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Abstract

Cardiovascular disease (CVD) is rated as a leading cause of death, particularly
in industrialised countries. Atherosclerosis is a common cause of CVD. There-
fore, several mechanisms leading to atherosclerosis development are covered
in this thesis. The aim of the thesis project was to investigate the regulation of
the low-density lipoprotein receptor (LDL-R) gene family expression in human
coronary artery endothelial cells (HCAEC) and human coronary artery smooth
muscle cells (HCASMC). The study focused on the LDL-R, VLDL-R, LRP1, and
LRP2 and included the influence of several factors which have been suggested
to play a role in atherosclerosis: modified lipoproteins (in this study carbamylat-

ed LDL), estrogen, and alterations of vascular shear stress.

Carbamylated LDL is considered as a risk factor since patients with chronic kid-
ney disease are prone to develop CVD (“uremia-induced atherosclerosis”). Low
shear stress is believed to act atherogenic because of its numerous unfavoura-
ble effects on endothelial function. Actually, atherosclerotic lesions occur pref-
erentially at regions with low vascular shear stress. In contrast, estrogen is sug-
gested to be responsible for the lower incidence of atherosclerosis in premeno-
pausal women. Thus, atheroprotective properties are attributed to the steroid

hormone.

Human coronary artery endothelial cells were cultivated under static and dy-
namic (high and low shear stress) conditions, human coronary artery smooth
muscle cells were cultivated under static conditions. Then, the cells were treat-
ed with native and carbamylated lipoproteins and 173-estradiol in different com-
binations. The receptor gene expression levels in these cells were analysed by
real-time quantitative PCR. Furthermore, protein detection by Western-blot, lip-
oprotein modification analysis by relative electrophoretic mobility determination

and cytotoxicity assays should complete the studies.

In summary, significant alterations in gene expression of both cell types could
be determined. These findings provide further evidence for a crucial role of car-
bamylated LDL, estrogen, and shear stress in disease development.
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Zusammenfassung

Kardiovaskulare Erkrankungen zahlen zu den fihrenden Todesursachen in den
Industriestaaten. Sie werden haufig durch die multifaktorielle Erkrankung
Atherosklerose verursacht, weswegen in dieser Arbeit einige Faktoren unter-
sucht werden sollen, die zur Entwicklung dieser Krankheit beitragen. Das Ziel
dieses Projekts ist die Untersuchung der Expression der LDL-Rezeptor-
Genfamilie und ihrer Regulation in Endothelzellen und glatten Muskelzellen der
menschlichen Koronararterien. Die Studie konzentrierte sich dabei auf den LDL-
R, VLDL-R, LRP1 und LRP2 und behandelte den Einfluss von mehreren Fakto-
ren, die fur die Entstehung von Atherosklerose von Bedeutung sein sollen: mo-
difizierte Lipoproteine (in dieser Studie carbamyliertes LDL), Ostrogen und Ver-

anderungen der auf die GefalRwand wirkenden Scherkrafte (,shear stress").

Carbamyliertes LDL gilt als Risikofaktor, da Patienten mit chronischen Nie-
renerkrankungen eine kardiovaskuldre Erkrankung entwickeln (,Uramie-
induzierte Atherosklerose®). Verminderter ,shear stress” wird aufgrund seiner
zahlreichen negativen Auswirkungen auf die Endothelfunktion ebenfalls als
atherogen eingestuft. Tatsachlich treten Lasionen bevorzugt in Gefal3bereichen
auf, in denen geringere Scherkrafte wirken. Ostrogen werden zahlreiche
atheroprotektive Funktionen zugeschrieben. Das Steroidhormon wird daher fur
die geringere Inzidenz von Atherosklerose in pramenopausalen Frauen verant-

wortlich gemacht.

Endothelzellen wurden unter statischen und dynamischen Bedingungen kulti-
viert, glatte Muskelzellen unter statischen Bedingungen. Anschlielend wurden
beide Zelltypen mit verschiedenen Kombinationen von nativen und carbamylier-
ten Lipoproteinen und 17B-Estradiol behandelt. Die Genexpression der Rezep-
toren wurde mittels quantitativer RT-PCR ermittelt. Ein Proteinnachweis mittels
Western-blot sowie eine Lipoprotein-Modifikationanalyse mittels Elektrophorese

(.relative mobility*) und Zytotoxizitatstests sollten die Untersuchung erganzen.

Zusammengefasst konnten signifikante Anderungen der Genexpression festge-
stellt werden. Diese Erkenntnisse sind als weiterer Hinweis auf eine wichtige

Rolle der untersuchten Faktoren in der Krankheitsentstehung zu bewerten.
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1. Introduction

1.1 Atherosclerosis

Atherosclerosis has become a major health problem, especially in industrialised
countries. This inflammatory disease is characterised by the progressive accu-
mulation of lipids and the development of atheromatous plaques in the vessel
wall. Resulting in cardiovascular disease like myocardial infarction and stroke, it

is rated as a leading cause of death. This chapter will refer to disease develop-

ment, mechanisms, and risk factors.
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Fig. 1: F ormation of atherosclero tic lesions, took from [1 ].

a) the normal artery wall

b) adhesion and entry of monocytes, foam cell formation by lipid uptake

¢) migration and proliferation of smooth muscle cells, formation of a fibrous cap

d) plaque rupture and thrombus formation

1.1.1 The healthy artery wall and endothelial funct ion

The normal arterial wall is built up of three layers (see fig. 1a). A monolayer of
endothelial cells (EC) lines the tunica intima that contains resident smooth mus-
cle cells (SMC). The middle layer, termed tunica media, comprises smooth
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muscle cells in an extracellular matrix (ECM). Fibroblasts, mast cells, mi-
crovessels, and nerve endings are located in the outermost layer (adventitia) [1].
In the healthy artery, endothelial cells perform atheroprotective functions medi-
ated by endothelial nitric oxide synthase (eNOS). They resist adhesion and ag-
gregation of inflammatory cells and platelets, control the vascular tone and
promote fibrinolysis [2]. More precisely, nitric oxide (NO) induces vasodilation,
inhibits platelet activation, and blocks the expression of adhesion molecules
(vascular cell adhesion molecule VCAM-1, intracellular adhesion molecule
ICAM-1) as well as inflammatory molecules regulated by nuclear factor kappa B
(NF-kB). However, constant exposure to risk factors (hypertension, hyper-
lipidemia, obesity, smoking, insulin resistance, inflammation) results in eNOS

decrease, a feature of endothelial dysfunction [3].
1.1.2 The onset of atherosclerosis

The initial steps of the disease are characterised by the capture of monocytes
on the EC surfaces and the entry of lipoprotein particles in the artery wall (see
fig. 1b). The expression of adhesion molecules is provoked by irritating stimuli
like dyslipoproteinemia, hypertension, and pro-inflammatory mediators. Simul-
taneous changes in ECM composition and endothelial permeability advance en-
try and retention of LDL particles in the artery wall [4]. LDL is supposed to show
an increased affinity for ECM components, especially chondroitin sulphate pro-
teoglycans, leading to interaction, retention and aggregation [5]. The resulting
complexes of lipoproteins and proteoglycans are prone to modifications (aggre-
gation, oxidation, enzymatic cleavage) and therefore considered as pro-
atherogenic [3].

Monocytes are attracted by the chemokine MCP-1 (macrophage chemoattract-
ant protein 1) [6]. After binding to the endothelial surface and migration into the
tunica intima, they differentiate to macrophages by colony stimulating factor
(CSF). Subsequently, they start to engulf LDL particles and become “foam cells”
(intracellular lipid droplets formed by cholesterol esters cause a foamy appear-
ance) [1]. The uptake of modified lipoprotein particles is mediated by scavenger
receptors [7] and also by LRP1 [8]. Foam cells release growth factors, cytokines,

matrix-metalloproteases, reactive oxygen species (ROS) and tissue factors (TF)
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maintaining the inflammatory response. Moreover, these factors induce vascu-

lar remodelling and elevate the susceptibility to thrombus formation [3].
1.1.3 Disease progression and thrombosis

Lesion progression implies the recruitment of SMC from tunica media to the tu-
nica intima (see fig. 1c), where SMC proliferation is induced by mediators such
as platelet-derived growth factor (PDGF). Furthermore, the SMC form ECM
molecules (interstitial collagen and elastin). As a consequence, the plaque is
covered by a fibrous cap [1]. Dying foam cells located under this cap release
lipids that accumulate extracellularly and contribute to necrotic core formation
[9]. When influenced by atherogenic stimuli, SMC undergo a transformation
from the non-proliferative, contractile phenotype into actively proliferating cells

leading to vascular remodelling and intimal thickening [3].

Plaques cause medical problems by developing blood-flow limiting stenoses
leading to tissue ischemia. In addition, they can interrupt the blood flow by elicit-
ing thrombi. A thrombus arises when the fibrous cap ruptures (see fig. 1d) lead-
ing to an exposition of the core’s pro-coagulant substances to coagulation pro-
teins in the blood [10].

1.2 Lipoproteins
Lipoproteins are of particular importance for atherosclerosis since a strong as-

sociation between CVD and plasma lipid levels has been observed [11].

1.2.1Structure and classification of lipoproteins

Lipoproteins facilitate the transport of hydrophobic lipids in the blood. As illus-
trated in fig. 2 and fig. 3, these spherical molecule complexes consist of a hy-
drophilic shell (phospholipids, cholesterol, apolipoproteins) and a hydrophobic
core (triglycerides, cholesterol esters). They differ in density, size, place of as-
sembly, lipid composition, and apolipoprotein classes. Usually, they are classi-
fied by their density (see fig. 4). Each lipoprotein class has its specific apolipo-
proteins, which serve as structural elements and stabilize lipid emulsions. Fur-

thermore, they mediate synthesis and degradation of lipoproteins by enzyme
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activation and serve as ligands for lipoprotein receptors in membranes of target
cells [12, 13].

Apoproteln -
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Fig. 2: Structure of a lipoprotein [  14]. Fig.3: LDL and its apoprotein B100 [15 ].
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Fig. 4: Overview of lipoprotein s and their characteristics [16 ].

1.2.2 The lipoprotein metabolism (illustrated infi  g. 5)

Ingested lipids are transported by chylomicrons from the intestine into the pe-
riphery. Then, lipoproteinlipase (LPL) is activated by apolipoprotein (Apo) CII
leading to a release of free fatty acids, which are absorbed by body cells. The
cholesterol-rich chylomicron-remnants are taken up by the liver by binding to
ApoE receptors. The liver exports triglycerides and cholesterol in very-low den-
sity lipoprotein (VLDL) patrticles, which deliver fatty acids to the periphery also
using the mechanism of LPL activation. Approximately 50% of the VLDL-
remnants (also called intermediate density lipoprotein (IDL)) are converted to

low-density lipoprotein (LDL) by hepatic lipase. LDL is responsible for choles-
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terol transport to peripheral tissues, where it regulates the de-novo cholesterol
synthesis. LDL uptake by receptor-mediated endocytosis is shown in figure 6
and figure 7. It requires the binding of ApoB-100 to the LDL receptor. The re-
ceptor-LDL-complex is internalised in a vesicle that fuses with a lysosome. The
LDL is hydrolysed whereby free cholesterol enters the cytoplasm and the LDL
receptor goes back to the membrane. The resulting free cholesterol acts as
regulator for cellular cholesterol homeostasis. The particular mechanisms are
described in figure 6. High-density lipoprotein (HDL) is responsible for reverse
cholesterol transport. ApoAl on HDL activates lecithin-cholesterol-
acyltransferase (LCAT), which esterifies cholesterol. Thus, excess cholesterol is
eliminated from the blood and transported to the liver. In addition, HDL exerts

several other beneficial functions (see fig. 8) [12, 13].

Exogenous pathway Endogenous pathway

. ApoB-100 LOL
recepmrs

Bile acids and

Dietary fat
cholesterol
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c-11 é"ﬂf. ‘. ApoE *eLTA
B-48 5 1|]'|:|' ®% B-100
Capillanes Eap:llanes
VAN
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... acyltransferase)
Upopmtam “PEBE \" Lipoprotein lipase
Free fatty acids Free fatty acids
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@ 2006 5t George's, University of Londor

Fig. 5: Lipoprotein metabolism, took from [17].

Fatty acids are transported from the intestine to the blood via chylomicrons. These particles
supply peripheral tissues with fatty acids. Chylomicron remnants are absorbed by the liver. The
liver releases VLDL particles for delivering fatty acids to adipose tissue and muscles. Their
remnants are partly converted to LDL, which is internalized by the LDL receptors of the liver or

extrahepatic tissues. HDL mediates the transport of cholesterol back to the liver.
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Fig. 6: Regulatory actions of dietary cholesterol [ 18].

