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Introduction

1. Introduction

1.1. The medical plant milk thistle (Silybum marianum(L.) Gaertn.)

Milk thistle belongs to the familyAsteraceage genus Silybum and speci€silybum
marianum According to an ancient legend the virgin Mary lost some drops of milk during
breast feeding oher newborn child which caused the white spots on the widtieed
leavesof the plant Siegel and Stebbindg2013 (figure 1.1). Milk thistle is grown in the
Mediterranean region as a native home, but is cultivated in Asia and Europe for centuries.
The active compound is callesilymarin andis composed of seveflavonolignans
(Silibinin (Silybin) A, Silibinin (Silybin) B, Isosilybin A, Isosilybin B, Silychristin,
Isosilychristin andSilydianin) and one flavonoid (Taxifolin). Silymarin represents about
65%-80% of milk thistle extractd-lavonoids are aturaloccurringsubstanceghat have a
polyphenolic structure. fley belong to secondary metabolitsd are found in fruits,
vegetables, grains, bark, flowerepts, stemsiea and wine. Flavonoidgeresponsible for

the pigment of flowers anelxertantioxidative ancantrinflammatorypropertiegPanche et

al., 2016).

Figure 1.1: Silibinin (A) Milk thistle flower (http:/doctormurray.com/thgositive
estrogenieeffectof milk-thistle-extract). (B) Milk thistle seeds
(https://www.saltspringseeds.com/products/mrtlilstle-silybummarianuml). (C) Leaves
of milk thistle.
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Silymarin has beeantilized for more than 2000 years as a general medical herb. Since the
sixteenth centuryit is used for hepatoprotection in humans, because of its strong anti
hepatotoxic activity agast different types of liver damage and toxicity (Dehmlow et al.,
1996; Schuppan et al., 1999; Wellington and Jarvis, 2001; Polyak et al., ROt®).early
1990s various reports described the use of milk thistle as a potential chemopreventive
agent aginst cancer diseas@sroll et al., 2007 Gufford et al., 201p Furthermore, Bybin
appears an encouraging medication for chronic liver disease due to hepatitis (EI€W)s

infection (Loguercio and Festi, 2011).
1.2. Silibinin

Silibinin is the major etive compound of i§/marin, comprising 56/0% of it. Silibinin is
largely watetinsoluble, and it is slowly absorbed in the intestine, needing ab6éutddirs

to be completely absorbedo increase resorption and bioavailability, a water soluble
derivative of Silibinin,i.e. a mixture of Silibinin A and B dihydrogen disodium succinate,
which is sold under the trade narbegalon® SIL, was synthetisedMengset al., 2012)
(figure 1.2).

In Germany, Legalon Sil is used intravenously tbe treatment oftoxic mushroom
poisoning. In addition, Silibinin was demonstrated to exert considerablei@htaction
against HCV (Ferenci et aR008; Wagoner et al., 2011; DebRoy et al., 2016

Legalon® SIL o;n

P i Rerirbang et ehescemiong
Wekszst Sabewn 13- Oodrogemsoccnat, Detrimsals

Figure 1.2: Legalon® SIL for intravenous treatment.
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1.3. Differences betweerSilibinin and Legalon SIL

1.3.1. Chemtal structure

Silibinin, consists of a 1:1 mixture of twdiastereoisomersSilibinin A and Silibinin B.
Moreover, Silibinin was presented as isosilybin, consisting of isosilybin A and isosilybin B,
as ratio 1:1 mixture afiwo diastereoisomeric compounfleeet al., 2007; Loguercio and
Festi, 2011; Samanta et al., 201bggalon SIL consists of &:1 mixture of disodium
disuccinyl Silibinin A and disodiumdisuccinyl Silibinin B. Silibinin is dissolved in
dimethylsulfoxide (DMSO), whileSilibinin-C-2 6-dil8/drogen succinate, disodium salt
(Legalon SIL) which has been developed Hyr. Ulrich Mengs andRalf T. Pohl
(Rottapharm/Madaus), is dissolved in water (Wagoner et al., 20&fhgset al.,, 2012)
(figure 1.3).

" coona
CH,0H
/\o 2
(e}
F ‘ o HO. 0. . OCH,
H ~° S o N OCHs O
| | o on
= o SN o
OH ]
OH (o]
o COONa
-A- -B-

Figure 1.3: Chemical structures of Silibinin (A) Silibinin-C-2 6 ;dihy8rogen succinate
disodium salt(Legalon SIL) (Mengs et al., 2012B) Silibinin (Wu et al., 2008).

1.4. Biological activity of Silibinin

Silibinin is the main active biological ingredient of the milk thisttdjas several biological
activities. It is antinflammatory, antiroxidant, antproliferative, antifibrotic, antt
neoplastic immunomodulatory and artiral (Agarwal et al., 2006; Pghk et al., 2007;
Polyak et al., 2010; DebRoy et al., 2016).
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1.5. Medical benefit of Silibinin

Currently Silibinin it is applied as hepatoprotective as well as\anati agent against HCV

in humangPolyak et al., 2013)it exerts proven antiepatotaic activity against different

types of liver damage and toxiciffpehmlow et al., 1996; Wellington and Jarvis, 2001;
Payer et al., 2010; Federico et al., 2017).

Many studies confirmed the benefits of Silibinin and Legalon SIL in the treatment of liver
disorders such as hepatitis and alcoholic liver cirrhosis as well as mushroom poisoning with
Amanita phalloidesoxin (Varghese et al., 2005; Cheung et al., 2010; Mengs et al., 2012).

In addition to its hepatoprotective effects, Silibinin has recently bhewrs to possess
boneforming and osteoprotective effedts vitro (Kim et al.,, 2012; Kim et al., 2013).
Moreover, it has been suggested to act as an inhibitétbodmyloid aggregatignthus
reducing memory impairmeni vivo. Therefore Silibinin may be potential therapeutic
agent for the treat((M™eetdal,6 201l Tétderdh,201l)er 6 s di seas
Furthermore, Silibinin has artiyperglycemic properties, due to tapacitiyto enhance

the glycemic control in Type 2 diabetic mellitus patighisussi et al., 2002; Voroneanu et

al., 2016).Not least, Silibinin has cosmeceutical properties and has been shown to support

effectivewound healindSingh and Agarwal, 20088amanta et al., 2016)

1.6. Anti-cancer activity of Silibinin

Silibinin was @plied as a chemopreventive agent in a varietiy @itro andin vivo cancer

models of epithelial cancer such as skin canGre(nget al., 2010; Singh et al., 2014),

lung cancer (Singh et al., 2006; Mateen et al., 2013), bladder caneai €t al., 204;

Singh et al., 2008; Zeng et al., 2011), as well as cancers of colon, breast, prostate and
kidney Cheunget al., 20100zterK a n chmdkBosland, 2011; Kim et al., 201aheng et

al., 2017).

1.7. Action of Silibinin as an antagonist of angiotensin li(Ang Il) signaling

Research oithe ReninAngiotensin SystenfRAS) has evealed the primordial impact

Ang Il in cardiovacular diseases and blood preestontrol (Benigniet al., 2010)In the
heart, the pharmacological activio§ Silibinin is so far not investigatedRecently it was

suggested thailibinin may act as an antagonist of the angiotensin receptor 1 (ATcH sin
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Silibinin abolished Ang Hmediated C& signals in Chinese hamster ovary (CHO) cells
overexpressing the AT1 receptor (Bahem et al., 2015). Cardiomyocytes express the AT1
as well as the AT2 receptor (Busche et al., 2000)thi cardiac conduction sgsh
increased Ang Il may induceardiomyocyte apoptosi®/ongvatcharanon et al., 2004}. |

has role in cardiac hypertrophy (Zhu et al., 2003; Chen et al., 2017), depending on the
experimental conditions and the expression pattern of AT receptor subltydeS. cells

Ang Il has been shown to regulate glucose uptake (Han et al., 2005), supporting the notion
that Ang Il may play a role in the energy metabolism during embryogenesis. Nataply

Il has been demonstrated to stimulate cardiomyogeoné$tS cells(Wu et al., 2013). In
differentiating ES celblerived EBs the AT1 receptor is expressed alreatyvery early
stages of cardiac cell commitme@omponents of the RAS are highly expressed in many
tissues during embryonic development. AT1 receptor expressidownregulated shortly

after birth, whereathe AT2 receptor is upregulated, suggesting a potential role of AT1 in
cell/tissue differentiation processes during embryogenesis and AT2 in adult organ function
(Gao et al., 2012)In fetal ovine cardiomyocegs Ang Il stimulates hyperplastic growth
(Sundgren et al., 2003), indicating that Ang Il is involved in fetal heart grdviaheover,
besides insulilike growth factor (IGF) receptors, AT1 receptor expression has been
shown to be present in human cardséam cells (D'Amario et al., 2011), thus outlining an

impact of Ang Il signaling irtardiac progenitor cedlifferentiation and/or proliferation.

1.8. Stem cells

Stem cells are undifferentiated cells which can develop to different cell types of altissue
of the body. They can originate from the embrfgdiisand grom-up to adult(Passier and
Mummery, 2003; Li and Ikehara, 2013). One of most important features of stem cells is
their selfrenewing capacity. This implies that following the division of ahmao cell, one
daughter cell remains a stem cell, thus sustaining the stem cell pool, whereas the other
daughter cell is entering differentiation pathways to give rise to multiple types of cells and
tissues (Bjornson et al., 1999; Toma et al., 2001). EHfaenewing capacity of stem cells
implies that they can be kept under appropriate conditions in culture for prolonged times
and cell division cycles. Notably, stem cells retain their karyotype even aftépleu

passages in cell cultu(Bradley et al. 1984;Vatset al., 2005; Jin et al., 2016). According

5
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to the differentiation potency of stem cells they are classified as: totipotent, pluripotent,

multipotent/oligopotent and unipotent (figure 1.4).

Totipotent stem cells

Totipotent stem cells are cellgth the capacity to form an entire, independent organism. In
mammalian organisms, embryonic cells are considered totipotent untillhedl stage of
embryonic development (Johnson and Ziomek, 1981; Marikawa and Alarcén, 2009;
Gonzalez et al., 2016).

Pluripotent stem cells

Pluripotent stem cellslerive from totipotent stem cells and have the capacity of- self
renewal and differentiation into atlell typeswithin the organism. Pluripotent stem cells
comprise ofES cells embryonic germ (EG) cellsnd enbryonic carcinoma (ECgells
(Beddington and Robertson, 1989; Boheleal., 2002; Lensch et al., 2006).

Multipotent/oligopotent stem cells

Multipotent stem cells possess the ability to differentiate into all cell types within one
specific lineage. Sinceultipotent stem cells are present in adult organishey may play
important roles in tissueepair and protection. Moreover, they can be used in cellpiesra

of, e.g. spinal cord injury, bone fractures, autoimmune diseases, rheumatoid joint

inflammaton, hematopoietic defects, and fertility preservation (Sobhani et al., 2017).

Unipotent stem cells

Unipotent cells have a very limited differentiation potential and differentiate just into one
cell type. Examples are: satellite cells of skeletal muscleematopoietigrogenitor cells
which give rise to only one specific type of blood cells (e.g. erythroblasts) (Dulak et al.,
2015).
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Figure 1.4: Extraction and culture of ES cells.

1.9. Embryonic stem(ES) cells

ES cells are derived from the inner cell mass of blastocysts. Their stemneggateckeby
stemness genes which express the core pluripotency factors: Nanog, Oct4, Sox2, and other
factors: KIf2, KlIf4, Tfcp2l1, Esrrb, Gbx2, and Sall4 (Bourillot et al., 2009; Aksoy et al.,
2014; Qiu et al., 2015). The signal transduttipathways elicéad by LIF, bone
morphogenetic protei(BMP) and Wntsupportseltrenewal and pluripotency of ES cells
through upregulation of the transcription factor Nanog. Furthermore, intrinsic transcription
factors such as FoxD3, P53 and Oct4 have a role in regulbi@mpg expression to

maintain mouse ES cell properties (Pan and Thomson, 2007).



Introduction

Mouse ES cells were isolated and growmrnvitro for more than 20 year@viartin, 1981;
Evans andKaufman 1981). The pluripotency of mouse ES cells can be maintained if the
culture contains theytokine LIF. Upon removal of LIF, mouse ES cells are going to
differentiate sporaneously to form EB# vitro (Stewart et al., 1992; Burdon et al., 2002;
Wobus and Boheler, 2005). LIF igreemberof the interleukir6 (IL-6) family of cybkines

and promotes selenewal by activating janus kinasighal transducers and activator of
transcriptiors (JAK/STAT), mitogen activated protein kinase (MAPK) aRIBK signaling
cascades (Nicola and Babon, 2015).

Human ES cell(hESC) lines were firsty derived from human embryos in 1998 by
Thomson et al., 1998, and have since then been provenrasttioted source of cells for
regenerative medicine (Wobus and Boheler, 20065Cswere derived from blastocyst
obtainedafter in vitro fertilization (Rera et al., 2000). hESCs share basic qualities with
mouse ES cells, such as the maintenance of stemness by the transcription faefors Oct
Sox2 and Nanog as well as the capacity to fahmeegerm layers (ectoderngndoderm

and mesoderm) (Richards et,@&002; Boyer et al., 2005). However, in hESCs, LIF is
imperfect to supmss the differentiation proce@2era et al., 2000).

