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INTRODUCTION

1 INTRODUCTION

Cancer is a leading cause of death, affecting otk more people all over the world
(World-Health-Organization 2013). In fact, accoglito current data provided by the World
Health Organization, after cardiovascular and imdecdiseases, cancer is the third leading
cause of death worldwide (World-Health-Organizati®®08; World-Health-Organization
2013). Cancer is characterized by a malignant foamsition of cells, enabling them to
proliferate and give rise to primary tumors. Durifugther cancer progression, tumor cells
start to loosen from the primary tumor, travel tigh the body and eventually give rise to
metastases, which represent the major reason icecaelated deaths (Chaffer and Weinberg
2011). The increasing cancer burden, especialtheéneconomically developed countries, is
mainly due to population aging and growth as welt@a cancer-related lifestyle, including
cigarettes, alcohol, rich diets and physical inaisti (Sankpalet al. 2012; Maziak 2013;
Pericleouset al. 2013; World-Health-Organization 2013). Besides immmental causes,
genetic abnormalities as well as certain bacteréh\aruses are associated with an increased
risk to develop tumors. The first gene which wasnid and described to be associated with
tumor formation was breast cancer 1 (BRCA 1) (tdatl. 1990) in 1990. In 1994 a second
breast cancer associated gene, BRCA 2, was dedditbeosteret al. 1994) and up to now
there are hundreds of genes known to be assoaciatkedcancer formation and progression,
including the tumor suppressor genes p53 (Jighgal. 2013; Akenoet al. 2014),
retinoblastoma protein (RB) (Manning and Dyson 20Ddck and Rubin 2013) and
phosphatase and tensin homologue (PTEN) (Sansabealhers 2004; Songt al. 2012), as
well as genes involved in cell cycle regulationelikyclins and cyclin-dependent kinases
(CDKs) (Galloriniet al. 2012; Mishra 2013). Furthermore, there is growgrglence that also
non-coding regions of the genome are associatdd aaibhcer formation. Small, non-coding
RNAs with a length of approximately 18-25 nucleetigdso called micro RNAs (miRNASs),
where recently found to play an important roleumobrigenesis and are thereby of growing
interest for researchers aiming to identify proess#volved in cancer formation and
progression (Lujambio and Lowe 2012; Kataal. 2013; Takahastet al. 2014). As already
mentioned, bacterial or viral infections can actiratucers or promoters of tumorigenesis.
This includes infection by hepatitis B virus (HBWhich was found to be associated with the
formation of hepatocellular carcinomas (Tan 201dl|dt et al. 2012), human papillomavirus
(HPV), which associates with oropharyngeal and icahcarcinomas (Amiriaret al. 2013;

Panwaret al. 2014) and Epstein-Barr virus (EBV), which was fduo be involved in the
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formation of Burkitt’s lymphoma as well as nasoghgeal and gastric carcinomas (liza&sa
al. 2012; Fuet al. 2013). One example for a tumor associated bactierthe gram-negative
bacterium Helicobacter pylori, which can populate the stomach and was found o b
associated with gastric and lung cancer (Detray. 2013; Wroblewski and Peek 2013).

Taken together, cancer formation can be the regudt multitude of different causative
agents, whereby often interplay of two or more eangromoting effects is necessary to
enable tumor growth. During the last decades gsisnbbtained deeper insights into how
different environmental and genetic processes itté to tumorigenesis, enabling society to
provide cancer patients with innovative and morkcieht treatment strategies. However,
deeper understanding of cancer-related processeslaclosed the huge complexity and the
intricate interplay of numerous molecular mechasisithis complexity, as well as the fact
that each tumor has its very own peculiarities, @sak so far impossible to find a treatment

strategy efficiently targeting all types of canaeall points of tumor progression.

1.1 Mechanisms in cancer progression

As this study focuses on the role of the epithglratein EpCAM (see 1.2), the following
descriptions refer to the processes involved infohmation and progression of carcinomas, a
special subtype of tumors, which derive per deabnitfrom epithelial cells. However, the
basic steps of tumorigenesis, including formatidnaoprimary tumor, cell scattering by
migration and invasion, circulation of cells, hogpiof tumor cells to secondary sites, and
outgrowth of metastasis, can be observed in ewgrg bf solid cancer (Vanharanta and
Massague 2013; National Cancer Institute 2014).

1.1.1 Basic steps of carcinogenesis

Formation of metastases is the major reason farezaelated deaths. 90% of patients,
which die because of tumor diseases, die due fhetefof metastases (Chaffer and Weinberg
2011). During the last decades scientific efforesewchallenging the question how metastases
form and which mechanisms are involved in this pssc However, despite its high impact on
prognosis and survival of patients, metastatic agpris a comparably poorly understood
mechanism in cancer progression (Chaffer and Wegn®@11).

The outgrowth of a metastasis is the endpoint cdraplex set of different processes,

many of them still not finally understood. Indeedtil now not even the formation of primary
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tumors is comprehensively elucidated. Currentlydlere two hypotheses (see Fig. 1.1). The
clonal evolution model is based on the assumptian tumors form from body cells, which
acquired a set of mutations, either by genetic ippasition, spontaneous mutation or
environmental influences like cigarette smoke, igimlor radiation, providing them with a
malignant phenotype, which eventually leads toomal expansion of these cells. According
to this hypothesis it is assumed that all cella tdimor are similar and have the same abilities
to induce cancer formation (Foulds 1954; Nowell @9%Greaves and Maley 2012). The
second hypothesis also assumes that normal boty roeltate to cancer cells by genetic
alterations, enabling them to form a primary tuntdowever, this hypothesis postulates that
cells of the primary tumor fundamentally differ finoeach other, whereby only a small cell
population inherits the ability to induce cancemiation. These so-called cancer stem cells
(CSCs) or tumor-inducing cells (TICs) give risetihe other tumor cells, the so-called tumor
bulk, which add to tumor growth and size but aré gapable to induce tumor formation by
themselves. The idea of this “cancer stem cell"dtlgpsis was already discussed by Virchow
in 1881, but first evidence that such cells reatkyst and play a role in cancer progression
was first published in 1994 in a study by Lapidbal. concerning acute myeloid leukemia
(Lapidot et al. 1994). Since then, more and more findings supgdties hypothesis (Tagat

al. 2006; O'Flahertyt al. 2012; Yuet al. 2012). Still, until now it is not completely claed
which one of the abovementioned hypotheses reftbetprocesses actually taking place in
tumor formation, or if both scenarios exist in difint subtypes of cancer. Depending on
which hypothesis actually takes place, treatmeateggies would differ. In case of the clonal
evolution model, every cancer cell needs to be k@udan order to stop cancer progression. In
contrast, in the cancer stem cell model, only ti&&C€ need to be eradicated, as only these

cells can drive cancer progression (see Fig. 1.1).

In the next step of cancer progression, tumor cshst to loosen from the primary
tumor bulk and migrate into the surrounding tisslre.carcinomas, this requires a basic
modification of the cancer cells, as the epitheatglls from which the tumors derive normally
form tight connections, including tight junctiorslherence junctions, desmosomes and hemi-
desmosomes, with neighbouring cells and the basemembrane (Chaffer and Weinberg
2011; Tiwariet al. 2012; Guillot and Lecuit 2013). To enable cell mment, these contacts
first have to be abrogated and cells need to udseyere morphological and molecular
changes. Invasive cells were found to change tpbenotype from cobblestone-like to
spindle-shaped and express a set of genes invatvedtracellular matrix remodeling. In
other words, cells undergo phenotypic chanigesh epithelial tomesenchymal, which is

3
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Figure 1. 1: Schematic illustration of the currentcancer formation models.

-

Currently, two major hypotheses attempt to expfaimary tumor formation. (A) The clonal evolutionodel

proposes that tumors derive from a mutated celichvidivides and thereby gives rise to other celith ihe

same abilities. Differences between cancer cefiatly due to new mutations and all cells are clgpabtumor
formation. In consequence, to get rid of a tumbrgancer cells need to be eradicated. (B) The eastem cell
model hypothesizes that cells in a primary tumgnigicantly differ in their characteristics. In thmodel only a
subtype of cells, termed cancer stem cells (CS@&s)irmduce tumor formation. Accordingly, only CSG=d to
be eradicated to prevent cancer progression. (labificture from Lakst al. (Lakset al. 2010).)

achieved in a process called epithelial-to-mesemethyransition (EMT) (Thieryet al. 2009;
Mathiaset al. 2012; Tiwariet al. 2012) (see 1.1.2). The activation of this prodassancer
cells often depends on EMT-inducing signals relédsem surrounding stromal cells (Yang
and Weinberg 2008; Barron and Rowley 2012; Sem@@48). Interestingly, it was found
that cancer cells themselves can recruit stromlid, dacluding fibroblasts, myo-fibroblasts,
granulocytes, macrophages, mesenchymal stem oell/mphocytes (Chaffer and Weinberg
2011; Hanahan and Coussens 2012). After changieig phenotype, cancer cells have the
ability to leave the primary tumor, locally invaddo the surrounding tissue and intravasate
into the blood or lymph stream, by which they getnsported to secondary sites of the
patient’s body. The occurrence of these so-caltedlating tumor cells (CTCs) was found to
be correlated with increased metastatic burdenteagiyeness of cancer, decreased relapse
time, decreased survival and overall bad progn{Sisaffer and Weinberg 2011; Groot
Koerkampet al. 2013; Krawczylet al. 2013; Tjensvolkt al. 2014).
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Eventually, CTCs get lodged at the vascular wallaoforeign tissue, either by
mechanical trapping, chemoattraction or site-spe@tihesion (Abdel-Ghangt al. 2001,
Brown and Ruoslahti 2004; Alix-Panabiertsal. 2008), and leave the capillary system. To
do so, cells either extravasate and subsequenthdeinto the surrounding tissue, or they
proliferate intraluminally, eventually leading thet rupture of the vascular wall (l& al.
2001; Wonget al. 2002; Sahai 2007; Chaffer and Weinberg 2011). aAlgh, tumor cells
deriving from different organs basically display ffeiences in their predominant
metastasation sites (Vanharanta and Massague 20dtRjnal Cancer Institute 2014), the
bone marrow has emerged as common homing orgamémory different cancer subtypes,
including breast, gastric, lung and prostate caroias (Alix-Panabierest al. 2008). This
might be due to the composition of the capillairethis tissue, which are formed by only one
single layer of endothelial cells, making it a etimefficient barrier (Kopgt al. 2005). After
homing, cancer cells, which are now termed dissatathtumor cells (DTCs), need to regain
their ability to proliferate in order to give rige overt metastases. Therefore, processes
involved in EMT, which were a prerequisite for ttedls to reach secondary sites of the body,
at least partially need to be reversed in a procaled mesenchymal-to-epithelial transition
(MET) (Bonnometet al. 2010; Wendtt al. 2012). However, although a deeper knowledge
about how DTCs regain their epithelial phenotypd eatstart proliferation would provide a
huge step towards the understanding of the metagtaicess, this step in cancerogenesis
remained so far poorly investigated. This is maidle to the experimental challenges of
studying dormancy and single cells in vastly larggsues, especially as there is so far a lack

of appropriate model systems (Goss and Chambef Zdaffer and Weinberg 2011).

Taken together, the process of carcinogenesis eaulbdivided into four main parts:
1) formation of a primary tumor; 2) single tumolilséeaving the primary tumor and invading
into blood or lymph stream; 3) homing of tumor sdlb secondary sites of the body and 4)

outgrowth of metastases. These steps are schelyatiepicted in Figure 1.2.

Globally seen, metastases formation is a highlyficient process, as most of the
tumor cells leaving a primary tumor die on theinwta a secondary homing side or during the
colonisation of distant organs due to stress, laickurvival signals, a hostile environment
and/or reactions of the innate immune system (Lezzl. 1998; Chamberst al. 2002;
Vanharanta and Massague 2013). However, as soanregastasis is formed, consequences
are typically fatal as metastatic growth is asdedawith destruction of the affected organ,

eventually leading to organ failure and usuallytdeaf the cancer patient. It is therefore
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essential to understand the mechanisms leadingetastatic spread in order to prevent this

process.
Physical translocation Colonization
from primary tumor to distant organ
@ Survival at
© Acquisition secondary site
of invasive . \
phenotype @ AT N
Q CTCs transit to \_b_)
-~ distant organ y,
- %____ /4 —
B === - 7
) B
¢ @ e
” . P 4
cell ; ;
% > ; - Local invasion CTCs extravasate
proliferation  celis invade into surrounding and mvadainto he @
Mutation stroma, then intravasate to enter parenchyma of Adaptation and
lymphatic or hematogenous foreign tissue proliferation to
circulation form metastases
normal Differentiated @ Transitioning Cancer -
body cell cancer cell cancer cell - ool —<=0 " Stromal cell § Ilnfiammarnycol

Figure 1. 2: Schematic illustration of basic mechaems involved in carcinogenesis.

(A) Tumor formation starts with the generation dalignant cells upon single or cumulative mutatidii. The
transformed cell proliferates and eventually givise to a primary tumor. (C) Certain cells from themary
tumor undergo phenotypic changes enabling theraaeel the primary tumor and (D) invade into the ljoig
or hematological system. (E) Via the blood andyongh stream the tumor cells (at this stage terniredlating
tumor cells, CTCs) are transported to secondags ff the body. (F) CTCs extravasate and invade thm
surrounding tissue. (G) The cancer cells (at ttaigestermed disseminated tumor cells, DTCs) neadrdave in
the new environment. (H) In order to enable foromind outgrowth of metastases, DTCs have to adape
microenvironment and reactivate the proliferatihvepotype. (Modified picture from Chafferal. (Chaffer and
Weinberg 2011).)

1.1.2 Epithelial-to-mesenchymal transition (EMT)

Epithelial-to-mesenchymal transition (EMT) is a lakr process during which
polarized epithelial cells undergo multiple biochesh changes allowing them to adopt a
mesenchymal phenotype. This process is accompanibd loss of epithelial markers as E-
cadherin, cytokeratins, laminin-1 and desmoplalimjncrease of mesenchymal markers like
N-cadherin, vimentin, fibronectin and TWIST and angof mesenchymal morphology and
characteristics. These characteristics include atogy and invasive capacity, increased
resistance to apoptosis and the ability to re-mdhbel extracellular matrix (see Fig. 1.3)
(Kalluri and Weinberg 2009). EMT is essential imigas processes including embryogenesis,
development and tissue regeneration, but is alsolviad in organ fibrosis and cancer
progression (Kalluri and Weinberg 2009; Thietyal. 2009; Ansieawt al. 2011).
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Figure 1. 3: Schematic illustration of epithelial-b-mesenchymal transition (EMT).

During EMT, polarized, epithelial cells lose thepithelial phenotype and adopt a mesenchymal pigeot his

is associated with a loss of cell adhesions argldisintegrity, but provides the cells with mesemasaly
characteristics like migratory and invasive capadind increased resistance towards apoptosispiidwess is
accompanied by a substantial change of cellulakensr Listed are here accepted markers of EMT-éstsoc
changes. Co-localisation of these markers defim@termediate phenotype, marking cells that haassed
only partly through an EMT. ZO-1, Zona occludenMljC-1, mucin-1, SIP1, survival of motor neuron {gia
interacting protein 1; MMPs, matrix metalloprotesea; FOXC2, forkhead box C2. (Modified picture from
Kalluri et al. and Tiwariet al. (Kalluri and Weinberg 2009; Tiwaet al. 2012).)

1.1.2.1 EMT in development and tissue regeneration

The process of epithelial-to-mesenchymal transiuas first described in 1995 by the
pioneer work of Elizabeth Hay in a model of chiaknptive streak formation (Hay 1995).
During development, EMT is involved in gastrulatiameural crest formation and organ
development (Thiergt al. 2009). Thereby EMT is not irreversible. It is mtlhe case that
several rounds of EMT and its reversal process,niesenchymal-to-epithelial transition
(MET), are necessary for the formation of specifell types and the complex three-
dimensional structure of organs. According to theesmds of alternating EMT and MET, it is
distinguished between primary, secondary and tgrii&aMT (Thiery et al. 2009). Primary
EMT processes are involved in gastrulation, inalgdihe formation and internalisation of
mesodermal cells (Nakaya and Sheng 2008; Na&iagia 2008), and formation of the neural
crest (Kerosuo and Bronner-Fraser 2012; Strobl-Miéazand Bronner 2012). Secondary and
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tertiary EMT are amongst others essential for trenation of somites (Dalet al. 2006;
Moraleset al. 2007), palate (Ahmeet al. 2007; Dudast al. 2007), pancreas (Villasenet

al. 2010), liver (Bortet al. 2006; Si-Tayelet al. 2010) and reproductive tracts (Timms 2008),
as well as for heart development (Nakajiehal. 2000; Persoet al. 2005).

Processes similar to EMT are also involved in #ssageneration in form of a
physiological response to injury. Thereby keratytes at the boarder of the wound
recapitulate parts of EMT (Thiert al. 2009), which allows them to loosen cell-cell catsa
become motile and remodel the extracellular maround them by secreting proteases. This
eventually re-establishes the function of the eghidh layer as mechanical and hydration
barrier (Leopoldet al. 2012). EMT is also involved in the tissue repagriprocess during
postovulatory wound healing in the ovarian surfagghelium (Ahmedkt al. 2006).

Besides the essential role during development #@wlid repair, EMT is also an
important element in disease-related processesordicgly, it was revealed that the
formation of myofibroblast cells, which cause exies collagen deposition in organs,
leading to organ failure, is mainly caused by EM as not as originally thought due to
pathological activation of interstitial fibroblas{évano et al. 2002; Thieryet al. 2009).
Indeed, EMT has been identified as a cause fomoiigeosis in kidney, liver, lung, heart, eye
and intestine (Kinet al. 2006; Zeisbergt al. 2007; Kalluri and Weinberg 2009; Thieeyal.
2009). The involvement of EMT in carcinogenesid W discussed in the following.

1.1.2.2 EMT and cancer progression

As already mentioned, tumor cells have differerqureements throughout cancer
progression with a phenotypic change of cances dedim proliferative to migratory during
metastatic spread (see 1.1.1). EMT is nowadaysiaenes as the major process involved in
this step of carcinogenesis (Mathiasal. 2012; Tiwariet al. 2012; Wendtet al. 2012).
However, this was not always the case, for thoulT processes were well documented in
cancer cellsn vitro, the significance of this process for cancer pgegionin vivo was long
doubted, mainly due to the lack of convincing encke for EMT in clinical samples (Thiery
et al. 2009). The mechanisms taking place during EMTancer progression are the same
than those involved in development, including theconstruction of the cytoskeleton,
secretion of EMT-promoting cytokines and growthtéas, remodeling of the extracellular
matrix and disassembly of cell junctions (Moustadtaad. 2002; Zavadil and Bottinger 2005;
Moustakas and Heldin 2012; Tiwagtial. 2012; Wendgt al. 2012). In most cases, induction
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of EMT in malignant cells requires signaling betwebe cancer cells and their surrounding
stromal cells, which provide tumor cells with a ety of cytokines and growth factors
(Chaffer and Weinberg 2011; Tiwaet al. 2012), including fibroblast growth factor 2
(FGF2), epidermal growth factor (EGF), hepatocalyrowth factor (HGF), platelet derived
growth factor (PDGF), insulin-like growth factoidF), tumor necrosis facter (TNFa) and
the transforming growth factdy (TGH3) (Savagneet al. 1997; Strutzet al. 2002; Zavadil
and Bottinger 2005; Yang al. 2006; Loet al. 2007; Tiwariet al. 2012). All these molecules
are capable to activate the expression of EMT-ptorgdranscription factors like SNAIL,
SLUG, TWISTs and ZEBs by activating one or more EMducing pathways. This includes
the mitogen-activated protein kinase (MAPK), phadplylinositol-3 kinase (PI3K), Wi/
catenin, nuclear factor 'kappa-light-chain-enhanokactivated B-cells (NEB), Notch- and
Hippo/Warts pathways (Thiery 2002; lab al. 2007; Mediciet al. 2008; Parket al. 2008).
Figure 1.4 provides an overview on the pathwayslired in EMT and shows how they are
interconnected. Besides growth factor signalingp @enetic modifications can lead to EMT
induction. Fibroblast growth factor receptor 2 (A=} was the first gene in which alternative
splicing was found to be associated with activabdb®EMT. Here, alternative splicing of the
third 1g-like domain results in the occurrence wbtreceptor isoforms, which either do or do
not induce EMT due to different ligand-binding sifieties (Savagneret al. 1994). The
Cadherin-Associated Protein Delta 1 (CTNND1), ENABd CD44 are further genes in
which alternative splicing was found to be assedawith the regulation of EMT and cancer
progression (Keirsebilckt al. 1998; Pinoet al. 2008; Brownet al. 2011). In addition, the
RNA binding proteins epithelial splicing regulatquyotein 1 and 2 (ESRP1/2) were recently
found to inhibit EMT by promoting the splicing ohd epithelial-specific forms of the
abovementioned genes (Warzeehal. 2009; Warzechat al. 2010). Also DNA and histone
modifications can contribute to EMT. One examplthiss DNA methylation of the E-cadherin
promoter and its concomitantly lower expression awhcan be observed in nearly all
epithelial cancers (Gra#t al. 1995; Tiwariet al. 2012). In addition, proteins which are a part
of the chromatin remodeling polycomb repression glexes (PRC) 1 and 2 were found to be
involved in EMT. BMI-1, a part of the PRC1 (Wu anthng 2011)activates EMT by
repressing the tumor suppressor gene PTEN, subsdgleading to the activation of the
PI3K pathway, stabilisation of SNAIL and downredida of E-cadherin (Songt al. 2009).

In contrast, EZH2, a part of the PRC2 (Schuettdmgyret al. 2007), directly inhibits E-
cadherin expression by adding repressive H3K27nr@Bdthylation of lysine 27 in histone
3) marks to its promoter region (Cetoal. 2008).
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Figure 1. 4: Molecular pathways involved in EMT.

Many different signaling molecules, including TEEH-GF, EGF and Wnt, contribute to EMT induction by
activating specific pathways. The induced pathwases largely interconnected to accomplish their fiomc
(dashed arrows) and eventually activate EMT-relatadscription factors like SNAIL, TWISTs and ZEBs.
addition, many miRNA are involved in regulating EMy specifically repressing the expression of pnste

involved in this process. (Picture by Tiwatial. (Tiwari et al. 2012).)

The changes during epithelial-to-mesenchymal ttemsprovide the former epithelial
cells with numerous new abilities. This does nolyadnclude the capacity to efficiently
migrate and invade, but also an enhanced resistan@eds apoptosis and anoikis, mitigation
of oncogene-induced senescence, increased chestanes and the gain of immuno-
suppressive functions (Thiegy al. 2009; Tiwariet al. 2012). Taken together, these abilities
enable cells to leave the primary tumor, travebtigh the body and survive the hostile
environments awaiting them during metastasis falomatn addition, the increased resistance
to chemotherapy, which is most likely due to thé@armant, non-proliferating phenotype,
renders these cells highly resistant to standaatrivent regimens (Mullet al. 2005; Becker
et al. 2007). Thereby cells which underwent EMT are oh#he largest obstacles regarding

the efficient treatment of cancer.
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1.1.2.3 TGFp signaling and its role in cancer progression

Among all pathways that contribute to EMT, the sfanming growth factor (TGH
pathway is one of the major and also the best exainone (Yang and Weinberg 2008;
Wendtet al. 2012). TGB is an ubiquitously expressed cytokine which play®le in many
different cellular processes, including developmatitferentiation, cell growth, survival,
migration and tissue homeostasis (Moustakas andlitie2012; Wendtet al. 2012).
Furthermore, it inhibits the proliferation of epttal, endothelial and hematopoietic cell
lineages by arresting them in Gl-phase (Shetemal. 2013). However, because of its
involvement in multiple cellular processes it isalimplicated in several pathological
conditions, like autoimmune and cardiovascular akss, and cancer (Gordon and Blobe
2008). Interestingly, TGF signaling in primary carcinomas is associated wimor
repression as it inhibits cell proliferation anduces apoptosis (Sheetal. 2013). The effect
of TGH3 on proliferation is due to the induction of theclry dependent kinase (CDK)
inhibitors p21Cip and p15Ink4b, and the suppressibproteins correlated with enhanced
proliferation, like c-Myc and ID-1,2,3 (Ka& al. 2013). In contrast, induction of apoptosis is
provided upon the activation of pro-apoptotic caggaand members of the BCL2 family
(Padua and Massague 2009). In addition, f@Rys a role in maintaining genomic stability
in cancer cells and modulation of the tumor surdiog stroma (Katzt al. 2013). However,
it is a hallmark of tumor cells in advanced stagésarcinogenesis to develop a resistance
towards the tumor suppressive function of PGRventually transforming the signals
provided by this cytokine into cancer-promoting ®n€his functional switch is called “the
TGFB paradox” (Moustakas and Heldin 2012; Weadal. 2012) and as soon as tumor cells
passed it, TGF signaling provides them with pro-survival traitacluding immune
suppressive functions and the ability to stimulatgiogenesis. In addition TGRnduces
EMT, which provides cells with the ability to leavke primary tumor, thereby enabling
metastatic spread (Padua and Massague 2009ekKat2013; Sheest al. 2013).
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Figure 1. 5: TGF signaling.

TGFB can activate SMAD-dependent and SMAD-independatityays. For SMAD-dependent signaling, TBGF
binds and activates T@Feceptors | and Il (TGR1/2), which subsequently activate SMAD 2 and 3qins

by phosphorylation. SMAD 2/3 binds to SMAD 4 anc tbomplex translocates into the nucleus where it
activates TGB-specific genes. The pathway can be inhibited byABM5/7. In addition, TGB can activate
SMAD-independent signaling pathways, including MAPK, TRAF6, PI3K and RhoA pathways. (Modified
picture from Sheest al.(Sheen et al. 2013).)

TGRB signaling starts with the activation of the TGR&captors type | and Ii
(TGHB3R1/ TGHR2), which are both transmembrane serine/thredameses. Thereby, TGF
first binds and activates TE@R2, which subsequently activates T8EL upon
phosphorylation. Activation of TGIR1 then initiates canonical SMAD signaling by
phosphorylating the receptor-associated SMADs (RABS) SMAD2 and SMADS3.
Phosphorylated SMADs then form a complex with SMADThis complex translocates into
the nucleus where it binds to SMAD-binding elemestsl activates TQFspecific genes.
The pathway is negatively regulated by SMADG6/7 wahtan inhibit TGB signaling either by
binding to activated TGIR1, thereby preventing the phosphorylation of SMADDr by
inducing the proteasomal degradation of SMAD2/3rbgruiting a specific E3 ubiquitin
ligase (Moustakas and Heldin 2012; Sheeal. 2013). Besides the SMAD-dependent signal
pathway, TGB can also activate SMAD-independent signal mechaniiscluding the PI3K,

MAPK, RhoA-ROCK and TRAF6-TAK1 pathways (DerynckdaBhang 2003) (see Fig. 1.5).
12
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Regarding EMT, TGF signaling results in the activation of the mospartant EMT
promoting transcription factors, which are the BE-bmnding zinc finger proteins SNAIL,
SLUG, ZEB1 and ZEB 2, as well as the basic helophhhelix proteins TWIST1 and 2 (Park
et al. 2008; Moustakas and Heldin 2012). Expression @elseéhmolecules subsequently
activates various EMT programs, including the reelloay of the cytoskeleton, secretion of
EMT-promoting cytokines and growth factors, like &% interleukin-like EMT-inducer
(ILEI), Wnt, Jagged, HGF and EGF, remodeling of ¢x¢racellular matrix and disassembly
of cell junctions (Moustakagt al. 2002; Zavadil and Bottinger 2005; Moustakas anttlide
2012; Wendtet al. 2012) (see Fig. 1.6). SNAIL, SLUG and the ZEB pna$ act as
transcriptional repressors of E-cadherin and otpesteins associated with epithelial
phenotype and functions, like the tight junctiomtpms occludin and CAR (coxsackie and
adenovirus receptor), and induce the expressionesenchymal genes. In contrast, TWIST 1
and 2 mainly induce expression of mesenchymal andnwasive genes (Vincent et al. 2009;
Nieto 2011). Interestingly, activation of the trangtion factors SNAIL and SLUG by TGF
signaling, vice versa also induces the expressidarGé (Medici et al. 2008). In addition, it
was found that SNAIL contributes to the upregulatod SLUG, and that induction of ZEB1
depends on the cooperation of SNAIL and TWIST 1 didieet al. 2008; Taubest al. 2010;
Dave et al. 2011). The intense cross-regulation of cytokined &anscription factors is a
hallmark of EMT and provides a consecutive feeaviod loop allowing the ultimate
progression into the mesenchymal phenotype (Moastand Heldin 2012). Figure 1.6
provides an overview of various molecules and meisias, which are regulated upon TgF
induced EMT, and also depicts a large number aiepre and RNAs, which were found to be
involved in the regulation of these processes.

