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Summary

Chronic inflammation upon endothelial dysfunction, caused by hypertension,
smoking, hyperlipidemia or diabetes, can lead to atherosclerosis. Transendothelial
trafficking of leukocytes is the initial step of the inflammatory process. Intercellular
adhesion molecule-1 (ICAM-1) expressed on endothelial cells has been shown to
play a crucial role in leukocyte-endothelial interactions. Cyanate, a reactive molecule,
generated by breakdown of urea in the human body and by combustion of biomass,
coal and tobacco, is pro-inflammatory. Cyanate is sought to have a causal role in
vascular inflammation, but the underlying mechanisms remain elusive. Recent
evidence indicated that cyanate induces endothelial ICAM-1 expression via p38
MAPK and NF-kB-signaling pathways and enhances neutrophil adhesion in

endothelial cells.

Putative underlying mechanisms of cyanate-induced ICAM-1 expression were further
investigated in this thesis. In an attempt to find a possible contribution of seladin-1 in

ICAM-1 expression, siRNA knock down approach was used.

Seladin-1, an enzyme of the human cholesterol biosynthesis, is known to have anti-
inflammatory effects and was shown to down regulate adhesion molecule expression
in endothelial cells. In the present study we observed that upon cyanate treatment,
expression of seladin-1 in endothelial cells was markedly decreased in a
concentration-dependent manner. Surprisingly knock down of seladin-1 elicited no
increase in ICAM-1 expression, which only became significant upon cyanate
treatment, indicating that reduction of seladin-1 protein expression is not involved in

cyanate-induced ICAM-1 expression.

In the second part of the thesis, we investigated the role of sirtuin-1 (Sirtl) in
cyanate-induced ICAM-1 expression. Sirtl is a histone deacetylase that inhibits NF-
KB expression and is thought to have anti-inflammatory properties. Sirtl was shown
to recognize carbamyllysine residues which are reaction products of reactive cyanate
with lysine groups of proteins, but in contrast to the structurally related acetyllysine
residues, carbamyllysine residues are weak substrates an may therefore reduce Sirtl
activity. Upon pharmacological inhibition of Sirtl, ICAM-1 expression was significantly

increased in endothelial cells. In combination with cyanate an additional additive



increase of ICAM-1 expression was observed, indicating that cyanate-induced ICAM-
1 expression is not mediated by Sirtl.

In summary, we observed that neither seladin-1 nor Sirtl mediate cyanate-induced
ICAM-1 expression. Further studies are required to identify the underlying
mechanisms for cyanate-induced endothelial activation.



Zusammenfassung

Endotheliale Dysfunktion, bedingt durch Hypertonie, Rauchen, Hyperlipidamie oder
Diabetes, kann zu chronischen Entziindungen und Arteriosklerose fihren. Durch
transendotheliale Migration von Leukozyten wird der Entziindungsprozess initiiert.
Intrazellulares Adhasions-Molekil 1 (ICAM-1) spielt dabei eine zentrale Rolle. Bei
Nierenerkrankungen fuhren gesteigerten Harnstoff Spiegel zu einer hohen
Konzentration von reaktivem Zyanat, das spontan aus Harnstoff gebildet wird.
Neuere Studien haben gezeigt, dass Zyanat auch bei Verbrennung von Biomasse,
Kohle und Tabak entsteht. Zyanat ist ein Nukleophil, das irreversibel mit
Aminosauren oder mit Lysinresten innerhalb eines Proteins reagiert und zu
Proteincarbamylierungen fuhrt. Zyanat kann aber auch {ber einen anderen
Mechanismus direkt bei entziindlichen Erkrankungen gebildet werden. Dabei wird
durch das Enzym Myeloperoxidase (MPO) aus Thiozyanat und H,O, Zyanat gebildet,
was zu Proteincarbamylierungen im entzindlichen Gewebe fiihrt. Vorangegangene
Arbeiten haben gezeigt, dass Zyanat Endothelzellen aktivieren kann. Zyanat
induziert die Expression des Ah&sions-Molekiiles ICAM-1 lber die p38 MAPK und
NF-kB Signaltransduktion.

In dieser Arbeit wurden grundlegende Mechanismen untersucht, warum Zyanat eine
deutlich gesteigerten ICAM-1 Expression in Endothelzellen induziert. In dieser Arbeit
wurde untersucht, ob Zyanat zu einer Abnahme von Seladin-1 Expression in
endothelialen Zellen fihrt. Seladin-1 ist ein Enzym der humanen Cholesterol-
Biosynthese und hat antiinflammatorische Eigenschaften. In einigen Studien wurde
gezeigt, dass eine erhdhte Expression von Seladin-1 die Expression von
endothelialen Adh&sions-Molekilen deutlich reduzieren kann. In dieser Arbeit wurde
zum ersten Mal gezeigt, dass Zyanat zu einer Abnahme von Seladin-1 Expression in
endothelialen Zellen fuhrt. Um die Rolle von Seladin-1 in der ICAM-1 Expression zu

untersuchen, wurde die Seladin-1 Expression mittels SIRNA- reduziert.

Interessanterweise fuhrte der Seladin-1 Knockdown zu keinem Anstieg der
endothelialen ICAM-1 Expression. Dies deutet darauf hin, dass Seladin-1 in der

Zyanat-induzierten ICAM-1 Expression keine Rolle spielt.

Im zweiten Teil der vorliegenden Arbeit wurde untersucht, ob Zyanat Sirtuin-1 (Sirt-

1), eine Histon Deacetylase, inaktiviert. Sirt-1 ist ein anti-inflammatorisches Enzym,
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das die intrazellularen NF-kB Spiegel reduziert. Das eigentliche Substrat Acetyllysin
weist eine starke strukturelle Ahnlichkeit mit Carbamyllysin auf, dass bei Reaktion
von Zyanat mit Protein-Lysin Gruppen entsteht. Sirtuine binden an Carbamyllysin mit
hoher Affinitdt, konnen es aber im Vergleich zu Acetyllysin nur sehr langsam
umsetzen. Nun reduzieren Sirtuine NF-kB und senken dadurch maéglicherweise die
Adhéasionsmolekll Expression — ein potentieller Mechanismus, der erklaren konnte,
warum Zyanat (und durch Zyanat induzierte intrazellulare Carbamyllysinbildung) NF-
KB Spiegel erhéht und zur Adhasionsmolekiilexpression fuhrt. Wie erwartet, fuhrte
eine pharmakologische Inhibierung von Sirtl zu einer deutlich erhéhten Expression
von ICAM-1. Eine zusatzliche Behandlung der Zellen mit Zyanat erhéhte unabhéngig
davon die endotheliale ICAM-1 Expression. Woraus der Schlul3 gezogen werden
kann, dass Sirtl keine bedeutende Rolle bei der Zyanat-induzierte ICAM-1

Expression spielt

Zusammengefasst spielen weder Seladin-1 noch Sirtl eine Rolle in der Zyanat-
induzierter ICAM-1 Expression. Weitere Studien sind no6tig, um die

zugrundeliegenden Mechanismen zu identifizieren.
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1 Introduction

1.1 Endothelium

Endothelium is defined as the monolayer of endothelial cells at the inner surface of
blood and lymphatic vessels. Endothelial cells can’'t be easily defined due to their
heterogeneity in structure and function *. The adult endothelial cell surface accounts
for approximately 1 to 6x10*2 cells, covers 1 to 7 m? and weighs approximately 1 kg °.
In every organ system the endothelium contributes to important physiological

functions like blood cell trafficking, vessel permeability and hemostasis *.
1.1.1 Endothelial Function

Many functions like cell permeability, hemostasis, angiogenesis, vascular tone, innate
and acquired immunity and leukocyte trafficking are regulated by endothelial cells.
Angiogenesis and leukocyte trafficking are processes that need activation of the
endothelial layer, which includes the expression of certain endothelial adhesion

molecules 3.

The endothelium regulates vasomotor tone via vasodilatator and vasoconstrictor
substances *. Vasoactive substance, released from the endothelium upon humoral
and mechanical stimuli include nitric oxide (NO), prostacyclin, endothelin and
endothelin-derived hyperpolarizing factor. Those substances can affect function and
structure of the underlying smooth muscle ®. NO is released by endothelial NO-
synthase (eNOS) and acts as a vasodilator. It also contributes to the inhibition of
growth, inflammation and platelet-aggregation °. Endothelin acts as a vasoconstrictor
" and stimulates cell proliferation, increasing expression of collagenase,
prostaglandin endoperoxidase and platelet-derived growth factor. Vasoactive

substances are regulating each other &.

Endothelial cells and smooth muscle cells (SMC) express proteins, which are
contributing to hemostasis. Those coagulation-related receptors, like tissue factor
(TF) and circulating coagulation proteins, like thrombin, are strictly controlled,

initiating coagulation response to vascular injury °.
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Angiogenesis, which is the development of new blood vessels from endothelial cells,
is regulated by vascular endothlial growth factor (VEGF) . VEGF is produced by
endothelial cells upon activation of endothelium via tumor necrosis factor-a (TNF-a),
angiogenin, interleukin 8 (IL-8) and the angiopoietins 2. VEGF also plays a role in

inflammation by stimulating the release of adhesion molecules °.

The endothelium has important transport functions. It serves as a barrier for free
passage of molecules and cells from the blood to the underlying interstitium and
cells. For transport of essential circulating blood macromolecules through the
endothelium into the subendothelium, specific mechanisms have been established.
Additionally, the “tight” junctions between endothelial cells act as selective barriers for

egressing molecules 3.

Leukocyte trafficking from blood to underlying tissue is mediated by a complex
adhesion cascade, which includes initial attachment, rolling, arrest and transmigration

1

through endothelial cells ~. These steps are mediated by adhesion molecules,

chemokines and integrins, as depicted in Figure 1 .

