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1. Introduction

1.1 Cardiovascular Diseases

Cardiovascular diseases (CVDs) had become the dUSitates’ number one cause of
deaths by the late 1940s (The Framingham HeartyS2@D9) and more people die
annually from CVDs worldwide than from any otheusa (WHO, 2009). CVDs are
caused by disorders of the heart and blood vesselsnclude coronary heart disease
(CHD, heart attacks), raised blood pressure (hgpsibn), rheumatic heart disease,
congenital heart disease and heart failure. In 2@@4estimated 7.2 million people
worldwide died from coronary heart disease andnillion died due to stroke, which
accounted for the largest percentage of the tdtdl70l million deaths caused by
CVDs. There are some major risk factors that caodmrolled, treated or modified in
order to avoid CVDs such as tobacco use, physiadtivity, overweight and high
blood pressure (American Heart Association, 200®gople in low- and middle-
income countries are more exposed to risk facteeglihg to CVDs and are less
exposed to prevention efforts than people in higiteine countries causing a
disproportional affection of these countries: 82P€WD deaths take place in low- and
middle-income countries (WHO, 2009).

CHD and other chronic cardiomyopathies lead to ssgai loss of cardiac tissue and
scarring of a large portion of the ventricular w@kltrami et al., 1994; Joggerst and
Hatzopoulos, 2009). Adult hears have a very limregenerative potential and the loss
of myocytes and coronary vessels after injury isthyoirreversible. Replacement of
small areas of dead tissue located within the sdamyocardium has only been
occasionally seen in humans (Urbanek et al., 200%3refore, the only possible cure
for patients with CVDs is transplantation, whichhampered by a low number of

suitable donors.

A relatively new approach against CVDs is stem tathapy. Stem cell populations
possess cardiogenic potential and animal modelgcate] that the function of
ventricular muscle after ischaemic injury is impedv after transplantation of
mesenchymal stem cells, bone-marrow-derived hapoeitc stem cells, skeletal
myoblasts, or embryonic stem cells (Joggerst anzdip@ulos, 2009). However, the

generation of new cardiac tissue is low and theetisnfor cell therapy are modest



(Joggerst and Hatzopoulos, 2009). The identificatbh an optimal cell type which
derives from a renewable source and produces muffiquantities to drive clinically
relevant levels of cardiomyogenesis (CMG) is a m@nthallenge for cell-based

therapy (Domian et al., 2009).

1.2. Murine Heart Development

The heart is the first functional organ that formgshe developing embryo, starting
around day E7. It is composed of a variety of ddfe¢ cell types, indicating the

complexity of its morphology. It consists of diversnuscle and non-muscle cell
lineages, atrial and ventricular cardiac myocytamduction system cells, smooth
muscle and endothelial cells of the coronary atend veins, endocardial cells,
valvular components and connective tissue (Laugeital., 2008). Heart formation

therefore needs to be a a precisely coordinatedepsoof cellular differentiation and

morphogenesis (Akazawa and Komuro, 2005). Cardiogeresoderm, the cardiac

neural crest and the proepicardial organ have lsmified as the three major sources
of heart precursors which give rise to the disticentdiac compartments (Laugwitz et
al., 2008). Development of those progenitors idialty and temporally segregated in

the developing embryo (Fig. 1).

The cardiogenic mesoderm itself consits of two eddht lineages of cardiac

precursors. It is distinguished between progenigorsg rise to cells of the first heart

E8.0

AR\ artaries -

“ Proepicardium

Coranary
vasculature VS

Fig. 1 Murine heart development and origin of heart stanes. The cardiogenic mesoderm (red), the cardiac
neural crest (purple), and the proepicardium (yéllare the three major progenitors in murine hdavielopment
and contribute to different heart compartments. ©gehic mesoderm cells form the linear heart tube the
four chambers of the heart. Cardiac neural cregigmitors engulf the aortic arch arteries after ingmccurred

on day 8.5 and they furthermore differentiate tecudar smooth muscle cells of the outflow tracte Epicardial
mantle and coronary vasculature origins from ceflshe proepicardium. AA, aortic arch; IVS, intemggcular
septum; LA, left atrium; LV, left ventricle; PhAharyngeal arches; PLA, primitive left atrium; PRAinpitive
right atrium; RA, right atrium; RV, right ventriclé§ugwitz et al., 2008).



field and the second heart field (Buckingham et20105). The first heart field

comprises the cardiac crescent, the linear helagt, fparts of the left and right atria and
the left ventricular region. The outflow tract atie right ventricular region make up
the second heart field (Buckingham et al., 200%yhly differentiated cardiomyocytes
after birth lose their ability to proliferate. Theyly grow in size to adapt to a demand

for an increased workload (Akazawa and Komuro, 2005

1.3. Stem Cells

Stem cells are cells with a capacity to self-rereewl to generate daughter cells that
can differentiate into several lineages to formoélthe cell types that are found in the
mature tissue. Self renewal means that a progegites rise to daughter progenitors
of equivalent developmental potential. Stem cedis either divide symmetrically to
two identical cells of the same developmental pidérto expand the stem-cell
compartment. They can also generate by asymmaedliclizision one cell identical to
itself and one cell that is distinct. The third ioptis division to two daughter cells
with less potential than the stem cell. The didtioells go through a series of cell
divisions and differentiative steps, forming intextmates or progenitor cells to finally
develop to the terminally differentiated cell pogidons (Smalley and Ashworth,
2003). Stem cells are classified in regard to ifferént cell types they are able to give
rise to.

Totipotent stem cells have the ability to diffeiatd to all cell types of the body as
well as to all cell types that make up the extrasmiic tissue during embryogenesis.
The only totipotent cells are the zygote and theeltging cells after rapid division of
the zygote until the 16-cell developmental stage.

Pluripotent stem cells are able to give rise tdscef all three germ layers of the
embryo. However, they cannot form extraembryorsstte.

Multipotent stem cell have the ability to develayioi more than one cell type of the
body and unipotent stem cells are restricted toaatietype to which they differentiate
(NIH, 2001).

Stem cells reside in a three-dimensional structarep called stem cell niche. These
stem cell niches consist of a variety of heterolmyeells. They must have both
anatomic and functional dimensions, specificallaldimg stem cells to reproduce or

self-renew (Scadden, 2006). A stem cell niche shaohsist of extracellular matrix,
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the stem cells, and signalling cells affecting gtem cells (Lin, 2002). Various

elements of the local environment regulate the steth developmental status by
providing signals for self-renewal or differentati (Fig. 2) (Scadden, 2006). Adult or
somatic stem cells have limited function withous thiche, cardiac stem cells cannot
exist in the absence of supporting cells which anthe stem cells to the niche and
modulate growth signals (Urbanek et al., 2006)islthe niche that provides the
modulation in stem-cell function needed under ctoias of physiological challenge

(Scadden, 2006). Obtaining signals for activatiosll division occurs and cells

migrate out of the niches to sites of cell replaeetrwhere they differentiate and
aquire the adult phenotype. Niche homeostasisgslated by division of stem cells

which preserves the ideal proportion of primitivelacommitted cells within the organ
(Fuchs et al., 2004).

Humaoral

Structural

Metabalic
Physical

Paracrine Neural

Fig. 2 Different elements of niche influence on stemstatie. The local environment of stem cells provides signa
to adapt stem cells under conditions of physiol@fiallenge. Humoral, structural, metabolic, phylsicauronal and
paracrine signals influence the differentiation mod the stem cells (Scadden, 2006).

1.4. Embryonic Stem Cells

The fusion of sperm and egg gamets results indhmdtion of a zygote and initiates a
series of cell divisions. On days 3 — 4, a blastodgvelops which is characterized by
the presence of a blastocyst cavity, an inner aner @ell mass (O'Connor and Crystal,
2006). By the time of implantation on days 4 —Hsgé distinct cell types are apparent
in the mouse blastocyst which give rise to separalidineages in later development.
The inner cell mass develops to the Epiblast (prnmmiectoderm) which gives rise to
the entire fetus as well as extraembryonic mesodanu to the Hypoblast (primitive
endoderm) which forms the extraembryonic endodeayers of the visceral and
parietal yolk sacs. The outer cell mass or tropigsaim gives rise to all the
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trophoblast cell types that make up the majoritytlué fetal part of the placenta
(Chazaud et al., 2006).

Embryonic stem cells (ESCs) are pluripotent cdi tare isolated from the inner cell
mass of embryos at the blastocyst stage (Fig. I3¢. Second broad category of stem
cells is derived from various fetal and post-natajans, the so called somatic stem
cells. Those stem cells generally have been thoofghs tissue specific, able to only
give rise to progeny cells found in the tissue Ieitt origin (O'Connor and Crystal,
2006; Wagers and Weissman, 2004).

fag Zyaets Blastocyst Gastrula
(O) =

g >—- '\.\\8.}' —_— \i # \\\é?.

-~ ECtoderm G

-

bl
— N 35{3} —
:-}\ /
Al cavity S

innereell Oiyter cell Mesoderm

mass mass !
Spetm Endoderm

Embryonic

Sell Sematic
stem cells

renewal stem cells

Differentiation signals Diferentiation signals

| | | s

Mesodarm
RTOCERT

" Endoderm

Fig. 3 Derivation of embryonic and somatic stem cdlisibryonic stem cells are isolated of inner celssneells
in the blastocyst stage of embryonic developmeheyTcan be cultured, kept in self-renewal mode @pah
differentiation signals, they have the ability tarh all cell types of the three germ layers. Somstiem cells are
present in many fetal and post-natal tissues. Sonsé¢m cells are also capable of self-renewal avith
appropriate signals, differentiate into varioud tgles of the organ from which they are derivedO@nor and
Crystal, 2006).

The advantages of ESCs compared to somatic stdmarel that they are easier to
identify, isolate and to maintain as an establisstedn cell line (Boiani and Scholer,
2005). As pluripotent cells, they have the abildydivide symmetrically in culture and

give rise to daughter cells that are exact copigbestem cells from which they were
derived. Therefore, cells can be expanded in albhefore differentiation to all cell

types of the embryo can be initiated. They undelifferentiation steps resembling the
in vivo developmental programs and are thereforgoad model system to study

differentiation and lineage commitment.



1.5 Embryoid Bodies

ESCs can be maintained in a pluripotent self rehesteie when they are grown on
mitotically inactivated, Leukemia Inhibitory Fact@lF) secreting fibroblast feeder
cells. Transfer from feeder cells to gelled platesults in the differentiation of these
cells. The formation of embryoid bodies (EBs) isvery well established and
reproducable method for mimicking the early in vigevelopment of the embryo.
Embryoid bodies are ESCs which form aggregatesowittany contact to artificial

material. The first cells that occur are primitgadoderm cells which form a single
layer sourrounding the inner cell mass, which bexoihe primitive ectoderm (lkeda
et al., 1999). Therefore differentiating EBs reskmé murine blastocyst in many
aspects. At day 4.5 EBs are transferred to gellateq Attachment to the matrix
induces the differentiation of primitive endoderngarietal endoderm and migration
away from the center of the EB which mimics the naiign of parietal endoderm
along the inner surface of the trophectoderm inlamging blastocysts (Fig. 4) (Bader
et al., 2001).

Egg cvlinder stage embrvo

Trophectoderm Reichert’s membrane

Proamniotic cavitiy

Blastocoel ———— |
/

J/

G, fa
AT -
. - scli ,A""E .- : P
culture medium .f"-g" i (‘_3:_ ) J \
s W —— Visceral endoderm
3 — \
{® | o

™ e r e o
Cardiomyeocyles =

i \
Parietal endoderm -;9

v

-
* collagen coated plastic

Day 7 embryoid body

Fig. 4 Embryoid body development mimics early steps ofymgbnesisComparison of an in vitro development
of embryoid bodies on day 7 with the in vivo emlggnesis at the egg cylinder stage (Weitzer, 2006).

Further differentiation of EBs results in the fotioa of cells of all three germ layers
such as cardiomyocytes, hematopoetic progenitoodk gac, skeletal myocytes,
smooth muscle cells, adipocytes, hepatocytes, cboptks, endothelial cells,
melanocytes, neurons, glia, pancreatic islet caltgl primitive endoderm (ltskovitz-
Eldor et al., 2000; Keller, 1995).



1.6. Maintaining Stem Cell Pluripotency

Naive pluripotency of early epiblast and embryosiem cells is maintained by the
activity of three transcriptional organizers, octanbinding transcription factor 4
(Oct4), sex determining region Y box 2 (Sox2), &ahog. They are described as the
trinity of nuclear regulators, building a self-asd#ing and self-sustaining network to
govern pluripotency in vivo and in vitro by contous suppression of lineage specific
factors (Chambers and Smith, 2004; Niwa, 2007).4Catd Sox2 also direct the
expression of fibroblast growth factor 4 (FGF4)differentiation inducing protein.
FGF4 activates the mitogen activated protein kid&PK) pathway (Kunath et al.,
2007) which destabilisizes the self-renewal stdtstem cells and promotes lineage
specification by rendering the cells responsivéutther inductive signals (Silva and
Smith, 2008) (Fig. 5). This effect of the two steyss factors might appear
controversial. However, in development epiblastlscelre meant to differentiate.
Therefore, the system is made to eliminate ESCs.k@dep ESCs in an naive,
undifferentiated state requires overcoming normavetbpmental progression.
Conventionally, extrinsic stimulation of Signal nelucer and activator of
transcription 3 (Stat3) by cytokine leukemia inkoby factor (LIF) maintains murine
ESCs. Furthermore, either bone morphogenetic prda@MP) or serum have to be
added to induce inhibitors of differentiation (Iproteins (Ying et al., 2003).

FGF4 acts by activation of the mitogen activatedtgin kinase (MAPK) pathway.
FGF4 mutants have minimal requirement for LIF arcus//BMP, however neither
LIF, nor serum/BMP block the activation of extrdokdr signal regulated kinase
(ERK). Stat3 and ID proteins may directly antoageneffectors downstream of ERK
(Silva and Smith, 2008; Ying et al., 2008).

Therefore, LIF/Stat3 and BMP/Smad/ID siganlling kot instruct self-renewal but
shield the pluripotent state from induced MAPK siling (Ying et al., 2008). LIF
also promotes ESC growth and viability (Silva amait§, 2008).

FGF
_,r-'FGE“\ Motch
Erk Linsage Fig. 5 Maintaining pluripotency Sox2 and
gg;“'z _"‘ ggl; oL L LI . Oct4 activate expression of FGF4 which
Nanaog BMP activates the MAPK pathway, resulting in
Activin lineage commitment and differentiation (Silva
Whnt and Smith, 2008).



Maintaining pluripotency does not seem to be pretdaned in epigenetics, epigenetic
patterns are rather changed due to the differe@miatontrolling stimuli (Silva and
Smith, 2008).

Elimination of differentiation-inducing FGF4 sigtiaf results in a general reduction
of differentiation and self renewal is enabled (iat al., 2008). However, in the
presence of a very potent MEK inhibitor, PD0325993Cs degenerated. Culture with
a combination of two inhibitors, the MEK inhibitd?D0325901 and the glycogen
synthase kinase (GSK3) inhibitor CHIR99021, giveése rto ESCs with clonal
propagation, they are able to give somatic chimeard germline transmission.
Shielding from ERK seems to enable self-renewal #md is stabilized by the
inhibition of GSK3 (Ying et al.,, 2008). The two ibltors liberate ESCs from
requirements for exogenous factors without compsento developmental potency
(Ying et al., 2008). Still, the optimal conditiori growing ESCs is always with LIF,
culture of LIF + the two inhibitors promotes sethewal better than either inhibitor in
combination with LIF or the two inhibitors alonend those combinations work better
than LIF + serum/BMP. It was also possible to iBIESC lines from any mouse

strain and from rats with the two inhibitors andrl(Bmith, unpublished data).

Very recently, two other transcription factors, gpel like factors 2 and 4 (KlIf2 and
KIf4) were identified as being important in maimiaig pluripotency (Guo et al., 2009;
Smith, unpublished dataflf2 andklf4 genes are predominantly downregulated during
differentiation of ESCs into Epiblast stem cellpiECs), they are expressed in ESCs
but not in EpiSCs. EpiSCs are derived from postlmiation epithelialized epiblasts.
They are in a similar ground state as ES cells witlautonomous capacity for survival
and replication (Nichols et al., 2009). They arpatde of multilineage differentiation
in vitro, express the core pluripotency genes O8tk2, and Nanog but are unable to
repopulate a host blastocyst (Brons et al., 20019 €& al., 2009; Tesar et al., 2007).
Introduction of eitheklf2 or kif4 genes into the genome of EpiSCs followed by caltur
together with LIF and the two inhibitors resultedtihe interconversion of EpiSCs into
ESCs, the naive ground state was regenerated (Gailo, 009; Smith, unpublished
data).



1.7. Cardiac Progenitor Cells

Multicellular organisms require the existence amecize control of stem cells that
maintain tissue homeostasis (Boiani and Scholed5R0Slowly dividing stem cells
give rise to proliferating, lineage restricted peogor cells which develop to
terminally differentiated cells replacing aged ojured cells of the various tissues
(Flickinger, 1999; Kajstura et al., 2008; Quesenpet al., 2005). Although culture
and differentiation techniques of ESCs have impdoseamatically and ESCs are able
to differentiate into cardiomyocytes (CMCs) in wittthe efficiency of this process is
very low and it remains challenging to obtain candyocyte-enriched cultures (Smits
et al., 2009).

Recent results suggest that multipotent, cardierm siells (CSCs) exist in the heart and
consantly give rise to a hierarchy of downstreatfulee intermediates and myocyte
progeny (Laugwitz et al., 2008). They have beentifled in the adult heart and reside
in cardiac niches, which contain CSCs and lineamgeruitted cells. Connexin and
cadherins form gap and adherens junctions and co@#&Cs to supporting cells such
as myocytes and fibroblasts (Urbanek et al., 20D8B)erent groups already succeeded
in the isolation of somatic stem cells of the h¢Bgltrami et al., 2003; Oh et al., 2003;
Oyama et al., 2007; Pfister et al., 2005). Laugwitzal. (2008) identified a master
heart progenitor cell type that ultimatively givase to the heart’'s three major cell
types: cardiac muscle, smooth muscle and endotheRecent results suggest that a
defective CSC compartment is a common denomindtdreart failure of different
etiologies (Kajstura et al., 2008). Therefore gagnknowledge about the progenitor
identity and pathways influencing their differetiba is essential to gain better
insights into CMG and for regenerative cardiovaacuhedicine. For this purpose, it is
important to generate an in vitro model that camie® differentiation of a
homogenous population of cardiomyocytes to a ramibde degree (Smits et al.,
2009). Wiedner and Weber (Wiedner, 2008) suceedduki isolation of stable murine
cardiovascular progenitor cell (CVPC) lines. CVP&gress the stemness factors
Oct4, Nanog, and Sox2 in comparable amounts to E&E€swell as cardiac
transcription factors such akx25 andmyocyte enhancer factor A@ef2c)already in
the undifferentiated state. The cells seem to Ineesdhere downstream of ESCs, they
have a predisposition to the cardiac lineage blithstve stem cell character. Similar

cells, expressing stem cell specific genes such-kisas well as the cardiac genes
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nkx25, mef2cand GATA binding protein 4gata4) were found and isolated from the
human heart (Smits et al., 2009).

1.8. Cardiac Transcription Factors

Cardiac transcription factors are essential gerivadors that are expressed in the
developing heart tissues. The production of stmattwor regulatory proteins

characteristic for CMG is regulated by the exp@ssif cardiac-specific genes. They
therefore have an influence on processes that imiec morphogenesis of the
developing heart (Bruneau, 2002). Different studiase identified a core group of
transcription factors that are required for cardiaeelopment, including members of
the NK class of homeodomain proteins, GATA zing#n transcription factors, the

MADS domain transcription factor Mef2C, Forkheadntcription factors as well as
the Hand class of basic helix-loop-helix factorda@, 2007). Nkx2.5 is a critical

transcription factor in the first and second héiait lineages, Isl1, along with Foxhl
and GATA factors is the key transcriptional regatadf the second heart progenitor
field (Laugwitz et al., 2008). Mef2C plays an ed&dnrole in the transcriptional

program for second heart field development whereas only weakly expressed in

first heart field precursors and its derivativesafl, 2007). The GATA family of zinc

finger-containing transcription factors appearsbeo potentially critical in regard to

progressive differentiation of precardiac cellsyi@zau, 2002).

The function of transcription factors largely deggmn the target genes they regulate,
therefore identification of such genes is essenttalunderstand the molecular
mechanisms in cardiac development (Nakashima e2@09). Early cardiac marker
genes arenkx25, T-box 5 (tbx5) gata4 and mesoderm posterior 1 (mesplate
cardiac markers amayosin heavy chain &d7 (myh6 andnyh7) myosin light chain

2 and2v (mlc2aand mic2v)YKwon et al., 2007).

1.8.1. Nkx2.5

Genetic explorations for cardiac development hdaetest only about a decade ago.

The first crucial step in studying transcriptiorcttars in heart development was the

discovery of theDrosophila melanogastergene tinman It encodes a NK-class

homeodomain-containing transcription factor whishrequired for development of

cardial and visceral lineages (Azpiazu and Fra$8B3; Bodmer, 1993). Homologues
10



to tinman the NK homeobox genes, were found in vertebrdtgs25 is the fifth
vertebrate gene identified in the NK-2 homeoboxegiamily (Lints, 1993).

TN domain NK-2 domaln
- Unknown function - Transcriptional repressor
- Proteln-protein interaction?

O — S —
1

318 amino acids

Homeodomain
= DNA binding
- Protein-pratein interaction (GATA4, SRF, Thxs, Cal)
- Dimerization
- Phosphorylation by CKII

Fig. 6 Domains oft the Nkx2.5 proteifllkx2.5 consists of 318 amino acids and is compasetree domains,
the TN domain (dark grey), the homeodomain (blaeid the NK-2 domain (light grey) (Akazawa and Komur
2005).

Nkx2.5 (also called Csx) consists of a N-terminBl domain, a homeodomain which
is required for DNA binding, protein interactionnda dimerisation, and a NK-2

specific domain located C-terminal to the homeodar{i@g. 6) (Harvey, 1996).