13



INTRODUCTION

= Secreted factor program ECM program
@
= FN1
PAI-1
Collagens
MMP-2
.P MMP-9
a3p1-integrin
Par3
Par6
Smurfl
RhoA
TRAF6
TAK1 FAK
- Non-Smad P38 MAPK LK Junctional complex program

i E-cadherin _ Occludin

N-cadherin  Claudins

Snail1/2

TF: ZEB1I2
Twist1/2
N oWV 5 ’
iR-200

hnRNP-E1
eEF1A1

Tropomyosin-I
a-actinin
Calponin-h2
S100A4/FSP1
Dab2

miR-491-5p
miR-24
miR-302
miR-372

Figure 1. 6: TGHB-dependent activation of EMT.
TGFB induces epithelial-to-mesenchymal transition byivating EMT-promoting transcription factors upon

SMAD-dependent or -independent pathways. This endiyt leads to activation of various EMT programs
(beige boxes TGFB-induced EMT is regulated by a large subset ofedéffit proteins and RNAs (grey boxes).
(Modified picture from Moustakaet al. (Moustakas and Heldin 2012).)

As it is such a strong and important inducer of EMhhibition of TG signaling has
emerged as anti-cancer therapy approach. Curreategies can be subdivided into three
groups, i.e. prevention of T@Fexpression using antisense molecules, inhibitibrthe
ligand-receptor interaction by monoclonal antibeda ligand traps, and inhibition of the
signaling cascade by using T@Heceptor kinase inhibitors and aptamers (Padua and
Massague 2009; Sheehal. 2013). For each of these approaches several meseauhich
are currently either in non-clinical or early ctal trials, have been developed (Shekeal.
2013). However, caution is needed when targetingpli@ cancer cells, as depletion of this
molecule or its signaling cascade might induce m&sgnal-to-epithelial transition in certain

cancer cells, thereby enabling the outgrowth ofasteses (see 1.1.3).
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1.1.3 Mesenchymal-to-epithelial transition (MET)

Epithelial-to-mesenchymal transition was found ® dn essential progress during
cancer progression, enabling cells to leave themawy tumor and translocate to secondary
sites of the body. However, for the outgrowth oftaséases, tumor cells need to reverse the
EMT process and regain their proliferative phenetyBonnometet al. 2010). As during
development, where cycles of EMT and its reversacgss mesenchymal-to-epithelial
transition (MET) allow the formation of specifissiues and cell types (Yang and Weinberg
2008; Thieryet al. 2009), the current opinion is that the epithelpbliferative phenotype of
tumor cells is comparably reactivated by MET durgancer progression. Data supporting
this idea were recently provided by Cheapoal. and Dykxhoornet al., who showed that
metastatic outgrowth of breast cancer cells inltdmgs of mice is promoted by initiation of
the MET program and the concomitant elevation @agBherin levels (Dykxhooret al. 2009;
Chaoet al. 2010).

In contrast to EMT, which was intensively studied development and disease,
relatively little is known about the induction afdithe processes involved in MET (Yang and
Weinberg 2008; Kalluri and Weinberg 2009). The bs&sidied example for MET is the
formation of nephron epithelium during kidney demhent, where mesenchymal cells start
to polarize, develop cell adhesions and differeati@to epithelial cells, which form the
kidney tubules (Davies 1996). This process wasddorbe driven by proteins like paired box
2 (PAX2), Wilms tumor 1 (WT1) and the bone morphagdactor 1 (BMP-1) (Rothenpieler
and Dressler 1993; Lipschutz 1998), which was fdsad to be involved in the MET process
occurring during kidney regeneration (Zeisbet@l. 2005). Studies focusing on the role of
MET on metastatic outgrowth of cancer so far res@dhat inhibition of canonical SMAD-
signaling by inhibition of SMAD2 or overexpressiohSMAD?7 (see Fig. 1.6) is sufficient to
induce MET and formation of overt metastases inr@ast cancer progression model
(Papageorgigt al. 2010). Furthermore, it has been shown that oveessmpn of miR-200,
which was found to prevent EMT and thereby helpséantain epithelial integrity (Korpagk
al. 2008; Mongroo and Rustgi 2010), enhances formaifamacroscopic metastases in mice
(Dykxhoornet al. 2009). Also TGB, a master inducer of EMT in cancer cells, is sstggto
be associated with metastatic growth. Though fF@&wnregulation might interfere with the
formation of migrating CTCs, in DTCs already locht# secondary sites such interference
could rather lead to induction of metastatic outglo by activation of the MET program
(Shipitsinet al. 2007; Wendgt al. 2012). Last but not least, as in the case of EM30 the
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microenvironment is discussed to induce MET in eamxlls, either by providing MET-
activating signals or simply due to the lack of Elgibmoting signals (Kalluri and Weinberg
2009).

Although EMT and MET in cancer cells are often degil as two straight processes
allowing cells to switch from the epithelial to theesenchymal phenotype or vice versa, the
reality seems to be more subtle and complex. Inyngarcinomas, cells seem to undergo only
partly processes of EMT, resulting in cancer ckbt&ling both epithelial and mesenchymal
markers and thereby displaying a phenotype, wiialot observable in normal tissues (Yang
and Weinberg 2008; Saitet al. 2009; Chaffer and Weinberg 2011). This kind of
“intermediate phenotype” might provide cancer celih enhanced plasticity, allowing easier
switching between a more epithelial and a more nasenal phenotype. As both, EMT and
MET, have been shown to be critical steps in cagemesis, a better knowledge about these

processes is mandatory to efficiently interferdnwzgiéncer progression.
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1.2 The epithelial cell adhesion molecule (EpCAM)

This study was performed to provide deeper insights the specific functions of
EpCAM during tumor formation and progression. Thextnchapter of the introduction

summarizes the current knowledge on EpCAM exprassml functions.

1.2.1 The EPCAM gene

The humanEPCAM gene is a member of the tumor-associated antigaee gamily
GA-733 (Linnenbach et al. 1989; Szala et al. 199Berti et al. 1994). The gene is located on
chromosome 2 (location 2p21), has a size of ardifn@ kb (NCBI 2014) and is comprised of
9 coding exons, which are transcribed into a 1.%okily MRNA (Balzar et al. 1999b). Exons
1-6 encode the extracellular domain of the proteicjuding an epidermal growth factor
(EGF)-like domain, a thyroglobulin (TY)-like domaand a cysteine-depleted region, as well
as the signal peptide, which is later cleaved afinf the protein, but is essential for its
transport into the endoplasmic reticulum and thdgigoediated transport to the cell
membrane. The transmembrane domain of EpCAM isdattdy exon 7, and the exons 8-9
encode the intracellular domain of the protein Sige 1.7) (Schnell et al. 2013). TE®CAM
gene is highly conserved among different specredyding mouse, rat, zebrafish and human,
showing a sequence homology of 81% between hum@&manise and 98% between man and
gorilla (Bergsageét al. 1992; Schnelét al. 2013).
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Figure 1. 7: TheEPCAM gene.
The EPCAM gene (A) contains 9 exons, which encode the Ep@idein (B) as indicated. SP, signal peptide;
EGF, epidermal growth factor-like domain; TY, thgtobulin-like domain; TM, transmembrane domain; ec,

extracellular domain; ic, intracellular domain. (Mfied picture from Schnell et al. (Schnetlal. 2013).)
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Studies concerning the 5 -regulatory region of HRCAM gene revealed a lack of a
TATA and a CAAT box. Instead, other eukaryotic paier elements such as initiator
consensus sequences and GC boxes, as well as sosiskimding sequences for SP-1,
activator protein 1 (AP-1), activating protein 2 &), ETS, ESE-1 and E-pal-like
transcription factors, which are known to play &rim epithelial specific expression, were
detected (Behrens et al. 1991; Lee et al. 1996; adghlin et al. 2004). In addition, it was
found that 177 bp of the 5°-flanking region arefisignt to obtain maximal activity of the
promoter. In contrast, 687 bp of the 5 -flankingjiom are necessary to ensure epithelial
specificity (McLaughlinet al. 2004). The expression of EpCAM was found to beamga by
NF«B, TNFa und INFy (Gires et al. 2001; Gires et al. 2003) and actddiy TCHp-catenin
(Yamashita et al. 2007).

The only mutation of th&PCAM gene known so far is associated with an intestinal
disease called congenital tufting enteropathy (CP&}ients suffering from this disease show
a homozygous ©A substitution at the donor splice site of exonlefding to a divergent
EpCAM isoform, which does not localize to the plasmembrane anymore. This results in a
dysplasia of the intestine, associated with a severalfunction and high lethality
(Sivagnanam et al. 2008). Similar symptoms werented in two EpCAM knock-out mouse
models (Guerrat al. 2012; Leiet al. 2012). Guerreet al. showed that EpCAM knock-out
mice died soon after birth because of hemorrhaggritka, due to intestinal defects,
including intestinal tufts, villous atrophy and onol crypt hyperplasia. As all these
abnormalities can also be observed in patients Witle, Guerraet al. provided the first
animal model for this disease (Guedaal. 2012). In addition, they provided a rationale for
the observed intestinal defects by showing thatdese of EpCAM leads to dysregulation of
E-cadherin an@-catenin and thereby to abnormalities in the aeciiire and function of the
intestine (Guerrat al. 2012). Another group found evidence that intestiledects of EpCAM
knock-out mice were due to an abnormal morpholofyyight junctions (Leiet al. 2012).
They showed that in normal intestines, EpCAM calazes and associates with claudin-7 to
form proper cell-cell junctions. Furthermore, EpCAMs also found to form complexes with
claudins-2, -3 and -15. In EpCAM-depleted cellswhwer, expression of all these proteins
was repressed, with claudin-7 being downregulated uhdetectable levels. This, in
consequence led to the formation of morphologicalynormal tight junctions. Taken
together, Leet al. could show that EpCAM recruits claudins to cell-genctions and thereby

contributes to the barrier function of the intest{heiet al. 2012).
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1.2.2 The EpCAM protein

As its name implicates, the epithelial cell adhesiwolecule (EpCAM) is part of the
cell adhesion molecule (CAM)-family. It consists 814 amino acids (AA) and can be
subdivided in three main parts: a large extracaildlomain, a single transmembrane domain
and a small intracellular domain (Balzer al. 1999b; Gires 2008) (see Fig. 1.8). The
extracellular domain includes the signal peptidd aansists of 265 AA. The 23 AA long
signal peptide is cleaved off by signal pepdidasethe endoplasmic reticulum. Thereby,
signal pepdidases cut primarily between alaninea2@ glutamine 24 (Strnagt al. 1989;
Szalaet al. 1990; Chong and Speicher 2001). However, a smafpqstion (around 1%) of
EpCAM becomes cleaved between AA 21 and 22 (ChongSpeicher 2001). The mature
extracellular domain consists of 242 AA and cordawo different motifs, i.e. a EGF-like
domain between AA 27-59 and a type la TY-like donm@tween AA 66-135 (Gires 2008).
The TY-motif is conserved in many different protesnd plays a role as tumor suppressor as
it binds and inhibits cathepsins (Meh et al. 200@)jch are involved in tumor progression
and metastases formation (Nomura and Katunuma 2R0%et al. 2013). However, a role of
EpCAM as substrate or inhibitor of cathepsins wa$as not described (Schneti al. 2013).

In 2001, Balzaret al. reported that the cell adhesion function of EpCAd¢e 1.2.5.1) is
mediated by its EGF-like and TY-like domains, whigltow for the formation of EpCAM
tetramers (Balzaet al. 2001). Thereby the TY-like domain mediates theréteontact,
whereas the EGF-like domain enables the conneaifotpCAM molecules from two
different cells, the so called homophilic cell-catihesion (Balzagt al. 1999a; Balzaket al.
1999b; Balzaret al. 2001). In a linear view of EpCAM’s extracellulaordain, this model
makes sense. However, TY-domains generate a 18 imeall proteins analyzed so far
(Molina et al. 1996; Novinect al. 2006; Mihelic and Turk 2007). Thus, it remains sevhat
unclear how both domains in the extracellular prEpCAM contribute to cell adhesion.
After the TY-like domain, there is a cystein-deptetregion, followed by the 23 AA long
single transmembrane domain of the EpCAM proteimcivwas shown to be associated with
the tight junction protein claudin-7 (Nubel et @009). The transmembrane domain is
followed by the 26 AA long intracellular domain &pCAM. This domain contains two
putativea-actinin binding consensus sequences, which astddcbetween the AA 290-296
and 304-314. The binding afactinin was found to be essential for the adhekinetion of
EpCAM asa-actinin connects EpCAM with the actin cytoskele(Balzar et al. 1998).
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Figure 1. 8: The EpCAM protein.
EpCAM consists of 314 AA and can be subdividedhire¢ main parts: a large extracellular domainuiticlg
the signal peptide, which gets cleaved off in theoplasmic reticulum, a single transmembrane doraath

small intracellular domain.

The extracellular domain of EpCAM contains thregcgbylation sites, which are
located at the asparagine residues 74, 111 and\N'48N™*, N*%9). various glycosylation of
these sites result in EpCAM variants, which dispdéferent molecular weights of 34, 40 or
42 kDa (Thampoe et al. 1988; Schon et al. 1993%jndt et al. 1994b). Glycosylation of'R§
was furthermore found to be important for the dilgbof EpCAM as mutation of this site
from asparagine to alanine was associated withedsed overall EpCAM protein levels and
shorter half-life time of the protein at the celémbrane (Munz et al. 2008). Glycosylation of
EpCAM does apparently also play a role in tumolscdl was found that EpCAM is heavily
glycosylated in head and neck carcinoma cells, edeeit showed no or weak glycosylation in
healthy tissues (Pauli et al. 2003). It is therefaempting to speculate that different
glycosylation of EpCAM is associated with the regigdn of the stability and, consequently,
of the functions of the protein in malignant andltiey tissue (Schnedt al. 2013). Figure 1.9
depicts a detailed illustration of the EpCAM seqresand its posttranslational modifications.
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1.2.3 Proteolytic cleavage and signaling of EpCAM

Although EpCAM is studied since the late 1970s, theavage of EpCAM was
discovered only recently in a study by Mae#&edl. in which the group provide evidence that
EpCAM is cleaved upon regulated intramembrane pigses (RIP) and provide a mechanism
how EpCAM signaling functions (Maetzetlal. 2009) (see Fig. 1.10).

Juxtacrine cell-cell interactions represent one vedythe induction of EpCAM
cleavage (Denzedt al. 2009). It is believed that cell-cell contact alkVer the interaction of
EpCAM molecules on opposing cells or, alternatiyédy the interaction of EpCAM with a
yet unknown ligand. These interactions trigger acade of cleavage processes termed
regulated intramembrane proteolysis. In a firspsthe extracellular domain of EpCAM
(EpEX) is cleaved off from the remaining moleculg the tumor necrosis factor alpha-
converting enzyme (TACE, ADAM17), a member of thBAM protein family (Edwardst
al. 2008). This is a prerequisite for the second @gavof the c-terminal part of EpCAM
(EpCAM-CTEF), which is still an integral part of thasma membrane. In addition, it was
found that the soluble EpEX provides a positivedbeek loop and enhances RIP of EpCAM
in a paracrine way (Denzet al. 2009). During the second step of RIP, EpCAM-CTF is
cleaved by ay-secretase complex, which contains presenilin-22ZPSThis results in the
formation of cytoplasmic EpICD (the intracellulaordain of EpCAM) and a small
extracellular fragment of EpCAM, with a so far uokm function. Following the second
cleavage, EpICD is released into the cytoplasm fantis complexes with four and a half
LIM domains protein 2 (FHL-2) anf-catenin. Thereby FHL-2 was found to be the central
interaction partner of EpCAM, binding to EpICD wta fourth LIM domain. As FHL-2 also
binds B-catenin with its second and third LIM domain (Marét al. 2002; Labalettest al.
2004), it was hypothesized that FHL-2 is esseftie EpCAM signaling as scaffold protein
(Imrich et al. 2012). After formation, the abovementioned comptar translocate into the
nucleus and bind the transcription factor lymphemnthancer-binding factor 1 (Lef-1) (Barolo
2006), which enables the activation of EpCAM-spgecifarget genes, including genes
involved in cell proliferation and “stemness” (Maelet al. 2009; Luet al. 2010; Imrichet al.
2012; Chaves-Perex al. 2013) (see Fig. 1.10).

Compared to tumor cells, EpCAM cleavage seems ¢ardo a much lower extend in
normal epithelia. In addition, no EpICD signals lcbso far be detected in the nuclei, but only
in the cytoplasm, of normal colon mucosa (Maettal. 2009). A possible explanation for

this are different expression levels of proteingolmed in EpCAM signaling, like TACE,
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presenilin-2 and FHL-2, in healthy and malignassties (Johannessenal. 2006; Kenny
2007; Selkoe and Wolfe 2007). Alternatively, clegevanight occur at similar rates in normal

cells, but products might be less stable or nudlaaslocation impaired.
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Figure 1. 10: Cleavage and signaling of EpCAM.

EpCAM is cleaved upon regulated membrane proteslysi a first step, EpCAM gets cleaved by TACE (1),
which leads to the release of the extracellulat pREpCAM (EpEX) and is prerequisite for the setacieavage,
during which the C-terminal fragment of EpCAM (EpMIACTF) is cleaved by a presenilin-2-containipg
secretase complex (2). The second cleavage ledtle telease of the internal part of EpCAM (EplGitp the
cytoplasm, where it forms complexes with FHL-2 ghdatenin, which eventually translocate in the nusje
bind to Lef-1 transcription factors and activateCM-specific target genes. (Modified picture fromrich et

al. and Maetzett al. (Maetzelet al. 2009; Imrichet al. 2012).)

Recent findings by Hachmeistetr al. revealed another protein, which is involved in
the cleavage of EpCAM (Hachmeisitral. 2013). Thep-secretase-1 (BACE-1), which also
plays a central role in the generation of the pathio Ap-fragment in the neurodegenerative
Alzheimer's disease (Vassaral. 2009; Ghoslet al. 2012; Nalivaeva and Turner 2013), was
discovered as new sheddase in the RIP of murinehanthn EpCAM. The specificity of
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BACE-1 cleavage was assured by using combinatidnsverexpression of BACE-1 and
BACE-1-specific inhibitors, resulting in a signifiotly increased or reduced EpCAM
processing, respectively (Hachmeisterl. 2013). As BACE-1 has a pH optimum of 4.5, it
was hypothesized that BACE-1-based EpCAM cleavageurs in acidic, intracellular

compartments (endosomes/lysosomes) after previwdscgtosis of EpCAM (Hachmeister

al. 2013) (see Fig. 1.11).
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Figure 1. 11: Cleavage and processing of murine EgKM.

The first cleavage step in the RIP of murine EpCANEPCAM) can be performed by ADAMs (left pathway)
or BACE-1 (right pathway). Cleavage of mEpCAM by ABIs results in the formation of soluble EpEX
(smEpEX) and EpCAM-CTF (mCTF). The subsequent dgawf mCTF by the-secretase complex leads to
the formation of an EpCAM-Bclike fragment (mEp-R-like) and EpICD variants (mEpICD), which become
degraded by the proteasome. BACE-1-associated &Rjliires endocytosis of EpCAM. After BACE-1 cleavage
cleavage products are further processed and daefjtadeydrolases or the proteasome. (Picture by kaddter

et al. (Hachmeisteet al. 2013).)
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Besides the involvement of BACE-1 in EpCAM cleavag®achmeisteret al. also
revealed that the intracellular cleavage of muipfCAM leads to the generation of five
different forms of EpICD as well as to mEgAke fragments that are similar to the3-A
fragment of APP, which is associated with the pesgion of Alzheimer's disease
(Hachmeisteret al. 2013). However, out of the five EpICD variants yomine was stable
enough to be measured in mass spectroscopy witbatetl cells. Most likely this variant is
also the one, which can be detected in western Albbther variants could only be detected
when cells were treated with proteasome specifizibitors or when proteasome-free
membrane fractions were used as a source of psotginine with these findings it could be
shown that the murine EpICD is prone to degradatypthe proteasome, as treatment of cells
expressing murine EpCAM with specific proteasomailitors, resulted in significant
stronger EpICD signals in western blot (Hachmeisteral. 2013). This liability to

proteasomal degradation was also found in caserobh EpICD (Maetzedt al. 2009).

1.2.4 Expression pattern of EpCAM

1.2.4.1 EpCAM expression in normal tissue

Usually, EpCAM can only be found at the basolater@l membrane of simple,
pseudo-stratified and transitional epithelia, whsrg is not expressed in squamous epithelia,
mesenchymal cells, neuroendocrine tissue, cellvatefrom the bone marrow and cells of
lymphoid origin (Moldenhaueet al. 1987; Momburget al. 1987; Schnellet al. 2013).
Expression levels of EpCAM vary between differengams and cell types. Thereby, weak
EpCAM expression levels can for example be foundhi@ stomach, whereas the small
intestine and the colon display intermediate anghhievels of EpCAM, respectively
(Moldenhaueret al. 1987). Also the different cell types of the skiary according to their
EpCAM expression levels, with keratinocytes and anetytes expressing no EpCAM,
whereas high levels of EpCAM can be found at thaifprative zone and the perspiratory
glands (Momburget al. 1987; Tsuburaet al. 1992). Similar findings were reported for
different organs of the male (prostate, testis) famdale (ovary, cervix, uterus) genital tracts
(Tsuburaet al. 1992; Litvinov et al. 1996). Organs displaying strong EpCAM expression
levels are, besides the colon, the gall bladdee, rgspiratory tract (including trachea,
bronchia, bronchioles and alveolus) and the glaridise endocrine system, i.e. thyroid gland,
pituitary gland and adrenal glands (Moldenhaeteal. 1987; Pauliet al. 2003). In addition,
EpCAM is expressed in certain cells of the kidnag ¢he pancreas as well as in cells from

25



INTRODUCTION

the bile duct (Cirulliet al. 1998; Breuhahret al. 2006; Trzpiset al. 2007b). Typically,
EpCAM expression is present in tissues with inadasumbers of proliferating and less
differentiated cells. One example for this obsaorats the epithelium of the intestine in
which an decreasing EpCAM gradient can be obseinagd crypts to villi, corresponding to
high EpCAM expression in the intestinal stem ceWlsich are located in the crypts and
decreasing levels in the differentiated cells attthp of the villi (Balzaet al. 1999b; Schnell
et al. 2013).

1.2.4.2 EpCAM expression in stem cells and regenerating tssie

It was postulated that EpCAM expression is esskedtiang embryonic development
and morphogenesis (Trzpgsal. 2007a; Trzpist al. 2008). Indeed, EpCAM expression can
be detected in oocytes, the two-cell state and lasr(farmanret al. 1990), as well as in
human and murine embryonic stem cells (Gonzateal. 2009; Luet al. 2010; Nget al.
2010). However, in later developmental stages EpCaARpression varies between the
different tissues formed, whereat it is still exgs®ed in the fetal lung, liver, pancreas, kidneys,
skin, mammary glands and germ cells (Kagbat. 1995; Stinglet al. 2001; Daret al. 2006).

In some tissues, like the pancreas, expressiopGAR is maintained also in the adult organ
(Cirulli et al. 1995; Cirulli et al. 1998), whereas other cell types, like mature rodpasts
entirely shut down EpCAM expression (de Beeal. 1999). Although adult liver cells do not
express EpCAM under normal circumstances, it wasdaothat its expression is reactivated
upon inflammatory liver diseases (Breuhahal. 2006). Furthermore, it has been shown that
after liver damage the organ is regenerated by Byp@Asitive progenitor cells (de Boet

al. 1999). It was therefore postulated that re-exjpwassf EpCAM is associated with a
regenerative potential in the liver (Breuha#tnal. 2006). In addition, a potential role of
EpCAM in the regulation of the stem cell phenotypdiver progenitor cells was discussed
(Gires 2008; Yooret al. 2011; Gires 2012).

1.2.4.3 EpCAM expression in cancer cells

EpCAM is de novo or overexpressed in the majority of malign andidperprimary
carcinomas (Wengt al. 2004; Schnelkt al. 2013). Especially high amounts of EpCAM can
be found in carcinomas derived from colon, intestioreast, lung and prostate (Litvinehal.
1996; Spizzcet al. 2004; Wentt al. 2004; Wentet al. 2006). In addition, not only the levels

but also the location of EpCAM differs between nalrand transformed cells. In healthy
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tissues, EpCAM can be found only at the basolatsgllmembranes and sometimes in the
cytoplasm, which might be due to transport of EpCaMhe membrane, EpCAM cleavage or
endocytic processes. In contrast, in carcinoma ¢gICAM can be detected at the whole cell
membrane, maybe due to the loss of polarity inghesls. Additionally, strong EpCAM
signals can also be detected in their cytoplasmrarctei (Ralharet al. 2010a; Ralhat al.
2010b; Kunavisarugt al. 2012). In most carcinomas subtypes, the overegme®f EpCAM
correlates with enhanced cancer progression anslewed clinical outcome (see 1.2.5.3) (van
der Gunet al. 2010).

Despite the broad knowledge about EpCAM in printargors, studies dealing with the
expression of EpCAM in CTCs, DTCs and metastasesireso far inconclusive. Kuhat al.
found that liver metastases deriving from colorectacer showed the same high EpCAM
expression level as primary tumors (Kudtral. 2007). Similar findings were made by Jojovic
et al. in large lung metastases of colon carcinomas Yo al. 1998). In contrast, Takes
al. showed that metastases derived from head and csckinomas in most cases display
lower EpCAM levels than the cognate primary tum@rakeset al. 2001). As EpCAM in
these days is the most frequently used markertteve CTCs from blood and detect DTCs
in lymph nodes (see 1.2.5.3), it is assumed thaddtrells are also EpCAM-positive. Indeed
there is evidence that EpCAM is expressed in thgonity of DTCs in thyroid cancer
(Ensingeret al. 2006) and in CTCs deriving from breast cancer @ssval. 2009; Aktaset
al. 2011). However, an increasing set of data, indgdstudies from colon and breast
carcinomas, reports on the loss of EpCAM in CTG$ @MCs (Jojovicet al. 1998; Racet al.
2005; Gorgest al. 2012).
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1.2.5 Functions of EpCAM

EpCAM was identified as tumor-associated antigeaaaly in 1979 as it triggered a
cancer-related immune response in mice (Heshyal. 1979). Until today various functions of
EpCAM were described, including a role in cell aglba and cell signaling, as well as a

prognostic and therapeutic marker in carcinomas.