1.10. Cardiomyogenesis

Cardiomyogenesis is defined as the differentiation of pluripotent stem calfetialized

cell types ofthe heart, such as atridite, ventricularlike and sinus nodalike cells. During

the differentiation process, cardigpecific genes, receptors, ion channels and proteins are
expressed (Wobus, 200Boheler et al., 2002). In early stages of differetiba,
cardiomyocytes insidEBsare small and round with single nuclei. The early myofibrils are
sparse and irregularly organized, while others contain parallel bands of myofibrils that
show A and | bands. However, with maturation, these cells are goibg wistinctly
lengthened and develop regular myofibrils and sarcomeres. Beating cells are principally
mononucleated, redhaped and they contain ee#ll junctions with developing cells in the
heart Westfall et al., 1997; Tajsharghi, 2008).

There areseveral of transcription fact@ which have important roles in cardiomyocyte
differentiation, such as Nkx@ GATA and MEF2 Nkx25 is required for hea
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development, and is regulating the expression obaandin which is important for
cardiomyogenesis (Jamat al.,2001; Ueyama et al2003).

Sarcomeric proteins of cardiomyocytes are established in the following order: titin (Z disk),
myomesacnt,i nd n, titin (M band-actn, cagiacdroppninheavy ct
T and M protein (SkwarekMaruszewka et al, 2013; White et al., 2014). The GATA

family of transcription factors plays a role in cardiac development that leads to heart muscle
differentiation (Brewer and Pizzey, 2006). Studies of-regulatory elements have

confirmedthe important role ofSATA factors (particularly GATA4) in promoting the
expression of many myaoaamybo siln gee@syd c mail wd( o
MHC) and cardiac troponin C (Zeisberg et al., 2005; Hewitt et al., 2016).

1.11. Calcium (Ca*") signaling

The C&* ion is the main ion in cell signaling. €ahas regulatory functions in gene
transcription, cell motility and exocytosis (Bonny and Bochud, 2014dtition, C&* is

an important secondary messenger in cell signalingregdlatesphysiological functions
including contraction of cardiacsmooth and skeletal muscle and release of hormones
and neurotransmitters. Moreover,*Cdrives stem cells towards cardiac cell differentiation
through regulation of cardiac transcriptional cascades, secretion of caidifagors and

in turn gene expression and myofibrillogenesis auand Jaconi, 2005). Dysregulation of
intracellular C&" can lead to loss of physiologidainctionand pathological changes in cell
growth (Zhang et al., 2004).

In mature cardiomyocyteG&’* sparks occur which are activated by voltaggendent L
type C&" channel (LTCC) mediated &ainflux. C&* sparksare the basieinit of heart
excitationcontraction (EC) coupling in the adult. Gasparks occur during-E coupling
when C&" entersthe cells through LTCCs and activatbe ryanodine receptor (RyR) on
the sarcoplasmic reticulum (SR) release Ca from intracellular stores. This process is
named C% -induced C& release (CICR)Zhang et al., 2004; Pucéat and Jaconi, 2085).
C couping is ended by removal of intracellular Tafrom the cytoplasm which is

accomplished by the sarcoplasmic reticulum (SR)?**CATPase (SERCA)and
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phospholamban (PLB)In the heart the SERCA isoforfBERCAZ is expressed The
activity of SERCAZ2a is contrad by the phosphorylation stateRifB (figure 15).

=
O

Figure 15: Schematic figure explaining C&" regulation in cardiac cells.Influx of C&*
through LTCG releasesCa" through RyRs C&" is pumped baclnto the SR through
SERCA which is controlled by PLBn addtion, the N&d/ C&* exchange (NCX) removes
C&"* from the intracellular compartmentp = phosphorylation.

1.12. Vasculogenesis from ES cells

During embryonic development ascularnetwork is formed to provide the growing
embryo with oxygen and nutrients. The process of blood vessel fomeatiobe divided in

two processes, namely vasculogenesis and angiogei@sisldns andserhardt 2011)

The initial process of blood vessel formation from vascular progenitor cells is termed
vasculogenesi§¢Geudens and Gerhardt, 2011; Rakoceatial., 20%). It happens when
angioblasts, i.e. vascular endothelial cell precursors (precursor cells) are differentiated,
expand and adhere to form endothelial cells which multiply inside a former vascular tissue
to generatea primitive capillary plexus (Risau afdamme 1995). The different steps of
vasculogenesis from ES cells can be monitored by immunohistochemical analysis of
PECAM-1 - positive areas iEBs (Bekhite et al., 2016). PECAN! (or CD31 is expressed

10
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in the cell junctiondbetween endothelial cells érplays important roles in celldaesion
and signal transductigiNewman et al., 1990; Miiller et al., 2002

Outgrowing blood vessels contawo different types of cells: tip cells and vessel elements.
Tip cells migrate depending on the mechanical foriceliced by neighboring vessel
elements and the local tissueeffahlet al.,2017). During angiogenesis, new blood vessels
arise from preexisting vessels (figure 1.6). These vessels can be formed by two

mechanisms: sprouting angiogenesis and intussusoepti

|‘u’ascu[ugenesis|

Angioblast Ny Mother
. w, vessel Sprouting
Y QB350
; S

Y o

+ Bridging O
Daughter

_ vessles
|
Intussusception
Enlargement

Ao Lfelig

. . Functional
Normal  Qcclusion  Resolution

flow vasculature ’ ,;i'

Figure 1.6: Schematic representation of vasculogenesis and angiogendgisrpisalo
and YlaHerttuala 2010)

Blood vessels may originate from endothelial cells, while tissue columns are embedded
inside existing vessels to split the vessels. As a result, the development of these segments

and their adjustment leads to division of the geasd remodeling of the ighboring cells
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of blood vessels (Risau, 1997; Pdike t t and D6 Amor e, 2011) . V a
angiogenesis are regulated by hypoxia through hypoxia inducible-fadior (1HJ1)F whi c h
regulates the expression of vascular endothelial growth factor (VEakgr et al., 2001a).

1.13. Factors involved in vasculogenesis and angiogenesis

VEGF is the essential angiogenic growth factor that modifies angiogenesis through
receptor tyrosine kinase VEGF receptors (VEGFRs). The VEGF family comprises of
various membes: VEGFA, VEGFB, VEGFC and VEGFD which are interacting with
VEGF receptors such as VEGFRIEGFR2 and VEGFR3 (Lohela et al., 2009). The
process of angiogenesis is mainly regulated by the VEGFA/VEBRRstem. VEGF
contributes to the angiogenic respendy enhancing microvascular permeability,
improving endothelial cell proliferation, migratiorsurvival and secretion of matrix
metalloproteinases (MMP$§Brychtova et al., 2008; Abhinand et al., 2016).

VEGF-A is the basic regulator for vasculogenesis a@edulatesangiogenic sprouting
(figure 1.7) It has been demonstrated that VEG&Ktimulated the migration of tip cells,

while it induced proliferation in stalk cells (Gerhardt et al., 2003).

Stalk cell

Figure 1.7: VEGF signaling during sprouting Brown color: soluble VEGFR1, red colo
VEGFR2 and blue color: VEGFK3eudens anGerhardt 2011)).

Activation of VEGFR2 regulates majsignalingpathways involved in vasculogenesis and
angiogenesis. Theirding of VEGF to VEGFR resultsn phosphorylation of a specific
tyrosine in VEGFR2. VEGFR2 in the mouse is named fetal liver kiigék-1) while the
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human VEGFR?2 is referred to as kinase insert alomeceptor (KDR) (Fuh et al. 1998;
Shinkai et al., 1998).

Vascular endothelial cadherin (VECadherin) is the most important endothelial adhesion
molecule which is located between endothelial cells at cell junctionsCatherin is
essential for preservah of vascular system integrity ankbukocyte extravasation
(Vestweber, 2008).

Endothelial celto-cell junctions do not just preserve intercelluladhesion, but
additionally exchange intracellular signals that regulate cell differentiéidefana et b,

2009). Other studies mentioned that -ZRdherin is necessary for development of the
cardiovascular system during embryo development as it controls vascular permeability and
represses excessive vascular cell proliferation and branch formation (Braier ¥196;
Crosby et al., 2005; Giannotta et al., 2013).

HIF-1 Uis an oxygen sensing transcription factor which plays important roles in
angiogenesis during mammalian embryonic and adult angiogenesis as well as in tumor
angiogenesis. The activity of HFJ is regulated by different postanslational

modifications (Lee et al., 2004krowth factors increase HHEU pr ot ein transl at i
HIFF1U contri butes t o t-ildacedcglicode digestionoefen githautwt h f ac
hypoxia (Lum et al., 2007

1.14. Nitric oxide (NO)

NO is a soluble gas synthesized enzymatically from the amino acdjihine in
endothelial cells (Cannon, 1998; Kampoli et al., 2012). Many functions such as blood
pressure, vasculaoneand oxidansensitive mechanisms can tegulated by NOIgnarro

and Napoli, 2004). NO is reacting with oxygen, superoxide or metals, nacieisand
proteins. During the cellular metabolism of N@itrate and nitrite can be formed by
oxidation processes, andespecially under hypoxic contihs - can be recycled to form

NO (Thomas et al.2008; Lundberg and Weitzberg, 2009) (figure 1.8). The biological
chemistry of NO is either direct or indirect, depending on its concentration in cells and
tissues (Wink et al., 1996). In low concentratid¥® is directly activating N&ensitive

signal cascades which regulate physiological cell functibmbigh concentrationslO is
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reacting with superoxide @) or oxygen (Wink and Mitchell, 1998) to form peroxynitrite,
which is a very reactive molecule dainexerts severe oxidative stress under
pathophysiological conditions. NO is generated by three different enzymes, namely
inducible NO synthase (iNOS, NOSII), endothelial NO synthase (eNOS, NOSIIl) and
neuronal NO synthase (NNOS, NOSI) (Rochette.g2ali3).

Nitric Oxide
L-Arginine I ENO)XI

Direct ‘ Indirect
effect effect

Nitric Oxide ' Nitrate & Nitrite
(NO) NO;/NO,

Figure 1.8: Schematic view of NO generationDirect effect:NO canoriginate from L
arginine and oxygen by NO synthasesgirect effect Nitrate and Nitrite are reduced 1
make NO.

1.15. Signaling pathways involved in differentiation of ES cells

1.15.1. Endothelial NO synthase (eNOS)

eNOS is responsible for NO generation in the vascular system and has essential

vasoprotective roles (Dimmeler et al., 1999; Jone§,£2@04; Edgar et al., 2017).

eNOS derived NO keeps veins expanded, controls blood pressure and has various anti
atherosclerotic impacts. Numerous cardiovascular risk factors induce oxidative stress by
eNOS uncoupling, thus causing endothelial dysfunctio the vasculature (Férstermann

and Sessa, 2012). The phosphorylation of eNOG&NPS) occurs on serine (Serl177) and
threonine (Thr495) residues, and is fundamental for the activity of eNOS (Flemdhg

14
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Busse,2003). eNOS has been shown to be inhibligd\® -nitro-L-argininemethylester
(L-NAME) (Pfeiffer et al., 1996; Isenberg, 2003; Lu et al., 2015), whiepressedhe

inflammatory reaction exerted by pimflammatory cytokines (Isenberg, 2003).

1.15.2. AKT signaling pathway

AKT (protein kinase B)kinaseactsdownstream of PISKAKT kinase controlscellular
processes suchs cell proliferation, survival, cell size, response to nutrient availability,
tissue invasion and angiogenesis (Scheid and Woodgett, 2003; Bellacosa et al.ln2005).
vitro, AKT activation is important for the survival and propagatefrvascular progenitor
cells generated from mouse ES cdltsvivo, AKT maintained endothelial cell identity
embryonic vessels that anastomose with vessekheohost (sraely et al., 2014). The
phosophorylatiorof AKT (p-AKT) occurs at Ser473and AKT inhibitor VIII specifically
inhibited theAKT pathway, as well as dowregulated active AKT (Alessi et al., 1996;
Bayascas and Alessi, 2005; Peng et al., 2010).

1.15.3. Signal transducer and activéor of transcription 3 (STAT3) signaling pathway

The transcription factoBTATS3 is initiated by numerous cytokines and growth factors and
plays a key function in cell survival, proliferation and differentiation (Wang et al., 2011).
During infection, relesed IL-6 participates in induction of STAT3 kinase. Other studies
suggested that STAT3 kinase exerts a substantial role in early developmental stages of
embryogenesis (Levy and Lee, 2002). STAT3 is an important key in transcriptional
determination of mouskS cell seHrenewal. Moreover, the development of many organs
needs the activation of STATXig et al., 2009).

1.154. Phosphatidylinositol-3-kinase (PI3K) signhaling pathway

PI3K has an importantole in cell stimulation to initiate cell growth, cellycle, cell

migration, cell survival cascades, cell metabolism and the control of gene expression. PI3K
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i nduced NO production i n endot hel i al cel |
FurthermorePI3K has dundamental rolén the treatment of obesitéretta et al., 2015),

since PI3kmediated cellsurvival was activated by unregulated signaling tbé AKT

pathway (Shiojima and Walsh, 200BI3K comprises of four classes (IA, IB, 1l and IlI)
dependent on their structural characteristics; all typed3i Pontain a C2 domain and a

catalytic domain that is not found in protein kinases but is present in lipid kinases (Koyasu,
2003). ThePI 3K subunit pl110U pl aysegukmtad vasoufaror t a nt
differentiation and the control of cell polarity and migration (Bekhite et al., 201&)tro,

the PISK/AKT pathway is crucial for hypoxiaduced proliferation of bone marrew

derived mesenchymal stem cell, their differentiation into endothelial cells and paracrine
functions (Sheng et al., 2017).