The LDL receptor binds LDL via apoB100. This complex is internalized (“clathrin-coated pits”) in
a vesicle and hydrolysed in a lysosome. The released cholesterol executes regulatory functions:
to maintain cellular cholesterol homeostasis, it accelerates cholesterol esterification by activat-
ing ACAT (Acyl-CoA-Cholesterin-Acyltransferase) and blocks HMG CoA reductase (3-hydroxyl-
3-methyl-glutaryl-CoA reductase), the enzyme responsible for endogenous cholesterol synthe-
sis. In addition, it reduces the number of LDL receptors to decrease further cholesterol uptake.
The sterol regulatory element binding protein (SREBP) transcription factors have a crucial role
in these regulatory actions.

Memibranas
Steroid Hormones
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0
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Binding Endocytosis FReceptor Lysosomal Functions of
Recycling Degradation Cholesterol

LDL RECEPTOR PATHWAY
Fig. 7: The cycle o fthe LDL receptor [19 ].

After cholesterol release, the receptor is recycled and goes back to the membrane.
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Fig. 8: Protective effects of HDL concerning athero  sclerosis and thrombosis [3].

1.3 The LDL receptor gene family

The members of the LDL receptor gene family are transmembrane receptors
that share structural and functional properties. They are expressed on the cell
surface and interact with several ligands via specific extracellular binding sites.
After receptor internalization by coated pits, these ligands are transported to ly-
sosomes and degraded. Fig. 9 visualizes the structure of the receptor family:
they consist of ligand binding repeats, epidermal growth factor (EGF) precursor
repeats, YWTD repeats (“B-propeller”), a single transmembrane domain, and a

short cytoplasmic tail containing internalization signals [20, 21].
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Fig. 9: The structure of t he LDL receptor gene family [22 ]

1.3.1 The low-density lipoprotein receptor (LDL-R)

The LDL receptor was discovered in the 1970s by Brown and Goldstein, who
did research on familial hypercholesteremia (FH) and the regulation of the lipo-
protein metabolism in fibroblasts [23-29]. This integral membrane glycoprotein
is made up of 839 amino acids and binds lipoproteins containing apoB-100 and
apoE. Additionally, it contains an O-linked sugar domain, which is not shared by
all family members. Its main responsibility is to mediate lipoprotein uptake of the
cells (see fig. 6 and fig. 7). LDL receptor defects lead to disturbances of the lip-
oprotein metabolism. For example, patients with FH suffer from high cholesterol
levels due to a lack of functional receptors [18, 30]. Therefore, it is self-evident

that a sufficient lipoprotein clearance by the LDL receptor is crucial for mainte-
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nance of the health of the arterial wall. The influence of various factors on the
LDL receptor’s expression level has to be investigated for that reason.

1.3.2 The very-low-density lipoprotein receptor (VL  DL-R)

The VLDL receptor was discovered in the group of T. Yamamoto in 1992 [31].
This receptor consists of 846 amino acids and differs from the LDL receptor just
by possessing one additional ligand-binding domain. It was found to be highly
expressed in the heart, skeletal muscle, and adipose tissue but not in the liver.
Therefore, it was suggested to supply peripheral fatty acid active tissues with
triglyceride-rich lipoproteins. The VLDL receptor was reported to bind VLDL, IDL,
and B-VLDL, but not LDL [32, 33].

VLDLR expression was detected in endothelial cells and smooth muscle cells of
healthy arteries and veins as well as in plaques and macrophage-derived foam
cells [34]. Furthermore, the expression of VLDLR (and scavenger receptor)
MRNA was suggested to be strongly induced in atherosclerotic lesions. As well
as LRP1, the VLDLR was supposed to play a role in formation of macrophage-
and smooth muscle cell-derived foam cells [35]. In particular, it was reported to
contribute to foam cell formation by B-VLDL uptake leading to an accumulation
of cholesterol esters in the respective cells [36]. In contrast to the LDLR, the
VLDLR is not downregulated by sterols. Beyond its role in lipoprotein metabo-
lism and atherosclerosis, the VLDLR has been proposed to function in cardiac

fatty acid metabolism, neuronal migration, insulin resistance, and obesity [37].

1.3.3 LDL receptor-related protein 1 (LRP1)

LRP1 has a relative molecule mass of 600kDa and has been detected in liver,
lung, brain, hepatocytes, fibroblasts, neurons, macrophages, and smooth mus-
cle cells [38]. It recognizes at least 40 different ligands. Several ApoE-
containing lipoproteins (chylomicrons, VLDL-remnants, B-VLDL) are among
them. Furthermore, it was reported to bind cytoplasmic adaptor proteins and to

interact with other transmembrane receptors suggesting a role in signalling [22].
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In addition, its deletion was shown to be lethal in mice. This finding indicates an
important role in development [39]. Beyond its presumptive function as remnant
receptor, LRP1 performs other atherosclerosis-relevant tasks. It regulates vas-
cular smooth muscle cell growth and migration by controlling PDGF signalling.
Thus, LRP1 contributes significantly to the protection of the vasculature [40-43].
In macrophages, LRP1 was reported to mediate the uptake of chylomicron
remnants [44]. Furthermore, the higher intracellular lipid deposition in vascular
smooth muscle cells (VSMC) from atherosclerotic plaques was attributed to in-
creased LRP1 expression levels. Thus, LRP1-mediated LDL uptake was con-
sidered to contribute to lipid accumulation in the arterial wall [45]. Notably, LRP1
expression itself was reported to be elevated by exposure to high LDL concen-

trations and accumulation of cholesterol esters in SMC [46].

1.3.4 LDL receptor-related protein 2 (LRP2)

LRP2 (also termed megalin or gp330) is a large (600kDa) endocytic receptor
expressed in epithelial cells, especially on their apical surface. Amongst others,
it has been detected in kidney, lung and gallbladder. In the kidney, it is believed
to execute a relevant function: facilitating the recapture of filtered molecules in
the proximal tubules. Beyond internalization, LRP2 has been suggested to act
in signal transduction pathways and to play a role in the central nervous system
as well as in neurodegenerative diseases. ApoB and apoE also belong to the
numerous known ligands of LRP2. Furthermore, it has been reported to inter-
nalize apoAl and apoAll. Thus, a contribution to the regulation of HDL metabo-
lism is conceivable [47, 48]. In a complex with its partner cubilin, megalin was
shown to internalize LDL [49] and HDL [50]. All these findings indicate a role in
lipoprotein metabolism.
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1.4 Carbamylation of LDL

Besides common risk factors, chronic kidney disease (CKD) has been recog-
nised as severe preconditioning background for the development of atheroscle-
rosis and, as a consequence, cardiovascular disease. Patients with end-stage
renal disease frequently die from cardiovascular complications. Carbamylated
LDL has been suggested to link CKD to uremia-induced atherosclerosis. Fur-
thermore, modified lipoproteins are counted among the uremia-related risk fac-
tors like hyperhomocysteinemia, increased oxidative stress, endothelial injury
and dysfunction, and chronic microinflammation [51-58].

In addition to carbamylated LDL (cLDL), the following chemical modifications of
LDL have been reported: oxidized LDL (oxLDL) [59], acetylated LDL, ethylated
LDL, methylated LDL [60], and glycated LDL [61]. They are commoly accepted
to cause endothelial cell injury, thereby favouring atherosclerotic processes [62].
Moreover, they elevate the expression of adhesion molecules for monocyte
binding [63] and increase macrophage scavenger receptor expression [64]. As
a result, the proliferation of VSMC is stimulated, which is also mediated by ox-
LDL directly [65]. Recently, they were shown to lower the activity and expres-

sion of lysosomal acid lipase in EC and SMC [66].

-N=C=5 Thiocyanate

NH4+ i d /

-N=C=0 Cyanate

e_.-ﬂ"H"’
v
H-N=C=0 Isocyanic acid

-NH2 & 3 -NH-CO-NH2
-NH2 -NH-CO-NH2

Fig. 10: Reaction scheme of LDL ¢ arbamylation, modified from [58 ].
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Fig. 10 shows the formation of cLDL. Urea spontaneously dissociates to ammo-
nia and cyanate. Isocyanic acid reacts irreversibly with the N-terminal amino
groups of LDL forming epsilon-amino-carbamyl-lysines. These modifications
can accumulate during a lipoprotein’s lifespan [67]. This nhonenzymatic reaction
Is proportional to the urea concentration in the blood plasma. Thus, uremic pa-
tients show a significantly elevated level of cLDL. Cyanate is also obtained by
myeloperoxidase-catalyzed oxidation of thiocyanate, whose levels are elevated

in smokers [68].

The clearance of mildly carbamylated LDL is decreased because of reduced
LDL receptor binding. However, there is no binding to scavenger receptors yet.
Hence, it remains longer in the bloodstream. With increasing carbamylation, the
affinity to scavenger receptors rises and binding to the LDL receptor is reduced
to a minimum [69-71]. In vitro studies revealed that carbamylated LDL causes
injury and dysfunction of EC [72]. Furthermore, it is believed to induce endothe-
lial cell death by mediation of cell proliferation via the mitogen-activated protein
kinase (MAPK) pathway [73]. Recent studies suggest an involvement of endo-
nuclease G in cLDL-induced cell death [74]. cLDL exposure to EC in vitro was
also shown to induce ICAM-1 and VCAM-1 expression leading to monocyte ad-
hesion [75]. In addition, cLDL affects smooth muscle cells by inducing monocyte
adhesion (ICAM-1, VCAM-1 expression) and mediating proliferation [76, 77].

Increasing carbamylation lowers the affinity to the LDL-R, but increases binding
to scavenger receptors [78]. These scavenger receptors are supposed to act
pro-atherogenic. They bind several modified and native lipoproteins and partial-
ly promote inflammation, cell adhesion, oxidative stress and foam cell formation.
cLDL is mainly scavenged by lectin-like oxidized LDL receptor 1 (LOX-1) and
partially by CD36, SREC-1, and SR-AL. It was postulated to cause in vitro up-
regulation of LOX-1. However, the translocation of cLDL into the vascular wall is
not mediated by LOX-1. Nevertheless, the LOX-1 upregulation was thought to
contribute importantly to the cytotoxicity of cLDL to EC [79-83]. Scavenger re-

ceptor classes and their structures are illustrated in figure 11.
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Fig. 11: Structures and cla sses of scavenger receptors [82 ].

1.5 The impact of estrogen

It is commonly accepted that premenopausal women have a lower risk for de-
veloping cardiovascular disease than men of the same age group. This sex-
related difference is mainly attributed to estrogen [84-86]. 173-estradiol (Ey,
structure see figure 12) has been reported to fulfil several protective functions

(see figure 13).
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Fig. 12: The structure of the steroid hormone 17  B-estradiol (E ;) [87].
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Fig. 13: Protective fun ctions mediated by estrogen [88 1.

Vascular reactivity is influenced directly by targeting endothelial cells. Further-
more, estrogen modulates vascular tone by affecting the extracellular matrix and
vascular smooth muscle cells. It impacts serum lipid concentrations, fibrinolysis,
and coagulation. In addition, it causes vasodilation by increasing the release of
vasodilatory substances (NO, prostacyclin) and decreasing vasoconstrictor lev-
els (endothelin, angiotensin Il) [89-91]. Moreover, it performs anti-oxidative ac-
tions [92]. A role in remodelling of the actin cytoskeleton and endothelial cell
migration has also been revealed [93]. Recently, an estrogen-mediated reduc-
tion of cholesterol ester accumulation in human monocyte-derived macrophag-
es has been demonstrated [94]. Sex differences in vascular contraction have
been suggested to be directly related to the effects of estrogen on vasculature
[95]. However, the application of hormone replacement therapy remains contro-

versial as there are non-beneficial effects observed as well [96].

The effects of estrogen are regulated by genomic and non-genomic pathways
(see fig.14). The genomic effects require transcriptional processes, whereas the
non-genomic are so-called “rapid responses”. Three receptors are known: two
ligand-activated transcription factors ERa and ERp (estrogen receptor a and )
that belong to the nuclear hormone receptor superfamily and a G-protein cou-
pled estrogen receptor (GPER or GPR30) [97]. ERa and ER[B were reported to
act in EC and SMC [90], GPER was detected in the vasculature as well. GPER
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iIs known to bind estrogen with high affinity and has been proposed to mediate
some of the non-genomic effects [98]. It was recently described to relax coro-
nary artery smooth muscle cells after activation by estrogen. Thus, it mediates
estrogen signalling in coronary arteries leading to relaxation independent from
endothelium and NO [99]. Simultaneously, another group studied the effects of
estrogen on SMC and found that contraction was mediated by mineralocorticoid
receptor, ERa and GPER [100]. A crucial role in regulating the atheroprotective
action of estrogen in LDLR-deficient mice was assigned to the endothelial ERa
by Billon-Galés et. al. [101]. However, Villablanca and co-workers assessed
ERa as not essential for estrogen-mediated atheroprotection [102].

The stimulatory action of estrogen on LDL-R expression was first described in
1980 [103]. In the meantime, this effect has been investigated more closely. It
has been suggested that a specific interaction between ERa and transcription
factor Sp1 (specifity protein 1, transcription factor bound to the LDL-R promoter)
leads to transcriptional activation of LDL-R by estrogen. Furthermore, an inter-
action of SREBP-1 with the ERa-Spl complex could be responsible for a trans-
activation of LDL-R [104]. Interestingly, the basal transcription of the LDL-R re-
quires protein kinase C (PKC) activity, whereas the estrogen-stimulated way

was found to depend on tyrosine kinase (TK) activity [105].