1.2.5.1 EpCAM - the cell adhesion molecule

EpCAM (epithelial cell adhesion molecule) obtainesdname from the findings that it
is primarily expressed in epithelial cells (see.4).Zand that it is involved in cell adhesion.
Although EpCAM is structurally not related to anfytloe four major families of cell adhesion
molecules (CAMS), i.e. cadherins, integrins, immgiobulins (Ig) and selectins (Balzetral.
1998), its role in cell adhesion was describedunlies by Litvinovet al. already in 1994. The
group showed that overexpression of EpCAM enhamatlsaggregation by the calcium
independent formation of homophilic cell-cell casttain cells expressing no relevant amount
of other cell adhesion molecules. Vice versa, thlsp provided evidence that treatment of
cells with an EpCAM-specific antibody inhibits tHermation of intercellular contacts
(Litvinov et al. 1994a; Litvinovet al. 1994b). Subsequent studies revealed that bediges t
extracellular domain, which enables the homophilieraction of EpCAM molecules, also
the intracellular of EpCAM is essential in cell @dfon as its binding te-actinin provides the
connection to the actin cytoskeleton (Balebal. 1998). However, although ectopic EpCAM
expression was found to increase cell adhesiorelis expressing (almost) no CAMs, in
epithelial, E-cadherin-expressing cells its infloeron cell adhesion was shown to be of rather
modulating nature. It was reported that EpCAM matkd8 and abrogates strong cadherin-
mediated junctions and subsequently replaces theits lown comparatively weak cell-cell
adhesions (Litvinovet al. 1997). Phosphatidylinositol 3-kinase (PI3K) waentified as
mediator of this process. Thereby PI3K bindsatoatenin, which connects the cadherin
adhesion complexes to the actin cytoskeleton, d@rdgates the interactions between
catenin and actin, resulting in contact loss of dlddkesion complexes to the cytoskeleton
(Winter et al. 2007). It was hypothesized that the substitutibthe strong cell-cell contacts,
mediated by E-cadherin, by the relatively weak ieéiractions provided by EpCAM, leads to
enhanced cell plasticity in epithelial tissues \hiic consequence promotes proliferation and
cell movement during development, morphogenesiscancinogenesis (Schnedl al. 2013).

More recent studies revealed an effect of EpCAMMenformation and composition of tight
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junctions (TJ). EpCAM knock-out mice displayed aosy depletion of proteins from the
claudin family. The downregulation of these proseiwhich play an essential role in the
formation of TJ (Angelowet al. 2008), resulted in severe intestinal defects, noft@en than
not leading to the death of the mice (lekial. 2012). Furthermore, it has been shown that
EpCAM contributes to the formation of functionajtit junctions and epithelial integrity by
interacting with different claudin proteins (Letial. 2012; Wuet al. 2013).

1.2.5.2 EpCAM - the cell signaling molecule

Besides its role as cell adhesion molecule, EpCA&% also found to be involved in
cell signaling in cancer as well as in stem cditsrich et al. 2012). EpCAM signaling is
mediated by the internal part of EpCAM (EpICD), wahiis released upon regulated
intramembrane proteolysis (see 1.2.3) and was fdonte mandatory for the signaling
function of the molecule (Mun&t al. 2004; Maetzekt al. 2009). In carcinoma cells, EpCAM
signaling was found to be associated with the gn of genes involved in different cellular
processes. Transcriptome analyses conducted indndgcolon carcinoma cell lines, which
were treated with or without an EpCAM-specific aotily, revealed that most genes regulated
by EpCAM signaling are involved in cell cycle regtibn, proliferation, cell growth,
apoptosis and cancer related processes. Some gettes which were found to be induced
upon treatment of the cells with EpCAM-specific inatly were the cell cycle activators
LATS2 and FOSL2 and the anti-apoptotic genes GADBA& PIM1. In contrast, expression
of the pro-apoptotic gene DIDO1 was found to beresped (Maaser and Borlak 2008).
Further studies provided evidence that also théferation inducing genes c-Myc and cyclin
A, D and E are upregulated upon EpCAM signaling éMalet al. 2009; Chaves-Peret al.
2013). In addition, the fatty acid binding prot&nEFABP) and matrix metalloproteinase 7
(MMP-7) were identified as EpCAM target genes (Mehal. 2005; Denzeét al. 2012).

In tumor cells deriving from the colon, EpCAM wasuhd to be associated with the
tetraspanin CD9 (Le Naowet al. 2006), a protein of the tetraspanin web, whicimi®lved in
many different biological processes, including sanaling, motility and adhesion, as well as
tumor initiation, progression and metastasis (Her@@01; Yunta and Lazo 2003; Hemler
2013). It has been shown that in combination withtetraspanin web and claudin-7, which is
also involved in the formation of EpCAM-mediatedhti junctions (see 1.2.5.1), EpCAM
activates metastatic processes in colon carcindfo@r( et al. 2007). Additionally, it was
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found that claudin-7 induces EpCAM cleavage by eissimg with presenilin-2, thereby
leading to enhanced tumor cell proliferation (Thuemd Zoller 2013).

A positive correlation between EpCAM and cell gehtion has been observed in a
set of differentin vitro andin vivo studies. Already in 1994, Sch&hal. revealed a positive
correlation of EpCAM expression with cell prolifécan in several transformed epithelial cell
lines. Thereby the group also showed that blockihgpecific epitopes of EpCAM using
antibodies decreases proliferation of cells (Safica. 1994). Two years later, Litvinost al.
could correlate the expression of EpCAM in cervioadaepithelial neoplasia to an increased
expression of the proliferation marker Ki67 (Litennet al. 1996). Since then, increasing
evidence from numerous different studies showed HBpCAM expression enhances
proliferation in many different cell types, inclugdy breast, gastric and pharyngeal carcinoma
cell lines and human embryonic kidney cells. Consatjy, EpCAM depletion was correlated
with decreased proliferation in the tested cellsifidlet al. 2004; Ostaet al. 2004; Maetzeét
al. 2009; Wenget al. 2009; Chaves-Perexal. 2013).

In embryonic stem cells (ES cells), EpCAM was foutwd play a role in the
maintenance of the stem cell phenotype, whereaiABp&nock-down was associated with a
disturbance of ES cell characteristics in humamels as in murine stem cells (Gonzaleiz
al. 2009; Nget al. 2010). Currently it is hypothesized that EpCAM tauss the stem cell
phenotype by regulating stemness genes k&4, KLF4, SOX2 and NANOG (Lu et al.
2010; Imrichet al. 2012).

1.2.5.3 EpCAM - the prognostic and therapeutic marker

Due to its strongle novo or overexpression in almost all cancer entitiemgared to
the cognate healthy tissues (Winetral. 2003b; Schnelét al. 2013), EpCAM until now is
used as prognostic and therapeutic marker in cgeadenhauest al. 1987; Baeuerle and
Gires 2007; Imrichet al. 2012). In addition, it is the most frequently usedigen to detect
and retrieve CTCs and DTCs in cancer patients (€ehal. 2006; Criscitielloet al. 2010;
Weissensteiret al. 2012). In most carcinoma types, including lungdst, prostate, bladder
and pancreas carcinomas, EpCAM expression is abecklwith increased tumor growth,
enhanced cancer progression, and/or shorter oisathse free survival (Piyathilalee al.
2000; Spizzeet al. 2004; Brunneet al. 2008; Scheunemaret al. 2008; Niet al. 2013). Only
in renal and thyroid carcinomas EpCAM was descritietlave a tumor suppressive role. In

addition, there is a subset of cancer entitieduding gastric and oral carcinomas, in which
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tumor promoting and suppressive functions of EpCAd described (Ensinget al. 2006;
Klatte et al. 2009; van der Guat al. 2010).

As therapeutic marker, EpCAM was already used isetnof different anti-cancer
approaches, including the development of tumoripentibodies (Riesenberg al. 2001),
the fusion of EpCAM-specific antibody fragmentsdains (Di Paolcet al. 2003; Patriarcat
al. 2012; Flatmarlet al. 2013) or the tumor necrosis factor-related apogtiosiucing ligand
(TRAIL) (Bremeret al. 2004a; Bremeet al. 2004b) and vaccination (Mosolies al. 2004).
Different chimeric (chimeric Edrecolomab), humaniZ8622W94), human engineered (ING-
1) and fully humanized (Adecatumumab) EpCAM-specintibodies with different binding
epitopes were already developed (Imrethal. 2012). The first EpCAM antibody, which was
tested in humans, was Edrecolomab (Panorex). Bubwdh first clinical studies associated
the treatment with Edrecolomab with reduced tunecurrence and reduced death of patients
suffering from metastasized colorectal cancer,ahiggling could not be reproduced in larger
clinical trials (Riethmulleet al. 1994; Riethmulleet al. 1998; Fieldst al. 2009). In addition,
already low concentrations of EpCAM-specific higfiirity antibodies, like ING-1 and
3622W94, were associated with acute pancreatitislimcal trials (LoBuglioet al. 1997,
Goel et al. 2007). In contrast, the application of Adecatumbmwhich displayed an
intermediate binding affinity, only led to minordsi effects, like nausea, chill, fatigue and
diarrhea, when used in higher doses, in a clingdase Il study. Additionally, in this
particular study the treatment with Adecatumumals associated with a good prognosis in
terms of overall survival in patients with EpCAff metastatic breast cancer (Schretll.
2010). In 2009 the trifunctional antibody Catumadr(Removab) gained approval for the
European market and is now used in the treatmenpatients with malignant ascites
(Baeuerle and Gires 2007; Mustzal. 2010). However, until now Catumaxomab is the only
EpCAM-specific antibody, which is used in the alii

1.2.6 EpCAM in esophageal carcinomas

Esophageal cancer is the fifth leading cause oferarelated deaths worldwide (World-
Health-Organization 2008). Both forms, i.e. squasoell carcinomas deriving from normal
squamous esophageal epithelia, as well as adenosnatll carcinomas, deriving from
transformed epithelial cells of the esophagus @ts esophagus), are characterized by early
metastatic spread and intrinsic resistance to oursgstemic chemotherapies (llson 2007,

Siewert and Ott 2007; Klein and Stoecklein 2008)cénsequence, the 5-year survival rate is
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comparably low, even if the primary tumor can beaged by surgery, which is the case in
only around 15-20% of all patients suffering frosophageal cancer (Marietée al. 2004;

Klein and Stoecklein 2009). The bad overall surviage in this type of carcinoma is also due
to the fact that neither adjuvant nor neo-adjutheatapies are capable of efficiently eradicate

esophageal cancer cells (Mariedtal. 2007).

Similarly to other squamous epithelia, EpCAM is mapressed in normal squamous
epithelium of the esophagus, whereas in the mgjofisquamous esophageal carcinoma cells
a strongde novo expression of EpCAM is observable (Wingtral. 2003b; Stoeckleiret al.
2006; Kimuraet al. 2007). In a study by Stoeckleet al. it was shown that high EpCAM
expression in squamous esophageal carcinomasategeatith decreases periods of relapse-
free and disease-specific survival of the patief8®eckleinet al. 2006). This is in
consistence with findings in other cancer typeg lgancreatic, breast and lung carcinomas
(van der Guret al. 2010). However, a study by Kimuehal. showed a different picture. Also
in this particular study high EpCAM levels were@sated with increased carcinogenesis, but
EpCAM expression was also correlated with decreasetter progression and enhanced
patient survival (Kimuraet al. 2007). In a third study by West al. neither a positive nor a
negative impact of EpCAM expression on tumor gradeor stage or survival of patients
could be found (Philipwwent 2008). In contrast to the cells of the normglamous
epithelium, where no EpCAM expression can be olegkreolumnar epithelial cells of the
esophagus are EpCAM-positive (Womryg al. 2006; Anderset al. 2008). However, this
columnar epithelium does not occur in a healthypkagus but is formed in the context of
Barrett's esophagus (BE), a precancerous metaptsiae esophagus, which predisposes
patients to esophageal adenocarcinoma (feaag 2013; Spechler 2013). Although cells of
esophageal adenocarcinomas are also EpCAM-posEpEAM expression could so far not
be correlated to any prognostic impact factor ia thpe of cancer (Kumblet al. 1996; Philip
Went 2008).

Besides studies in primary tumors, the prognostipact of EpCAM in esophageal
carcinomas was also studied in disseminated turelts ¢DTCs). Hoschet al. provided
evidence that the occurrence of EpCAM-positive DTtOgelated with a decreased disease
free survival of patients. Furthermore, the ocawree of EpCAM-positive cells in lymph
nodes was associated with the decrease of bo#psefree and overall survival (Hosshal.
2000).
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1.3 Aim of the present study

Understanding the processes involved in cancerdtbom and progression is essential
to provide new therapeutic approaches and drugéfitmently treat and cure cancer patients.
However, although enormous research efforts duhegast decades provided scientists and
physicians with a detailed understanding of thesecgsses, numerous mechanisms of
tumorigenesis still remain elusive. Thereby therfation and outgrowth of metastases, which
represent the main reason for cancer related-deathslso the least understood mechanisms

in the entire process of carcinogenesis.

The epithelial cell adhesion molecule (EpCAM) istyp | transmembrane protein,
which can normally only be found at the basolatenambrane of selected epithelial cells.
However, as it is overexpressed in most carcingipest, it gained attention as prognostic and
therapeutic cancer cell marker. Since its discover{979, EpCAM was intensively studied
and a participation of the protein in cell adhesa@nwell as in cell signaling was revealed.
Despite this huge research effort, the role of EMCA cancer formation and progression is
not finally disclosed. Although EpCAM expressionsafaund to be associated with enhanced
cancer formation and progression, increased métastaead and/or poor clinical outcome in
most carcinoma types, there is also evidence th&A can play a role in tumor repression.
In some types of cancer, such as esophageal carag)dhe influence of EpCAM expression
on tumor progression is unclear since differendlistsl so far provided contradictory findings.
Furthermore, although EpCAM was extensively studiedprimary carcinomas, almost
nothing is known about its expression and role rdufurther cancer progression, which is
odd since EpCAM is the most commonly used antigeretrieve and detect circulating and
disseminated tumor cells. Indeed, there is evidehae EpCAM expression is lost during

cancer progression; however the reason for thssi®still unknown.

The present study was performed to learn more athmutole of EpCAM in cancer
formation, progression and metastases formationtlackby get a deeper understanding of
processes involved in carcinogenesis. The ambitias to get an explanation for the finding
that EpCAM expression can be associated with bptlogression and repression of
tumorigenesis, and to shed light onto the questibaad why EpCAM is downregulated at
certain stages of carcinogenesis. To do so, squam@saphageal cancer cell lines were used
as model system, as esophageal carcinoma is otieeafost lethal cancers worldwide,

characterized by early metastatic spread and sitrimesistance to current systemic
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chemotherapies (Klein and Stoecklein 2009). Funtoee, the role of EpCAM in this type of
cancer is still under debate.
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2 MATERIAL

2.1 Chemicals

Table 2. 1:List of chemicals used in the present study.

Product Company

3-amino-9-ethylcarbazol Sigma-Aldrich GmbH, Tauckien

ABC-Kit Vectastain® Elite® PK6100 Vector Laborates, Burlingame (USA)

Agarose Roche, Mannheim

Acrylamide, Protogel ultra pure Schrdder Diagnastigtuttgart

Anorganic salts, acids and bases Merck KGaA, Dadtst

Antibody dilution buffer DCS Innovative Diagnostikysteme GmbH
& Co. KG, Hamburg

Ammonium persulfate (APS) BioRad, Hercules (USA)

Aqua dest. Braun, Melsungen

B-Mercaptoethanol Sigma-Aldrich GmbH, Taufkirchen

Bovine serum albumin (BSA) Sigma-Aldrich GmbH, Tlauthen

Brij L23 solution Sigma-Aldrich GmbH, Taufkirchen

Bromophenol blue Serva GmbH, Heidelberg

Calcein AM PromoKine/PromoCell GmbH, Heidelberg

Dimethyl sulfoxide (DMSO) Sigma-Aldrich GmbH, Taufghen

DMEM (4,5¢g/I glucose/ with L-glutamine) BiochromGA Berlin
DMEM (high glucose/ w/o calcium/ w/o L-| Life Technologies, Carlsbad (USA)

glutamine)

EDTA Carl Roth GmbH & Co.KG, Karlsruhe
EGTA AppliChem GmbH, Darmstadt

Eosin solution 0,5% Pharmacy Klinikum GrofRhaderanih
FACSFlow Becton Dickinson, Heidelberg
FACSSafe Becton Dickinson, Heidelberg
FACSRinse Becton Dickinson, Heidelberg

Fetal calf serum (FCS) Biochrom AG, Berlin

Fibronectin Biochrom AG, Berlin

Gelatine Sigma-Aldrich GmbH, Taufkirchen
Glycine Serva GmbH, Heidelberg

35



MATERIAL

Product

Glycerol

Hematoxylin Gill's Formula H-3401
HEPES buffer (1 M)

Hydrogen peroxide (D)

Kaisers glycerol gelatine

Matrigel matrix

Matrigel growth factor reduced matrix

Mayers Hemalaun solution
Oligonucleotides

Organic solvents

Paraformaldehyde

PBS tablets

PBS solution

Penicillin Streptomycin (Pen Strep)
Proteinase K

Protein G Sepharose™ 4FastFlow
Propidium iodide

Protease Inhibitor Cocktail Complete
Protease Inhibitor Cocktail Complete,
EDTA free

Puromycin

SiRNAs

Sodiumdodecylsulfat (SDS)

Temed

TGH 1

TissueTek® O.C.T Compound

Tris-(hydroxymethyl)-aminomethan (TRIS)

Triton X-100

Trypan blue

Trypsin/ EDTA

Tween 20
Vectashield® with DAPI

Company

Sigma-Aldrich GmbH, Taufkirchen
Vector Laboratsj Burlingame (USA)
Biochrom AG, Berlin

Merck KGaA, Darmstadt
Merck KGaA, Darmstadt

Becton Dickinson, Heidelberg

Becton Dicsam, Heidelberg
Merck KGaA, Darmstadt
Metabion, International AG, Plageg
Merck, KGaA, Darmstadt
Carl Roth GmbH & Co.KG, Karlsruhe
Invitrogen, Karlsruhe
Pharmacy Klinikum GrofRhadern, Munich
Biochrom AGrliBe
Sigma-Aldrich GmbH, Taufkirchen
GE Healthcare, tggib
Sigma-Aldrich GmbH, Taufkirchen
Roche, Manmhei

Roche, Mannheim

Sigma-Aldrich GmbH, Taufkirchen
Riboxx, Radebeul
Sigma-Aldrich GmbH, Taxdken
BioRad, Hercules (USA)
Sigma-Aldrich GmbH, Taufkirchen
Sakura Finetek, Staufen
Merck KGaBarmstadt
Sigma-Aldrich GmbH, Taufkirchen
Biochrom AG, Berlin
Biochrom AG, Berlin
Serva GmbH, Heidelberg
Biozol GmbH, Eching
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2.2 Buffer
2.2.1 Cell culture

PBS:

Cryopreservation medium:

DMEM/10%FCS:

DMEM/1%FCS:

DMEM w/o calcium:

2.2.2 Flow cytometry

Flow cytometry (FC) buffer:

Antibody solutions:

Propidium iodide staining solution:

2.2.3 Adhesion assay

Plate coating solutions:

Cell staining solution:

Cell lysis buffer (2x):

8.0g NaCl, 0.2g KClI, 1.15g pPO, 0.2g KHPO, to
11 H,O

DMEM; 10% DMSO

DMEM; 10% FCS; 1% PenStrep

DMEM; 1% FCS; 1% PenStrep

DMEM w/o calcium; 1% PenStrepakle glutamine,
HEPES buffer

3% FCS in PBS

1:50 in 50ul FC buffer

1pg/ml propiatidodide (PI) in FC buffer

6ug/ml fibronectin in asiba medium
0.2% gelatine in adhesion medium
40ul/ml matrigel in adhesion medium

2uM calcein AM/ ml cell madch w/o FCS

4% Triton-X100 in dd.- B
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2.2.4 Membrane assay

Homogenisation buffer:

Assay buffer:

100x complete:

Whole cell lysis buffer (10x):

0.2ml 1M MOPS (pH 7.0), Ol2 KCI, 0.2ml 100x
complete in 19.4ml ddyD

300ul 0.5M sodium nitrate, 10ul 1@@xnplete, 0.5ul
20mM ZnC} in 689.5ul ddHO

1 complete protease inhibitor taibl&00u! ddHO

2 complete proteasabitor tablets, 1% triton-X100 in
10ml PBS

2.2.5 SDS-PAGE and western blot

Whole cell lysis buffer (2x):

Laemmli buffer (5x):

Stacking gel (4%):

Resolving gel (15%):

Running buffer SDS-PAGE:

Blotting buffer (10x):

2 complete proteaskibitor tablets, 1% triton-X100 in
50ml PBS

62.5mM TRIS pH 6.8, 2% SDS%A@lycerol, 5%p-

mercaptoethanol, 0.001% bromophenol blue

13.3ml 30% acrylamide, 16.6ml ZRIS pH 6.8,
0.663ml 0.5M EDTA, 69.44ml dd. 4©

50ml 30% acrylamide, 16,6ml ZRIS pH 8.9,
0.663ml 0.5M EDTA, 32.74 ml dd. @

150g TRIS, 7209 glycingg DS to 51 dd. D

250mM TRIS, 1.26M glycerol in dd. @

Western blot washing buffer (PBST): 8 tablets P88| Tween-20 to 4l dd. D
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2.3 Molecular kits

Table 2. 2: List of kits used in the present study.

Product
BCA Protein Assay

substrate

Company
Pierce, Rockford (USA)
Immobilon Western Chemiluminescent HRMMillipore, Bedford (USA)

LightCycler 480 SYBR Green | Master

Lipofectamine™

MATra transfection reagent

Roche, Mannheim

Life technologies, Carlsbad (USA)

Prestained protein marker V

QiaShredder

Iba GmbH, Géttingen
Peqglab, Erlangen

Qiagen, Hilden

QuantiTect Reverse Transcription Kit

RNeasy Mini Kit

2.4 Antibodies

Qiagen, Hilden

Qiagen, Hilden

Table 2. 3: List of primary antibodies used in thepresent study.

Antibody

FITC anti-Actin IgG
anti-CK8/18 19Ga
anti-EpCAM
(Ber-EP4) 1gG
anti-EpCAM

(C-10) I9G
anti-EpCAM
(VU1D9) IgG,
anti-EpICD

anti-GFP/YFP IgG,

FICT isotype mouse lgc

Isotype mouse IgG

Isotype mouse Igéz

Species
mouse, monoclonal
mouse, monoclonal

mouse, monoclonal

mouse, monoclonal

mouse, monoclonal

guinea pig,
polyclonal

mouse, monoclonal
mouse, monoclonal
mouse, monoclonal

mouse, monoclonal

Company
Santa Cruz, Dallas (USA)
Covance Inc., New Jersey (USA)
Dako Deutschland GmbH, Hamburg

Santa Cruz, Dallas (USA)

Cell Signaling Technology,
Cambridge (UK)
Peptide Specialty Laboratories,
Heidelberg

Santa Cruz, Dallas (USA)

Diatech, Jesi (Italy)

Dako Deutschland GmbH, Hamburg

Sigma-Aldrich GmbH, Taufkirchen
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Table 2. 4: List of secondary antibodies used in thpresent study.

Antibody

ABC-Kit Vectastain® Elite® PK6100

Alexa 488-conjugated goat-anti-mouse IgG
Biotinylated horse-anti-mouse 1gG (H&L)
FITC goat-anti-mouse IgG

PO rabbit-anti-guinea pig 19gG

PO goat-anti-maus IgG

2.5 Oligonucleotids

2.5.1 gRT-PCR primer

Table 2. 5: List of primers used in the present sty.

Primer
FW_p-actin
BW_B-actin
FW_E-cadherin
BW_E-cadherin
FW_EpCAM
BW_EpCAM
FW_GAPDH
BW_GAPDH
FW_N-cadherin
BW_N-cadherin
FW_RPL13A
BW_RPL13A
FW_SLUG
BW_SLUG
FW_SNAIL
BW_SNAIL
FW_TWIST 1
BW_TWIST 1
FW_TWIST 2

Company
Vector Laboratesi, Burlingame (USA)
Mobite@ttidgen
Vector Lahtories, Burlingame (USA)
Jackson Immunoresearch, ®ese (USA)
Sigma-Aldrich GmbHhufkirchen
Dako Deutschland GmbH, Hambur

Sequence (in 5°-3 orientation)
ATAGCACAGCCTGGATAGCAACGTAC
CACCTTCTACAATGAGCTGCGTGTG
TGAGTGTCCCCCGGTATCTTC
CAGTATCAGCCGCTTTCAGATTTT
GCAGCTCAGGAAGAATGTG
CAGCCAGCTTTGAGCAAATGAC
TGCACCACCAACTGCTTAGC
GGCATGGACTGTGGTCATGAG
TGGGAATCCGACGAATGG
TGCAGATCGGACCGGATACT
CCTGGAGGAGAAGAGGAAAGAGA
TTGAGGACCTCTGTGTATTTGTCAA
AAGCATTTCAACGCCTCCAAA
GGATCTCTGGTTGTGGTATGACA
CCAGTGCCTCGACCACTATG
CTGCTGGAAGGTAAACTCTGGATT
GGGCCGGAGACCTAGATGTCATTGT
CGCCCCACGCCCTGTTTCTT
CGCGCCAGGAGGAGATTCTGAATGA
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Primer Sequence (in 5°-3 orientation)
BW_TWIST 2 CGCCAACGTTTCGTGGGCTGT
FW_Vimentin CCTTGAACGCAAAGTGGAAT
BW_Vimentin GACATGCTGTTCCTGAATCTGAG
FW_ZEB1 TTACACCTTTGCATACAGAACCC
BW_ZEB1 TTTACGATTACACCCAGACTGC
FW_ZEB2 CAAGAGGCGCAAACAAGCC
BW_ZEB2 GGTTGGCAATACCGTCATCC
2.5.2 siRNA

Table 2. 6: List of sSiRNAs used in the present styd

SIRNA Sequence

Control (ctrl) sSIRNA 5-UCGUCCGUAUCAUUUCAAU-3
EpCAM siRNA 5-UGCCAGUGUACUUCAGUUG-3"
2.5.3 shRNA

Table 2. 7: List of sShRNAs used in the present styd

shRNA Sequence

Control (ctrl) shRNA pGIPZ vector V2LHS 176720pen Biosystems)
EpCAM shRNA | pGIPZ vector V2LHS 134160 (Open Bis®ms)
EpCAM shRNA 1l pGIPZ vector V2LHS 235265 (Open Bistems)
EpCAM shRNA IlI pGIPZ vector V2LHS 134162 (Open Bystems)
2.6 Plasmids

Table 2. 8: List of plasmids used in the present stly.

Plasmid Description

141pCAG-3SIP CMV, SV40, IRES, puromycin resistance
141pCAG/YFP YFP in 141pCAG-3SIP
141pCAG/EpICD-YFP EpICD, YFP tagged in 141pCAG-3SIP
141pCAG/EpCAM-YFP EpCAM, YFP tagged in 141pCAG-3SIP
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2.7 Celllines

Table 2. 9: List of cell lines used in the preserstudy.

Cell line

A549

A549 - EpCAM-YFP
A549 - EpICD-YFP
A549 - YFP
Fibroblasts*

Kyse 30

Kyse 30 - EpCAM-YFP
Kyse 30 - EpICD-YFP
Kyse 30 - YFP

Kyse 520'9" Kyse 52"

Kyse 520'9" - ctrl ShRNA**
Kyse 520'" - EpCAM shRNA**
Kyse 520'" - EpCAM-YFP
Kyse 520'%" — EpICD-YFP
Kyse 520'" - YFP

*

Description

Human non-small lung cancer cell line

A549 transfected with 141pCAG/EpKBA/FP

A549 transfected with 141pCAG/EPKYFP

A549 transfected with 141pCAG/YFP

Primary human fibroblast cells

Human squamous esophageal cancer cell line

Kyse 30 transfected with 141g&XFP

Kyse 30 transfected with 1416&ZBpICD-YFP

Kyse 30 transfected with 141pCAG/ENCXFP
Human squamous esophageal cancer cell line,
cell line shows different expression levels of EfNA
(Kyse 520'" > high levels of EpCAM

Kyse 526" - low levels of EpCAM)
Kyse 528'" transfected with pGIPZ/ctrl ShRNA
Kyse 520" transfected with pGIPZ/EpCAM shRNA
Kyse 528" transfected with 141pCAG/EpCAMYFP
Kyse 52" transfected with 141pCAG/EpICD-YFP
Kyse 5209" transfected with 141pCAG/YFP

Cells were kindly provided by Andreas Moosmanalrkholtz Center Munich.