Transendothelial trafficking of leukocytes starts with the activation of endothelial cells
by release of cytokines like TNF-a and interleukin 1 from macrophages *°. Due to the
release of these cytokines, nuclear factor-kB (NF-kB) transcription of E-selectin on
endothelial surface is induced. Leukocytes interact with E-selectin via sialyl lewis* like
carbohydratic structures. L-Selectin is expressed on leukocytes and binds to
endothelial CD34, P-selection glycoprotein ligand 1 (PSGL-1) and sialyl lewis*. This
process prolongs leukocyte-blood-vessel contact and increases contact of leukocytes
with chemokines as monocyte chemotactic protein-1 (MCP-1), IL-8, RANTES and
macrophage inflammatory proteinla/f (MIP-1a/B) (Step 1 in Figure 1) °. These
chemokines induce activation of integrins on the leukocyte cell surface (lymphocyte
function-associated antigen 1 “LFA-1" and very late antigen 4 “VLA-4") and hence

direct their migration along endothelial surface *’

. Activated integrins increase
leukocyte adhesiveness to the endothelium and lead to an arrest (Step 2 in Figure 1).
Allowing leukocytes to spread and slowly migrate over endothelial surface.
Intercellular adhesion molecule-1 (ICAM-1) and vascular cell adhesion molecule
(VCAM-1) are expressed on the endothelium and generate firm adhesion of
leukocytes via LFA-1/ ICAM-1 and VLA-4/ VCAM-1 onto the endothelium (Step 3 in

Figure 1) ¥ This strong binding of leukocytes via ICAM-1 causes an increase of
11



intracellular Ca®*, activation of p38 and Rho, while binding via VCAM-1 induces
activation of racl **. These signaling molecules are believed to ease transmigration
over contracting endothelial cells and deteriorating bonds of junctional adhesion
molecules, between endothelial cells ?. Studies demonstrated that ICAM-1 plays a
crucial role in transendothelial leukocyte migration *°. Leukocytes migrate through
the endothelium into the subendothelial space in a paracellular or transcellular way,
which is not completely understood yet (Step 4 in Figure 1) *'. In paracellular

transmigration, leukocytes squeeze through intercellular gaps between endothelial

23

cells <°, whereas transcellular migration of leukocytes might be possible due to

migratory cups on endothelial cells, rich in ICAM-1, VCAM-1 and cytoskeletal

proteins #*. It was thought that these projections lead to firm leukocyte arrest onto the

endothelium and is now believed to instigate transcellular leukocyte trafficking 2°%°.

Integrins and IgSF

*
" chemokines -
selectins
Step 2: s s
: Activation tep 3:
Step 1: Firm adhesion Step 4:
attachment Adhesion Transmigration
capture " strengthening Intravascular paraceliular
rolling arest and spreading  crawling

— @ @ 5 @ (R

endé‘!_'h:eii.im [ o [ @ _[ (&) I [ ] I .\f [ [ ] @

v

»
L

transcellular

Endothelial basement membrane

Figure 1: Leukocyte trafficking through the Endothelium. lllustrating the four major

steps in the process of transendothelial leukocyte migration 14

Within the subendothelial space leukocytes respond towards sources of
inflammation, as the complement system is activated, and invaders are eliminated by
granulocytes. Inflammation is critical to eliminate intruders and to renew tissue.
Permanent stimuli via cytokines and chemokines are needed to sustain inflammation.
As the half-life of these inflammatory mediators is limited, inflammatory response

ends once stimuli have been removed #’.
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1.1.2 Endothelial Dysfunction

Endothelial dysfunction is characterized by reduced vasodilatation, a proinflammatory

and prothrombic state %.

Multiple mechanisms, including decreased NO-
bioavailability and upregulation of chemokines and adhesion molecules, are involved
in the complex pathophysiology of endothelial dysfunction and can lead to an

unregulated form of inflammation %’

Endothelial dysfunction is thought to be a key event in the development of

atherosclerosis.
1.2 Atherosclerosis

Atherosclerosis is defined as local thickenings of arteries intima or subendothelium.
The thickening develops over time and might be asymptomatic until occlusion of the
vessel or plaque rupture occurs, which can lead to cardiovascular diseases or

sudden death. The progress of atherosclerosis is described as follows 2°°.

Upon endothelium dysfunction, ongoing release of pro-inflammatory cytokines leads
to adhesion and transendothelial trafficking of leukocytes >!. Monocytes, recruited by
the chemoattractant monocyte chemotactic protein 1 (MCP-1), enter the
subendothelium. Upon stimulation of macrophage colony stimulating factor (M-CSF),

monocytes mature into macrophages 323

. Macrophages proliferate, sustain and
amplify inflammatory responses by release of cytokines and growth factors. MCSF
induces expression of scavenger receptors in macrophages, which mediate engulfing
of modified (carbamylated or oxidized) lipoproteins, resulting in foam cells formation,
which can rupture and lead to plaque formation. Foam cells release

metalloproteinases (MMPs) and procoagulant tissue factor (TF) 343¢

, as depicted in
Figure 2, and migration of smooth muscle cells (SMCs) into the subendothelium.
SMCs are producing collagen and hence stabilize plaque fibrous cap *’. Additionally
to monocytes, T-lymphocytes play critically role in inflammation leading to
atherosclerosis and further on thrombosis. T-lymphocytes, present in the
subendothlium, are activated via interferon-y (IFN- y)-inducible chemokines .
Upon activation, T-lymphocytes produce pro-inflammatory cytokines, which induce
foam cells to produce MMP and TF “**2. Collagen is the key extracellular matrix

molecule providing stability of the fibrous cap. Collagen production by the SMCs is

13



inhibited by release of IFN-y from T-lymphocytes and indirectly via the induction of

MMP, which can destroy arterial extracellular matrix “**3. TF leads to coagulation of

platelets, which boosts the thrombogenicity of the plaque’s lipid core

In

31

Blood monocyte ~ Monocyte
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Figure 2: Mononuclear Phagocytes in Atherogenesis. Figure 2 shows initiating steps
of atherosclerosis, including adhesion of monocytes onto activated/ dysfunctional
endothelium, transendothelial migration and differentiation into macrophages.
Macrophages express scavenger receptors and engulf modified lipoproteins,
differentiating them into foam cells, which can release cytokines, MMPs and tissue factor.
Foam cells might die and rupture. VCAM-1: vascular cell adhesion molecule 1, CCR2:
chemokine receptor 2, MCP-1: monocyte chemotactic protein 1, M-CSF: macrophage
colony stimulating factor, MMP: metalloproteinase. Figure was taken and modified from
Libby, P. (2002) **

the development of atherosclerosis, inflammation is involved throughout the whole

process, from initiation to final complication of thrombosis.

Atherosclerosis is the underlying process of cardiovascular diseases (coronary heart

di

sease and cerebrovascular stroke) **, which is the leading cause death worldwide

44
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1.3 Renal Disease and Cyanate

Renal diseases are characterized by impaired kidney function, in which the kidney
fails to filter toxins and waste products from the blood. Retention of toxic substances
can lead to increased oxidative stress; wherein uremic toxins (as urea, indole-3-

acetic acid, erythreitol ...... etc.) might harm endothelial cells 7,

In chronic renal disease patients on hemodialysis, cardiovascular disease is the
principal cause for morbidity and death due to heart attack which is 100-fold

increased in patients aged 45 or younger compared to the general population *°-*.

Cyanate is a reactive molecule which converts lysine irreversibly to e-carbamyllysine,
also known as homocitrulline (HCit) and therefore leads to post-translational

253 Functional impairment of (lipo)proteins through

carbamylation of proteins
cyanate-induced carbamylation is also a source for vascular endothelial dysfunction

and hence a critical factor for atherosclerosis °?, which is prevalent in renal disease
54

Carbamylation and its modifying role on proteins have been extensively assessed
within the field of uremia research. Carbamylation has been identified as a side-effect
during denaturation-renaturation studies of proteins with urea, where changes in
protein properties as weight, iso-electric point and activity was noted >>~’. In chronic
renal patients, urea levels reach up to 110 mM, resulting in cyanate concentration of
about 1 mM °%°9 since 0.8 % of urea decomposes to cyanate in vivo %°.

Recent findings show that cyanate is also a major product of phagocyte protein
myeloperoxidase (MPO), which catalyzes oxidation of SCN" in the presence of

hydrogen peroxide into cyanate. SCN' levels are elevated in the plasma of smokers

52 61

and MPO activity is increased in hemodialysis patients °~. MPO selectively

carbamylates high-density lipoprotein (HDL) rendering it dysfunctional ®. Uremic low-
density lipoprotein (LDL), carbamylated LDL and carbamylated HDL have pro-
atherosclerotic effects and were shown to induce endothelial cell apoptosis *>°°. In
atherosclerotic lesions a correlation between high carbamylated HDL and the MPO-
specific oxidation product 3-chlorotyrosine was shown. Therefore it can be assumed
that MPO is generating high amounts of cyanate sites of inflammation °

Furthermore, it was shown that MPO, released from activated neutrophils, associates
15



with endothelial cells and accumulates in subendothelial matrix of vascular tissue 2.

This leads to the hypothesis that local high concentrations of cyanate are present

and may have an impact on vascular endothelial cells.

An important exogenous source for isocyanic acid/ cyanate is smoke, generated from

combustion of coal, biomass or tobacco. Those sources lead to protein carbamylation

at physiologically relevant levels ®*.

