothelial cells, exerts cardio protective effects, which is
reflected by improved heart function [153]. Furthermore, Ding et al. demonstrated that
the loss of reelin attenuates the development of atherosclerosis, as represented by a
reduction in plaque size. This effect occurs through the inhibition of leukocyte-
endothelial adhesion and macrophage accumulation via ApoER2, along with a
decrease in the expression of endothelial adhesion molecules in mice [61]. Since AAA
is an atherosclerotic cardiovascular disease [154, 155], we hypothesised that reelin
may also contribute to the development and progression of AAA. Moreover, as the
AAA pathology is characterised by a chronic inflammatory response as well as the
formation of an ILT, reelin might represent a potential novel candidate for targeting
AAA formation and progression. Therefore, a better mechanistically understanding
how reelin affects the inflammatory response and ECM remodelling during AAA
formation is crucial in order to identify suitable targets. However, to date there are no
experimental or clinical data on the contribution of reelin and platelet-specific reelin to

the formation and progression of AAA.
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As platelets represent one source of circulating reelin the aim of this study was
focused on the effect of platelet-derived reelin on platelet- and aortic-specific
parameters during AAA progression. The analyses of RIn WT and RIn KO mice used
in this study revealed contradictory results at different time points such as on day 7
and 28 (Figure 22 — 37). Further experiments demonstrated that reelin remains
detectable in platelets of platelet-specific RIn KO mice (Figure 38). This indicates that
platelets from RIn KO mice are capable to internalise reelin from the circulation, with
liver cells or endothelial cells serving as the primary source of plasma reelin [39].
Based on this hypothesis, the discrepancy observed in the effect of platelet-derived
reelin on AAA progression in platelet-specific RIn KO mice, collected 7 and 28 days
post surgery, may be explained by the internalisation of different amounts of reelin. In
detail, mice harvested at an early time point showed significant differences in
aneurysm diameter, whereas those collected at the later time point displayed two
populations, one with an increasing and the other with an almost unaltered aortic
diameter compared to the baseline measurement. Thus, we assume that platelets
from platelet-specific RIn KO mice might absorb reelin from circulation in different
amounts that might be responsible for differences in aortic diameter progression. The
capacity of platelets to internalise large proteins, such as glutamate or fibrinogen, from
the circulation has already been shown both in humans and in mice (own unpublished
data) [156-158]. D'Arcangelo et al. have already demonstrated that the reelin
receptors ApoER2 and VLDL are capable of mediating reelin uptake into cells in vitro
using COS-7 monkey fibroblast-like cells that were transfected with a VLDL receptor
expression vector [50]. Duit et al. confirmed these findings for both receptors in murine
embryonic NIH3T3 fibroblast cells expressing ApoER2 or VLDLR [159]. As these
receptors are also expressed on the surface of platelets, the ApoER2- respectively
VLDL-mediated endocytosis of reelin may represent a potential mechanism of reelin
internalisation by reelin-deficient platelets. Therefore, further investigations are

required in order to verify this potential mechanism of reelin internalisation in platelets.

Summarised this indicates that the analyses on the impact of platelet-derived reelin
for AAA formation remain challenging. Nevertheless, the effect of global reelin in AAA
disease could be investigated. In this context, PPE surgery could be performed in
mice treated with the CR-50 antibody. Mechanistically, CR-50 prevents reelin
oligomerisation and its subsequent receptor binding, and thereby effectively blocks
reelin activity [45]. In former publications, it was demonstrated that targeting reelin by
using the CR-50 antibody in vivo protects mice against atherosclerosis by reducing

vascular adhesion of leukocytes and macrophage accumulation under pathological
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conditions. As leukocytes and macrophages play a critical role in the formation and
progression of AAA the use of the CR-50 antibody might be promising and a

completely new approach for the treatment of AAA.

5.3 The ePPE mouse model shows no ILT formation 28 days
after ePPE surgery

The PPE mouse model shows many characteristics of human AAA pathology.
However, this does not include the process of ILT formation that is found in 75% of all
AAA patients [66]. To date, the impact of ILT formation on AAA development and
progression is highly debated and not clear yet. On the one hand, this ILT is a
biological active entity that releases and transports molecules to the aortic wall and
can thereby promote aneurysm formation [94, 97]. On the other hand, it can
simultaneously reduce aortic wall stress and thus prevent ruptures [98, 160]. In this
context, it is crucial to analyse the process of ILT formation in detail, along with the
underlying mechanisms, to develop novel therapeutic approaches targeting AAA
formation in future. For this reason, the ePPE mouse model, in which the formation of
an ILT has been described by others [106], was established. Subsequently, platelet-

and aortic-specific parameters as well as the formation of an ILT were analysed.