** Cell lines were produced and kindly provided Gfristiane Driemel, Universitats-

klinikum Dusseldorf.
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2.8 Consumables

Table 2. 10: List of consumables used in the presestudy.

Product

3 MM Whatman paper

6-well cell culture plate, flat bottom
96-well cell culture plate, flat bottom
96-well cell culture plate, round bottom
96 magnet bar plate

Cell culture flasks and dishes
Centrifugation tube 15ml/ 50ml
Centrifugation tube 1,5ml (nuclease-free)
Centrifugation tube 1,5ml/ 2ml
Corning® Costar® stripettes

Cryomold Tissue-Tek®, Biopsy
(10x10x5mm)

Cyto funnel with filter cards

Cryo tubes

FACS tubes

Glass flasks

Glass pipettes

Glass plates

Gloves sempercare latex

Gloves sempercare nitril

Immobilion-P membrane (0.45 pum)
Microlance 3/ 23G 1.25”

Microlance 3/ 24G 1” - Nr. 17, 0.55x25mm
Needle Microlance™ 3

Neubauer chamber

Object slides ,Super Frost”

Parafilm

Pipette tips

Quadriperm

Company
Bender & Hobein, Munich
Nunc, Wieslea
Nunc, Wieslken
Nunc, Wiaden
Iba GmbH, Goéttingen
Nunc, Wiesbaden
Becton Dickinson,idétberg
CostawNork (USA)
Eppendorf AG, Hantdpur
Sigma-Aldrich GmbH, fkanechen

Sakura Finetek, Staufen

Thermo Scientific, Wream (USA)
Becton Dickinson, Heidelberg
Becton Dickinson, Heidelberg
Schott AG, Jena
Costar, New York (USA)
Amersham Bioscience, Glattbrugg
(Switzerland)
Sempermed, Vienna (Austria)
Sempermed, Vienna (Austria
Millipore, BedfdtdSA)
Becton Dickinson, Heidelpe
Becton kditson, Heidelberg
Millipore, Schwalbach
Assistent, Sondheim/Rhon
Nunc, Wiesbaden
American National Can, Menasha (USA)
Starlab, Hamburg
Sarstedt, Numbrecht
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Product Company

Reagent reservoir Costar, New York (USA)

Safe Seal Tips Professional Biozym Scientific Gmbldssisch
Oldendorf

Scalpel Feather/ PFM, Cologne

Syringe Braun, Melsungen

Sterile filters Millipore, Wiesbaden

Transfection tubes Becton Dickinson, Heidelberg

2.9 Equipment

Table 2. 11: List of equipment used in the presergtudy.

Device Company

Autoclave Systec 95 Systec GmbH, Wettenberg
Blotting System Mini trans Blot BioRad, Hercules3A)

Camera WB750 Samsung, Seoul (South Korea)
Cell Incubator Heraeus Holding GmbH, Hanau
Centifuge Mikro 20 Hettich Lab Technology, Tuttlemy
Centifuge Mikro 22R Hettich Lab Technology, Tutgan
Centrifuge Rotanta 46 R Hettich Lab Technology tlingen
ChemiDoc XRS+ imaging system BioRad, Hercules (USA)
Confocal microscope TCS-SP2 Leica, Bensheim

Cryostat model CM 1900 Leica, Bensheim

Flow cytometer ,FACS Calibur” Becton Dickinson, Ideiberg
Fluorescence microscope ,Axiovert 200" Carl Zeis5,Aena

Fluorescence microscope “Olympus BX43F” Olympuskyio(Japan)

Freezer (-20°C, -80°C) Liebherr, Ochsenhausen

Freezer (-80°C) HFU 86-450 Heraeus, Hanau

Fridge (4°C) Liebherr, Ochsenhausen

Light Cycler 480 System Roche, Mannheim

Magnet stirrer with heat block Janke & Kunkel, $¢su

Microliter pipettes Gilson Inc., Middleton (USA)
Microplate Reader ,MRX"* Dynatech Laboratories, Béduheim
Microwave Sharp Electronics GmbH, Hamburg
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Device

Multichannel pipette , Transferpette-8*
Nitrogen cooling equipment

Phase contrast microscope “Axiovert 25”
pH-meter

Pipetboy® Comfort

Power supply E835

Power supply E865

Precision scales

Safety cabinet HLB 2448 GS

Scales CP 4202 S

Scales Mettler PM 4600
Spectrophotometer ,GeneQuantPro*
Thermocycler Comfort

Vertical electrophoresis system miniVE
Vortex mixer

Wallac Victor 1420 multilabel counter
Water bath Exotherm U3el

Company
Brand GmBMertheim
Messer Cryotherm, Kirmohgieg
Carl Z&i&s Jena
WTW, Weilheim
Integra Biosciences, Fernwald
Consort bvba, Turnhout (Belgium)
Consort bvba, Turnhout (Belgium)
Mettler, Giel3en
Heraeus Holding GmbHdda
Sartorius, Géttingen
Mettler, Giel3en
GE Healthcaren&eah
Eppendorf AG, Hamburg
Hoefer, lisddn (USA)
IKA Works Inc., Wilmington (USA)
PerkinEImé/altham (USA)
Julabo, Seelbach
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2.10 Software

Table 2. 12: List of software used in the presentisdy.

Software Company

ApE Wayne Davis (University of Utah), Salt Lake
City (USA)

BD Cell Quest Pro Version 5.2.1 Becton Dickinsorjdelberg

Cell Sense Entry Version 1.8.1 Olympus, Tokyo (dqpa

Endnote Thomson Reuters Corporation,
New York (USA)

GraphPad Prism 5 Graphpad Software Inc., La JOI&A)

Image Lab BioRad, Hercules (USA)

Image J Wayne Rasband (National Institutes of
Health), Bethesda (USA)

LAS AF Leica, Bensheim

LightCycler® 480 SW 1.5 Roche, Mannheim

MS Office 2007 Microsoft, Redmond (USA)

Photoshop CS3 Adobe Systems Inc., San Jose (USA)

Revelation 4.2.5 DYNEX Technologies Inc., Chagt{lUSA)
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3 METHODS
3.1 Cell culture

3.1.1 Passaging of cells

Required reagents:
= Dulbecco's Modified Eagle Medium (DMEM)
= PBS
= Trypsin

All cell lines were cultivated using DMEM complenmed with 10% fetal bovine
serum and 1% penicillin-streptomycin at 37°C untther atmosphere of 5% GOSelection
and maintenance of stably transfected cell lines aehieved by the addition of 1pg/mi
puromycin to the medium. For passaging, cells vgplit every second to third day according
to their growth rate. For splitting, cells were Wwed briefly with PBS and then treated with
3ml trypsin for 10-30min at 37°C. Subsequently,|scaVere diluted 1:3 to 1:10 in fresh

medium.

3.1.2 Counting of cells

Cell numbers were determined in a Neubauer chamuigerg 20ul of the cell
suspension mixed 1:1 with trypan blue to distinguietween living and dead cells. Exact
cells numbers were calculated using the followimigriula:

Cells/ml = 2 x (cells counted/ number of countedéasquares) x £0

3.1.3 Freezing and thawing of cells

Required reagents:

= DMEM
= PBS
=  Trypsin

= Cryopreservation medium (DMEM containing 10% DMSO)
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For cryopreservation, cells were treated with tiypas mentioned above. After
trypsinisation 9ml DMEM were added to the cells dhe suspension then transferred to a
15ml falcon. Cells were then centrifuged for 5min280rcf, the supernatant was discarded
and the cell pellet resuspended in 1.5ml freezingdiom. The suspension was then

transferred to a cryotube and stored at -80°CHortderm or in liquid nitrogen for long term.

For thawing, cryotubes were briefly incubated étG37The suspension in the tube was
mixed with 9ml fresh DMEM in a 15ml tube and cefutged for 5min at 280rcf to remove
DMSO from the medium. Supernatant was discardedpatiét resuspended in 15ml fresh
DMEM. The suspension was then transferred int@shfi75criicell culture flask.

3.1.4 Transfection of cells

3.1.4.1 Transient transfection with MATra

Required reagents:

= DMEM
= DMEM w/o FCS
= PBS

= MATra transfection reagent
= sSiRNA (100pmol/ul)

For transfection with MATra, 1x£07x1C cells/well were plated in 6-well plates and
grown for 24h. Transfection solution was prepargadrixing 2ul siRNA with 500u1 DMEM
w/o FCS in a transfection tube. Subsequently 2MATra were added to the mixture, the
suspension was mixed by flicking the tube and syitsetly incubated for 20min at room
temperature. During incubation the medium on tHis eeas replaced by 1.5ml fresh DMEM
containing 10% FCS. The mixture was then addeti¢acells and the 6-well plates were put
on magnetic plates for 15min at 37°C to achievestfiection. Medium was changed 2h after

transfection to remove remaining MATra.
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3.1.4.2 Generation of stable cell lines

Required reagents:

= DMEM
= DMEM w/o FCS
= PBS

= MATra transfection reagent
= Expression plasmid (1-2uQ)

= Puromycin (final concentration = 1ug/ml)

To create stable cell lines, cells were transfeetgd MATra as described in 3.1.4.1.
24h after transfection, puromycin was added toc#lemedium to select for cells expressing
the resistance gene. Cells were cultivated forredwveeeks in the presence of puromycin and
subsequently analyzed by flow cytometry (see 3.M&stern blot (see 3.3.5) and/or qRT-
PCR (see 3.2.3) to ensure the expression of thesfereted protein in the whole cell

population.

3.1.5 Flow cytometry

Flow cytometry in combination with staining usingutigen specific antibodies
represents a simple method to analyze the expressiccell surface molecules. In this
analysis antigen specific primary and secondaribadies are used to obtain a fluorescent
signal, which is directly proportional to the exgs®n level of the analyzed protein.
Furthermore, this method allows the direct measargnof YFP-positive cells and upon

staining of cells with propidium iodide (PI) thestinction of living and dead cells.

3.1.5.1 Flow cytometry analysis of membrane proteins

Required reagents:
= PBS
= FC buffer
= Specific primary and secondary antibodies
= Propidium iodide (PI) (Img/ml)

Note: All centrifugation steps were performed for 5mir2&80rcf and room temperature.
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For flow cytomery analysis cells were harvestedrygsinisation, washed once with
PBS and then incubated in primary antibody (1:5G0p| FC buffer) for 15min at room
temperature. After centrifugation, the supernateas discarded and the pellet incubated with
secondary antibody (1:50 in 50ul FC buffer) for 1@t room temperature. Cells were then
centrifuged and the pellet resuspended in 500 figtometry buffer containing 0.5ul PI.
Finally, samples were measured with a BD FACS-Qaldnd results analyzed using the Cell
Quest Pro (BD) software.

3.1.5.2 Flow cytometry analysis of YFP expressing cells

Required reagents:
= PBS
= FC buffer
= Propidium iodide (PI) (Img/ml)

Note: All centrifugation steps were performed for 5mir2&80rcf and room temperature.

To analyze the expression of YFP, cells were héedely trypsination, washed once
with PBS and were then directly incubated in 50B@Ibuffer containing 0.5ul PI. Samples
were measured with a BD FACS-Calibur and resulayaed by using the Cell Quest Pro
(BD) software.

3.1.6 Cytospin

Cytospin is a method to concentrate cells in suspanand coat these cells on glass
slides for further analyses such as immunofluomsedsee 3.4.1) and immunohistochemical

staining (see 3.4)2

Required reagents:

= PBS
Note: All centrifugation steps were performed for 5mir2&80rcf at room temperature.

For cytospins, cells were harvested, washed onteRBS, resuspended in 100ul PBS
and pipetted into a construction consisting of ftnmnel, filter paper, and a glass slide. Cells
were anchored to the glass slide upon centrifugatichilst the PBS was drained into the

filter paper. Cytofunnel and filter paper were ¢allg removed from glass slides, which were
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then dried over night at room temperature. The mxt cells were fixed and stained as
described in 3.4.2.

3.1.7 TGFp assay

Required reagents:

= DMEM
= DMEM w/o FCS
= PBS

= TGFB 1

For TG assays, cells were plated in 6-well plates (0.5x&ls/ well). On the next
day, cell medium was discarded, cells were washacktwith PBS and new medium w/o
FCS was added. 24h later, TEGE (10ng/ml) was added to the cells for 72h. Peswwvere
taken under an Axiovert 25 microscope (Zeiss Q3hwa Samsung WB750 camera. Cells
were then harvested and cell surface levels of BdQ¥ere analyzed upon flow cytometry
(see 3.1.5.1). In addition mRNA levels of EpCAM,c&dherin, N-cadherin and vimentin
were assessed using qRT-PCR (see 3.2.3).

3.1.8 Scratch assay

Scratch assay is a method to analyze the migraapacity and velocity of cells. In
this assay a wound (scratch) is set into a confllamr of cells and closure of the scratch is
monitored. Although being a simple assay it is na&oxy to include proper controls to scratch

assays in order to distinguish between cell migraéind proliferation.

3.1.8.1 Scratch assay with Kyse 528" and Kyse 526" cells

Required reagents:

= DMEM
= DMEM w/o FCS
= PBS

For scratch assays, cells were seeded in 6-wabgknd cultured to a density of 90-
100%. Culture medium was then replaced by DMEM W@S and 12-24h later scratches
were set in monolayers of cells using a sterileepgtip. Cells were then washed thrice with
PBS and three random sections of two scratchexgletine were marked. Pictures were
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taken at different time points under an Axiovertgieroscope (Zeiss Q5) with a Samsung
WB750 camera. To assess the migration velocitystiatch area at different time points was
calculated using the ImageJ software. Further tatioms were performed with Microsoft

Excel.
Calculations were the following:

Wmean = Ala
tmigration: (Wmean (tl) - Wmean (tz))/(At '2)

Whean = mean width of the scratch (in um)

A = area of the scratch (in |fn

a = length (in pm)

tmigration = migration velocity

Wean (tx) = mean distance of the scratch at timepoint x
At = time difference

scratch

Figure 3. 1: Calculation of the mean width of scrathes.

Mean widths of scratches were calculated by digjdhe area (A, orange) by the length (a, greet@scratch.

In parallel 0.5x1®cells/well were plated in 6-well plates to addmessiiferation rates.
Cells were treated similarly to scratched cellsten®arvested and cell numbers were assessed
to rule out effects of proliferation on the closofescratches. In addition, EpCAM levels were

assessed in all samples using flow cytometry (sk&.3).
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3.1.8.2 Scratch assay with siRNA transfected Kyse 30 cells

Required reagents:

= DMEM
= DMEM w/o FCS
= PBS

=  SiRNA (100pmol/ul)
= MATra transfection reagent

Kyse 30 cells were seeded in 6-well plates anduredt to a density of 80%. Cells
were then transfected with either EpCAM-specificcontrol siRNA as described $11.4.1
12h after transfection, culture medium was replabgdmedium w/o FCS and 8h later
scratches were set with a sterile pipette tip. Ce#tre washed thrice with PBS and three
random sections of two scratches per cell line weerked. Pictures were taken at the
indicated time points under an Axiovert 25 micrqgeedZeiss Q5) with a Samsung WB750
camera. To assess the migration velocity, the dtrarea at different time points was
calculated using ImageJ software. Further calcutatiwere performed with Microsoft Excel
(see 3.1.8.1). Proliferation rates were assesseti@sementioned. EpCAM knock-down was

assessed in all samples using flow cytometry (sk&.3).

3.1.8.3 Fluorescence staining of Kyse 30 and Kyse 520scratch assays

Required reagents:

= DMEM
= DMEM w/o FCS
= PBS

Cells were seeded on glass slides located in quexdni dishes, grown to confluency
and culture medium was changed to DMEM w/o FCS.lafdr, a scratch was set into the cell
monolayer, cells were washed thrice with PBS angration was allowed for 24h in DMEM
w/o FCS. Subsequently, cells were washed with PBSfxed and stained as described in

3.4.1.
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3.1.9 Spheroid formation

3.1.9.1 Basic spheroid formation

Required reagents:
= DMEM
= 1% agarose in PBS
= TissueTek® O.C.T Compound

= Liquid nitrogen

For spheroid formation assays, 96-well plates weeaded with 50ul 1% agarose in PBS.
After 1-2h, 3x10 cells were seeded per well and spheroid formatias allowed for 24-96h.
Pictures were taken under an Axiovert 25 microso@ess Q5) with a Samsung WB750
camera. Thereafter spheroids were harvested, eraladdlissue-Tek and cryopreserved in

liquid nitrogen. Samples were stored at -20°C dutther processing (see 3.4.2).

3.1.9.2 Spheroid invasion assay

Required reagents:
= DMEM
= 1% agarose in PBS
= TissueTek® O.C.T Compound

= Liquid nitrogen

For spheroid invasion assays, 96-well plates wested with 50ul 1% agarose in PBS.
After 1-2h, 3x10 fibroblast cells were seeded per well and sphefmichation was allowed
for 24h. Subsequently, 1x18yse 520'" or Kyse 528" single cells were added to fibroblast
spheroids and invasion was allowed for 48h and A2hhe indicated time points spheroids
were harvested, embedded in Tissue-Tek and frozkquid nitrogen. Subsequently, samples

were stored at -20°C until further processing.

For immunohistochemical staining, spheroids wette fcxed and incubated with CK8/18
or EpCAM-specific antibodies (see 3.4.2). Subsetiyepictures of stained spheroid slides

were taken under an Olympus BX43F microscope.
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3.1.10 Adhesion assay

The adhesion assay is a method to test the adleeoéells to other cells or matrices.
To analyze the role of EpCAM in cell adhesion,ahesion assays were performed without

calcium to prevent cell adhesion mediated by cadber

3.1.10.1Cell-matrix adhesion assay w/o calcium

Required reagents:
= DMEM (culture medium)
= DMEM w/o FCS w/o Calcium (adhesion medium)
= PBS
= Matrigel (40ul/ml in adhesion medium)
= Calcein AM (Img/ml)
= Lysis buffer (2% triton X-100 in dd. D)

Note: All centrifugation steps were performed for 5mir2&80rcf at room temperature.

For calcium independent cell-matrix adhesion assels were harvested and counted
and the required number of cells (1%Xlls/well in a 96-well plate) was plated on 10cm
dishes. 24h later, culture medium was discardelts eere washed 3 times with PBS, 5ml
fresh adhesion medium was added and cells let i@ngover night. In addition, 96-well
plates with flat bottom were coated with 50ul ngetisolution over night at 37°C. The next
day cells were harvested, washed once with PBSesu$pended in 1-3ml adhesion medium.
For cell staining 2ul calcein AM per ml medium wexdded to the cells and samples were
incubated for 1h at 37°C. Cells were then washecktwith PBS to get rid of residual calcein
AM, were resuspended in adhesion medium and adui@é-well plates (1x10cells/well).

No cells were plated in wells serving as backgrocmitrols. Cell adhesion was allowed for
2h at 37°C. Thereafter, plates were washed twitle RBS. To do so, 200ul PBS were added
in each well of another 96-well plate. Subsequelttlg sample-containing plate was put onto
this second plate and the construction was turmedna twice, whereat input control wells
were protected from washing upon coverage withfparaAfter washing, cells were lysed
upon the addition of lysis buffer to the wells (2gis buffer was used for input control wells).
Calcein fluorescence was measured on a Wallac WVid#20 multilabel counter at

485nm/535nm wavelength. Further calculations weréopmed using Microsoft Excel.
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3.1.10.2Cell-cell adhesion assay w/o calcium

Required reagents:
= DMEM (culture medium)
= DMEM w/o Calcium w/o FCS (adhesion medium)
= PBS
= Calcein AM (Img/ml)
= Lysis buffer (2% triton X-100 in dd. D)

Note: All centrifugation steps were performed for 5mir2&80rcf at room temperature.

For calcium independent cell-cell adhesion assesits were plated in 96-well plates
with flat bottom (0.5x10 cells/well) and were grown over night in culturedium. These
cells serve as a confluent matrix at the beginmh¢he assay. In parallel, additional cells,
which were later added to the matrix-containingv@8l plates (1x1bcell/well), were plated
in 10cm dishes and were grown over night. The deyt all cells were washed 3 times with
PBS, and proper amounts of adhesion medium weredadthh later, 96-well plates were
washed once again with PBS and 50ul of fresh adhesedium were added to each well. In
parallel, the cells growing in 10cm dishes werevasted and counted. The required number
of cells (1x1d cells/well) was washed once with PBS and resusgrid 1-3ml adhesion
medium. For cell staining, 2ul calcein AM per mldnen were added to the cells and cells
were incubated for 1h at 37°C. Subsequently, eatise washed twice with PBS to get rid of
residual calcein AM, were resuspended in adhesiedium and added to 96-well plates
(1x10* cells/well). No cells were plated in backgrounchttol wells. Cell adhesion was
allowed for 2h at 37°C. Thereafter, plates werehgdswice with PBS. To do so, 200ul PBS
were added in each well of another 96-well platgdhsgquently, the sample-containing plate
was put onto this second plate and the construetias turned around twice, whereat input
control wells were protected from washing upon cage with parafilm. After washing, cells
were lysed upon the addition of lysis buffer to thells (2x lysis buffer was used for input
control wells). Calcein fluorescence was measuredaoWallac Victor 1420 multilabel
counter at 485nm/535nm wavelength. Further calcumatwere performed using Microsoft

Excel.
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3.2 Molecular methods

3.2.1 Isolation of mMRNA

For the isolation of total RNA from cells, the RNgaMini Kit (Qiagen) with
QiaShredder columns (Qiagen) was used accordirigetananufacturer's protocol. Isolated

MRNA was stored at -80°C until further use.

3.2.2 Reverse transcription polymerase chain reaction (RIPCR)

RT-PCR allows for the conversion of mRNA into cDNwhich subsequently can be
used for cloning or gRT-PCR (see 3.2.3). The pnoteverse transcriptase (RT) is used for
this purpose.

Directly before RT-PCR, the concentration of theéatoRNA utilized for each
experiment was determined with a ,GeneQuantPro‘ctspphotometer (GE Healthcare).
Subsequently, 1ug of the total RNA was added to &ugDNA wipeout buffer and the
mixture was filled up to 14ul with RNAse free®. The mixture was heated up to 42°C for
2min to ensure elimination of genomic DNA and th@momptly put on ice. For cDNA
synthesis, 1pl reverse transcriptase, 1ul primes amd 4pl Quantiscript RT-buffer were
added to the previous solution and the mixture wasbated for 30min at 42°C. As a last

step, the sample was heated up to 95°C for 3nmsitojp the reverse transcription reaction.

Sandard reaction procedure:

total RNA 1lug Quantiscript RT 1pl
gDNA wipeout buffer 2ul Quantiscript RT-buffer (5x) 4ul
RNAse free HO add to 14pl Primer mix pl

- put into reaction tube at the beginning> added to mix 1 later

Sandard temperature settings:

Genomic DNA elimination 2 min, 42°C

Pause 1 min, onice - add mix 2
RT-PCR reaction 30 min, 42°C

Stop reaction 3 min, 95°C

After reverse transcription, cDNA samples wereedaat -20°C until further use.
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3.2.3 Quantitative Real-Time PCR (qRT-PCR)

gRT-PCR allows for the comparison of amounts ofcgjgecDNAS across samples.
This is e.g. important to confirm si-/sh-knock-dowfficiency, or to compare amounts of

specific mMRNAs in different parts of an organismbetween cell lines.

For gRT-PCR analyses, the LightCycler 480 SYBRe@reMaster kit (Qiagen) was
used. A mastermix was prepared according to thebeurof templates and samples to be
analyzed. Each sample was analyzed in duplicates.

Sandard mastermix (per reaction):

cDNA (from RT-PCR reaction) 1ul
Primer mix 2ul
SYBR Green master-mix (2x) S5ul
ddH,O 2ul

Primer mix:  Consists of two highly specific primers (each l6juia 100uM stock), filled up
with 180u! ddHO.

2x SYBR Green mastermix (Roche): Contains DNA-polymerase, SYBR-Green and reaction

buffer.
Sandard reaction setup:
Initial segregation 10 miif5°C
Segregation 30 se95°C
Annealing and elongation 60 se€2°C > back to step 2, 45 cycles
Cooling/Storage 4°C

Reaction data were acquired using a Light Cycldr d8vice (Roche) and analyzed
with LightCycler 480 SW 1.5 (Roche) and MicrosoXcel.
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Calculation of different mMRNA levels was based awssing points (Cp) values, which
depict the first cycle at which the fluorescenceaafample rises above the background level
(Roche 2014). Calculations were performed accortbrigfaffl et al., using thAACp-method
(Pfaffl 2001).

Calculations were the following:
1. Mean of 2 Cp-values: Cp = (Bf£p)/2

2. Standardisation to housekeeping gene: ACp = Cp - Cpuousekeeping gene)
3. Calculation of relative gene expression levels:

a) Control group (was set to “1.0"): AACPyeontroly= 2 A CPontroh- ACp(contro)

b) Sample group: AACp(sampIe): Z(ACp(sample} ACp(control))

3.3 Biochemical methods
3.3.1 Membrane assay

Required reagents:
= DMEM
= PBS (ice cold)
= Homogenisation buffer
= Assay buffer
=  Whole cell lysis buffer (10x)

Note: After harvesting the cells, all steps were perfedmat 4°C or on ice.

To generate samples for membrane assays, cellsphagesl in three 14.5cm dishes
and allowed to grow confluent. Subsequently, c&dhes were placed on ice, cells were
washed twice with 10ml ice cold PBS, harvestedasirell scraper and transferred to a fresh
15ml reaction tube. Centrifugation was performattéhfor 5min at 280rcf and 4°C, whereat
supernatant was discarded, and 5ml fresh PBS wiesdaafter each centrifugation step. After
these washing steps, cells were homogenized irh@mbgenisation buffer by douncing them
10 times with a microlance 3/23G 1.25” syringe anthsequently centrifuged for 15min at
1000rcf and 4°C to separate nuclei from the resthefcells. The supernatant, containing
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soluble proteins, membranes and small cell orgaselas split and transferred to two fresh
1.5ml reaction tubes, while the pellet was discdrdgentrifugation was performed for 20min
at 16000rcf and 4°C to pellet membranes. To wagh rtfembranes, supernatant was
discarded, 500ul homogenisation buffer were addedach reaction tube (not mixed) and
samples were centrifuged again for 5min at 1600@rad 4°C. Finally, membranes were
resuspended in 150ul assay buffer and incubated@iorat 4°C to prevent protein cleavage
(Oh, control samples) or 37°C to allow protein vbege (16h samples). Directly after
incubation, 20ul 10x lysis buffer were added toheakcthe samples, which were subsequently

processed as described in 3.3.2.