VLDL-R mRNA expression in the rabbit heart was reported to be strongly in-
creased by estrogen [106]. Furthermore, LRP1 levels in the mouse brain were
elevated by estradiol replacement [107] indicating that other LDL-R gene family

members are influenced by estrogen as well.
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Fig. 14: Model of genomic and non-genomic estrogen actions on EC and SMC [89]. Inter-
rupted arrows mean inhibition.

Genomic: estrogen is bound to endothelial cytosolic/nuclear ER leading to MAPK activation fol-
lowed by an increase of gene transcription and elevated eNOS production. Non-genomic: es-
trogen binds to endothelial surface membrane ER resulting in raised ca”" release from the en-
doplasmic reticulum and stimulation of the MAPK/Akt pathway leading to eNOS activation.

NO diffuses into VSMC, where it increases cGMP (cyclic guanosine monophosphate). This
leads to VSMC relaxation due to decreased intracellular Ca®* concentration. Estrogen also in-
creases endothelial prostacyclin (PGl,) release leading to cAMP (cyclic adenosine monophos-
phate) elevation in VSMC and thus relaxation. Further consequences of estrogen action are
inhibition of nicotinamide adenine dinucleotide phosphate (NADPH) production (resulting in
blockage of NO inactivation and peroxynitrite formation) and endothelium-derived hyperpolari-

zation factor (EDHF)-mediated VSMC relaxation due to hyperpolarization (K" channels).
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1.6 Shear stress and endothelial function

The predominant development of atherosclerotic lesions in regions with altered
blood flow has already been observed in 1969 [108]. Today, it is well-known
that lesions preferentially occur at bifurcations, bends, and branches of the arte-
rial tree. This is based on the exposure of these sites to lower or disturbed
blood flow resulting in low or oscillatory shear stress on the vessel wall. In con-
trast, regions subjected to high shear stress resulting from unidirectional flow
are protected from atherosclerotic lesion development and inflammation [109].
Shear stress is defined as “the force per unit area created when a tangential

force of blood flow acts on the endothelium” [110]. It can be expressed as

... viscosity

T = 4pQ/mr3 Q... flow rate

r... vessel radius

in units of dynes/cm? [111]. The mechanical forces acting on the endothelium
are converted by mechanotransduction to intracellular biochemical signals (see
figure 15). These signals subsequently influence gene expression. Cells are
currently estimated to sense shear stress via ion channels, calveolae, G-protein
coupled receptors, tyrosin-kinase receptors, cell-adhesion molecules, gly-

cocalyx, and primary cilia [112].
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Fig. 15: Ways of shear stress mechanotransduction a  nd involved signalling
pathways [112].

Besides alterations in gene expression, the exposition of endothelial cells to
shear stress causes changes in cell morphology. The cells align in flow direction
(see fig. 16). This alignment has recently been suggested to be promoted by c-
Jun N-terminal kinase 2 (JNK2) [113].

direction of shear stress

static 12 dyne/cm? 24 h

Fig. 16: Endothelial cells change morphology whens  ubjected to shear stress [110 ].
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Laminar shear stress is considered to influence gene expression in an athero-
protective way (see fig. 17). As summarized by Shi Pan [110], it inhibits tumor
necrosis factor alpha (TNFa) -mediated inflammatory events and stimulates
eNOS-mediated NO production and prostacyclin (PGl,) secretion. Elevated NO
levels result, among others, in decreased monocyte attraction/adhesion and
suppression of VSMC proliferation. Furthermore, laminar shear stress activates
antioxidative enzymes. Their action is of great relevance since ROS augment
monocyte adhesion, SMC proliferation, and lipid oxidation [114]. In contrast, low
shear stress supports monocyte binding and transmigration. In addition, it
stimulates the production of ROS and SMC growth factors (PDGF, endothelin
(ET-1)) [110]. The opposite actions of high and low shear stress are also illus-
trated in figures 18 and 19.

Shear stress was reported to elevate the expression of the LDL-R leading to an
increase of LDL clearance [115]. In particular, the integrin-mediated activation
of SREBP-1 by shear stress was suggested to cause LDL-R upregulation [116].
To date, nothing is known about a possible influence on other LDL-R gene fami-
ly members. Coculture-experiments indicate a mutual affection of smooth mus-
cle cells and shear stress-exposed endothelial cells [117]. As a rather exact re-

construction of the natural conditions, this finding is of great importance.

anti-thrombosis
anti-apoptosis PGI2

anti-lipid infiltration

anti-inflammatory gene

NO A
Smioath fuscle expression profile
TGF-p KLF-2, eNOS, thrombomodulin
anti-growth and migration

Fig. 17: The atheroprotective actions  of high laminar shear stress [110 ].

-22 -



Table 1. Summary of effects of different flow patterns and
associated shear stresses on EC and vascular biology.

Type of flow: Laminar Disturbed

Level of shear stress: High Low

Vasoactive response Vasodilation Vasoconstriction

EC turnover Lower Higher

Macromolecular Lower Higher
permeability

LDL uptake Lower Higher

DNA synthesis Lower Higher

Phenotype Elongated, Polygonal

aligned
Expression of adhesion Lower Higher

molecule, inflammatory,
and chemokine genes

Expression of antioxidant Higher Lower
genes

WBC adhesion and platelet  Inhibited Promoted
aggregation

Ouxidative stress Reduced Sustained

Endothelialization Promoted Reduced

EC: endothelial cell; LDL: low-density lipoprotein; WBC: white
blood cell.

Fig. 18: This table (took from [118 ]) summarizes the effects

of shear stress on the vasculature.

A. Steady Laminar Blood Flow B. Turbulent Reversal Blood Flow
High Shear Stress o [Frafmigealisn |

MCP-1

VCAM-1

—_— = O Platelets
—_— e/ N0 =
-

PGl

X

> NO
> tPA Monocyte
Thrombomodulin f i *
(o @ [ [ @ @« @ ) (@ | ®» | & @
________________ : -- R Y
Endothel ET-1
J et T e o o
- n —— r=
e e s e rrli e
=S e 3 - 5w TRy Atherosclerotic Lesion
Smooth Muscle n“%
Fig. 19: Comparison of the consequences of high and low shear stress for the endothel i-

um and smooth muscle cells [119]. A) High shear stress causes endothelial cells to release
factors that counteract leukocyte migration, coagulation and VSMC proliferation. B) In contrast,
low shear stress leads to a release of factors that favour the exact opposite. (tPA... tissue

plasminogen activator, TGF-(... transforming growth factor beta, Ang Il... angiotensin II)
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Following up on research findings gained in previous diploma theses [122, 133],
this thesis aims to investigate processes emerging by the influence of estrogen
on the LDL-R gene family in HCAEC under high and low shear stress as well as
static culture conditions and in HCASMC under static conditions. An essential
part of the work was performed in the laboratory of Dr. Gurkan Sengolge (Medi-

cal University of Vienna, Department of Internal Medicine III).
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2. Methods

2.1 Preparation and modification of lipoproteins

2.1.1 Preparation of lipoproteins (according to Gol  dstein et. al. [120])

Lipoproteins were separated and isolated by sequential density gradient ultra-
centrifugation with potassium bromide. Therefore, human plasma was mixed
with a calculated amount of KBr and put in a quick seal tube. The tube was
heat-sealed and centrifuged over night at 14C as described in [120]. The

amount of KBr was calculated using this formula:

V(plasma) x (D2 — D1)
1- (0,312 x D2)

m(KBr) =

m(KBr).... mass of KBrin g
V(plasma)... volume of plasma in mL
D2... designated density

D1... current density

density of HDL: 1.063 — 1.210 g/mL
density of LDL: 1.019 — 1.063 g/mL

density of VLDL: 1.006 — 1.019 g/mL

At first, VLDL had to be removed. The EDTA-plasma (density of 1.006) was
therefore adjusted to a density of 1.019 using a calculated amount of solid KBr.
If necessary, fulfilling of the quick seal tube (37mL, Beckman) was done with
KBIr/EDTA buffer (density of 1,019). The tube was heat-sealed and centrifuged
at 50K for 20h using a 50.2 Ti rotor from Beckman. Figure 20 visualizes the

fractions formed during centrifugation.
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After aspirating the VLDL fraction collected on the top of the tube, the bottom
fraction was adjusted to a density of 1.063 and subsequently centrifuged at 60K

at 14<C for 24h using an 80 Ti rotor from Beckman.

The top fraction containing LDL was aspirated using a syringe and immediately
desalted (PD-10 desalting column, GE healthcare). The column had previously
been equilibrated with LDL buffer (150mM NaCl, 0,24mM EDTA, pH 7.4). At last,
HDL was separated at a density of 1.210 for 36h at 55K and 14 and desalted

in the same way.

After this, the concentrations of LDL and HDL were determined spectro-
photometrically using the Modified Lowry Protein Assay Kit (Thermo Scientific,
Pierce Protein Research Products) according to manufacturer’s instructions.
Standard solutions with defined concentrations of BSA (0, 10, 20, 40 and 80

mg) were used to generate a calibration line.

TOP g. o
FRACTION| B

BOTTOM
FRACTION

i plasma
protein

HDL

plasma protein
fraction

Fig. 20: Tubes with separated lipoprotein fractions after centrifugation.
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2.1.2 Detection of modification

Carbamylated LDL was obtained from Prof. Bernhard Gmeiner (Institute of
Medical Chemistry, Vienna). LDL was carbamylated by using potassium cya-
nate (KOCN).

The chemical modification should be visualized by a relative electrophoretic
mobility assay. For this purpose, lipoprotein samples were diluted in 50mM Tris-
HCI (pH 7.4), mixed with sample buffer and loaded onto a polyacrylamide gel.
Subsequently, the gel was run at 150-180V for 1-2h (depending on experiment).
Electrophoresis was performed using 4% native gels (composition of gel and
materials see below) and SDS-containing gels (6% or gradient 4.5-18%). The
composition of the SDS-containing gels and buffers is described in chapter
“2.4.2 Western-blotting”. Additionally, the lipoproteins were analysed on a 1.5%

agarose gel.

Sample buffer (native) Running buffer (native) pH 8.4
2.5 mL 125mM Tris/HCI pH 8.4 3.0g Tris

2mL Glycerine 14.49 Glycine

1mg Bromophenol blue fill up to 1L with ddH,O

ddH,O added to 10MI

Reagent stacking gel 4% separation gel 4%
ddH,0 [mL] 1.55 3.10

0,5M Tris pH 6.8 [mL] 0.625 -

1,5M Tris pH 8.8 [mL] - 1.25

PAA (30%) [mL] 0.325 0.650

(29.2% Acrylamide,
0.8% Methylenbisacrylamide)

APS (10%) [uL] 12.5 25

TEMED [pL] 5 5

The gel was dyed in Coomassie Brilliant Blue (10% Acetic acid, 25% Isopropa-
nol, 0.862g Coomassie Blue R250, and 1950 mL ddH,O) for 1h on a shaker.
Subsequently, it was destained in Destain Solution (30% Methanol, 10% Acetic
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acid). For preservation, the gel was put on filter paper and dried at 70C for 2h

in a vacuum gel dryer.

2.2 Cell culture techniques

2.2.1 Materials, media and standard operations

Name manufacturer

cell lines
Human coronary artery endothelial cells PromoCell
(HCAEC)
Human coronary artery smooth muscle PromoCell
cells (HCASMC)

media
Endothelial Cell Growth Medium MV PromoCell
Smooth Muscle Cell Growth Medium 2 PromoCell
Endothelial Medium without L-Glutamine PAA
(“serum-free medium” , SFM)

buffers
Trypsin-EDTA 1x PAA
Dulbecco’s Phosphate-Buffered Saline 1x | Invitrogen
(“PBS”), Gibco

materials

Sterile cell culture flasks with filtered caps | BD Falcon

(25cm?)

Sterile cell culture flasks with filtered caps | Nunc

(75cm?)

Cell scraper BD Falcon
Centrifuge and test tubes 15mL, sterile BD Falcon
Disposable plastic pipettes (1/5/25mL) BD Falcon
FiberCell Endothelial Cartridges (PS+, FiberCell Systems
C2025)

Microprocessor-controlled pump FiberCell Systems
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HCAEC and HCASMC were stored in liquid nitrogen. After rapid thawing in a
water bath (37C), they were washed in PBS and centrifuged carefully at
800rpm for 4min without brake (Hettich Rotana RTC). The cells were re-
suspended in pre-warmed (37<C) growth medium (Endot helial Cell Growth Me-
dium MV for HCAEC and Smooth Muscle Cell Growth Medium 2 for HCASMC)
and transferred into a cell culture flask followed by incubation at 37C with
5%CO0O, and 95% relative humidity. Cell population was routinely controlled un-

der the microscope.