5.3.1 Administration of 0.1% BAPN shows mildest secondary effects

For the establishment of the ePPE mouse model, three different concentrations of
BAPN were supplemented to the drinking water. As inhibitor of LOX, BAPN is able to
prevent cross-linking of elastin and collagen [105, 106], supporting aneurysm
development in elastase-treated mice. Interestingly, in young mice Ren et al. showed
that BAPN is capable of causing aneurysm formation and following rupture without
any other treatment such as elastase application [161]. Franklin et al. were able to
demonstrate that the capability of BAPN alone to induce aneurysm formation in mice
is diminished with increasing age, supporting the hypothesis of Sawada and
colleagues. They assumed that BAPN has no effect on the cross-linking of already
formed elastic fibres [162, 163]. In this way, only new elastin and collagen fibres are
prevented from cross-linking during the repair process. Considering these findings,
BAPN was added to the drinking water of sham- and elastase-treated mice in this
thesis, in order to prevent simultaneous repair mechanisms. However, in in vivo
experiments it has already been demonstrated that the BAPN concentration is crucial
for the survival rate [164]. Therefore, different BAPN concentrations were tested to

exclude potential side effects and to find the appropriate BAPN concentration with
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regard to aortic diameter expansion. Analyses of survival, AAA incidence and aortic
diameter progression over a time course of 28 days were performed. The results
showed that the administration of BAPN affects the survival probability in our
experiments due to ruptures. However, all elastase-treated mice developed an
aneurysm independent of the BAPN concentration used (Figure 39 — 41). In ePPE-
operated mice with an administration of 1% BAPN, RBC counts were reduced
compared to ePPE-operated mice without an administration of BAPN. Furthermore,
a reduction in WBC counts were observed in sham-operated mice with an
administration of 1% BAPN compared to both other groups, indicating that the drop
of circulating WBCs is due to BAPN treatment alone (Figure 42). WBCs play a crucial
role in AAA formation, as shown by the migration of macrophages and neutrophils
into the aortic wall and the release of cytokines and neutrophil elastase, contributing
to increased inflammation [127]. Considering the secondary effects of the high BAPN
concentration on WBCs, the administration of 1% of BAPN represented no
appropriate concentration for the analysis of AAA formation and progression using
the ePPE mouse model. To date, published data showing the influence of BAPN on
inflammation were only obtained in the AAA mouse model of BAPN-induced
aneurysm formation. In this mouse model, the inflammation was enhanced by the
administration of BAPN in young mice. But this process of increased inflammation is
probably linked to the formation of aneurysms, as the inhibition of aneurysm formation
simultaneously reduces inflammation [165-169]. In order to gain further insights into
the influence of BAPN on inflammatory cells, in vitro experiments with the treatment
of BAPN on different blood cell types, including WBCs, could be performed. In
contrast to mice administered with 1% BAPN, the administration of 0.1% BAPN
showed no differences in the number of WBCs and RBCs compared to the group
without BAPN administration (Figure 42). Since the aortic diameter in both groups
with 0.1% and 1% BAPN treatment revealed similar progression, we decided to use
0.1% BAPN for further experiments.

5.3.2 Platelet activation and pro-coagulant activity might support AAA

formation in ePPE-operated mice

After establishment of the ePPE mouse model, platelet-specific parameters at the end
timepoint of 28 days were characterised. Regarding platelet activation, the results
showed stronger activation upon stimulation with PAR4 and ADP in combination with
U46 (Figure 43). As already mentioned, increased platelet activation in PPE mice is
consistent with data obtained from AAA patients, since AAA patients showed