1.16. Leukocyte differentiation (Leukopoiesis) from ES cells

In the adultthe hematopoietic system arises from bone marrow hematopoieticsts. It
consists of erythrocytes, leukocytes (neutrophils, basophils, eosinophils, lymphocytes,
monocytes, macrophages) and platelets (Dzierzak and Speck, 2008). Leukocytes belong to
the cellular immune system and participate in the defense agaiestionf allergy and
inflammation. In addition, leukocytes are involved in advancement and determination of
inflammation, elimination of apoptotic cellsupport of cell proliferation and tissue
rebuilding following damage (Koh and DiPietro, 2011).

During embryogenesis, hematopoietic and endothelial cell lineages develop from a
common precursor which contaimstermediate stages between mesodermal cells and
committed precursors for hematopoietic and endothedithllineageqOgawa et al., 2001)

There arewo types of hematopoietic cell lineages which are different in origin, one of
them derives from hemangioblasts and is called primitive hematopoietic lineage. The other
originates from endothelial cells, and is called definitive hematopoietic lineage (@gawa

al., 2001).

In vitro, ES cells differentiate towards hematopoietic progenitors which can be used for
basic and clinical research applications. Recently, it has been demonstrated that pluripotent

ES cells are able to differentiate to the endothelidlioelage as well as inteematopoietic

16
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lineages such as leukocytes (monocytesirophages) (Choi et al., 2005; Shen and Qu,
2008). Hematopoietic progenitors derived fr&Bs express high numbers of CD4éells

and- when cultured in presence of cytokinesre capable to differentiate to macrophages.
(Subramanian et al., 2009), T lymphocytesc€ll), neutrophil cells, natural killer (NK)

cells and dendritic cells (Liang et al., 2013; Lieber et al., 2003; Luevano et al., 2012; Tseng
et al., 2009). A previes study of our group has demonstrated that ES cells differentiated
vasallar cells as well as leukocytescluding monocytes/macrophagasd neutrophils
(Hannig et al., 2010; Sharifpanah et al., 2015). Leukopoiesis from ES cells follows
vasculogenesis im timecontrolled manner and can be inhibited if vasculogenesis is
blunted by antagonists of the VEGFR2 signaling pathway (Hannig et al., 2010, Sharifpanah
et al., 2015).
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Aims of study:

The milk thistle compound Silibinin is stimulatnregenerative processes which may

involve the activation of stem cells. The present study undertakes to investigate the effect

of Silibinin (Silibinin-C-2 6 -dihy@8rogen succinate, disodium satth cardiovascular

differentiation as well as leukopoiesismouse ES cells.

Specifically the following goals were pursued:

1

To study the effect of Silibinin on cardiomyogenesis of ES cells and cardiac cell

function.

To unravel the effect of Silibinin on the stimulation of cardiomyogenesis and
cardiaccell functon by Ang II.

To investigate the effect of Silibinin on vasculogenesis of ES cells.

To decipher N@mediated signaling pathways underlying the stimulation of

vasculogenesis by Silibinin.

To assesswhether Silibinin stimulates leukopoiesis from ES cells

18
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2. Materials and methods
2.1 Materials

2.1.1 General materials
Table 1: Materials

Materials Supporting Company

24 well cell culture plate SarstedtNumbrechtGermany

6 well cellculture plate SarstedtNumbrechtGermany

96 well flat bottomtissue plate SarstedtNumbrechtGermany
Bacterial culture dish SarstedtNumbrechtGermany
Cellspin IntegraBiosciencesChur, Switzerland

Fischer Scientific’GmbH, Schwerte

Conical flasks
Germany

GreinerBio-One GmbH Frickenhausen,

Conical tubes 15ml, 50ml
Germany

Deckglaser, MenzeBlaser, Darmstadt,

C i
over slips Germany

Eppendorf tubes SarstedtNUmbrechtGermany

Universal, Biotechrischer,Reiskirchen

Filter paper for blotting Germany

Glasspasteur pipettes BrandGmbH, Wertheim Germany

Glass slides R. Langenbrinck GmbH, Emmendinge
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Germany

Gloves

Paul Hammann AG, Heidenheim,
Germany

Gloves MicreTouch(Nitra-Tex)

Ansell, BrusselsBelgium

Immersionoil

Leica MicrosystemsWNetzlar,Germany

Optical microscopd ELAVAL 31

Carl Zeiss Jena,Germany

PAGEr EXmini-Gels

Lonza,Rockland USA

Parafilm

Bemis Flexible Packagin@yeenah,
USA

Pipettéefilter tips

Biozym ScientificHessisch Oldendorf
Germany

Pipettetips

SarstedtNumbrecht Germany

PVDF millipore transfer
membrane

Merck Mil lipore, Darmstadt, Germany

Serological glass
pipettes

ISO Lab,Wertheim,Germany

Serologicalglass
pipetteswide tip

Corning,New York,USA

Serological plastic
pipettes

GreinerBio-One GmbH, Frickenhausen
Germany

Spinner flask250ml)

Integra Bosciences Fernwald,Germany
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Sponge Pad for blotting

Invitrogenby Thermo Fisher Scientifijc
DarmstadtGermany

Tissue culture plate
(60mm, 150 mm)

SarstedtNumbrechtGermany

2.1.2 Instruments

Table 2: Instruments

Instruments Supporting Company

20°Cfreezer Thermo Fisher Scientific, Darmstadt,
Germany

-80°Cfreezer HeraeusHanau,Germany

4°C refrigerator

SiemensMunich, Germany

Autoclave

Holzner GmbHNusdoch, Germany

Blotting chamberXcell 1l Blot module

Life TechnologiesParmstadtGermany

Cell culture incubatogHeracell)

HeraeusHanau,Germany

Centrifuge(Eppendorf 5417¢

Eppendorf AG, Hamburg, Germany

Centrifuge(Multifuge 1SR)

Heraeus, Hanau, Germany

Chemiluminescence imaging system

PeQLabBitechnologie GmbHChemi
Capt50001, Erlagen, Germany

Confocallaser scanningnicroscope SP2

Leica,Wetzlar,Germany
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AOBS

Electrophoresis chambgéXcell SureLock
Mini-Cell)

Invitrogen byThermo Fisher Scientifjc
DarmstadtGermany

FireBoy portable safety Bunsen burner

Integra Biosciencegernwald, Germany

Gel electrophoresisigh voltagepower
supply

Invitrogen byThermo Fisher Scientific
DarmstadtGermany

Gel electrophoresis power station

Invitrogen byThermo Fisher Scientific
DarmstadtGermany

Heating blockor TB2 Thermoblock,

Biomera, GottingenGermany

Homogenzer

SigmaAldrich, Taufkirchen, Germany

Ice machinglcematic F20D

Castel MAC,Castelfranco Venetdtaly

Laminar flow cabinet, class Il biological
safety

HeraeusHanau,Germany

Light microscope

Zeiss,JenaGermany

Liquid nitrogen and cryopreservation stora
tank

Air Liquide Global E&C Vitry-sur
Seine France

Magnetic stirrer

IKA RH-KT/C, Staufen Germany

Magnetic stirrer for spinner flagiCellspin)

IntegraBiosciencesFernwald,Germany

MicroplateELISA reader Infinite M200

Tecan Austria GmbH Model,
Mannedorf Switzerland
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Microscopéeheating stage TRZ 3700

LabexchangeBurladingenGermany

Milli -Q Advantage A10 System

Merck Millipore, Darmstadt, Germany

pH-meter

Hanna Instruments, Kehl am Rhein,
Germany

Shakes

HeidolphElektroGmbH, Schwabach,
Germany

Tube oller mixer

Stuart,London,UK

Vacuum pump

HLC BioTech,BovendenGermany

Vortex (Vortex genie 2

VWR, DarmstadtGermany

Water bath

Lauda,LaudaKonigshofen Germany

Weighing machines
(TE153S AB2659

Sartorius AG, Goéttingen, Germany
Meltter toledo, Columbus, USA

2.1.3 Solutions and chemical materials

Table 3: Solutions and chemical materials

Material s

Supporting Company

Acetic acid

SigmaAldrich, Taufkirchen, Germany

Coppersulfate

SigmaAldrich, Taufkirchen, Germany

DAF-FM diacetate

Invitrogenby Life Technologies
DarmstadtGermany
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Dimethyl sulfoxide (DMSO)

Merck Millipore, DarmstadtGermany

Di-Sodium hydrogen phosphate dihydrate

CarlRoth,Karlsruhe Germany

Dul beccods CERBRMgWi t h

PAA, Colbe, Germany

EDTA Carl Roth,Karlsruhe Germany
Ethanol Carl Roth,Karlsruhe Germany
FIUO-4-AM Invitrogenby Life Technologies,

DarmstadtGermany

FluoromountG

Southern BiotechBirmingham USA

Hydrogen peroxideaution (30%)

SigmaAldrich, Taufkirchen, Germany

Luminol

SigmaAldrich, Taufkirchen, Germany

Methanol

Carl Roth,Karlsruhe Germany

Novex Sharp prstained potein standard

Life TechnologiesParmstadtGermany

NuPAGEantioxidant

Invitrogen Thermo Fisher Scientifjc
Darnstadi Germany

NuPAGE LDS ample buffer (4X)

Invitrogen Thermo Fisher Scientifjc
DarmstadtGermany

NuPAGE educing agent (10X)

Invitrogen Thermo Fisher Scientifjc
DarmstadtGermany

Paraformaldehyd@FA)

Carl Roth,Karlsruhe,Germany
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P-coumaric &id

SigmaAldrich, Taufkirchen,Germany

Phosphatase inhibitor cocktail 3

SigmaAldrich, Taufkirchen,Germany

Ponceau S

AppliChem,DarmstadtGermany

Potassium chloride

Carl Roth,Karlsruhe Germany

Potassium dihydrogen phasate

Carl Roth,Karlsruhe Germany

ProSieve EX running buffer

Lonza, RocklandUSA

ProSieve EX transfer buffer

Lonza,Rockland USA

Protease inhibitor cocktail

BioVision, Milpitas, USA

RestorePLUS western blot Stripping Buffer

Thermo Fisher Scientifi@armstadt,
Germany

Sigmaote

SigmaAldrich, Taufkirchen,Germany

Sodium carbonate

Carl Roth,Karlsruhe Germany

Sodium chloride

Carl Roth,Karlsruhe Germany

Sodium potassium tartrate

Merck Millipore, DarmstadtGermany

Steriledistilled water

Braun Mdsungen AG, Melsungen,
Germany

Tris base

SigmaAldrich, Taufkirchen,Germany

Triton X-100

SigmaAldrich, Taufkirchen,Germany
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Tween20 SigmaAldrich, Taufkirchen,Germany

2.1.4 Cell lines
CCE S103 cell line,mouse ES cell line isolatetfom embryos mouse strain129/sv
(Robetson et al., 1986)

2.1.5 Cell culture media components and substances

Table 4: Cell culture media components and substances

Substances Supporting Company
b-Mercaptoethanol SigmaAldrich, Taufkirchen,Germany
Ang I SigmaAldrich, Taufkirchen,Germany
Collagenase B Roche, Mannheim, Germany

Dulbecco’s modified Eagle medium Biochrom,Berlin, Germany

(DMEM)

EmbryoMax0.1% gelatin slution Merck Millipore, DarmstadtGermany
ESGROmMouse LIF medium Chemicon, Hampshire, UK

Fetal vineserum SigmaAldrich, Taufkirchen,Germany

|l scovedbs Modified D

(IMDM) Biochrom, Berlin, Germany

L-Glutamine 200mM (100X) Biochrom,Berlin, Germany
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Mitomycin-C

Merck Millipore, DarmstadtGermany

NEA-non-essential amino acids (100X)

Biochrom,Berlin, Germany

Nonfat dried milk powder

AppliChemGmbH, Darmstadt,
Germany

Penicillin/Streptomycin (100X)

Biochrom,Berlin, Germany

Plasmocirprophylactic

InvivoGen, California USA

Silibinin (Silibinin-C-2 6 -dihy8rogen
succinate, disodium sdltegalon Si))

MedaPharma, Bad Homburg;ermany

Trypsin EDTA 1X

Life TechnologiesParmstadtGermany

2.1.6 Inhibitors
Table 5: Inhibitors

Inhibitors concljrr:te:ation Dis;olve Supporting Company
AKT inhibitor STEMCELL Technologies,
Vil SHM DMSO VancouverCanada. CatNo. 72942
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2.2. Media and buffers
2.2.1 Media

2.2.1.1 CCE Complete medium

IMDM high glucose medium

Heat inactivated fetadalf serum

b- mercaptoethanol

Sodium pyruvate (106M)

L- Glutamine(200mM)
Non-essential amino acids (1®0/1)
Penicillin/Streptomycin (10000/mnl)

2.2.1.2. EMFI medium

DMEM high glucosemedium

Heat inactivated fetal cafferum

b- mercaptoethanol

Sodium pyruvate (1GaM)

L- Glutamire (200mM)
Non-essential amino acids (1®0/1)
Penicillin/Streptomycin (1000%/ml)

2.2.1.3 LIF medium

IMDM high glucosanedium

Heat inactivatd fetal calf serum
b- mercaptoethanol

Sodium pyruvate (1G8M)

L- Glutamire (200mM)
Non-essential amino acids (1®0/1)
ESGRO LIF

2.2.14.LIF pLpro medium

LIF medium
Plasmocin prphylactic

2.2.1.5. Medium forfeedercell freezing

EMFI medium
Heat inactivated fetal calf serum
DMSO

1X
16%
0.1mM
1.0mM
2.0mM
0.1mM
50U/ml

1X
10%
0.ImM
1.0mM
2.0mM
0.1mM
50U/ml

1X

16%
0.1mM
1.0mM
2.0mM
0.1mM
1000U/ml

50m
2.5ug/ml

50%
40%
10%
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2.2.2 Buffers and other solutions