A recent study has demonstrated that cyanate induces endothelial

ICAM-1

expression via p38 mitogen-activated protein kinase (MAPK) - and NF-kB — signaling

pathways (Figure 3) promoting increased adhesion of neutrophils. Neutrophils

contain large amounts of MPO that may induce further cyanate production generating

a vicious circle %,

Smoke (o)
b_coal ]
- iomass
.SCN tobacco H;N-C-NH,
Thiocyanate Urea

wXe |

Isocyanic acid

~

Endothelial cell

Figure 3: Generation of cyanate and its impact on
endothelia ICAM-1 expression. kindly provided by
Dalia ElI-Gamal, MSc (Institute of Experimental and

Clinical Pharmacology, Medical Uinversity of Graz)

These latest findings may provide more knowledge of the underlying mechanisms

contributing

to prevalent cardiovascular disease associated with smoking,

inflammation and renal disease.
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1.4 Seladin-1

3B-hydroxysteroid-24 reductase is also known as seladin-1. Seladin-1, encoded by
the Dhcr24 gene, is a flavine adenine dinucleotide-dependent oxidoreductase °°,
which catalyzes the last step in the human cholesterol-biosynthesis from desmosterol

to cholesterol ©’.

Seladin-1 protects cells from apoptosis and controls cell growth and senescence via
p53-interaction °®%. This anti-apoptotic effect of seladin-1 might be due to its

scavanger capacity for hydrogen peroxide .
Seladin-1 levels are decreased in Alzheimer's disease "* and adrenal cancer 2.

Latest research indicated that seladin-1 has anti-inflammatory activities. Knock down
of seladin-1 in human coronary artery endothelial cells (HCAEC) was shown to

induce adhesion molecule expression *°.
1.5 Sirtuin-1

Sirtuins have been identified to be associated with cell-responses regarding, aging,

senescence and apoptosis “* and are thought to contribute to longevity *°.

Human silent information regulator-two 1 (Sirtl) is the closest orthologue for yeast
Sir2, which is an NAD*-dependent class IIl histone deacetylase "®8. It was shown
that Sirtl regulates transcription of eNOS and p65 subunit of NF-kB. Subsequently,
Sirtl is playing an important role in cellular processes responding to oxidative stress,
cell senescence and mitochondrial function “®®°. Overexpression of Sirtl in rodent

82

endothelial cells reduces atherosclerotic plaque formation and pharmacological

activation of Sirtl progresses glucose homeostasis in both human and mice 3.

Sirtl levels are decreased in patient with chronic inflammatory diseases and post-
translational modifications render Sirtl dysfunctional. Lung epithelial cells, which
were exposed to hydrogen peroxide and cigarette smoke extract, showed a dose-
dependent and time-dependent decrease in protein expression and enzymatic
activity of Sirtl . Since cyanate is a constituent of smoke ®, it is likely that cyanate

contributes to inhibitory activity of smoke extracts.

17



Sirtl was shown to recognize carbamyllysine residues which are reaction products of
reactive cyanate with lysine groups of proteins, but in contrast to the structurally
related acetyllysine residues, carbamyllysine residues are weak substrates an may
therefore reduce Sirtl activity °.

18



2 Aim
As described above endothelial dysfunction, induced by smoking and renal disorder,

can lead to chronic inflammation and may result in cardiovascular disease.

Our group previously showed that cyanate induces endothelial ICAM-1 expression,
which is a critical step in leukocyte trafficking, via the p38-MAPK and NF-kB-pathway.

The underlying mechanisms remain unclear.

The known anti-inflammatory effects of the enzymes seladin-1 and Sirtl led us to the
hypothesis that cyanate-induced ICAM-1 expression may be linked to a cyanate-
induced inactivation of seladin-1 and/or Sirtl. The aim of this master thesis was to
investigate the putative role of seladin-1 and Sirtl in cyanate-induced ICAM-1

expression.
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3 Materials
3.1 Equipment

Cell Culture Flask 250 ml, 75 cm?
Criterion Blotter

Criterion Blotten Filter Paper
FACS Calibur

MTS4 Shaker

Magnetic Stirrer

Novex 4-20% Tris-Glycine Gel

pH Meter Orion 3 Star

PROTRAN Nitrocellulose Transfer Membrane
Thermomixer comfort

Tissue Culture Flask 250 ml, 75 cm?

Vacuum Pump Unit

Water Jacketed CO2 Incubator

XCell SureLock™ Mini-Cell
Electrophoresis System

xMark Microplate Spectrophotometer
X-ray film D19 Devloper

48-well plates

6-well plates

PAA Laboratories GmbH, Linz, Austria
Bio-Rad, Wien, Austria

Bio-Rad, Wien, Austria

BD Biosciences, Bredford, MA, USA
IKA Labortechnik, Staufen, Germany
IKA Labortechnik, Staufen, Germany
Invitrogen, Karlsruhe, Germany
ThermoFisherScientific, Waltham,
MA,USA

Whatman GmbH, Dassel, Germany
Eppendorf Austria GmbH,Wien,Austria
Greiner, Frickenhausen, Germany
Vacuubrandt GMBH & Co KG
ThermoFisherScientific, Waltham,

MA,USA

Invitrogen, Karlsruhe, Germany
Bio-Rad, Wien, Austria

Kodak, Rochester, NY, USA
Greiner, Frickenhausen, Germany

Greiner, Frickenhausen, Germany
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3.2 Cell culture

EA.hy926
Human Coronary Artery Endothelial Cells
(HCAEC)

3.3 Chemicals

Antibody diluent
Amphotericin B

BD Cell Fix

BD FACS Flow

Bovine Serum Albumin (BSA)
Bromophenol Blue

CaCl,

Dimethylsulfoxid (DMSO)

ATCC, Manassas, VA, USA

Lonza, Verviers, Belgium

DAKO, Vancouver, Canada

PAA Laboratories GmbH, Linz, Austria
BD Biosciences, San Jose, CA, USA
BD Biosciences, San Jose, CA, USA
Sigma-Aldrich, St. Louis, MO, USA
Sigma-Aldrich, St. Louis, MO, USA
Merck, Darmstadt, Germany

Carl Roth GMBH & Co KG,Karlsruhe,
Germany

DMEM Dulbecco’s Modified Eagles’s Medium PAA Laboratories GmbH, Linz, Austria

Dulbecco’s PBS 1x liquid - CaCl,, Mgz
EBM2 Endothelial Basal Medium-2

EDTA

EGM2 Bullet Kit
Fetal Bovine Serum (FBS)
Fetal Calf Serum (FCS)

Formaldehyde 37%

Glycine

PAA Laboratories GmbH, Linz, Austria

Lonza, Verviers, Belgium

Carl Roth GMBH & Co KG, Karlsruhe,
Germany

Lonza, Verviers, Belgium

PAA Laboratories GmbH, Linz, Austria
Lonza, Verviers, Belgium

Carl Roth GMBH & Co KG, Karlsruhe,
Germany

Carl Roth GMBH & Co KG, Karlsruhe,
Germany
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Glycerol

Acetic Acid (HAc)

HAT
Hank’s Buffered Saline Solution (HBSS)

HCI

Isopropanol

HEPES Buffered Saline Solution
KCI

Liopolysaccharide (LPS)
Methanol

Mercaptoethanol

NacCl

NaN;

NaHCOs3

NF-kB Activation Inhibitor IV
Non-fat dried milk
Phosphate-buffered Saline (PBS)
Penicillin/ Streptomycin

Ponceau Red S

Recombinant Human TNF-a
Sodiumdodecylsulfate (SDS)
Sirtinol

Sodium Cyanate

Sigma-Aldrich, St. Louis, MO, USA
Carl Roth GMBH & Co KG, Karlsruhe,
Germany

Sigma-Aldrich, St. Louis, MO, USA
Lonza, Verviers, Belgium

Carl Roth GMBH & Co KG, Karlsruhe,
Germany

Sigma-Aldrich, St. Louis, MO, USA
Lonza Verviers, Belgium

Merck, Darmstadt, Germany
Sigma-Aldrich, St. Louis, MO, USA
Sigma-Aldrich, St. Louis, MO, USA
Sigma-Aldrich, St. Louis, MO, USA

Carl Roth GMBH & Co KG, Karlsruhe,
Germany

Carl Roth GMBH & Co KG, Karlsruhe,

Germany

Merck, (Darmstadt, Germany

Merck, Darmstadt, Germany

Fixmilch Instant. Wien, Austria

PAA Laboratories GmbH

PAA Laboratories GmbH, Linz, Austria
Sigma-Aldrich, St. Louis, MO, USA
Peprotech, Wien, Austria
Sigma-Aldrich, St. Louis, MO, USA
Sigma-Aldrich, St. Louis, MO, USA

Sigma-Aldrich, St. Louis, MO, USA
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Splitomicin
Trypsin Neutralizing Solution (TNS)

TRIS

Triton-X 100
Trypsin/EDTA

Tween-20
3.4 Kits and Reagents

MTT Kit

Developer &Replenisher (5x) Kodak GBX
Fixer & Replenisher (5x) Kodak GBX
Immobilon Western HRP Substrate
Peroxide Solution

Immobilon Western HRP Substrate
Luminol Reagent

PrimeFect™ siRNA Transfection Diluent
PrimeFect™ siRNA Transfection Reagent
Transfast™ Transfection Reagent
SiDHCR24-447

siDHCR24-1054

control SiRNA
3.5 Antibodies

Alexa Fluor® 488 goat-anti-rabbit IgG
B-actin mouse mAb

DHCR24/ Seladin-1 (C59D8)Rabbit mAb

Sigma-Aldrich, St. Louis, MO, USA
Lonza, Verviers, Belgium

Carl Roth GMBH & Co KG, Karlsruhe,

Germany
Sigma-Aldrich, St. Louis, MO, USA
PAA Laboratories GmbH, Linz, Austria

Sigma-Aldrich, St. Louis, MO, USA

Sigma-Aldrich, St. Louis, MO, USA
Rochester, NY, USA

Rochester, NY, USA

Millipore, Billerica, MA, USA

Millipore, Billerica, MA, USA
Lonza, Verviers, Belgium

Lonza, Verviers, Belgium
Promega, Madison, WI, USA
Microsynth, Balgach, Switzerland
Microsynth, Balgach, Switzerland

Microsynth, Balgach, Switzerland

Invitrogen, Lofer, Austria
Sigma-Aldrich, St. Louis, MO, USA

New England Biolabs GmbH,

Frankfurt, Germany
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Goat-anti-mouse 1gG Thermo Fisher Scientific, Waltham,

MA, USA
PE- Cy 5 Mouse Anti-Human CD54 BD Pharmingen, San Jose, CA, USA
PE Mouse Anti-Human CD54 BD Pharmingen, San Jose, CA, USA
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4 Methods

4.1 Cultivation of Endothelial Cells

4.1.1 EA.hy926

The human umbilical cell line EA.hy926 is a fusion of primary human umbilical vein
cells with a thioguanine-resistant clone of A549 (human lung carcinoma epithelial
cells). Hybrid clones are selected in HAT medium which contains 100 pM
hypoxanthine, 0.4 uM aminopterin, and 16 uM thymidine. To obtain a stable cell
growth, EA.hy926 cells are cultivated with complete DMEM in surface treated cell
culture flasks (PAA Laboratories GmbH). Complete DMEM contains of Dulbecco’s
Modified Eagles’s Medium with high glucose (4.5g/L, 25mM), sodium pyruvate (110
mg/L, 1 mM), and L-glutamine (584 mg/L, 4 mM) to which fetal bovine serum (FBS,
10 %), 1 % penicillin/ streptomycin, 0,5 % amphotericin and HAT (1x) were added. All
listed chemicals, except HAT (Sigma-Aldrich), were purchased from PAA
Laboratories GmbH.