enhanced platelet activation compared to healthy controls. In addition to the
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pre-activated state detected in resting platelets, platelet degranulation and activation
of integrin ausPBs were increased upon stimulation of the P2Y4, receptor and GPVI in
AAA patients [89]. Moreover, the findings on platelet activation in ePPE-operated
mice are consistent with recent data published by Morrell and colleagues. They
detected increased platelet activation upon thrombin-mediated stimulation of platelets
in the ePPE mouse model [145]. Nevertheless, in contrast to the PPE mouse model
(Figure 18 A), platelet activation in the ePPE model revealed no changes in GPVI
activation upon CRP stimulation. Further analyses revealed a reduction in GPVI
expression on the platelet surface, accompanied by an increase in plasma levels of
sGPVI and glycocalicin, both correlating with the aneurysm diameter
(Figure 44 — 45). The reduced surface exposure of GPVI might explain the unaltered
platelet activation in ePPE-operated mice following CRP stimulation. Furthermore, the
decreased GPVI exposure might be due to enhanced GPVI shedding from the platelet
surface, as sGPVI plasma levels were found to be elevated in ePPE-operated mice.
The enhanced shedding of GPVI from the platelet surface can be mediated by high
wall shear stress. The impact of pathological shear stress on the shedding process of
platelet receptors was already discussed previously (see chapter 5.1.2). Since mice
undergoing ePPE surgery develop larger aneurysms, we hypothesise that they
experience increased shear stress compared to PPE-operated mice, potentially

exceeding the threshold necessary for GPVI shedding.

Furthermore, pro-coagulant activity of platelets in ePPE-operated mice was
investigated using PS exposure as a marker (Figure 46). As observed in the PPE
model (Figure 16 — 20), enhanced pro-coagulant activity in ePPE mice may result
from increased platelet activity, potentially contributing to aneurysm formation. These
results were already discussed in detail in chapter 5.1.4 in the context of analysis of

the PPE-operated mice.

5.3.3 Aortic wall remodelling in ePPE-induced AAA formation is

characterised by enhanced VSMC proliferation

In AAA patients, aneurysm formation is characterised by a progressive aortic wall
remodelling including elastin degradation and thinning of the aortic wall due to
enhanced VSMC apoptosis. Analysis of the aortic wall remodelling in ePPE mice
revealed elevated elastin degradation in the thickened aortic wall of ePPE-operated
mice 28 days after surgery. Moreover, additional tissue was detected growing from

the aortic wall into the lumen (Figure 47 — 48). Further analyses indicated that this
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additional tissue is no thrombus tissue composed of platelets, erythrocytes and
WBCs, but a layer of proliferated VSMCs (Figure 49). These results are inconsistent
with those shown in the review of Busch et al., where thrombus tissue was shown to
be present in ePPE-operated mice 28 days after surgery. However, the additional
tissue was only observed in H/E-stained aortic sections and postulated as ILT tissue
[106] without further investigation. Although the AAA pathology is typically associated
with thinning of the aortic wall, Lu et al. as well observed a thickening of the aortic wall
and furthermore a disruption of the circular and longitudinal layer arrangement of
VSMCs in ePPE-operated mice 28 days after surgery. This thickening of the tunica
media was observed not only in the ePPE mouse model but also in another aneurysm
mouse model with BAPN administration alone to induce aneurysm formation in young
mice [108, 164]. In contrast, Wagenhauser et al. were able to demonstrate a thinning
of the murine aortic wall in the Ang Il and PPE mouse models 28 days after surgery
[89]. Since this characteristic is also found in AAA patients, results from the Ang Il and
PPE mouse model are more consistent with the human pathology. The main
difference observed between the different mouse models may be linked to the addition
of BAPN to the drinking water. As previously mentioned, BAPN is used as a LOX
inhibitor to prevent cross-linking of collagen and elastin fibres. However, LOX is also
expressed in VSMCs and has been shown to be associated with their migration and
proliferation [170]. In this context, Varona et al. reported that LOX exerts
anti-proliferative effects on VSMCs [171]. Therefore, inhibiting LOX using BAPN can
also promote proliferation of VSMCs in the aortic wall of ePPE-operated mice, leading
to thickening of the aortic wall. However, extended studies by Lu et al. revealed a
thinning of the aortic wall due to loss of VSCMs and ILT formation over a time course
of 100 days after surgery [108]. This indicates that the growth rate of the aneurysm,
accompanied by a progressive destruction of the aortic wall, surpasses the
proliferation rate of the VSMCs over time. To verify these findings and to establish ILT

formation, mice should be analysed over a prolonged time period after ePPE surgery.