For cell splitting, the medium was aspirated using a Pasteur pipette. The cells
were subsequently washed with PBS followed by treatment with Trypsin-EDTA
(up to 1min in incubator). When all cells were detached (control under micro-
scope), the cells were suspended in fresh growth medium and distributed to

several culture flasks.

2.2.2 Experiments under static flow conditions

These experiments were performed with both HCAEC and HCASMC. The ex-
periments under static conditions were carried out in cell culture flasks. Cells
were grown in growth medium until confluent, then they received serum-free
medium. 24 hours later, this medium was replaced by serum-free medium with
experiment-specific additions (50nM E,, 25ug/mL nLDL or cLDL, 20ug/mL HDL)
followed by incubation for 18 hours.

Then, the cells were harvested. Therefore, the medium was discarded and the
cells were washed with PBS followed by scratching with a cell scraper. The ob-
tained suspension of cells in PBS was collected in a 15mL tube and kept on ice
till centrifugation at 1200 rpm for 5min, 4C (Hettich centrifuge, 46 RSC). The
supernatant was discarded, except the last 0,5mL, in which the cell pellet was
re-suspended and transferred into a 1,5mL Eppendorf tube. After centrifugation
at 13000rpm for 2min (Eppendorf 5415D), the whole supernatant was aspirated

and the pellet was frozen at -80<C.
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2.2.3 Cartridges: cells under shear stress

Shear stress experiments were only performed with HCAEC. In a living organ-
ism, endothelial cells are always exposed to hemodynamic shear stress. There-
fore, growing endothelial cells under static culture conditions is not a satisfying
model for studying the gene expression behaviour of these cells. FiberCell car-

tridges allow more authentic culture conditions.

A bundle of hollow fibers (small, cylindrical filters with an internal diameter of
700um) is surrounded by an extracapillary space. However, the inside of the
fibers and the extracapillary space can be filled separately. The inside of the fi-
bers is filled by liquid entering through the end ports (A and D), the extracapil-
lary space by the side ports (B and C, see figure 22). The exchange between
these two spaces is limited by the filter's pore size of 0.1um. After seeding en-
dothelial cells onto the inside of the fiber wall (see figure 21), medium is
pumped through the fibers at a controllable flow rate to generate shear stress.
One endothelial cartridge contains 20 fibers, which result in a total lumen sur-
face area of 70cmz2. The FiberCell cartridges would also allow a co-culture (e.g.
with smooth muscle cells) by growing the other cells in the extracapillary space
[121].

First, the cartridge had to be activated. Therefore, the capillary space was
flushed with 70% ethanol by using syringes which were attached to the ports.
After that, the cartridge was rinsed with sterile water. Then, the inner membrane
surface was coated with fibronectin (1 hour at 37<C). After coating, the protein

solution was rinsed out with medium. Preculture was done overnight.

Freshly harvested cells were brought into the cartridge and incubated without
flow. Every 30 minutes, the cartridge was rotated about 90°for 2h. After cell at-
tachment and perfusion, the cartridges were connected to a pump. The cells
were now exposed to shear stress for 10 days (low shear stress: 2.5 dynes/cm?,
high shear stress: 25 dynes/cm?). From day 9 to 10, the experiment-specific ad-
ditions (50nM estrogen, 25ug/mL nLDL or cLDL) were added. Cells were har-
vested by flushing the cartridge with Trypsin-EDTA. The whole procedure of

working with the cartridge is also described in [122].
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Fig. 21: Cell layer (blue) in a hollow fiber [121].

Fig. 22: FiberCel | Endothelial Cartridge [121].

2.3 Gene expression analysis by RT-PCR

2.3.1 Theoretical background

The polymerase chain reaction was developed in the 1980ies in the group of
Kary B. Mullis [123, 124]. This method facilitates rapid amplification of a desired
DNA fragment and allows qualitative analysis of the DNA template (whether it
contains a certain sequence). A conventional PCR master mix is at least com-

posed of
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* a DNA template

* two oligonucleotides, called “primers”, who flank the DNA se-
guence to be amplified

e a heat-stable polymerase

+ reaction buffer containing appropriate concentrations of Mg* ions

and the four nucleotide triphosphates [125].

The reaction itself is controlled by subjecting the reaction mix to a defined tem-
perature/time programme (“temperature cycling”). At first, high temperature is
applied to separate the DNA strands. However, primer annealing and elonga-

tion of the new strands occur at lower temperatures (see thermal profile).

A major disadvantage of the classic PCR is the necessity of a post-PCR analy-
sis (e.g. by electrophoresis). That is why Higuchi et. al. [126] intended to solve
this problem by showing that the increase of the PCR product can be monitored
during the amplification process by adding an intercalating dye. The today
commonly used real-time PCR is based on this observation. However, adding
intercalating dyes is just one method to monitor product increase in real-time. In
our experiment, Tagman probes were used. The foundation for this method was
laid by Holland et. al. in 1991, when they postulated that the 5’ — 3’ exonucle-
ase activity of Thermus aquaticus DNA polymerase could be used to detect
specific PCR products [127]. In 1995, this finding was picked up by Livak et. al.
who concentrated on the design of specific oligonucleotide probes for detection
of PCR products [128]. They placed a reporter dye at the 5 end of a specific
oligonucleotide probe and a quencher dye at 3. When the fluorescent reporter
dye at 5’ gets excited by irradiation, the fluorescent emission will be quenched if
the 3’ quencher dye is close enough (fluorescence resonance energy transfer).
However, when the probe is cleaved by the Taq polymerase’s nucleolytic activi-
ty during strand extension, the dyes move away from each other and there is no
quenching. Thus, fluorescence increases and can be measured (see also

scheme in figure 23 and figure 24).
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After completion of the PCR process, the CT (cycle threshold) values are dis-
played. “Cycle threshold” means the number of the cycles required to reach a
certain threshold (see figure 25). How many cycles a sample needs depends on
the initial amount of DNA. Thus, CT values can be compared for quantification.
However, it has to be considered that the DNA concentration in the particular
samples is usually not equal. To make them comparable, one can normalize to
an internal reference gene (in our case the housekeeping gene B-actin). Hence,
the gene expression ratio of our gene of interest is determined relative to the
reference gene. Unlike the reference gene whose expression should stay con-
stant, the gene of interest is expected to be possibly affected by the conditions
studied [125]. The evaluation method of choice for such an experiment is the 2
AACT

method. Its derivation was comprehensibly described by Livak and
Schmittgen in 2001 [130].
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Fig. 25: PCR response curve, took from [125].

2.3.2 Reverse transcription

Since the expression of a gene has to be studied, not gDNA but cDNA (synthe-
sized from RNA) is required for PCR. For this procedure, the FastLane Cell
cDNA Kit (Qiagen) was utilized. The cell pellets were thawed and mixed with
1mL of Buffer FCP. After incubation at room temperature for 5-10 min, the

“FastLane lysates” were ready to use for reverse transcription.

According to the protocol, the genomic DNA elimination reaction was set up as

follows:

gDNA Wipeout Buffer 7x 4uL
FastLane lysate 20pL
RNAse-free water 4uL
Total volume 28uL

This mixture had to be incubated at 42T for 5 min (Eppendorf Thermomixer)

and subsequently stored on ice.
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The mixture for the reverse transcription reaction was composed as follows:

Quantiscript RT Buffer 5x 8uL
RT Primer Mix 2uL
FastLane lysate (Template RNA) 28uL
Quantiscript Reverse Transcriptase 2uL
Total volume 40pL

Incubation was done at 42T for 30min followed by h eating at 95T for 3 min

(enzyme inactivation).

2.3.3 PCR procedure

name of material manufacturer

TagMan Fast Universal PCR Master Mix (2X), No | Applied Biosystems
AmpErase UNG

TagMan Pre-Developed Assay Reagents Applied Biosystems
Human ACTB 20x (probe dye: FAM-MGB)
TagMan Gene Expression Products Applied Biosystems

“Assays-on-Demand” (probe dye: FAM)
Hs01045922_m1 (human VLDL-R 20x)
Hs01092523_m1 (human LDL-R 20x)
Hs01059338 g1 (human LRP 20x)
Hs00189742_m1 (human LRP2 20x)

7500 Fast Real Time PCR System (Thermocycler) Applied Biosystems

7500 Fast System SDS Software Applied Biosystems

MicroAmp Fast Optical 96-well plates 0,1mL Applied Biosystems
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PCR mix composition:

cDNA 1L
Nuclease-free water 3,5 uL
Primer 20x (ACTB or receptor) 0,5 uL
TagMan Master Mix 2x SuL
Total volume 10uL

Negative controls were always included. Nuclease-free water was used instead
of cDNA.

Thermal profile:

Step Temperature [C] Duration [sec] Repetition
Initial denaturation 95 20 1
Denaturation 95 3 40
Annealing/Elongation 60 30 40

2.3.4 Statistical analysis

PCR data were analysed using the 2725¢T

method (derivation see [130]). For sta-
tistical analysis, at least 5 individual results were required. The end-results are
expressed as the averages of these individual results +/- SEM (standard error
of the mean). A two-tailed Student T-test was utilized to determine the statistical
significance of the data. A p-value < 0.05 was considered as significant, p <

0.01 as highly significant.

2.4 Protein expression analysis

2.4.1 Protein extraction and quantification

The cell pellets (obtained from three 75cm? flasks) were mixed with 100uL of

buffer B (200mM Tris maleate pH 6.5, 2mM CacCl,, 1.4% Triton X-100). Before

addition, the buffer had been completed with “complete EDTA-free” Protein In-

hibitor Cocktail Tablets (Roche, 1 tablet per 50mL buffer solution). After keeping

the mixture on ice for 10 min, it was centrifuged at 90000 rpm (Beckman Ultra-
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centrifuge, TLA 100 rotor) and 4T for 40min. The s upernatants were taken off

and the pellets were discarded.

The Quick Start Bradford 1x Dye Reagent (BIORAD) was used for protein quan-
tification. 1mL reagent mixed with 5uL of BSA (2mg/mL, BIORAD) served as
standard. 1uL of sample protein solutions was added to 1mL reagent for protein
analysis. The OD was determined with the spectrophotometer at 595nm. The

following formula was utilized for calculation of protein concentration:

[uglstandard  OD sample

0D standard [uL]sample sample conc [}J.g per u ]

2.4.2 Western blotting

Western blotting is a method for protein detection first described by the group of
George R. Stark and co-workers in Stanford in 1979 [131]. The principle has
remained the same: proteins are separated by SDS-PAGE and subsequently

transferred to a membrane, where they are detected using specific antibodies.

Name of required material: Source:

Mini Trans-Blot Electrophoretic Transfer Cell BIO-RAD
Mini-PROTEAN 3 electrophoresis chamber BIO-RAD
PowerPac power supply BIO-RAD

Filter papers Whatman
Nitrocellulose membrane Hybond C-Extra Amersham
Precision Plus Protein Unstained Standard BIO-RAD

Anti- LDL receptor (from mouse) diluted 1:500 General Hospital
Anti-LRP2 (polyclonal, from mouse) diluted 1:1000 abcam

Anti-LDL receptor (from rabbit) diluted 1:500 self-made
Anti-rabbit HRP-conjugated, diluted 1:50000 Sigma
Anti-mouse HRP-conjugated, diluted 1:20000 Jackson

Super Signal West Pico Chemiluminescent Substrate Thermo Scientific
CL-XPosure Films 5x7 inches Thermo Scientific
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Sample Buffer (2x)
31.2% Glycerine

6% SDS

20mM Tris-HCI pH7.5
Bromophenol-blue
ddH,0 to 20mL

1x Transfer buffer
25mM Tris-HCI
192mM Glycine

Blocking solution

5% non-fat dry milk

Sample Buffer reducing (2x)

Running Buffer (1x)

31.2% Glycerine
6% SDS

20mM Tris-HCI pH7.5
25mM Dithiothreitol (DTT)

Bromophenol-blue
ddH,0 to 20mL

Ponceau S solution
0.2% Ponceau S

3% Trichloracetic acid

TBS-T
1x TBS with

25mM Tris-HCI
192mM Glycine

1% SDS

10x TBS

1.37 M NaCl
0.027 M KClI
0.25 M Tris-HCI pH 7.4

in 1x TBS-T 0.1% Tween 20

SDS-PAA gel stacking separation | separation gel
reagents: gel 4% gel 6% 10%
ddH,0 [mL] 1.525 2.625 2.025
0,5M Tris pH 6.8 [mL] 0.625 - -
1,5M Tris pH 8.8 [mL] - 1.25 1.25
PAA (30%) [mL] 0.325 1 1.65
(29.2% Acrylamide,

0.8% Methylenbisacrylamide)

SDS (10%) [L] 25 50 50
APS (10%) [UL] 12.5 25 25
TEMED [pL] 5 5 5

An appropriate amount of protein from each cell extract was mixed 1:1 with

loading buffer (in case of reduced samples: denaturation for 3min at 95<C) and

loaded on the 1mm polyacrylamide gel (composition see table). The gel was run
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at 150V for approximately one hour (until the blue dye reached the bottom). Af-
ter that, a “sandwich” out of sponges, filter papers, membrane and gel was as-
sembled. Blotting to the nitrocellulose membrane was carried out for 1h at 100V

and 130mA. The blotting unit was kept in an ice box.