Ix PBS
- KCI

- KH.PO,

- NaCl

- NaHPO, 2H,0
adjust pHto 7.4

1% PBST
- Ix PBS

- Triton X-100

0.01% PBST
- Ix PBS

- Triton X-100

0.01% PBST Tween20
- 1x PBS
- Tween20

1x TBS
- Tris base
- NaCl
adjust pH to 7.6

0.1% TBST
- 1x TBS
- Tween20

b- mercaptoethanolsolution (10mM)
- 1x PBS

- b- mercaptoethanol (stock 14mM)
Lowry Solution (stock concentration)

- Lowry Solution INa-K-Tartrate

- Lowry Solution 2Cw,CO,

- Lowry Solution 3NaCO;

Lowry Solution4
- NaOH

Lowry Solution 5

- Folin-Ci o c a Ihénelneayent (Merck 9001)

2.7mM
1.8mM
137mM
10mM

100ml
Iml

100ml
10ul

100ml
10ul

50mM
150mM

100ml
100ul

50ml
35ul

117mM
50mM
2.4M

M

~ 0.5\
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RIPA buffer
- Tris, pH 74
- NacCl
- Nonidet R40
- Sodium dodecyl sulfate (SDS)
Deoxycholate éxcluded inphospheprotein assag)

Lysis solution for protein extraction
- RIPA buffer
- Protease inhibitor cocktail

Lysis solution for phosphoprotein extraction
- RIPA buffer
- Protease inhibitor cocktail
- Phosphatase inhibitor cocktail
- Glycerophosphate
- EDTA, pH 8

Ponceau staining solution
- Ponceau S
- Acetic acid

Paraformaldehyde fixing solution (4% PFA)
- 1x PBS
- PFA
adjustpH to 69 with 1N NaOH

Blocking solution

10% milk
Non-fat dried milk powder
0.01% PBST

5% milk
Non-fat dried milk powder
0.01% BST

Enhanced ChemiLuminescence ECL) detectionsolution
- TrisiHCI , pH 8.5

- Hydrogenperoxidesolution (30%) (v/v)

- Luminol

- Cumaric acid

50mM
150mM
1%
0.1%
0.5%

1x
1x

1x
1x
1mM
ImM

0.1% (w/v)
1% (v/v)

1 Liter
40g

109
100ml

100ml

100mM
3mM
1.25mM
225uM
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2.2.3 Antibodies

Table 6: A- Antibodies for immunohistochemistry

Alexa Fluor488 donkey anirat IgG

Dusseldorf Germany

Life Technologies,
DarmstadtGermany

Primary antibody

Antibodies Company Cat. No.

Mouseantimousea-actinin Abcam Cambridge, UK ab9465
Merck Millipore,

Rat antimouse CD31 LVv1815894
DarmstadtGermany

Leukocyte markers
Biolegend Koblen

Rat antimouseCD18 gend % 101409
Germany

Rat antimouse CD45 Merck, Darmstadt, 2395751
Germany

Rat antimouse CD68 Bio Rad(AbD Serotec), | 7,5

A-21208

DyLight 650 goat antrat 19G

Abcam, Cambridge, UK

ab98408

Cy5-conjugated goat antat IgG

Jackson ImmunoResearch
West Grove, PS, USA

712-176

Alexa Fluor647 sheep antnouse IgG

Jackson ImmunoResearch
West Grove, PS, USA

515605072

Nuclear gaining

DRAQ5

Cell Sgnaling Technology,
Danvers, USA

4084
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Table 7: B- Antibodies for western blot

Primary antibody
o Weight

Antibodies Company Cat. No. (KDa)

Endothelial cell markers

Rat antimouse VECadherin| BD Bioscience$smbH,

(CD144) Heidelberg, Germany 555289 115

Progenitor marker

Rabbit antimouse FlIkl | Cell signaling Technology,

(VEGFR2) Danvers, USA 8324 230

Rabbit antimouse FlIkl | Biorbyt, Biozol, Eching,

(VEGFR2) Germany Orb11556 | 147

Hypoxia marker

: Santa CruBiotechnology,

Mouse anti HIF-1a ( Hal67) nia LT % 1p1913 | 120
HeidelbergGermany

Housekeepingproteins

Mouse antVinculin Slgm?Ald“Ch’ V9131 110
Taufkirchen,Germany

Rabbit aniGAPDH Abcam Cambridge, UK ab22555 | 36

Rabbi taiant i b |>oegendKoblenz, 622102 | 45
Germany
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Leukocyte markers

Rat antimouse CD18 Biolegend Koblenz 101409 95
Germany
Novus Biologicals,
Rat antimouse CD45 Wiesbaden Nordenstadt, | 15811 147
Germany
. Bio Rad(AbD Serotec), MCA1957
11
Rat antimouse CD68 Dilsseldorf Germany GA 0
Phospharoteins
. Cell signaling Technology,
Mouse antirp-STAT3 (Sr722) Danvers. USA 9136S 86
Rabbit antip-AKT (Ser473) Biolegend Koblenz 649002 | 60
Germany
. . Cell signaling Technology,
Rabbit antip-eNOS Ger1177) Danvers. USA 9571S 140
Rabbit antip-ERK1/2 Cell signaling Technology,
101 42, 44
(Thr202/Tyr204) Danvers, USA 910 ’
Rabbit antip-JNK Cell signaling Technology,
251 46, 54
(Thr183myr185) Danvers, USA 92515 6.5
Rabbit antip-p38 MAP Kinase | Cell signaling Technology, 9211 43
(Thr180/Tyr182) Danwers, USA
Rabbit antip-PI3K p85 Thermo Fisher Scientific, | PA5 60, 85
(Tyr458)/p55 (Tyr199) Darmstadt, Germany 17387
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Rabbit antip-VEGFR2 (p

Biorbyt, Biozol, Eching,

Danvers, USA

Tyro51) Germany Orb106137 152
Total protein markers

Rabbit antieNOS ?Sﬁgggﬁgermam N3893 | 135
Rabbit antiPI3K Cell signaling Technology,| 1,955 | g5

1gG

HRP-linked donkey antgoat IgG Abnova,Heidelberg PAB10570
Germany

HRPinked goat antiabbit 1gs | S Si9naiing Techriogy, | 247,

g g Danvers, USA
EIZP—Imked donkey antrabbit Abcam CambridgelUK ab205722
. . Cell signaling Technology,

HRP-linked goat antrat 19gG Danvers, USA 7077

HRP-linked donkey antrat IgG | Abcam, Cambridge, UK ab102265

HRP-linked horse antmouse IgG Cell signaling Technology, 7076
Danvers, USA

HRP-linked donkey antmouse Abcam, Cambridge, UK ab20524
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2.2.4. Flwrescence sbstances

2.2.4.1 DAF-FM

DAF-FM diacetate (4amino-5-methylamine2',7 -6 difluorofluorescein diacetat¢ is a
reaget whichis usedor thedetection of NO. It is nofluorescentbut when reaatg with
NO, becomes fluorescent benzotriazgland canbe detected by fluorescent microplate
readers, fluorescence microscopy and flow cytometkoh (el al., 200Q. Maximum
excitation wavelengths of the oxidized forrm at 495nm and fluorescencemissionis
detected at wavelengths15mm. DAR FM is dissolvedn DMSO.

2.2.4.2 Fluo-4-AM

Fluo-4 is utilized to quantify Cd inside living cells. It is regularly utilized as tmen
fluorescent acetoxymethyl ester (Hd6AM) which is cleavedinside the celby cellular
esteraseso give a free, fluorescent Flud. Fluo-4 is excited at 488n, and emission is
recorded at 515 m.

2.2.4.3DRAQ5
DRAQS (1, 5bis{[2-(di-methylamingethyl]] aming-4, 8dihydroxyanthracen8, 10-
Dione) is a cell permeable faed fluorescent DNA dye that can appliedin fixed or non

fixed/ live cells DRAQ5 is excited at 633nm, and emission is rercordedca&brm.
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2.3 Methods

2.3.1 Cell culture

2.3.1.1 Thawing mouse embryonic fibroblasts (MEFs)

MEFs are used as feeding laydor proliferating ES cells, since they secrete LIF which
inhibits ES cell differentiationFirst of all LIF plasmocin prphylactic medium vas
warmed in 37C waterbath and 5ml medium wadistributedin 60mm cell culture plates
and incubated ia (37C and 5% C@) incubator

Vials of MEFs frozenin a liquid nitrogen tank {196°C)werethawed in water bath at 37°C.
SubsequenthMEFs cells were transferred into5®ml conical tube containing 2@ of
warmed EMFI mediumand centrifuged for 5 min at 209y at RT. The supernatant was
removed and the pellets were resuspended in equal vadwiearmed EMFI mediunand
seededn 60mm cell culture plate whichwere transferretb a CQ, incubator.

The mitotic inactivation of MEFs is started by the replacement of the growth medium
with 3ml mediumcontainingmitomycin Cin a concentration diOpg/mland incubation for
3h (Verweij and Pinedo, 1990). Tstop the inactivation procedte mitomycin containing
medium was aspirated, cells were washed 3 times with EMFI mediutvere incubated

in 5ml of fresh EMFI mediuntfigure 2.7).

Figure 2.1: Transmission image of onfluent MEFs, The bar repr

2.3.1.2 Thawing of ES cells
Vials of ES celldrozen in liquid nitrogen were rapidlydwed in water bath at 3. The
cell suspension wasansferred ta 50ml conical tube containing 20ml prearmedCCE
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medium and centrifugd for 5 min at 209y at RT. Subsequently the supernatant was
removed and the cell pelleesuspendedvith 200ul of prewarmed CCEmedium The
thawed ES cells were seeded ateasityof 9 x 1¢' cells/mlonto confluent, mitomycinC-
inactivated MEFs in 60mm cell culture dishes and further incubated CO, (5%)
incubatorat 37°C (Kent, 2009).

2.3.1.3. Passagingf ES celb

ES cells were grown on inactivated MEFs until 70% -sabfluency. The medium
containing LIF was changed every 24h. Every 2 days, the cells were passaged by enzymatic
dissociation. Briefly, the cell culture medium was removed and ES cell cultures were
washed with 2ml prewarmed trypsircontaining dissociation medium. After aspiration

2ml warm trypsiacontaining dissociation medium was added, and the cells were further
incubated at 37°C and 5% G.Csubsequently ES cell colonies were further dissociated by
gently pulling up and down with a 1ml pipette to obtain single cells suspension. A number
of 9 x 10 ES cells/ml was added to each MEF plate and further incubated in the CO
incubator figure 2.2) Tammetal., 2013).

Figure 2.2: Colonies of mouse ES cells growingn mitotically inactivated MEFs, A-
Feeder layeof MEFs B- Colonies of ndifferentided mouse ES cellsThe bar represent
100¢e m.
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2.3.1.4 Preparation of spinner flask (cleaning and siliconizing)

Spinnerflasks were washedith distilled waterand subsequently filled with 260 of 70%
ethanol for 30 minThen,5N NaOH wasadded for &o 12h; the flasks were washed with
water, and left for drying.

The purpose ofsilicon coating is to prevent the cells from adhesiontte interior glass
wall prior to the formation of EBs. Thgpinner flask and magnetic stirring bars were edat
by silicon solution Sigmacote) The siliconcoakd spinner flaskshould bedried in the
ovenat 60C for 1h Finally, the spinner flask was washed three times with didtwater

before autoclaving.

2.3.1.5 Generation ofembryoid bodies EBS)

In suspension culture and absence of LIF, ES cells aggreagather and fornthree
dimensional (3D) tissues, named EBBrattLeal et al., 2009).After coating and
autoclaving, spinner flasks were washed withhpeemed cell culture medium, filled with

a volume of 125ml medium, and placed @mmagnetic stirring plate in the incubater a
shown in (figure 2.3A). ES cells grown on MEFs were enzymatically dissociated as
describedand seeded in thspinner flask at a cell density of 3 x°1€ellml. On the
following day another 125ml medium was added to the spinner flask to give a finaievol

of 250ml. The speed of the magnetic stirrer system was set to 25 r.p.m. The spinning
direction was changed every 1440°. In generalagold EBs cultivated in spinner flasks

(figure 2.3B) were used for the experiments

2.3.1.6 Freezing of ES cells

For freezing purposes, confluemouse ES cell culture plat¢60mm)were washed and
incubated with gl of trypsin for 2 min in the incubatomhe dissociateccell suspension
was transferred into 20ml of prearmed medium to stopnzymatic digestion, andias
centrifugel for 5 minat 209y. Thesupernatantvasaspiratel andcell pelletscooled on ice.
Finally, 1ml of cell freezingmedium(4°C) wasslowly addedto the pelletsgently mixed,
immediately transfeed to 1.8l labeled cryopure vialand frozenn a-80°C freezer prior

to long termstorage in liquid nitrogen tank.
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Figure 2.3: Spinner flask and EBs (A) Spinner flaskon top ofa magnetic stirring plate
Two glass pendula are rotating with a speed of 25 r.p.m. The spinning direction is ct
every 1440°(B) Transmission image of EB# day3 of cell culture The bar represent
100¢e m.