Nkx2.5 is a myocardial regulatory protein in botealt fields (Biben and Harvey,
1997) and plays a key role for cardiac transcripiio the intricate program of heart
development (Bruneau, 2002). In mig&kx25 expression begins in the cardiogenic
mesoderm at embryonic day 7.5 and it is exprestedughout the course of
development in the heart primordium, as well alCMCs (Lints et al., 1993). Its
expression pattern is ubiquitously in the hearet(®hristoffels et al., 2000). Its role in
cardiac differentiateion is crucial for the norngabwth of the embryonic myocardium.
This becomes apparent in the poorly developed mglaga of mice lackinghkx25
and in the inability to form the primitive cardiagtructures beyond the earliest stages
of heart looping (Lyons et al., 1995; Tanaka et #099). During the late stage of
cardiogenesisnkx25 plays an important role in lineage specificateord maturation

of ventricular cardiomyocytes (Akazawa and Kom@2@0)5).

Posttranslational modifications, acting either pesly or negatively, are likely to
account for an important component of the reguhatb cardiac transcription factors
(Bruneau, 2002). Nkx2.5 has at least five phosphton sites. It was found that
cytoplasmic Nkx2.5 is unphosphorylated. In contragte nuclear Nkx2.5 is
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phosphorylated. Casein kinase 1l (CKII) was ideatifto phosphorylate serine within
the Nkx2.5 homeodomain, increasing DNA binding (@@sa and Izumo, 1999).

Nkx2.5 physically interacts with other transcriptidactors such as GATA4, they
synergistically activate transcription via unmagkitne activation domain of DNA-
bound Nkx2.5 as well as recruitment of GATA4 by K into a transcriptional

complex (Bruneau, 2002; Charron and Nemer, 1999).

Nkx2.5 regulates the expression of several carsii@cific genes, gene expression of
mic2y, atrial natriuretic peptide(anp), cardiac ankyrin repeat protein (carpnef2G
eHANDHANDL, iroquois subclass of homeobox 4 (inef)d hop-sterila (hop)was
reduced imkx25 deficient embryos (Biben and Harvey, 1997; Baune€2002; Lyons
et al., 1995; Tanaka et al., 1999). Working withCE&nes expressingnkx25 at
different levels allowed Nakashima et al. (2009)dentify r-spondin 3 (rspo3and
transforming growth factor beta receptor 3 (tgfpe® target genes foikx25. Rspo3

is one of the ligands for Frizzled homolog 8 (Fz@®)d Low-density lipoprotein
receptor-related protein 6 (LRP6) and activatesctireonical Wnt pathway (Nam et
al., 2006). Furthermore, Nkx2.5 modulates transfogrgrowth factor beta (TGPB)
signalling by enhancing the expressiontgfbr3, which is a TGB co-receptor and a
critical gene for cardiogenesis (Nakashima et 2009). Furthermore}-cateninand
GATA4were found to contain Nkx2.5 binding sites in th@iomoter regions and it
was detected, that physical interaction betweeselgequences and Nkx2.5 occurs
(Riazi et al., 2009).

1.8.2.Isl1

Isl1 is the key transcriptional regulator of thec@wsd heart field lineage during
embryogenesis. Its expression is required for satyproliferation and migration of

second heart field progenitor cells. Mutation ofllsesults in a severe cardiac
phenotype in the second heatrt field. It is exprssecells that colonize the outflow
tract, right ventricle, part of the atria and thaer curvature of the left ventricle (Cai et
al.,, 2003) and its transcription is turned off d& tprecursor cells differentiate
(Laugwitz et al., 2008).

1.9. Desmin

Murine Desmin is a 53 kDa protein which is a memdiethe type Il intermediate

filament (IF) group. Desmin IFs occur exclusivlynmuscle and endothelial cells. It is
12



the first muscle specific structural protein ancie of the more persistent in several
differentiation conditions (Costa et al., 2004). has two conserved central rod
domains (H1 and H2), four linker domains and twabglar end domains. The central
rod domains are responsible for the polymerizabgrateral association (Herrmann
and Aebi, 2000). Desmin occurs at the peripheryhefZ disk and may act to keep
adjacent myofibrils in lateral alignment. Phosplatipn of Desmin regulates the

polymerisation of IFs (Huang et al., 2002).

Constitutive expression and increased synthesisnglumesoderm formation of
Desmin cause an up-regulation of the cardiac magkeenkx2.5.At the same time
this accelerates early cardiomyogenesis and the délerentiate into synchronously
beating cardiomyocytes. Thadesminnull mutants showed the opposite phenotype,
fewer contracting heart cells could be detectednndiéferentiated in EBs (Hofner et
al., 2007). The amino-terminal domain of Desmimmgortant for its function in heart
muscle cell development, its deletion decreasesviiro cardiomyogenesis and

downregulateskx2.5expression (Hollrigl et al., 2007).

1.10. Wnt Signalling

Wnt proteins are a large family of secreted sign@limolecules that regulate crucial
aspects of development (Cohen et al., 2008). Theyglcoproteins that bind to the
seven-transmembrane-spanning receptors frizzleggeting a signalling cascade
which results in altered target gene expressiog. (Fi In the absence of Wnt, the level
of free intracellula-catenin, the transcriptional mediator of Wnt, ismimized by its
phosphorylation by glycogen synthase kina8¢@SK33). Free cytoplasmif-catenin

is recruited to a “destruction complex” containi®PC, Axin, and GSK@.
Phosphorylation of-catenin results in its degradation by the protees{Fodde et al.,
2001; Hisken and Behrens, 2000). Binding of Wnfrizzled activates the receptor
leading to the phosphorylation of Dishevelled, whi;y turn inhibits GSKB.
ConsequentelyB-catenin cannot be phosphorylated, and in its usiphorylated state
it translocates to the nucleus where it acts aaresctriptional co-activator that interacts
with T cell factor and lymphoid enhancer factor F#CEF) transcription factors to
activate Wnt targets (Bejsovec, 2005). Wnt signgllhas a crucial role in controlling
proliferation and differentiation. It is the keytpaay in the regenerative process in
many tissures, including the heart (Cohen et 8082 In flies, wingless, the founding
member of the canonical Wnt family, is required &ardiac lineage determination
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Fig. 7 The canonical Wnt pathwain the ansecne of Wrt;catenin is phosphorylated by GSKB complex with
APC and Axin. Binding of Wnt to its receptor frizzlegsults in the phosphorylation of Dishevelled (Patmich
indirectly inhibits GSKB kinase activity.p-catenin is free in the cytoplam and can transkdatthe nucleus,
activating gene expression of TCF/LEF sites cordtbjenes (Weiss, 2009).

(Wu et al., 1995). Overexpression of canonical Wimtdorsal and anterior mesoderm
of frogs and chicks inhibits CMC commitment or diéntiation. In the cardiac
crescent, Wnt signalling downregulates the expoessf early cardiac geneskx25
and gata4 (Marvin et al., 2001; Schneider and Mercola, 20(gcrease in the
transcriptional activation potential @fcatenin in zebrafish caused hyperproliferation
of CMCs, indicating thap-catenin negatively regulates CMG (Rottbauer et28102).

In mammals, activation ¢f-catenin resulted in the expansion of isl1 expres€iSCs,
and in early developmental stages in mouse embfyoatenin directly regulatasl|l1
expression, suggesting an important role for dgraknt of the second heart field
(Cohen et al.,, 2007; Lin et al., 2007). Inhibitimgnonical Wnt signalling with
Dickopffl (Dkk1) in embryoid bodies (EBs) betweeayd4 and 6 resulted in a
complete absence of beating EBs, implicating thabaical Wnt is required for CMC
formation in the EB system. In addition to thosalihgs, expression levels nkx25
and tbx5 were upregulated by exposure to Wnt3a (Kwon et 2007). B-catenin
expression itself was repressed in cardiac myocwytieieh is mediated bykx25
(Riazi et al., 2009). Taken together these data, ségmalling seems to have a biphasic
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role wheref-catenin is necessary at earlier stages of CMGnasdan inhibitory effect
at later stages of heart development (Lin et 8072 Riazi et al., 2009).

1.11. SPARC

Secreted protein acidic and rich in cystein (SPAR&so termed BMP-40 or
osteonectin, is a 43 kDa matricellular glycoproteinich is produced by several cell
types, in especially high amounts by the parietaloelerm. SPARC consists of three
domains, a N-terminal acidic region, a cystein rioHastatin-like domain, and an
extracellular C& domain (Fig. 8) (Brekken and Sage, 2000). It ipregsed during
development and in the fetal heart, however nahe adult heart. Its expression is
limited to areas with high rates of turnover aslvesl repair and tissue remodelling
(Sage et al., 1989). Very high expression was tedegnder condition of stress, in
response to endotoxin stimulation, heat shock,uleellaging and wound repair
(Brekken and Sage, 2000). SPARC was detected eltracily as well as
intracellularily in the nucleus and assoziated wlit& nuclear matrix in some cell types
(Gooden et al., 1999). It was furthermore deteet®d secretion product. Extracellular
SPARC binds to growth factors, cytokines and conepts of the extracellular matrix
(ECM), which results in remodelling and explains tiole of SPARC in development

and wound healing (Brekken and Sage, 2000).

Acidic ‘ Follistatin-like |[Extracellular Ca*binding
1 C O 50 130 280

COOH

Fig. 8 Structure of SPARC (Secreted Protein Acidic and RigBystein) SPARC consists of three domains, the
N-terminal, acidic domain, the follastatin-like,cathe extracellular G&binding C-terminal domain (Brekken
and Sage, 2000).

Adenoviral overexpression of SPAR@ wild type mice improved the collagen
maturation and prevented cardiac dilation and dygfan after myocardial infarction
and therefore indicated that the local productioh SPARC is essential for
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maintainance of the integrity of cardiac ECM afteyocardial infarction (Schellings et
al., 2009).

SPARC was found to modulate the kinase activityneégrin-linked-kinase 1 (ILK1)
by binding to the transmembrane protein integyin(Barker et al., 2005; Weaver et
al., 2008). During adipogenesis, SPARC induced alceumulation and nuclear
translocation offi-catenin and therefore its activity as a transal activator, which
resulted in an inhibition of adipogenic transcptifactors and adipogenesis (Nie and
Sage, 2009). Therefore, activation of ILK by SPAR@ht influence the activity of
GSK3, resulting in an alteration of the level afdf-catenin transcription factor in the

nucleus (Fig. 9).

Fig. 9 Possible transduction pathway of SPARC signallBIBARC binds to integril, activating ILK1. ILK1
might influence the phosphorylation status of GSHKlBering the concentration of free cytoplasmdticatenin
which translocates to the nucleus and activatge tgene expression (Weiss, 2009).

In human dental pulp cells, SPARC was found to \aat the G-protein coupled
receptor integrinavB3, which regulates extracellular signal regulatéth&e (ERK)
and consequently induced dental pulp cell migra(iavasant and Yongchaitrakul,
2008).

In respect of cardiomyogenesis, recombinant SPARG found to enhance early

cardiomyocyte formation in EBs when added on days1D. Upregulation ohkx25

was further detected upon SPARC addition (Stasl.eR005). Histochemical analysis
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revealed, that addition of SPARC to EBs gave rsart expansion of the peripheral
endoderm, with thicker layers of ECM material (Hriadk et al., 2008).

Here, we wanted to investigate the influence ofttix@ proteins Desmin and SPARC
on cardiomyogenesis. Our aim was to determine tlehamism through which

Desmin promotes cardiomyogenesis by establishitigkabetween Desmin and the
early cardiac transcription factor Nkx2.5. We fnttmore tried to detect the effect of
SPARC on cardiomyocyte formation in isolated cardgcular progenitor cells, whose
differentiation potential is restricted to the dad lineage. The determination of
signalling pathways through which SPARC acts arel dhtection of effector genes
altered in their expression upon SPARC addition laiobelp elucidating the

mechanism of its influence.
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2. Abbreviations

ANP
APC
BMP
CARP
CB
cDNA
CHD
ChiP
c-kit
CK
CMC
CMG
CsC
CTNT
CVvD
CVPC
Cx43
DAPI
Dkk-1
DMEM
DMSO
dNTP
DTT
Dsh
EB
EDTA
EGFP
EpiSC
ERK
ESC
ETC
FACS
FGF
FOX
Fzd

Atrial Natriuretic Peptide
Adenomatosis Polyposis Coli

Bone Morphogenetic Protein
Cardiac Ankyrin Repeat Protein
Cardiac Body

Complementary Deoxyribonucleic Acid
Coronary Heart Disease
Chromatin Immunoprecipitation

Kit Oncogene

Casein Kinase

Cardiomyocyte

Cardiomyogenesis

Cardiac Stem Cell

Cardiac Troponin T

Cardiovascular Disease
Cardiovascular Progenitor Cell
Connexin 43
4'-6-Diamidino-2-phenylindole
Dickkopf-1

Dulbecco’s Modified Eagle Medium
Dimethylsulfoxid

Deoxy Nucleotide Triphosphate
Dithiothreitol

Dishevelled

Embryoid Body
Ethylenediaminetetraacetic Acid
Enhanced Green Fluorescence Protein
Epiblast Stem Cell

Mitogen Activated Protein Kinase 1
Embryonic Stem Cell
Endothelium-like Cell
Fluorescence Activated Cell Sorting
Fibroblast Growth Factor

Forkhead Box

Frizzled
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GATA4 GATA-binding Protein 4

GAPDH Glyceraldehyde-3-Phosphate Dehydrogenase
GFP Green Fluorescence Protein

GSK3 Glycogen Synthase Kinase 3

HDAC Histone Deacetylase

ID Inhibitor of Differentiation

IF Intermediate Filament

ILK Integrin Linked Kinase

IRX4 Iroquois Subclass of Homeobox 4

Isl 1 Islet 1

KIf Kruppel-like Factor

LIF Leukemia Inhibitory Factor

LRP6 Low Density Lipoprotein Receptor Related Protein 6
MAPK Mitogen Activated Protein Kinase

MEF2C Myocyte Enhancer Factor 2C

Mespl Mesoderm Posterior 1

MHC a. Myosin Heavy Chairu

MLC Myosin Light Chain

MRNA Messenger Ribonucleic Acid

MYH Myosin Heavy Chain

Nkx2.5 NK2 Transcription Factor Related, locus 5
Oct3/4 Octamer-binding Transcription Factor 3/4
pCMC Primary Cardiomyocytes

PCR Polymerase Chain Reaction

Rspo3 R-spondin 3

SC Stem Cell

SiRNA Short Interfering Ribonucleic Acid

SMC Smooth Muscle Cell

Sox2 SRY - related Box 2

SPARC Secreted Protein Acidic and Rich in Cystein
Stat3 Signal Tranducer and Activator of Transcription 3
TBX T Box Family

TCF T-cell specific Transcription Factor

TGF-B Transforming Growth Factgy

TGFBR3 Transforming Growth Factd¥ Receptor 3
wnt Wingless-related MMTYV Integration Site
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3. Results

3.1. Influence of Desmin on Cardiomyogenesis

3.1.1. Interaction of Desmin with nkx2.5 Promoter DNA

Desmin overexpression in embryonic stem cells (BSfésults in accelerated
cardiomyogenesis and in the development of largghlhy interconnected, and
synchronously beating clusters of cardiomyocytesfifer et al., 2007). A marker for
early heart development is Nkx2.5 (Ching-Ling, L.ag 1999). Hofner et al. (2007)
showed that constitutive expressiondesminled to an increase inkx25 expression.
However, the mechanism how this activation worksdsknown yet. The aim of this
experiment was to establish a link between thogepseteins. Desmin might directly
influence nkx2.5 expression and we wanted to aralykether there is a physical
interaction between the protein Desmin andrtke2.5promoter region. Furthermore,
the time frame in which Desmin binds to the DNAioegshall be determined in cells

of different genotypes.

Physical DNA-Protein interactions are detected v@tiromatin-lImmunoprecipitation
(ChIP). The experiment was performed with embrymdies of differendesminallels
and in different developmental stages, with undgifitiated and differentiated

cardiovascular progenitor cells, and with primaaydiomyocytes.

3.1.1.1. Interaction in Embryonic Stem Cells

Embryoid bodies were made from AB2.2 wild type E$@d from DC6 ESCs (dés
des®), which overexpress Desmin. Furthermore 1B44 E@@$ 819 whose N-
terminus of thedesmingene is deleted, and de&SCs, which have the wholesmin
gene deleted, were tested. Samples for the ChlRriexgnt of all genotypes were
taken from days 5 — 9, 1B44 and UeBBs were also tested on day 10. ChIP was
performed with antibodies directed against Desmith RCRs were made with primers
recognising sequences directly upstream rtke2.5 start codon (Fig. 10, P1). PCR
products were loaded to a 1.5% agarose gel ansatin@les before (IN) and after (IP)

immunoprecipitation were compared.
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Nkx2.5 Promoter Region with Primer

-11kb -9kb -5kb -3kb -Zkb  -1kb Exonl Exon2

| | | | | | | | | | |

Ty | T T 1 1 1 1 | —
e e -

02 o1 P2 P1

Fig. 1C Nkx2.5 Promoter Regiolifferent primer pairs in thakx25 upstream region recognising sequences in the
nkx25 promoter, P1 and P2, and in tie25 enhancer sequence, D1 and D2 (Ching-Ling, £1299).

The wild type EBs ChIP PCR shows, that in the aaginput samples (IN) there is a
clear DNA band at all days. This means that thepdasncontainechkx25 promoter
DNA and therefore the original material had theassary basic conditions for the
immunoprecipitation. At day 5 after immunoprecipagaprecipitation (IP), no PCR
band could be detected indicating that no Desmatept was bound to thekx25
promoter DNA at very early developmental stagewild type embryoid bodies. At
day 6, there is a band visible, which suggests ysipal interaction of Desmin and
nkx25 promoter DNA at this time point. The same resalild be seen at day 8. First
beating activity in wt EBs was observed on days-6/A5. A peculiar observation is,
that on day 7 Desmin rkx25 promoter interaction could not be detected. Thim
agreement with unpublished data by Sonja Gawlas. day 9, no co-
immunoprecipitation of Desmin amtkx25 promoter DNA could be overserved (Fig.
11).

In the DC6 (de$* de$®) EBs Desmin -nkx25 interaction could be detected on day 5,
day 6 and day 7, which was one day earlier comp&wedit EBs. Desmin was
overexpressed in the DC6 cells and this overexjnesssulted in the earlier binding
of Desmin to the cardiac development marker géo.5 As in the wt cells, two days
after the first detected interaction the signabpfeared (Fig. 11) and one day before
first beating cardiomyocytes were observed, whias wn day 6 in DC6 EBs, the
interaction occured. This suggests, that the deweémtal progression is identical in

the two genotypes, but time-shifted.

In 1B44 (de&**¥21*® EBs no binding of Desmin to thex25 promoter DNA could
be detected at any tested day (Fig. 11). The ngssmino-terminus is thought to be
the DNA-binding component of the protein and thessailts provide another hint that
this might be true. DESEBs served as a negative control, no Desmin wadugsed

and no PCR band appeared after immunoprecipitéign 11).
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Fig. 11 Chromatin Immunoprecipitation (ChIP) of wt, DC6 (Hesle$®), 1B44 (deb*®*dand -/- (de¥)
embryoid bodies.ChIP was performed of wt, DC6, 1B44 and ‘deembryoid bodies at different
developmental stages. For the Immunoprecipitati@sriin antibody was used and PCRs witkx25
promoter primers showed whether Desmin physicatg®to thenkx25 promoter region at different days of
development. The input samples (IN) are the PCRtsesfithe whole chromatin before immunoprecipdati
was performed; the immunoprecipitation samples i@ftgct the PCR results of the immunoprecipitatedADN
fragments. The ChIP was done once. The wt and DC6 Rspiagk results of three out of seven PCRs. The
1B44 and -/- PCR was made five times, showing theesasult.

3.1.1.2. Interaction in Cardiovascular Progenitor Cells andprimary

Cardiomyocytes
The same ChIP experiment was performed with AS5icaadcular progenitor cells
(CVPCs) and primary cardiomyocytes (pCMCs). Sampfes5 cells were taken in an
undifferentiated state as well as on day 17 ofieardodies development, where 100%
of all cardiac bodies contained differentiated @arg/ocytes. pPCMCs were isolated
from new born mice (d 0) and immediately used fotFC Undifferentiated A5 cells
did not have Desmin bound to th&x25 promoter region. However in differentiated
A5 cells, which have already formed beating heailtscin cardiac bodies, a clear
interaction between Desmin and tilex25 promoter region could be detected. Desmin
bound to thenkx25 promoter region was still detectable in différated heart cells as
seen in the primary cardiomyocytes ChIP PCR (F2y. 1
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Fig. 12Chromatin Immunoprecipitation (ChIP) of CVPCs and pCMCIsIP was performed of undifferentiated
A5 CVPCs, differentiated day 17 A5 CBs and pCMCs isoldieain day O wild type mice. For the
immunoprecipitation Desmin antibody was used and P@Rs nkx25 promoter primers showed whether
Desmin physically binds to thekx25 promoter region. The input samples (IN) reftide PCR results of the
whole chromatin before immunoprecipitation was perfed; the immunoprecipitation samples (IP) areRB&
results of the immunoprecipitated DNA fragmentst fh@ IPnegative sample, no antibody was used.CiiE

was made once, displayed A5 results represent twofdive PCR results, pPCMC PCRs were made three times,
two showed demonstrated results.

3.1.2. Influence of Desmin on thenkx2.5 Promoter

3.1.2.1. Influence of Desmin on thenkx2.5 Promoter in C2C12 Myoblasts

The previous ChIP experiment showed that Desmirsiphity binds to thenkx25
promoter. This binding was detected in embryoidié®dlerived from wild type and
DC6 embryonic stem cells, in differentiated A5 C\&&hd in pCMCs. The physical
binding suggests that Desmin could influence th@ression ohkx25.

In this experiment we wanted to investigate in Wwhigay Desmin influences the
expression ohkx25. It should be tested whether it has a positieceand therefore
activates gene expression or whether it inhibifgression by binding to the promoter

region.