5.3.4 Inflammation contributes to aneurysm progression in ePPE-

operated mice

In addition to the analyses of aortic wall remodelling experiments regarding platelet-
mediated inflammation were performed, since both processes are typical features of
aneurysm formation. In this context, platelets and macrophages were found in the
aortic wall (Figure 52 — 53), indicating an enhanced migration promoting inflammation
and aneurysm formation. Lu and colleagues showed macrophage infiltration into the

aortic wall of ePPE-operated mice over a time course of 100 days. They found that
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the number of infiltrated macrophages peaks at day 14 and decreases thereafter until
day 28 [108]. These findings are consistent with the data presented in this study, as
only a small amount of macrophages was detected in the aortic tissue of ePPE-
operated mice at day 28 post surgery. Since macrophages are the most prominent
cell type of acute inflammation, they appear immediately after a medical procedure
and rapidly produce inflammatory cytokines [172]. Macrophage infiltration into aortic
tissue has also been observed in other mouse models of aneurysm formation,
including the PPE model. Published by Wagenhauser et al. it was shown that platelet
depletion in PPE-operated mice resulted in a reduced aortic diameter progression
accompanied by a decreased macrophage infiltration into the aortic wall. Further, they
hypothesised that infiltrated macrophages highly express the pro-inflammatory
cytokine osteopontin, which appears to be a recruitment mechanism for platelets into
the aortic tissue. Since platelets also release OPN from intracellular stores, they may
amplify the recruitment signal for other platelets to infiltrate the aortic wall. This is
supported by the finding that macrophages, platelets and osteopontin are co-localised
in the aneurysm wall of AAA patients [89], indicating an interaction between those

cells with a role for osteopontin.

5.4 Conclusion and outlook

During the last years, several potential candidates for a drug-based therapy in AAA
were developed. However, a successful clinical implementation of these non-invasive
therapies is still lacking to date. Thus, investigating the pathophysiological
mechanisms underlying AAA is crucial for the identification of novel targets for drug-
based therapies. In this context, the results of this thesis, showing increased platelet
activation and pro-coagulant activity in two experimental mouse models of aneurysm
formation, indicate that targeting specifically platelet activation and pro-coagulant
activity may represent a new promising approach to reduce AAA formation and
progression. Therefore, the novel experimental AAA mouse model “ePPE” was
established within the scope of this work. The analysis of platelet-specific parameters
in this experimental model revealed altered platelet function and characteristics,
indicating their crucial role in AAA formation as mediated by platelet activation and
pro-coagulant activity. Since ILT formation is described as unique feature of the ePPE
mouse model, this AAA model provides opportunities to analyse the development of

the ILT, including the impact of various platelet receptors in this process.
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To date, the use of anti-platelet therapies including clopidogrel or ASA is already fully
implemented into the clinical routine for decades, as they are used as secondary
prophylaxis for the prevention of thromboembolic events following cardiovascular
events [115-118]. However, several clinical studies on the effect of ASA on AAA
formation revealed contrary outcomes which appear to be dependent on the initial
size of the aneurysm in AAA patients. Thus, ASA failed as a potential candidate for
the treatment of AAA as it could not effectively reduce growth rate of AAA irrespective
of size [120, 173]. Therefore, it is of great interest to identify novel platelet-specific
targets in order to develop new anti-platelet therapies. In this context, the impact of
platelet-derived reelin on AAA formation was investigated in order to evaluate whether
reelin-mediated platelet signalling represents a potential target. However, the analysis
on the impact of platelet-derived reelin for AAA formation remains challenging, as
recent studies of our working group revealed that platelets may be capable to
internalise reelin from the circulation. This makes the analysis of platelet-specific
reelin KO mice difficult because in these mice reelin is still present in the circulation
and other cells beside platelets (own data unpublished). Thus, targeting reelin by
inhibition of reelin dimerisation using the CR-50 antibody in an experimental AAA
mouse model would represent a promising translational intervention although this will
be a systemic approach that not only targets platelets but also endothelial cells and
leukocytes. Nevertheless, applying the CR-50 antibody would provide the opportunity
to analyse the underlying mechanisms of reelin-mediated signalling in the processes
of inflammation, ECM remodelling and ILT formation and might evaluate a potential

clinical outcome in AAA.
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7 Appendix

7.1 Appendix figures

sham PPE

Figure 54. Inflammatory OPN was increased in aortic tissue of PPE-operated mice at late stage
of aneurysm formation. Representative immunofluorescence images of IgG controls for OPN staining
in aortic wall tissue from naive and PPE-operated mice 28 days after surgery. Scale bar: 100 ym.

DAPI = 4',6-diamidino-2-phenylindole; PPE = porcine pancreatic elastase (infusion).