2.3.2. Treatment protocol for Silibinin

To explore the effect oSilibinin on mouse ES cell|sEBs were removedrom spinner
flasks at day 3 of cell culture and25-30 EBswere transferred in either @8m bacterial
culture platesor tissueculture plates containing 5ml mediufireatment with Silibinin at
different concentrationsanging from 150uM was performedrom day 3 to day 1®f
differentiation to investigate the effect of Sibinin on vasculogessis and
cardiomyogeesis. For the investigation of leukopoiesiEBs were treated with Silibinin
from day 3 to day 14 ofcell culture. Cell culture medium containing Silibinin was
exchanged every 24h. After the incubation period, EBsoif vasculogessis and
cardiomyogeesis were either fixed in iceold methanol to perform
immunohistochemistrywhile for the investigation of leukopoiesis EBs were fixed%

PFA or protein was extracted for western blot experiments (figure 2.4).
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2.3.3.Measurement of contraction frequency oEBs

The contractiorfrequency of EBsvas assesseflom day 7to day 10of cell cultureby
visual inspection using light microscopgZeiss Axiovert 40 C) which was connectedato
microscope heating stage TRZ 3700 agdipped with a 5/0,12 objective (CP-Achromat,
Zeiss) The frequency of spontaneously contractions in EBsamastdat 37 °Cfor a time
period of 1 min. At least 20 EBs were investigated in each experiment. Aade 4

experiments were performed with EB cultures from different passages.

2.34. Immunohistochemistry (IHC)
IHC is an important technique used for distinguishing antigens (e.g. proteins) in cells by

specific binding of antibodies to antigens in nattissues RamosVaraand Miller,2014).

2.34.1. PECAM-1 (CD31) staining

PECAM-1 (CD31) staining was performed to visualizeree dimensional vascular
networks inEBs

1-Sample collection: 10-day-old EBs were collected imicrocentrifuge tubg, and the
medium was aspirated before washing EBs 3 timesIxtABS.

2- Fixation: EBswerecovered with icecold methanol and ket -20°C for 20 min.

3- Permeabilization: After fixation, the EBs were washedl times with 001% PBST
(Triton-X-100) buffer, permeabized with 1% PBST and incubated at RT for 10 roimthe
shaker.

4- Blocking: After 10 min, the EBs were washed times with 001% PBST bufferand
were further incubated for 1h at R ¢the shakem 0.01% PBST buffecontaining10%
milk powder.

5- Primary Antibody: After blocking, EBs verewashed 4 times with.01% PBST buffer.
The primary antibody again®EECAM-1 was freshly prepared bgiluting 1:100in 10%
milk and incubate@itherat RTon the shaker for 2h or overnight at’&4

6- Secondary Antibody. The EBs were washed 4 times witldD% PBST buffer and left
10 min on the shaker at RT with.01% PBST buffer to ensure the rembwf surplus
primary antibody. The secondary antibody aati Alexa 488 was added at a dilution of
1:100 in 10% milk and Bs were incubated forhlin the dark at RTThen they were
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washed4 times with 001% PBST and taken for imaging or storedr4®C with 4% PFA

until analysis

7- Imaging: The stained EBs were transferred to the chamber slide, and the branching
points were malyzed by confocal microscopy (Leica SR@BS). Thepinhole settings of

the confocal setup were adjusted to gavdull-width half maximum of 5Sum. For the
quantification of capillary areas within EBs an optical sectioning routine based on confocal
laser sanning microscopy was used. Images (512 x 512 pixels) were acdroraed
PECAM-1 stainedEBs using the extended depth of focus algorithm of the confocal setup.
In brief, 10 full frame images, separatby a distance of 10um iz-direction, were
recordedthat included the information of the capillary area and spatgdnization in a
tissue slice 100um thick.

8- Analysis: The acquired images were processedgenerate a single -fiocus image
projection of vascular structures in the scanned tisoce By use of the image analysis
software Metamorph (Molecular Devices), the branching points of vascular structures
within the threedimensional projection were identified and counted in relation to the size

(um?) of the respectiv&B.

2.34.2. a-actinin staining

a-actinin stainingwas performed to visualize differentiated cardiac areas in EBs outgrown
on cover slips and collected between day 7 and day 10 of cell culture.

1- Sample collections:Cell culture medium was removed from EB tissue calu The
medium wasemoved and they wergvashed 3 times with 1x PBS.

2- Fixation: Thecellswere fixed in icecold methanol anddpt at-20°C for 20min.

3- Blocking: After fixation the cells were washefl times with 001% (Triton-X-100)
PBST bufferconiining 10% FCS and further incubated 1h at RT.

4- Primary Antibody: After blocking, cells were washed 4 times witO D% PBST buffe
The primary antibody against-actinin was dilued 1:100 in 10% FCSand incubated
overnight at +4C.

5- Secondary Antibody: The EBswere washed 4 times with@1% PBST buffer and left
10 minon the shaker with.01% PBST buffer to ensure the rembwf surplusprimary
antibody. The ssondary antibody Cy5 sheep anti mouse diiut:100 in 10% FCS was

42



Materials and Methods

addedand cells were incubated foh In dark at RTEBswere washed times with 001%
PBST and stored at4°C until analysis time bymbeddingEBs on cover slig with
FluoromounG.

6- Imaging: The stainedEBs were transferred tdhe stageof the Leica confocal
microscope and}actinin-positive cell areas were analysed usit@x objective and z
series

7- Analysis: Sizes of a-actinin positive areas (um#) EBswere calculatedby use of the

image analysis software Metamorph

2.34.3. Leukocyte marker staining

For Leukocyte rarker staining, the EBs were treatgih Silibinin from day 3 until day
of cell culturein bacteriologicakell cultureplates on the shakerSubsequently EBs were
outgrown on cover slips in tissue culture plates and further treated with Silibinirdamtil
14 of cell cultureMedium change wagserformedevery day till day 14.

1- Sample collection:On day 14, the EBs were removed from the incubator, the medium
was aspirated andashed 3 times with 1x PBS to remove the medium.

2- Fixation: TheEBswere fixed in 4% PFA and incubated-&4°C for 45 min.

3- Blocking: After fixation, the EBs were washedtimes with 001% PBST (Tweei20)
buffer, 10% milk powder dissolved in01% PBST (Tweet20) bufferwas added, and EBs
were further incubatefbr 1h at RTon the shaker.

4- Primary Antibody: After blocking, EBs cells were washed 4 times wit@106 PBST
(Tween20). The pnnary antibody (CD45, CD18 or (B) diluted 1:100in 10% milk was
addel and incubated overnight at &l

5- Secondary Antibody: The EBs were ashed 4 times with.01% PBST (Tweei20)
buffer and leftfor 10 minon the shaker with.01% PBST (Tweet20) buffer to ensure the
remonal of surplusprimary antibody The secondary antibody amét Alexa 488(dilution
1:100 in 10% milk was added forhlin the dark on the shaker at RSubsequently EBs
were washed times with 001% PBST (Tweei20).

6- DRAQS staining: The EBs were washegith 1x PBS 3 times anstainedwith DRAQS5
(1:1000)at RT for 20min in dark for nuclear staining. Subsequentiye EB werewashed

43



Materials and Methods

with 1x PBS buffer 3 times the cover slipswere mounted on object slidesith
FluoromountG andstoredat +£C till analysis.

7- Imaging: EBs on objective slides weteansferred tahe stageof the Leica confocal
microscope andeukocyte mekers were assesseasing a 2@ immersion corrected
objective

8- Analysis: Confocalimages were collectetom 1520 EBs The MetaMorph image
analysis softwarevas used to assess the number of leukocyte mpdsitive cellgpertotal

number ofcells whid were visualized by DRAQERbelled celinuclei

2.4. Ca’* measurement

24.1.1solation of cardiomyocytes, dissociation of cells and plating

Intracellular C&" was recorded in single cardiac contracting cells. Single cell preparations
were obtained by rzymatic digestion of -flayold EBs for 30min at 37°C in PBS
containing 2ng/ml Collagenase B. Dissociated single cells were plated onto getetied

cover slipsin 24ve | | cel | culture plates, and cultivat
with 16% FCS.

24.2. Ca** detection Fluo-4 fluorescencameasurement)

Following 24 of culture, cells were laked in serurfree medium with 1uM Flugl-AM

for 30 min. Subsequently, the cover slips were transferred in fresh -$ex@iroell culture
medium to the incubain chamber of the confocal laser scanning microscope. Fluorescence
excitation was performed at 488, anission was recorded at 5650nm. For analysis of
intracellular calcium a HCPL Apo 20x immersion corrected objective was Ssaapling

rate was Xrames/s. The fluorescence emission of single cells was assessed by using the

image analysis software of the confocal setup.

2.5. NO measurement

For the measurement of NiBe fluorescentNO indicator DARFM diacetate was dissolved
in DMSOto achievea stock stution of 5SmM. On day 5 of differentiatiofeBs were treated
with Silibinin and staied on day @vith 5uM DAF-FM for 30 min in dark condition®n a
shaker placed in an incubator {87 and 5% C@. Then the mediunwas replaced for
serumfree medium andfurther incubated for 30min in dark on the shaker The
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fluorescence of the sample was detecteddmfocal laser scanning microscoflyeica SP2
AOBYS) with the argon laser (excitation 49%), and emission was recorded at wavelength
of 515m.

2.6. Western blot (immunoblotting)

2.6.1. Protein extraction

The total protein concentration was measured by the colorimetric Loetlyod Lowry et

al., 1951) using a Tecan Infinite M200 Microplate reader instrument (Tecan Group Ltd.,

Mannedorf, Switzerland).

2.6.2. Gel electrophoresis

To perform semguantitdive western kit, 20ug aliquots of each protein sampleere
mixed with 1x NUPAGE LDS sample buffer and 1x NuPAGE reducing agent (Thermo
Fisher Scientific, Darmstadt, Germany). The freshly prepared protein mixtuse wa
incubated for 10 min at 7G for denaturation, and themas immediateljjoaded on a 4
12% gradient PAGEr EX Precast polyacmlde miniGel (Lonza, Rockland, USAThe

gel electrophoresis was run at 20@r 45-55 min at RT.

After gel electrophoresis,rpteins were transferred from the SPBGE gel ontoPVDF
membrans for 60 min at 37BA using Invitrogen semiry apparatusas explained in
figure 2.5 Afterwards, the membranes were stained with a PorSesolution (01%
Ponceats in 1% acetic acid) to otrol transferf proteins onto membrane.
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Figure 25: Schematic representation of protein transfer from gel membrane to th
PVDF membrane in the XCell SureLd&k Mini-Cell Blot Module from Invitrogenas
sandwich layers.
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2.6.3. Staining with antibody and detection

Next, the PVDF membraneaswashed 23 times with ddHO until the Poncea® staining

was completely disappesdfrom the membranes and then incubated with bragkiuffer

(5% nonfat milk powder in 0.1% TBS ween) for 1h at RT with gentle agitation to reduce
unspecific antibody binding. The membranes were washadi®es with TBSTween
(0.1%) and incubated with primary antibodies, 1:1000 diluted in 5% BSA in TB%
Tween, for overnight at’€ with gentle agitation. Then, the membranes were waahed
incubated withappropriate HRRonjugated secondary antibodies (1:1000 diluted in 5%
BSA in 0.1% TBSTween) for 1h at RT with gentle agitation. Finally, the memésanere
properly washed with TBSween (0.1%) and the protein bands were detected using
chemiluminescent substrat€s25mM Luminol + 225uM Coumaric acid 3mM HO; in
100mM Tris buffer, pH 8.5)The emittecchemiluminescenceas visualized and converted

into a digital image using a PEQLAB Gel documentation system (VWR Part of Avantor,
Erlangen, Germany) assisted with ieemiCapt 5000 software (Version 15.01a, Vilber
Smart Imaging, Eberhardzell, Germany). Subsequently, a densitometric analysis was
perfamed on these captured digital images using the free available Java software ImageJ
(Version 1.46, Wayne Rasband, National Institute of Health, U&&hindelinet al.,
2012) This densitometric analysis was basedtlmmintensity of each visualized protei

band on the captured digital images. The final value of each target protein band was
obtained after normalizing with their respective hekseping protein band. For final
protein expression/phosphorylation quantification, this final value of eachdrsateples

was compared with the final value of untreated control sample.

Stripping: For reprobing the same membrane with another set of target proteins, the
membranes were-2 times washed with TB$ween (01%) and afterwards stripped using

the Restore PUS western blot Stripping Buffer from Thermo Fisher Scientific (Darmstadt,
Germany). For stripping procedure, the membranes were incubated in the above mentioned
stripping buffer for 20 min in dark at RT on the shaker with gentle agitation. Next, the
membanes were rinsed in TBBveen (01%) buffer. To control the success dhe
stripping procedure, the membranes were incubated with the chemiluminescent substrates
to confirm that the previousantibody stainingwas completely remow& from the

membranes. Aftethis confirmation step, the membranes wefetines washed with TBS
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Tween (01%) andthe reprobing procedure was started frédme blocking step as described
before.

2.7. Statistical analysis

For statistical analysis GraphPad InStat statistics softwarapfPad Software Inc. La

Jolla, CA) was usedData are given as meamalues+ standard deviation (§Dwith n

denoting the number of experiments performed with independent ES cell cultures. In each
experimenat least 20 culture objects were analyzedsurde ot her wi se itndi cated
test for unpaired data and emay ANOVA was applied as appropriate for statistical

analysis. A value of P < 0.05 was considered to be significant* P < 0.01 (very

significant) and ***P < 0.001 as a highly significe.

2.8. Software

1- Chemicapt 500 Western blot imaging softwar®EQLAB Biotechnologie,Version
15.01a, Vilber Smart Imaging, Eberhardzell, Germany

2- GraphPad Instat Statistical analysis softwar&raphPad Software Inc. La Jolla, CA
USA.