For that purpose, we made a Luciferase assay wils transfected with different
plasmids. We used a control plasmid containifgci#ferasereporter gene without a
promoter, a vector expressinduaiferasegene regulated by thkx25 promoter (nkx-
luc), and a vector expressing a luciferase repogeme regulated by thekx25
promoter and enhancer sequences (nkx-enhancerdloc)est the effect of Desmin
overexpression on Luciferase activitydasminexpressing plasmid was used (Des).
To downregulate the Desmin level in the cells, wehfermore transfected cells with a
plasmid containing a sequence for a siRNA targetgdinstdesminmRNA (Des-
siRNA). As an internal control we used a Renillagohid, carrying a Renillciferase
gene, which should be expressed in each cell amftre reflect the cell count and
transfection efficiency. A plasmid without any ref@s gene (pUC plasmid) was used

to keep the amount of DNA constant in the differeamples. An in vitro expression
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Luciferase/Renilla relative to control

system was established and Luciferase assays wade ta determine the expression
level of the reporter gene after the tranfection.
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Fig. 13 Effect of desmin knock down on nkx2.5 expressz®C12 myoblasts were transfected by cal
phosphate transfection with a control plasmid, aimitig a promoterledsiciferasegene, with the nkiac plasmic
that expresseslaciferasereporter gene under control of the tlex25 promoter region. The desRNA plasmic
was co-transfected with the nkx-luc vector in orttetest the effect of desmin knock down by tdesminsiRNA
on thenkx25 promoter activity. All cells were futhermore nisfiected with a Renillduciferase expressin
plasmid, which should be constantly expressed litrahsfected cells. 48 hours after transifet, the cells wei
lysed and Luciferase activity was measured. Theferase signals were divided by the Renilla sigivaisrder tc
eliminate fluctuations because of different celists or different transfection efficienci€#) and (B) display th
results of two identical experiments.

In a first experiment 1.2 x 20C2C12 myoblasts were transfected by Calcium
Phosphate Transfection with a control plasmid, the-luc plasmid and we
furthermore co-transfected nkx-luc with a plasmigressing a siRNA directed against
desminmRNA. In addition to those vectors, all cells warnsfected with the Renilla
plasmid. Renillaluciferaseshould be constantly expressed from this plasnyiclb
cells and therefore served as an internal cord®lhours after transfection, the cells
were lysed and Luciferase activity was measuree. utiferase signals were divided
by the Renilla signals in order to eliminate flutions caused by varying cell counts
or different transfection efficiencies. The celtarnsfected with the nkx-luc plasmid
produced Luciferase to a greater extent than tmralocells (Fig. 13 A). Thus, it
could be concluded, that tm&x25 promoter is active in C2C12 myoblasts. The co-
transfection with the desmin-siRNA plasmid resulieda 7 fold reduction of the

Luciferase signal compared to nkx-luc (Fig. 13 A).

We then repeated the experiment using the sameodhethd plasmids and saw

opposite results. Thakx25 promoter again is active in the cells as seernthen
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increase in Luciferase activity in the nkx-luc séetted cells compared to the contol
cells. However, thedesmin siRNA did not cause a decrease in reporter gene
expression, in contrast it even enhanced rikg25 promoter activity and would

therefore suggest a negative effect of Desmin ere®pression aikx25 (Fig. 13 B).

However, looking at the Renilla values in both ekpents by which the Luciferase
activities were divided to avoid fluctuations cadiss varying cell counts or different
transfection efficiencies we found that there aighhfluctuations in the different
samples (up to 200 fold) although the same cellntavas seeded and the same
amount of Renilla plasmid was transfected. Futheentloe transfection efficiency was
very low, when detecting the GFP-positive celloéth cells which have taken up a
des-siRNA plasmid) under the fluorescence microsdolata not shown). Because of
these technical problems, a different transfectiorethod, transfection with

Lipofectamine 2000, was used for the following expents.

For transfection with Lipofectamine 2000, the omtinratio and quantitiy of
transfection agent and DNA had to be determinecerdfore, C2C12 cells were
transfected with a GFP expressing plasmid usinterdint Lipofectamine — DNA
ratios and quantities. An increase of DNA amouatfr5 pg to 8 pg per transfection
also increased the transfection efficiency (Fig). 14dding higher Lipofectamine
concentrations however did not result in a higheoant of transfected cells. No
difference could be detected using 8 pg DNA withpdQLipfectamine or 8 pg DNA
with 20 pl Lipofectamine. The DNA-Lipofectamine iabf 1:1.25 using 8 pg DNA
with 10 pl Lipofectamine 2000 seemed to be the nedtient for transfection of

C2C12 myoblasts and was therefore used for futthesfection experiments.
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Darkfield Images Fluorescence Images

Fig. 14 Transfection efficiency of different Lipofectam- DNA quantities and ratioDarkfield and fluorescenc
images of C2C12 myoblasts transfected with a GFPesgprg plasmid using 4 pug DNA + 10 pl LipofectamiAg

5 ug DNA + 10 pl Lipofectamine (B), 8 ug DNA + 10lipofectamine (C), 6 ug DNA + 15 pl Lifectamine (D),
8 ug DNA + 20 pl Lipofectamine (E

The following experiment tested the Lipofectamiransfection method with regard

Renilla values. Different cell counts were seededuplicates on six well plates a
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the same Renilla plasmid concentration was adddatigacells. The Renilla activity

was measured 48 hours after transfection.
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Fig. 15 Renilla activity in different cell countfifferent C2C12cell counts were seeded in duplicates and
transfected with the same Renilla plasmid conceantraAfter 48 hours, Renilla activity was measurBata ar
means of two experiments.

The experiment was made twice and the standardadiem was very low (Fig. 15)
which favours this transfection method comparedalzium phosphate transfection.
The Renilla activity depended on the seeded celhtdnterestingly, the lower the cell
count, the higher the activity (Fig. 15). The catlunt was measured when the cells
were seeded, 24 hours before the transfection 2mbirs before the Luciferase assay.
One possible way of explaining this fact could battthe cells that were not seeded
very densely have space to grow and proliferate,imra better state at the time of
transfection and are able to express the plasmia refficiently whereas the 2 x 10
seeded cells are not in an optimal growing phasehane a lower level of expression.

1.5 x 16 cells per well were used for the following expegints.

27



140
120 T
100
80
60
40
20

0
pGL3b (control) + — -
nkx-luc - + +
des-siRNA - - +

Luciferase/Renilla relative to control

Fig. 16 Effect of desmin knock down on nkx2.5 expressio.x 16 C2C12 myoblast cells were transfectec
Lipofectamine transfection with a control plasmabntaining a promoterledsiciferasegene, with the nkkic
plasmid that expresseduxiferasereporter gene under control of the thiex25 promoter region. The dafRNA
plasmid was co-transfected with the nkx-luc veédtoorder to test the effect of desmin knock downndm25
promoter activity. All cells were futhermore traesfed with a Renillduciferaseexpressing plasmid, which
constantly expressed in all transfected cells. @@ after transfection, the cells were lysed aundiferase activit
was measured. The Luciferase signals were divigettid Renilla signali order to eliminate fluctuations beca
of different cell counts or different transfectiefiiciencies. Data are means of two experiments.

We then used Lipofectamine transfection with théinsised protocol for the next
experiments. 1.5 x £0C2C12 myoblasts were transfected with a contrasmpid, a
nkx-luc plasmid, and we furthermore co-transfeatéat-luc with a desmin knock-
down plasmid. siRNA againsiesmincaused a significant decreasekx25 promoter
controlled Luciferase expression (Fig. 16). Thiggests, that downregulation of

Desmin inhibitskx25 expression.

We then wanted to test the effect of Desmin onrtkke25 enhancer region which is
located further upstream thkx25 promoter. For that purpose, we transfected cells
with a plasmid carrying &uciferasereporter gene regulated by thkx25 promoter
and enhancer sequence (nkx-enhancer-luc). We fartre co-transfected this vector
with a plasmid expressing a desmin siRNA. The prtemand enhancer sequences are
active in the cells since Luciferase is producedhi@ nkx-enhancer-luc transfected
cells compared to the control cells. However, esgign could not be inhibited by co-

transfection of thelesminsiRNA plasmid (Fig. 17).
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Fig. 17 Effect of desmin knock down on nkx2.5 expresdidhx 16 C2C12 myoblast cells were transfectec
Lipofectamine transfection with a control plasmmhntaining a promoterlesisiciferase gene, with the nkx
enhancer-luc plasmid that expressetucferase reporter gene under control of the thkex25 promoter an
enhancer region. The des-siRNA plasmid was co-teatesfi with the nkx-enhanchkre vector in order to test t
effect of desmin knock down by tlesminsiRNA on thenkx25 promoter and enhancer activity. All cells v
futhermore transfected with a Renilla luciferaseregping plasmid, which is constantly eagged in all transfect
cells. 48 hours after transfection, the cells wgsed and uciferase activity was measured. The Luciferaspadi
were divided by the Renilla signals in order to @liate fluctuations because of different cell coumtslifferent
transfection efficiencies. The experiment was nmautee.

To test the effect of additional transfected Desramother Lipofectamine transfection
was made with C2C12 myoblasts. Cells were transfewtith a control plasmid, the
nkx-luc plasmid and with a plasmid expressidgsmin (Des). All cells were
furthermore transfected with Renilla. 48 hours raftee transfection the cells were
lysed and the Luciferase signal was measured aaldiaed in the same way as the
other experiments. The co-transfection of the Dagplasmid caused increasegesmin
expression in the cells which was affirmed by iBota mMRNA of transfected cells
followed by Desmin PCRs (Fig. 18 B). However, thrditional Desmin could not
activate thenkx25 promoter. Even less reporter gene was exprdbsedwithout the

co-transfected Desmin plasmid (Fig. 18 A).
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Fig. 18 Effect of ectopic Desmin expression on the nkx@pter.1.5 x 1§ C2C12 myoblasts were transfec
with the nkx-luc plasmid that contains thkx25 promoter region with &uciferasereporter gene. fie Desmi
plasmid contains thdesmincDNA and therefore producesdasminmRNA that can be translated to the protein.
(A) 48 hours after transfection, the cells wereetyand Luciferase activity was measured. The Liase gjnals
were divided by the Renilla signals order to eliminate fluctuations because of défe cell counts or differe
transfection efficiencies. The experiment was madee. (B) 48 hours after transfection, RNA was isole
transcribed into cDNA and a PCR with primers d@sminwas made to confirm the overexpressiome$minin
the trasfected cells. A GAPDH PCR was made to ertbatehe same quantities of cONA was used in the PCR.

3.1.2.2. Influence of Desmin on thenkx2.5 Promoter in primary Cardiomyocytes
Heart cells of five days old mice were isolated #&madisfected with a control plasmid,
the nkx-luc plasmid and we furthermore co-trangfécnkx-luc with a plasmid
expressing a siRNA directed agaimgsminmRNA. 48 hours after transfection, the
cells were lysed and Luciferase activity was mesguWe found that the co-
transfection with the knock down plasmid did noaehe the Luciferase activity in
pPCMCs (Fig. 19). In earlier ChIP experiments it wia@$ected, that Desmin is bound to
the nkx25 promoter in day 0 pCMCs. In day 5 pCMCs, Desseems to have no

effect on the expression nkx25.
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Fig. 19 Effect of desmin knock down on nkx2.5 expressi@rimary cardiomyocytesPrimary cardiomyocytes
were transfected by Lipofectamine transfection waitbontrol plasmid, containing a promoterlessferasegene,
with the nkx-luc plasmid that expressekieiferasereporter gene under control of the the25 promoter region.
The des-siRNA plasmid was co-transfected with thelak vector in order to test the effect of deshimock down
by the desminsiRNA on thenkx25 promoter activity. All cells were futhermore risdected with a Renilla
luciferaseexpressing plasmid, which is constantly expressedl transfected cells. 48 hours after transtettihe
cells were lysed and Luciferase activity was measuThe Luciferase signals were divided by the Resignals
in order to eliminate fluctuations because of dédfe cell counts or different transfection efficigs. The
experiment was made once in duplicates.

3.2. Characterisation of Cardiovascular Progenitor Cells

Different groups already succeeded in the isolatibsomatic stem cells of the heart
(Beltrami et al., 2003; Oh et al., 2003; Oyama let 2007; Pfister et al., 2005),
however they have never been able to maintainghg ia culture for more than a few
passages. Wiedner and Weber (Wiedner, 2008) susdaadthe isolation of stable
cardiovascular progenitor cell (CVPC) lines, whetpress stemness factors as well as
myocardial genes in the undifferentiated state.r@floee it can be assumed that they
do not have the same potential as ESCs. They sedrma already committed to the
cardiac lineage but still have stem cell charadg@PCs of passage 67 still form CBs
comparable to CBs of early passages (Fig. 20) hey still differentiate to beating
cardiomyocytes, although only at an extent of 5@8mgared to the early passages.

They were already passaged for over 80 passages cowkinuous cryo-preservation.
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Fig. 20Cardiac Bodies of passage 16 and passage 67 C\P&diovascular progenitor cells of an early
(p 16, A) and late (p 67, B) passage were diffea¢ed in cardiac bodies. Pictures were taken onl@ay
of development.

3.2.1. Differentiation Potential of CVPCs

When grown on feeder cells, CVPCs act like stensc@&hey stay in a self-renewal
mode and proliferate without differentiating to amtyer cell type. In the absence of
feeder cells CVPCs start differentiating. The ddfgiation potential of ESCs was
examined by growing the aggregates in hanging dotfpres to form embryoid bodies
(EBs). This well established method also works@MPCs. They form cardiac bodies
(CBs) and this procedure is the best way of det@ngi and examining the
differentiation state of the cells. It could be sethat CVPCs grown in aggregates
without feeder cells exclusively differentiate tohythmically contracting
cardiomyocytes (CMCs), slowly contracting smooth sole cells (SMCs), and
endothelium-like cells (ETCs), the three major ¢glles of the adult heart. We never
observed any nerve-like structures, skeletal musells or erythrocytes even at very
late developmental stages. Day 26 A5 CBs wereedaivith the cardiac marker gene
cardiac Troponin Tand DAPI (Fig. 21 A). Cardiac Troponin T is pafttiee Troponin
complex in heart muscle cells, it links TropomyotnTroponin C. Cardiomyocytes
build a network of contracting cells and have veght cell-cell interactions which
could be shown by staining the cells with Conne®na gap junction protein (Fig. 21
B).
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Fig. 21 Immunoflurescence of differentiated CVPCardiomyocytes in day 26 cardiac bodies were diawich
cardiac TroponinT (green, A and B) and connexirfréd, B).

3.2.2. Comparison of CVPC to ESC Differentiation

When EBs were compared to CBs in regard to morgyplid was detected, that EBs

formed a hourse-shoe like structure at early dgretntal stages, which has never
been observed in CBs. CBs were larger and they ethdaster cell spreading (Fig.

22). EBs usually started beating in a distinct arest to the axis (Fig. 22 A, arrow)

and then cardiomyocyte formation spreaded at tige efl the EB. In contrast to EBSs,

first cardiomyocytes started appearing on variagasain CBs at the same time and
then started spreading inwards.

[ o

A

500 pm

Fig. 22 Comparison of day 9 EBs and CHgight field images of AB2.2 EBs (A) and A5 CBs (B) oayd of
development. Arrow indicates area with first begiiiardiomyocytes in EBs.

To observe the beating potential of ESCs and CVRGgregates were made of the
two cell types. The number of beating bodies wastexl every day for 34 days. First
cardiomyocytes started beating in EBs on day 8 edfetbpment, whereas in CBs
beating cells could only be detected from day 11(kig. 23). Cardiomyogenesis is
delayed in CBs by approximately four days compaoedBs. However CMCs in CBs
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stayed active over a longer period of time. From #& on, no beating cells in EBs
could be observed anymore whereas a high percepofatiee counted CBs still had

rhytmically contracting CMCs.
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Fig. 23 Development of CMCs in CBs and EB&. CBs and AB2.2 EBs were made and the number ofrzpati
bodies was counted every day for 34 days. Cardioenyesjs in aggregated CVPCs is delayed compared to
aggregated ESCs by 4 — 6 days but CMCs stay activeaolenger period of time. Data are means of three
counted wells, approximately 15 aggregates per. well

3.2.3. Paracrine Influence of EBs on CBs

It might be possible, that other cells in EBs pr@cardiomyogenesis accelerating
factors that are not provided to the same amou@Bs and therefore cause the earlier
onset of CMC development in EBs compared to CBsteBb this hypothesis, and to
detect whether those factors are secreted by EBs were cultured in the presence of
EBs. Therefore, CBs and EBs were made and on daBs were transferred to 6
well plates and EBs were placed onto sieve insdnish were put into the wells of the
6 well plate. As controls, CBs were rinsed ontoveiénserts as well and cultured
above CBs. Therefore, both, cardiac and embryoatidsohad the same medium and
factors secreted by embryoid bodies could influedbC development in CBs. There
was no influence on cardiomyogenesis detectablenwligs were co-cultured with
EBs (Fig. 24). This suggests, that secreted fadoesnot the main reason for the

earlier onset of cardiomyogenesis in EBs.
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Fig. 24 Paracrine influence of EBs on CBSBs were cultured in sieve inserts in the sameswas| CBs and the
possible paracrine effect of factors secreted by ®Bs tested. As a control, CBs were as well cultimesieve
inserts above CBs. Data are means of three countés] agproximately 15 aggregates per well.

3.2.4. Extent of CMC Development in CBs and EBs

Cardiomyogenesis is delayed in CBs compared to BBg. 23). However, the
magnitude of CMC formation is potentiated in CBsEBs, small areas on the edge of
the body started beating and this beating spreamtedhe boarder of the EB.
Contraction in CBs started approximately four ddster, however contracting
cardiomyocytes developed all over the CB and uttiefight microscope it seemed as
if the entire aggregate contracted. This differeincthe extent of CMC formation was
visualized by indirect immunofluorescence stainofgEBs and CBs for the cardiac
marker gen€TNT. EBs and CBs were fixed on 10 cm plates on daysrevimaximum
beating activity was observed (day 11 and day Hpeetively). Bright field and
fluorescence images were made (Fig. 25). Only faaréscent cells were seen in the
EB (Fig. 25 B). Those cells reflect the amount dfedentiated cardiomyocytes in
EBs. Since CBs were taken on day 15, only the akatea of the CB is shown (Fig.
25 C). The fluorescent image of the CB (Fig. 25dbpws that the whole CB was
pervaded by cTNT positive cells, cardiomyocytedtkainetwork spanning the whole
CB.

This was also tested by Fluorescence Activated Geliting (FACS). Therefore,

AB2.2 EBs and A5 CBs were made and used on dayhdXay 15 respectively. EBs
and CBs were trypsinised and incubated with arbadti against the cardiac marker
gene cTNT and stained cells were measured in theS-Aachine. The amount of

stained cells was four times higher in CBs tharEBs (Fig. 26). The observation
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under the fluorescent microscope as well as the FAKperiment both show that

CVPCs differentiate to highly cardiomyocytes-enedtbodies compared to ESCs.

Fig. 25 Extent of CMC development in CBs and EBggregated ESCs and CVPCs were fixed on days of
maximum beating activity (day 11 and day 15 respelst). CMCs were stained by indirect immunofluoresce
'staining with cardiac Troponin T (cTNT) and secanda TC conjugated antibodies. Bright field imagewdfole

EB (A) and fluorescence image of cTNT positive c@is are shown. (C) Bright field image of central anéaay

15 CB. (D) Fluorescence image of day 15 CB.
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Fig. 26 Fluorescence Activated Cell Sorting of cTNT stainB@.2 EBs and A5 CB&Bs and CBs were made
of AB2.2 and A5 cells respectively. On days whereximam beating activity was observed (day 11 and day
15), EBs and CBs were trypsinised, stained with cTNd fluorescent cells were measured. The experimest
made three times, data are results of the thiriiniged experiment.
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3.3. Effect of SPARC on CVPCs

Secreted protein acidic and rich in cystein (SPARCa matricellular glycoprotein
which is highly expressed and plays an importald during fetal development. It is
also crucial in remodelling and tissure repair @&en et al., 1999). SPARC has a
positive influence on ESC differentiation. It aareites and amplifies
cardiomyogenesis when added on days 7 — 10 of EBlaj@ment (Stary et al., 2005).
Neutralisinga -SPARC antibodies show the opposite effect, thmyse a decrease of
cardiomyogenesis. Furthermore SPARC enhances firession of the cardiac marker
genenkx25 in ESCs (Stary et al., 2005). The aim of théofeing experiments was to
test the effect of SPARC on cardiomyogenesis in C¥P

3.3.1. Secretion of SPARC during CB Differentiation

We first had to determine which minimum concentratof SPARC had to be added to
the cells in order to evoke a cellular responsarySget al. (2005) used 3 pg/ml of
recombinant SPARC. However, CVPCs already exprEgsR& in an undifferentiated
state (Fig. 27 A) (Hoebaus, 2009) as well as upiferdntiation. Therefore, the
SPARC concentration in the medium of the differatimg cells had to be determined.
This was done by DotBlot analysis. A5 CBs were madé supernatant of the CBs
was taken every day from day 6 till day 14. Theesoptant was directly blotted in a
dilution series (1:1, 1:2, 1:4, 1.8) to a nitroaédse membrane and recombinant
SPARC protein of different known concentrations véstted to the membrane as
well. The membrane was stained wittSPARC antibodies and detected. A5 cells
produced the highest concentration of SPARC ab#wnning of differentiation. The
intensities of the dots were compared to thoseeabmbinant SPARC of known
concentrations. On day 6, a SPARC level of aboGt |0g/ml was detected and
afterwards the SPARC concentration decreased indtese of differentiation (Fig. 27
B). Therefore, SPARC seems to be most importargaity stages of differentiation
and the concentration used in previous experimsitts ESCs of 3 pg/ml is sufficient

to induce an effect in CVPCs as well.
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Fig. 27 Concentration of SPARC in A5 supernat&upernatant of undifferentiated A5 cells 2 houtsrafhedium
change was taken (A) (Hoebaus, 2009) and supetsatdi\5 CBs were taken from day 6 till day 14 (Bhel
were blotted on a membrane in a dilution serie4,(1:2, 1:4, 1:8) and known concentrations of reoim@nt
SPARC was blotted to the membrane as well. Deteetasimade using-SPARC antibodies.

3.3.2. The Influence of SPARC Addition on CB Development different
Time Points
In EBs, SPARC addition had the most prominent ¢ffdten added on days 7 — 10 of
differentiation (Stary et al., 2005). However, di#ntiation of ESCs differs from that
of CVPCs and therefore SPARC might influence cargiogenesis at different time
points in the two cell types. To test the time fearwhen SPARC influences
cardiomyogenesis in CVPCs to the highest degregtraising o-SPARC antibody
was added to A5 CBs at different time points andtibg activity of the CBs was
observed (Fig. 28).