Every two days medium was changed and cells were harvested after reaching 90 %
confluence. The cells were used between passage 74 and 80.

For harvesting and re-culturing, the cells ware washed with warm phosphate-buffered
saline (PBS, PAA Laboratories GmbH), trypsinized, collected and spinned down
(250xg, 7 min). Resulting cell-pellet was resuspended in complete DMEM fur further

use.
4.1.2 Human Coronary Artery Endothelial Cells

HCAECs were cultured in surface treated cell culture flasks (Greiner) with complete
medium, consisting of EBM-2 medium to which EGM-2 MV Bullet kit (Lonza), which
contained hEGF, hydrocortisone, GA-1000 (gentamicin, amphotericin-B), 25ml FBS,
hFGF-B, R3-IGF-1 and ascorbic acid, was added.

Every two days medium was changed and cells were harvested after reaching 90 %

confluence. The cells were used between passage four and nine.

For harvesting and re-culturing, the cells were washed with warm Hank’s Buffered
Saline Solution (HBSS, Lonza), followed by trypsinization. For neutralizing pre-
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warmed Trypsin Neutralizing Solution (TNS, Lonza) was added. The cells were
collected and spinned down (250xg, 7min). The resulting pellet was resuspended in

complete medium for further use.
4.1.3 Storage

Into 1ml of ice-cold freezing solution (8 ml of complete medium, 1 ml FBS, 1 ml
DMSO), 1x10° cells were added and transferred into a cryovial. The cryovial was
stored in ethanol at -70C for 24 h, next day trans ferred into liquid nitrogen tank for

further storage.

For thawing up cells, complete media were pre-warmed in cell culture flask for 30 min

in the incubator before cells from cryovial were seeded in.

4.2 Cyanate Treatment of Endothelial Cells to Induce ICAM-1

Expression

Endothelial cells were seeded into 48-well plate and treated with 1, 2, 5 or 10 mM
sodium cyanate (Sigma-Aldrich) for 12 h or 24 h. Cyanate was dissolved in pre-
warmed PBS (PAA Laboratories GmbH), and diluted in complete DMEM for
EA.hy926 cells and EGM2-MV for HCAEC to reach the desired concentration.
Cyanate-containing media were then added to the cells for 12 h or 24 h.

4.3 Effect of Pharmacological Inhibition or Activation of Sirtl on
ICAM-1 Expression

HCAECs were seeded into 48-well plate and pre-treated with 100 or 200 uM Sirt1-
inhibitor (splitomicin) and 2 or 4 uM Sirtl-activator NF-kB activation inhibitor 1V, which
is a resveratrol derivative. Splitomicin and resveratrol-derivate were diluted in
complete medium to reach desired concentration and added to HCAEC. An hour
later, 2 mM cyanate was added for 24 h.
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4.4 Flow Cytometric Detection of ICAM-1 Expression

Surface expression of ICAM-1 on endothelial cells was assessed using flow
cytometry (FACS Calibur, BD Biosciences). Endothelial cells were washed with PBS
for EA.hy926 or HBSS for HCAEC and then harvested using detachment buffer (100
ml PBS, 10 mM EDTA, 25 mM HEPES) collected in FACS tubes, spinned down
(400xg, 5 min) and stained with 50 pl anti-CD54 PE or anti-CD54 PE-Cy5 from BD
Pharmingen in a dilution of 1:40 at 4C for 30 min. After staining, cells were washed
with 250 ul PBS, spinned down (400xg, 5 min) and fixed with 150 pl fix solution (30
ml FACS flow (BD Biosciences), 10 ml distilled water, 1 ml cell fix (BD Biosciences)).
Fluorophor was excited using the blue laser (488 nm). PE-staining was assessed
using FL2-channel (585/42 nm) and PE-Cy5-staining using FL3-channel (670 LP).

4.5 MTT Viability Assay

After EA.hy926 cells were treated with different concentrations of cyanate (5 mM and
10 mM) overnight or for 24 h, a MTT (3-(4, 5-methylthiazol-2-yl)-2, 5-diphenyl-
tetrazolium bromide) reduction assay was performed to asses viability of EA.hy926
cells. Cyanate-treated cells were incubated with MTT (5 mg/ml dissolved in complete
DMEM) for 4 h at 37C. Yellow MTT is reduced to a p urple formazan only in the
mitochondria of living cells. Quantification of formazan is therefore directly related to
the number of viable cells. Cells were washed with PBS and lysed with lysis solution
(25 ml Isopropanol, 0.04 M HCI) on a shaker MTS4 (IKA Labortechnik) for 10 min at
1400 RPM to dissolve the generated formazan. The absorbance of formazan was
guantified at 560 nm using xMark Microplate Spectrophotometer (Bio-Rad).

4.6 Seladin-1 Silencing in EA.hy926 cells

To silence seladin-1 siDHCR24-447, siDHCR24-1054 and scrambled siRNA, serving
as siControl, were purchased from Microsynth and used as described ®°.
Transfection reagent from Promega was prepared 1 day prior to transfection
according to manufactors protocol. Transfection mixture was prepared as follows: to
500 pL of transfection medium (incomplete DMEM + HAT) 1.5 pL siRNA (to reach

end concentration of 60 pM) and 4 pul transfection reagent was added.
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EA.hy926 cells were cultivated in 6-well plates until they reached 70 % confluence.
This transfection mixture was vortexed and allowed to rest for 15 min to induce
liposome formation. Liposomes were then added drop-wise to cells and the plate
gently moved. After one hour of incubation at 37C, an additional 500 pl of
transfection medium was added to the cells, followed by an overnight incubation at
37C. On the next morning, transfection medium was removed and replaced with
fresh complete DMEM. Subsequently, the cells were harvested to assess silencing
efficiency after 48 h and 72 h.

4.7 Seladin-1 Silencing in HCAEC

To silence Seladin-1 siDHCR24-447 and scrambled siRNA were used, as it has been
described ®. HCAECs were grown on 6-well plates or 48-well plates until they

reached 50 % confluence.

Transfection mixture was prepared by mixing PrimeFect siRNA transfection diluent
and PrimeFect siRNA transfection reagent (Lonza) in the ratio 1:50, flicked and
incubated for 15 min at room temperature. Furthermore, SIDHCR24-447 or scrambled
SIRNA was added to reach a final concentration of 50 nM and allowed to rest for
another 15 min at room temperature. Meanwhile the cells were starved with EBM-2
medium in the absence of serum at 37<C. The transfe ction mixture was then added
drop-wise to the cells. After 3 h of incubation at 37C EGM2-MV medium was added.
Transfected cells were harvested 48 h and 72 h post-transfection to detect silencing

efficiency and impact on ICAM-1 expression.
4.8 Cyanate Treatment of Seladin-1 Silenced Endothelial Cells

Seladin-1 silenced cells were treated with cyanate (5 mM for EA.hy926, 1 mM or 2
mM for HCAEC) for 24 h to induce ICAM-1 expression. 72h post-transfection cells
were harvested using detachment buffer and analyzed by flow cytometry, as

described above.
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4.9 Western Blotting

EA.hy926 cells and HCAECs were harvested 48h or 72h post-transfection using a
cell extraction buffer (0,1 % Triton-X 100, 150 mM NacCl, 1 mM CacCl,, 25 mM KCI, 10
mM TRIS), to which protease inhibitor cocktail (Sigma-Aldrich) was freshly added.
Sample buffer (0.1 M TRIS/HCI pH 6.8, 4 % SDS, 15 % glycerol, bromophenol blue,
5 % mercaptoethanol) was added in the ratio 1:2 to cell extraction buffer. Cell-
suspension lysates were denaturated (5 min, 95C) and either directly used or

stored at -20°C. The Western blot was performed as described previously &’

Preparation of buffers used during Western Blot is found at the end of Western blot

description.