3- Image J- Western blot analysis softwar€grsion 1.46, Wayne Rasband, National
Institute of Health, USA

4- Leica Application Suite Advanced Fluorescence Leica Microsystamsizlar,
Germany

5- MetaMorph offline Microscopy Automation & Image Analysis Softwafdolecular
Devices, Sunnyvale, CAJSA.

6- Microsoft Office- Data documentation Microsoffalifornia USA.

7- Tecan Ma gEISA &aoitliare Tecan,Tecan Group Ltd., Méannedorf,

Switzerland
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3. Results
3.1. Effect of Silibinin on cardiomyogenesis of & cells

3.1.1. Effect of Silibinin on contraction frequency and number of contracting foci

To examine the effects of Silibinin on the differentiation of cardiomyocytes, EBs were
treated from day 3 until day 10 with different concentrationSitbinin (1uM, 10uM,

20puM and 50uM). From day 7 until day 10, contraction frequency, the number of
contracting foci and the number of contracting EBs were assessed. It was observed that
Silibinin treatmentdosedependentlydecreasedcontraction frequencyfigure 3.1) the
number of contracting focifigure 3.2)as well as thewumber of contracting EBdidgure

3.3).
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Figure 3.1: Effect of Silibinin on contraction frequency of EBs. (A) Decrease of
contraction frequency per miapon treatment of EBs with increasing concentrations
Silibinin. (B) Dosedependent decrease in contraction frequency following treatment
different concentrations of Silibinin compared to thrdreated control on day 10, the b
chart shows the meansSD of n = 4 experiments; *** R 0.001.
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Figure 3.2: Effect of Silibinin on the differentiation of contracting of cardiac foci. (A)
Dosedependentecreasef contracting foci number (% of unated, day 7)(B) Dose
dependentlecreasef contracting foci number compared to the untreated control on
10, the bar chart shows the mearf8D of n = 4 experiments; * £0.05, ** P< 0.01.
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Figure 3.3: Effect of Silibinin on the number of spontaneously contracting EBs. (A)
Dosedependentecreasef contracting EB numbef% of untreated, day 7Y(B) Dose
dependentlecreasef contracting EB number compared ke tuntreated control on day 1
the bar chart shows the meanSD ofn = 4 expements; * P<0.05, ** P<0.01

3.1.2.Effect of Silibinin on the size of cardiac cell areas

To investigate whetheBilibinin affected the size of cardiomyocyte cell aredfedintiated

from mouse ES cells3-day-old EBs were treated for 7 days with different concentrations
of Silibinin (1pM, 10puM, 20puM and 50uM)On day 10, EBs were immunostained with an
ant i body-actnig and the size &f cardiac areas was determined by confocal laser
scanning microscopyt was observed tha&ilibinin treatnent dosadependently decreased

t he s iadinn positive tell aasin EBs(figure 3.9.
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Figure 3.4: Effect of Silibinin on the size of a-actinin positive cell areas of
cardiomyocytes derived from mouse ES cell{A) Confocal images of representati
EBs st ai n-adininggean) to sldtermihe the size of the positive areas. Thi
represent® 0 0 g(B) Quantification of the sizefo -attinin positive areas on day 10, tl
bar chart shows the meaA$D of n = 3 experiments; ** R0.01, *** P <0.001.
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3.2 Effect of Silibinin on angiotensin I (Ang 1) induced cardiomyogenesis of mouse
ES cells

Previous studies have shown that the vasoactive hormone Ang Il is stimulating
cardiomyogenesis of E&lls(Wu et al, 2013). Moreover, a recent study demonstrated that
Silibinin may act as aAT1 receptorantagonist Bahemet al.,2015) Since the data of the
present study demonstrated that Silibinin decreased cardiomyogenesis of ES cells and the
frequency of contractits, we investigated whether Silibimvould interfere with Ang H

induced cardiomyogenesis, contraction frequency aftid3aillations.

3.2.1. Effect of Silibinin and Ang Il on contraction frequency and number of

contracting foci

To investigate whethethe contraction frequency wadfectedby Silibinin and Ang Il
treatment, we calculated the frequency of contractions per Thieeday-old EBs were
treated for 11 days, (from day 3 to day 14 of differentiation) either Silthinin (20uM)

alone, with Amg Il (1uM) alone or with a combination @ilibinin and Ang Il. We found

that the contraction frequency was significantly increased upon Ang Il treatment compared
to untreated (control), where&ilibinin (20uM) alone significantlydecreaseaontraction
frequency. Préncubation withSilibinin abolished thdncrease in contraction frequency

achieved withAng 1l (figure 3.5).
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Figure 3.5: Effect of Silibinin and Ang Il on contraction frequency of EBs. (A)
Contraction frequency per min of EBs after diffiet times of cell culture (dagto day 14).
EBs remained either untreated or were treated Silthinin (20uM), Ang Il (1uM) or with
a combination ofSilibinin and Ang Il (from day 3 to day 14)B) Effect of Silibinin
treatment on Ang {mediated stimwtion of contraction frequency as evaied on day 1<
of cell culture.Silibinin (20uM) reduced the contraction frequenmyday 14 the bar chart
shows the means SD of n = 5 experiments®™ P < 0.01, significantly different to the
untreated control, ### < 0.00QL significantly different toAng Il alone

To further characterize the effect ilibinin on Angll-mediated cardiomyogenesis of ES
cells the number of contracting daac foci (figure 3.6) as well as the number of
contracting EBs (figure 3.7) were counted from day 7 until day 14 of cell colledound

that Ang Il increased the number of contracting foci and EBs as compared to the untreated
control, while Silibinin (20e M )alone exerted an inhibitory effect. Pteesatment with

Silibinin abolished the stimulation of cardiomyogenesis achieved with Ang Il
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Figure 3.6: Effect of Silibinin and Ang Il on contracting cardiac foci number. (A) EBs
were treated with Silibinin (2eM), Ang Il (1uM) or with a combination of Silibinin anc
Ang Il (from day 3 to day 4). (B) Number of contracting foci (% of untreated control, ¢
14). Pretreatment withSilibinin (20uM) abolished the stimulation of cardiomyogene
achieved with Ang llthe bar chart shows the meanSD of n = 5 experiments; * £0.05
significantly dfferent to the untreated control, ##F.001 significantly different to Anc
Il alone.
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Figure 3.7: Effect of Silibinin and Ang Il on spontaneously contracting EBs. (A

Number of contracting EBs (% of untreated day 7). EBs were treated with @\M}26ing

I (1uM) and Sil + Ang Il from (day 3 14), whilethe number of contracting EBs wz
calculated from (day # 14). (B) Effect of Silibinin and Ang Il on the number ¢
contracting EBs (day 145ilibinin treatment alon@lecreasedhe number of contrding

EBs compared to untreated controls, whereas Ang Il significantly increased the nun
contracting EBs. The stimulation of contraction activity achieved with Ang Il

abolished upon ctreatment with Silibinin, the bar chart shows the mea®D of n = 5
experiments; * P< 0.05 significantly different to the untreated control, #<F.01

significantly different to Ang Il alone.

3.2.2.Effect of Silibinin and Ang Il on the size of contracting cardiac areas

To examine the effect dilibinin and Ang Il on the size of cardiac areas, EBs remained

untreated, were treated with Ang Il (1uM) (from day 3 to day 14 of cell cjylalome or

pre-incubated for 30 mimwith Silibinin (20uM) either in absence of presencelofg Il.

Cardiac diffeent i ati on was i nvest i g aattinidposiive cehs s e s si ngc

areas at day 14igure 3.8).

Silibininal one si gni fi cant |-agtinmpoditiveaeeds contpared soithe e o f t |
untreated control, whereas a significant increase wasreed upon Ang Il treatment. Co

treatment withSilibinin and Ang 1l abolished the stimulation of cardiomyogenesis achieved

with Ang Il
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Figure 3.8: Effect of Silibinin and Ang Il on the size of a-actinin positive cardiac
areas differentiated from mouse ES cells. (ARepresentativé+actinin-positive cardiac
areas (green) under the following experimental conditions (from the left to the r
untreated, Silibinin (20uM), Ang Il (1uM), Sil + Ang. The bar represen 0 0 (B .
Quantification of the relative size of cardiac areas at day 14. The untreated control \
to 100%, the bar chart shows the mean$D of n = 4 experiments; * K 0.01
significantly different to the untreated contrt# P< 0.001 significantly different to Anc
Il alone.

3.3.Effect of Silibinin and Ang Il on Ca** oscillations in cardiomyocytes

Spontaneous contractions aaction potentials in cardiac cells are associated to rhythmic
Ccd* oscillations. Since our data demonstrated that Ang Il treatment stimulated
cardiomyogenesis of ES cellwe investigated whether Ang Il treatment would have an
impact on cardiac cell funon. To achieve this aintontracting EBs (day 7 of cell culture)
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were enzymatically dissociated, labeled with thé*@ansitive fluorescence dye Fldo

AM on day 8 and intracellular C3 oscillations were recorded in single cardiac cells after
differert times of incubation (200 s, 600 s, 15§0with eitherAng Il (1uM), Silibinin
(20uM) or a combination of both. It was evident tiailibinin treatment decreased the
frequency of C& spikes vhich was significant after 1508 of incubationIn contrast a
increase in spiking frequency was observed upon Ang Il treatment. However, when Ang Il
was applied afterpreincubation withSilibinin the stimulation of C& spiking frequency

was abolished, which indicates thatlibinin interferes withAng ll-mediatedsignaling

pathwaygfigure 3.9 A, B)
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Figure 3.9 A: Effects of Silibinin and Ang Il on the frequency of C&" transients in

cardiac cells differentiated from ES cells Cardiac cells were enzymatically dissociai
from 7-day-old EBs anddbeled on day 8 with the &zsensitive fluorescence dye Fido
cd"* spiking was evaluated in 3 different time windows, i.e. 200 s, 600 s and 15
Shown are representative traces of individual cells. (a) Untreated controls, (b) Si
(20eM) treated cell s; (c) Ang I I (1le M
Silibinin (20eM) and Ang Il (1&gM).
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Figure 3.9 B: Bar chart of Silibinin and Ang Il effects on the frequency of C&"

transients. The bar chart shows the meanSD of 10 experiments and indicatésat Ang
Il increased the G4 spiking frequency whiclivas completely reversed upon-eatment
with Silibinin. * P < 0.05, significantly different to the untreated control. ***<R0.001,
significantly different to Silibinin, ### K 0.001, significantly different to the Ang |
treated sample.

3.4. Effects of Silibinin and Ang Il on the function of adult rat cardiomyocytes

Since cardiomyocytes differentiated from ES cells may be immature and represent a fetal
phenotype, we investied whether Silibinin would interfere with Ang-riiediated
changes in cardiac cells isolated from the ventricles of adult rat hearts. To achieve,this aim
the protocol developed bMufti et al, 2008was applied. Our data demonstrated that after
24h inculation with Ang Il (10uM) a significant decrease in contraction as well as
relaxation velocity occurred. Moreover, Ang Il significantly reduced toatraction
velocity indicated by diastolic cell lengths of individual cells (dL/L) and decreased the time
to reach 50% of peak contractiom TP50). Treatment with Silibinin alone (20uM) was
without effect. Upon cancubation of Ang Il with Silibinin for 24h, the effects observed
with Ang Il alone were totally abolish€figure 3.10 A, B, C and D).
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Figure 3.10 A-D: The effect of Silibinin and Ang Il on cardiac cell function. (A)

Isolated rat cardiomyocytes were incubated for 24h with either Silibinin (Sil) (2C
alone Ang Il (10uM) alone or a combationation of both, atwhtraction velocity was
investigated. Ag Il caused significant decrease in contraction velomitywparedto the
untreated control which was reversed uponrtreatment with Silibinin.(B) Effect of

Silibinin and Ang Il on relaxation velocity. Ang Il (10uM) caused significant decreas
relaxaton velocity which was reversed upon-teatment with Silibinin.(C) Effect of

Silibinin and Ang llon changes idiastolic cell lengthgdL/L (%)). The observed decrea:
in diastolic cell lengthsvas reversed upon dceatment with Silibinin.(D) Effect of

Silibinin and Ang Il on R50I'TP 50. The decrease in R30P 50 observed with Ang |
was reversed upon dceatment with Silibininn = 4 experiments; * R 0.05, ** P<0.01,

*** P <0.001.
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3.5. Inhibition of Ang Il -mediated extracellular signalregulated kinase 12 (ERK1/2),
p38 andc-Jun N-terminal kinase (JNK) phosphorylation by Silibinin

Previous data of our group (unpublished date) adult rat smooth muscle cells
demonstrated that Silibinin could not blunt the Alhgnduced C&' response, thus ruling
out that Silibinin acted on the AT1 receptoreWhereforeassumed thaSilibinin may
interfere with downstream signaling cascad&sce it has been previously shown that Ang
Il activates ERK1/2, p38 and JNK in differentiating ES celWlgu(et al., 2013), we
investigated whethe® i | i bi nin (20&gM) woul d tehtmdntof h
EBs with Ang Il (¥ M) . | Sililbirendrelatment of &lay-old EBs efficiently abolished
the Ang ll-mediatedactivation of ERK1/2, p3&nd JNK (figure3.11) as evaluated using
phosphespecifc antibodies. These data corroborated our assumption Sigtinin

interfered withAng Il signaling downstream of the AT1 receptor
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Figure 3.11: Effects ofSilibinin and Ang Il on MAP kinase (ERK1/2, p38 and JNK)

phosphorylation. 6-day-old EBs remained either untreated or were treateith Wing I

(1puM), Silibinin (2QuM) or a combination of both. MAPK activation was monitoredrat
15 min of incubation with Angll by western blot analysis usingh@sphespecific

antibodies. Vinculin was used as hokseping protein. IfA) representative western blo
are shown. Upper panel ERK1/2 {42 kDa), middle panel-p38 (43 kDa), bottom pane
p-JNK (46 kDa phosphaINK1; 54 kDa phosphaelNK2/3). The barin (B) charts show the
meanst SD of (n = 6) experiments for ERK1/2 and (n = 5) experiments for p38 and
respectively. Note thaSilibinin pretreatment completely abolished MAPK tiaation

achieved with Ang II. * P< 0.05,** P < 0.01, significantly dfferent to the untreate
control. ### < 0.001,significantly different to the Ang Il treated sample.