3.3.2 Preparation of whole cell lysates

Required reagents:
= Whole cell lysis buffer (2x)
= PBS
= Leammli buffer (5x)

To generate samples for whole cell lysates, cedleeviharvested, washed once with PBS,
and centrifuged for 5min at 280rcf and room temjpeea The supernatant was discarded and
the pellet resuspended in 2x its volume in 2x wioelk lysis buffer (instead of directly lysing
the pellet it can also be stored at -80°C for sevaays). Thereafter, samples were incubated
on a rotating platform for 10min at 4°C and subsedly centrifuged for 10min at 16000rpm
and 4°C to remove cell debris. Supernatants, whughtain solubilized proteins, were
transferred into a fresh reaction tube and incubateice until subsequent processing. Protein
concentration was determined using the BCA-assa 8s3.3). In a last step, laemmli buffer
was added to the samples. These samples were la@&8UC for Smin. Protein samples were

stored at -20°C until further use.
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3.3.3 Determination of protein concentration (BCA assay)

Required reagents:
= BCA assay kit

Protein concentrations were determined using BCB8awskit, according to the
manufacturer's protocol. 1ul of the protein samil€xil in case of membrane assays) were
mixed with 99ul (90ul) BCA solution and absorbamtes95nm wavelength was measured
with a spectrophotometer (,GeneQuantPro“, GE Healt). All measurements were
performed in duplicates. To calculate protein comiedions, a sample containing a
determined concentration of bovine serum albumiisAB was used as reference, and

background (BG) levels of BCA-only samples weretsadied.
Calculations were performed with Microsoft Exceingsthe following formula:
Cisampley™ ((Au(sample)- Anea)/(Axesa) - Aree))) X Gesa)

c = protein concentration in mg/ml

A, = absorbance

3.3.4 Sodium dodecyl sulfate polyacrylamide gel electrogiresis (SDS-PAGE)

Required reagents:
= 10x SDS running buffer

Resolving gel

= Stacking gel

= APS

= TEMED

= ddHO
Resolving gel (15%) Sacking gel (4%)
30% acrylamide 50ml 30% acrylamide 13.3ml
2M TRIS pH 8.9 16.6ml 2M TRIS pH 6.3 16.6ml
0.5u EDTA 663ul 0.5y EDTA 663l
ddH,O 32.74ml ddkD 69.44ml
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SDS-PAGE is used to separate polypeptides in aappflamide gel matrix. The
separation occurs according to the molecular wesflproteins. Treatment with SDS results
in a coverage of proteins with negative charges shat protein size remains as the major
parameter of separation. As a result, proteins witsmaller apparent molecular weight

migrate faster than those with a higher apparenecntar weight.

Standard SDS-PAGE are comprized of two differepesyof gels, i.e. a stacking gel,
which collects all proteins at the border betwedss tivo gel types, and the resolving gel in
which the proteins are actually separated. Perl@shl resolving gel (15%) were mixed with
50ul APS and 30ul TEMED, poured into the gel chanavel covered with ddi to ensure
a straight surface. After polymerisation the wates discarded and 2ml of the stacking gel
were mixed with 30ul APS and 15ul TEMED, poured gmaymerized on top of the
separation gel. Subsequently, same amounts ofipsoté whole cell lysate samples (see
3.3.2) were loaded on gels. Gel electrophoresisamadlucted for 15min at 15mA and 2h at

30mA in SDS running buffer. Afterwards, gels wesed for immunoblotting (see 3.3.5).

3.3.5 Immunoblotting (western blot)

Required reagents:
= Methanol
= 1x blotting buffer
= Blocking solution (5% milk in washing buffer)
= washing buffer (PBST)
= Specific primary and secondary antibodies
= Primary antibody solution (3% BSA in washing buffer
= Secondary antibody solution (5% milk in washingfegf

= Chemiluminescent HRP substrate

A wet blot system (Blotting System Mini trans BloBioRad) was used for
immunoblotting. With this system, polypeptides geped in a polyacrylamide gel can be
transferred to a polyvinylidene fluoride (PVDF) mamane. To do so, membranes were first
incubated in methanol for 1min and then transfeméal blotting buffer. After assembling the

system, blotting was conducted for 50min at 100 mom temperature.
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After blotting, PVDF membranes were first incubatad blocking solution for
minimally 30min at room temperature to prevent @e#iic antibody binding. After washing
in PBST for 5min, membranes were incubated in prynaantibody (diluted in 5ml primary
antibody solution) for 1h at room temperature ceravight at 4°C. Subsequently, membranes
were washed thrice in PBST for 5min and incubatél the appropriate secondary antibody
for 45min at room temperature (diluted in 5ml setany antibody solution). After washing
thrice in PBST for 5min, antigen-antibody reactiomsre revealed upon application of
chemiluminescent HRP substrate (Millipore). Prote@mds were detected using a ChemiDoc
XRS+ imaging system (Biorad) and analyzed usinggmhab (Biorad) and Photoshop
(Adobe) software.

3.4 Cell labeling and staining methods
3.4.1 Immunofluorescence

Required reagents:
= Methanol (-20°C)
= PBS
» Paraformaldehyde (PFA)
» Horse serum
» TRIS buffer (0.05M, pH 7.4)

» Specific primary and secondary antibodies

For immunofluorescence staining, cells were pladedglass slides in quadriperm
dishes and cultured to the desired confluency. Syently, cells were washed thrice with
PBS for 5min and fixed with 3.5% PFA for 10min irettlark at 4°C and 5min in the dark at
room temperature. Cells were then washed thrideB& for 5min, permeabilized using ice
cold methanol and blocked with 200ul horse seru20@ in TRIS buffer) for 20min at room
temperature to prevent unspecific antibody bindifigereafter, cells were incubated with the
first antibody (mouse anti-EpCAM 1:1000 in 200ulIBRbuffer) for 1h at room temperature.
After washing thrice with PBS for 5min, cells weneubated with a biotinylated anti-mouse
antibody (1:200 in 200ul TRIS buffer) for 30minrabm temperature, washed again thrice
with PBS for 5min and stained with an Alexa 488&d anti-biotin antibody (1:500 in 200l
TRIS buffer) until staining was sufficiently strangdrinally, cells were covered with
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VectaShield containing DAPI to stain nuclei. Stags were analyzed using a TCS-SP2
scanning system, a DM-IRB inverted microscope aA8 IAF software (Leica).

3.4.2 Immunohistochemistry

Required reagents:
= Methanol (-20°C)
= PBS
» Paraformaldehyde (PFA)
= Horse serum
» TRIS buffer (0.05M, pH 7.4)
» Brij solution (50% Brij in PBS)

» Specific primary and secondary antibodies

Spheroids (see 3.1.9) and tumor explants 8s&gwere placed in cryomolds, embedded
with Tissue Tek and frozen in liquid nitrogen. Feazsamples were processed to serial slices
of 4um thickness with a Cryostat model CM 1900 ¢bgiand put on glass slides. Samples

were frozen at -20°C until further use.

For immunohistochemical staining, samples weredixn acetone for 5Smin at room
temperature, followed by fixation with 3.5% PFA fbdmin in the dark at 4°C and 5min in
the dark at room temperature. Subsequently, endogeperoxidase activity was blocked
upon incubating the samples using 0.03%OHin PBS for 10min at room temperature.
Sections were washed twice in PBS for 5min at réemperature and incubated with horse
serum (1:200 in 200ul TRIS buffer) for 20min at mdemperature to prevent unspecific
antibody binding. Incubation with first antibody :1000 in 200ul TRIS buffer) was
performed for 1h at room temperature or over naht°C. After washing samples with PBS
and Brij solution, sections were incubated withi@tibylated anti-mouse antibody (1:200 in
200pul TRIS buffer) for 30min at RT, washed againthwPBS and Brij solution, and
subsequently incubated with a peroxidase-labelédirexbiotin complex. Finally, cells were
stained with amino-ethylcarbazole (AEC) as a pelasé substrate, generating a red-brown
staining of the antigen/antibody complexes. Cowtégning was achieved with hematoxylin
(blue). Samples were covered wihiser’s glycerol gelatine and pictures were takeing a

Olympus BX43HRluorescence microscope and CellEntry software if@lys).
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3.5 Mouse experiments

Required reagents:
* DMEM w/o FCS
= Growth Factor Reduced BD Matrigel Matrix
= TissueTek® O.C.T Compound

= Liquid nitrogen

Note: All experiments were performed with the approvhittee Ethics Commission of the
Ludwig Maximilians University Munich (Az.55.2-1-52532-101-07) and the Landesamt fur
Natur, Umwelt und Verbraucherschutz Nordrhein-Wadstf (8.87-50.10.37.09.105).

To analyzen vivo growth of tumors, Kyse 520 cells stably transfdatéth either control
or EpCAM-specific ShRNA (cell lines kindly providdaly Christiane Driemel, Dusseldorf),
were injected in 6-8 week old, male NOD SCID miEkerefore, 5x10cells in 1001 DMEM
w/o FCS were mixed with 100l Growth Factor ReduB&dMatrigel Matrix and the mixture
injected subcutaneously in the right and left fleiok mice using a BD Microlance 3/24G 1.
In addition, another fraction of these cells wasduforin vitro analyses such as cytospin (see
3.1.6), immunohistochemistry (3.4.2), western ke 3.3.5), and qRT-PCR (see 3.2.3).
After cell injection, mice were continuously obsedvfor signs of tumor growth. Objective
guantitative endpoints for the experiment werenadusize larger than 20mm, a tumor weight
superior to 4g and an animal weight loss superor2®% of the initial body weight.
According to these endpoints but no later than a@gsdmice were sacrificed by isofluran
inhalation. Formed tumors were explanted, tumorghtsi were assessed using a precision
scale, and tumor tissues were embedded in Tisskaf@ frozen for immunohistochemical

analyses (see 3.4.2).

3.6 Statistical analysis

Statistical calculations were performed using Msafb Excel. The Student’s t-Test
was applied to calculate the statistical signifezrof differences between experimental
groups. P-values of 0.05 were considered significBars and error bars in histograms

represent mean values + standard deviation (d.df)least three independent experiments.

65



RESULTS

4 RESULTS

The formation of metastases is the major reasorcdocer related deaths (Sleeman
and Steeg 2010; Stoecklein and Klein 2010; Chadfed Weinberg 2011). Therefore, it is
mandatory to identify and analyze mechanisms ireelw this process. To form metastases,
cancer cells need to loosen from primary tumorsade the surrounding tissue and
intravasate into the blood stream or the lymphsygtem upon which they can be allocated to
different parts of the body. In the next stepsséheirculating tumor cells (CTCs) need to
leave the blood or lymphatic system, settle in@sdary organ such as liver, bone or lungs,
and resume proliferation (Chaffer and Weinberg 20D&spite the importance of identifying
the processes involved in the different stagesethstasis formation, so far numerous aspects

of carcinoma progression remain unexplored.

The epithelial cell adhesion molecule (EpCAM) ioWm to be overexpressed in most
carcinomas (van der Gua al. 2010). Its expression is correlated with increased
proliferation, formation of larger primary tumofi$laetzel et al. 2009) and in the majority of
cases a bad prognosis for cancer patients (Spizt02004; Vargeet al. 2004; Brunneket al.
2008; van der Gust al. 2010). Because of its strong overexpression inimamas, EpCAM
is used as a marker to identify cancer cells, oidg CTCs and DTCs (Coheat al. 2006;
Criscitiello et al. 2010). However, there is evidence that EpCAM isaumstantly expressed
throughout the whole process of carcinogenesigatiter seems that EpCAM is highly
expressed in primary carcinomas and large metastagereas it appears to be
downregulated in CTCs, DTCs and micrometastasgevidoet al. 1998; Raoet al. 2005;
Gorgeset al. 2012). These findings suggest a more complex obl&pCAM during the
different stages of cancer formation and progrestian assumed up to now.

In the present study, esophageal cancer cells usgé as model system to get deeper
insights into the actual expression of EpCAM duramgl its influence on tumor formation and
progression. These findings shall help to get tebenderstanding of the processes leading to

formation of primary tumors and metastases.
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4.1 Cellular systems

4.1.1 Esophageal cancer cell lines Kyse 30 and Kyse 520

To investigate the role of EpCAM during carcinogasethe esophageal cancer cell
lines Kyse 30 and Kyse 520 were used. In a firstofeexperiments these cell lines were

characterized in terms of their morphology and EpMCéxpression levels.

Both cell lines showed a typical epithelial morgdgyt (Fig. 4.1 A) and grew in
clusters with cobblestone-like appearance (FigAddkc). However, there were also obvious
differences between the cell lines. Kyse 30 celtsenlarger than Kyse 520 cells, and did not
display even cobblestone-like morphology as Kys@ B2lls, but rather included spindle
shaped cells (compare Fig. 4.1 A a, d to b, c,).eMbrphological differences were also
observed within the Kyse 520 population. One subfapn (Kyse 520-1) showed a more
round-shaped phenotype and grew in a compactedenéfig. 4.1 A b, e), whereas the other
(Kyse 520-2) showed a flattened, less compactedqifpee (Fig. 4.1 A c, f). Furthermore,
Kyse 520-1cells had the ability to grow in an anchorage iregefent way and built up cell
piles (Fig. 4.1 A e), which were not observed isecaf Kyse 520-2 and Kyse 30 cells, which
only grew as single layers (Fig. 4.1 A d, f).

In addition to morphology, EpCAM expression levefssach cell line were assessed
using flow cytometry (see 3.1.5.1) and western blmlysis (see 3.3.5). In flow cytometry
experiments EpCAM surface expression was analyped incubation of cells with EpCAM-
specific as well as isotype antibodies and the oreasent of the resulting fluorescence
intensities in a FACS-Calibur flow cytometer. AkItlines displayed strong fluorescence
signals when incubated with EpCAM-specific antilasgishowing that all cell lines contained
high levels of EpCAM at their surfaces (Fig. 4.1 Blpwever, EpCAM cell surface levels
significantly differed between the cell lines. Ky&20-1 cells showed the highest fluorescence
intensities of all analyzed cell lines, displayiagnean fluorescence intensity (MFI) ratio of
288.54, whereas Kyse 30 and Kyse 520-2 cells disdlaMFI-ratios of 183.78 and 56.79,
respectively (Fig. 4.1 C). In addition to cell sagé levels, total protein amounts of EpCAM
were measured in whole cell lysates of all cekdirusing western blot analysis. Western blot
results confirmed data gained in flow cytometry lgses. Kyse 520-1 cells showed the
strongest signals in western blot membranes upaubation with EpCAM-specific
antibodies. Compared to Kyse 520-1 cells, EpCAMzBmewestern blot signals of Kyse 30
and Kyse 520-2ells were only 50% and 20%, respectively (Fig.[@)1Due to their different
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EpCAM levels, Kyse 520 subpopulations from hereaomreferred as Kyse 528 and Kyse
520°" cells.

Kyse 520-1 Kyse 520-2

Kyse 30 Kyse 520-1 Kyse 520-2
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Figure 4. 1: Characterisation of esophageal canceell lines.

(A) Morphology of the Kyse cell lines at differedénsities. Cells were plated in 6-well plates aiotupes were
taken under an Axiovert 25 microscope (Zeiss) usiBamsung WB750 camera. Bars = 250um. (B-D) EpCAM
levels of different Kyse cell lines. (B) Represdivia flow cytometry histograms. EpCAM cell surface
expression was measured by flow cytometry with EpCggdcific antibodies (black lined histograms) and
isotype controls (filled histograms). (C) Mean flescence intensity ratios of EpCAM cell surface egpion in
different Kyse cell lines are given with standaevidtions from three independent experiments. B used to
exclude dead cells from analyses. (D) Total EpCAfdtgin levels of different Kyse cell lines in westeblot.
Whole cell lysates were prepared, equal proteinuat®loaded on an SDS gel and transferred to a PVDF
membrane. Membrane was incubated with EpCAM-speaifitibodies and developed using ECL substfate.

actin served as control for equal protein loadiyalues: *p < 0.05; ** p < 0.01; *** p < 0.001.

4.1.2 Non-small cell lung cancer cell line A459

Besides esophageal cancer cell lines, the non-smlallung cancer cell line A549
was used in a set of experiments to get deepgyhissinto the role of EpCAM in cancer
development and progression. Comparably to Kydelinek, A459 cells were characterized

in terms of their morphology and EpCAM expressievels.

A549 cells displayed an epithelial morphology amewgy mainly in clusters (Fig. 4.2
A). However, A549 cells have the ability to grow sasgle cells and formed clusters which
were less compact compared to those of Kyse casl{compare Fig. 4.2 A a and Fig. 4.1 A
a-c). Furthermore, as was seen in case of KyseeBf, &549 cells sometimes showed a
slightly spindle shaped morphology.

EpCAM levels of A549 cells were assessed using ftggometry and western blot
analysis. In contrast to Kyse cell lines, A549 £glenerated only weak fluorescence signals
in flow cytometry when incubated with EpCAM-specifantibodies (Fig. 4.2 B). EpCAM-
specific MFI ratio of A549 cells was 5.33, beingyaround 2% of the signals generated in
Kyse 520'" cells (Fig. 4.2 C). These findings were confirmgubm western blot analysis, in
which the EpCAM-specific western blot signal of Abdells was apparently weaker than that
of Kyse 520'" cells (Fig. 4.2 D).
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Figure 4. 2: Characterisation of the A549 cell line.

(A) Morphology of A549 cells at different densitigsells were plated in 6-well plates and picturesemaken
under an Axiovert 25 microscope (Zeiss) using a$&ag WB750 camera. Bars = 250um. (B-D) EpCAM level
of A549 cells. (B) Representative flow cytometrgtbgram. EpCAM cell surface expression was meashoyed
flow cytometry with EpCAM-specific antibodies (blackned histograms) and isotype controls (filled
histograms). (C) Mean fluorescence intensity raifoSpCAM cell surface expression in A549 and Kyg@'s"
cell lines are given with standard deviations friimee independent experiments. Pl was used to dxadead
cells from the analyses. (D) Total EpCAM proteindis of A549 and Kyse 598" cells in western blot. Whole
cell lysates were prepared, equal protein amowstddd on an SDS gel and transferred to a PVDF namabr
Membrane was incubated with EpCAM-specific antilesdand developed using ECL substritactin served

as control for equal protein loading. P-values<*0.05; ** p < 0.01; *** p < 0.001.
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4.1.3 Cell lines stably overexpressing EpCAM

Besides wildtype cells, cell lines stably overesgsirg different yellow fluorescent
protein (YFP)-fusion constructs were used in thesent study to obtain further insights into
the function of EpCAM. To create these cell linegldtype cells were transfected with a
141pCAG-3SIP vector containing either the full-lingEpCAM fused to YFP (EpCAM-
YFP), the intracellular part of EpCAM fused to YKBpICD-YFP) or YFP only (YFP),
which served as reference and control (all construere cloned and kindly provided by
Matthias Hachmeister, Head and Neck research deeatt Klinikum Grof3hadern). MATra
transfection reagent was used to introduce the exhemtioned constructs into cells (see
3.1.4.1), which were subsequently selected to preduable transfectants using puromycin,
an antibiotic selecting for cells that express bs&stance gene of the inserted construct (see
3.1.4.2). After selection, all cell lines were aizald using flow cytometry (see 3.1.5.2) and
western blot (3.3.5) assays to ensure that celulatipns stably express the gene of interest

from the stably transfected constructs.

Figures 4.3, 4.4 and 4.5 show the results of flgtemetry and western blot analyses
of stably transfected A549 (Fig. 4.3), Kyse 30 (Hig}) and Kyse 528" (Fig. 4.5) cell lines.
To see how many percent of stably transfected amifsially express YFP constructs,
fluorescence intensity of YFP was analyzed usiog ftytometry. Appropriate wildtype cell
lines, which do not express YFP, served as confrolthese experiments. In all stable
transfectants the bulk of cells showed a YFP flaceace signal (Fig. 4.3 A, Fig. 4.4 A, Fig.
4.5 A, black lines histograms). In case of A5495;69.48% of cells transfected with YFP,
99.01% of cells transfected with EpICD-YFP and 98u60of cells transfected with EpCAM-
YFP showed a fluorescence signal (Fig. 4.3 A). Bimnumbers were assessed in stably
transfected Kyse 30 cell lines. Here, 99.50% olscelnsfected with YFP, 98.75% of cells
transfected with EpICD-YFP and 99.94% of cells $fanted with EpCAM-YFP displayed
fluorescence signals (Fig. 4.4 A). In case of K§&€"" cells, 88.53% of cells transfected
with YFP, 83.18% of cells transfected with EpICDfBnd 81.96% of cells transfected with
EpCAM-YFP showed a fluorescence signal (Fig. 4.5 M)hough all three constructs were
expressed in similar proportion of cells, expresstrength of each construct differed. A549
cells, stably expressing YFP displayed a mean désmence intensity of 4667. EpICD-YFP
expressing A549 cells displayed a mean fluorescememsity of 2277 and EpCAM-YFP
expressing cells a mean fluorescence intensity60LZFig. 4.3 A). In case of Kyse 30 cells,

cells transfected with YFP displayed a mean flucgase intensity of 8372, cells transfected
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with EpICD-YFP a mean intensity of 4687 and celnsfected with EpCAM-YFP a mean
fluorescence intensity of 4379 (Fig. 4.4 A). Anayof stable Kyse 528 cells revealed that
YFP expressing cells were characterized by a YF&nrflaorescence intensity of 5038, while
cells expressing EpICD-YFP displayed a mean flumaese intensity of 2356 and cells
expressing EpCAM-YFP a mean fluorescence intensity 1038 (Fig. 4.5 A). As
abovementioned, all YFP fluorescences were sefivielto appropriate wildtype cells, which
did not express any YFP protein and therefore seagecontrols (Fig. 4.3 A, Fig. 4.4 A, Fig.
4.5 A, filled histograms).
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Figure 4. 3: A549 cell lines stably expressing YFPBenstructs.

A549 cells were transfected with different YFP domsts and selected using puromycin. After selegtaells
were analyzed using flow cytometry and western. &) Flow cytometry analysis of stable A549 cefids.
YFP fluorescence of stable cell lines (black lilstograms) was assessed using flow cytometry. dymmate
wildtype cell lines (filled histograms), which ditbt express any YFP protein, served as controlveare used
to set the gates M1 and M2. Pl was used to exdligdel cells from the analyses. (B) Western blotyaimlof
stably transfected A549 cell lines. Whole cell kgsawere prepared, equal amounts of proteins vegrarated in
an SDS gel and proteins transferred to a PVDF manebrSubsequently, membranes were incubated wikh YF
specific antibodies and detected using ECL sulestrat
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Figures 4.3 B, 4.4 B, and 4.5 B show the resultsve$tern blot analyses. Equal
protein amounts of whole cell lysates from A549y(F.3 B), Kyse 30 (Fig. 4.4 B) and Kyse
520"" cells (Fig. 4.5 B), stably transfected with YFRQIED-YFP or EpCAM-YFP, were
loaded on SDS gels and subsequently blotted on PMBmbranes. Membranes were then
incubated with YFP-specific antibodies and signaése detected using a ChemiDoc XRS
imaging system (BD). Expected molecular weightthefstably expressed proteins were 26.9
kDa (YFP), 30.9 kDa (EpICD-YFP) and 61.9 kDa (EpCA¥P). A549, Kyse 30, and Kyse
520"" cell lines each showed only one band at the erdepbsitions. No additional or
unspecific bands were detected in any of the testldlines (Fig. 4.3 B, Fig. 4.4 B,
Fig. 4.5 B).
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Figure 4. 4: Kyse 30 cell lines stably expressingFP-constructs.

Kyse 30 cells were transfected with different YRfstructs and selected using puromycin. After sigleccells
were analyzed using flow cytometry and western. l{is} Flow cytometry analysis of stable Kyse 30! tiekes.

YFP fluorescence of stable cell lines (black lilkstograms) was assessed using flow cytometry. dymmate
wildtype cell lines (filled histograms), which dotrexpress any YFP protein, served as control ssre wsed to

set the gates M1 and M2. Pl was used to excludd delis from the analyses. (B) Western blot analysi
stable transfected Kyse 30 cell lines. Whole gedates were prepared, equal amounts of proteins sesyarated

in an SDS gel and proteins transferred to a PVDibmane. Subsequently, membranes were incubated with
YFP-specific antibodies and detected using ECL tsates
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Figure 4. 5: Kyse 5209" cell lines stably expressing YFP-constructs.

Kyse 520'9" cells were transfected with different YFP conststand selected using puromycin. After selection,

cells were analyzed using flow cytometry and westsot. (A) Flow cytometry analysis of stable Kys20"%"

cell lines. YFP fluorescence of stable cell linesa¢k lines histograms) was assessed using flownostry.

Appropriate wildtype cell lines (filled histogramsyhich do not express any YFP protein, servedbasral and
were used to set the gates M1 and M2. Pl was useddlude dead cells from the analyses. (B) Weditrn

analysis of stable transfected Kyse B@ell lines. Whole cell lysates were prepared, egmeunts of proteins

were separated in an SDS gel and proteins trapsféor a PVDF membrane. Subsequently, membranes were

incubated with YFP-specific antibodies and detecigidg ECL substrate.
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4.2 EpCAM is cleaved in esophageal cancer cell lines

As published in 2009 by Maetzel al., EpCAM is proteolytically cleaved in HCT-8
and FaDu cells by TACE and presenilin-2 (Maet&tedl. 2009). Here, cleavage of EpCAM
was assessed in esophageal carcinoma cell linedo Fo, membrane assays (see 3.3.1) were
performed in conjunction with subsequent westeat bsing Kyse 30 and Kyse 530 cells,
stably overexpressing EpCAM-YFP (see 4.1.3). Stat## lines were used instead of
wildtype cells because YFP-tagged cleavage prodoictSpCAM can be visualized more
reliably in western blot than cleavage productsviditype EpCAM. Especially EpICD, with
a size of only 4 kDa, is small and labile so thatan hardly be detected in western blot.
Membranes from Kyse 30 and Kyse B%Dcells were purified as described in 3.3.1 and
incubated for 16h at 4°C (Oh samples) or 37°C (&@imples). Protein concentrations were
assessed using BCA assay (see 3.3.3), and equeainpamounts were loaded on SDS gels
and subsequently transferred to a PVDF membramee3(85). The membrane was incubated
with YFP-specific antibodies in combination with RRoupled secondary antibody to detect
YFP-tagged EpCAM cleavage products. Expected mtdeauveights of potential EpCAM
cleavage products were ~33 kDa (CTF-YFP), 30.9 WigaCD-YFP) and 26.9 kDa (YFP).
Full-length EpCAM-YFP was expected to display apapnt molecular weight of 61.9 kDa.
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Figure 4. 6: EpCAM is cleaved in Kyse 30 and Kyse2®"?" cells.
Human esophageal cancer cell lines Kyse 30 and B268¥" stably overexpressing EpCAM-YFP, were used
for membrane assay and subsequent western blattimgalyze EpCAM cleavage. Shown are representative
blots of Kyse 30 (A) and Kyse 528 (B) samples, incubated with YFP-specific antibdnlombination with
HPR-coupled secondary antibody.
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For Kyse 30 cells only a double-band at the expgebhtgght of EpCAM-YFP could be
detected in lanes containing Oh samples (Fig. 4,60/ samples). However, in lanes
containing 16h samples, three additional bandssizats between 20 and 35kDa, were
detectable. These additional bands were locatetheatexpected positions of CTF-YFP,
EpICD-YFP and YFP (Fig. 4.6 A, 16h sample). The eppnce of a double band at the
position of EpCAM-YFP is most likely due to the aapance of different EpCAM
glycosylation isoforms (see 1.2.2).

Similar findings were made for Kyse 5% cells. One single band at the expected
position of EpCAM-YFP could be detected in lanestaming Oh samples (Fig. 4.6 B, Oh
samples), whereas lanes containing 16h sampleslagesi two additional bands, at sizes
between 20 and 35kDa. These additional bands agubedrthe expected positions of CTF-
YFP and EpICD-YFP (Fig. 4.6 B, 16h sample).

4.3 EpCAM increases proliferation in esophageal cancetell lines

EpCAM is a known inducer of proliferation in diffent cell types and cancer entities
(Munz et al. 2004; Maetzekt al. 2009). Therefore it was tested if EpCAM also intpamn
proliferation of esophageal cancer cell lines. Tmwsb, in a first set of experiments Kyse
520"9" esophageal cancer cells were transfected witlereittcontrol or an EpCAM-specific
siRNA. To ensure that effects on cell proliferateme not only due to treatment with SiRNA,
in a second set of experiments proliferation levefsKyse 528" and Kyse 528"

subpopulations, expressing different amounts of AdGsee 4.1.1), were compared.