SPARC inhibition at all tested time points delayke onset of cardiomyogenesis.
When a-SPARC was added to CBs on days 7 — 10 and 10 f#st3CMCs were
formed 1 and 1.5 days later than in the untreat®sd. Elowever, the extent of beating
CBs was similar to A5 control CBs, 90 — 100% of ®Bs formed beating CMCs.
Wheno-SPARC was added earlier in development on days-#./cardiomyogenesis
was not only delayed but also reduced. Only ab0@&t 6f the counted CBs contained
contracting cardiomyocytes (Fig. 28). In the DotBdaperiment we detected, that the

cells themselves produce higher concentrations BAREC at early stages of
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development and here we show, that early inhibibbiSPARC has the most severe
phenotype. We chose the time frame of days 4.7r7S®ARC addition in further

experiments.
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Fig. 28 Effect ofa-SPARC on CB differentiatioA5 CBs were made and neutralisingSPARC antibody was
added on days 0-4.7, 4.7-7, days 7-10 and days81Bdsults are displayed in a graph, values are srafadwells,
15 counted CBs per well (A) and bar diagram (B, AuRky,

3.3.3. Effect of SPARC anda-SPARC on CB Differentiation

In the following experiment, the influence of SPARGda-SPARC on days 4.7 — 7 on
the differentiation potential of CBs was investagght A5 CBs were made, rinsed on
day 4.7 and either 3 pug/ml recombinant SPARC otraksing a-SPARC antibodies

(1:100) were added. The medium was changed on.dByes were imaged under the

39



light microscope on day 8 (Fig. 29) and the numdfecontracting CBs was counted
every 24 hours until day 20 of development (Fig. &Bs treated with SPARC looked
similar to the control A5 CBs in regard to size ahépe. The-SPARC CBs however
were smaller, they seemed to be hampered in gramdhdevelopment (Fig. 29). This
result suggested, that-SPARC has a negative influence on CB growth and

development.

Control SPARC a-SPARC

Fig. 29 Darlfield images of control, SPARC aneSPARC treated A5 CBA5 CBs were made and treated with
0.3 pg/ml SPARC and with neutralisingSPARC antibodies (1:100) on days 4.7 — 7. Brightfiehages were
made on day 8 of A5 control CBs (A), SPARC (B) an8PARC (C) treated CBs.
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Fig. 30Influence of SPARC andSPARC on CB differentiatiodA5 CBs were made and rinsed on day 4.7 onto
gelatine coated plates. At the same time, 3 pg/MARC and neutralisingi-SPARC antibodies (1:100)
respectively were added to the wells. They weraibated at 37°C. Medium was changed on day 7 and the
number of beating CBs was counted every day until Zlayf development. Data are means of two wells, 15
counted CBs per well.

The addition ofa-SPARC antibody indeed delayed and reduced the dtom of
contracting cardiomyocytes (Fig. 30). First beativegs observed one day later than in
the control and SPARC treated CBs. Cardiomyogermneassnot only delayed but also

reduced, 30% of the counted CBs never built anyifigg@ardiomyocytes. Addition of
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SPARC caused the opposite effect, it enhanced arasgigenesis. First beating
activity was observed on the same day as the do@Bs, but a higher percentage of
CBs developed contracting CMCs at the very begummh differentiation (Fig. 30).
From day 15, 100% of both, untreated and SPARCee&Bs developed beating
activity.

The bar diagram in Figure 31 shows the mean optheentage of beating CBs from
days 11 — 13. Addition of SPARC resulted in theamdement of cardiomyogenesis at
the beginning of differentiation. Addition ob-SPARC caused a significant
downregulation of contracting CBs. On days 11 —d8y one third of beating CBs

was observed compared to the control and SPARC CBs.
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Fig. 31 Influence of SPARC andSPARC on CB differentiatioM5 CBs were made and were rinsed on day 4.7
onto gelatine coated plates. At the same time, Bnu§PARC and neutralising-SPARC antibodies (1:100)
respectively were added to the wells. They werahated at 37°C. Medium was changed on day 7 andumber

of beating CBs was counted daily. The mean of thego¢age of beating CBs on days 11 — 13 was calculasgd

are means of two wells, 15 counted CBs per well.

3.3.4. Effect of SPARC on Wnt Signalling

The previous experiment showed, that SPARC pronuwastiomyogenesis in CVPCs.
However, the way in which SPARC influences diffdration is not known yet. We
wanted to determine a signalling pathway throughicwhSPARC influences
cardiomyogenesis. Integrudp was found to be a candidate receptor for SPARE@ (Ni
et al., 2008) and ILK activity is modulated by SP&FBarker et al., 2005). ILK might
act through modulating GSK3 activity, thereforeenfiéring with Wnt signalling.
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We wanted to investigate whether SPARC signalliftyences the Wnt pathway and
modulates activity of-catenin. For this approach we used the TCF/LER-dporter
plasmid, which contains lciferasegene under control of a TCF/LEF binding sites
regulated promoter. TCF/LEF sites are sequencegynézed and bound kf+catenin.
This binding results in an activation of the proarotontaining TCF/LEF sites.

Therefore, the reporter gene expression refleet¢etvel of actived-catenin in the cell.

The level off3-catenin in the cell is regulated by the GlycoggntBase Kinase a/p3
(GSK3u/B). The active kinase phosphorylatgscatenin which results in its
degradation. Unphosphorylat@dcatenin can translocate to the nucleus and aet as

transcription factor.

Firstly, we detected whether the Wnt signalling dae activated in A5 CVPCs.
Therefore we inactivated GSK/® with its inhibitor CHIR99021. CHIR99021 inhibits
kinase activity of GSK& andp-catenin cannot be phosphorylated and degraded. A5
CVPCs were transfected with the TCF/LEF-luc veetod as an internal control with
the Renilla plasmid. Four hours after transfectioem medium was changed and 3 uM
CHIR99021 was added. The cells were incubated &C 33and 48 hours after
transfection Luciferase activity was measured. G8K3nhibition by CHIR99021
caused a 14-fold increase of Luciferase activity.(B2). Therefore, Wnt signalling
can be activated in CVPCs by inhibition of GS#{8by CHIR99021.
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Fig. 32 Effect of GSK&/$ inhibition on g-catenin activity.A5 CVPCs were transfected with TCF/LEF-luc
plasmid, containing aiciferasegene under control of a TCF/LEF binding sites prandlransfected cells were
treated with 3 pM CHIR99021, an inhibitor of GS#@ and 48 hours after transfection Luciferase agtivias
measured. Data are means of four experiments.
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We then tested the effect of SPARC on Luciferasviicto get an indication about
the signalling pathway through which SPARC influesic cardiomyogenesis.
Therefore, CVPCs were transfected with TCF/LEFdnd Renilla plasmids and four
hours after transfection the medium was changed Zandy/ml SPARC, 3 ug/ml
SPARC toghether witha-SPARC (1:100) ando-SPARC alone were added,
respectively. 48 hours after transfection, thescelere lysed and Luciferase activity
was measured. Addition of recombinant SPARC to tthesfected cells caused a
reduction of Luciferase activity (Fig. 33)-catenin could not activate the TCF/LEF
regulated promoter to the same extent as in thdradonells. This leads to the
assumption, that SPARC reduced the leveBafatenin that can translocate to the
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Fig. 33 Effect of SPARC an@-SPARC orf-catenin activity A5 CVPCs were transfected with the TCF/LEF-luc
plasmid, containing &iciferasegene under control of a TCF/LEF binding sites primdlransfected cells were
treated with 3 pg/ml SPARC, 3pg/ml SPAR@-SPARC antibody (1:100) and withSPARC antibody (1:100).
48 hours after transfection Luciferase activity wasasured. Data are means of three experiments.

nucleus and act as a transcription factor. Thisotfivas compensated by the addition
of a-SPARC to the SPARC induced well&-:SPARC inhibited SPARC and more
Luciferase was expressed than in the SPARC tresaatples (Fig. 33). Therefore it
can be said, that the inhibitory effect was indeadsed by SPARC addition. When
SPARC was added to the cells neither an increasearsignificant decrease was

detected. Thus, addition of recombinant SPARC hadgative effect on the level of
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free B-catenin in the cells, but SPARC inhibition bySPARC did not enhancg-

catenin signalling.

3.3.5. Effect of SPARC on Gene Expression

In the previous experiments it was detected, tiRARC has a positive influence on
CB differentiation and that it might act througHhiipition of B-catenin signalling. We
then wanted to test which target genes are infleeétny SPARC and how they change
their expression after addition of SPARC.

Therefore, A5 cells were split onto 24 well platés3 ratio) and on the next day, 3
png/ml SPARC were added to the wells. RNA was isolatnmediately, 2 hours and 3
hours after addition of SPARC. RNA was reverseinscribed into cDNA and PCRs
were made using primers recognising different geriesterest (Fig. 34)Nkx25 and
MHCa are myocardial genes and it could be seen, ttditian of SPARC caused an
upregulation of their expression after 2 hours. €kpression of the myocardial gene
isl1 however was not influenced by recombinant SPARIEsplas a cardiovascular
marker gene was slightly upregulated. Desmin wamdoto bind to thenkx25
promoter in ESCs and differentiated CVPCs and oymession oflesminaccelerates
heart cell formation in EBs (Hofner et al., 200¥ierefore it was interesting whether
SPARC influencedesminexpression and therefore enhances cardiomyogeriesis
was detected, that in the unstimulated A5 cellsgesminmRNA was produced, but
the addition of SPARC caused an increase irdémminmRNA level in the cell. The
next gene we were interested in was the mesodemaaker genebrachyury
Brachyury was upregulated after two and espectalige hours of SPARC addition.
Goosecoids a gene involved in organising the embryo dueagy development and
indicates differentiation. The undifferentiated toh cells did not express this
differentiation marker gene. After the additionSPARC, the cells started producing
goosecoidmRNA, the level increased between two and threarshafter addition.
Furthermore, we detected and increase in the mRNAl lof Oct3/4 two and three
hours after SPARC addition.
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Fig. 34 Influence of SPARC on gene express®pg/ml recombinant SPARC was added to A5 CVPCs myifow
one day on gelatine in monolayers. RNA was isolaffea control well, and 2 and 3 hours after SPARC téuidi
RNA was reversely transcribed into cDNA and PCRs weaade with primers recognising different genes
important in differentiation. A GAPDH PCR was madestmw that the same amount of cDNA was taken of the

three samples.

3.4. GSK3a/p and MAPK Signalling in Cardiomyogenesis

We have already tested, that SPARC enhances cardgenesis and it influences the
level of freeB-catenin in the cell. Therefore, the Wnt signallpsghway seems to play
an important role in cardiomyogenesis. We then admd investigate the influence of
the GSK3/p and MAPK pathways on cardiomyogenesis.

Therefore, A5 CBs were made, and inhibitors of tine pathways of interest were
added on different days of development. The MAR¥ailing cascade was inhibited
by the MEK inhibitor PD98059 (10 uM), the GSK3 patty by CHIR99021 (3 puM).
The small molecules were added to the CBs on day.D, days 4.7 - 7, days 7 - 10,
and days 10 — 13. The number of beating CBs wastedievery 24 hours until day 21
of development. Both inhibitors did not influencardiomyogenesis when added on
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days 4.7 — 7 and days 10 — 13, respectively (datamown). The onset of CMG and
percentage of beating CBs was similar to the utédeA5 control cells. However at
very early stages of development, PD98059 had aativeg influence on
cardiomyogenesis (Fig. 35 A). When the MEK inhibiteas added on days 0 — 4.7,
the onset of contracting CMC formation was sigmifity delayed. First contracting
cells in the CBs were observed two days later thatine control cells. In contrast,
GSK3u/B inhibition on days 0 — 4.7 barely influenced camdyogenesis in CBs.
GSK3u/B activity however seemed to be important at latages of differentiation.
When CHIR99021 was added on days 7 — 10, a drdsi@ay and reduction of
cardiomyogenesis was detected (Fig. 35 B). Thetanfs€EMG was delayed by 2.5
days and 30% of all CBs never contained any ckés differentiated into contracting
cardiomyocytes, even at later stages of developmenthis time frame, PD98059

addition did not influence CB differentiation.

From these data, it can be reasoned, that at thyebeginning of cardiomyogenesis
(days 0 — 4.7 of CB development) the MAPK pathwhkayg an important role whereas
GSK3uw/B signaling can be inhibited without any effect. érain development, on days
7 - 10, MEK inhibition did not influence CMC formah, but GSK&/p activity is

necessary for proper differentiation of CBs.
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Fig. 35 Effect of MAPK and GSk3g inhibition on CB differentiationA5 CBs were made and were treated
with 10 uM PD98059 (PD), a MEK inhibitor, and 3 pBHIR99021 (CHIR), a GSKS3 inhibitor. Inhibitor was
applied on days 0 — 4.7 (A) and 7 — 10 (B). The CBsewmcubated at 37°C and the percentage of beating CBs
was calculated every day until day 21 of developmeata are means of three wells, approximatelgdifnted

CBs per well.
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3.5. Generation of a Nkx2.5 — EGFP Reporter Cell Line

Nkx2.5is a very important gene in heart cell developmButing cardiomyogenesis it
is one of the earliest heart specific genes antstrgption factors that is expressed. It
is upregulated in CVPCs upon differentiation andréfiore it would act as a good

marker gene to monitor development of CVPCs toioargocytes.

The goal was to generate a CVPC line which caareSGFP marker gene under the
control of thenkx25 promoter. Therefore, whenever cells expnddee25, EGFP is
produced which can be detected by western blotimmunofluorescence microscopy
and FACS. The effect of the addition of differemtctors supposed to influence
cardiomyogenesis could be investigated with thgoreer cell line in an easy way and
optimal conditions for differentation could be detened. A control ESC line carrying
an EGFP gene knocked into one allel of th&x25 gene has already been established
in our laboratory and thEGFP gene activity represents tinx25 expression in the

course of cardiomyogenesis.

3.5.1. Homologue Recombination of A5 Cells

The pCsx-EGFP-PP-DT vector (Hidaka et al., 2003)aios sequences homologue to
the murinenkx25 gene but they are interrupted byEBFP andpuromycinresistence
gene. When transfected to cells, the reporter atectson gene flanking sequences
homologue takx25 can bind to the DNA and if homologue recombmaiccurs, the

EGFP andpuromycingenes are integrated into the genome (Fig. 36).

5 arm |EGFP bard Forprors |3 AFM

Nkx2.5 EGFP knhock-in
15519 bp

Fig. 36 Nkx2.5-EGFP knock-in regioithe pCsx-EGFP-PP-DT vector was linearised and brioagih A5 cells by
electroporation and with homologue recombinatidre EGFP reporter gene and thuromycinresistence gene
were knocked into thekx25 gene (Hidaka et al., 2003).

A5 cells were electroporated with the linearizeds€&GFP-PP-DT plasmid. Feeding
cells with medium containing puromycin (1 pg/ul)r feeven days resulted in a
selection for cells which integrated the vectoroithe genome. Two clones were
picked on day 10 after electroporation, on day8.&ore colonies were picked. Five

of the ten picked clones reached confluence and wamed A5-Csx 1 — 5.
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3.5.2. Verification and Characterisation of A5-Csx Cell Lines

To confirm that the vector was homolougously record into thenkx25 sequence
and did not insert randomly into the genome, PORgns were designed. One primer
recognized a sequence in feromycinresistance gene within the construct, the other
one a sequence 3’ of the cassette inrtke25 genomic region. Only if the construct

integrated in the correct location, a PCR prod@idi924 bp will occur.

DNA of all five A5-Csx clones was isolated by Phie@bloroform extraction. As a

positive control, DNA of the already establishedCEe carrying one nkx2.5-EGFP
allel, named MS15, was isolated as well. Furtheen8b and AB2.2 DNA served as
negative controls. No PCR product was obtainedHose two controls. In the MS15
sample, a product of the correct length could bheaded. The PCRs of all five clones
resulted in a PCR product of the same length @&, confirming that all clones carry

anEGFP gene under control of thekx25 promoter.

A5 Csx

1 2 3 4 5 MS15 A5 AB2.2

Fig. 37 Detection of successful knock in of the pCsx-EGFHFPRrector into the genomic region of the nkx2.5
gene.PCRs were made with genomic DNA of A5 cells thoughtarry an EGFP anguiromycinresistence gene

in one allel of thenkx25 locus. Primers were used recognising a sequasitke and outside the homolougously
recombined pCsx-EGFP-PP-ST vector. A PCR product acdyrs if the construct integrated into the gename
the desired way.

Since one allel of th@kx25 locus is mutated in the A5-Csx cells, we wanted
differentiate the cells in CBs and compare therA%cCBs in regard of beating to see
whether cells are hampered in cardiomyogenesistdufe mutation in one allel.
Furthermore, the expression of EGFP on differentsdaf development has been
observed by fluorescence microscopy. The same anodwells was taken to produce
A5 and A5-Csx4 CBs and the number of contractings @Bs counted daily. There
was no difference in the first appearance of bga@MCs and in the number of
rhytmically contracting A5 and A5-Csx4 CBs. Firsintracting cardiomyocytes were
observed on day 10 in both cell types and maximeatibg activtiy was reached at
day 14 of development (Fig. 38). The cells hetegomg fornkx25 did not show

altered cardiomyogenesis in this setting.
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Fig. 38 Development of CMCs in A5 and A5-Csx4 C&s.and A5-Csx4 CVPCs were aggregated to CBs and the
percentage of beating bodies was calculated evaryat 14 days. Data are means of two wells, 15 GBsyell.

We next wanted to explore, whether A5-Csx cellsresgEGFP and therefore can be
observed under the fluorescence microscope. CBsE&sdwere made of A5-Csx2,
A5, MS15 and AB2.2 cells. The MS15 EBs served pssitive control, AB2.2 and A5
CBs were used as negative controls. After 13 anday$ of development, EBs and
CBs were observed under the fluorescence micros¢®ige 39). Bright field and
fluorescence images of MS15 EBs and AB2.2 EBs waen. The AB2.2 EBs did not
have any fluorescent cells. In MS15 EBs a pictufe an area of beating
cardiomyocytes was taken and exactly this areaagwed fluorescent cells. This

means, thaEGFPis expressed in those cells and thus, those egliiesfkx25.

The fluorescence of the A5-Csx2 and A5 CBs wasyaedl on day 14 by fluorescence
microscopy (Fig. 40). Bright field as well as flescence images of beating areas of
the CBs were taken. Many A5-Csx2 cells were fluceaes. However, having a look at
the A5 negative control, a similar picture was sdeseems that A5 CVPCs had a
strong background fluorescence and thus, the additEGFP fluorescence could not
be detected. No conclusion could be drawn with thisthod about thenkx25

expression in CVPC cells.
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Fig. 39 Expression of EGFP in homolougously recombinated. AESCsEBs were made with MS15 and AB2.2
cells. MS15 cells are ESCs which have BGFP marker gene knocked into one allel of thiex25 locus.
Brightfield image (A) and fluorescence image (B) ofSM EBs compared to brightfield image (C) and
fluorescence image (D) of AB2.2 EBs on day 13 of tmyment.

.

Fig. 40Expression of EGFP in A5 CVPCsBE€were made with A5-Csx2 and A5 cells. A5-Csx2 calésCVPCs
which have anEGFP marker gene knocked into one allel of thkx25 locus. Brightfield image (A) and
fluorescence image (B) of A5-Csx CBs compared to Wigjttimage (C) and fluorescence image (D) of A5 CBs
on day 14 of development.

Therefore, we tried to amplify the EGFP signal Igiiect immunofluorescence
staining with GFP antibodies and secondary FIT@llad antibodies. However, even
with this amplification, we did not detect any éifénce between the A5-Csx and A5
cells (data not shown). However, immunofluorescestaaing was made on day 14 of
development, maybakx25 expression and therefoEEGFP expression was already

low at this stage of development and therefore éaeder to detect.
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We then tried to detect the EGFP expression by &e&lotting. Therefore, A5-Csx4
CBs and A5 CBs were made and proteins were isofated CBs on days 8 — 14.
Proteins were detected withGFP antibodies. The A5 samples never showed a GFP
signal at any time whereas the A5-Csx4 samples Wé&iR positive at all measured
time points (Fig. 41). These data suggest thai25 is expressed in A5-Csx4 cells
from days 8 — 14.

A5 Csx4 A5 Csx4 A5 Csx4 A5 Csx4 A5 Csx4 A5 Csx4 A5 Csx4
day 8 day 9 day 10 day 11 day 12 day 13 day 14

anti-GFP | - — — -— - — A

anti-GAPDH = " cas e . —— S QI S o r T e T

Fig. 41 Western Blot of A5 and A5-Csx4 cells with GFP antibmd\5 and A5-Csx4 CBs were made and protein
was isolated from day 8 till day 14. 35 pg protper lane were loaded on a gel, blotted to a nithadose
membrane and the proteins were detected wii-P antibodies.

Searching for a method suitable to measure qutwétalifferences in theeGFP
expression of A5-Csx cells, we tried to make a FADSIlysis of A5 and A5-Csx cells.
The settings for the FACS analysis could be chdsatisregard autofluorescence and
only EGFP fluorescence is taken account of.

A5 and A5-Csx4 CBs were made, on day 9 of diffeatioin they were trypsinised,
resuspended in PBS and the number of fluorescdls icethe two samples was
measured. In the A5 sample no GFP positive celie weeasured. However 15% of
the A5-Csx4 cells expressed GFP (Fig. 42).

This method seems to be the most sensitive ankeisniost promising approach to

investigate differences in the expressiomiat25 in the course of differentiation.
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Fig. 42 FACS of A5 and A5-Csx4 CBGBs were made of A5 and A5-Csx4 CVPCs. On day 9 of

development CBs were trypsinised, resuspended in RBSS&P positive cells were counted by FACS.
The experiment was made once.
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4. Discussion

The murine heart comprises cardiac stem cells whieh supposed to be able to
regenerate small areas of dead tissue. Howeverretignerative potential of those
cells is not sufficient to cure injured hearts. @rglanding the mechanisms activating
those dormant cells to differentiate and to replagared cells would be a great
achievement for cell based therapy. Here, the tisblaof stable cardiovascular
progenitor cell (CVPC) lines and the establishma&mdn in vitro model to determine
differentiation conditions and factors influencimgrdiomyogenesis is shown. The
isolated CVPCs had the potential to differentiatel@sively to cardiomyocytes,
smooth muscle, and endothelial cells and theredoegestricted to the cardiac lineage.
Adaptation of the embryoid body (EB) formation nwthfrom ESCs resulted in a
reproducable system for differentiation of CVPCscardiac bodies (CBs). A highly
increased amount of beating cardiomyocytes wasreéden CBs compared to EBs,
however the onset of CMG was delayed. We furtheemrieport the generation of a
GFP positive reporter cell line, reflecting the eegsion level of the early cardiac
marker genekx25. The protein Desmin was identified to bind te mkx25 promoter
region in ESCs as well as in differentiated CVP@d8 pCMCs. Furthermore, SPARC
was shown to have a positive influence on CMC fdimmaby upregulating cardiac
specific gene expression. In addition, SPARC rdgdlaVnt signalling resulting in a
decrease of nucledrcatenin. It was further shown, that Wnt and MARKnalling

pathways play an important role in CMG at differagmite points of differentiation.