Cell lysates were separated via gel-electrophoresis in 4-20 %-Tris/Glycine Gels
(Invitrogen). The gels were run constantly at 20 mA for 3 h to guarantee distinct
separation of proteins. Whole proteins of the gel were transferred onto a
nitrocellulose transfer membrane (Whatman GmbH) in a Criterion Blotter (Bio-Rad)
using blot buffer with 200 mA for 3 h at 4C. To ve rify successful blotting, proteins on
the membrane were visualized with Ponceau red (0.1 % Ponceau Red S from Sigma-
Aldrich and 1 % HAc from Carl Roth GmbH & Co KG). The membranes were rinsed
with washing buffer and blocked with blocking buffer (5 % milk in washing buffer) for
30 min at room temperature. Subsequently, blots were incubated overnight with
primary Seladin-1 (C59D8) rabbit mAb (1:500 in blocking buffer) or B-actin mouse
mAb (1:4000 in blocking buffer) at 4C. Following, secondary Ab-staining was
performed for 2 h at room temperature using horseradish peroxidase conjugated
goat-anti-rabbit 1gG (1:10000 in blocking buffer) or goat-anti-mouse 1gG (1:1000 in
blocking buffer). Signals were detected using Immobilon Western HRP Substrate
Peroxide Solution and Immobilon Western HRP Substrate Luminol Reagent
(Millipore) in a 1:1 ratio and visualized by exposing the membrane to X-Ray film. The
X-Ray film was scanned and analyzed using ImageJ software. The band-densities of
seladin-1 were normalized to B-actin (loading control). Expression of seladin-1 in
transfected cells was calculated relatively to the expression in non-transfected cells.

For stripping off bound antibodies, membranes were washed 5 times (10 min per
wash) in 20 mM NaHCO3; (pH 7.4), followed by 4 times washing in 100 mM glycine

(pH 2.4), then twice in 20 mM NaHCOj3; (pH 7.4) and finally once in washing buffer.
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The membrane was then incubated in blocking buffer for 30 min followed by

incubation with primary antibody and secondary antibody as described above.
4.9.1 Western Blot Buffers
All buffers used during Western Blot were prepared in 10-fold concentration.

To prepare blot buffer 12.1 g TRIS, 30 g glycin, 1 g EDTA and 1 g NaN3; was weighed
in and dissolved in 1 L of distilled water. For use 200 ml blot buffer and 400 ml
methanol were completed to 2 L with water.

SDS run buffer is composed of 30.3 g TRIS, 150.1 g glycine, 10 g SDS, which are

dissolved in 1 L of distilled water. For use it has to be diluted 1:10.

Washing buffer contains 5 g Tween 20, 90 g NaCl, 100 ml 1M TRIs (pH 7.4)
completed to 1 L with distilled water For use it has to be diluted 1:10.

4.10 Statistical analysis

Data are shown as mean of + SEM for n observations unless stated otherwise.
Statistical analysis was performed with Graph Pad Prism Version 4 using One-Way
ANOVA with Newman-Keuls Multiple Comparison post-hoc test. Significance was

accepted at P<0.05.
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5 Results

5.1 Cyanate Induces ICAM-1 Expression and Decreases Seladin-1
Expression in EA.hy926 Cells

EA-hy926 cells were treated with increasing concentrations of cyanate for 24 h.

Flow cytometric analysis revealed that cyanate treatment leads to a dose-dependent
increase in ICAM-1 surface expression (Figure 4A).

Western blot was used to detect seladin-1 protein expression. Densitometric
guantification of bands revealed a cyanate-induced dose-dependent decrease in

seladin-1 protein (Figure 4B, 4C).
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Figure 4: Cyanate Treatment Induces ICAM-1 Expression and Decreases
Seladin-1 Expression in EA.hy926 Cells. Cells were cultured until confluence
was reached, treated with 5 mM or 10 mM cyanate for 24 h and harvested for
analysis. (A) Flow cytometric analysis of ICAM-1 expression in cyanate-treated
cells, stained for ICAM-1 with mouse anti-human CD54. n=3, *P<0.05 compared
to untreated cells. (B) Seladin-1 expression in cyanate-treated cells was
quantified by Western blot (insert C), stained with primary rabbit anti-human
C59D8 or primary mouse anti-human B-actin. Densitometric quantification was

performed with ImageJ software. n=3.
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5.2 Effect of Cyanate on Cell Viability of EA.hy926 cells

A MTT viability assay was performed to assess cell viability of cyanate-treated
endothelial cells.

As shown in Figure 5, 12 to 24 h treatment with 5 mM cyanate did not affect the
viability of EA.hy926 cells. Cells treated with 10 mM cyanate overnight showed a
significant decrease in viability compared with untreated cells. Moreover, 24 h
treatment with 10 mM of cyanate decreased viability to less than 75 %.

Accordingly, all following experiments in EA.hy926 cells were performed with a
concentration of 5 mM cyanate.
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Figure 5: Effect of Cyanate on Cell Viability of EA.hy926. Cells were cultured in 48-
well plates until confluence was reached and treated with 5 mM or 10 mM cyanate
overnight or for 24 h followed by an incubation with MTT for 4 h at 37C. n=4, *P<0.05
compared to untreated cells.

5.3 Seladin-1 Silencing in EA.hy926 Cells

Seladin-1 is known to play an anti-inflammatory role in endothelial cells . As prior
experiments indicate that cyanate leads to a decrease in seladin-1 expression, we
hypothesized that seladin-1 plays a role in cyanate-induced ICAM-1 expression. To
address this, siRNA approach was used to silence seladin-1 in EA.hy926 cells.

Figure 6 shows successful silencing of seladin-1 using a siRNA approach. Silencing
seladin-1 with sSiDHCR24-447, siDHCR24-1054 was significant at both time points,

but even more effective at 72 h. As siDHCR24-1054 showed an even stronger
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decrease in seladin-1 expression, this siRNA was chosen to perform following

experiments and will be further be referred to as siDHCR24.
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Figure 6: Down-regulation of Seladin-1 Expression in EA.hy926 Cells by siRNA

Approach. EA.hy926 cells were cultured in 6-well plates until 70% confluence was

reached and transfected with two different siRNAs specific for seladin-1 and scrambled

siRNA as siControl for 48 h and 72 h. Cells were harvested for gel electrophoresis and

Western blotting. Proteins were detected by staining with primary rabbit anti-human

C59D8 or primary mouse anti-human B-actin, which served as a loading control. (A)

Quantification of seladin-1 expression of (B) Western blot to detect seladin-1 expression

in transfected cells. **P<0.001 compared to siControl.

5.4 Cyanate Treatment in Seladin-1 Silenced EA.hy926 Cells

To investigate the role of seladin-1 in cyanate induced ICAM-1 expression, EA.hy926

cells were transfected to silence seladin-1 and additionally treated with cyanate.

Figure 7A depicts that the knock down of seladin-1 does not significantly induce an

increase in ICAM-1 expression compared to the siControl. In Figure 7B, it is seen that

cyanate treatment leads to a significant increase of ICAM-1 expression in EA.hy926

cells in comparison to its untreated siControl. The increase of ICAM-1 expression in

seladin-1 silenced EA.hy926 cells is significant upon cyanate treatment compared to

untreated cells.
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Figure 7: Effect of Cyanate on ICAM-1 Expression in Seladin-1 Silenced EA.hy926 Cells.
Cells were cultured in 6-well plates till 70 % confluence was reached and transfected with
SiDHCR24. 48 h post-transfection 5 mM cyanate was added to the cells for 24 h, after which
the cells were harvested and stained for ICAM-1 using mouse anti-human CD54. Flow
cytometric analysis of (A) ICAM-1 expression in seladin-1 silenced cells. n=2, and of (B)
ICAM-1 expression in seladin-1 silenced cells, treated with cyanate. n=3, *P<0.05 compared to

untreated siControl, **P<0.05 compared to untreated siDHCR24.

The impact of cyanate on seladin-1 expression in seladin-1 silenced EA.hy926 cells

was also investigated.

Figure 8 represents successful silencing of seladin-1 with siRNA approach. Silencing
seladin-1 leads to a significant decrease in protein expression compared to its
siControl (Figure 8A). Figures 8B and 8C show that cyanate treatment results in a
significant decrease of seladin-1 expression in EA.hy926 cells compared to its
untreated siControl. A slight decrease in seladin-1 expression is seen in cyanate-

treated and seladin-1 silenced EA.hy926 cells compared to untreated equivalents.
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Figure 8: Effect of Cyanate on Seladin-1 Expression in Seladin-1 Silenced

EA.hy926 Cells. Cells were cultured in 6-well plates until 70 % confluence was reached

and transfected with sSiDHCR24. 48 h post-transfection 5 mM cyanate was added to the

cells for 24 h, after which the cells were harvested and stained with primary rabbit anti-

human C59D8 or primary mouse anti-human (-actin, which served as a loading control.

Quantification for (A) seladin-1 expression of seladin-1 silenced EA.hy926. n=3, *P<0.05

compared to siControl, and for (B) seladin-1 expression in seladin-1 silenced cells,

treated with cyanate. n=1-3, *P<0.05 compared to untreated siControl, of (C) Western

Blot to detect seladin-1 expression in transfected cells.

5.5 Cyanate Induces ICAM-1 Expression and Decreases Seladin-1

Expression in Human Coronary Artery Endothelial Cells

Next we were interested whether similar results were obtained using primary human
coronary aortic endothelial cells (HCAEC). HCAEC cells were cultured in 48-well
plates and 6-well plates until confluence was reached and a 24 h treatment with

increasing concentrations of cyanate was performed.
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Flow cytometric detection showed that cyanate treatment lead to significant increase
of ICAM-1 expression in 2 mM cyanate-treated cells (Figure 9A), indicating that
primary endothelial cells are much more sensitive to cyanate treatment.

In line with results obtained with the EA-hy.926 cell line, cyanate treatment
significantly decreased seladin-1 expression in a dose-dependent manner (Figure
9B, 9C).
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Figure 9: Cyanate Treatment Induces ICAM-1 Expression and Decreases Seladin-
1 Expression in HCAEC. Cells were cultured in until confluence was reached, treated
with 1 mM or 2 mM cyanate for 24 h and harvested. (A) Flow cytometric analysis of
ICAM-1 expression in cyanate-treated cells, (B) Quantification of seladin-1 expression
by (C) Western Blot. Picture quantification was performed using ImageJ software. n=2,

*P<0.05 compared to untreated cells.