To check transfer efficiency, the membrane was shortly stained in Ponceau S
solution and destained in ddH,O. Subsequently, it was blocked in TBS-T/milk
solution for 1h on a shaker. Then, the primary antibody was diluted appropriate-
ly in blocking solution and put on the membrane over night at 4C with gentle
agitation. After that, the membrane was washed three times in TBS-T for 10min
followed by incubation with the secondary antibody (1-2h at room temperature).
Finally, the membrane was washed again (3x10min) in TBS-T and treated with
the detection reagents (Super Signal West Pico Chemiluminescent Substrate,

Thermo Scientific).

The chemiluminescence reaction is illustrated in figure 26. HRP catalyses the
reaction of Luminol to its light-emitting oxidized form. The two components of
the detection kit were mixed 1:1 and put on the membrane for 2-3min. Then, the
membrane was transferred into a film cassette together with a CL-Xposure film

(Thermo Scientific). Exposure was done for at least 30min followed by devel-

opment.
0
P
+ HO,
NH =3y
M, ©
ho
o =438 om
-~
o -
P =,
I +*+HO+ N,
4 7 4 o
- .'l'._l.—'ﬂ';:/,-_-": Nr'_ 0
; Primirer AntikSrper | Chemitumingszenz Reaktion
£ F
> Sokundirer Antibrper
e mit gekoppeliem HRP
~ Antigen

Fig. 26: The principle of the chemiluminescence rea  ction . Luminol oxidation is catalysed by

HRP leading to light emission [132].
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2.5 Cytotoxicity and apoptose assay

To determine whether our applied concentrations of lipoproteins and estrogen
exert toxic effects on the cells, a cytotoxicity assay was performed. Therefore,
HCAEC were cultured in 96-well plates and incubated with lipoproteins and es-
trogen in different combinations (25ug/mL nLDL or cLDL, 20ug/mL HDL, 50nM
E,) in serum-free medium. Furthermore, growth medium and serum-free medi-
um without additions were used as controls. The tests were carried out as quad-
ruplicates (n=4). Cytotoxicity was determined by measurement of spontaneous
lactat dehydrogenase (LDH) in medium and total LDH release after cell lysis.
Calculated was the percentage of spontaneous LDH release in medium in com-
parison to total LDH release in lysed cells. LDH release was detected using the
CytoTox 96 Non-Radioactive Cytotoxicity Assay Kit (Promega) according to the
manufacturer's recommendations. Absorbance was measured at the VictorsV

microplate reader (Perkin-Elmer).

The apoptose assay required the same experimental setup as the cytotoxicity
assay (HCAEC cultured in a 96-well plate, estrogen and lipoproteins as addi-
tions). Then, the plate was utilized to perform the Apo-ONE Homogenous
Caspase -3/7 Assay (Promega) according to the manufacturer’s instructions.
This assay facilitates the detection of apoptosis by measurement of caspase
activity. Fluorescence is caused by enzymatic cleavage of the substrate and is
therefore proportional to caspase activity. Fluorescence emission was meas-

ured at the Victor3V microplate reader (Perkin-Elmer).
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3. Results

3.1 Analysis of lipoprotein modification

The lipoproteins used for cell culture experiments were analysed on poly-
acrylamide gels to visualize their difference/modification. Figure 27 shows a na-
tive PAA gel with native and carbamylated LDL samples. A difference in elec-

trophoretic mobility is recognizable.

-
-

Sug nlDL SugclDL
Fig. 27: Native LDL and carbamylated LDL run
for 2h at 150V on a 4% native PAA gel .

In addition to electrophoretic mobility, lipoproteins should be separated accord-
ing to their size. Therefore, further studies were performed on SDS-PAA gels
(non-reducing and reducing conditions). Figure 28 visualizes various lipopro-
teins run on a gradient gel and compares non-reduced versus reduced condi-

tion.
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1 2 3 4

Fig. 28: Native and modified LDL s on a gradient
PAA gel (4.5-18%), run for 2h at 180V.
1...15pugnLDL  3... 15ug nLDL (reduced)
2...15ug cLDL  4... 15pg cLDL (reduced)

In figure 29, the same samples were analysed on a 6% SDS-PAA gel. As al-
ready observable in figure 28, the individual modifications lead to a distinct be-
haviour. Interestingly, the reduction of the lipoproteins results in stronger for-

mation of multiple bands.

1 2 3 4

Fig. 29: Native and modified LDLs on

a 6% PAA gel, run for ~1h at 180V.
1...10pug nLDL 3... 10ug nLDL (reduced)
2...10ug cLDL 4... 10ug cLDL (reduced)

Finally, figure 30 visualizes the clear difference in REM of native and car-
bamylated LDL on an agarose gel. Furthermore, the increasing degree of modi-

fication by treatment with higher concentrated KOCN is evident.
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1... native LDL

. - 2... native LDL

L 3... carbamylated LDL
(10mM KOCN 20h 37°C)

+ 4. carbamylated LDL
(50mM KOCN 20h 37°C)
1 2 3 4

Fig. 30: Native and carbamylated LDL run on a 1.5 % agarose gel. The LDL treated with a

higher concentration of KOCN showed an increased change in relative electrophoretic mobility.

3.2 Regulation of the LDL-R gene expression

Expression of the LDL-R in HCAEC with estrogen
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Fig. 31: LDL-R expression in EC with estrogen.  All values are expressed as average +/-
SEM and are relative to the condition HSS nLDL, which was set to 1. The p-values are calculat-
ed between HSS nLDL and the respective condition.

Abbreviations: HSS... high shear stress, LSS... low shear stress, stat... static culture
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Figure 31 illustrates LDL-R gene expression in HCAEC under estrogen influ-
ence. Shear stress alterations and LDL carbamylation affected LDL-R expres-
sion profoundly. To determine the effect of estrogen, these results were com-
pared with gene expression findings from studies without estrogen (see fig. 31).
The results for HSS nLDL/cLDL and LSS nLDL/cLDL were generated in a for-
mer study [133].

Expression of the LDL receptor in HCAEC

18 p<0,01
16 I
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=
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88 p<0,01
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5 Sos
v ®© p > 0,05
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W G 06
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s p < 0,05 p >0,05
02 | | [ |
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-,_ﬂ,

HSSnLDL HSScLDL LSSnLDL  LSScLDL st nLDL st cLDL

Fig. 32: All studies on LDL-R gene expression in en  dothelial cells without or with estro-
gen. A part of the test results without estrogen (HSS nLDL/cLDL, LSS nLDL/cLDL) were gener-
ated in former studies [133]. All values are expressed relative to HSS nLDL without E,, which
was set to 1. The p-values were calculated between the conditions without and with estrogen
and should indicate the significance of estrogen influence.

Abbreviations: HSS... high shear stress, LSS... low shear stress, st... static culture conditions,
nLDL... native LDL, cLDL... carbamylated LDL, E... 17B-estradiol (E,)

Figure 32 provides an overview of all studied parameters. Strikingly, a tremen-
dous difference between HSS, LSS and static culture conditions was observed.
Certainly, the static culture is far away from the physiological conditions of cor-
onary artery endothelial cells. However, the deterioration from HSS to LSS con-
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stitutes an interesting finding. Carbamylation decreased LDL-R expression. Es-
trogen tended to have a positive effect, except for the condition HSS with cLDL.

Figure 33 illustrates LDL-R expression in HCASMC. cLDL lead to a significant
reduction. Furthermore, estrogen decreased receptor expression in absence of
lipoproteins and in presence of nLDL. However, it increased LDL-R expression
in presence of cLDL.

LDL-R expression in HCASMC
12

p<0,05 p<0,01

%
[}

B without E2
m with E2

relative gene expression 2%dd (Ct)
normalized to control
= =
T i

0.2 -

SFM control nLoL cLbL
Fig. 33: Studies of LDL-R gene expression in coronary artery smooth muscle cells. All values
are depicted relative to the control (SFM... serum-free medium), which was set to 1. The p-

values express the significance of estrogen action.

3.3 Regulation of the VLDL-R gene expression

Figure 34 illustrates a strong reduction of VLDL-R expression by low shear
stress in EC. In contrast, LDL carbamylation had no effect. The impact of estro-
gen is demonstrated in figures 35a and 35b. Estrogen treatment elevated
VLDL-R gene expression under static conditions independently from lipoprotein
type (see figure 35b). In contrast, estrogen seems to exert a negative effect on
VLDL-R expression under shear stress conditions (see figure 35a). However,
more data for shear stress without estrogen conditions are required for a statis-
tical confirmation of these results.

-45 -



VLDL-R expression in HCAEC with estrogen
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Fig. 34: Gene expression of the VLDL -R in endothelial cells under different culture cond i-
tions (all with E ,). All results are expressed relative to HSS nLDL, which was set to 1. The p-
values indicate the significance of the comparison between the reference (HSS nLDL) and the

particular condition.

VLDL-R expression in HCAEC
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HSSnLDL HSScLDL LSSnLDL LSScLDL statnLDL stat cLDL
Fig. 35a: Summary of all studies performed on the VLDL  -R gene expression in HCAEC.
All results are expressed relative to HSS nLDL without estrogen. A part of the results without
estrogen (HSS nLDL/cLDL, LSS nLDL/cLDL) were generated in former studies [133]. Only
one data set was available for these conditions. Therefore, a solid statistical analysis could
not be performed. The other results were generated in this study, at least five data sets were
available. The mean values were compared to the single results.
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VLDL-R expression in HCAEC
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Fig. 35b: The influence of estrogen and carbamyla tion on VLDL -R expression in EC un-
der static culture conditions.  The condition stat nLDL was used as reference, p-values refer
to the influence of estrogen.
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Fig. 36: VLDL -R gene expression in SMC. All results are expressed relative to the serum-free
medium control, which was set to 1. The p-values were calculated between a condition without
estrogen and the respective condition with estrogen.

-47 -



In smooth muscle cells (see figure 36), VLDL-R expression was raised by lipo-
proteins. Especially carbamylated LDL lead to a massive increase. Estrogen
caused an elevation in absence of lipoproteins. However, when combined with

lipoproteins, the expression was diminished compared to the control.

3.4 Regulation of the LRP1 gene expression

LRP1 expression in HCAEC with estrogen
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Fig. 37: The influence of carbamylati on and shear stress on LRP1 expression in EC with
estrogen. The condition HSS nLDL was set to 1. p-values express the significance of change in
reference to HSS nLDL.

Carbamylated LDL nearly abolished LRP1 expression in EC subjected to shear
stress (see figure 37). A decline of shear stress caused a reduction of gene ex-
pression as well. Under static conditions, estrogen elevated LRP1 expression in
presence of carbamylated LDL (see figure 38b). In contrast, there was no signif-
icant difference when combined with native LDL. Figure 38a provides an over-
view over all studies of LRP1 expression in HCAEC. Estrogen may influence

LRP1 expression in different ways depending on culture conditions.
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LRP1 expression in HCAEC
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Fig. 38a: Summary of all studies performed on LRP1 gene expression in HCAEC. All
results are expressed relative to HSS nLDL without estrogen. A part of the results without
estrogen (HSS nLDL/cLDL, LSS nLDL/cLDL) were generated in former studies [133]. Only one
data set was available for these conditions. Therefore, a solid statistical analysis could not be
performed. The other results were generated in this study, at least five data sets were available.
The mean values were compared to the single results.
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Fig. 38b: The influence of estrogen and carbamylation on LR P1 expression in EC under
static culture conditions.  P-values indicate the significance of estrogen’s influence, stat nLDL
serves as reference.
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Figure 39 illustrates LRP1 expression levels in SMC. Native LDL decreased
LRP1 expression. Furthermore, the combination of estrogen and lipoproteins
(nLDL as well as cLDL) caused a strong reduction.

LRP1 expression in HCASMC
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Fig. 39: LRP1 expression in SMC. The serum-free medium control serves as reference for all
values. The significance of estrogen’s effect is indicated by the p-value.

3.5 LRP2 expression

LRP2 gene expression was also investigated by RT-gPCR. It was neither de-

tected in endothelial cells nor in smooth muscle cells (data not shown).
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3.6 Protein detection

HCAEC lysates from static culture experiments were analysed by Western blot-
ting to confirm the gene expression results on protein level. Consistent with the
gene expression results, LRP2 was not detected in endothelial cells by West-
ern-blot (data not shown). The LDL-R gene expression under static culture con-
ditions was found to be highly reduced compared to shear stress experiments.
Thus, the LDL-R was not detectable because of insufficient protein amounts

(data not shown).