Page | 120



Appendix

19G M/ elastin DAPI

RIn"M; PF4-cre-

2
9
=
w
o
N
E
13

RIn™1: PF4-cre*
RIn™M; PF4-cre*

DAPI

lgG

RIn™"; PF4-cre-
RIn™f; PF4-cre-

RIn®fi; PF4-cre”

.

<

9
<
w
o
&
£
14

Figure 55. Platelet-specific reelin deficiency exhibited no effects on the aortic a-SMA and casp3
content at day 28 post PPE surgery. Representative single channel images and IgG controls of
immunofluorescence stainings of (A) a-SMA and (B) casp3 in aortic wall of Rin WT (RIn"f; PF4-cre”) and
RIn KO (RIn""; PF4-cre*) mice 28 days after PPE surgery. Aortic tissue was specifically stained for (A)
a-SMA (anti-a-SMA, orange) or (B) casp3 (anti-casp3, orange). Elastin (green) is demonstrated by
autofluorescence, and nuclei were stained with DAPI (blue). Scale bar: 100 um. a-SMA = alpha smooth
muscle cell actin; DAPI = 4',6-diamidino-2-phenylindole; KO = knockout; RIn = reelin; WT = wild-type.
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Figure 56. Content of a-SMA and casp3 positive cells in aortic wall of ePPE-operated mice.
Representative single channel images and IgG controls of immunofluorescence stainings of (A) a-SMA
and (B) casp3 positive cells in the aortic wall of sham- and ePPE-operated mice 28 days after surgery.
Aortic tissue was specifically stained for (A) a-SMA (anti-a-SMA, orange) or (B) casp3 (anti-casp3,
orange). Elastin (green) is presented by autofluorescence, and nuclei were stained with DAPI (blue).
Scale bar: 100 ym. a-SMA = alpha smooth muscle cell actin; DAPI = 4',6-diamidino-2-phenylindole;

ePPE = external porcine pancreatic elastase (application).
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Figure 57. Content of platelets and macrophages was increased in the aortic wall of ePPE mice.
Representative single channel images and IgG controls of immunofluorescence stainings of (A) GPlba
and (B) Mac3 in aortic wall of sham- and ePPE-operated mice 28 days after surgery. Aortic tissue was
specifically stained for (A) GPIba (anti- GPIba, pink) or (B) Mac3 (anti- Mac3, pink). Nuclei were stained
with DAPI (blue). IgG control, which is the same for both antibodies, was stained on one slide.
Scale bar: 100 um. DAPI = 4',6-diamidino-2-phenylindole; ePPE = external porcine pancreatic elastase
(application).
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Dankeschdn und ganz viel Liebe an die beste Familie, die man sich wiinschen kann.

Zum Schluss mochte ich meinem geliebten Ehemann und besten Freund meinen
tiefsten Dank aussprechen. Danke, mein Schatz, dass du deine Familie zu meiner
Familie gemacht hast und stets an meiner Seite bist. Seit meinem Bachelorstudium
hast du meinen beruflichen Werdegang mitverfolgt und mich immer unterstitzt —
zunachst als bester Freund, dann als Partner und mittlerweile als Ehemann. Dabei ist
unsere Liebe genauso gewachsen wie ich selber auch — aus der ehemals ,kleinen”
Bachelorstudentin ist inzwischen fast eine Wissenschaftlerin mit Doktortitel

geworden. Danke, dass du wahrend all dieser Jahre zu mir gestanden hast.

Einfach Dankeschon! v
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7.7 Affidavit

| declare in lieu of an oath, that the dissertation has been written by me independently
and without unauthorised outside help, in compliance with the "Principles for Ensuring
Good Scientific Practice at the Heinrich-Heine-University of Duesseldorf".
Furthermore, | confirm, that this thesis has not yet been submitted as part of an-other

examination process neither in identical nor in similar.

Duesseldorf, February 2025

7.8 Eidesstaatliche Erklarung

Ich versichere an Eides Statt, dass die Dissertation von mir selbstandig und ohne
unzulassige fremde Hilfe unter Beachtung der ,Grundsatze zur Sicherung guter
wissenschaftlicher Praxis an der Heinrich-Heine-Universitat Dusseldorf* erstellt
worden ist. Ich erklare auRerdem, dass die Dissertation weder in gleicher noch in

ahnlicher Form bereits in einem anderen Prifungsverfahren vorgelegen hat.

Dusseldorf, Februar 2025
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