3.6. Stimulation of vasculogenesidn differentiating mouse ES cellsupon Silibinin

treatment

Cardiac and ascular cells are known to originate from a comnuardiovascular
progenitorcell (Ishida et al., 2012). Wetherefore investigated wheth&ilibinin would

affect vasculogenesis from ES cell@ address this poinEBswere incubated from day 3

to day 10 o6 differentiation with increasing concentiats of Silibinin, ranging front -

50c M At day 10 the EBs were collected, fixed and stained against the endothelial marker
CD31/ PECAM1 which is expressed at the intercellular junctions of endothelial cells.
Vascular branching points were assesbgdconfocal laser microscopy and computer
assisted image analysisigure 3.2). Silibinin treatment resulted in a dedependent
increase of branching points withaximum effects achieved with @M, whereas higher

concentrations (20 50uM) exerted adverse effects.
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Figure 3.12: Effect of increasing concentrations ofSilibinin on vascular branch
formation. (A) Representative images of EBs treated with dffierconentrations of
Silibinin or vehicle and tained against CD31 at day 10D31 staining (red), DRAQ5
positive cell nuclei (green) he bar r e p (BgEhe bat charslBo@Dtlze mean:

+ SD of n = 5 experimentas percentage values. (230 EBs were anaped in each
experiment), * K< 0.05, ** P <0.001.
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3.7. Expression of angiogenesiselated proteins uponSilibinin treatment

To assess whether the increased branching of vascular structures achiev8dilwnih
was associated to pengiognic proteins, the expression ¥EGFR2 (FLK-1), VE-
Cadherin and HIF-1la was investigated.3-dayold EBs were treated with different
concentrations oSilibinin for 7 days On day 10, EBs were collected fdetermination of
protein expression (figure 3.138ilibinin treatment induced proteiexpression for

VEGFR2, HIF1a and VECadherin whiclwas significant at 0M.
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Figure 3.13: Induction of VEGFR2, HIF-1 a and VE-Cadherin expression umn
Silibinin treatment. (A) Representativevestern blots of protein expressionEBstreated
with different concentrations ofSilibinin. (B) Graphical representation of prote
expression upon treatment with different concentrationSildfinin, the barchart shows
the meang SD of (n = 5 experiments) for VEGFRAJF-1a (n = 6)and VECadherin(n

= b). b-actin was used as houkeeping protein* P < 0.05 significantly different to the
untreated control.

61



Results

3.8 Generation of NO uponSilibinin treatment of EBs

NO plays important roles in vascular biology and pathology (Walford and lzas@903).
Notably NO has been previously shown to regulate processes of vasculogenesis of EB cells
(Sauer et al.,, 2013; Sharifpanah et al.,, 2016). Therefore, it was investigated whether
Silibinin treatment would stimulate NO generation in EBs. To achtiergeaim 5-day-old

EBs were treated with different dosesSiibinin (1uM, 10uM, 20uM and 50uM).After

24h (day 6), the EBs were incubated with flnerescentNO indicator DAFFM and DAF
fluorescence was recorded. It was observed $ildiinin in con@ntrationsof 1uM and

10uM significantly increased NO generation, whereas higher concentrations (20uM and
50uM) exerted adverse effectsglre 3.14).

Untreated Vehicle Sil1d M

Sil100 M Sil 200 M Sil 500 M
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Figure 3.14: Effect of Silibinin on NO generation of EBs. (A) NO generation upor
treatment of EBs (@lay-old) with different concentrations {80uM) of Silibinin. Silibinin

significantly induced NO generation at concentratioh4uM and10uM compared tthe

untreatedcontrol. NO production was assessed by o$ehe fluorescence dye DAFM.

The barrepresents300um. (B) Graphical representation of NO generationddterent

doses of Silibinin. Shown are the meansSD of n = 4 experiments with 20 EBs in eau
experiment* P <0.05, * P<0.01

3.9. Enhancement of eNOS phosphorylation upo8ilibinin treatment of EBs

In the vascudr system,the main NOS isoform is eNOS / NOS (Bhaul, 2002; Liu and
Huang, 2008)Therefore,eNOS phosphorylatiowas assessed following 5, 10, 15, 30, 60
and 120 min préncubation withSilibinin (10uM) by western blot assays ird@y-old EBs.
Our daa showed that eNOS phosphorylation wagificantly up-regulated within 30 min
after Silibinin treatment compared tbeuntreated contrdffigure 3.15).

p-eNOS
(Ser1177)

GAPDH --u--

Untreated 5 min 10 min 15min 30min 60min 120min
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Figure 3.15: Phosphorylation of eNOS upon treatment ofEBs with Silibinin (10uM).

(A) Representative western blot using a phospho ebj@Sific antibody. GAPDH wat
used as houskeeping protein. The bar chart (B) shows the meang SD of n = 5
experimentsfor eNOS phosphorylation to GAPDH and eNOS phosphorylation to
eNOS.* P <0.05, * P<0.01, # P<0.05, ## < 0.01.

3.10 Inhibition of eNOS by L-NAME

3.10.1. Effect of the eNOS inhibitor L-NAME on Silibinin -inducedNO generation

To confirm that NO was generated through eN®8ay-old EBs were treateditherwith
the NOS inhibitor ENAME (100uM) alone, with Silibinin (10uM) alone or with a
combination of both, and compared with untreated controls. NO wasedsesng the NO
indicatorDAF-FM. Upon L-NAME treatmentNO generation upo8&ilibinin treatmentwas

completely abolishedndicating that NO production was due to stimulation of eNOS by
Silibinin (figure 3.5).
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Figure 3.16: Inhibition of Silibinin-induced NO generation ty the NOS inhibitor L-
NAME (100uM). (A) Confocal imagesshow representativeEBs displaying DAF
fluorescence. The bar represents| 880 The bar chart ifB) shows the meansSD of n =
5 experiments*** P < 0.001 significantly different to the untreated control, ###@®00L
significantly different tdSilibinin alone.

3.10.2 Effect of the eNOS inhibitor L-NAME on Silibinin-induced eNOS
phosphorylation

The effect of ENAME on NO generation may be due to inhibition of eNOS
phosphorylation. To address this poinrd®rold EBs were préreated for 2h with L
NAME (100uM) and subsequently with Siitbn (10pM). It was apparent that the
Silibinin-inducedeNOS phosphorylationwas completely abolished in the presence of L

NAME. Notably, L-NAME treatment alone decreased eNOS activity below the control
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value, indicating that NO generation occurs in EBsmducardiovascular differentiation
processesfigure 3.77).
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Figure 3.17: Blocking of Silibinin-induced eNOS phosphorylation by the NOS
inhibitor L -NAME. (A) Western blot analysi®f eNOS phosphorylation which we
detected by using an amieNOS (serl177antibody.GAPDH was usedis hous&eeping
protein. L-NAME (100uM) completely blocked eNO@hosphorylationcompared tahe
untreaed control as well as in the Silibinitteated sampléB) The bar charshowsthe
means+ SD of n = 4 experiments * R 0.05, ** P < 0.01 significantly different to the
untreated control, ### £0.001 significantly different t&ilibinin alone.

3.10.3 Effect of the eNOS inhibitor L-NAME on Silibinin -induced vasculogenesis of

mouse ES cells

The data of the present study demonstrate that Silibinin efficiently raisesn NEBs
through activation of eNOS. Since vasculogenesis is well known to require NO generation

(Milosevic et al., 201), 3-day-old EBs were treatedntil day 10 of cell cultur@very 24h
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with Silibinin (10pM), L-NAME (100uM) or a combination of Silibiniwith L-NAME. At
day 10, EBswere fixed, staining against CD31 antibody and aedyoy confocal laser
microscopy. ENAME significantly decreasedranching points in the absenceSifibinin
compared tahe untreatectontrol and abolished the stimulationvafsculogenesis achieved
upon Silibinin treatment, thus suppog the notion that Silibinkstimulated
vasculogenesigy elevating intracellular NO levelsdtire 3.B).

Untreated Sil 100 M L-NAME 1000 M L-NAME + Sil

300 -

B Untreated
" M Sil
250 - B L-NAME
B L-NAME + Sil

S 200 -
hid
<
.g .

150 A
2 s
<
e *
3 100 A
m

50 1

0 - T
Untreated Sil 100 M L-NAME 1000 M L-NAME+SIl

Figure 3.18: Inhibition of Silibinin -induced vasculogenesisipon NOS inhibition by L-

NAME. (A) The increasein branching point®bservedupon Silibinin (10uM) treatment
was completelyabolishedn the presence of-NAME (100uM). Shown areepresentative
EBs treaed fromday 3 to day10 of differentiation CD31 staining (red), DRAQpositive

cell nuclei (green)The bar represents 300u(8) Bar chart showng the meang SD of n

=5 experiments * R 0.05, ** P< 0.01 significantly different to the untreated cohtist#

P < 0.001 significantly different t&ilibinin alone.
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3.104. Effect of the NOS inhibitor L -NAME on Silibinin -stimulated VEGFR2 and
VE-Cadherin expression

The data of the present study demonstrate th&AME inhibited branching point
formation (see 3.10.3)[o investigate whether-NAME would affect the expression of
VEGFR2 and VECadherin EBswere treatedrom day 3to day D of differentiation with
Silibinin (10uM) either in presence or absenc& AME (100uM). At day 10, EBs were
collected and proteinextraction was performed As expected Silibinin-stimulated
expression of the endothelial cell progenitoarker VEGFR2 andhe endothelial marker
VE-Cadherin while the observed effect was completely abolishedLENYAME (figure
3.19.
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Figure 3.19: Inhibition of VEGFR2 and VE-Cadherin by L-NAME upon Silibinin
treatment. (A) Representativevestern blotfor VEGFR2 andVE-Cadherin.b-actin was
usedas house&keeping proteinAt day 1Q protein extractiorand western blot analysis wel
performed Silibinin significantly increasedhe expressiorof VEGFR2 and VECadherin.
Moreover, prereatment with ENAME (100uM) decreased VEGFR2 andE-Cadherin
expression(B) The bar chart showthe meanst SD of n = 4 experiments; ** R 0.01
significantly different to the untreated control, #<P0.05, ## P< 0.01 significantly
different to Silibininalone.
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3.11.Induction of STAT3, AKT, PI3K and VEGFR2 phosphorylation upon treatment
of EBs with Silibinin

To examinewhetherSilibinin could egulate STAT3PI3K/AKT and VEGFR2 activatian
6-day-old differentiating EBs were treated with 10u$Mlibinin and STAT3,AKT, PI3K

and VEGFR2 phosphorylation was analyzed using phoesphboific antibodies. -@ay-old
differentiating EBs were treated wiilibinin (10uM), collected at 5, 10, 15, 30, 60 and
120 min and analyzed by western blot technique (figure 3188ged Silibinin (10uM)
transiently increased the phosphorylation of STAT3, AKT and PI3K followind.® min

of treatment. The activation remad on an elevated plateau for more than 30 min and
reached control values approximately 60 min af@libinin application. Significant
activation of VEGFR2 was observed following 30 mirSdfbinin treatment.

(Sefr27)

p-AKT
(Sen73

GAPDH -------

FPEESNES-

capon R S——

(Tyr957)

GAPDH ‘-------

p-PI3K
(Tyr458Tyr199

Untreated 5min 10min 15min 30min 60min 120min

69



Results

®

250 A

arl)

200

150

100

proteinphosphorylatior(% of untreated control)

0 T T T T T T T 1

0 20 40 60 80 100 120 140

Treatment duration (min)

Figure 3.20: Phosphorylation of STAT3, AKT, PI3K and VEGFR2 upon Silibinin

treatment. (A) Represerdtive western blad for activationof phospheSTAT3 (ser727),
phospheAKT (ser473), phosph®I3K and phosphWEGFR2 GAPDH was usedas
housekeeping protein Silibinin treatmentof EBs was pedrmed on day 6 of cell
differentiation (B) The bar charshows the means SD ofn = 4 experiments for phosphc
STAT3, n = 5 experimentandn = 4 experiment$or phospheAKT and phosphePI3K

respectively and n = 5 experimentior phospheVEGFR2. * P < 005, * P < 0.01
significantly different to the untreated control.