3.7 Cytotoxicity and apoptose assay

The cytotoxicity assay was performed to assure that the experimental additions
do not act cytotoxic. It revealed that none of the studied additions executes a
particular cytotoxic effect on HCAEC in the applied concentration. As illustrated
in figure 40, the effects of the additions range in the same order of magnitude

as the growth medium and the serum-free medium do.

Moreover, the additions were investigated with regard to a possible apoptose-
causing potential. The results of the apopotose assay are shown in figure 41.

None of the studied conditions leads to a noticeable increase in caspase activity.
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Cytotoxicity assay
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Fig. 40: Cytotoxicity assay. The results are expressed as averages +/- SEM.

Apoptose assay
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Fig. 41: Apoptose assay. The results are expressed as averages +/- SEM.
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4. Discussion

The aim of the project was to discover how modified lipoproteins, estrogen and
altered shear stress influence the gene expression of certain receptors in the
cells of the coronary artery wall. Therefore, HCAEC were cultivated under static
and dynamic (high/low shear stress) conditions and HCASMC were grown in
static culture. In these experiments, native and carbamylated lipoproteins were
used. Their modification was successfully visualized by electrophoresis. Cyto-
toxicity and apoptose assays showed that the experimental additions (17-p es-
tradiol, native LDL, carbamylated LDL, HDL) did not function particularly toxic
on endothelial cells in comparison to addition-free cell culture media.

cDNA was obtained from HCAEC (shear stress and static conditions) and
HCASMC (static conditions) and used for expression analyses by real-time
guantitative PCR. Gene expression levels of the LDL-R, VLDL-R, LRP1 and
LRP2 (which are members of the LDL-R gene family) were investigated.

The LDL-R occurred in both cell types and was affected by all studied parame-
ters. First, its expression in endothelial cells in static culture was dramatically
reduced compared to more physiological conditions (shear stress). Thus, static
culture is very far from the physiological situation of EC and therefore limited in
informative value. Nevertheless, the LDL-R was downregulated with decreasing
shear stress level (see fig.31 and fig. 32). This finding is consistent with previ-
ous knowledge [115, 116], as shear stress has been reported to cause an
SREBP-1-mediated increase in LDL-R expression. However, these investiga-
tors applied shear stress for up to 24 or 48 hours. Our study investigates the
effect of chronic shear stress (10 days). Furthermore, the results of our study
also strengthen the hypothesis that high shear stress acts atheroprotective (in-
creased LDL clearance) and low shear stress favours atherogenesis (de-

creased LDL clearance).

Our findings suggest that carbamylated LDL decreases LDL-R expression.
Therefore, the carbamylation of LDL should be considered as atherogen since it

reduces lipoprotein clearance. In contrast, estrogen affected LDL-R expression
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positively. In combination with HSS and native LDL, the upregulation by estro-
gen was highly significant (see figure 32). This finding is consistent with litera-
ture, as an estrogen-mediated increase of LDL-R expression has already been
reported in the rat liver and HepG2 cells [103, 104]. However, estrogen reduced
LDL-R expression dramatically when combined with cLDL. This finding indi-
cates that chronic kidney disease or smoking could have a particularly negative

effect, more on women than men.

In HCASMC, LDL-R expression was decreased by cLDL in absence of estrogen.
Moreover, estrogen reduced LDL-R expression in combination with serum-free
medium and nLDL, but elevated expression when combined with cLDL (see fig.
33). Lipid uptake in SMC is an essential step in disease progression. Therefore,
the observed reduction of LDL-R expression by estrogen has to be considered
as protective. However, cLDL antagonises this effect. Our suggestion of estro-
gen’s protective effect concerning lipid uptake in SMC is strengthened by Cor-
coran et. al. [94], who reported that estrogen reduced cholesteryl ester accumu-

lation in human monocyte-derived macrophages.

The VLDL-R expression in estrogen-treated HCAEC was strongly affected by
shear stress (see figure 34). However, LDL carbamylation had no effect. This is
not astonishing as LDL is not recognized by the VLDL-R [32, 33]. The obvious
effect of shear stress alteration on VLDL-R expression could possibly be medi-
ated by the same mechanism as in the LDL-R. A regulation by SREBP-1 would
be imaginable, as the VLDL-R gene contains two SRE-1-like sequences [33].
Estrogen had previously been reported to increase VLDL-R mRNA in rabbit
heart [106]. Consistent with this finding, it elevated VLDL-R levels in EC in our
experiment (static culture, see figure 35b). However, our studies provide a clue
that estrogen could also exert an opposite influence on VLDL-R expression un-
der shear stress conditions. As shown in figure 35a, estrogen radically dimin-
ished VLDL-R expression when subjected to high shear stress and treated with
native LDL. In consideration of the recent suggestion that the VLDL-R promotes
leukocyte transmigration and inflammation [134], estrogen’s action is protective.
However, a repetition of the shear stress experiment without estrogen is indis-

pensable for statistics.
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VLDL-R gene expression in HCASMC was affected by both lipoproteins and es-
trogen (see figure 36). Estrogen alone caused an increase, whereas the combi-
nation with lipoproteins led to a decrease of receptor expression. This observa-
tion can be explained as a protection mechanism against excess lipoprotein up-
take. Furthermore, Lipoproteins alone strongly raised VLDL-R expression. This
effect was stronger in cLDL than in nLDL. The VLDL-R was suggested to play a
role in SMC-derived foam cell formation by contributing to lipoprotein accumula-
tion [35, 36]. An estrogen-mediated decrease of VLDL-R expression can there-
fore be valuated as protective. However, the upregulation by nLDL and cLDL is
not comprehensible as the VLDL-R is not regulated by LDL. Anyway, this effect
could promote disease progression and is stronger induced by cLDL than by
nLDL.

LRP1 expression in HCAEC is markedly reduced by carbamylation and low
shear stress (see figure 37 and figure 38a). Since LRP1 fulfils protective tasks
in the vasculature [40-43], LSS and cLDL act adversely. Under HSS conditions,
we observed that LRP1 expression was slightly reduced by estrogen when
combined with nLDL and strongly reduced in combination with cLDL. Again, we
provide evidence for a particular negative effect of cLDL on women. Admittedly,
more data are required to confirm these findings statistically. In contrast, estro-
gen increased LRP1 expression significantly when combined with cLDL in static
culture (see figure 38b). A stimulatory effect of estradiol on LRP1 in the mouse
brain has been reported in 2007 by Cheng et. al. [107].

LRP1 is supposed to contribute to lipid accumulation in the artery wall by medi-
ating LDL uptake in smooth muscle cells [45]. In our experiment, estrogen re-
duced LRP1 expression in HCASMC significantly when combined with lipopro-
teins (see figure 39). In consideration of LRP1’s role in SMC-derived foam cell

formation, estrogen executes a protective function.

In contrast, LRP2 gene expression was neither found in endothelial cells, nor in
smooth muscle cells. Furthermore, LRP2 was not detected on protein level. As
literature provides no evidence of LRP2 expression in HCAEC and HCASMC,
these results suggest an absence of LRP2 expression in these cells.
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In conclusion, the results of our experiments provide meaningful clues concern-
ing the role of the studied parameters in atherosclerosis development. Our data
support the hypotheses of the atheroprotective action mediated by high shear
stress and the unfavourable effect of low shear stress. In addition, we provide
evidence for the harmful effect of carbamylated LDL by revealing its influence
on the regulation of the LDL-R gene family expression. Furthermore, we point
out several mechanisms of estrogen’s protective action on endothelial cells and

smooth muscle cells.

To obtain a sufficient amount of data for performing meaningful statistical anal-
yses, some shear stress experiments without estrogen from a former study
[133] will have to be repeated. Additionally, it remains open if all gene expres-
sion results can be confirmed on protein level. The static cell culture experiment
was repeated to obtain more material for finishing LDL-R detection. Further-
more, it is intended to perform Western-blot experiments for detection of VLDL-
R and LRP1 protein expression in HCAEC. The protein analyses are only per-
formed with material from static experiments because the yield of cell material
in shear stress experiments is extremely low. However, these procedures will

be the subject of prospective theses.

The experimental design already aims to simulate the physiological conditions.
However, it could be improved by establishing a co-culture (EC in hollow fibers
and SMC in extracapillary space). Furthermore, modified lipoproteins isolated
from CKD patients could be used for further experiments. These optimizations

could improve the validity of the experimental data.

-56 -



5. References

1

10

11

12

13

14

15

16

Libby P, Ridker PM, Hansson GK. Progress and challenges in translating the biology of
atherosclerosis. Nature 473:317-25 (2011).

Loscalzo J. Nitric oxide insuffiency, platelet activation, and arterial thrombosis. Circ Res
88:756-762 (2001).

Badimon L, Storey RF, Vilahur G. Update on lipids, inflammation and atherothrom-
bosis. Thromb Haemost 105 (Suppl 1): S34-542 (2011).

Tabas I, Williams KJ, Boren J. Subendothelial lipoprotein retention as the initiating pro-
cess in atherosclerosis: update and therapeutic implications. Circulation 116, 1832-
1844 (2007).

Camejo G et. al .Association of apo B lipoproteins with arterial proteoglycans: patho-
logical significance and molecular basis. Atherosclerosis 139:205-222 (1998).

Libby P. Inflammation in atherosclerosis. Nature 420:868-874 (2002).

Collot-Teixeira S et. al. CD36 and macrophages in atherosclerosis. Cardiovasc Res
75:468-477 (2007).

Llorente-Cortés V et. al. Sterol regulatory element binding proteins downregulate LDL
receptor-related protein (LRP1) expression and LRP1-mediated aggregated LDL uptake
by human macrophages. Cardiovasc Res 74:526-536 (2007).

Tabas I. Macrophage death and defective inflammation resolution in atherosclerosis.
Nature Rev Immunol 10:36-46 (2010).

Libby P. Molecular and cellular mechanisms of the thrombotic complication of athero-
sclerosis. J Lipid Res 50: S352-S357 (2009).

Steinberg D. The Cholesterol Wars: the Skeptics vs. The Presponderance of Evidence 1st
edn (Elsevier, 2007).

Berg J.M., Tymoczko J.L., Stryer L.: Stryer Biochemie 6. Auflage 2007, Elsevier
Silbernagl S., Lang F.: Taschenatlas Pathophysiologie 3. Auflage 2009, Thieme

Wasan KM et. al. Impact of lipoproteins on the biological activity and disposition of
hydrophobic drugs: implications for drug discovery. Nature Reviews Drug Discovery 7,
84-99 (2008).
http://www.academybiomed.com/images/upload/YZ9XQZ64RKWPWG6XX0W7LO4YK1
NOSM1.jpg

http://ethesis.helsinki.fi/julkaisut/laa/kliin/vk/meng/review.html

-57 -



17

18

19

20

21

22

23

24

25

26

27

28

29

30

http://www.elu.sgul.ac.uk/rehash/guest/scorm/294/package/content/liver_lipoprotei
n.html

Goldstein JL and Brown MS. History of Discovery: The LDL Receptor. Arterioscler
Thromb Vasc Biol 29(4): 431-438 (2009).
http://www4.utsouthwestern.edu/moleculargenetics/pages/gold/past2.html

Li Y et. al. Differential Functions of Members of the Low Density Lipoprotein Receptor
Family Suggested by Their Distinct Endocytosis Rates. J Biol Chem 276(21):18000-6
(2001).

Hussain MM, Strickland DK, Bakillah A. The mammalian low-density lipoprotein recep-
tor family. Annu. Rev. Nutr.19:141-72 (1999).

Lillis AP et. al.LDL Receptor-Related Protein 1: Unique Tissue-Specific Functions Re-
vealed by Selective Gene Knockout Studies. Physiol Rev 88: 887—918 (2008).

Brown MS, Dana SE, Goldstein JL. Regulation of 3-Hydroxy-3-Methylglutaryl Coenzyme
A Reductase Activity in Human Fibroblasts by Lipoproteins. Proc Natl Acad Sci USA
70(7):2162-6 (1973).

Goldstein JL, Brown MS. Familial Hypercholesterolemia: Identification of a Defect in
the Regulation of 3-Hydroxy-3-Methylglutaryl Coenzyme A Reductase Activity associ-
ated with Overproduction of Cholesterol. Proc Natl Acad Sci USA 70(10):2804-8 (1973).
Brown MS, Goldstein JL. Familial Hypercholesterolemia: Defective Binding of Lipopro-
teins to Cultured Fibroblasts Associated with Impaired Regulation of 3-Hydroxy-3-
Methylglutaryl Coenzyme A Reductase Activity. Proc Natl Acad Sci USA 71(3):788-92
(1974).

Goldstein JL, Brown MS. Binding and Degradation of Low Density Lipoproteins by Cul-
tured Human Fibroblasts. J Biol Chem249(16):5153-62 (1974).

Brown MS, Goldstein JL. Receptor-mediated endocytosis: Insights from the lipoprotein
receptor system. Proc Natl Acad Sci USA 76(7):3330-7 (1979).

Yamamoto T et. al. The human LDL receptor: a cysteine-rich protein with multiple Alu
sequences in its mMRNA. Cell 39(1):27-38 (1984).