4.3.1 Knock-down of EpCAM decreases proliferation in esopageal cancer cells

To test if depletion of EpCAM has an influence @fl proliferation, Kyse 528" cells
were transiently transfected with either a con{otil) or an EpCAM-specific sSiRNA using
the MATra transfection system (see 3.1.4.1). Aftansfection, equal cell humbers were
plated in 6-well plates and cells were allowed towgfor 72h in medium containing 10%
FCS (normal condition) or 1% FCS (serum starvati®@CAM knock-down efficiency and
proliferation rates were assessed using flow cytomisee 3.1.5)1and cell counting (see
3.1.2).
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Figure 4.7 sums up the results of three indepenegpériments. Transfection with
EpCAM-specific siRNA led to an average EpCAM knaidwn of 51% in the Kyse 598
cells (Fig. 4.7 A-B). Cell numbers were reduced’18%6 when cultured with 10% FCS and
58% when cultured with 1% FCS in EpCAM-depletediscalompared to ctrl siRNA
transfected cells. Although in both cases proliferawas decreased, observed differences

were only significant when assays were performeatienpresence of 1% FCS (Fig. 4.7 C).
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Figure 4. 7: EpCAM knock-down decreases proliferatin in Kyse520"" cells.

EpCAM expressing Kyse 528" cells were transiently transfected with eitherta er an EpCAM-specific
siRNA using the MATra transfection system, equdll members were plated in 6-well plates and cettsag for
72h in medium containing 10% or 1% FCS. Knock-dogfficiency and relative proliferation rates were
assessed using flow cytometry and cell counting. Representative flow cytometry graphs. EpCAM cell
surface expression was measured by flow cytometity BpCAM-specific antibodies (black lined histogigm
and isotype controls (filled histograms). (B) Refatmean fluorescence intensity ratios of EpCAM saliface
expression in Kyse 528" cells treated with ctrl SIRNA or EpCAM-specificRMA are given with standard
deviations of three independent experiments. Ctnene set to “1.0". (C) Relative cell numbers ofsié 526"
cells treated with either ctrl or EpCAM-specifiRNA. Shown are mean values with standard deviatafns

three independent experiments. Controls are s&t@®. P-values: *p < 0.05; ** p <0.01; *** p 9.001.
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4.3.2 Kyse 520'" cells proliferate faster than Kyse 528" cells

SIRNA-mediated knock-down of EpCAM in Kyse 320 cells resulted in a decrease
of proliferation. To ensure that effects on prakfiion were not only due to siRNA treatment,
the proliferation of Kyse 520 subpopulations (K{#28"" and Kyse 526") was analyzed in
an independent set of experiments. Kyse 520 sulipiigms share the same genetic
background and only differ in their EpCAM expressiddence, potential differences in
proliferation of both cell lines can be attributedEpCAM and associated effects. To analyze
proliferation, equal numbers of Kyse 580 and Kyse 528" cells were plated in 6-well
plates and grown for 72h in the presence of 1% FEP&EAM levels and proliferation rates

were assessed using flow cytometry and cell cogntin
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Figure 4. 8: Kyse 520" cells proliferate faster than Kyse 526" cells.
Equal numbers of EpCAM expressing Kyse BP@nd Kyse 528 cells were plated in 6-well plates and grown
for 72h in the presence of 1% FCS. Cell numberssvweaunted and EpCAM levels were assessed using flow
cytometry. (A) Representative flow cytometry grapln® displayed. EpCAM cell surface expression was
measured by flow cytometry with EpCAM-specific antlies (black lined histograms) and isotype controls
(filled histograms). (B) Relative mean fluoresceimtensity ratios of EpCAM cell surface expressionKiyse
520"" and Kyse 520" cells are given with standard deviations of threependent experiments. Controls are
set to “1.0". (C) Relative cell numbers of Kyse 8%0and Kyse 528". Shown are mean values with standard
deviations of three independent experiments. Cénéne set to “1.0". P-values: *p < 0.05; ** p 0Q; *** p <
0.001.
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Flow cytometry data confirmed data already acquired.1.1, demonstrating 5-fold
higher EpCAM surface levels in Kyse 380 compared to Kyse 58 cells (Fig. 4.8 A-B).
Counting of cell numbers revealed that Kyse™®?6ells generated 4-fold more progeny than
Kyse 52" cells, which showed on average only 25% of celhbars counted for Kyse
520"" cells (Fig. 4.8 C).

4.4 EpCAM expression enhances tumor growthn vivo

Besides enhancing proliferation, EpCAM expressi@s &lso associated with formation
of larger tumors inn vivo mouse model (Maetzet al. 2009). To test if EpCAM has the same
effect in esophageal carcinomas, esophageal catelky expressing different levels of
EpCAM were injected into 6-8 week old, male NOD BGhice and tumor growth was
monitored. Kyse 520 cells, which were stably trantfd with either a control (ctrl) or an
EpCAM-specific shRNA (cells were produced and kyngrovided by Christiane Driemel,
Dusseldorf) served as model system in this experim@fter ensuring a potent EpCAM
knock-down, 5x10cells from each stable cell line were mixed 1:thwnatrigel, injected into
the right (ctrl shRNA) and left (EpCAM shRNA) flaskof the mice (see 3.5) and tumor
formation was allowed for a maximum of 28 days. Dusnformed were explanted and

analyzed in terms of size and EpCAM expressioni¢eve

Figure 4.9 sums up the results of the experimeeto® injecting into mice, EpCAM
levels of ctrl and EpCAM shRNA stable transfectamése analyzed using qRT-PCR (Fig. 4.9
A), western blot (Fig. 4.9 B) and cytospin (Fig® 2 a, ¢). EpCAM mRNA level was reduced
to 5% in Kyse 520 cells stably transfected with BpMEspecific ShRNA compared to control
cells, representing a knock-down efficiency of 92%mRNA level (Fig. 4.9 A). Protein
levels of EpCAM were assessed using western blaiysis as well as cytospin with
subsequent immunohistochemistry. For western kdgyal protein amounts of ctrl and
EpCAM shRNA stable transfectants were loaded o526 gel, and transferred to a PVDF
membrane, which was incubated with EpCAM-specifitkendies. No EpCAM signal could
be detected in lanes containing protein of EpCAMRNA stable transfectants after an
exposure time of 60 sec, whereas a strong, speaifial could be seen in the lane containing
the sample of ctrl ShRNA transfected cells (Fi@ B). Results from western blot could be
confirmed also in cytospin analysis. Here, Kyse 820s stably transfected with EpCAM-
specific shRNA displayed a much weaker stainingerieity compared to ctrl shRNA

transfected cells, when incubated with EpCAM-specihtibodies (Fig. 4.9 D a, c).
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After confirming EpCAM knock-down efficiency in Eg®1 shRNA stable
transfectants, stable cell lines were injected thright and left flanks of five NOD-SCID
mice and tumor growth was allowed for a maximum?28f days. Tumors formed were
explanted and analyzed in terms of size and EpCAptession. Figure 4.9 C displays the
tumor weight of all tumors formed. For both cefids, tumors had formed in four out of five
mice. However, mean weights of the tumors signifigadiffered, from 0.39g to 0.14g for
ctrl and EpCAM shRNA stable transfected cells limespectively. In addition to assessing
tumor weights, EpCAM expression of the explantedndts was analyzed using
immunohistochemistry (see 3.4.2). Tumors derivedfctrl ShRNA transfected cells showed
an overall strong expression of EpCAM, reflectihg high levels of EpCAM of cells initially
injected into mice (Fig. 4.9 D a-b). However, tusalerived from EpCAM shRNA stable
transfectants displayed an unexpectedly high ezmeof EpCAM, which was in contrast to
the low EpCAM levels cells measured before injattioto the mice (Fig. 4.9 D c-d). This
potential discrepancy was investigated in furthetadl upon a more precise comparison of
EpCAM levels of ctrl and EpCAM shRNA transfectedie®efore injection, using cytospins,
with those of their corresponding tumor explants.dd so, EpCAM expression was classified
in four levels: no EpCAM expression (0), weak EpCAakpression (1), intermediate EpCAM
expression (2) and strong EpCAM expression (3)ufeigt.9 E displays EpCAM levels of the
different samples. In case of ctrl ShRNA transfeatells, 0% of tumor cells in cytospin and
0.20% of tumor cells in the explants showed no EpC&pression, 13.30% and 10.80% of
cells displayed a weak, 45.20% and 52.40% an irgdiate, and 41.50 and 36.60% a strong
expression of EpCAM (Fig. 4.9 E, left panel). Hen&goCAM levels before and after
injection revealed no significant difference. Howevin case of EpCAM shRNA stable
transfectants, 35.50% of tumor cells in cytospid 44.70% of tumor cells in the explants
displayed no expression of EpCAM, 51.70% and 38.80%ells showed a weak, 10.90% and
40.30% an intermediate, and 1.90% and 9.20% agteapression of EpCAM (Fig. 4.9 E,
right panel). These results were suggestive ofsitige selection of EpCAM expressing cells

invivo.
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Figure 4. 9: EpCAM expression is correlated to tumpgrowth in vivo.

Kyse 520 cells were stably transfected with eitaestrl or an EpCAM-specific ShRNA and injected inte
flanks of 6-8 week old NOD-SCID mice. Tumors formedre explanted and analyzed in terms of size and
EpCAM expression. (A) EpCAM levels of ctrl shRNAEPCAM shRNA stable transfectants were assessed
using gRT-PCR with EpCAM-specific primeig-Actin served as housekeeping gene. Controls are sétda “
(B) EpCAM protein levels of ctrl and EpCAM shRNAable transfected cells were analyzed in westerh blo
with  EpCAM-specific antibodies in combination witHRP-conjugated secondary antibody. Shown are
expression levels of EpCAM in ctrl and EpCAM shRNikated cells before inoculation into migeActin
served as control for equal sample loading. (C¢ ROD-SCID mice were injected with ctrl or EpCAMRNA
stable transfectants in the right and left flamespectively. Tumor growth was allowed for a maximaf 28
days and weight of tumors was assessed and is giveggram. (D) EpCAM expression was assessed by
immunocytochemistry in cytospins of ctrl and EpCAldecific shRNA stable transfectants and by
immunohistochemistry after xenotransplantation gidipCAM-specific antibodies. Bars (cytospin) = 26Qu
bars (explants) = 50um. (E) EpCAM expression wamtified in cytospins and tumor explants. Stainiagged
from 0-3, which represents negative (0), weak {fidermediate (2), and strong expression (3). Shawan

percentages of tumor cells classified from 0-3.
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4.5 Reduction of EpCAM correlates with mesenchymal tratis
4.5.1 EpCAM is downregulated in migrating cells

The experiments presented so far revealed that Ep@Rpression correlated with
increased proliferation and tumor formation in dsgeal cancer cell lines. These findings
are in line with already published data, demonistgatihe role of EpCAM in proliferation and
tumor formation in different cancer entities (Musial. 2004; Maetzeét al. 2009). However,
there is increasing evidence for a dynamic expoessif EpCAM throughout the various
stages of carcinogenesis, and it appears that Ep@ANbwnregulated in a proportion of
CTCs, DTCs and small metastases (Jojevial. 1998; Racet al. 2005; Gorgest al. 2012).
These findings lead to the question, what are #esans and advantages of EpCAM

downregulation in these cells.

At different stages of carcinogenesis, cells needwitch and/or adapt phenotype to
allow for further cancer progression. In the feg¢p of cancer formation, cells need to have
an epithelial, proliferating phenotype to give rigea primary tumor. Later, cells have to
adopt a mesenchymal phenotype, allowing them tedindrom the primary tumor, and invade
into the blood or lymph system and disseminates Phienotypic switch is termed epithelial-
to-mesenchymal transition (EMT). However, in ortteenable outgrowth of metastases, this
phenotypic change needs to be reversed in a prozatsd mesenchymal-to-epithelial
transition (MET) to reactivate the epithelial, pfelative characteristics of cancer cells.

One major result of EMT is the generation of migrgtcells with a mesenchymal
phenotype. Therefore, the expression of EpCAM waaitared during the migration of Kyse
30 and Kyse 528 cells in scratch assay experiments (see 3.1.8hese experiments, cells
were plated on glass slides, grown to confluencggratch was set into the cell monolayer
and migration of cells was allowed for 24h. Subssadly, cells were washed with PBS and
stained with EpCAM-specific antibody in combinatiaith fluorescence-coupled secondary

antibodies (see 3.4.1). Samples were analyzed asiigS-SP2 confocal microscope (Leica).

Figures 4.10 and 4.11 sum up the results of theraxents. Scratching of cells led to
formation of wounds in the cell monolayers as vaslito disruption of cells at the borders of
the scratches. To close these wounds, cells stamtéoosen from neighbouring cells and
migrated into the wounded area. Figure 4.10 a-evsho part of the scratch where so far no
migration had occurred. Cells in this area displiatiee typical EpCAM staining pattern of
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epithelial cells, mainly characterized by a stratgning at plasma membranes (Fig. 4.10 a-
c). This pattern was also observed in all cellsiclvldid not migrate. However, in migrating
cells, the staining pattern of EpCAM was changetortyy EpCAM signals at the plasma
membranes were lost and fluorescence signals weeetdd in the cytoplasm rather than at
cell membranes. In addition, cells furthest awayrfrthe initial scratch displayed lowest
EpCAM staining (Fig. 4.10 d-m, Fig. 4.11). Changestaining patterns between migrating
and non-migrating cells were found in both, Kysea8@d Kyse 528" cells.

a-EpCAM DAPI overlay
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Figure 4. 10: Migrating Kyse 30 cells downregulat&EpCAM expression.

Kyse 30 cells were plated on glass slides, growgettsity and scratches were set in confluent mgeota After
allowing migration for 24h, cells were washed wiBS, and stained with EpCAM-specific antibody in
combination with Alexa488-coupled secondary antipd@ubsequently, cells were embedded with Vectlishie
containing DAPI for nuclear staining. Shown are nophotographs of Kyse 30 cells taken under a TC3-SP

confocal microscope (Leica).

a-EpCAM DAPI overlay

Figure 4. 11: Migrating Kyse 52" cells downregulate EpCAM expression.

Kyse 526 cells were plated on glass slides, grown to dgmsitl scratches were set in confluent monolayers.
After allowing migration for 24h, cells were washeith PBS, and stained with EpCAM-specific antibddy
combination with Alexa488-coupled secondary antipddubsequently, cells were embedded with Vectlshie
containing DAPI for nuclear staining. Shown are nojthotographs of Kyse 598 cells taken under a TCS-SP2

confocal microscope (Leica).
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4.5.2 Downregulation of EpCAM is associated with increasd migration velocity and

gain of mesenchymal markers

Previous experiments revealed that migrating ceMse characterized by weaker
EpCAM staining than non-migrating cells, pointirgyvards a downregulation of EpCAM in
migrating cells. Therefore, in a next set of expemts the impact of EpCAM expression on
migration velocity was addressed. For these exmerismtwo model systems were used. On
the one hand, Kyse 30 cells were transiently tesmtetl with either control or EpCAM-
specific SiRNA. On the other hand, naturally ocingrKyse 52689 and Kyse 528" cells
were included in the experiment. Scratch assay® \werformed to analyze the migration
velocity of these cells (see 3.1.8). It is impottammention that in these experiments it was
crucial to add proper controls in order to distiisgubetween cell migration and proliferation.

In addition, experiments were performed under 0% E&minimize proliferative effects.

4.5.2.1 Kyse 30 cells migrate faster and show increased ventin levels upon depletion
of EpCAM

Kyse 30 cells were transfected with either contpblEpCAM-specific sSiRNA (see
3.1.4.1). To measure the efficiency of EpCAM knaltkwn, EpCAM levels were assessed at
MRNA and protein levels using qRT-PCR (see 3.213) #ow cytometry (see 3.1.5.1),
respectively. On average, EpCAM was downregulated5% at mRNA (Fig. 4.12 F) and
52% at cell surface level (Fig. 4.12 A-B) in Kyse &ells transfected with EpCAM-specific
siRNA compared to ctrl cells. Relative cell protddon rates were assessed by counting cell
numbers of the proliferation controls, which wem®wgn under similar conditions as the
scratched cells. No significant difference couldobserved between proliferation rates of ctrl
and EpCAM-depleted Kyse 30 cells when cultured W& (Fig. 4.12 C).

Figure 4.12 D-E displays the results of cell migmatanalyses. Representative pictures
(Fig. 4.12 D), as well as mean migration velocitgtad (Fig. 4.12 E), show that cells
transfected with EpCAM-specific siRNA migrated fastand closed scratches earlier
compared to cells transfected with ctrl sSiRNA. Gamsently, the mean migration velocity of
EpCAM-depleted cells was 3.02-fold higher than tfatontrol cells.
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Figure 4. 12: Scratch assays with siRNA transfecteldyse 30 cells.

Kyse 30 cells were transiently transfected witthaitcontrol or EpCAM-specific siRNA, and used inmadch
assays under restrictive conditions (0% FCS). (Apiesentative flow cytometry graphs. EpCAM cellface
expression was measured by flow cytometry with EpCggdcific antibodies (black lined histograms) and
isotype controls (filled histograms). (B) Relatimeean fluorescence intensity ratios of EpCAM cellfesee
expression in Kyse 30 ctrl siRNA and EpCAM siRNAllgare given with standard deviations from three
independent experiments. Controls are set to “1(Q). Control and EpCAM siRNA transfected cells were
seeded at equal numbers and cell numbers werendeést after completion of the experiments. Showa ar
mean relative numbers normalized to control tregedls from three independent experiments. Contiodsset
to “1.0". (D) Confluent layers of control and EpCANRNA transfected cells were scratched and clostitbe
scratch was assessed over time. Microphotographs taken at the indicated time points. Bar = 250(&).
Relative migration velocities of control and EpCASRNA transfected cells are given as mean values fr
three independent experiments with standard devigtiControls are set to “1.0”. (F) Levels of EpCAE:
cadherin, N-cadherin and vimentin mRNAs were assk$y qRT-PCR wittGAPDH as a reference gene.
Shown are normalized relative mRNA levels stand=dlito ctrl SIRNA transfected Kyse 30 cells frometh
independent experiments. P-values: *p < 0.05; #@01; *** p < 0.001.
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Besides assessing cell numbers and migration ¥elscimmRNA levels of selected
epithelial and mesenchymal markers were measured gRT-PCR. The epithelial marker
E-cadherin showed a relative mRNA level of 91% pCAM-depleted cells compared to
control cells, whereas mesenchymal markers N-cadhemd vimentin showed relative
MRNA levels of 72% and 263% in cells transfectethvidpCAM-specific SIRNA compared
to ctrl SIRNA transfected cells (Fig. 4.12 F).

4.5.2.2 Kyse 520P" cells migrate faster and show higher levels of meschymal markers
than Kyse 520" cells

To ensure that differences in migration velocitg &MT marker expression are not
due to siRNA treatment in general, naturally odagrKyse 526" and Kyse 528" cells
were used in scratch assays under restrictive tondi(0% FCS), and migration velocity and
levels of epithelial and mesenchymal markers wesessed.

EpCAM levels of Kyse 528" and Kyse 528" cellswere assessed at mRNA and
protein level using gRT-PCR (see 3.2.3) and flotvometry (see 3.1.5.1), respectively. Kyse
520°" cells displayed on average 26% of EpCAM mRNA (Rid.3 F) and 14% of EpCAM
cell surface levels (Fig. 4.13 A-B) compared to &y823'9" cells. Proliferation rate was
assessed by counting cells of the proliferationtrodé after completion of scratch assays. On
average Kyse 528" cells showed a more than 4-fold higher cell numizenpared to Kyse
520°" cells (Fig. 4.13 C).

Figure 4.13 D-E shows the results of cell migrattoralyses. Representative pictures
(Fig. 4.13 D) as well as mean migration velocityadéFig. 4.13 E) show that Kyse 5§20
cells migrated faster and closed scratches ead@mpared to Kyse 528" cells. Migration

velocity of Kyse 528" cells on average was 2.86-fold higher than thatysie 526'" cells.

Similarly to siRNA transfected Kyse 30 cells, mRN&vels of several EMT markers
were assessed in Kyse 88band Kyse 528" cells using gRT-PCR. The epithelial marker E-
cadherin showed comparable mRNA levels in both logdls. In contrast, mMRNA levels of
mesenchymal markers N-cadherin and vimentin wefe88fold and 257.83-fold higher on
average in Kyse 528 compared to Kyse 528" cells (Fig. 4.13 F).
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Figure 4. 13: Scratch assays with Kyse 528" and Kyse 526" cells.

Kyse 520" and Kyse 528" cells were used in scratch assays under restictbnditions (0% FCS). (A)
Representative flow cytometry graphs. EpCAM celffate expression was measured by flow cytometry with
EpCAM-specific antibodies (black lined histograrasy isotype controls (filled histograms). (B) Refatmean
fluorescence intensity ratios of EpCAM cell surfaogression in Kyse 528" and Kyse 528 cells are given
with standard deviations from three independenegrpents. Controls are set to “1.0”. (C) Kyse ®2aand
Kyse 520" cells were seeded at equal numbers and cell nsmbetermined after completion of the
experiments. Shown are mean relative numbers niomedalto Kyse 528" cells from three independent
experiments. Controls are set to “1.0”. (D) Confluiegers of Kyse 52%" and Kyse 528" cells were scratched
and closure of the scratch was assessed overMiomphotographs were taken at the indicated timiats. Bar

= 250um. (E) Relative migration velocities of Kys20"" and Kyse 520" cells are given as mean values from
three independent experiments with standard devigtiControls are set to “1.0”. (F) Levels of EpCAE:
cadherin, N-cadherin and vimentin mRNAs were asskdy qRT-PCR wittGAPDH as a reference gene.
Shown are normalized relative mRNA levels standadiito Kyse 528" cells from three independent
experiments. P-values: *p < 0.05; ** p < 0.01; *< 0.001.
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4.5.2.3 Migration velocity is enhanced in Kyse 528" cells transfected with EpCAM-
specific SIRNA

After comparing Kyse 52" and Kyse 528" cells in terms of migration velocity and
EMT marker levels, it was tested if the observetedtnces can be further amplified when
Kyse 526" cells are treated with an EpCAM-specific siRNA gs8.1.4.1). To ensure
efficient EpCAM knock-down, EpCAM levels were asses on mRNA and protein level
using qRT-PCR (see 3.2.3) and flow cytometry (sek53l), respectively. On average,
EpCAM was downregulated to 26% at mRNA (Fig. 4.034akd 54% on cell surface level
(Fig. 4.14 A-B) in Kyse 528" cells transfected with EpCAM-specific SiRNA comgarto
ctrl cells. Relative cell proliferation rates weassessed by counting cell numbers of the
proliferation controls after completion of the dctaassays. Cell numbers were decreased by
26% in Kyse 528" transfected with EpCAM siRNA, compared to ctrlisekhen cultured
w/o FCS (Fig. 4.14 C).

Figure 4.14 D-E displays the results of cell migmatanalyses. Representative pictures
(Fig. 4.14 D) as well as mean migration velocityad@ig. 4.14 E) show that cells transfected
with EpCAM-specific SIRNA migrated faster and cldstne scratches earlier compared to
cells transfected with ctrl sSiRNA, whereat the meaigration velocity in EpCAM-depleted

cells was 2.79-fold higher than that of controlsel

Besides assessing cell numbers and migration velscimmRNA levels of selected
epithelial and mesenchymal markers were measured gRT-PCR. The epithelial marker
E-cadherin showed a relative mRNA level of 74% mwCEM-depleted cells compared to
control cells, whereas mesenchymal markers N-cadhamd vimentin showed relative
MRNA levels of 94% and 163% in cells transfectethvidpCAM-specific SIRNA compared
to ctrl SIRNA transfected cells (Fig. 4.14 F).
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Figure 4. 14: Scratch assays with SiRNA transfecteldyse 52" cells.

Kyse 526" cells were transiently transfected with eithertoolnor EpCAM-specific SiRNA, and used in scratch
assays under restrictive conditions (0% FCS). (8piesentative flow cytometry graphs. EpCAM cellfsce
expression was measured by flow cytometry with EpCggdcific antibodies (black lined histograms) and
isotype controls (filled histograms). (B) Relatimeean fluorescence intensity ratios of EpCAM cellfesre
expression in Kyse 588 ctrl siRNA and EpCAM siRNA cells are given withastlard deviations from three
independent experiments. Controls are set to “1(Q). Control and EpCAM siRNA transfected cells were
seeded at equal numbers and cell numbers wererdeéstr after completion of the experiment. Shownraean
relative numbers normalized to control treatedscélbm three independent experiments. Controlssateto
“1.0". (D) Confluent layers of control and EpCAM &R transfected cells were scratched and closurthef
scratch was assessed over time. Microphotographs taken at the indicated time points. Bar = 250(&#).
Relative migration velocities of control and EpCARNA transfected cells are given as mean valuas two
independent experiments with standard deviatioositiGls are set to “1.0". (F) Levels of EpCAM, Edterin,
N-cadherin and vimentin mRNAs were assessed by §RR-with GAPDH as a reference gene. Shown are
normalized relative mRNA levels standardized tol iRNA transfected Kyse 528 cells from three

independent experiments. P-values: *p < 0.05; #@01; *** p < 0.001.
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4.5.3 Kyse 520 cells with lower levels of EpCAM show higdr invasion capacity

Besides migration capacity, the ability to invad®itissues is a known characteristic
of metastatic cells (Moustakas and Heldin 2012;arivet al. 2012). In order to assess the
impact of EpCAM expression on the ability of calisinvade, Kyse 528" and Kyse 528"
cells were used in spheroid invasion assay (se®.3)1 In this assay, primary human
fibroblast cells were seeded on hardened agaro9é&-imell plates and spheroid formation
was allowed for 24h. Subsequently, Kyse BP@r Kyse 528" cells were added to spheroids
and invasion was allowed for 48 and 72h. At theidakkd time points, spheroids were
harvested, frozen in liquid nitrogen, processed4iom thick sections, and used for
immunohistochemical analyses (see 3.4.2). Cellsewstained with either EpCAM- or
cytokeratin (CK) 8/18-specific antibodies (red stags) to obtain protein-specific staining.
These stainings allowed discrimination between K52@ and fibroblast cells, since fibroblast
cells do neither express EpCAM nor the epitheliarker CK8/18, whereas Kyse 520 cells
express both proteins. After staining with specifiotibodies, spheroid sections were
counterstained using hematoxylin (blue stainingjisoialize nuclei and cytoplasm of all cells.

Figures 4.15 and 4.16 display the results of thegeeriments. As can be seen in
CK&8/18 (Fig. 4.15) and EpCAM stained (Fig. 4.163tems, almost no cancer cells could be
found within fibroblast spheroids after 48 and AZhen Kyse 528%" cells were added.
Instead of infiltrating the spheroid, Kyse 580 cells formed a ring around the fibroblast
spheroids. Only some single Kyse 8%0cells could be found centered in fibroblast sphisro
(Fig. 4.15 a-d, Fig. 4.16 a-d). In contrast, whers& 526" cells were added to the spheroids,
high amounts of EpCAM- or CK8/18-positive cells weatetected within fibroblast spheroids
after 48 and 72h (Fig. 4.15 e-h, Fig. 4.16 e-h).

A detailed look at CK8/18 and EpCAM staining intiles disclosed similar levels of
CK8/18 in Kyse 520" and Kyse 528" in all cancer cells of one slide (Fig. 4.15). Sarly,
EpCAM expression was steady in Kyse B%0cells throughout samples (Fig. 4.16 a-d).
However, in case of Kyse 528 cells, EpCAM staining intensity differed betweeells
within one spheroid section. Cells, which locateédha rim of spheroids, showed a stronger

EpCAM staining compared to those, which locatethirrinside the spheroid (Fig. 4.16 e-h).
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Figure 4. 15: CK8/18 staining of spheroid cryo-semns.

Kyse 520" and Kyse 528" cells were used in spheroid invasion assays. Pyifiilaroblast cells were grown
for 24h on agarose-coated 96-well plates to allphesoid formation. Subsequently, Kyse 8%r Kyse 528"
cells were added and invasion was allowed for 48 agh. At the indicated time points, spheroids were
harvested, frozen, cut, and stained using immutadtiemistry. Shown are pictures of cryo-sectiorsitimted
with CK8/18-specific antibodies (red) and countarstd using hematoxylin (blue).
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Figure 4. 16: EpCAM staining of spheroid cryo-sectins.