4.1. Isolation, Maintainance, and Differentiation Potental of Stable
CVPC Lines

Recently, it was suggested that cardiac stem esitle in the adult heart and several
groups succeded in their isolation (Beltrami et 2003; Laugwitz et al., 2008; Oh et
al., 2003; Oyama et al., 2007). However, maintgnthem in culture remained
challenging. Here, a new approach for the isolatibstable CVPC lines is reported.
Murine heart cells were co-cultured with ESCs aeter cells in order to mimic niche
conditions (Wiedner, 2008). This imitation of natuenvironment kept CVPCs in a
condition, allowing self-renewal and maintainance dulture for indefinite time.
Therefore, they serve as a good starting matepalstudy differentiation and
cardiomyogenesis influencing factors since the scakmain identical for all
experiments. CVPCs express the three stemnesgdawr2 nanog andoct34 at
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comparable amounts to murine ESCs. The combinedessipn of these three
transcription factors allows CVPCs to stay in d-sshewal mode when grown on LIF
secreting fibroblasts, they can be expanded inuriltvithout losing pluripotency.
Simultanously, the expression ofkx25 and MHCe was detected in an
undifferentiated state (Hoebaus, 2009), showingedipposition to the cardiac lineage.
Upon LIF deprivation, CVPCs start to differentiatesing their stem cell potential.
These cell lines have already been cultured forentioan 80 passages under continous
cryo-preservation maintaining their potency to setliew and to form beating CMCs
upon differentiation. The adaption of the protofml the production of EBs (Weitzer
et al.,, 1995) to produce CVPCs derived CBs providedontrollable and highly
reproducable system for the study of differentiatio CMCs. CVPCs aggregated in
the hanging drop culture without attachment to difi@al surface. In CBs, CVPCs
differentiated exclusively to cardiomyocytes, sntoahuscle cells and endothelial
cells. Cardiomyocytes built networks with tight oexin 43 positive cell — cell
interactions. We never observed any nerve-likectires, skeletal muscle cells,
adipocytes, or erythrocytes. Compared to EBs, C#$ 4 less structured and point
symmetic development. First beating cells in CBsenasbserved on day 12, which was
approximately four days later than in EBs. Theieadnset of CMG in EBs was not
primarily caused by secreting factors produced l®y EBSs, since co-culture of CBs
with EBs did not accelerate CMG in CBs. Howeveremthe same culture conditions
CMCs in CBs stayed active over a longer periodmét Contraction in EBs could not
be observed after day 28 of differentiation, wheretll a high percentage of CBs
consisted of contracting CMCs. We also showed, ttieextent of CMC development
in CBs was much potentiated compared to EBs. In BBly small areas with
rhytmically contracting cells were observed, wherega CBs, beating CMCs built a
network spanning the entire CB. The continuousregieéwal of CVPCs, their limited
differentiation potential, and the high degree dIC formation makes these cells

good candidates for cell therapy.

4.2. Generation of a Nkx2.5-EGFP Reporter Cell Line

Nkx25 is the most important early cardiac gene int fireart field CMG. Forced
expression of Nkx2.5 is sufficitent to enhance magenesis in murine ESCs (David et
al., 2009). It is upregulated during differentiatiof CVPCs and would therefore serve
as a good marker gene to keep track of CVPCs diftaating to CMCs. Here we

55



report the generation of a stable CVPC line cagyam EGFP reporter gene in one
allel of thenkx25 locus. Expression &GFP was controlled by thekx25 promoter
and reflected thekx25 expression in the cells. Two previously foungemss had to
be taken into account before differentiating thes#ls. Firstly, it was shown that
heterozygous mutation afkx25 negatively influenced cardiac morphogenesis and
blocked atrioventricular conduction (Biben et 2D00). Secondly, it was detected, that
EGFP binds to myosin. This binding had a negatifeeceon the contractile function
of cells (Agbulut et al., 2007). However, differeion of the generated nkx2.5-EGFP
cells did not show differences in their cardiomymigepotential compared to CVPCs
which is in accordance to findings of other growpsrking with similar cell lines
(Hidaka et al.,, 2003). Since the cardiogenic padénivas not influenced, the
generation of a nkx2.5-EGFP reporter cell line pted a useful in vitro culture
system to monitonkx25 expression during development and the effecteseral
CMG influencing factors. The GFP signal however wasy weak and for in vitro
experiments, FACS analysis was shown to be the proshosing detection method.
Further copies of nkx2.5 promoter — EGFP integrateaithe genome could enable the
detection of EGFP in CVPCs. The nkx2.5-EGFP cak Icould also be used to track
the fates of CVPCs and differentiating cardiomyesyin vivo. Injection of EGFP-
positive CVPCs into the murine heart could show riétietegration and regenerative

potential of those cells in the adult, injured hear

4.3. Influence of Desmin onnkx2.5

The intermediate filament type Il protein Desmirasvshown to upregulate the
expression of the cardiac marker gamne25 during mesoderm formation in EBs
(Hofner et al., 2007). However, the mechnism hols #ttivation works is not known
yet. Here, we detected a physical interaction afrbi@ with thenkx25 promoter on
day 6 and day 8 in wild type EBs. First beatingvifd type EBs occured on days 6.5-
7.5. In Desmin overexpressing EBs (DC6 ESCs) agraction was already detected
on day 5, and remained on day 6 and day 7. Theagtien started and also ended one
day earlier than in the wild type cells. THesminoverexpressing EBs started beating
one day earlier than the wild type EBs, first begttould normally be seen from day
6.5 to day 7. In wild type EBs, as well as in Dasrmoverexpressing EBs Desmin
interaction with thenkx25 promoter could be detected one day before ttsetoof

contraction. It seems as if the development of theslls is shifted one day in advance
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in DC6 cells since the interaction as well as teating was detected one day earlier
than in wild type cells. These results suggestreetaion between binding of Desmin
to the nkx25 promoter and cardiomyocyte formation. This iatdion might be a
necessary step for initiation of cardiomyogendsdmwvever, in wild type and DC6 EBs
no or very little interaction of Desmin and thkx25 promoter was oberserved on the
day where first beating occurred. Probably, fortmtion, a reconstruction of the
intermediate filament structure has to occur amdHis short time, Desmin is recruited
out of the nucleus. At later stages of differemiatno interaction was observed,
Desmin’s action as a transcription factor mightredundant. The 1B44 EBs whose
Desmin N-terminus is deleted did not show any adgon of Desmin with thekx25
promoter. The Desmin amino-terminus was detectedbéo be important for
cardiomyogenesis (Hollrigl et al., 2002). Our résyprovide evidence, that the N-
terminus is important for DNA binding. The lack ®@NA — nkx2.5 promoter
interaction might be a reason for the negativeceftd the Desmin amino-terminus
deletion on cardiomyogenesis.

We then tested whether Desmin - DNA interactionuogén CVPCs and in pCMCs.
ChIP was made of undifferentiated and differentia@Bs (day 17). Interaction of
Desmin with thenkx25 promoter was seen in the differentiated CBs Wwiakeady
formed beating CMCs, however no binding occurrethm undifferentiated samples.
Therefore it seems that the interaction takes piadbe course of development and
might be an important step in heart cell formation.day 17 CBs, already a high
percentage of CBs formed rhytmically beating clisstét this time point, the Desmin
— nkx25 promoter interaction already stopped in EBsfdpéntiation of CVPCs in
CBs results in the production of CMC at a high leyewever the onset of CMG is
delayed. CMCs in CBs are furthermore active oveanwuch longer period of time
compared to CMCs in EBs and the production of rt@EMCs might be induced at
later time points as well. Therefore, it might lsasonable, that the interaction in CBs
still occurs at later stages of differentiationrthermore, we found Desmin bound to
the nkx25 promoter region in differentiated heart cells rdw born mice. This
provides another evidence for the hypothesis gtdhiat the longer CMCs stay active,
the longer Desmin is bound to thkex25 promoter.

Nkx2.5 is already expressed in undifferentiated C¥PHowever, the degree of its
expression is very low as long as cells are obthiwéh signals for self-renewal.

Differentiation inducing signals could result innding of Desmin to thenkx25
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promoter and thereby increase the level of expdaske25 which in turn might lead

to commitment and final differentiation.

The effect of the Desminkx25 promoter interaction on gene expression was
examined by transfection of C2C12 cells with pladsnicontaining aluciferase
reporter gene under the control of tex25 promoter. Downregulation afesminby
desmin siRNA and coherent downregulationné25 expression would proof the
Desmin — specific effect onkx25 promoter activity. We showed that th&x25
promoter was indeed active in C2C12 myoblasts amd could demonstrate a
downregulation of reporter gene expression afegminknock down. These data are
in line with our ChIP data from which we hypothisént binding of Desmin to the
nkx25 promoter enhances its activity resulting in Cli€erentiation. They are also
in accordance with Hofner et al. (2007) who reveddesmin as a positive regulator of
cardiomyogenesis. Howeveatesminoverexpression decreased promoter activity. This
corresponds to studies suggesting a negative fekdbap of Desmin when reaching a
certain concentration in the cells (Hoebaus, 20@0primary cardiomyocyteslesmin
knock down did not influence promoter activity. darlier ChIP experiments it was
detected, that Desmin is bound to thkx25 promoter in day 0 pCMCs. Here,
downregulation of Desmin in day 5 pCMCs did noeahkx2.5 expression. In the 5
days further developed cells Desmin might not hervéenfluence omkx25 expression

anymore.

4.4. Influence of SPARC on CVPCs
Recombinant SPARC was described to enhance CMGSiasHStary et al., 2005).
ESCs express SPARC on mRNA level but SPARC coutdbedound as a secreted
protein (Stary et al., 2005). The addition of rebamant SPARC to EBs on days 7 — 10
increased the amount of differentiated CMCs wheneagralizinga-SPARC antibody
showed the opposite effect (Stary et al., 2005)ikgrESCs, undifferentiated CVPCs
secrete SPARC at high levels (Hoebaus, 2009) arldeirtourse of CB development,
SPARC secretion decreased. Assuming a positiveienfie for SPARC on CMG,
SPARC might therefore be important in early stepsdifferentiation. This was
affirmed by detecting a time dependent negativluémice of neutralizingi-SPARC
antibody and a positive effect on CMG upon additddmecombinant SPARC to CBs
on days 4.7 — 7. Despite the fact that the ons&@MC€ formation in CBs is delayed
compared to EBs, SPARC influenced CMG at earlraetpoints in CBs than in EBs.
58



CVPCs might have to be provided with SPARC eaihedifferentiation. The ground
state of CVPCs is already progressed in developre@npared to the ground state of
ESCs. ESC differentiation might firstly go throughogenitor cell formation and at
this stage, SPARC can positively influence CMG. ldoar, despite addition of
SPARC to CBs, the onset of CMC formation is delagethpared to EBs, therefore
SPARC is not able to replace the microenvironment @ossible niche conditions that

are mimicked in EBs.

To gain better insights into the mode of SPARCaaxtthe short time effect of SPARC
on genes involved in differentiation was testeddbtecting their mRNA level two and
three hours after addition of recombinant SPARCve&# genes altered in their
expression pattern upon SPARC addition could betifiled. We detected an increase
in expression of the early cardiac marker geke25. MHCa as a late gene in cardiac
development was not significantly upregulated, mgvanother reason for classifying
SPARC as a protein involved in early CMG. The mydi geneisll expression was
not changed upon SPARC additidwkx25 is expressed in first and second heart field
progenitors, whereas|l was identified as the key transcriptional reguladbrthe
second heart field progenitor cell lineage (Laugwét al., 2008). This provides
evidence that SPARC may promote differentiatiorfict heart field progenitors or
that CVPCs are progenitor cells of the first hdiaitl. In addition to the other cardiac
markers, SPARC slightly upregulated the expressibmespl,which is a master
regulator sufficient to induce cardiovasculogendrisESCs (David et al., 2008).
Desmin was found to bind thekx25 promoter in EBs and differentiated CVPCs and
desminoverexpression enhanced CMG in EBs (Hofner ek@D;7). Here, an increase
of desminmRNA after two and three hours of SPARC additicaswletected. A link
between two positive regulators of CMG was esthblis SPARC might increase
Desmin protein concentration. Desmin was showrantiex ChIP experiments to bind
to the nkx25 promoter region in ESCs, differentiated CVPCsd @aCMCs. It was
further identified to positively influence Nkx2.5xgression in C2C12 myoblasts,
suggesting the possibility that Desmin might adgviéhe expression of the cardiac
marker as well in ESCs and CVPCs. Therefale25 gene expression enhancement
by SPARC might act videsminupregulation. In addition to cardiac markers, SEAR
upregulates the expression of the differentiatioducing factorgoosecoid.lIt is
expressed in vivo during early development anahslved in organising the embryo,

indicating differentiation. Furthermore the meswodar marker gendrachyury was
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upregulated as well. A link might be establishetiMeen the upregulation afesmin
and brachyury since Desmin was shown to upregulate Brachyupression during
mesoderm formation (Hofner et al., 2007). Thesaltesuggest that SPARC promotes
myocardial differentiation by upregulating the esgsion of cardiac marker genes of
the first heart field. However, SPARC might as wafly an important role earlier in
development during differentiation of other cellpég by upregulating markers

important for organisation of the embryo and forsowerm formation.

4.5. MAPK and Wnt Signalling in CVPCs

An important step in elucidating mechanisms invdlve CMG is the detection of
signalling pathways important for proper developtnéWVe could determine the
contribution of two pathways involved in severalvelepmental mechanisms, the
MAPK and the Wnt pathway, to CMG. Inhibitor of MAPpathway added at the very
beginning of differentiation from days 0 — 4.7 deld the onset of contraction in CBs.
Inhibition at later time points did not affect CM®his is in accordance with previous
found results where activated ERK was detectednduthe first four hours after
conjugation of xenopus animal cap (AC) and anteeadoderm (AE) explants.
Inhibition of ERK in AC/AE explants during thoseuiohours significantly reduced
CMG whereas no effect was seen at later time p¢B#snuel and Latinkic, 2009).
Therefore, CVPCs seem to activate the MAPK pathaayhe very beginning of
differentiation, which might be a necessary steppimper heart cell formation. The
contribution of the second pathway, the Wnt signgllpathway, was tested by
inhibition of GSKS. Inhibition of GSK3 resulted ian increase of fref-catenin in
CVPCs which translocates to the nucleus. Eleva®kld of activep-catenin
transcription factors on days 7 — 10 of differetidia delayed the onset of CMG and
reduced the number of beating CBs. At earlier sajalevelopment GSK3 inhibition
did not alter CBs differentiation. Therefore, Wigralling seems to be redundant at
early stages of cardiomyocyte development and itaporlater in differentiation.
Kwon et al. (2007) reported canonical Wnt signalles being a regulator for CMG
during specific windows of development. Activatioh the Wntf-catenin pathway
after gastrulation in xenopus laevis embryos praciardiac differentiation (Samuel
and Latinkic, 2009). Recent studies suggested dbave p-catenin is necessary at

early stages of CMG whereas it might have an indipieffect later in development
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(Lin et al., 2007; Riazi et al., 2009). Our reswdtérm the assumption, that elevated
nuclearp-catenin levels in CVPCs reduce CMG at later stafeevelopment.

Since the signalling pathway through which SPAR@Quies cellular responses is not
known yet we tried to detect whether a link betw&MARC and one of these two
pathways influencing CMG could be established. adiition of recombinant SPARC
downregulated the expressionluciferase gene under the control of @catenin
regulated promoter. This negative regulation waented by neutralizingi-SPARC
antibodies, proving evidence for the selectivity tbE downregulation caused by
SPARC. Since SPARC might therefore act through tthescriptional mediatof-
catenin, the binding of SPARC to integfirfollowed by activation of ILK (Barker et
al., 2005; Weaver et al., 2008) could result in adalation of GSKB activity
negatively influencing Wnt signalling and downregjing genes regulated b
catenin controlled promoters. Under the premise tBRARC enhances cardiac
differentiation and decreases actf«atenin transcription factor, downregulation of
nuclearp-catenin leads to enhanced CMG in CVPCs. These alatan contrast to
results showing tha-catenin activity is necessary for specificationgrmation and
expansion of progenitors of the second heart f{€dhen et al., 2007; Kwon et al.,
2007). Therefore, different signalling pathways aeivated in CVPCs than in
progenitor cells of the second heart field, cla@sg them into a distinct type of
progenitor cells and providing another indicatian &n influence of SPARC on first
heart field progenitors. The cardiac transcriptfaotor Mespl was found to inhibit
Wnt signalling by binding to the Wnt-inhibitor DKkk-(David et al., 2008). SPARC
was shown to upregulate Mespl expression, providmgher possibile explantation

for its effect or-catenin activity.
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5. Conclusion

The very limited regenerative potential of the heaakes stem cell therapy a new
approach against cardiovascular diseases. Thetimwolaf stable CVPC lines
exclusively differentiating to cardiomyocytes, srioanuscle cells and endothelial
cells, providing an unlimited, renewable sourceidentical cells, fulfilled a central
challenge in the search for curing methods. CVPCHusively differentiate to cells of
the adult heart and it is possible to get highly ©Ehriched cultures making them
good candidates for cell therapy. The generatiom todnsgenic CVPC line carrying an
EGFP gene in one allel of thekx25 locus provided a good reporter cell line to gtud
alterations of the expression of that early cardmacker gene upon differentiation and
addition of CMG influencing factors. Two protein3gsmin and SPARC, could be
identified as CMG influencing factors. Desmin pitenhances CMG and was found
to bind to thenkx25 promoter in ESCs, differentiated CVPCs, and pGMEPARC
was detected to be a positive regulator of CMG égrelasing the promoter activity of
B-catenin regulated genes in the cells and enharbmgxpression of cardiac marker
genes of the first heart field. It furthermore uprkates markers important for
differentiation and mesoderm formation. MAPK sidimg plays an important role
immediately after initiation of differentiation wheas Wnt signalling is necessary for
proper CMC formation at later stages of development

Further investigations of CVPCs will lead to a betiinderstanding of early steps in
CMG. It remains to be detected whether those telle the ability to reintegrate into
the murine heart. With the help of these cellsjnaportant step towards the ultimate
goal, the regeneration of injured or dead tissueelagtivating or reintegrating cardiac

stem cells in vivo, can be made.
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0. Material

6.1. Enzymes

Collagenase Wothington, USA

DNAse |, RNase free Fermentas, Lithuania
Pancreatin Sigma, USA

Proteinase K Fluka, CH

RiboLock RNase Inhibitor Fermentas, Lithuania
RevertAid™ M-MuLV RT Fermentas, Lithuania
Restriction Enzymes New England Biolabs, USA
Tag DNA Polymerase Fermentas, Lithuania
Trypsin LifeTechnologies, USA

6.2. Chemicals for Cell Culture

3-Mercaptoethanol Loba, A
Ampothericin B Invitrogen, USA
D-Glucose Acros, B
DMEM powder Gibco, USA
DMSO (Dimethylsulfoxide) Sigma, USA
Fetal Bovine Serum (FBS) HyClone, USA
Fetal Bovine Serum (FBS) Gibco, USA
Fetal Bovine Serum (FBS) Sigma, USA
Fetal Horse Serum (FHS) Gibco, USA
Gelatine Difco, USA
Glycine Applichem, D
L-(+)-Glutamin Acros, B
Mitomycin C Acros, B
Penicillin G Potassiumsalt Merck, D
Penicillin/Streptomycin (P/S) Gibco, USA
Potassium chloride Sigma, USA
Potassiumhydrogenphosphate Fluka, CH
Sodiumhydrongencarbonate LifeTechnologies, USA
Streptomycin Sigma, USA
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6.3. General Chemicals and Material

Acetic acid

Agarose, Biozyme LE
APS
[3-Mercaptoethanol
Bromphenolblue
BSA

Chloroform

Coomassie Brilliant Blue R250

Dabco
dNTPs

Dimethylsulfoxid (DMSO)

Dithiothreitol (DTT)
EDTA

EGTA

Ethanol
Ethidiumbromide
Formaldehyde
Glycerine
Glycerophosphate
Glycin

HeBS

HEPES
Hydrochloric acid (HCI)
Isoamylalcohol
Leupeptin
Lithiumchloride
Lipofectamine 2000
Loading Dye
Methanol
Magnesiumchloride
Magnesiumsulfate
Milkpowder

Mowiol 2-88
Nalgene Filter
NaDoc 10%

Merck, D

Biozyme, D

Biorad, USA

Loba Feinchemie, AUT
Sigma, USA

Roth, D

Acros, B

Merck, D

Sigma, USA
Fermentas, Lithuania
Acros, B

Acros, B

Acros, B

Sigma, USA

Merck, D

Fluka, CH

Merck, D

Merck, D

Merck, D

Sigma, USA
Promega, USA
Merck, D

Acros, B

Merck, D

Roche, D

Merck, D

Invitrogen, USA
Fermentas, Lithuania
Merck, D

Fermentas, Lithuania
Fluka, CH

Fixmilch instant, AUT
Hoechst, D
Nalagene Labware, USA
Sigma, USA
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NP-40 10%
PCR-buffer without MgCl ,
PEGGOOQ and PEGBOOO

Pepstatin

Phenylmethansulfonylfluoride (PMSF)

Polyacrylamide

Ponceau-S

Proteinase Inhibitor

Protein A Sepharosé” CL-4B
Pyrophosphate

Reverse Transcriptase Buffer
SDS (Sodium Dodecylsulfate)
Sodiumazid
Sodiumbicarbonate
Sodiumchloride
Sodiumfluorid
Sodiumhydrogencarbonate
Sodiumhydrogenphosphate

Sigma, USA
Fermentas, Lithuania
Calbiochem, D
Roche, D

Fluka, CH

Merck, D

Sigma, USA

Roche, D

GE Healthcare, S
Fluka, CH

Invitrogen, USA
BioRad, USA

Acros, B

Sigma, USA

Salinen Austria, AUT
Donauchemie, AUT
LifeTechnologies, USA
Roth, D

Sodiumhydroxide Merck, D
Sodiumthiosulfate Merck, D
TEMED Sigma, USA
Trichloracetic acid Merck, D
Tris Base LifeTechnologies, USA
Triton X100 Sigma, USA
Tween-20 Sigma, USA

6.4. Kits
EndoFree Plasmid Maxi Kit Qiagen, D
RNeasy Mini Kit Qiagen, D

Dual Luciferase Reporter System

Promega, USA

6.5. Inhibitors and Recombinant Proteins

Chir99021
PD98059
SPARC

Axon, NL
Cayman, USA
Sigma, USA




6.6. Plasmids

6.6.1. Renilla Plasmid

This pRL-TK vector is an internal control plasmidtiwa Renilla luciferasereporter
gene, that is constantly expressed in the deflsmega#E2241.