Goldstein JL, Brown MS. Progress in understanding the LDL receptor and HMG-CoA
reductase, two membrane proteins that regulate the plasma cholesterol. J Lipid Re
25(13):1450-61 (1984).

Nimpf J, Schneider WJ. From cholesterol transport to signal transduction: low density
lipoprotein receptor, very low density lipoprotein receptor, and apolipoprotein E re-

ceptor-2. Biochimica et Biophysica Acta 1529:287-298 (2000).

-58 -



31

32

33

34

35

36

37

38

39

40

41

42

43

Takahashi S et. al. Rabbit very low density lipoprotein receptor: a low density lipopro-
tein receptor-like protein with distinct ligand specificity. Proc Natl Acad Sci USA
89(19):9252-6 (1992).

Yamamoto T et. al. The very low density lipoprotein receptor-A second lipoprotein
receptor that mediate uptake of fatty acids into muscle and fat cells. Trends Cardio-
vasc Med 3: 144-148 (1993).

Sakai J et. al. Structure, chromosome location, and expression of the human very low
density lipoprotein receptor gene. J Biol Chem 269: 2173-2182 (1994).

Multhaupt HA et. al. Expression of Very Low Density Lipoprotein Receptor in the Vas-
cular Wall. Am J Pathol 148(6):1985-97 (1996).

Hiltunen TP et. al. Expression of LDL Receptor, VLDL Receptor, LDL Receptor—Related
Protein, and Scavenger Receptor in Rabbit Atherosclerotic Lesions. Circulation97:1079-
1086 (1998).

Suzuki J et. al. Lipid accumulation and foam cell formation in Chinese hamster ovary
cells overexpressing very low density lipoprotein receptor. Biochem Biophys Res
Commun 206:835-842 (1995).

Takahashi S et. al. The very low density lipoprotein (VLDL) receptor — a peripheral lip-
oprotein receptor for remnant lipoproteins into fatty acid active tissues. Mol Cell Bio-
chem 248(1-2):121-7 (2003).

Moestrup SK, Gliemann J, Pallesen G. Distribution of the alpha 2-macroglobulin recep-
tor/low density lipoprotein receptor-related protein in human tissues. Cell Tissue Res
269(3):375-82 (1992).

Herz J, Clouthier DE, Hammer RE. LDL receptor-related protein internalizes and de-
grades uPA-PAI-1 complexes and is essential for embryo implantation. Cell 71: 411-
421 (1992).

Boucher P et. al. LRP: role in vascular wall integrity and protection from atherosclero-
sis. Science 300: 329 (2003).

Boucher P, Herz J. Signaling through LRP1: Protection from atherosclerosis and be-
yond. Biochem Pharmacol 81:1-5 (2011).

Li Y, Lu W, Bu G. Essential role of the low density lipoprotein receptor-related protein

in vascular smooth muscle cell migration. FEBS Letters 555:346-350 (2003).

Swertfeger DK, Bu G, Hui DY. Low Density Lipoprotein Receptor-related Protein Medi-
ates Apolipoprotein E Inhibition of Smooth Muscle Cell Migration. J Biol Chem
277(6):4141-4146 (2002).

-59 -



44

45

46

47

48

49

50

51

52

53

54

55

56

Fujioka Y, Cooper AD, Fong LG. Multiple processes are involved in the uptake of chy-
lomicron remnants by mouse peritoneal macrophages. J Lipid Res 39(12):2339-49
(1998).

Llorente-Cortés V, Badimon L. LDL Receptor—Related Protein and the Vascular Wall.
Arterioscler Thromb Vasc Biol 25(3):497-504 (2005).

Llorente-Cortés V et. al. Low-density lipoprotein upregulates low-density lipoprotein
receptor-related protein expression in vascular smooth muscle cells: possible involve-
ment of sterol regulatory element binding protein-2-dependent mechanism. Circula-
tion106(24):3104-10 (2002).

Marzolo MP, Farfan P. New Insights into the Roles of Megalin/LRP2 and the Regulation
of its Functional Expression. Biol Res 44: 89-105 (2011).

Christensen El, Birn H. Megalin and Cubilin: Multifunctional endocytic receptors. Nat
Rev Mol Cell Biol 3(4):256-66 (2002).

Stefansson S et. al. Glycoprotein 330/low density lipoprotein receptor-related protein-
2 mediates endocytosis of low density lipoproteins via interaction with apolipoprotein
B100. J Biol Chem 270:19417-19421 (1995).

Hammad SM et. al. Cubilin, the endocytic receptor for intrinsic factor-vitamin B(12)
complex, mediates high-density lipoprotein holoparticle endocytosis. Proc Nat! Acad
Sci USA 96: 10158-10163 (1999).

Yao Q et. al. Traditional and non-traditional risk factors as contributors to atheroscle-
rotic cardiovascular disease in end-stage renal disease. Scand J Urol Nephrol 38:405
(2004).

Chade AR, Lerman A, Lerman LO. Kidney in early atherosclerosis. Hypertension
45:1042 (2005).

Sarnak MJ et. al. Kidney disease as a risk factor for development of cardiovascular dis-
ease: a statement from the American Heart Association Councils on Kidney in Cardio-
vascular Disease, High Blood Pressure Research, Clinical Cardiology, and Epidemiology
and Prevention. Circulation 108:2154 (2003).

Schiffrin EL, Lipman ML, Mann JF. Chronic kidney disease: effects on the cardiovascu-
lar system. Circulation 116:85 (2007).

London GM. Alterations of arterial function in end-stage renal disease. Nephron
84:111 (2000).

Dalrymple LS et. al. Chronic Kidney Disease and the Risk of End-Stage Renal Disease
versus Death. J Gen Intern Med 26(4):379-85 (2010).

-60 -



57

58
59

60

61

62

63

64

65

66

67

68

69

70

71

Apostolov EO et. al. Chronic Uremia stimulates LDL Carbamylation and Atherosclero-
sis. J Am Soc Nephrol 21: 1852—-1857 (2010).

Basnakian AG et. al. Carbamylated LDL. Adv Clin Chem 51:25-52 (2010).

Schuh J, Fairclough GF Jr, Haschemeyer RH. Oxygen-mediated heterogenity of apo-
low-density lipoprotein. Proc Natl Acad Sci USA 75:3173 (1978).

Steinbrecher UP et. al. Immunogenicity of homologous low density lipoprotein after
methylation, ethylation, acetylation, or carbamylation: generation of antibodies spe-
cific for derivatized lysine. J Lipid Res 25:1109 (1984).

Wang X, Bucala R, Milne R. Epitopes close to the apolipoprotein B low density lipopro-
tein receptor binding site are modified by advanced glycation end products. Proc Nat/
Acad Sci USA95:7643 (1998).

Dimmeler S, Hermann C, Zeiher AM. Apoptosis of endothelial cells. Contribution to the
pathophysiology of atherosclerosis? Eur Cytokine Netw 9:697 (1998).

Kita T et. al. Oxidized LDL and expression of monocyte adhesion molecules. Diab Res
Clin Pract 45:123 (1999).

Han J et. al. Native and modified low density lipoproteins increase the functional ex-
pression of the macrophage class B scavenger receptor, CD36. J Biol Chem 272:21654
(1997).

Choy JC et. al. Endothelial cell apoptosis: biochemical characteristics and potential im-
plications for atherosclerosis. J Mol Cell Cardiol 33:1673 (2001).

Heltianu C et. al. Modified Low Density Lipoproteins Decrease the Activity and Expres-
sion of Lysosomal Acid Lipase in Human Endothelial and Smooth Muscle Cells. Cell Bio-
chem Biophys 61:209-216 (2011).

Kraus LM, Kraus AP Jr. Carbamoylation of amino acids and proteins in uremia. Kidney
Int Suppl 78:5102 (2001).

Wang Z et. al. Protein carbamylation links inflammation, smoking, uremia and athero-
genesis. Nat Med 13:1176 (2007).

Horrko S et. al. Carbamylation-induced alterations in low-density lipoprotein metabo-
lism. Kidney Int 41:1175 (1992).

Horrko S et. al. Decreased clearance of uraemic and mildly carbamylated low-density
lipoprotein. Eur J Clin Invest 24:105 (1994).

Kronenberg F et. al. Kinetic studies of atherogenic lipoproteins in hemodialysis pa-

tients: do they tell us more about their pathology? Semin Dial 20:554 (2007).

-61 -



72

73

74

75

76

77

78

79

80

81

82

83

84

85

Ok E et. al. Carbamylated low-density lipoprotein induces death of endothelial cells: a

link to atherosclerosis in patients with kidney disease. Kidney Int 68:173 (2005).

Apostolov EO et. al. Modified LDLs induce proliferation-mediated death of human vas-
cular endothelial cells through MAPK pathway. Am J Physiol Heart Circ Physiol
292:H1836 (2007).

Apostolov EO et. al. Endonuclease G mediates endothelial cell death induced by car-
bamylated LDL. Am J Physiol Heart Circ Physiol 300: H1997—-H2004 (2011).

Apostolov EO et. al. Carbamylated low-density lipoprotein induces monocyte adhesion
to endothelial cells through intercellular adhesion molecule-1 and vascular cell adhe-
sion molecule-1. Arterioscler Thromb Vasc Biol 27:826 (2007).

Thorne SA et. al. Modified low density lipoprotein and cytokines mediate monocyte
adhesion to smooth muscle cells. Atherosclerosis127:167 (1996).

Asci G et. al. Carbamylated low-density lipoprotein induces proliferation and increases
adhesion molecule expression of human coronary artery smooth muscle cells. Neph-
rology 13:480-486 (2008).

Gonen B, Cole T, Hahm KS. The interaction of carbamylated low-density lipoprotein
with cultured cells. Studies with human fibroblasts, rat peritoneal macrophages and
human monocyte-derived macrophages. Biochim Biophys Acta 754:201 (1983).
Horiuchi S, Sakamoto Y, Sakai M. Scavenger receptors for oxidized and glycated pro-
teins. Amino acids 25:283 (2003).

Greaves DR, Gordon S. Thematic review series: the immune system and atherogenesis.
Recent insights into the biology of macrophage scavenger receptors. J Lipid Res 46:11
(2005).

Apostolov EO et. al. Scavenger receptors of endothelial cells mediate the uptake and
cellular proatherogenic effects of carbamylated LDL. Arterioscler Thromb Vasc Biol
29:1622 (2009).

Moore KJ, Freeman MW. Scavenger Receptors in Atherosclerosis : Beyond Lipid Up-
take. Arterioscler Thromb Vasc Biol 26:1702-1711 (2006).

Ashraf MZ, Gupta N. Scavenger receptors: Implications in atherothrombotic disorders.
Int J Biochem Cell Biol 43(5):697-700 (2011).

Roeters van Lennep JE et. al. Risk factors for coronary heart disease: implications of
gender. Cardiovascular Research 53:538-549 (2002).

Murphy E, Steenbergen C. Gender-based differences in mechanisms of protection in

myocardial ischemia-reperfusion injury. Cardiovascular Research 75:478—-486 (2007).

-62 -



86

87

88

89

90

91

92

93

94

95

96

97

98

99

Kublickiene K, Luksha L. Gender and the endothelium. Pharmacological Reports 60:49-
60 (2008).
http://www.nature.com/nchembio/journal/v5/n6/compound/nchembio.168 comp3.
html

Clanachan AS, Fraser H. Gender differences in myocardial structure, function and me-
tabolism. Heart and Metabolism Number 8 (2000).

Orshal JM, Khalil RA. Gender, sex hormones, and vascular tone. Am J Physiol Regul In-
tegr Comp Physiol 286(2):R233—R249 (2004).

Mendelsohn ME. Genomic and nongenomic effects of estrogen in the vasculature. Am
J Cardiol 90(1A):3F—6F (2002).

Miller VM, Mulvagh SL. Sex steroids and endothelial function: translating basic science
to clinical practice. Trends Pharmacol Sci 28(6):263—270 (2007).

Chen Wing LY et. al. Effects of oral estrogen on aortic ROS-generating and -scavenging
enzymes and atherosclerosis in apoE-deficient mice. Exp Biol Med (May-
wo0d)234(9):1037-46 (2009).

Simoncini T et. al. Estrogen Receptor Interacts with G 13 to Drive Actin Remodeling
and Endothelial Cell Migration via the RhoA/Rho Kinase/Moesin Pathway. Molecular
Endocrinology 20(8):1756—1771 (2006).

Corcoran MP et. al. The effect of 17B-estradiol on cholesterol content in human mac-
rophages is influenced by the lipoprotein milieu. J Mol Endocrinol 47(1):109-117
(2011).

Smiley DA, Khalil RA. Estrogenic Compounds, Estrogen Receptors and Vascular Cell

Signaling in the Aging Blood Vessels. Curr Med Chem 16(15): 1863—1887 (2009).

Dubey RK, Imthurn B, Zacharia LC, Jackson EK. Hormone replacement therapy and car-
diovascular disease: what went wrong and where do we go from here? Hyperten-
sion44(6):789-795 (2004).