Kyse 520" and Kyse 528" cells were used in spheroid invasion assays. Pyifiitaroblast cells were grown
for 24h on agarose-coated 96-well plates to allphesoid formation. Subsequently, Kyse 83or Kyse 526"
cells were added and invasion was allowed for 48 aah. At the indicated time points spheroids were
harvested, frozen, cut, and stained using immutmdtiemistry. Shown are pictures of cryo-sectiorsiliated
with EpCAM-specific antibodies (red) and counteirstd using hematoxylin (blue).
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4.6 EpCAM is decreased upon induced EMT

The abovementioned experiments demonstrated thatveith lower EpCAM levels
migrate faster, invade more efficiently into sphesp and display increased amounts of
mesenchymal markers. These effects could be olibarvecells in which EpCAM was
depleted using siRNA (see experiments with Kyse80 Kyse 528" cells transfected with
ctrl or EpCAM-specific siRNA) as well as in cellwhich naturally show different EpCAM
expression levels (see experiments with Kyse"82@and Kyse 528" cells). As already
mentioned, one process during which cells changar thhenotype from epithelial to
mesenchymal, is the epithelial-to-mesenchymal ttians(EMT). Therefore, the effects of an
induced EMT on the expression levels of EpCAM waamnalyzed upon treatment of cells with
TG (see 3.1.7), a known inducer of EMT.

4.6.1 TGFp treatment of A549 cells

A549 cells were used as control cell line in P&Ssays, because they are known to
exhibit TGPB-induced EMT (Kimet al. 2007). Therefore, A549 cells represented the ideal
cell line to test if and how TGQRreatment affects EpCAM expression. For P&issay, cells
were plated on 6-well plates and grown under mEstda conditions (0% FCS) for 24h.
Subsequently, TGF was added for 72h. Cells were then analyzed imgeof their

morphology, EMT marker expression and EpCAM expogskevels.

Figure 4.17 sums up results of TRssays conducted with A549 cells. As can be
seen in Figure 4.17 A, A549 cells changed their phology when treated with TGF
Without TG treatment, cells showed a cobblestone-like, elth®orphology and grew in
clusters, whereas they showed a spindle-shapedenti®gmal morphology and grew as
single cells when TGFwas added to the culture medium. Besides morplyplmigo mRNA
levels of typical EMT markers were altered wheriscelere treated with TGF As expected,
the mRNA level of the epithelial marker E-cadhedisplayed an average decrease to 4%,
whereas levels of mesenchymal markers N-cadhedrnvamentin on average were increased
3.97-fold and 2.83-fold, in TQFtreated cells compared to control cells, whicheneeated
with buffer only (Fig. 4.17 B).

After ensuring that TG treatment induced EMT in A549 cells, mRNA and cell

surface levels of EpCAM were assessed upon gRT-B&Rflow cytometry, respectively.
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Compared to control cells, cell surface and mRNvele of EpCAM were decreased to 44%
and 16% in TGP treated cells, respectively (Fig. 4.17 B-D).
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Figure 4. 17: Induction of EMT results in downreguhtion of EpCAM in A549 cells.

A549 cells were treated with T@Fr buffer only for 72h. Subsequently, morpholomRNA levels of selected
EMT markers, and mRNA and cell surface levels o€BEM were analyzed. (A) Shown are microphotographs
of cells treated with or w/o T@Ftaken under a Axiovert 25 microscope (Zeiss) usin§amsung WB750
camera. Bars = 250um. (B) Levels of EpCAM, E-canthéX-cadherin and vimentin were assessed upon qRT-
PCR with specific primer&2PL13A served as a housekeeping gene for standardis&fmwn are mean relative
MRNA expression level normalized to untreated céitsn three independent experiments with standard
deviations. (C) EpCAM cell surface expression weseased by flow cytometry with EpCAM-specific antipod
(black lined histograms) and isotype control ardijp¢filled histograms). Shown are representatisults from
three independent experiments. (D) Relative meaardhcence intensity ratios of EpCAM cell surface
expression in cells treated with or w/o TGRre given with standard deviations from three jpedelent
experiments. Controls are set to “1.0”. P-valugs<*0.05; ** p < 0.01; *** p < 0.001.
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4.6.2 TGFp treatment of esophageal cancer cell lines

After ensuring that TGFtreatment induces EMT by using A549 cells (seel4.tn a
next step TGE assays were performed with esophageal cancelireedl Kyse 30 and Kyse
520°". To do so, cells were plated in 6-well plates gravn under restrictive conditions (0%
FCS) for 24h. Subsequently, TGF[} was added for @ad,cells analyzed in terms of their
morphology, EMT marker levels and EpCAM expression.

4.6.2.1 Effects of TGHB treatment in Kyse 30 cells

Figure 4.18 sums up the results of the BGISsays conducted with Kyse 30 cells.
Similar to A549 cells, a drastic morphological charof Kyse 30 cells was observed upon
TGRB treatment. Without TGF, cells showed a cobblestone-like, epithelial motpgy and
grew in clusters, whereas they showed a spindlpeshanesenchymal morphology and grew
as single cells when T@Fwas added (Fig. 4.18 A). Besides morphologicaingea also
MRNA levels of typical EMT markers were altered npiGH treatment. The mRNA level
of the epithelial marker E-cadherin was increaseéil-fold on average when cells were
treated with TGB. Even stronger upregulation was observed for nasenal markers N-
cadherin and vimentin, which on average showed-foBRand 3.36-fold increased mRNA
levels in TGP treated cells compared to control cells, whichemeeated with buffer only
(Fig. 4.18 B).

Similar to A549 cells, EpCAM levels were changednpl GB-induced EMT in
Kyse 30 cells. However, in contrast to A549 cafisvhich mRNA and cell surface levels of
EpCAM were decreased after TEreatment (Fig. 4.18 B-D), in Kyse 30 cells onBbilc
surface levels of EpCAM were decreased, whereas ARiels revealed slightly increased.
On average, EpCAM mRNA levels were increased l1lod@-(Fig. 4.18 B), whereas cell

surface levels were decreased to 53% (Fig. 4.18 D).
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Figure 4. 18: Induction of EMT results in a loss oEpCAM in Kyse 30 cells.

Kyse 30 cells were treated with T@r buffer only for 72h. Subsequently, morphologyRNA levels of
selected EMT markers, and mRNA and cell surfaceel$evof EpCAM were analyzed (A) Shown are
microphotographs of cells treated with or w/o TGaken under a Axiovert 25 microscope (Zeiss) using
Samsung WB750 camera. Bars = 250um. (B) Levelsp@3/AM, E-cadherin, N-cadherin and vimentin were
assessed upon qRT-PCR with specific prim&APDH served as a housekeeping gene for standardisation.
Shown are mean relative mRNA expression level nbzedh to untreated cells from three independent
experiments with standard deviations. (C) EpCAM sefface expression was assessed by flow cytomstiny
EpCAM-specific antibody (black lined histograms) asotype control antibody (filled histograms). Shoere
representative results from three independent @xpets. (D) Relative mean fluorescence intensitipsadf
EpCAM cell surface expression in cells treated wittw/o TGE are given with standard deviations from three
independent experiments. Controls are set to “1B®%alues: *p < 0.05; ** p < 0.01; *** p < 0.001.
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4.6.2.2 Effects of TG treatment in Kyse 520 cells

Figure 4.19 sums up the results of T&&Ssays conducted with Kyse ®9cells. In
contrast to A549 and Kyse 30 cells, Kyse '82@ells displayed no morphological changes
when treated with TGF: Cells showed a cobblestone-like, epithelial moipgy and grew in
clusters no matter if cultured with T@Ger buffer only (Fig. 4.19 A). Although there weare
obvious morphological changes, mRNA levels of tgplEMT markers were altered in Kyse
520°" cells when treated with TGFEOn average, levels of mesenchymal markers N-cadhe
and vimentin were increased 1.65-fold and 8.13-foldTGH3 treated cells compared to
control cells (Fig. 4.19 B). However, the epithklmmarker E-cadherin showed almost no

regulation and displayed average mRNA levels of @%apared to control cells.

Comparably to Kyse 30 cells, TBRreatment of Kyse 58 cells resulted in a
reduction of EpCAM at cell surface but not on mRM#el. On average, EpCAM cell surface

levels were decreased to 47% (Fig. 4.19 D), whengRBIA levels were not regulated (Fig.
4.19 B).
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Figure 4. 19: Induction of EMT results in a loss oEpCAM in Kyse 520° cells.

Kyse 526™ cells were treated with TGFor buffer only for 72h. Subsequently, morphologyRNA levels of
selected EMT markers, and mRNA and cell surfaceel$evof EpCAM were analyzed (A) Shown are
microphotographs of cells treated with or w/o TGaken under a Axiovert 25 microscope (Zeiss) using
Samsung WB750 camera. Bars = 250um. (B) Levelsp@3/AM, E-cadherin, N-cadherin and vimentin were
assessed upon qRT-PCR with specific prim&APDH served as a housekeeping gene for standardisation.
Shown are mean relative mRNA expression level nbzedh to untreated cells from three independent
experiments with standard deviations. (C) EpCAM sefface expression was assessed by flow cytomstiny
EpCAM-specific antibody (black lined histograms) asotype control antibody (filled histograms). Shoere
representative results from three independent @rpets. (D) Relative mean fluorescence intensitiosabf
EpCAM cell surface expression in cells treated wittw/o TGEB are given with standard deviations from three
independent experiments. Controls are set to “BP&alues: *p < 0.05; ** p < 0.01; *** p < 0.001.
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4.7 Overexpression of EpCAM is not sufficient to prevenheffects of TGH3

Previous experiments showed that treatment withff @fich drives cells to undergo
EMT, led to a decrease of EpCAM at least at cefiese level (see 4.6). This finding rose the
guestion if, vice versa, an overexpression of EpCéavi prevent effects of TGFTo answer
this question, TGF assays were performed with A549 and Kyse 30 cstbly
overexpressing different YFP constructs (see 4.1A349 and Kyse 30 cells were used
because these cell lines showed the strongestioeagpon TGB treatment in previous

experiments. Cell morphology and mRNA levels of EM@rkers were used as readout.

4.7.1 EpCAM overexpression does not prevent TGp-induced EMT in A549 cells

A549 cells stably transfected with YFP (controll dele), EpICD-YFP or EpCAM-
YFP were used in TGFassays (see 3.1.7), and cell morphology and mRNAl$ of EMT
markers were assessed. As already seen for wildtgpe (Fig. 4.17 A), A549-YFP cells
showed a cobblestone-like, epithelial morphologyg a@mew in clusters when treated with
buffer only. However, when treated with TGFcells changed their morphology towards a
spindle-shaped, mesenchymal phenotype and grewgile €ells (Fig. 4.20 A a, d). These
morphological changes comparably occurred in EpNHR and EpCAM-YFP stably
overexpressing A549 cell lines when cells weretégavith TG (Fig. 4.20 A b-c, e-f).

The analysis of mMRNA levels of typical EMT markearsing gRT-PCR (see 3.2.3)
revealed an average decrease of E-cadherin to 8%veHh as an 11.08-fold and 3.15-fold
average increase of N-cadherin and vimentin in 6#€expressing cells treated with TgF
(Fig. 4.20 B). Similar regulations of EMT markerene found in EpICD-YFP and EpCAM-
YFP overexpressing A549 cells when treated with F.GEpithelial marker E-cadherin was
decreased to 5% and 12% in A549 EpICD-YFP and A534QAM-YFP overexpressing cells,
respectively. Mesenchymal markers N-cadherin angeuatin were increased 13.71-fold and
2.82-fold in A549 EpICD-YFP, and 7.26-fold and 2#&l in A549 EpCAM-YFP cells (Fig.
4.20 B). Besides, EpCAM mRNA levels were decreased3% in YFP and EpICD-YFP
overexpressing cells upon T@HRreatment. Only in EpCAM-YFP overexpressing cells
EpCAM mRNA level remained almost unchanged when wa&re treated with TGK
showing 88% of the mRNA level in untreated cellg(B.20 B).
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Figure 4. 20: EpCAM overexpression does not prevemffects of TGH in A549 cells.

A549 cells stably overexpressing YFP, EpICD-YFFEPCAM-YFP construct were treated with TGBfor 72h.

(A) Cell morphology was analyzed in cells grownhwitr w/o TGEB. Shown are microphotographs taken under
an Axiovert 25 microscope (Zeiss) using a WB750 @amn(Samsung). Bars = 250um. (B) MRNA levels of
EpCAM and EMT markers E-cadherin, N-cadherin anderitin were assessed in cells treated with and w/o
TGFB using gRT-PCRRPL13A served as a house-keeping gene for standardis&mwn are mean relative
MRNA expression levels normalized to untreatedscélbm two independent experiments with standard
deviations. (C) To directly compare the regulat@EMT markers upon TG treatment, values of TGF
treated cells (displayed in B) were set relativeash other. Shown are mean relative mMRNA expredsicels
normalized to YFP expressing A549 cells from twdependent experiments with standard deviationsl&es:

*p < 0.05; *p <0.01; ** p <0.001.

In a next step, EMT marker levels of TBfeated samples were directly compared to
analyze the influence of EpCAM and EpICD overexgi@s on TGPB treatment. To do so,
MmRNA data of TGB treated cells were set relative to each other, relhe YFP
overexpressing cells served as control group. Foadherin, relative mRNA levels were
1.43-fold higher in EpICD-YFP and 3.08-fold higher EpCAM-YFP expressing cells
compared to YFP expressing cells. In case of N-eandhrelative mRNA levels were 1.25-
fold higher in EpICD-YFP and 34% lower in EpCAM-YFlls compared to levels in YFP
cells. Relative mRNA levels of vimentin were 11%wvéy in EpICD-YFP and 22% lower in
EpCAM-YFP cells compared to YFP cells. Howevermtist be noted that none of the
displayed differences was significant (Fig. 4.20 C)

4.7.2 EpCAM overexpression does not prevent TGp-induced EMT in Kyse 30 cells

Kyse 30 cells stably transfected with YFP (contell line), EpICD-YFP or EpCAM-
YFP constructs were used in TBRssays (see 3.1.7). Cell morphology and mRNA seuél
different EMT markers were analyzed after 72h efitment. As already seen in wildtype
cells (Fig. 4.18 A), Kyse 30 YFP cells without aingatment showed a mainly cobblestone-
like, epithelial morphology and grew in clustersoviever, when treated with T@GFcells
changed their morphology towards a spindle-shapezsenchymal phenotype and grew as
single cells (Fig. 4.21 A a, d). These morphologateanges comparably occurred in EpICD-
YFP and EpCAM-YFP stably overexpressing Kyse 30scehen treated with TGF(Fig.
4.21 A b-c, e-f).
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The analysis of mMRNA levels of typical EMT markersing qRT-PCR (see 3.2.3),
revealed a slight (1.54-fold) increase of the egith marker E-cadherin as well as a strong
increase of the mesenchymal markers N-cadheriry93fdld) and vimentin (24.92-fold) in
TGFB treated Kyse 30 YFP cells when compared to urddeatlls (Fig. 4.21 B). Similar
regulations of EMT markers were observed in caseEpfCD-YFP and EpCAM-YFP
overexpressing Kyse 30 cells. MRNA levels of thahegial marker E-cadherin were slightly
increased 1.66-fold and 1.22-fold in Kyse 30 Epl¥BP and Kyse 30 EpCAM-YFP
overexpressing cells, respectively. Mesenchymalkerar N-cadherin and vimentin were
increased 17.16-fold and 45.41-fold in Kyse 30 HMCFP, and 9.26-fold and 28.39-fold in
Kyse 30 EpCAM-YFP overexpressing cells (Fig. 4.21 Bs already seen in Kyse 30
wildtype cells, EpCAM mRNA levels were not signdittly changed upon T@Rreatment in
stable Kyse 30 cells. Compared to untreated cef&CAM mRNA levels in TGB treated
cells were upregulated 1.20-fold, 1.64-fold, andilifold in Kyse 30 YFP, Kyse 30 EpICD-
YFP, and Kyse 30 EpCAM-YFP overexpressing cellspeetively (Fig. 4.21 B).

In a next step, EMT marker levels of TGeated samples were directly compared to
analyze the influence of EpCAM and EpICD overexgi@s on TGPB treatment. To do so,
MRNA data of TGB treated cells were set relative to each other, relhe YFP
overexpressing cells served as control group. be e E-cadherin, relative mRNA levels
were similar in EpICD-YFP and 21% lower in EpCAM-FFoverexpressing cells compared
to YFP overexpressing cells. For N-cadherin, reéatnRNA levels on average were 1.39-
fold higher in EpICD-YFP and 31% lower in EpCAM-YFells compared to YFP cells.
Relative mRNA levels of vimentin were on averagg3ifold higher in EpICD-YFP and 1.17-
fold higher in EpCAM-YFP cell lines compared to YE®&lIs. However, it must be noted that
none of the displayed differences was signific&ng.(4.21 C).
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Figure 4. 21: EpCAM overexpression does not prevemffects of TGH in Kyse 30 cells.

Kyse 30 cells stably overexpressing YFP, EpICD-YdfFEpCAM-YFP construct were treated with TfGfor
72h. (A) Cell morphology was analyzed in cells gnowith or w/o TGIB. Shown are microphotographs taken
under an Axiovert 25 microscope (Zeiss) using a \BBZamera (Samsung). Bars = 250um. (B) MRNA levels
of EpCAM and EMT markers E-cadherin, N-cadherin aimdentin were assessed in cells treated with afod w
TG using gRT-PCRGAPDH served as a house-keeping gene for standardis&mwn are mean relative
MRNA expression levels normalized to untreatedscélbm two independent experiments with standard
deviations. (C) To directly compare the regulat@hEMT markers upon TGFtreatment, values of TGF
treated cells (displayed in B) were set relativeash other. Shown are mean relative mMRNA expredsicels
normalized to YFP expressing Kyse 30 cells from independent experiments with standard deviatiéas.
values: *p < 0.05; ** p < 0.01; *** p < 0.001.

4.8 How does EpCAM sustain the epithelial/ proliferative phenotype?

The experiments presented so far, showed that Ep@kpession in esophageal
carcinoma cells correlates with increased cellifa@ltionin vitro as well as with formation
of larger tumors inn vivo mouse model. In contrast, EpCAM was found downligggd in
migrating cells, and cells with lower EpCAM levalsowed functional traits of EMT, such as
faster migration velocity, higher invasion capacé#gd increased levels of mesenchymal
markers. These findings support the notion thatAg@lays an active role in sustaining the
epithelial, proliferative phenotype of cells. Folimg studies aimed at understanding the

mechanisms underlying this function of EpCAM in gisageal carcinoma.

4.8.1 Analysis of the signaling function of EpCAM

EMT can be induced via various pathways. One ofitbst common ones is the TBF
signaling pathway (see 1.1.2.3), in which PGBinds and activates its receptors,
subsequently leading to activation of SMAD proteirend increased expression of
transcription factors, like SNAIL, SLUG, TWISTs amtEBs. These transcription factors
eventually induce the expression of mesenchymakensy like N-cadherin and vimentin, and
the repression of epithelial markers like E-cadierio test if this pathway is activated upon
EpCAM depletion, A549 and Kyse 30 cells were trangy transfected with control or
EpCAM-specific sSiRNA, and mRNA levels of transcrgt factors involved in EMT were
analyzed using gRT-PCR (see 3.2.3). To ensurethieaT G pathway in principle can be
activated in the selected cell lines, mMRNA levdishe abovementioned transcription factors
were assessed after activating the FQfathway upon the addition of T@GRor 72h (see

3.1.7).
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4.8.1.1 EpCAM depletion does not activate the TGB pathway in A549 cells

A549 cells were cultivated with or w/o T@For 72h, and mRNA levels of EpCAM
and selected transcription factors were assessed gRT-PCR. Figure 4.22 A sums up the
acquired data. EpCAM mRNA levels were decrease@li% of EpCAM levels found in
control cells, when cells were treated with TGEimilar EpCAM downregulation could
already be observed in 4.6.1). In contrast, mRN&Ik of transcription factors were mainly
increased upon addition of T@FLevels of SNAIL, SLUG and ZEB-1 showed an average
increase of 1.80-fold, 8.85-fold and 2.14-fold, pestively, reflecting the activation of the
TGHB pathway (Fig. 4.22 A). Only TWIST-1 mRNA levels rgedecreased by 29% when
cells were treated with T@F Levels of TWIST-2 and ZEB-2 mRNA remained below
detection limit.

Knowing that the TGF pathway can be activated in A549 cells, in thet s8ep these
cells were transfected with either control or EpCApkcific sSiRNA (see 3.1.4.1). EpCAM
knock-down efficiency and mRNA levels of selecteahscription factors were assessed 72h
after transfection using flow cytometry and gRT-PGEpCAM levels were on average
decreased to 20% at mRNA (Fig. 4.22 D) and 57%e#tsurface (Fig. 4.22 B-C) level,
respectively, displaying efficient EpCAM knock-dowMIRNA levels of most transcription
factors were found decreased in EpCAM siRNA tractsi@ cells. Levels of SLUG, TWIST-
1, ZEB-1 and ZEB-2 were reduced to 45%, 89%, 55% 2606, respectively, in EpCAM
depleted cells compared to control cells. Only mRMN4&els of SNAIL were slightly
increased (1.16-fold) in EpCAM depleted cells. TWAS remained below detection limit
(Fig. 4.22 D).
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Figure 4. 22: EpCAM knock-down does not induce th& GFp pathway in A549 cells.

(A) A549 cells were cultivated with or w/o TGFor 72h and mRNA levels of EpCAM and selected
transcription factors involved in the TGFpathway were assessed using qRT-PCR with spegifioers.
RPL13A served as a house-keeping gene for standardis&mwn are mRNA expression level normalized to
untreated cells from one experiment. (B-D) A549Iscatere transiently transfected with either contool
EpCAM-specific siRNA. 72h after transfection, EpCAkhock-down efficiency as well as mRNA level of
transcription factors were analyzed. (B) EpCAM ltface expression was assessed by flow cytométiy w
EpCAM-specific antibody (black lined histograms) aisbtype antibody (filled histograms). Shown are
representative results from three independent @xpats. (C) Relative mean fluorescence intensitipsabf
EpCAM cell surface expression in cells transfectétth ctrl or EpCAM-specific SIRNA are given withastdard
deviations from three independent experiments. ©tnare set to “1.0”. (D) MRNA levels of EpCAM and
transcription factors involved in T@FRpathway were assessed upon qRT-PCR with specificeps. RPL13A
served as a house-keeping gene for standardisafibown are mean relative mRNA expression levels
normalized to ctrl cells from three independentezikpents with standard deviations. P-values: *pG50** p <

0.01; *** p < 0.001. n.d.; not detectable.
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4.8.1.2 EpCAM depletion does not activate the TGB pathway in Kyse 30 cells

Kyse 30 cells were cultivated with or w/o TBfor 72h, and mRNA levels of EpCAM
and selected transcription factors were assessed gRT-PCR. Figure 4.23 A sums up the
acquired gRT-PCR data. EpCAM mRNA level was incedlak.51-fold, compared to EpCAM
level found in control cells, when cells were tezhtvith TG (similar EpCAM upregulation
could already be observed in 4.6.2.1). Levels tdcted transcription factors were increased
7.01-fold (SNAIL), 5.92-fold (SLUG), 1.65-fold (TVBIT-1) and 1.27-fold (TWIST-2) in
TGRp treated cells compared to control cells, displgyime activation of the TGFpathway
in Kyse 30 cells when treated with T@FLevels of ZEB-1 and ZEB-2 remained below
detection limit (Fig. 4.23 A).

Knowing that the TGP pathway can be activated in Kyse 30 cells, inriBgt step
these cells were transfected with either a cortr@n EpCAM-specific SIRNA (see 3.1.4.1).
EpCAM knock-down efficiency, as well as mRNA levast selected transcription factors,
was assessed 72h after transfection using flowmogtxy and qRT-PCR. EpCAM levels were
on average decreased to 8% at mRNA (Fig. 4.23 0)2&90 at cell surface level (Fig. 4.23
B- C), respectively, displaying efficient EpCAM kriedown. MRNA levels of transcription
factors were found to be similar or decreased IGAd siRNA transfected cells compared to
control cells. Mean mMRNA levels were 73% (SNAILYL% (SLUG), 83% (TWIST-1), 46%
(TWIST-2) and 83% (ZEB-1), respectively, in EpCAMgleted cells. ZEB-2 remained
below detection limit (Fig. 4.23 D).

107



RESULTS

>

g1 7.01 m- TGE
s 5.92
B 6 - m+TGEp
=T
24
=]
22 151 1.65 127
2, 1 H BB N | nd nd

EpCAM SNAIL SLUG TWIST-1 TWIST-2 ZEB-1 ZEB-2

vy
@

ctrl siIRNA EpCAM siRNA
. 1.2 { Ectil siRNA
= = B WEpCAM siRNA
g g =
3 3 Z 08
&
0 4l R 0 4l T 2 04 -
107 107 102 103 10 0% 107 102 103 10 =
EpCAM EpCAM E
Mean Mean Mean Mean £ 0 -
13.10 1801.92 11.68 504.22
2 7 Bl siRNA
0.83 EpCAMSsiENA
Ml
0.73 091 0.83

relative mEN A level
—_
1

]: WEN
{ 0.46 I

Rk

0.08 ! od
0 - - : : : : —

EpCAM SNAIL SLUG TWIST-1 TWIST-2 ZEB-1 ZEB-2

Figure 4. 23: EpCAM knock-down does not induce th& GFp pathway in Kyse 30 cells.

(A) Kyse 30 cells were cultivated with or w/o T@For 72h and mRNA levels of EpCAM and selected
transcription factors involved in T@Rpathway were assessed using qRT-PCR with spqmificers. GAPDH
served as a house-keeping gene for standardis&imwn are mRNA expression level normalized toaatd
cells from one experiment. (B-D) Kyse 30 cells weansiently transfected with either control or BN
specific SiRNA. 72h after transfection, EpCAM knedtiwn efficiency as well as mRNA level of transtiop
factors were analyzed. (B) EpCAM cell surface egpien was assessed by flow cytometry with EpCAM
specific antibody (black lined histograms) and ipetyntibody (filled histograms). Shown are repredere
results from three independent experiments. (ChtRel mean fluorescence intensity ratios of EpCAM ce
surface expression in cells transfected with atrEpCAM-specific SIRNA are given with standard deions
from three independent experiments. Controls ar¢ostl.0”. (D) MRNA levels of EpCAM and transcript
factors involved in TGE pathway were assessed upon qRT-PCR with spedificeps. GAPDH served as a
house-keeping gene for standardisation. Shown aa@nmelative mRNA expression levels normalizedttb ¢
cells from three independent experiments with siashdleviations. P-values: *p < 0.05; ** p < 0.0 p <
0.001. n.d.; not detectable.
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4.8.2 Analysis of the adhesive function of EpCAM

EpCAM was characterized as a cell adhesion moldeylgitvinov et al. already in
1994 (Litvinov et al. 1994a; Litvinovet al. 1994b). Experiments presented so far, revealed
that reduction of EpCAM expression provides celithwncreased migratory and invasive
capacities. To find out if this is due to reducetl adhesion, adhesion assays were performed
with siRNA transfected Kyse 30 cells, as well ashwkyse 526" and Kyse 528" cells.
Adhesion assays were performed either on a sudaagisting of matrigel, which mimics the
extracellular matrix (cell-matrix adhesion assaee 3.1.10.1) or on a surface consisting of a
dense cell monolayer (cell-cell adhesion assay,3sed0.2). To ensure that the strong cell
contacts provided by cadherins, which are calci@pethident cell adhesion molecules, do not
overlay possible effects of EpCAM knock-down, alhasion assays were performed without

calcium. This included the use of calcium-free mediand the absence of FCS.

4.8.2.1 Cell adhesion is not weakened in EpCAM-depleted Ks30 cells

Kyse 30 cells were transiently transfected witthaita ctrl or an EpCAM-specific
SiRNA (see 3.1.4.1), and used in adhesion assags 34.10). To ensure EpCAM knock-
down, cell surface levels of EpCAM were assessaagusow cytometry (see 3.1.5.1). As
depicted in Figure 4.24 A-B, EpCAM levels showed arerage decrease to 49% in cells
transfected with EpCAM-specific sSiRNA compared td siRNA transfected cells.