5.6 Seladin-1 Silencing in Human Coronary Artery Endothelial Cells

Figure 10 represents successful seladin-1 silencing using a SiRNA approach.
Silencing seladin-1 with sSiDHCR24 is significant at both time points. For following

experiments 72 h was chosen.
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Figure 10: Down-Regulation of Seladin-1 Expression in HCAEC using siRNA
Approach. HCAEC cells were cultured in 6-well plates until 50 % confluence was reached
and transfected with siRNA specific for seladin-1 and scrambled siRNA, serving as siControl,
for 48 h and 72 h. Cells were harvested for gel electrophoresis and Western blotting.
Proteins were detected by staining with primary rabbit anti-human C59D8 or primary mouse
anti-human B-actin. (A) Quantification of seladin-1 expression of (B) Western blot to detect

seladin-1 expression in transfected cells. **P<0.001 compared to siControl.

5.7 Cyanate Treatment of Seladin-1 Silenced Human Coronary
Artery Endothelial Cells

To investigate whether seladin-1 contributes to cyanate-induced ICAM-1 expression
in primary cells (in contrast to the EA.hy926 cell line), HCAECs were transfected to

silence seladin-1 and additionally treated with cyanate.

Figure 11A represents a significant increase in ICAM-1 expression in seladin-1 knock
down compared to the siControl. Figure 11B indicates that cyanate treatment leads to
a significant increase of ICAM-1 expression in HCAEC compared to its untreated
siControl. The increase of ICAM-1 expression in seladin-1 silenced HCAEC upon 1

mM or 2 mM cyanate treatment is significant in comparison to untreated cells.

37



o Cyanate
** [ TmM Cyanate

g 125+ * c 200 * E@2mM Cyanate
2 o
@ = 1001 %=
g £ § S 1501

o )
i Q 50 o o 100
T T°
2T 259 28 0
O o 0

siControl siDHCR24 Media siControl siDCHR24
siRNA siRNA

Figure 11: Effect of Cyanate on ICAM-1 Expression in Seladin-1 Silenced HCAEC.
Cells were cultured in 48-well plates till 50 % confluence was reached and transfected
with siDHCR24. 48h post-transfection cells were treated with 1 mM and 2 mM cyanate for
24 h. After which cells were harvested and stained for ICAM-1 with mouse anti-human
CD54. Flow cytometric analysis of (A) ICAM-1 expression in seladin-1 silenced cells and
of (B) ICAM-1 expression in seladin-1 silenced cells, treated with 1 mM or 2 mM cyanate.
n=2-3, *P<0.05 compared to untreated siControl, **P<0.05 compared to untreated
siDHCR24.

The impact of cyanate on seladin-1 expression in seladin-1 silenced HCAECs was

also investigated.

Figure 12 represents successful seladin-1 silencing with siRNA approach. Silencing
seladin-1 leads to a decrease in protein expression compared to its siControl (Figure
12A). Figures 12B and 12C show that cyanate treatment decreases seladin-1
expression in HCAEC compared to its untreated siControl. There is also a decrease
in seladin-1 expression in seladin-1 silenced HCAEC upon cyanate treatment

compared to untreated cells.
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Figure 12: Effect of Cyanate on Seladin-1 Expression in Seladin-1 Silenced HCAEC.
Cells were cultured in 6-well plates until 50 % confluence was reached and transfected with
siDHCR24. 48 h post-transfection cells were treated with 1 mM or 2 mM cyanate for 24 h,
after which cells were harvested for gel electrophoresis and blotting. Proteins were detected
using primary rabbit anti-human C59D8 or primary mouse anti-human B-actin, which served
as a loading control. Quantification of (A) seladin-1 expression in seladin-1 silenced cells.
n=2, and of (B) seladin-1 expression in seladin-1 silenced cells, treated with 1mM or 2mM

cyanate. n=1-2, of (C) Western blot to detect seladin-1 expression in transfected cells.

5.8 Pharmacological Activation or Inhibition of Sirtuin-1 on ICAM-1
Expression of Cyanate-Treated Human Coronary Artery
Endothelial Cells

In the second part of the thesis, we investigated the role of sirtuin-1 (Sirtl) in
cyanate-induced ICAM-1 expression. Sirtl is a histone deacetylase that inhibits NF-
KB expression and is thought to have anti-inflammatory properties. We wanted to
investigate if inhibition or activation of Sirtl influences cyanate-induced ICAM-1

expression.
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Figure 13A indicates that Sirt1-inhibition with 100 uM and 200 pM splitomicin induces
ICAM-1 expression similar to cyanate treatment alone. Additional 2 mM cyanate
treatment to Sirtl-inhibition shows an additive induction of ICAM-1 expression. Sirt1-
activation with 2 uM and 4 uM of resveratrol-derivative did not impact ICAM-1

expression. Resveratrol-derivative did not decrease cyanate-induced ICAM-1

expression (Figure 13B).
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Figure 13: ICAM-1 Expression in Cyanate-Treated HCAEC upon Pharmacological
Activation or Inhibition of Sirtl. Cells, cultured in 48-well plates, were treated with
(A) Sirtl-inhibitor splitomicin (100 pM, 200 pM) and (B) Sirtl-activator resveratrol-
derivative (2 uM, 4 uM) 1 h prior to cyanate treatment (2 mM for 24 h). Cells were
harvested and stained with mouse anti-human CD54 for 30 min at 4C. ICAM-1

expression was analysed using flow cytometry. n=2-3, * P<0.05 compared to control.
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6 Discussion

In this present study we found that cyanate leads to a significant dose-dependent
increase of ICAM-1 expression in EA.hy926 cells and HCAECS, as depicted in Figure
4A and Figure 9A. These results are consistent with prior findings of our group, which
previously showed that cyanate induces endothelial ICAM-1 expression via p38
MAPK and NF-kB - signaling pathways and increases neutrophil adhesion . To
achieve deeper knowledge of underlying mechanism of cyanate-induced ICAM-1

expression the role of seladin-1 and Sirtl was investigated.

Seladin-1, an enzyme of human cholesterol-biosynthesis, is known to protect cells
from apoptosis and control cell growth and senescence via p53 °%°°. This anti-
apoptotic and protective effect might be due to its scavenger capacity for hydrogen
peroxide "°. We hypothesized that seladin-1 plays a regulating role in cyanate-
induced ICAM-1 expression. Therefore seladin-1 expression in endothelial cells was
investigated upon cyanate-treatment and siRNA approach was established to knock

down seladin-1.

In our experiments seladin-1 expression was decreased in EA.hy926 cells and
HCAECs upon cyanate treatment, as indicated in Figure 4B, 4C and Figure 9B, 9C
respectively. A previous study showed a decrease in seladin-1 expression upon
methylation of Dhcr24-promotor impaired seladin-1 transcription "2, Cyanate targets
lysine-residues in protein structures resulting in e¢-carbamyllysine. The post-
translational carbamylation of proteins may render them dysfunctional 3°%°3
Carbamylation of Dhcr24-promotor or another functional site in seladin-1 transcription
may be a possible explanation for the decrease in seladin-1 expression in cyanate-

treated cells.

Adhesion molecule expression is induced by NF-kB transcription, which is redox
sensitive. Anti-oxidant potential of seladin-1 might inhibit NF-kB activity as well as
adhesion molecule expression. One study showed that knock down of seladin-1 in
HCAECSs, resulted in impaired anti-oxidant potential and increased NF-kB activity,
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leading to an induction of VCAM-1 expression °. However, we observed no

significant increase in ICAM-1 expression in EA.hy926 cells and HCAEC, as shown
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in Figure 7A and Figure 11A respectively. This may suggest that seladin-1 only

regulates VCAM-1 expression.

In seladin-1 silenced endothelial cells, which were treated with cyanate, a significant
increase in ICAM-1 expression was observed compared to untreated cells (Figure 7B
and Figure 11B); leading to the conclusion, that cyanate-induced ICAM-1 expression

is independent of seladin-1.

It is worth noting that cyanate treatment leads to an even further decrease of seladin-
1 expression in the seladin-1 silenced endothelial cells, compared to untreated cells
(Figure 8B, 8C and Figure 12B, 12C). Thus it is tempting to speculate that cyanate
induced carbamylation of free amino acids results in further decreased protein

synthesis.

Sirtl is a NAD*-dependent class Il histone deacetylase "®®

, Which plays a critical
role in cellular responses regarding stress, senescence and mitochondrial function "*~
81 Sirtl levels are decreased in patients with chronic inflammatory diseases. The
same study also showed decreased Sirtl expression in lung epithelial cells, treated

with hydrogen peroxide or cigarette smoke 2*

indicating that Sirtl may regulate
inflammatory process behind cyanate-induced ICAM-1 expression. For this purpose a
pharmacological Sirtl-inhibitor (splitomicin) and a Sirtl-activator (resveratrol-

derivative) were used in the presence of cyanate.

Splitomicin, induced ICAM-1 expression significantly in endothelial cells, as
represented in Figure 13A. This result, together with the fact of decreased Sirtl levels
in patients, suffering from chronic inflammation 8, suggests that Sirt1 inhibition leads
to inflammatory processes. This is supported by the fact, that ICAM-1 needs active
NF-kB to be expressed. NF-kB lysines have to be acetylated to allow NF-kB to
translocate into nucleus and mediate gene expression, otherwhise NF-kB is retained
in the cytoplasm ®. Active Sirtl leads to deacetylation of NF-kB lysines, resulting in
cytoplasm-retained NF-kB. Inactive Sirtl cannot deacetylse lysines, hence NF-kB
translocates into nucleus and may mediate ICAM-1 expression #%°, Endothelial cells,
which were treated with cyanate, exhibited even in the presence of an Sirtl inhibitor
an additive effect in ICAM-1 expression (Figure 13A), indicating that Sirtl does not

significantly contribute to cyanate-induced ICAM-1 expression.
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Sirtl-activation with a resveratrol-derivative did not impact ICAM-1 expression and
additional treatment of cyanate-treated cells with reservatrol-derivative promoted an
increase of ICAM-1 expression similar to cyanate treatment alone (Figure 13B), thus
confirming that Sirtl is not significantly involved in cyanate-induced ICAM-1

expression under our experimental conditions.