3.12. Effect of pharmacological inhibitors on STAT3, AKT and PI3K activation upon
Silibinin treatment of EBs

The data of the present study show t8aibinin treatment activates angiogenesstated
signalling pathways, e.g. STAT3, AKdr PIX. These protein kinases may be activated
indepaendently or may interfere in a common signal transduction cascade. We therefore
applied specific pharmacological inhibitors, itee PI3K inhibitor LY294002 (M), the
STAT3 inhibitor Stattic (M), or the AKT inhibitor AKT inhibitor VIII (5uM) and
assesge activation of PIK (figure 321), STAT3 figure 322), or AKT (figure 323). Our
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data demonstrated that the PI3#hibitor LY294002 abolished the activation of PI3K,
STAT3 and AKT. Upon cdreatment ofSilibinin with Stattic activation of STAT3 and

AKT was inhibited. Treatment witBilibinin in presence of AKT inhibitor VIII inhibited

AKT as well as STAT3 phosphorylation. Taken together these data demonstrate that
Silibinin activates PI3K, STAT3 and AKT in the same signal transduction cascade
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Figure 3.21: Effect of PI3K inhibitor LY294002 on Silibinin-mediated PI3K

phosphorylation. (A) Represerative western blots showing PI3K activation by use o
phosphespecific antPI3K antibod/ in the presence or absence Bf3K inhibitor

LY294002 (5uM) b-actin was used as houkeeping protein(B) The bar chart shosihe

means+ SD of n= 6 experiments for LY294002. P < 0.05, ** P < 0.01 significantly
different to the untreated caoot, # P< 0.06 significantly different t&ilibinin alone.
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Figure 3.22: Effect of STAT3 inhibitor Stattic, AKT inhibitor AKT VIII and PI3K
inhibitor LY294002 on Silibinin-mediated STAT3 phosphorylation (A) Represetative
western blots showing STAT3 taa@tion by use of a phospkepecific aniSTAT3
antibody in the presence or absence of elB1W6AT3 inhibitor Stattic (7uM)Yupper panel),
AKT inhibitor VIII (5uM) (middle panel) or PI3K inhibitor LY294002 (5uM) (lowe
panel). GAPDH andb-actin were used as houkeeping proteins(B) Bar chart showing
the meangt SD of n = 4 experiments for Stattic (red bars), n = 5 experiments for .
inhibitor VIII (blue bars), and n = 5 experiments for LY294002 (green barsx 6.B5, **
P <0.01, ** P <0.001 significantly different to the untreated control, £ @.05, ## P<
0.01 significantly different to Silibinin alone.
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Figure 3.23: Effect of AKT inhibitor AK T VIII, STAT3 inhibitor Stattic and PI3K

inhibitor LY294002 on Silibinin -mediated AKT phosphorylation. (A) Represerative
western blotshowingAKT activation by use of a phospispecific andAKT antibody in
the presence or absence of either AKT inhibitor VIII (5uM) (upper pa8&\T3 inhibitor
Stattic (7uM) (middle panel) oPI3K inhibitor LY294002 (5uM) (lower panel)b-actin
was used as houseeping protein(B) The bar chart shosvthe meanst SD of n = 5
experiments for AKT inhibitor VIl(red bars)n = 4 experiments fdtattic(blue barsand
n = 6 experiments for LY29400@reen bars)* P < 0.05, *** P < 0.001 significantly
different to the untreated control, #<0.05, ### P< 0.001 sigificantly different to
Silibinin alone.
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3.13.Effect of STAT3 inhibitor Stattic, AKT inhi bitor AKT inhibitor VIlIl and PI3K
inhibitor LY294002 on Silibinin -mediated NO generation

To interpret the potential involvement &tattic AKT inhibitor VIII and LY294002in
Silibinin-inducedNO generationof mouse ES cells-day-old EBs were assessed for NO
generation by utilizing the N®ensitive fluorescence indicatobAF-FM (1uM).
Generation of NO in EBs increased ugifibinin (1 0 ¢ M) t rSeathct(7pd) NAKT
inhibitor (5uM) and LY294002 (5uM) treatment strongly inhibited NO production (figure
3.24) These results indicate that the NO production followBigbinin treatment is

occurring downstream of the STAT3 and PI3K/AKT signaling pathways.

Untreated Sil 100 M Stattic + Sil Stattic7O M

AKT inh. VIl 50 M

Untreated

Untreated Sil 100 M
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Figure 3.24: Effectof STATS3 inhibitor Stattic, AKT inhibitor AKT inhibitor VIII and
PI3K inhibito r LY294002 on Silibinin -mediated NO generation. (A)Representative-6
day-old DAF stained EBsvhich either remained untreated or were treated with Silib
(Sil) in the absence or presence of eitB&AT3 inhibitor Stattic (Z M,) AKT inhibitor
AKT inhibitor VIII (5¢ M)r PI3K inhibitor LY294002 (5 M)EBs were stainedwith
fluorescence indicatddAF-FM and the elevation DAHUJorescencevas assessed. The b
represents 300un{B) The bar chartepresents theneans+ SD of n =4 experiments for
Stattic (red bars), n = 4 experiments for AKT inhibitor (blue bars) and n = 5 experit
for LY294002 (green bars), * K 0.01, *** P < 0.001 significantly different to the
untreated control, ### €£0.001 significantly different to Siinin alone.

3.14 . Effect of STAT3 inhibitor Stattic, AKT inhi bitor AKT inhibitor VIIl and PI3K
inhibitor LY294002 on Silibinin -induced eNOS activation

To explain whethethe signaling cascade elicitagbon Silibinin treatment affected the
activity of eNOS the effects of STAT3 inhibitor Stattic,AKT inhibitor AKT inhibitor VIl
andPI3K inhibitor LY2940020n thephosphorylation of eNOS was investigatédlay-old

EBs were treated witlsilibinin (10puM) for 30 min in absence and preseméeStattic
(7uM), AKT inhibitor AKT inhibitor VIII (5¢ M)and PI3K inhibitor LY294002 & M)
(figure 3.25). It was shown that inhibition of STAT3 and PI3K/AKT significantly inhibited
the phosphorylation achieved with Silibinin, thus corroborating the data on NO generation

and suggesting that NO was generatg@lOS.
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Figure 3.25: Inhibition of Silibinin-induced eNOS activation by STAT3inhibitor

Stattic, AKT inhibitor AKT inhibitor VIII and PI3K inhibitor LY294002 (A)

Representative western blots ofdéyold EBs showing eNOS activation by use of
phogho-specific antieNOS antibody in the presence or absence of eBM&T3 inhibitor
Stattic (7uM) (upper panel), AKT inhibitor VIII (5uM)(middle panel) or PI3K inhibitor
LY294002 (5uM) (lower panellb-actin was used as houkeeping protein(B) Bar chat

showing the means SD of n = 4 experiments f@tattic(red bars), n = 5 experiments f
AKT inhibitor VIII (blue bars) and n = 5 experiments for LY294002 (green bars)<*
0.05, * P<0.01, *** P <0.001 significantly different to the untreated ttoh # P< 0.05,
## P O 0.01, ### P O 8ilbi@iMalonesi gni fi cant

3.15.Effect of STATS3 inhibitor Stattic, AKT inhibitor AKT inhibitor VIII and PI3K
inhibitor LY294002 on Silibinin -induced vasculogenesis

Differentiation of mouse ES celldo vasculaflike structures positive for the vascula
marker CD31/PECAM1 occurs within 10 daysWartenberget al., 2006). To unravel
participation ofSTAT3, AKT andPI3K in vasculogenesis initiated by Silibinin, EBs were
treated for 7 dagj i.e. from day 3 to day 16f cell culture with Silibinin {OuM) alone in
the absence or presence of StaffigMl), AKT inhibitor VIII (5uM) or LY294002 (5uM).
Silibinin treatment resulted in a significant increase in vasdidarstructures as compared
to the untreated control, which was totally abrogated upon StaKit inhibitor VIII and
LY294002 treatmenffigure 3.26).
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Figure 3.26: Effect of STAT3 inhibitor Stattic, AKT inhibitor AKT inhibitor VIII and
PI3K inhibitor LY294002 on Silibinin-induced vascularlike structures. (A)
RepresentativEBs differentiated for 10 days with treatments as indicated. On dagB®,
were collected fixed, stained against endothelial marker CD31/PECANI examined by
confocal microscopyCD31 staining (red), DRAQpositive cell nuclei (green)ilibinin
treatrment significantly increased the number of branching points which was compls
reversed by Stattic7uM), AKT inhibitor VIII (5uM) and LY294002 (5uM) The bar
represents 300un{B) Graphic representation of the effectsSittic AKT inhibitor VIII
and LY294002.The bar charshows themeans+ SD for n = 5 experiments Stattic (re
bars), n = 4 experiments AKT inhibitor VIII (blue bars) and n = 5 experiments LY?29-
(green bars). ** K 0.01, *** P < 0.001 significantly different to the untreated cont#gt,
P<0.01, ### K 0.001 significantly different to Silibinin alone.

3.16.Effect of STAT3 inhibitor Stattic, AKT inhibitor AKT inhibitor VIII and PI3K

inhibitor LY294002 on vasculogenic protein expression

Vasculogenesiss regulated in ES cells by actii@ of VEGFR2 and the transcription
factor HIF1 ((Koch and Claessewelsh, 2012Zimna and Kurpisz, 20150 investigate
whether the signaling pathways identified in the present study to regulate vascular structure
formation by Silibinin, affected vaskagenic protein expression, we treatedaténtiating

EBs either withSTATS3 inhibitor Stattic (7uM),AKT inhibitor AKT inhibitor VIII (5uM)

or PI3K inhibitor LY294002 (5uM) and investigated VEGFR?2 (figure 3.27) as well as HIF
10 (figure 3 In2a8ditiona expariments we mvestigated ~Z&dherin
expression (figure 3.29), which is an endothelspecific protein required for pper
vasculogenesisQory-Fauréet al., 1999). Indeed the data of the pressntly clearly
demonstrate that inhibitiorof STAT3 and PI3K/AKT abolished the stimulation of
VEGFR2, HIF1 U as w eChdheriraexpre¥sion bgilibinin. Taken together these
data corroborate our previous data on a stimulation of vasculogeneSsidnyin and
demonstrate that basic vasculogesignaling pathways via VEGFR2 and HIFU ar e

involved in this process.
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Figure 3.27:Effect of STAT3 inhibitor Stattic, AKT inhibitor AKT inhibitor VIl and
PI3K inhibitor LY294002 on Silibinin-induced VEGFR2 expression. (A
Representativavestern blotsdr VEGFR2. EBs were treated from dayl@ with Silibinin
(10uM), in the absence or presence of either StafidM] (upper panel) AKT inhibitor
VIl (5uM) (middle paneland LY294002 (5uM)lower panel)b-actin was used as hous
keeping protein(B) The bar chart shows the meahsSD of n = 4 experiments for Statti
(red bars), n = 4 experiments for AKT inhibitor VIII (blue bars) and n= 6 experiment
LY294002 (green bars). * £0.05, ** P< 0.01, ** P <0.001 significantly different to the
untreatectontrol, # P< 0.05, ### K 0.001 significantly different to Silibinin alone and
(nonsignificant), P> 0.05.
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Figure 3.28: Effect of STAT3 inhibitor Stattic, AKT inhibitor AKT inhibitor VIII and

PI3K inhibitor LY294002 on Silibinin -induced HIF-1a expression. (A Representative
western blots foHIF-1a. EBs were treated from day1® with Silibinin (10uM), in the
absence or presence of either StatdipM) (upper panel), AKT inhibitor VIII (5uM)
(middle panel) or LY294002 (5uM) (lower paneb-adin was used as hou&eeping
protein.(B) The bar chart show the mean$D of n = 4 experiments for Stattic (red bar
n = 4 experiments for AKT inhibitor VIII (blue bars) and n = 6 experiments for LY294
(green bars). * K 0.05, ** P< 0.01, signifcantly different to the untreated control, #KF
0.05, ## P< 0.01, ### P< 0.001, significantly different to Silibinin alone am$ (non

significant),P > 0.05.
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Figure 3.29:Effect of STAT3 inhibitor Stattic, AKT inhibitor AKT inhibitor VIl and
PI3K inhibitor LY294002 on Silibinin-induced VE-Cadherin expression. (A)
Representativevestern blots foE-Cadherinexpression. EBs were treated from day(
with Silibinin (10uM), in the absence or presence of either StafidVl) (upper panel),
AKT inhibitor VIII (5uM) (middle panel) or LY294002 (5uM) (lower paneb-actin was
used as houskeeping protein.(B) The bar chart shows the mea#sSD of n = 4
experiments for Stattic (red bars), n = 4 experiments for AKT inhibitor VIII (blue bars
n = 6 experiments for LY294002 (green bars). X®.05, *** P < 0.001 gynificantly
different to the untreated control, #<P0.05, ## P< 0.01, ### P< 0.001 significantly
different to Silibinin alone.
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3.17 Stimulation of leukocyte differentiation upon Silibinin treatment

Previous studies demonstrated that leukopoiesifogely associated to vasculogensis of
mouse ES cell§Sharifpanah et al., 2015). Our data (shown in 3.6) have demonstrated that
Silibinin stimulates vasculogenesis in mouse ES cells, therefore we investigated whether
Silibinin would likewise induce leukoty differentiation, EBs were treated from day 3 to
day 14 with increasing doses of Silibininu(d, 10uM, 20uM and 5@M). On day 14 the
expression of the leukocyte marker CD4ae leukocyte integrin marker CD18 and the
macrophage marker CD68 (Suga et20.14; Hutterer et al., 2015; Kadeichberger et al.,
2016) were assessed by immunohistochemiditgximum effects were achieved with
10uM Silibinin which increased the number of CD4ED18 and CD68 cells per total

cells from 8+ 1 % to 14+ 2 %, 9+ 1 % to 14+ 1 % and 11+ 2 to 20+ 6 %, respectively
(figure 3.30A, B, C and D. Taken together these results demonstrate that Silibinin not
only increased vasculogenesad NO generation butlso upregulated leukocyte

differentiation of ES cells.
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