2223 Bamt | __
S0 late [
poly() RL-TK -
1971 Xba I actor By
Vo (4045 L)
\ "\
R
SR Rl HSV TK
7 Promoler
\\ Promater
\.\_\_‘_ ——
S EcoR | 649
- Il 760
{1040 Cs,-:“-l) Wha | 1024

Fig. 43Promega Renilla Plasmid

6.6.2. pGL3-Basic (Control) Plasmid

The pGL3-Basic vector is a control plasmid contagna luciferasegene without a
promotor.Promega#E1751.

pGL3-Basic
Vector
{4818bp)

Baglll 36
Hindlll |53

Mool 86

Narl 121

2010[Sall
2004 |BamHI

OTAENATE LA

Fig. 44Promega pGL3-Basic Plasmid
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6.6.3. pUC Plasmid

This pUC18 vector is a plasmid without any repogene, it is added to keep the DNA
amout in the different samles constant.

Eco01091 2674 Pfol 46 [BstAPl 179
Aatil 2617 |
Sspl 2501 gl

Pdmi 2204,
Bogl 2215,

Eco31] 1768
Eam1105] 1694

: Bsevl 1110
\Cail 1217

Fig. 45Promega pUC18 Plasmid

6.6.4. Nkx — luc Plasmid

The Nkx — luc plasmid is a Promega pGL3b plasmidl{#1) with an insert of the

nkx25 promoter region in front of laciferasereporter gene and was obtained by Dr
Katherine Yutzey (USA).

From Not | 4651

nkx2.5 promoter (-3059 to +223)

Nkx-luc
8.05 kb

2010(Sall
2004 |BamHi

Fig. 46 Nkx — luc plasmidpGL3-Basic vector with nkx2.5 insert
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6.6.5. Nkx —enhancer — luc Plasmid

The Nkx — enhancer - luc plasmid is made by Sormavl@s, the “minimal cardiac

enhancer” sequence of th&x25 promoter (published by Ching-Ling, L. et al. 999
is cloned into the Nkx — luc plasmid.

Minimal cardiac enhancer
sequence510bp

From Not | 4651nkx25 Promoter

« Nkx-enhancer-luc
8.61 kb

Fig. 47 Nkx — enhancer - [uelasmid

6.6.6. Des — siRNA Plasmid (Clone 4)

This Desmin — siRNA plasmid contains an antisergpiance for the mouskesmin
MRNA. The original vector in which the followingmence is clones is the Promega
pGeneClip hMGFP VectoPfomega#C8790).

77 1 |1 start

Cloned sequence:
GACCATCGCGGCTAAGAACAT

Amp "
linearized pGeneClip™
hMGFP Vector

g
(5.267bp) /

Intron /
hMGFP
oter

Pst
1638

siowod LN

O>OH>

Fig. 48 Desmin — siRNA Plasmid

6.6.7. Knock Down Negative Plasmid

This plasmid is a control plasmid having the samemonents of the Des — siRNA

plasmid except that the insert is a sequence thet dot have any similarities with the
desminmRNA.

Cloned sequence: GGAATCTCATTCGATGCATAC
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6.6.8. Desmin Plasmid

This Plasmid contains thdiesmincDNA and is used for ectopic expression of Desmin
in cells. Stratagene #212209.

Sspl 4338
Mstil 4322 f
Nsil 4237

Nsil 4165 _

Nael134

sap1 445 EcoRI — cDNA DESMIN — BamHI

M1 463 540 poly(A)

Mae 13303 ___

Nae 13020 ~—

PBK-RSV g1 1128

phagemid vector
4452 b

— Nhe | 1300
Mt 1608
Mst Il 2600

Fig. 49 Stratagene PBK-RSV vector with the Desmin cDNAtinser

6.6.9. TOPFlash Plasmid

This plasmid carries a luciferase gene under therabof a TCF/LEF binding sites

containing promoter, which is activated by bindiof pB-catenin (obtained by
Hartmund Beug, IMP, Vienna).

TCF binding sites were cloned into
the blunt Hindlll site, the CAT

/ gene was replaced by the

Luciferase gene

Fig. 50 TOPflash Plasmid: pBLCAT2 plasmid with TCFAE
binding sites and Luciferase reporter gene.
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6.6.10. pmaxEGFP

This pmaxGFP plasmid encodes GFP under the coaotral strong CMV promoter

(Cytolmegalovirus promoter). It was provided by aker Matthias (Medical
University of Vienna, Amaxa #VSC-1001).

Esp 31(7)
Eco 311(18)
Nsil (27}

Kanamycin

Esp 31 (2667) — pmaxGFP™
(3486 bp)

intron

~— Kpnl (980)

Nhel (988)
Ecod7lll (393)

putert Agel (997)

maxGFP
SV40 pA

BspTl (1891) Bqlll (1676)
Eco3ll (1896} Xhol (1680)
Esp3l (1909) Sacl (1687)

Fig. 51 Amaxa pmaxGFP plasmid

6.6.11. pCsx-EGFP-PP-DT
This vector was obtained from Hidaka (Hidaka et aD03). It contains regions
homologue to thenkx25 gene interrupted by an EGFP marker and a puromyc

resistence selection gene. It can be used for hauel recombination of thekx25
gene.

Nofl - 20421 Sail - 1

Kpnl- 17549
Xeol - 17530
DNeol - 17119
Xhol - 16348

Neol - 15788 pch'EGFF'PPDT
20454 bp

Kpul - 14697
ol - 6980

Xhol - 11552
Neol - 10278

Fig. 52pCsx-EGFP-PP-DT plasmid
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6.7. Primer

Primer Name Sequence 5' - 3' Annealing Cycles Product
(cDNA)

ANF fwd CGG TGT CCA ACA CAG ATC TG 52,5°C 36x 187 bp
rev TCT CTC AGA GGT GGG TTG AC

Brachyury fwd ATC AAG GAAGGC TTT AGC AAATGG G 60°C 36x 159 bp
rev GAA CCT CGG ATT CAC ATC GTG AGA

Csx fwd CCATTT GTC ACG TCC TGC ACG ACG 57°c 45X 1924 bp
rev GCT TGC ACT TGT AGC GAC GGT TC

Desmin fwd TGA CAA CCT GAT AGA CGA 50°C 37x 390 bp
rev TTC TTATTG GCT GCC TGA

GAPDH fwd CGT CTT CAC CAC CAT GGA GA 55°C 29x 300 bp
rev CGG CCATCACGC CACAGTTT

GATA4 fwd GCC TGT ATG TAATGC CTG CG 53°C 31x 500 bp
rev CCG AGC AGG AAT TTG AAG AGG

Goosecoid fwd GCA CCATCT TCA CCG ATG AG 52.7°C 35x 190 bp
rev AGG AGG ATC GCT TCT GTC GT

Isl1 fwd CGG TGC AAG GAC AAG AAA 49°C 38x 346 bp
rev CAA TAG GAC TGG CTA CCA

MCE. Element  fwd CGA CGAG GAA ACT CGG AGC TA 54°C 38x 124 bp
rev CTC TGC TGT GTG GCC TTG TA

Mef2C fwd GGC CAT GGT ACA CCG AGT ACA ACG AGC  66°C 34x 395 bp
rev GGG GAT CCC TGT GTT ACC TGC ACT TGG

Mespl fwd AGA AAC AGC ATC CCA GGA AA 52°C 32x 346 bp
rev GTG CCT GCT TCATCT TTA

MHC a fwd GGA AGA GTG AGC GGC GCA TCA AGG 57.7°C 32x 302 bp +

473 bp

rev CTG CTG GAG AGG TTATTC CTC G

MLC1v fwd TCA GGA AGC CCA GGG CAG GC 56°C 38x 86 bp
rev GGA GTC CGAACC ACTCCT TC

nkx2.5 fwd CAC CCACGCCTT TCT CAG TC 57°C 40x 513 bp
rev TGG ACG TGA GCT TCA GCA

nkx2.5 Promoterl fwd CTC TGT TTG CTT TCT CGC CA 52.5°C 38x 246 bp
rev ATT GGA GAC AGG CAG CGT TA

Oct 3/4 fwd GGCAAATCACTGAAGGCTCA 62°C 30x 801 bp
rev CACACCAGTCCACAACATAG

pCSX fwd GAT GTG GAA TGT GTG CGA GG 55°C 45x 1700 bp
rev TGG ACG TGAGCT TCAGCAC

T Promoter fwd ATA AAT ACA GCC GAG GTG GCC T 55°C 30x 176 bp

rev

CGACGC TTT CCT TAC AGG AAG
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6.8. Antibodies

Antibody Company

cardiac TroponinT Thermo Scientific #MS-295
Connexin43 Sigma #C6219

Desmin SigmaAldrich #D1033
Desmin Abcam #ab8592-500
GAPDH Millipore, #P04406

GFP Cell Signalling #2956
SPARC Santa Cruz, #sc-25574

a-mouse FITC
a-mouse-HRP
a-rabbit-HRP
a-rabbit-TR

Dianova #715-095-151
Pierce, #31430

Dianova, #111-035-003
Dianova #711-075-152
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6.9. Cell Lines

6.9.1. Fibroblasts

SNL 76/7 Fibroblasts

The SNL76/7 cell line was established by Allan Begd It derives from the
murine STO fibroblast cell line but additionallyshalLIF gene and ameomycin
resistence gene inserted into the genome (McMahdrBaadley, 1990).

C2C12 Fibroblasts

The C2C12 cell line was produced by Gelen Blau. £2Cells are myoblasts
committed to produce myotubes upon differentiation.

6.9.2. Embryonic Stem Cells

AB2.2

The AB2.2 cell line is a murine wild type embryorstem cell line isolated by
Allan Bradley from the mouse strain 129Sv (Soriahal., 1991).

DC6

The DC6 cell line is a murine embryonic stem dek lthat overexpresses Desmin
(des™ de$®). It was produced by Sonja Puz (Puz, 1999).

Des”

The De¥ cell line is adesminknock out murine embryonic stem cell line
produced by Georg Weitzer (Milner et al., 1996).

De§1'48/Al'48

The De& 82148 cell line is a murine embryonic stem cell line twia mutated
desmingene. The first 48 amino acids of the N-termimesdeleted (Hollrigl et al.,
2002).

MS15

The MS15 cells line was established by Martinaystidis an embryonic stem cell
line carrying anEGFP reporter gene and a puromycin resistence genaearatiel

of the nkx25 locus. The reporter and resistence genes anessqul under the

control of thenkx25 promoter.

6.9.3. Cardiovascular Progenitor Cells

Twelve different cardiovascular progenitor celleinwere isolated by Georg Weitzer

and Marc Widner from newborn mice carrying a neomyesistence gene in one

allele of thehdacllocus. The hearts of nine days old mice were atit digested with
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a collagenase/pancreatin solution, co-cultured witlbryonic stem cells and feeder
cells for 10 passages following a 3T3 protocol aeléction with G418 resulted in the
death of murine wild type embryonic stem cells dhe isolation of twelve clonal

cardiovascular progenitor cell lines. Here, the taks A5 and H3 were used for

experiments.

6.10. Bacteria Strains
XL-1 blue Stratagene, USA

6.11. Material for bacteria culture

6.11.1. LB Medium

- 10g NacCl

- 10 g Tryptone

- 5(g yeastextract

- 11 ddHO
The three reagents are mixed until the chemicasdasolved. The LB medium is
portioned into 500 ml bottles and autoclaved at $0I?0°C at 1.4 bar for 20 to 30

minutes.

6.11.2. LB — plates

7.5 g agarose (1.5%) are added to a 500 ml bdtil®e- medium. Then, the bottle is
autoclaved and melted for 30 minutes at 180 Watther microwave. The liquid is
cooled down, antibiotics are added, and the medsupoured into petri dishes. The

plates are kept at room temperature to solidifythiedt stored at 4°C.
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7. Methods

7.1. Cell Culture

7.1.1. General Stem Cell Culture Workings
Glass material for stem cell culture should notoemter with washing-up liquid,
because already a small amount of it causes déatimlaryonic stem cells. Therefore it

is cleaned in a different way than normal labonatglass ware.

7.1.1.1. Washing of Glass Bottles for Media and Solutions

Empty bottles are filled with tap water and a ferwpb Hypochlorid. They are kept at
room temperature for about an hour. Then, the éattkrinsed out with tap water until
no Hypochlorid is left and it is then washed withlliQ-H >O. It is filled with milliQ-
H.O, kept at room temperature for 24 hours, driedfaradly autoclaved at 120°C and 1
bar.

7.1.1.2. Washing of Pipettes

After usage, the glass pipettes are stored in Hylpad containers. When they are full,

the pipettes are transferred to another contaimérage rinsed with tap water for at least
4 hours. The pipettes are then stored in milligdHbver night and afterwards dried in a
drying oven at 60°C. A piece of cotton is pluggetbieach pipet, they are put into the
pipet boxes and are baked at 180°C for 8 hours.

7.1.2. Buffer and Media for Cell Culture
10x PBS (Phosphate Buffered Saline) stock solution

- 137M NacCl

- 147mM KCI

- 78.1mM NaHPQOyx 7H,O

- 26.8mM KHPO,

- Saturated N&1POy is added to a final pH of 7.2.

- The solution is sterile filtered (Nalagene Filt@122 um pore width).

100x GPS (Glutamine-Penecillin-Streptomycin)

- 425g NaCl
- 15¢g Penicillin

- 25¢g Streptomycin
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- 14649 L-(+)-Glutamine
- MilliQ-H ,0 is added to a final volume of 500 ml.
- The solution is stored at -20°C and then kept @t dfter thawing.

100x B-Mercaptoethanol (1tM)

- 200 ml 1x PBS
- 144 ul  B-Mercaptoethanol (14 M)
- The solution is sterile filtered.

- The solution is stored at -20°C and then kept @t dfter thawing.

Trypsin

- 35¢ NaCl

- 05¢g D-Glucose

- 0.09¢ Na2HP®x 7H,0O

- 0.185g KCI

- 012¢ KHPO,

- 02g¢g EDTA

- 1.25¢g Trypsin (Gibco)

- 15¢g Tris Base

- MilliQ-H 20 is added to a final volume of 500 ml.
- Concentrated HCl is added to a final pH of 7.6.
- The solution is stored at -20°C and then kept @t dfter thawing.

1% Gelatine Stock Solution

10 g Gelatine (Difco) are soluted in 1 | milliQ®. The solution is sterile
filtered.

DMEM (Dulbecco’s Modified Eagle’s Medium)

A 5 | Erlenmeyer Flask is filled with 4.5 | milli@,0O. Half a DMEM can
(Gibco, +4500 mg/l Glucose, -NaHGOPyruvate #52100-039) is added and
dissolved. 18.5 g NaHCare added. Concentrated HCI added to a final pH of
7.4. MilliQ-H.0 is added to a final volume of 5 | and the medisnsterile

filtered into cell culture falsks.
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Freezing Medium

- 60% DMEM

- 20% Fetal Bovine Serum (company depends on ced| lise the one
they are normally cultured with)

- 20% DMSO (Dimethylsulfoxid)

PBS/Collagenase/Pancreatin Solution

- 10 ml 1x PBS
- 5mg Collagenase (Worthington)

- 6 mg Pancreatin (Gibco)

7.1.3. Growing Media

Medium for Fibroblasts (M10Gi)
- 89% DMEM
- 10% Fetal Bovine Serum (Gibco)
- 1% GPS (Glutamine-Penicillin-Streptomycin)

Medium for embryonic stem cells and cardiovascptagenitor cells (M15Hi)
- 83% DMEM
- 15% Fetal Bovine Serum (HyClone)
- 1% GPS (Glutamine-Penicillin-Streptomycin)
- 1% B-Mercaptoethanol

Medium for Embryoid and Cardiac Bodies (M15Si)
- 83% DMEM

- 15% Fetal Bovine Serum (Sigma)
- 1% GPS (Glutamine-Penicillin-Streptomycin)
- 1% B-Mercaptoethanol

Medium for primary Cardiomyocytes (pCMC)
- 59% DMEM
- 20% Fetal Bovine Serum (Gibco)
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- 20% Horse Serum (Gibco)
- 1% GPS

7.1.4. Gelation of Tissue Plates

0.1% Gelatinesolution is pipetted on the tissudeglao that the bottom is covered

with the solution. It is kept at room temperatuse ivo hours and then the solution is
aspirated.

7.1.5. Fibroblasts

7.1.5.1. Culture of SNL76/7 Fibroblasts

Embryonic stem cells grow on so called feeder calliyer of fibroblast cells which
produce LIF and therefore keep the embryonic stells i an undifferentiated state.
The SNL76/7 cell line derives from the STO fibradilaell line but additionally has a
LIF gene inserted into the genome. The cells aleir@d on 0.1% gelled 10 cm cell
culture plates at 37°C and 5% €Ohey are fed with M10Gi as soon as the colour of

the medium changes and when they reach conflug¢neg,are split in an up to 1:8
ratio.

7.1.5.2. Culture of C2C12 Fibroblasts

The fibroblasts are incubated at 37°C and 5% @Q0 cm tissue plates and are split
every second or third day in a 1:8 ratio.

7.1.5.3. Thawing of Fibroblasts

The cells are stored in 2 ml Kryotubes in liquittogen at -180°C.

The tubes are taken out of the liquid nitrogen. Thks are thawed in the 37°C water
bath and transferred to a 15 ml falcon. M10Gi medi(6 ml medium/1 ml cell
suspension) is added drop by drop, after each thegalcon is gently shaken. The
cells are then centrifuged for 7 minutes, 1000 gimoom temperature. The medium
is aspirated and the cells are resuspended in 4resh M10Gi. The cells are
transferred to a (gelled) 10 cm culture plate,fdieon is rewashed with 4 ml M10Gi,
which are also transferred to the culture platee €élls are dispersed by moving the

plate in a shape of an eight and are then inculztdd°C.
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7.1.5.4. Splitting of Fibroblasts

The medium in the plate is aspirated and the eedisvashed with 1x PBS. The PBS is
apirated and 1 ml Trypsin is pipetted to the cdllse plate is incubated at 37°C for 5
minutes. The cells are resuspended in 7 ml fresB@@1Inedium and 1 ml of this
suspension is transferred to a new (gelled) 10 late §1:8 ratio). 8 ml fresh M10Gi
are added and the plate is incubated at 37°C.

7.1.5.5. Freezing of Fibroblasts

The medium is aspirated and the cells are wash#d Ixi PBS. 700 pl Trypsin are
added to the cells and the plate is incubated fominutes at 37°C. The cells are
resuspended in 2 ml M10Gi and transferred to a lifaleon. 2.7 ml freezing medium
are added drop by drop, after each drop the falsomgently shaken. The cell
suspension is apportioned to three Kryotubes, ubed are put into a Styrofoam box
which is placed into the -80°C freezer for at leadthours and then the tubes are

stored in liquid nitrogen.

7.1.5.6. Production of Feeder Cells

One 10 cm culture plate with confluent SNL76/7 €&l enough for about two 24 well
plates. In the course of producing feeder cellg 8NL76/7 cells have to get
mitotically inactivated so that they do not divideymore but still produce all factors

needed for self-renewal.

The medium of the 10 cm culture plate is aspirabezept 4 ml. 80 ul Mitomycin C are
added drop by drop and the plate is incubated 4t 3ar 3 — 4 hours. The medium is
aspirated and the cells are washed twice with 1%.PBml Trypsin is pipetted to the
cells and they are incubated at 37°C for 10 minufbe cells are resuspended in 5 ml
M10Gi and transferred to a sterile 15 ml falconeT#ate is rewashed with 10 ml
M10Gi, which are also pipetted to the falcon. Takedn is centrifuged for 7 minutes,
1000 rpm at room temperature and the supernatardspsrated. The pellet is
resuspended in 10 ml M10Gi and the cell count terd@ned. The cells are diluted to
a concentration of 3.5 x 1@ells/ml and seeded to gelled 24 well plates, O.%en
well. The plates are incubated at 37°C and canskd on the next day when the cells

adhere to the plate.
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7.1.6. Embryonic Stem Cells (ESCs) and Cardiovascular Pragnitor Cells
(CVPCs)

7.1.6.1. Culture of Embryonic Stem Cells and CardiovasculaProgenitor Cells
The cells are incubated at 37°C and 5%, @024 well plates, are fed every 24 hours
with M15Hi and are split at approximatly 90% comfiice in a 1:3 ratio.

7.1.6.2. Thawing of Embryonic Stem Cells and CardiovasculaProgenitor Cells

The cells are stored in 2 ml Kryotubes in liquittogen at -180°C.

Two hours before thawing, the feeder cells on whinehcells will grow are fed with 2
ml M15Hi. The tubes are taken out of the liquidagen. The cells are thawed in the
37°C water bath and transferred to a 15 ml falé@éh0Gi medium (approximately 6
ml medium/1 ml cell suspension) is added drop lmpdafter each drop the falcon is
gently shaken. The cells are then centrifuged fomiutes, 1000 rpm at room
temperature. The medium is aspirated and the aadlsesuspended in 1 ml medium of
the prefed feeder cells. They are then transfetoethe feeder well. The cells are
incubated at 37°C.

7.1.6.3. Splitting of Embryonic Stem Cells and CardiovasculaProgenitor Cells

Two hours before splitting, the feeders on whiah ¢klls will grow are fed with 2 ml
M15Hi and the embryonic stem cells that will beitspte fed with 1 ml M15Hi. The
medium in the well is aspirated and the cells asshed with 1x PBS. The PBS is
apirated and 200 ul Trypsin are pipetted to thisc&€he plate is incubated at 37°C for
15 minutes. The cells are resuspended in 1 ml mediuthe prefed feeder cells and
400 ul (if splitting ratio is 1:3) of this suspeosiare transferred to the feeder well. The

plate is incubated at 37°C.