In conclusion, increased ICAM-1 expression in endothelial cells upon cyanate
treatment suggests that cyanate may potentiate vascular inflammation, linking
inflammation, smoking and uremia °°. Decreased levels of seladin-1 and Sirtl upon
inflammation, smoking, Alzheimer disease, cancer and resulting modifications have
been elucidated "*"*8*. This indicates that seladin-1 and Sirt1 play regulatory roles in
inflammatory processes. Our present findings revealed that Sirtl, but not seladin-1,
regulates ICAM-1 expression. However, our hypothesis that cyanate-induced ICAM-1
expression is mediated by inactivation of seladin-1 and/or Sirtl could not be verified.
Thus, further studies are required to investigate the mechanisms behind cyanate-

induced ICAM-1 expression.
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7 Abbreviations

BSA
DMSO
eNOS
FBS
FCS
HAc
HBSS
HCAEC
HDL
ICAM-1
IFN-y
IL-8
LDL
LFA-1
LPS
MAPK
MCP-1
M-CSF
MIP-1a/B3
MMP
MPO
NO
PBS
SDS

Sirtl

bovine serum albumin
dimethylsulfoxid

endothelial NO-Synthase

fetal bovine serum

fetal calf serum

acetic acid

Hank’s buffered saline solution
human coronary artery endothelial cell
high-density lipoprotein

intercellular adhesion molecule
interferon-y

interleukin-8

low-density lipoprotein

lymphocyte function-associated antigen 1
lipolysaccharide

mitogen-activated protein kinase
monocyte chemotactic protein-1
macrophage colony stimulating factor
macrophage inflammatory proteinla/
metalloproteinase

myeloperoxidase

nitric oxide

phosphate buffered saline solution
sodiumdodecylsulfate

human silent information regulator-two 1
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SMC

TF

TNS

TNF-a

VCAM-1

VEGF

VLA-4

smooth muscle cell

tissue factor

Trypsin Neutralizing Solution
tumor necrosis factor-a

vascular cell adhesion molecule
vascular endothelial growth factor

very late antigen-4

45



8 References

1. Aird, W. C. Phenotypic Heterogeneity of the Endothelium 1. Structure,
Function, and Mechanisms. Circulation Research 100, 158-173 (2007).

2. Augustin, H. G., Kozian, D. H. & Johnson, R. C. Differentiation of endothelial
cells: analysis of the constitutive and activated endothelial cell phenotypes.
Bioessays 16, 901-906 (1994).

3. Ribatti, D., Nico, B., Vacca, A., Roncali, L. & Dammacco, F. Endothelial cell
heterogeneity and organ specificity. J. Hematother. Stem Cell Res. 11, 81-90 (2002).

4. Vane, J. R., Anggard, E. E. & Botting, R. M. Regulatory functions of the
vascular endothelium. N. Engl. J. Med. 323, 27-36 (1990).

5. Harrison, D. G. Cellular and molecular mechanisms of endothelial cell
dysfunction. J. Clin. Invest. 100, 2153-2157 (1997).

6. Koppenol, W. H., Moreno, J. J., Pryor, W. A., Ischiropoulos, H. & Beckman, J.
S. Peroxynitrite, a cloaked oxidant formed by nitric oxide and superoxide. Chem.
Res. Toxicol. 5, 834-842 (1992).

7. Inoue, A. et al. The human endothelin family: three structurally and
pharmacologically distinct isopeptides predicted by three separate genes. Proc. Natl.
Acad. Sci. U.S.A. 86, 2863—-2867 (1989).

8. Lavallée, M., Takamura, M., Parent, R. & Thorin, E. Crosstalk between
endothelin and nitric oxide in the control of vascular tone. Heart Fail Rev 6, 265-276
(2001).

9. Galley, H. F. & Webster, N. R. Physiology of the endothelium. Br J Anaesth
93, 105-113 (2004).

10. Cross, M. J., Dixelius, J., Matsumoto, T. & Claesson-Welsh, L. VEGF-receptor
signal transduction. Trends Biochem. Sci. 28, 488—-494 (2003).

11. Folkman, J. & Shing, Y. Angiogenesis. J. Biol. Chem. 267, 10931-10934
(1992).

46



12. Yancopoulos, G. D. et al. Vascular-specific growth factors and blood vessel
formation. Nature 407, 242—-248 (2000).

13. Mann, G. E., Yudilevich, D. L. & Sobrevia, L. Regulation of Amino Acid and
Glucose Transporters in Endothelial and Smooth Muscle Cells. Physiol Rev 83, 183—
252 (2003).

14. Lawson, C. & Wolf, S. ICAM-1 signaling in endothelial cells. Pharmacol Rep
61, 22—-32 (2009).

15. Pober, J. S. Endothelial activation: intracellular signaling pathways. Arthritis
Res. 4 Suppl 3, S109-116 (2002).

16. Springer, T. A. Traffic signals for lymphocyte recirculation and leukocyte
emigration: the multistep paradigm. Cell 76, 301-314 (1994).

17. Gahmberg, C. G. et al. Leukocyte integrins and inflammation. Cell. Mol. Life
Sci. 54, 549-555 (1998).

18. Greenwood, J., Wang, Y. & Calder, V. L. Lymphocyte adhesion and
transendothelial migration in the central nervous system: the role of LFA-1, ICAM-1,
VLA-4 and VCAM-1. off. Immunology 86, 408—415 (1995).

19. Lehmann, J. C. U. et al. Overlapping and selective roles of endothelial
intercellular adhesion molecule-1 (ICAM-1) and ICAM-2 in lymphocyte trafficking. J.
Immunol. 171, 2588-2593 (2003).

20. Reiss, Y. & Engelhardt, B. T cell interaction with ICAM-1-deficient endothelium
in vitro: transendothelial migration of different T cell populations is mediated by
endothelial ICAM-1 and ICAM-2. Int. Immunol. 11, 1527-1539 (1999).

21. van Buul, J. D. & Hordijk, P. L. Signaling in leukocyte transendothelial
migration. Arterioscler. Thromb. Vasc. Biol. 24, 824-833 (2004).

22. Ley, K., Laudanna, C., Cybulsky, M. I. & Nourshargh, S. Getting to the site of
inflammation: the leukocyte adhesion cascade updated. Nat. Rev. Immunol. 7, 678—
689 (2007).

23. Rahman, A. & Fazal, F. Hug tightly and say goodbye: role of endothelial

ICAM-1 in leukocyte transmigration. Antioxid. Redox Signal. 11, 823-839 (2009).
47



24. Barreiro, O. et al. Dynamic interaction of VCAM-1 and ICAM-1 with moesin
and ezrin in a novel endothelial docking structure for adherent leukocytes. J. Cell
Biol. 157, 1233-1245 (2002).

25. Carman, C. V. et al. Transcellular diapedesis is initiated by invasive
podosomes. Immunity 26, 784—797 (2007).

26. Carman, C. V. & Springer, T. A. A transmigratory cup in leukocyte diapedesis
both through individual vascular endothelial cells and between them. J. Cell Biol. 167,
377-388 (2004).

27. Campbell, N. A., Kratochwil, A., Lazar, T. & Reece, J. B. Biologie. (Pearson
Studium: Minchen [u.a.], 2009).

28. Endemann, D. H. & Schiffrin, E. L. Endothelial dysfunction. J. Am. Soc.
Nephrol. 15, 1983-1992 (2004).

29. Stary, H. C. et al. A definition of advanced types of atherosclerotic lesions and
a histological classification of atherosclerosis. A report from the Committee on
Vascular Lesions of the Council on Arteriosclerosis, American Heart Association.
Arterioscler. Thromb. Vasc. Biol. 15, 1512-1531 (1995).

30. Stary, H. C. et al. A definition of initial, fatty streak, and intermediate lesions of
atherosclerosis. A report from the Committee on Vascular Lesions of the Council on

Arteriosclerosis, American Heart Association. Circulation 89, 2462—-2478 (1994).

31. Libby, P., Okamoto, Y., Rocha, V. Z. & Folco, E. Inflammation in
atherosclerosis: transition from theory to practice. Circ. J. 74, 213-220 (2010).

32. Clinton, S. K. et al. Macrophage colony-stimulating factor gene expression in
vascular cells and in experimental and human atherosclerosis. Am. J. Pathol. 140,
301-316 (1992).

33. Rosenfeld, M. E. et al. Macrophage colony-stimulating factor mRNA and
protein in atherosclerotic lesions of rabbits and humans. Am. J. Pathol. 140, 291-300
(1992).

34. Libby, P. Inflammation in atherosclerosis. Nature 420, 868—874 (2002).

48



35. Mestas, J. & Ley, K. Monocyte-endothelial cell interactions in the development
of atherosclerosis. Trends Cardiovasc. Med. 18, 228-232 (2008).

36. Rader, D. J. & Daugherty, A. Translating molecular discoveries into new
therapies for atherosclerosis. Nature 451, 904-913 (2008).

37. Libby, P., Ridker, P. M. & Hansson, G. K. Progress and challenges in
translating the biology of atherosclerosis. Nature 473, 317-325 (2011).

38. Mach, F. et al. Differential expression of three T lymphocyte-activating CXC
chemokines by human atheroma-associated cells. J. Clin. Invest. 104, 1041-1050
(1999).

39. Heller, E. A. et al. Chemokine CXCL10 promotes atherogenesis by modulating
the local balance of effector and regulatory T cells. Circulation 113, 2301-2312
(2006).

40. van Wanrooij, E. J. A. et al. CXCR3 antagonist NBI-74330 attenuates
atherosclerotic plaque formation in LDL receptor-deficient mice. Arterioscler. Thromb.
Vasc. Biol. 28, 251-257 (2008).