Miller VM, Duckles SP. Vascular actions of estrogens: functional implications. Pharma-
col Rev 60(2):210-241 (2008).

Revankar et. al. A transmembrane intracellular estrogen receptor mediates rapid cell
signaling. Science 307(5715):1625-1630 (2005).

Yu X et. al. Activation of G protein-coupled estrogen receptor induces endothelium-
independent relaxation of coronary artery smooth muscle. Am J Physiol Endocrinol

Metab 301(5):E882-8 (2011).

-63 -



100

101

102

103

104

105

106

107

108

109

110

111

112

113

Gros R et. al. Delineating the receptor mechanisms underlying the rapid vascular con-
tractile effects of aldosterone and estradiol. Can J Physiol Pharmacol 89: 655—663
(2011)

Billon-Galés A et. al. Endothelial Estrogen Receptor-a Plays a Crucial Role in the
Atheroprotective Action of 17 B-Estradiol in Low-Density Lipoprotein Receptor-
Deficient Mice. Circulation 120:2567-2576 (2009).

Villablanca AC et. al. 17B-Estradiol Prevents Early-Stage Atherosclerosis in Estrogen

Receptor-Alpha Deficient Female Mice. J of Cardiovasc Trans Res 2:289—-299 (2009).

Windler EE et. al. The Estradiol-stimulated Lipoprotein Receptor of Rat Liver. J Biol
Chem 225(21):10464-10471 (1980).

Li C et. al. Requirement of Spl and Estrogen Receptor a Interaction in 17b-Estradiol-
Mediated Transcriptional Activation of the Low Density Lipoprotein Receptor Gene
Expression. Endocrinology 142(4):1546-53 (2001).

Distefano E et. al. Role of tyrosine kinase signaling in estrogen-induced LDL receptor

gene expression in HepG2 cells. Biochimica et Biophysica Acta 1580:145-149 (2002).

Masuzaki H et. al. Effects of estradiol on very low density lipoprotein receptor mRNA
levels in rabbit heart. FEBS Letters 347:211-214 (1994).
Cheng X et. al. Estradiol replacement increases the low-density lipoprotein receptor

related protein (LRP) in the mouse brain. Neuroscience Letters 417:50-54 (2007).

Caro CG, Fitz-Gerald JM, Schroter RC: Arterial wall shear and distribution of early ath-
eroma in man. Nature 223:1159-60 (1969).

Warboys CM et. al. The role of blood flow in determining the sites of atherosclerotic
plaques. F1000 Medicine Reports 3:5 (2011).

Pan S. Molecular Mechanisms Responsible for the Atheroprotective Effects of Laminar
Shear Stress. Antioxidants & Redox Signaling 11(7):1669-1681 (2009).

Cunningham KS, Gotlieb Al. The role of shear stress in the pathogenesis of atheroscle-
rosis. Laboratory Investigation 85: 9-23 (2005).

Johnson BD, Mather KJ, Wallace JP. Mechanotransduction of shear in the endotheli-

um: Basic studies and clinical implications. Vasc Med 16(5):365-377 (2011).

Hahn C et. al. INK2 Promotes Endothelial Cell Alignment under Flow. PLoS ONE 6(8):
€24338 (2011).

-64 -



114

115

116

117

118

119

120

121

122

123

124

125

126

127

Hwang J et. al. Oscillatory shear stress stimulates endothelial production of 02- from
p47phox-dependent NAD(P)H oxidases, leading to monocyte adhesion. J Biol Chem
278(47):47291-8 (2003).

Sprague EA et. al. Influence of a laminar steady-state fluid-imposed wall shear stress
on the binding, internalization, and degradation of low-density lipoproteins by cul-
tured arterial endothelium. Circulation 76:648-656 (1987).

Liu Y et. al. Shear Stress Activation of SREBP1 in Endothelial Cells Is Mediated by Integ-
rins. Arterioscler Thromb Vasc Biol 22:76-81 (2002).

Chiu JJ et. al. A model for studying the effect of shear stress on interactions between
vascular endothelial cells and smooth muscle cells. Journal of Biomechanics 37:531—
539 (2004).

Chiu JJ, Usami S, Chien S. Vascular endothelial responses to altered shear stress: Path-
ologic implications for atherosclerosis. Annals of Medicine 41:19-28 (2009).

Yoshizumi M et. al. Stress and Vascular Responses: Atheroprotective Effect of Laminar
Fluid Shear Stress in Endothelial Cells: Possible Role of Mitogen-Activated Protein Ki-
nases. J Pharmacol Sci 91:172-176 (2003).

Goldstein JL, Basu SK, Brown MS. Receptor-mediated endocytosis of low-density lipo-
protein in cultured cells. Methods Enzymol 98:241-60 (1983).

Cadwell JJ. Culture of Endothelial Cells in Hollow Fiber Systems.
www.fibercellsystems.com

Gensberger, Eva Theres. The role of low-density-lipoprotein receptor family members

in HCAEC in response to modified LDL. Diploma Thesis, University of Vienna (2010).

Saiki RK et. al. Enzymatic amplification of beta-globin genomic sequences and re-
striction site analysis for diagnosis of sickle cell anemia. Science 230(4732):1350-4
(1985).

Mullis K et. al. Specific enzymatic amplification of DNA in vitro: the polymerase chain
reaction. Cold Spring Harb Symp Quant Biol 51 Pt 1:263-73 (1986).

Kubista M et. al. The real-time polymerase chain reaction. Molecular Aspects of Medi-
cine 27:95-125 (2006).

Higuchi R et. al. Simultaneous amplification and detection of specific DNA sequences.
Biotechnology 10:413-417 (1992).

Holland PM et. al. Detection of specific polymerase chain reaction product by utilizing
the 5' - 3' exonuclease activity of Thermus aquaticus DNA polymerase. Proc Natl Acad

Sci USA 88:7276-7280 (1991).

-65 -



128

129

130

131

132

133

134

Livak KJ et. al. Oligonucleotides with Fluorescent Dyes at Opposite Ends Provide a
Quenched Probe System Useful for Detecting PCR Product and Nucleic Acid Hybridiza-
tion. Genome Res 4:357-362 (1995).

http://en.wikipedia.org/wiki/File:Tagman.png

Livak KJ, Schmittgen TD. Analysis of Relative Gene Expression Data Using Real-Time
Quantitative PCR and the 2*-AACT Method. METHODS 25:402-408 (2001).

Renart J, Reiser J, Stark GR. Transfer of proteins from gels to diazobenzyloxymethyl-
paper and detection with antisera: A method for studying antibody specificity and an-
tigen structure. Proc Natl Acad Sci USA 76(7):3116-3120 (1979).
http://upload.wikimedia.org/wikipedia/commons/b/b3/ECL.jpg

Scharrer, Susanna. Response of "shear stress differentiated" HCAEC to modified low-
density lipoproteins. Master Thesis, Medical University of Vienna (2010).

Yakovlev S. et. al. Identification of VLDLR as a novel endothelial cell receptor for fibrin
that modulates fibrin-dependent transendothelial migration of leukocytes. Blood

(2011).

- 66 -



ACAT
ACTB
Angll
apo
BSA
cDNA
CKD
cLDL
CM
CSF
CvD
ddH20
E2

EC
ECM
EDHF
EGF
eNOS
ER
ESRD
ET-1
FH
gDNA
glDL
GPER
HCAEC
HCASMC
HDL
HMG CoA reductase
HRP
HSS
ICAM-1

Abbreviations

acyl-CoA-cholesterol-acyltransferase
beta-actin

angiotensin 2

apolipoprotein

bovine serum albumin

complementary DNA

chronic kidney disease

carbamylated LDL

chylomicrons

colony stimulating factor
cardiovascular disease

double-distilled / deionized water
17B-estradiol (estrogen)

endothelial cells

extracellular matrix
endothelium-derived hyperpolarizing factor
epidermal growth factor

endothelial nitric oxide synthase
estrogen receptor

end-stage renal disease

endothelin

familial hypercholesterolemia

genomic DNA

glycated LDL

G-protein coupled estrogen receptor
human coronary artery endothelial cells
human coronary artery smooth muscle cells
high density lipoprotein
3-hydroxy-3-methyl-glutaryl-CoA reductase
horseradish peroxidase

high shear stress

intercellular adhesion molecule 1

-67 -



IDL
INK2
LCAT
LDL
LDL-R
LOX-1
LPL
LRP1
LRP2
LSS
MAPK
MCP-1
mLDL
NF-kB
nLDL
NO
oxLDL
PAA
PAGE
PCR
PDGF
PGI2
PKC
ROS
RT-PCR
SDS
SEM
SFM
SMC
Spl
SR
SRE
SREBP

st

intermediate density lipoprotein

c-Jun N-terminal kinase 2
lecithin-cholesterol-acyltransferase

low densitiy lipoprotein

low densitiy lipoprotein receptor
lectin-like oxidized LDL receptor-1
lipoprotein lipase

low densitiy lipoprotein receptor-related protein 1
low densitiy lipoprotein receptor-related protein 2
low shear stress

mitogen-activated protein kinase
macrophage chemoattractant protein 1
methylated LDL

nuclear factor kappa B

native LDL

nitric oxide

oxidized LDL

polyacrylamide

polyacrylamide gel electrophoresis
polymerase chain reaction
platelet-derived growth factor
prostacyclin

protein kinase C

reactive oxygen species

reverse transcriptase / real-time polymerase chain reaction
sodium dodecyl sulfate

standard error of the mean

serum-free medium

smooth muscle cells

specifity protein 1 (transcription factor)
scavenger receptor

sterol regulatory element

sterol regulatory element binding protein

static

-68 -



TF
TGF-B
K
TNFa
tPA
VCAM-1
VLDL
VLDL-R
VSMC

tissue factor

transforming growth factor beta
tyrosine kinase

tumor necrosis factor alpha

tissue plasminogen activator
vascular cell adhesion molecule-1
very low density lipoprotein

very low density lipoprotein receptor

vascular smooth muscle cells

-69 -



Danksagung

Zu guter Letzt mdchte ich mich bei all jenen bedanken, die mich bei dieser Ar-
beit unterstitzt und wesentlich zu ihrem Erfolg beigetragen haben. Ein groRes
Dankeschon an Prof. DI Dr. Marcela Hermann fir die grof3artige Betreuung! Bei
Mag. Julia Plieschnig und Max Strauss mochte ich mich bedanken, weil sie mir
stets mit Rat und Tat zur Seite standen und mich freundlich ins Team aufge-
nommen haben. Prof. DDr. Bernhard Gmeiner danke ich fur die gute Zusam-
menarbeit und seine wichtigen Beitrdge zu diesem Projekt! Auch die Unterstit-
zung durch Dr. Glurkan Sengolge und Dr. Tarek Bajari war fur wesentliche Teile
dieser Arbeit unverzichtbar.

Besonderer Dank gilt meinen Eltern, Johann und Johanna Haas, die mich stets
in jeder denkbaren Art und Weise unterstiutzt haben. Sie waren immer fir mich
da. Meinem Bruder, Johannes Haas, danke ich fir seine unkonventionelle Art,
mich aufzumuntern... und Wolfgang Scholler danke ich fur sein Verstandnis

und seinen Optimismus.

Zum erfolgreichen Abschluss eines Studiums gehért auch die perfekte Vorbe-
reitung darauf. Daher gilt mein Dank auch den Lehrern der Priv. HTL-LT Hol-
labrunn, die mir wichtige Grundlagen vermittelten und mich ermutigten, diesen

Weg zu gehen.

-70 -



Curriculum vitae

Name:
geboren am:

Staatsbirgerschatft:

Ausbildung:

seit April 2010

Elisabeth Haas
18.07.1988 in Mistelbach

Osterreich

Masterstudium Molekulare Biologie/Molekulare Medizin

Universitat Wien

Oktober 2007 — April 2010

Bachelorstudium Biologie/Molekulare Biologie

Universitat Wien

2002 — 2007

Private HTL fir Lebensmitteltechnologie, Hollabrunn

1998 — 2002

Praktika und Berufserfahrung:

BG und BRG, Laa/Thaya

Juli 2011 — Januar 2012

Masterarbeit am Department fur Medizinische

Biochemie, Max F. Perutz Laboratories, Wien

Sept. 2009 — Februar 2011

AFFIRIS AG, Wien

Forschungslabor Abteilung Neurodegeneration

Nov. 2008 — Sept. 2009

Raiffeisenakademie Wien,

Werkstudentin

Februar/Juli/August 2008
und Februar 2009

Jungbunzlauer AG, Pernhofen

Labor Quality Management

August 2005

Klinisches Institut fir med. und chem. Labordiagnostik,

AKH Wien — Labor Molekulare Hamatologie

August 2004

Sprachkenntnisse:

Deutsch (Muttersprache)

Englisch (verhandlungssicher)

Spanisch (Grundkenntnisse)

MA 38 Lebensmitteluntersuchungsanstalt d. Stadt Wien

Labor Rickstandsanalytik

-71 -