7.1.6.4. Freezing of Embryonic Stem Cells and CardiovasculaProgenitor Cells

Two hours before freezing, the embryonic stem calésfed with 1 ml M15Hi. The
medium is aspirated and the cells are washed witRBS. 200 pl Trypsin are added
to the cells and the plate is incubated for 15 meisuat 37°C. The cells are
resuspended in 800 pl M15Hi. 1 ml freezing mediaradded drop by drop directly to
the well, after each drop the plate is gently shaléde cell suspension is apportioned
to two Kryotubes, the tubes are put into a Stynefdaox which is placed into the -
80°C freezer for at least 24 hours and then thesaoe put into the liquid nitrogen.
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7.1.7. Embryoid Bodies and Cardiac Bodies

7.1.7.1. Production of Embryoid Bodies and Cardiac Bodies
One day before embryoid bodies (EBs) and cardiadieso(CBs) are made, the
embryonic stem cells and cardiovascular progewigtis that will be used for the EBs

and CBs are split in a 1:2 ratio so that the cak#sin an optimal condition.

Two hours before starting, the cells are fed witimlLM15Hi. The medium is then
aspirated and the cells are washed with 1x PBS 200ypsin are added to the cells
and the plate is incubated for 15 — 20 minutes74C3 The cells are resuspended in
800 ul M15Si and pipetted to a gelled 6 well plated the original well is rewashed
with 1 ml medium. The plate is incubated for 1 hatr37°C so that the fibroblasts
adhere to the gelled plate but the embryonic stelis do not. The supernatant is
pipetted to a 50 ml falcon and is expanded to 10mthh M15Si. The cell count is
determined. The cells are diluted to a concetratibd x 10 cells/ml (for EBs) and
4.5x1d cells/ml (for CBs) and measured again until theexircell count is detected in
the solution. Sterile bacteria plates are filledhvautoclaved milliQ-HO. 20 ul drops
are pipetted to the lid of the bacteria plates (apmately 100 drops per lid). The lid
is put on the plate containing the water and tla¢epls incubated at 37°C. The day, on
which the embryoid and cardiac bodies are madaysOd On day 4.5 (EBs) and day
4.7 (CBs) the drops in the lid are rinsed with gf®ml M15Si medium into a gelled
10 cm cell culture plate and the embryoid and eardiodies are dispered by rocking
to two different directions. The plate is incubas®7°C.

7.1.7.2. Culture of Embryoid Bodies and Cardiac Bodies

Embryoid and cardiac bodies are fed every third, daywever a part of the old

medium is kept and fresh medium is added to the@oé&l

On day 7 and day 10, 3 ml old medium are kept éenplate and 8 ml fresh M15Si are
added.

On day 13, day 16, day 19 and day 22, 4 ml old oradire kept in the plate and 10 ml
fresh M15Si are added.

From day 25, 5 ml old medium are kept in the péatd 12 ml fresh M15Si are added.
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7.1.7.3. Trypsinisation of Embryoid and Cardiac Bodies

The plates are washed twice with 1x PBS. 2 ml gp$m/Collagenase/Pancreatin (for
20 ml: 20 ml Trypsin, 10 mg Collagenase, 12 mg Reatin) are added to each plate
and they are incubated at 37°C for 20 minutes. ddls are resuspended in 8 ml
M15Si and pooled into a 50 ml falcon. The falcorcentrifuged for 10 seconds, the
supernatant is  collected, the pellet is resuspended 2 ml
Trypsin/Collagenase/Pancreatin and incubated af 3@f 10 minutes. The cells are
resuspended in 8 ml M15Si, transferred to a 5Cahsbh. The falcon is centrifuged for
10 seconds, the supernatant is pooled, the pefletresuspended in 1 ml
Trypsin/Collagenase/Pancreatin and incubated a€ 3@f 7 minutes. The cells are
resuspended in 5 ml M15Si and pooled with the pevi supernatants. After
centrifugation for 5 minutes at 1000 rpm, the pgetlen be resuspended in the desired

solution.

7.2. Isolation of primary Cardiomyocytes

The hearts of newborn mice are cut out and plactda tube containing 1x PBS (up
to three hearts per tube). The PBS is removed lamth¢arts are cut into small pieces.
1 ml 1x PBS is added and the tube is centrifuge® fminutes at 1200 rpm. The PBS
is aspirated and 1 ml PBS/Collagenase/Pancreatinicgo is added. The solution is

incubated at 37°C for 7 minutes. It is then ceagé&d for 2 minutes at 1200 rpm. The
supernatant is removed. 1 ml PBS/Collagenase/Patitrgolution is added and

incubated at 37°C for 3 minutes. The mixture istciged for 2 minutes at 1200 rpm

and the supernatant is removed. The cells are pesded in pCMC medium and

transferred to a 1% gelatine coated 6 cm plate.CEtls are incubated at 37°C for 60
minutes. The supernatant is transferred to a newgéfatine coated plate which is

incubated at 37°C.

7.3. DNA Isolation

DNA is isolated of one confluent 24 well.

The cells are trypsinised, resuspended in 1x PRStramsferred into a Kloesch tube.
The tube is centrifuged for 10 minutes at 1200 rpnd 4°C. The supernatant is

aspirated, the pellet resuspended in 1 ml 1x PBScanmtrifuged for 10 minutes at
82



1200 rpm and 4°C. The supernatant is aspiratedpehet is resuspended in 800 pl
PK-Buffer and incubated at 50°C and 700 rpm ovehti On the next day, the
solution is partitioned into two tubes and 400 akRol are added to each tube. The
solution is mixed by inverting several times andntitentrifuged at 14000 rpm for 10
minutes. The upper phase is transferred into a Ke&sch tube and again 400 ul
Phenol are added, inverted and centrifuged for iffutas at 14000 rpm. The upper
phase is again transferred into a new tube and BBQCloroform + 20 pl
Isoamylalcohol are added, the tubes are invertddlaan centrifuged for 10 minutes at
14000 rpm. The upper phase is transferred intonatabe. 1 ml 96% EtOH and 50 pl
3M NaOAc are added and the tubes are kept at -80°@.5 hours. They are then
centrifuged at 14000 rpm for 15 minutes at 4°C étigb the precipitated DNA. The
supernatant is aspirated and the pellet is wash#d500 pl 70% EtOH. The tube is
centrifuged for 10 minutes at 14000 rpm and 4°QG: $hpernatant is aspirated and the
pellet is dried. 40 pl milliQ-kLD are added and the tubes are incubated at 37°C and
700 rpm for 30 minutes. The content of the two suisepooled and the DNA is stored
at -20°C.

PK Buffer:
= 0.5ml 1M Tris pH 8
= 20 pl 0.5MEDTApH 8

= 100 ul 10% SDS
= 200 pl Proteinase K 10 mg/ml

= 9.18 ml dHO
7.4. PCR
Master Mix
= 38.75ul  miliHO
= 5ul 10x Taq Buffer (Fermentas #EP0402)
= 3l 25 mM MgC} (Fermentas #EP0402)
= 1l 10 mM dNTPs (Fermentas #R0192)
= 0.5ul Primer forward (Vienna BioTec)
= 0.5ul Primer reverse (Vienna BioTec)

= 0.25 pl Taqg Polymerase (Fermentas #E0402)
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The master mix is pipetted into PCR tubes (Kloesoig 1-2 pl of sample DNA are
added. The tubes are placed into a Biometra T-Rar$CR machine.

PCR Conditions

1. 94°C 60 seconds

2. 94°C 45 seconds

3. Annealing 45 seconds (annealing temperature depamgrimers)
4. 72°C 60 second® back to step 2 for 28-39 cycles

5. 72°C 240 seconds

6. 4°C

7.5.  mRNA Isolation and Reverse Transcription

To isolate MRNA from cells, the Quiagen RNeasy Miitiis used.

The medium of the cells of interest is aspirated te cells are washed with 1x PBS.
The PBS is aspirated and 1 ml 1x PBS is addedcé&le are scraped off, resuspended
and transferred to 15 ml falcon tubes. They ardrifeged for 5 minutes, 1000 rpm at
room temperature and the pellet is resuspended ml 1x PBS. The mixture is
transferred into a tube, centrifuged for 5 minuas14000 rpm and 4°C and the
supernatant is aspirateggtMercaptoethanol is added to RTL buffer (1:100)6 §0 of
this solution are added to each tube, the pelleessispended and pipetted into a
Shredder Column. It is centrifuged for 2 minute3)d0 rpm at room temperature. The
column is discarded and 606 ul of 70% EtOH (RNase)fare pipetted to the solution,
mixed and 600 pl of this mixture are pipetted t&®Measy column. The column is
centrifuged for 15 seconds at full speed. The ftavough is discarded and the other
600 ul of the mixture are pipetted to the RNeasluroo. The column is again
centrifuged for 15 seconds at full speed and the through is discarded. 700 pl RwW1
are added followed by 15 seconds full speed cegaiion and flow through removal.
This step is repeated with 500 pl RPE. Then 50RRE are added, the column is
centrifuged for 1 minute at 13000 rpm, and the iolus put into a new 1.5 ml tube.
30 ul RNase-free water are added and the tubeseateifuged for 1 minute, 13000
rpm at room temperature. The column is discardedtlam DNA is digested by adding
3.75 pl DNase buffer (Fermentas) and 3.75 ul DNg&@rmentas). After incubation
for 30 minutes at 37°C, 3.75 pl EDTA (Fermentasy added to stop the DNA

digestion and the tubes are incubated at 65°CGaniBiutes. The samples are kept on
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ice and a PCR with GAPDH Primers is made with thm@es as templates to detect
whether there is still some genomic DNA left in g@mples. During running the PCR
the samples are frozen at -80°C. The PCR produettoaded on a 1.5% agarose gel
which is run at 130 Volt for about 1 hour. The gethen put into an Ethidiumbromid

bath for about 20 minutes and afterwards the DNAdBaare detected under an UV
light.

If there is no band visible, the protocol can betowed and the RNA can be reversely

transcribed.

1 ul oligo-d(T) is added to each sample and theyirasubated at 70°C for 10 minutes.
The samples are then kept on ice for 3 minutescanttifuged for 30 seconds, 13000
rom at room temperature. 18.5 pl RT (reverse trgrtgan) Mix are added to each
sample. The samples are incubated for 2 minutegli2dC and 1 pl Reverse
Transcriptase (Fermentas) is added to each saifipdg. are incubated at 42°C for 50
minutes. They are further incubated at 70°C foniButes. Then, the samples are kept
on ice for 5 minutes and centrifuged for 2 minute3000 rpm. The samples can be
stored at -20°C.

The first thing that has to be tested is, if ther¢he same amount of cDNA in each
sample. Therefore a PCR is made with Primers ®htuse-keeping gene GAPDH. If
all GAPDH bands on the gel have the same inten8igRs with primers for the

sequence of interest can be made.

1x RT Mix
= 10 ul 5x FS Buffer
= 0.5l 0.1MDTT
= 15l RNase Inhibitor
= 2ul 10 mM dNTPs

7.6. Chromatin Immunopazipitation (ChlP)

With this method, it is possible to detect protBINA interaction.
Here, the interaction of the Protein Desmin witle tkx25 promoter region should

have been detected.
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300 pl Formaldehyd/10 ml medium are added to therhiQplates on which cells of
interest grow (to X-link proteins and DNA). The f@as incubated for 40 minutes at
room temperature. 500 pl Glycine/10 ml medium aiged and the plate is shaken for
5 minutes (to stop X-linking). The supernatant spieated and the cells are washed
with ice cold 1x PBS. 1 ml ice cold 1x PBS is adéed the cells are scraped off and
transferred to a falcon tube. They are centrifuigecdd minutes at 1200 rpm and 4°C.
The supernatant is aspirated and the pellet is @taghth 5 ml WASH I. Therefore,
the pellet is resuspended in 1 ml WASH I, then AWMSH | are added, the falcon is
shaken and kept on ice for 10 minutes. This isofedld by centrifugation for 5
minutes, 1200 rpm, 4°C. The washing step is redeatth WASH II. The pellet is
resuspended in 1 ml Lysis Buffer. The solutionransferred to a 2 ml Kloesch tube

and stored at 4°C over night.

The cells are sonicated so that they burst andthigaDNA is fractured into pieces of
600 — 800 bp length. The Kloesch tube is kept eraied the sonication is repeated 16
times with 90% Dot Cycles and 45% Output for 150sels. After each sonication the
tubes are kept on ice for 35 seconds. The celhieags are centrifuged for 10 minutes,
full speed, 4°C. The supernatant is collected &eddD at 280 nm is measured with a
NanoDrop machine. Therefore 2 pl of sample aretedlin 98 pl ddHO and ODgo is
measured. The samples are then brought to an elysh& depending on their protein
concentration. If ORypis 0.1-> 100 pl sample are used. Lysis Buffer to a findlinge

of 140 ul is added, 260 ul Elution Buffer and 2@ NaCl are added. The tubes are

incubated at 65°C and 300 rpm over night (in otdeeverse the x-link).

The proteins are degraded by adding 8 ul 0.5 M EPIGAUI 1 M Tris pH 6.5 and 2 pl
Proteinase K (20 mg/ml). The samples are incubtmed hour at 55°C and 400 rpm.
Under the flue, 600 ul Phenol are added to the kzanthe lid is sealed with Parafilm,
the samples are vortexed and centrifuged for 2 tesufull speed at room
temperature. The upper phase is collected in aleesch tube and the procedure is
repeated with Chloroformisopropanol (24:1). Theesnptant is collected in a new
Kloesch tube and 800 pl 96% EtOH (-20°C), 12 ul 3I&OAc and 1 ul Glycogen are
added. The samples are kept at —20°C for at le&sh@urs. This is followed by
centrifugation at 4°C for 25 minutes at full spe@d0 1l 70% EtOH are added to wash
the pellet. It is centrifuged for 10 minutes at 48ad full speed. The supernatant is
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aspirated and the pellet is air-dryed. 100 pl gaknd 1 pul RNAse are added and
incubated at 37°C for half an hour.

These samples are used as the Inputs (IN). Thehlesigthe DNA fragments is

checked. Therefore 20 ul of the samples are loadeal0.8% agarose gel.
The samples for the Immunoprecipitation are thedema

The Protein A beads have to be prepeared befogeu3herefore, 2-3 spatula tips of
Protein A beads are put into a Kloesch tube and TEnBuffer is added. The beads
are incubated for 30 minutes at room temperatuneyTare then centrifuged for 3
minutes, 1000 rpm at room temperature. Afterwattusy are washed three times with
TE. The amount of beads is estimated and the samoeird of blocking solution is
added. The beads are shaken at 4°C for 30 minLitbes\, the tube is centrifuged for 3
minutes at 1000 rpm. The supernatant is discartted pellet is washed with TE,
centrifuged and the supernatant is again discartieel.amount of beads is estimated
and the same amount TE Buffer is added.

The sonicated samples are brought to an eqal voldepending on their
concentration. If Okypis 0.1-> 100 pl sample are used. Lysis Buffer to a findlinee

of 140 ul is added and 860 pl Dilution Buffer arpgtted to the solution. 25 pl Protein
A beads are added to the samples and the tubataken at 4°C for one hour to pre-
clear the chromatin. The pre-cleared chromatihes tcentrifuged for 5 minutes, 1200
rpom at 4°C. The supernatant is transferred to a Kiesch tube, 2.5 pd-Desmin
antibody are added and the tubes are shaken abvEitnight. 35 pul Protein A beads
are added and the tubes are shaken at 4°C for 4.hboe tubes are centrifuged, the
supernatant is discarded and 900 pl of RIPA byftteget rid of unspecific binding) is
added to the immune-complexes. The tubes are stiak&® minutes at 4°C and then
centrifuged for 5 minutes, 1200 rpm at 4°C. Thehias step is repeated with HI Salt
buffer (to get rid of unspecific binding) and withCl buffer (to get rid of RNA
crosslinked to complexes). The washing step idlfimapeated twice with TE Buffer
(to neutralise). After removal of the supernatd@0 ul Elution Buffer are added to the
beads. The complexes are shaken for 5 minutes;@0@t room temperature. 20 ul 4
M NaCl are added and the tubes are gently shak80Gatpm at 65°C over night to
reverse the X-link. The proteins are degraded lwmad8 pl 0.5 M EDTA, 16 pl 1 M
Tris pH 6.5 and 2 pl Proteinase K (20mg/ml) andubating them for 1 hour at 55°C
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and 400 rpm. Under the flue, 600 ul Phenol are @doe¢he samples, the lid is sealed
with Parafilm, the samples are vortexed and cemgedl for 2 minutes, full speed at
room temperature. The upper phase is collected mewa Kloesch tube and the
procedure is repeated with Chloroformisopropandti® The supernatant is collected
in a new tube and 800 pl 96% EtOH (-20°C), 12 M BlaOAc and 1 pl Glycogen are
added. The samples are kept at —20°C for at ledsh@urs. This is followed by
centrifugation at 4°C for 25 minutes at full spe@d0 1l 70% EtOH are added to wash
the pellet. It is centrifuged for 10 minutes at 48ad full speed. The supernatant is
aspirated and the pellet is air-dryed. 100 pl gaknd 1 pul RNAse are added and
incubated at 37°C for half an hour.

These samples are used as the Immunoprecipitdipsgmples.

For the following PCRs, 2 ul of the INPUT sampleadalO pl of the
IMMUNOPRECIPITATION samples respectivly are usedexaplate DNAs.

PCR Master Mix (1x):

= 37.75 pl milliko

= 5ul 10x Taq Buffer (Fermentas #EP0402)

= 4l 25 mM MgC} (Fermentas #EP0402)

= 1l 10 mM dNTPs (Fermentas #R0192)

= 0.5ul Primer forward (Vienna BioTec)

= 0.5ul Primerreverse (Vienna BioTec)

= 0.25 pl Taq Polymerase (Fermentas #EP0402)

PCR conditions:

1. 95°C 4 minutes

2. Annealing 90 seconds (Annealing temperature dependPrimer )
3. 72°C 90 seconds

4. 95°C 60 seconds

5. Annealing 30 seconds

6. 72°C 45 seconds® back to step 4

7. 72°C 90 seconds

8. 4°C
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The PCR products are loaded on a 1.8% agarosetlgelagarose concentration
depends on the length of the produced fragmenstadler the product, the higher the
agarose concentration should be in order to getod geparation), which is run at 130
V for about 1.5 hours. The gel is then put intoEahidiumbromid bath for about 20

minutes and afterwards the DNA bands are detectddrian UV light.

Buffer for Chromatin Immunoprecipitation:

WASH |
= 10ml 10% Triton x-100
= 8ml 0.5M EDTA
= 400 ul 1 M Hepes
= ddH,O ad 400 ml
= +200 ul/20 ml Proteinase Inhibitor (add immeadidtjore use)
= +10 ul/10 ml PMSF (add immeadiatly before use)

WASH I

= 20ml 4 M NacCl

= 800pul 0.5MEDTA

= 400pl 0.5MEGTA

= 4 ml 1 M Hepes

= ddH,O ad 400 ml

= +200 ul/20 ml Proteinase Inhibitor (add immeadiaiiyore use)
+10 ul/20 ml PMSF (add immeadiatly before use)

Lysis Buffer
= 100 ul  10% SDS
= 20ul  0.5MEDTA
= 50 ul 1 M Tris pH 8.1
= 20 pl Proteinase Inhibitor
= 1plPMSF
= ddH0O ad 1 ml

Elution Buffer
= 200 pl 10% SDS
= 100 pl 1 M NaHC@

= 10 ul 1 M DTT (Dithiothreitol)
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* ddHO ad 1 ml

TE Buffer
= 4 ml 1M TrispH 8
= 800pul 0.5MEDTA
= ddH,O ad 400 ml
= The solution is autoclaved.

Blocking Solution (for 100 pl beads)

= 2ul Herring Sperm
= 10 ul BSA (10 mg/ml)
= 5ul NaAcid 2%

= 84l TE

Dilution Buffer
= 800 pul 10% SDS
= 44 ml 10% Triton x-100
= 960 ul  0.5MEDTA
= 6.68ml 1MTrispHS8,1
= 16.7ml 4 M NaCl
= ddHO ad 400 ml

RIPA Buffer
= 15ml 4 M NacCl
= 20ml 1M Tris pH 8
= 4ml 10% SDS
= 20 ml 10 M NaDoc
= 40 mi 10% NP-40
= ddH,O ad 400 ml

HI Salt Buffer
= 50ml 4 M NacCl
= 20mil 1M Tris pH 8
= 4ml 10% SDS
= 40 ml 10% NP-40
= ddH,O ad 400 ml
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LiCl Buffer
= 100ml 1M LIiCl
= 20ml 1M Tris pH 8
= 20ml 10% NaDoc
= 40 mi 10% NP-40
= ddH;O ad 400 ml

Elution Buffer
= 1ml 10% SDS
= 05m 1MNaHCQ@
= 50ul  1MDTT
= ddHO ad 5 ml

7.7.  Cloning Systems

7.7.1. Production of competent E.Coli

A colony of E.Coli XL1-blue is picked, transferréd a flask containing 5 ml LB
medium, and is incubated over night at 37°C. Thatdya culture is diluted with 45 ml
LB medium in a 250 ml flask and is incubated uatilensity of Olgyp= 0.3 — 0.6 is
reached (about 2 hours). The culture is centrifuagted®C for 10 minutes and 1000 g.
The supernatant is aspirated and the pellet ispesuled in 5 ml TSB. The solution is
kept on ice for 10 minutes and then aliquoted ie-qgooled Kloesch tubes. The
bacteria are shock-frozen in liquid nitrogen arehtstored at -80°C.

TSB (sterile filtered)
= 10% PEGpoo0r PEGooo
= 5% DMSO
= 10 mM MgChx 6 H,O
= 10 mM MgSQx 7 HO

= B medium

7.7.2. Transformation of competent E.Coli
2 ul of Plasmid DNA are pipetted to 500 ul of coteme E.Coli XL1-blue and are
mixed by inverting the tube. The suspension is kepice for 30 minutes, transferred

to 42°C for 30 seconds and immediately put on2&€. ul LB medium are added and
91



the mixture is shaken (300 rpm) at 37°C for 60 rtesuAntibiotic selective LB-agar
plates are prewarmed and 10 pl and 30 pl of théebacsolution are spread to the

plate and incubated over night at 37°C. The nextsitagle colonies can be picked.