41. Mach, F., Schénbeck, U., Bonnefoy, J. Y., Pober, J. S. & Libby, P. Activation
of monocyte/macrophage functions related to acute atheroma complication by
ligation of CD40: induction of collagenase, stromelysin, and tissue factor. Circulation
96, 396—399 (1997).

42. Mach, F. et al. Functional CD40 ligand is expressed on human vascular
endothelial cells, smooth muscle cells, and macrophages: implications for CD40-
CD40 ligand signaling in atherosclerosis. Proc. Natl. Acad. Sci. U.S.A. 94, 1931-
1936 (1997).

43. Amento, E. P., Ehsani, N., Palmer, H. & Libby, P. Cytokines and growth
factors positively and negatively regulate interstitial collagen gene expression in

human vascular smooth muscle cells. Arterioscler. Thromb. 11, 1223-1230 (1991).

44. Jani, B. & Rajkumar, C. Ageing and Vascular Ageing. Postgrad Med J 82,
357-362 (2006).

49



45. Kuriyama, S., Tomonari, H., Yoshida, H., Hikita, M. & Sakai, O. [Endothelial
cell dysfunction in patients with impaired renal function]. Nihon Jinzo Gakkai Shi 38,
372-378 (1996).

46. Jacobson, S. H., Egberg, N., Hylander, B. & Lundahl, J. Correlation between
soluble markers of endothelial dysfunction in patients with renal failure. Am. J.
Nephrol. 22, 42—-47 (2002).

47. Bolton, C. H. et al. Endothelial Dysfunction in Chronic Renal Failure: Roles of
Lipoprotein Oxidation and Pro-Inflammatory Cytokines. Nephrol. Dial. Transplant. 16,
1189-1197 (2001).

48. Vanholder, R. et al. Review on uremic toxins: classification, concentration, and
interindividual variability. Kidney Int. 63, 1934-1943 (2003).

49. Cheung, A. K. et al. Atherosclerotic cardiovascular disease risks in chronic
hemodialysis patients. Kidney Int. 58, 353—-362 (2000).

50. Stenvinkel, P. Interactions between inflammation, oxidative stress, and

endothelial dysfunction in end-stage renal disease. J Ren Nutr 13, 144-148 (2003).

51. Lindner, A., Charra, B., Sherrard, D. J. & Scribner, B. H. Accelerated
atherosclerosis in prolonged maintenance hemodialysis. N. Engl. J. Med. 290, 697—
701 (1974).

52. Wang, Z. et al. Protein carbamylation links inflammation, smoking, uremia and
atherogenesis. Nature Medicine 13, 1176-1184 (2007).

53. Stark, G. R. Reactions of cyanate with functional groups of proteins. 3.
Reactions with amino and carboxyl groups. Biochemistry 4, 1030-1036 (1965).

54. Malyszko, J. Mechanism of endothelial dysfunction in chronic kidney disease.
Clin. Chim. Acta 411, 1412-1420 (2010).

55. Kraus, L. M. & Kraus, A. P., Jr Carbamoylation of amino acids and proteins in
uremia. Kidney Int. Suppl. 78, S102-107 (2001).

56. Erill, S., Calvo, R. & Carlos, R. Plasma protein carbamylation and decreased
acidic drug protein binding in uremia. Clin. Pharmacol. Ther. 27, 612—-618 (1980).

50



57. Bobb, D. & Hofstee, B. H. Gel isoelectric focusing for following the successive
carbamylations of amino groups in chymotrypsinogen A. Anal. Biochem. 40, 209-217
(1971).

58. Bell, J. D. et al. Nuclear magnetic resonance studies of blood plasma and
urine from subjects with chronic renal failure: identification of trimethylamine-N-oxide.
Biochim. Biophys. Acta 1096, 101-107 (1991).

59. Blackmore, D. J., Elder, W. J. & Bowden, C. H. Urea distribution in renal
failure. J. Clin. Pathol. 16, 235-243 (1963).

60. P, D. & F, S. The isomeric transformation of urea into ammonium cyanate in
agueous solutions. (1948).at <http://www.biochemj.org/bj/042/bj0420628.htm>

61. Rodriguez-Ayala, E. et al. Enhanced RAGE-mediated NFkappaB stimulation
in inflamed hemodialysis patients. Atherosclerosis 180, 333—340 (2005).

62. Holzer, M. et al. Protein carbamylation renders high-density lipoprotein
dysfunctional. Antioxid. Redox Signal. 14, 2337-2346 (2011).

63. Baldus, S. et al. Endothelial transcytosis of myeloperoxidase confers
specificity to vascular ECM proteins as targets of tyrosine nitration. J. Clin. Invest.
108, 1759-1770 (2001).

64. Roberts, J. M. et al. Isocyanic acid in the atmosphere and its possible link to
smoke-related health effects. Proc. Natl. Acad. Sci. U.S.A. 108, 8966-8971 (2011).

65. El-Gamal, D. et al. Cyanate is a novel inducer of endothelial icam-1
expression. Antioxid. Redox Signal. 16, 129-137 (2012).

66. DHCR24 24-dehydrocholesterol reductase [Homo sapiens] - Gene - NCBI. at
<http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermTo
Search=1718>

67. Waterham, H. R. et al. Mutations in the 3beta-hydroxysterol Delta24-reductase
gene cause desmosterolosis, an autosomal recessive disorder of cholesterol
biosynthesis. Am. J. Hum. Genet. 69, 685-694 (2001).

51



68. Greeve, I. et al. The human DIMINUTO/DWARF1 homolog seladin-1 confers
resistance to Alzheimer's disease-associated neurodegeneration and oxidative
stress. J. Neurosci. 20, 7345-7352 (2000).

69. Wu, C., Miloslavskaya, |., Demontis, S., Maestro, R. & Galaktionov, K.
Regulation of cellular response to oncogenic and oxidative stress by Seladin-1.
Nature 432, 640-645 (2004).

70. Lu, X. et al. 3beta-Hydroxysteroid-delta24 reductase is a hydrogen peroxide
scavenger, protecting cells from oxidative stress-induced apoptosis. Endocrinology
149, 3267-3273 (2008).

71. Wang, Y. et al. The selective Alzheimer’s disease indicator-1 gene (Seladin-
1/DHCR24) is a liver X receptor target gene. Mol. Pharmacol. 74, 1716-1721 (2008).

72. Simi, L. et al. Seladin-1 expression is regulated by promoter methylation in
adrenal cancer. BMC Cancer 10, 201 (2010).

73. McGrath, K. C. Y. et al. Role of 3beta-hydroxysteroid-delta 24 reductase in
mediating antiinflammatory effects of high-density lipoproteins in endothelial cells.
Arterioscler. Thromb. Vasc. Biol. 29, 877-882 (2009).

74. Satoh, A. et al. SIRT1 promotes the central adaptive response to diet
restriction through activation of the dorsomedial and lateral nuclei of the
hypothalamus. J Neurosci 30, 10220-10232 (2010).

75. Polito, L., Kehoe, P. G., Forloni, G. & Albani, D. The molecular genetics of
sirtuins: association with human longevity and age-related diseases. Int J Mol
Epidemiol Genet 1, 214-225 (2010).

76. Lavu, S., Boss, O., Elliott, P. J. & Lambert, P. D. Sirtuins--novel therapeutic
targets to treat age-associated diseases. Nat Rev Drug Discov 7, 841-853 (2008).

77. Gasser, S. M. & Cockell, M. M. The molecular biology of the SIR proteins.
Gene 279, 1-16 (2001).

78. Imai, S., Armstrong, C. M., Kaeberlein, M. & Guarente, L. Transcriptional
silencing and longevity protein Sir2 is an NAD-dependent histone deacetylase.
Nature 403, 795-800 (2000).

52



79. Lagouge, M. et al. Resveratrol improves mitochondrial function and protects
against metabolic disease by activating SIRT1 and PGC-lalpha. Cell 127, 1109-
1122 (2006).

80. Alcendor, R. R. et al. Sirtl regulates aging and resistance to oxidative stress in
the heart. Circ. Res. 100, 1512-1521 (2007).

81. Ota, H. et al. Sirtl modulates premature senescence-like phenotype in human
endothelial cells. J. Mol. Cell. Cardiol. 43, 571-579 (2007).

82. Zhang, Q.-J. et al. Endothelium-specific overexpression of class Il
deacetylase SIRT1 decreases atherosclerosis in apolipoprotein E-deficient mice.
Cardiovasc. Res. 80, 191-199 (2008).

83. Milne, J. C. et al. Small molecule activators of SIRT1 as therapeutics for the
treatment of type 2 diabetes. Nature 450, 712—-716 (2007).

84. Caito, S. et al. SIRT1l is a redox-sensitive deacetylase that is post-
translationally modified by oxidants and carbonyl stress. FASEB J 24, 3145-3159
(2010).

85. Smith, B. C. & Denu, J. M. Acetyl-Lysine Analog Peptides as Mechanistic
Probes of Protein Deacetylases. J. Biol. Chem. 282, 37256—-37265 (2007).

86. Takano, T. et al. Augmentation of DHCR24 expression by hepatitis C virus
infection facilitates viral replication in hepatocytes. J. Hepatol. 55, 512-521 (2011).

87. Konya, V. et al. Endothelium-derived prostaglandin 1(2) controls the migration
of eosinophils. J. Allergy Clin. Immunol. 125, 1105-1113 (2010).

88. Chen, L.-F. & Greene, W. C. Shaping the nuclear action of NF-kappaB. Nat.
Rev. Mol. Cell Biol. 5, 392-401 (2004).

89. Yeung, F. et al. Modulation of NF-kappaB-dependent transcription and cell
survival by the SIRT1 deacetylase. EMBO J. 23, 2369-2380 (2004).

53