7.7.3. Glycerol Stocks of E.Coli

Glycerolstocks are used for long-term storage oftdyéa containing a specific
plasmid.

A single colonie of competent E.Coli transformedhwthe plasmid of interest is
picked and transferred into a cuvette tube comgiri — 5 ml antibiotic selective
medium. The bacteria are incubated and shakenrogiet at 37°C. The next day, 850
pl of the overnight culture are mixed with 150 pgérde 87% Glycerol and are
transferred to a cryotube. The bacteria are shazeh in liquid nitrogen and then

frozen at -80°C.

7.7.4. Plasmid Preparation
To transfect cells with plasmids, they have to kRagted from bacteria that were
transformed with the plasmid of interest. For tHaskid Preparation, the Qiagen
MaxiPrep Kit is used.
A piece of a glycerol stock is transferred to atitaotic-selective LB-agar plate and
incubated at 37°C over night. The next day, a simgllony is picked and transferred
into a tube containing 3 ml antibiotic selective bi@dium. The tube is shaken at 37°C
for about 4 hours and then the content of the tisb#ansferred into a 1 | flask
containing 150 ml antibiotic selective LB mediunheTflask is incubated and shaken
at 37°C over night. The overnight culture is cdaged for 15 minutes at 4°C and
8500 rpm. The pellet is resuspended in 10 ml BuH&érand transferred to a 50 ml
falcon. 10 ml Buffer P2 are added, the tube isfieeeand kept at room temperature
for 5 minutes. 10 ml Buffer P3 are added, the tisbi@verted 5 — 6 times and kept at
room temperature for 10 minutes. It is then cemfyéid for 5 minutes at 8000 rpm and
the supernatant is transferred to a Qiagen Caeridige content is pushed through the
cartridge into a new falcon. 2.5 ml ER buffer adeled, the tube is inverted about 10
times and kept on ice for 30 minutes. A QiagensP is filled with 10 ml QBT and
the column is emptied by gravity flow. Then theeiied lysate is applied to the
Quiagen-tip and left until it flew through the tiphe tip is washed two times with 30
ml Buffer QC. Then 15 ml Buffer QN are added totelthe DNA into a new flask.
10.5 ml isopropanol are added, mixed and centrduige 30 minutes at 15000 rpm
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and 4°C. The supernatant is discarded, 5 ml 70%r6ihare added and the tube is
again centrifuged for 10 minutes at 4°C and 15@00.The supernatant is aspirated,
the pellet is dried and then dissolved in 600 pibtiEfer. The DNA concentration is

measured on a NanoDrop machine and the Plasmid BN#red at -20°C.

7.8. Transfection

7.8.1. Transfection of Fibroblasts

7.8.1.1. Calcium Phosphate Transfection

1.2 x 16 C2C12 fibroblast cells are seeded to each wedl gélled (0.1% gelatine) 6
well plate. The plate is incubated over night atG70n the next day, the medium is
aspirated and 2.5 ml fresh M10Gi medium are addeeach well. The plate is
incubated for about 3 hours. For each well one Kimésch tube is prepared with 300
pl HeBS buffer. For each well one 1.5 ml Kloeschetus prepared with 12 pg of
Plasmid-DNA dissolved in milliQ-kD to a total volume of 263 ul and 37 pl 2 M
CaCb. The HeBS tubes are put on a vortex machine am@® |l DNA solution is
pipetted to the HeBS buffer. The mixture is vorgter 30 more seconds and is then
kept on room temperature for 30 minutes. The DNWtgms are then pipetted to the
wells and the plate is incubated at 37°C. Abouth®drs after the transfection the
medium is aspirated, the cells are washed twicke WitPBS and 3 ml fresh M10Gi are
added to each well. The plate is further incubaed37°C. After 48 hours the
transfected cells can be tested in further expenir(ie this case either with Luciferase
Assay or RNA isolation).

7.8.1.2. Lipofectamine Transfection

1.5 x 16 C2C12 fibroblast cells are seeded to each we# gelled (0.1% gelatine)

six-well plate. They are seeded in 2 ml antibiefre® and serum reduced medium
(M5Gi w/o antibiotics). The plate is incubated &G over night. On the next day, for
each well one Kloesch tube is prepared with 10 pplolectamine 2000 reagent
(Invitrogen) in 240 pl antibiotics- and serum-freedium. The mixture is kept at room
temperature for 5 minutes. For each well one Klbdsibe is prepared with 8 pg of
Plasmid — DNA dissolved in antibiotics- and serufnee medium to a total volume of
250 pl. The Lipofectamine is then pipetted to ti¢ADtubes, gently mixed and kept at
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room temperature for 20 minutes. The Lipofectamin®NA complexes are then
pipetted to the wells and incubated at 37°C. 6 fiour24 hours after transfection, the
medium is aspirated, the cells are twice washeld WitPBS and fresh M10Gi medium

is added. After 48 hours the transfected cellsbmatested in further experiment.
7.8.2. Transfection of CVPCs

7.8.2.1. Lipofectamine Transfection

1 x 10 CVPC cells are seeded on each well of a gelledvé plate in M15Hi
medium. The plate is incubated at 37°C over night.the next day, the medium is
aspirated, the cells are washed with 1x PBS and jHO@ntibiotics-free medium
(DMEM + 15% HyClone Serum + 1% Glutamine) are adtkedach well 2 hours
before transfection. 1 pg DNA is mixed in 50 plMEM + 1% Glutamine, 1 pl
Lipofectamine 2000 is soluted in 50 pul DMEM + 1%u@mine. The solution is kept
at room temperature for 5 minutes. The DNA is pgubto the Lipofectamine solution
and kept at room temperature for 20 minutes. 108rg@tpipetted to each well and the
plate is incubated at 37°C for 3 hours. Then thdiome is aspirated and 2 ml (or less —
at least 750 ul) M15Hi are added. After 48 houssttlnsfected cells can be tested in

further experiment.

7.9. Luciferase Assay

7.9.1. Luciferase Assay of transfected Fibroblasts

For the Luciferase Assay, the Promega Dual-Lucser@eporter Assay System Kit is
used.

48 hours after transfection the medium is aspiréiaah the 6 well plate and the cells
are washed twice with cold 1x PBS. 1 ml 1x Paskixss Buffer is added to each well
and the plate is incubated at room temperature 4@rminutes. The cells are
resuspended and transferred into Kloesch tubesul56f the cell suspension are
pipetted into a 96 well Luciferase plate. For theciferase machine (Berthold LB960)
LARII (for Firefly Luciferase values) and Stop&Glosolution (Stop&Glo
Buffer:Stop&Glo Reagent 50:1, for Renilla Lucifeeavalues) are prepared. The
Firefly and Renilla Luciferase activity are measl(Eig. 53).
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7.9.2. Luciferase Assay of transfected Cardiovascular Praognitor Cells

For the Luciferase Assay, the Promega Dual-Lucse@eporter Assay System Kit is
used.

48 hours after the transfection the medium is aspil, the cells are washed with 1x
PBS, and 200 pl 1x Passive Lysis Buffer are addezhth well. The plate is incubated
for 60 minutes at 37°C or room temperature. This @k resuspended and transferred
into Kloesch tubes, the wells are washed with 10@x1Passive Lysis Buffer (1x
PLB), and are diluted 1:10 in 1x PLB. For the Leci#se machine (Berthold LB960)
LARIl (for Firefly Luciferase values) and Stop&Glosolution (Stop&Glo
Buffer:Stop&Glo Reagent 50:1, for Renilla Lucifeeagalues) are prepared. (about

100 pl per sample). 20 ul of the lysate are pipeitdo a Luciferase plate and
Luciferase activity is measured (Fig. 53).
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7.10. Homologue Recombination of cardiovascular progenitocells
The pCsx-EGFP-PP-DT plasmid was cut with Sal | emzyo linearize. Therefore, 3
pl Sal I (NEB #R0138S) are incubated with 30 pl NiE8r 3 (NEB #B7003S) and 3
ig of Plasmid DNA in a total volume of 300 pl af@7over night. 1.1 x 70CVPC
cells are pipetted into an electroporation cuvettd 260 ng linearized plasmid DNA
are added (25 pl). The cuvette is kept at room &atpre for five minutes and
afterwards cells are electroporated at 230 V ar@ |50 in a BioRad electroporation
machine. The content of the cuvette is put ontd®arh feeder plate which is then
incubated at 37°C. The cells are fed for 7 day$ wiedium containing puromycin (1
pg/ul) and for 2 days with puromycin — free mediufter this time, small colonies
could be observed with clonal cells which shouldtam the nkx2.5-EGFP knock in

construct. As soon, as colonies are seen on the, pibones are picked. Therefore,
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feeder cells in 96 wells are prefed with M15Hi medj and 20 ul Trypsin are put into
empty 96 well plates. The colonies are scrapetheffLlO cm plate, put into the Trypsin
wells, incubated for 10 minutes at 37°C and areggsnded with 70 pl of the prefed
feeder cell medium. The cells are transferred ¢of¢ieder wells and incubated at 37°C
for five days and are then transferred to 48 weslder plates. They are fed every day
and when the clones reach confluence, they arsfeiaad to a 24 well feeder plate.
This step is passage 0. The clones are fed evgnAdier three days when they reache
confluence, they are split in a 1:2 ratio, one f&further cultivated, the other one is

frozen (passage 1).

7.11. Fluorescence Activated Cell Sorting (FACS)

Here, the extent of heart cell formation in embdyand cardiac bodies was measured
with FACS after staining with the fluorescent heaell marker cardiac Troponin T.
Embryoid and Cardiac Bodies are typsinised. Thdepas resuspended in 4%
Paraformaldehyd in PBS and incubated at room testyoer for 20 minutes. The
solution is centrifuged for 10 minutes at 1200 rpnd the pellet is resuspended in
PBS. The solution is again centrifuged for 10 masuat 1200 rpm and the pellet is
resuspended in PBS. The next centrifugation fomlf@utes at 1200 rpm is followed
by dissolving the pellet in 0.15% Saponin in PBSp&rmeabilise the cells. The
solution is centrifuged for 8 minutes at 1200 rfdrhe pellet is resuspended, incubated
at room temperature for 10 minutes with 2% BSA-RB®lock unspecific binding
sites and then partitioned to two tubes. The tareghen centrifuged for 5 minutes at
1000 rpm, one pellet is dissolved in primary ardjpolution (cardiac TroponinT,
Thermo Scientific #MS-295,1:200 in 2% BSA-PBS), thteer one in 2% BSA-PBS
(as a negative control) and the tubes are inculmitddC for at least one hour or over
night. The suspension is centrifuged for 8 minuesl200 rpm, and the pellet is
resuspended in PBS. This wash step is repeated.tiiter the last step, the cells are
partitioned to two tubes each, and one tube eatftubated with secondary antibody
solution (anti mouse-FITC, Jackson ImmunoResear2f0] #711-095-151) in order
to get four samples. The cells are incubated atfdf@t least one hour or over night.
The tubes are then centrifuged for 10 minutes &@01Bom and the pellet is
resuspended in PBS. This wash step is repeated.the pellet is then dissolved in 1
ml PBS and the cells are analyzed on a BD FACSGQaiitachine.
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7.12. Immunofluorescence

Indirect immunfluorescence microscopy was useddtea the extent of heart cell
formation in embryoid and cardiac bodies by stajnihem with the cardiac marker
cardiac Troponin T (cTNT). Furthermore, the cardizadies were stained with
Connexin 43 to detect whether they form tight cell-interactions.

Embryoid and cardiac bodies are grown on 10 cneplaither covered with cover slip,
in order to get highly magnified and detailed piesj or without cover slips for
overview screens. 10 ml 4% Formaldehyd in 1x PBSaalded to each plate and they
are rotated at room temperature for 20 minutes. glates are washed twice with 1x
PBS and 2 ml 0.1% Saponin in 1x PBS are added. plites are rotated for 20
minutes to permeabilise the cells. The cells aea tlvashed twice with 1x PBS and 5
ml 2% BSA-PBS are added to each plate to block erip binding sites. The plates
are swayed for 10 minutes. The cells are then @@dbwith primary antibody in 2%
BSA-TBS (cardiac TroponinT, Thermo Scientific #M8821:200; Connexin 43,
Sigma #C6219, 1:4000) at 4°C for at least one hbDoey are then washed three times
with 1x PBS for 10 minutes. Secondary Antibody %% BSA-TBS is added (Dianova
a-mouse-FITC #715-095-151, 1:200; Dianowarabbit-TR #711-075-152) and
incubated for one hour at 4°C. The cells are wadliedhinutes with 1x PBS. DAPI
(Invitrogen #D1306) is diluted 1:1000 in 1x PBSdead to the plates and swayed for 5
minutes. The plates are washed twice with 1x PBSLfominutes and those without
cover slips are observed with a Zeiss Axiovert 20@Mroscope. The cover slips are
put on glass slides with 50 pl of 55°C Mowiol. Afdrying of the Mowiol, the cover
slips are fixed with nail polish. The fluorescerafehe cells on the slides is observed

with a Zeiss LSM 510 confocal microscope.

Mowiol
" 60 Glycerin
= 2600 Mowiol 2-88
» 5% DABCO
= 6ml ddHO

The components are mixed and incubated at roomeeatye for 2 hours. 12 ml 0.2
M Tris/HCI pH 8.5 are added and the solution istbéat 50°C for 10 minutes. It is
then centrifuged for 15 minutes at 5000 rpm angualis are stored at -20°C.
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7.13. Western Blot

7.13.1. Protein Isolation
Cells are washed with 1x PBS and Kinexus Lysis &uif§ pipetted to the plate. The

cells are scraped off the plate, resuspended,fénaed to Kloesch tubes and stored at
-20°C.

Kinexus Lysis Buffer
= 20 mM Tris pH7
= 2mM EGTA
= 5mM EDTA
= 30 mM Sodiumfluorid
= 40 mM Glycerophosphat
= 10 mM Pyrophosphate
= 2mM Sodiumorthovanadate
= 10 uM Leupeptin
= 5uM PepstatinA
= 0.5% Triton X-100
» Proteinaseinhibitor
= ddH0

7.13.2. Bradford Protein Concentration Measurement

The concentration of the proteins is measured Bitdford measurement.

The Bradford Dye is diluted 1:4 and 196 ul dilutiare pipetted into a 96 well plate.
Different BSA concentration samples are made, and 4f each (0 mg/ml; 0.156
mg/ml; 0.313 mg/ml; 0.63 mg/ml; 1.25 mg/ml; 2.5 m¢y are pipetted to the wells in
duplicates. For the samples, 199 ul Bradford aitutand 1 pl cell lysate are mixed in
each well in duplicates. Qb is measured with a Labsystem Multiscan RC machine.

The protein concentration is calculated accordmntipé BSA standards.

Bradford Dye
= 0.5mg/ml Coomassie Blue
= 25% Methanol
= 42.5% HPO,
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7.13.3. SDS Separation

For protein separation, 12.5% SDS Polyacrylamid ge¢ used. Firstly, the separation
gel is poured into a gel apparatus and it is caleni¢h isopropanol. As soon as the gel
is hardened, isopropanol is removed, the stackatgsgooured and a comb is put into
the liquid gel. The hardened gel is then transteno 1x PAGE buffer. After
Bradford measurement, the lysates are diluted adth,O and 3x Sample buffer to 30
Mg protein in 24 ul per sample. The samples aréedbdor 5 minutes at 95°C,
centrifuged for 2 minutes at 13000 rpm and loadethé gel. The gel is run firstly at
90 V until the samples are collected and build astane which enters the separation

gel, the proteins are then separated at 120 V.

Stacking Gel 5%

0.333 ml  30% Polyacrylamide

0.25ml 1 M Tris/HCI pH 6.8; 0.4% SDS
1.385ml  ddHO

10 pl 10% APS

2 ul TEMED

Separation Gel 12.5%

2.083 ml  30% Polyacrylamide

1.875ml 1 M Tris/HCI pH 8.8; 0.4% SDS
0.948 ml  ddHO

40 pl 10% APS

4ul TEMED

3x Sample Buffer

187.5 mM Tris/HCI pH6.8

6% SDS
30% Glycerol
0.15M DTT

0.03% Bromphenolblau

10x PAGE Buffer

1.92 M Glycine
250 mM  Tris
1% SDS
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7.13.4. Blotting

The proteins separated on a gel are blotted oMNdracellulose Membrane and then
stained with specific primary and secondary antiesd

The gel is put onto five Whatman paper and oneoli#liulose membrane and is
covered with another five Whatman paper (everytlsagked in 1x Blotting Buffer).
The proteins are blotted at 400 mA for 60 minufdse membrane is then stained with
Ponceau solution to visualize protein marker battds destained with ddy®© and
blocked in 5% Milk-TBST for one hour at 4°C. Primpantibody solution in 5% Milk-
TBST or 5% BSA is added (SPARC, Santa Cruz, #s@253:200; GFP, Cell
Signalling #2956, 1:666) and the membrane is swayetfC for at least 60 minutes.
The blot is washed three times for 5 minutes with%® TBST. HRP-conjugated
secondary antibody solution in 5% Milk-TBST or 5% is added (-rabbit-HRP,
Dianova, #111-035-003, 1:15008:mouse-HRP Pierce, #31430, 1:15000) and the
membrane is rotated at 4°C for at least 60 mindtes.membrane is washed twice for
5 minutes with 0.1% TBST and once with 1x TBS andetected (Cell Signaling 20x
LumiGLO Reagent and 20x Peroxide #7003). The filthefmo Scientific #34089) is
developed in an AGFA Curix60 machine.

10x Blotting Buffer
= 048M Tris
= 04M Glycin
= pHO9.1

Ponceau-S
= 100 mg Ponceau-S
= 100 ml 1% glacial acetic acid

10x TBS
= 0O5M Tris
= 15M NacCl

= pH7.6
0.1% TBST
= 1xTBS

= 0.1% Tween
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7.14. Dot Blot

Dot Blot Analysis was performed with supernatantsif CVPC cultures. The DotBlot
apparatus BIORAD-DO™ 96 wells was used.

A nitrocellulose membrane is wetted with 1x TBS atainped into the apparatus. 400
pl TBS are pipetted into each well. Different camications of supernatant and protein
of interest are pipetted to the wells. The apparaikept on room temperature for one
hour, then the solution is sucked through the meamdbrso that the proteins are
attached to the nitrocellulose membrane. The wakswashed by sucking 200 pl 1x
TBS through the membrane. The membrane is putfaiteanachine and dried for 15
minutes. It is then blocked with 5% Milk-TBST fo 3ninutes. Primary Antibody
solution in 5% Milk-TBST is added (SPARC, Santa £ rfisc-25574, 1:200) and the
membrane is incubated at 4°C for 60 minutes. Washed three times with 0.1%
TBST for 5 minutes. HRP-conjugated secondary adglenlution in 5% Milk-TBST
(o-rabbit-HRP, Dianova, #111-035-003, 1:15000) is eatldhnd the membrane is
incubated at 4°C for 60 minutes. The membrane ishe@ twice for 5 minutes with
0.1% TBST and once with 1x TBS and is detected|(SgJnaling 20x LumiGLO
Reagent and 20x Peroxide #7003). The film (Thermiergific #34089) is developed
in an AGFA Curix60 machine.
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9. Abstract

Cardiovascular diseases account for the higheseptage of deaths worldwide. The
heart comprises cardiac stem cells, however itermetive potential is very limited.
Understanding the mechanisms and identifying factmtivating those dormant cells
and making them potent to differentiate and repliagared cells would be a great

achievement for cell based therapy.

Here, two proteins, Desmin and SPARC, were idedifas positive regulators of
cardiomyogenesis. Desmin accelerates and enharareéorayocyte formation in
embryonic stem cells by binding to the cardiac dcaiption factornkx25 promoter.
Embryonic stem cells however differentiate intodoamyocytes only to a low extent.
The successful isolation of a stable cardiovascylaygenitor cell line, which
exclusively differentiates to cardiomyocytes, snmootuscle cells, and endothelial
cells, provides an indefinite source for studyingtmods and mechanisms to obtain
highly cardiomyocytes enriched cultures. RecomkinaBPARC promotes
cardiomyogenesis by upregulating cardiac speciénegexpression such agx25.
SPARC was furthermore determined to act via modwdatf Wnt signalling. Wnt and
MAPK signalling pathways play an important role idgr cardiomyogenesis at
different time points of development. To study th8uence of different factors on
Nkx2.5 expression, an nkx2.5 — EGFP — positive iogescular progenitor reporter

cell line was established.
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10. Zusammenfassung

Herz-Kreislauf-Erkrankungen machen den grofl3ten iRate weltweiten Todesfallen
aus. Das Herz besitzt zwar somatische Herzstamenzelllerdings hat es ein nur sehr
limitiertes regeneratives Potential. Ein groRer rBchir Stammzelltherapie als
Heilungsmethode von Erkrankungen des Herzens v&@echanismen und Faktoren
herauszufinden, die Herzstammzellen aktivieren sieddadurch dazu zu bringen,

verletztes und totes Herzgewebe zu ersetzen.

In dieser Arbeit werden zwei Proteine, Desmin uiRBC, als positive Regulatoren
der Herzzellentwicklung beschrieben. Desmin besctigg und verstarkt die Bildung
von Herzzellen in embryonalen Stammzellen indemaesdie Promoterregion des
frihen Herzzellmarkerskx25 bindet. Embryonale Stammzellen entwickeln sich
allerdings nur zu einem geringen Ausmald zu Hereaglviele andere Zelltypen
entstehen wahrend der Differenzierung. Daher beacl# Isolierung von stabilen
kardiovaskularen Vorlauferzelllinien eine unersdtitpe Quelle von immer
gleichbleibenden Zellen, die ausschlieBlich zu karyocyten, glatten
Muskulaturzellen und Endothelzellen differenzierddiese machen es mdglich,
Methoden und Mechanismen herauszufinden, mit demem Kulturen bekommt, die
stark mit Kardiomyocyten angereichert sind. Rekorabtes SPARC férdert die
Herzzellentwicklung indem es herzzellspezifische&hinaufreguliert. SPARC wirkt
indem es in den Wnt Signaltransduktionsweg eingrdifer Wnt und MAPK
Signaltransduktionsweg spielen zu verschiedenen tpdigkten in  der
Herzzellentwicklung eine wichtige Rolle. Um die Aukung verschiedener Faktoren
auf die Nkx2.5 Expression zu testen wurde weiténge @kx2.5 — EGFP — positive

Herzvorlauferzelllinie hergestellt.
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