SIRNA treated cells were used for cell-matrix amdl-cell adhesion assays. In cell-
matrix adhesion assays, cells were added to mhtiigeed 96-well plates and adhesion was
allowed for 2h (see 3.1.10.1). As shown in Figu244C, on average 7.27% of ctrl SiRNA
and 11.67% of EpCAM siRNA transfected cells wer&edb attach to the matrigel-matrix
within 2h. These numbers display that on averagéAfp siRNA transfected cells adhered
1.49-times better than ctrl sSiRNA transfected c@ig. 4.24 D).

For cell-cell adhesion assays, transfected cell® iest plated on 96-well plates to
form a dense monolayer, and subsequently additmeis were allowed to adhere for 2h (see
3.1.10.2). This setting led to four possible comhlions: ctrl siRNA cells plated on ctrl
siRNA cells, ctrl siRNA cell plated on EpCAM siRNeells, EpCAM siRNA cells plated on
ctrl siRNA cells and EpCAM siRNA cells plated on @M siRNA cells. The results of
these experiments are depicted in Figure 4.24 \EHereat the caption beneath the diagrams
describes the cells, which were used as a feeger kand the labeling above the graphs
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depicts the cells, which were subsequently addedav@rage 11.26% and 10.87% of the ctrl
SiRNA treated cells were able to adhere to ctrl &mCAM siRNA transfected cells

respectively, whereas 15.81% and 14.55% of EpCAplaled cells were able to adhere to
ctrl and EpCAM siRNA transfected cells within 2hidF4.24 E). Putting these numbers in
relation to each other shows that adhesion effagiewas slightly higher when ctrl cells

adhered to EpCAM-depleted cells (1.17-fold), wheeCEM-depleted cells adhered to ctrl
cells (1.55-fold), and when EpCAM-depleted cellhed to EpCAM-depleted cells (1.52-
fold) compared to the setting when ctrl cells adbeto ctrl cells (Fig. 4.24 F). It must be
noted here that ctrl cells represent the cells vifte highest EpCAM expression and,
furthermore, that none of the observed differengas significant. Hence, EpCAM knock-

down did not significantly and measurably influeracthesion of Kyse 30 cells to matrix, nor

to each other.
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Figure 4. 24: Adhesion assays with siRNA transfeatieKyse 30 cells.

Kyse 30 cells were transiently transfected witlhaita ctrl or an EpCAM-specific siRNA, and subseatlye
used in adhesion assays to analyze the functi@p@fAM as cell adhesion molecule in esophagel caceks.
(A) EpCAM cell surface expression was assessedolmy dl/tometry with EpCAM-specific antibody (blackdith
histograms) and isotype control antibody (filledstbgrams). Shown are representative results frometh
independent experiments. (B) Relative mean fluoreseéntensity ratios of EpCAM cell surface expressin
cells transfected with ctrl or EpCAM-specific siRN#e given with standard deviations from three predelent
experiments. Controls are set to “1.0”. (C-D) Amunf adherent cells in cell-matrix adhesion asség$
Mean percentages of adherent cells transfected atithor EpCAM-specific SiRNA are given with stamda
deviations from three independent experiments. Narswere calculated relative to input. (D) Relatimean
values of adherent cells transfected with ctrl pCEM-specific SIRNA are given with standard dewiat from
three independent experiments. Controls are s&t.@3. (E-F) Amounts of adherent cells in cell-calihesion
assays. (E) Mean percentages of adherent cellsféxaad with ctrl or EpCAM-specific SIRNA are givevith
standard deviations from three independent expatsnéNumbers were calculated relative to inputscglfF)
Relative mean values of adherent cells transfewi@d ctrl or EpCAM-specific sSiRNA are given withasidard
deviations from three independent experiments. @tnare set to “1.0". P-values: *p < 0.05; *<p0.01; ***
p <0.001.
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4.8.2.2 EpCAM depletion impacts on cell-matrix but not cellcell adhesion in Kyse 520
cells

Besides siRNA transfected Kyse 30 cells, Kyse™®@and Kyse 528" cells were
used in adhesion assays (see 3.1.10) to obtaitiea baderstanding about the role of EpCAM

as an adhesion molecule in esophageal cancer cells.

EpCAM cell surface levels were assessed using ftgtometry (see 3.1.5.1). As
depicted in Figure 4.25 A-B, Kyse 520cells on average displayed more than 4-fold lower
EpCAM surface levels than Kyse 5% cells.

Kyse 520'" and Kyse 528" cells were used for cell-matrix and cell-cell asiba
assays. In cell-matrix adhesion assays, cells agded to matrigel coated 96-well plates and
adhesion was allowed for 2h. As shown in Figuré4C2 on average 20.37% of Kyse 8%
and 8.15% of Kyse 58 cells were able to attach to the matrigel matrithimi 2h. These
numbers show that on average Kyse'®26ells adhered 2.38-times worse than Kyse"820
cells (Fig. 4.25 D).

For cell-cell adhesion assays, cells were firsteplaon 96-well plates to form a dense
monolayer, and subsequently additional cells wdievad to adhere for 2h (see 3.1.10.2).
This setting led to four possible combinations: s&20%" cells plated on Kyse 528 cells,
Kyse 5209"cell plated on Kyse 58 cells, Kyse 528" cells plated on Kyse 528" cells,
and Kyse 528" cells plated on Kyse 588 cells. The results of these experiments are
depicted in Figure 4.25 E-F, whereat the captionebéh the diagrams describes the cells,
which were used as a feeder layer and the labaloye the graphs depicts the cells, which
were subsequently added. On average, 2.66% antbithe Kyse 52" cells were able to
adhere to Kyse 528" and Kyse 528" cells, respectively, whereas 7.56% and 7.95% cfeKy
520°" cells were able to adhere on Kyse ®9@nd Kyse 528" cells within 2h (Fig. 4.25 E).

Putting these numbers relative to each other shiostsadhesion efficiency was higher
when Kyse 520" cells adhered to Kyse 520 cells (2.25-fold), when Kyse 520 cells
adhered to Kyse 528" cells (3.09-fold), and when Kyse 8%0cells adhered to Kyse 528
cells (2.64-fold) compared to the setting when K§26"%"cells adheretb Kyse 526" cells
(Fig. 4.25 F). However, it must be noted here tiate of the differences was significant.
Hence, EpCAM did not significantly and measuraliffjuence adhesion of Kyse 520 cells to

each other.
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Figure 4. 25: Adhesion assays in Kyse 52 and Kyse 526" cells.

Kyse 520" and Kyse 528" cells were used in adhesion assays to analyzéutiwion of EpCAM as an
adhesion molecule in esophagel cancer cells. (ACAR) cell surface expression was assessed by flow
cytometry with EpCAM-specific antibody (black linekdistograms) and isotype control antibody (filled
histograms). Shown are representative results ftbmee independent experiments. (B) Relative mean
fluorescence intensity ratios of EpCAM cell surfasg@ression in Kyse 528" and Kyse 528" cells are given
with standard deviations from three independentegrments. Controls are set to “1.0". (C-D) Amouwfs
adherent cells in cell-matrix adhesion assays.M€an percentages of adherent Kyse"§2@nd Kyse 520"
cells are given with standard deviations from threlependent experiments. Numbers were calculatiedive

to input. (D) Relative mean values of adherent K§&2€"" and Kyse 528" cells are given with standard
deviations from three independent experiments. ©tnare set to “1.0". (E-F) Amounts of adherenifscin
cell-cell adhesion assays. (E) Mean percentagesiioérent Kyse 528" and Kyse 528" cells are given with
standard deviations from three independent expatsn®&lumbers were calculated relative to input.RE)ative
mean values of adherent Kyse 8%0and Kyse 528" cells are given with standard deviations from ¢hre

independent experiments. Controls are set to “BP&alues: *p < 0.05; ** p < 0.01; *** p < 0.001.
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5 DISCUSSION

Cancer is one of the leading causes of death waltgvaffecting more and more people
(Jemalet al. 2011; Areet al. 2013). Enormous research efforts during the lasades led to a
more detailed understanding of the processes wdiiehinvolved in cancer formation and
progression, and provided tumor patients with iratwe and more efficient treatment
strategies. However, many mechanisms of tumorigenae still poorly or not at all
understood. Cancer progression mainly starts witit one or a few single cells, which gather
mutations enabling the cells to escape from celltdgulatory mechanisms related to cell
proliferation, apoptosis and growth control. The tated cells can thereby proliferate
indefinitely and eventually give rise to a primdgmor. As a next step, single cells of the
primary tumor start to loosen and migrate away ftbentumor bulk, invade into the blood or
lymph system and thereby translocate within theybaidthe cancer patient. Eventually, the
cells settle at a secondary site in the body wileeg again start to proliferate and thereby
give rise to metastases, which represent the naaisecof cancer related deaths (Sleeman and
Steeg 2010; Stoecklein and Klein 2010) (see 1.T.d)be able to efficiently treat and cure
cancer, it is mandatory to have a detailed undedstg of all the processes and mechanisms
taking action during all the different stages ofca@ogenesis, including the role of cancer

related proteins.

One of the proteins known to be involved in canfoemation and progression is the
epithelial cell adhesion molecule (EpCAM). EpCAM swanitially discovered as tumor
antigen in 1979 as it induces the selection of ifipeantibodies upon immunisation of mice
with colon carcinoma cells (Herlyet al. 1979). Further studies revealed that EpCAM has an
apparent molecular weight of 37-42 kDa, can be ggytated (Gottlingeret al. 1986a;
Gottlingeret al. 1986b), and consists of three major domainsailarge extracellular domain,
a single transmembrane domain as well as a sntedcellular domain (Balzaat al. 1999b;
Gires 2008). EpCAM was described to be a cell adhesolecule in 1994 (Litvinowt al.
1994b; Litvinovet al. 1997), while more recent studies revealed a roleell signaling. The
internal part of EpCAM (EpICD) can be shed from thst of the molecule upon proteolytic
cleavage (Maetzeét al. 2009) and form a complex with FHL-2 arfdcatenin proteins
(Martin et al. 2002; Labalettet al. 2004). Subsequently, this complex can translocébethe
nucleus and bind to Lef-1, which enables the atitmaof EpCAM-specific genes like the

oncogenic transcription factor c-myc, the cell eyakelated protein cyclin-D1 and the
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epidermal fatty acid binding protein (EFABP) (Mueg al. 2004; Maetzelet al. 2009;
Chaves-Pereat al. 2013). Compared to normal tissue, in which EpCAfression can only
be found at the basolateral side of plasma membrafiesimple, unstratified epithelia
(Momburget al. 1987; Litvinovet al. 1996), EpCAM isde novo or highly overexpressed in
almost all carcinoma types (Zorzetsal. 1995; Litvinovet al. 1996). Its strong expression in
cancer compared to appropriate healthy tissuetststhe reason why EpCAM became an
important prognostic and therapeutic marker (s26B) (Munzet al. 2010; van der Gust

al. 2010). Besides its role as prognostic marker aritierapy, EpCAM is nowadays also the
most frequently used antigen to detect and retrigveulating (CTCs) and disseminated
tumor cells (DTCs) (Coheat al. 2006; Criscitielloet al. 2010; Imrichet al. 2012). However,
although EpCAM is a well-characterized protein, ethalready has been used in therapeutic
approaches (Gires and Bauerle 2010; Menal. 2010), its role in cancer formation and
progression is still not finally understood (varr Gunet al. 2010). This is especially true in
case of CTCs, DTCs and metastases (see 1.2.4@&nRedings of our cooperation partners
in Dusseldorf provided evidence that in case ofpkageal carcinomas EpCAM is not
constantly expressed throughout the various stafjesarcinogenesis, but rather shows a
dynamic expression. Thereby, primary tumors disggdapigh EpCAM expression levels,
whereas the majority of cognate disseminated tucetis (DTCs) revealed to be EpCAM-
negative (Driemeét al. 2013). Similar observations were already publishgather groups,
including a study by Jojoviet al., describing that large metastases formed by co#mter
cells showed similar staining patterns as primamadrs, while small metastases displayed a
loss of EpCAM (Jojovicet al. 1998). In addition, in a comparative study of mmntumors
and their cognate CTCs, EpCAM expression was faonbe 10-fold less in CTCs than in
tumors (Raoet al. 2005). This led to the postulation that EpCAM eg®ion might be
downregulated upon epithelial-to-mesenchymal ttaorsi(EMT) (Jojovicet al. 1998), an
essential process in carcinogenesis during whitth ckeange their phenotype from epithelial
to mesenchymal, enabling them to loosen cell cosmitand leave their surroundings (see
1.1.2). In contrast, other studies correlated eobdmmigration and invasion of cells to high
EpCAM levels. One example for this is a study byaOs al.. The group showed that
downregulation of EpCAM in breast cancer cellsssaxiated with decreased cell migration
and invasion. This led to the assumption that,asecof breast carcinomas, high EpCAM
expression is associated with increased metag@sim et al. 2004). Additional studies in
prostate and colon carcinomas also provided datatadp correlation between EpCAM and
increased cell invasion and metastasis @tia. 2012; Niet al. 2013).
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In order to understand how EpCAM contributes to themation and progression of
carcinomas and why it is downregulated or lost edlected stages of carcinogenesis, the
effects of EpCAM expression and depletion were ya@l in a set of diverse assays, whereat
esophageal cancer cells were used as a model sytemesults of these experiments will be

subsequently discussed.

5.1 EpCAM expression correlates with increased prolifeation and

formation of larger tumors

Since an increased proliferation rate is one of thaor hallmarks of EpCAM
expressing carcinoma cells, the influence of EpCé@iMproliferation was also analyzed in
esophageal cancer cells. Experiments with esophBgsa 520 carcinoma cells, which were
transfected with either a control or an EpCAM-speaiRNA, as well as trials with Kyse
520"" and Kyse 528" cells, revealed that cells displaying lower levels EpCAM
proliferated less than their counterparts expresbkigher levels of EpCAM (see Fig. 4.7 and
4.8). These results are in line with former findingf our own and other groups, which
revealed that EpCAM expression is correlated toeased proliferation in colon, pharynx,
breast, gastric, lung and pancreatic cancer delisg et al. 2004; Osteet al. 2004; Maetzel
et al. 2009; Wengiet al. 2009; Haseet al. 2011; Thuma and Zoller 2013). EpCAM induces
proliferation via its function as signaling moleeullhis function depends is in great parts on
regulated intramembrane proteolysis and the relefde intracellular domain EpICD, which
eventually leads to activation of genes like cydidd and c-Myc (Maetzekt al. 2009;
Chaves-Pereet al. 2013). Presumably, this signaling cascade is atdtve in esophageal
cancer cells, since experimental data evidencedBp@AM becomes cleaved and EpICD is
formed in Kyse 30 and Kyse 520 cells (see 4.2). él@x, so far no differences in c-Myc or
cyclin D1 mRNA levels could be observed when conmgpKyse 520 cells transfected with a
ctrl or an EpCAM-specific sSiRNA, or Kyse 528 and Kyse 528" cells (data not shown). It
is therefore possible that EpCAM regulates a diffieiset of genes in esophageal cancer cells.
In any case, further experiments are necessaryutidate how exactly EpCAM signaling

induces proliferation in esophageal carcinomas.

A second finding of these experiments was thatceffen proliferation were more
pronounced when cells were cultured under restactionditions (see Fig. 4.7), indicating

that in case of esophageal cancer EpCAM expreswsra larger influence in cells growing

116



DISCUSSION

under adverse conditions, such as the lack of trartri This assumption is supported by
former findings of our group showing that effectsEpCAM overexpression in HEK 293
cells are more pronounced under restrictive comastiMunzet al. 2004). Indeed, an absence
of nutrition can be found in primary tumors andymmetastases, lacking proper angiogenesis
and results in the prevention of further tumor gitoand progression (Hiratsuka 2011; Leite
de Oliveiraet al. 2011; Barzi and Lenz 2012). It is therefore temgptio speculate that the
expression of EpCAM enables cancer cells to sursiveh conditions until proper nutrition
supply is warranted again. However, more experialedata need to be provided to
strengthen this hypothesis, including data fromeothancer entities grown under non-

restrictive and restrictive condition, such as latkutrition or hypoxia.

Besides increasing proliferation rates, EpCAM wk® #ound to lead to formation of
larger tumorsin vivo, when esophageal cancer cells are injected subaitslye into
immunodeficient mice (see 4.4). Compared to celigclvwere stably transfected with a ctrl
ShRNA, tumors formed from cells stably transfecteth an EpCAM-specific ShRNA were
on average 2.78 times smaller (0.39g comparedl#gQsee Fig. 4.9 C). Similar observations
were made by our cooperation partners in Dusselddrd injected Kyse 520 cells, naturally
occurring as two subpopulations with different EpZAevels (Kyse 528" and Kyse
520°%), into the flanks of NOD/SCID mice, resulting metformation of tumors with average
weights of 0.35g (Kyse 528" cells) and 0.14g (Kyse 520 cells) (Driemelet al. 2013). In
addition, a former study of our own group demornstighat human embryonic kidney cells
(HEK 293), stably transfected with an EpCAM-ovenegsing construct, led to formation of
larger tumorsn vivo when subcutaneously injected into NOD/SCID mitentcells stably
transfected with a control construct, which barggnerated tumors vivo (Maetzelet al.
2009).

In contrast to tumor size, tumor occurreme®ivo was not influenced by expression of
EpCAM in esophageal tumor cells in the presentystrdboth groups tumors formed in four
out of five mice, independently of the EpCAM leval§ injected cells (see Fig. 4.9 C).
However, when comparing the EpCAM levels of cekddoe injection with those of their
cognate tumor explants, a discrepancy was founatdtis stably transfected with EpCAM-
specific ShRNA (see Fig. 4.9 D-E). In contrast td shRNA transfected cells, displaying
similar percentages of cells expressing no, lowermediate and high levels of EpCAM in
tumor cells before injection and tumor explantsiatree numbers of cells expressing

intermediate and high levels of EpCAM were subsdigtincreased in tumors formed from
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EpCAM-depleted cells compared to the correspondelts before injection into mice (see
Fig. 4.9 D-E). Furthermore, none of the tumors fednby EpCAM-depleted cells was found
to be EpCAM-negative, but all tumors showed a @ertievel of EpCAM expression. These
findings suggest a positive selection of EpCAM-egsing cells during cancer formation and
growth. Cells expressing high levels of EpCAM sderhave a selection advantage, possibly
due to increased proliferation rates and/or suhfe@ures, and thereby are able to overgrow
the population of cells, which express EpCAM at lewels or do not express EpCAM at all.
However, another explanation for the abovementidiretings could be that basically only
EpCAM-positive, but not EpCAM-negative cells arepable to induce the formation of
esophageal carcinomas. As a consequence, this woydly that epithelial cells of the
esophagus, which do not express EpCAM, could neigger tumor formation. At present,
using shRNA or siRNA does not allow for the generabf true knock-out cells, which do
not express EpCAM at all. Thus, a definite answertloe actual contribution to tumor
formation, especially concerning the absolute matesof EpCAM expression for this
process, cannot be given. In this respect, furtk@eriments should be conducted to address
the point, whether EpCAM increases tumor formatanwhether it is indispensible. To
provide a complete knock-out, the EpCAM gene shdddlestroyed, using either TALENS
(Morbitzeret al. 2011; Sun and Zhao 2013) or a CRISPR/Cas systdorthcoming studies
(Choet al. 2013; Sampsod al. 2013).

So far, all results fronn vitro andin vivo experiments, i.e. the positive correlation of
EpCAM expression with increased proliferation ratesmation of larger tumors, and the
obviousin vivo selection for EpCAM-positive cells during tumoogith, support the findings
from Stoeckleinet al. and Wentet al., describing EpCAM as a tumor-promoting protein in
esophageal cancer, correlated with bad prognosisuivival of patients (Werst al. 2004;
Stoeckleinet al. 2006). This is in line with findings in numerousher cancer entities,
including lung (Kubuschokt al. 1999; Piyathilaket al. 2000), breast (Gastt al. 2000; Osta
et al. 2004; Spizzat al. 2004), prostate (Poczatekal. 1999; Zellwegekt al. 2005; Niet al.
2013), bladder (Brunneet al. 2008), and pancreas (let al. 2007; Fonget al. 2008;
Scheunemanret al. 2008) carcinomas, in which EpCAM expression isreated with
carcinogenesis, tumor progression, metastases fiormand/or shorter survival. However,
although in the majority of carcinomas EpCAM seambe associated with cancer formation
and progression, there are some cancer entiteestenal (Seligsoet al. 2004; Wentet al.
2005; Klatteet al. 2009) and thyroid (Ensinget al. 2006; Ralharet al. 2010a) carcinomas,
in which the expression of EpCAM is associated witprotective role. In addition, there are
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cancer types, including gastric (Songaiial. 2005; Deveci and Deveci 2007; Scheunengnn
al. 2009), ovarian (Kinmet al. 2003; Heinzelmann-Schwagt al. 2004; Spizzaet al. 2006)
and colorectal (Basakt al. 1998; Gosenst al. 2007; Kuhnet al. 2007) carcinomas, for
which contradictory studies report on both, a ptiwe and a cancer promoting role of
EpCAM, as reviewed by van der Genhal. in 2010 (van der Guet al. 2010). As already
mentioned (see 1.2.6), this is also the case faplesyeal cancer, as a study by Kimetral .,

in contrast to studies by Stoecklegh al. and Wentet al., described EpCAM as tumor-
associated antigen, which is inversely correlatath wumor progression, stimulates an
immunological response against cancer cells, ise®acell adhesion, and suppresses
formation of metastases (Kimughal. 2007). Maybe a closer look at the various stades o
carcinogenesis would provide an explanation fos¢heontradictory findings, as it might be
that the presence of EpCAM has different effectanduthe diverse stages of carcinoma
progression. One possible explanation could beEp&AM expression enhances cancer cell
proliferation and thereby is associated with tumpa@wth, but prevents cell migration, maybe
by the formation of cell-cell contacts (see 1.2.5lddeed, our collaboration partners provided
evidence supporting this hypothesis. On the onal hdrey have shown that high EpCAM
expression on DTCs is associated with increasediromace of metastases and reduced
overall survival of patients. On the other handggytHound that most of the DTCs were
actually EpCAM-negative, although these cells d=gtifrom primary tumors expressing high
amounts of EpCAM (Driemedt al. 2013). This supports the notion that EpCAM is imaot

for the growth of primary tumors and outgrowth o&tastases, whereas it is dispensable
during migration and invasion of metastasisingscello learn more about why EpCAM is
downregulated in certain carcinoma cells, anotle¢ro$ experiments was performed using
esophageal cancer cells as model system (see44/}. The results of these experiments will

be subsequently discussed.

5.2 Loss of EpCAM leads to traits of EMT in esophageatancer cells

Besides a necessity for proliferation, migratiord anvasion of cells are essential
processes during cancer progression and were therahalyzed in the present study. By
using Kyse 30 and Kyse 520 esophageal cancer cells in scratch assays andcgidrgly
staining them with a combination of EpCAM-specifind fluorochrome-coupled antibodies,
it was found that migrating cells display a differdepCAM staining pattern compared to

their non-migrating counterparts (see 4.5.1). Nagrating cells basically displayed a strong
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membranous EpCAM staining, with only few fluorescersignals detectable inside the cell
(Fig. 4.10, Fig. 4.11). Thereby they reflected tiggical EpCAM staining pattern that was
already observed in various other carcinoma cé&lngelet al. 2009; Maetzekt al. 2009;
Lee et al. 2012). However, this staining pattern was compfteteanged in migrating cells.
Here, EpCAM fluorescence signals were mainly logaia the cytoplasm, whereas
membranous staining was almost or totally lost.(Bid0 d-m, Fig. 4.11). Furthermore, a
correlation between EpCAM-specific staining intéysind cell migration could be observed,
with fluorescence signals being weaker, the furttedls had migrated (Fig. 4.10 d-m, Fig.
4.11). This redistribution and loss of fluorescersignals mirrors a change in EpCAM
location and expression, apparently essentiallbavatells to migrate. Additional experiments
should be performed to ascertain if overexpressbEpCAM can interfere with or even

prevent cell migration.

The obvious changes in EpCAM distribution and eggpi@n raised the question how
EpCAM is downregulated in migrating cells. The oi¢al data suggested a stepwise
regulation, whereat in a first step EpCAM is rentbv®m the membrane and relocated into
the cytoplasm, and in a second step EpCAM expnessionodulated at the protein and,
eventually, at the transcriptional level. A recatidy from our group provided new data
about the regulation of murine and human EpCAM uR#?. Hachmeistegt al. reported that
not only TACE but also BACE-1 is capable to cledyeCAM (see 1.2.3). However, as
BACE-1 is a sheddase with a pH optimum of 4.5s ihdt active at the cell membrane but in
acidified cell components such as endosomes amddyses (Hachmeistet al. 2013). The
finding that BACE-1 can cleave EpCAM thus raisee tiypothesis that localisation and
degradation of EpCAM are partly regulated by endlosig. Indeed, our group was able to
identify specific interactions of EpCAM with protesi associated with clathrin-dependent and
-independent endocytosis INSALAC (stable isotope labeling by/with amino acidscell
culture) interaction studyn murine cells (unpublished data). Among the idesat interaction
partner were the clathrin light chain A (CLTA) adkhthrin heavy chain 1 (CLTC) proteins,
as well as the adaptor proteins AP2A1 and AP2Bhusitis of the adaptor-protein complex
AP-2, which mediates the interaction between ciashand the target molecules (Traub 2005;
McMahon and Boucrot 2011). In addition, flotillin dnd flotillin 2, which play a role in
clathrin-independent endocytosis (Bannat@l. 2011; Zhaoet al. 2011), were identified as
potential EpCAM interaction partners. Endocytosisuld provide a further layer of
complexity to the processes, which are involvedEpCAM regulation. Additionally, as
endocytosis is a comparatively fast and reversiimecess (Conner and Schmid 2003;
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Sigismundet al. 2008; El-Sayed and Harashima 2013), it would enalduick and reversible
turnover of EpCAM at the cell membrane. This, im&equence, would allow a fast adaption
of EpCAM cell surface levels to new environmentadl dunctional requirements. However,
further experiments are mandatory to provide ewdeifi and how endocytosis of EpCAM
occurs. As regulation of EpCAM expression coulddae to various processes, including
EpCAM promoter silencing, regulation of EpCAM-sdexitranscription factors, and
activation of EpCAM-specific miRNAs, additional eximents are necessary to reveal the

actual mechanism(s) of EpCAM downregulation in raigng cells.

After finding that EpCAM is redistributed and sugently downregulated in migrating
cells, scratch assays were performed with siRNAsfiected Kyse 30 cells to investigate if
forced downregulation of EpCAM enhances migratidrcals (see 4.5.2.1). Indeed, it was
found that EpCAM depletion using an EpCAM-specsi®RNA led to an increase of cell
migration velocity, confirming the findings obtathein immunofluorescence staining
experiments (Fig. 4.12 D-E). Besides the inductidrcell migration, upregulation of the
mesenchymal marker vimentin could be observed iGAR depleted cells when compared
to control cells (see Fig. 4.12 F), pointing towsa@ phenotypic change of cells from an
epithelial to a mesenchymal phenotype. To enswakdfiects on cells were not only due to
transfection with siRNA, experiments were repeatitth esophageal Kyse 528 and Kyse
520°" cells, which represent naturally occurring vasanf one single cell line having the
same genetic background but differing in their EpMCAXpression levels (see 4.5.2.2).
Indeed, experiments performed with Kyse 520 vasiamnfirmed data obtained in scratch
assay experiments with siRNA transfected Kyse 3B.cEompared to Kyse 528" cells,
Kyse 526" cells showed a significantly higher migration \a@tg as well as much higher
MRNA levels of the mesenchymal markers N-cadhend @mentin (see Fig. 4.13 D-F).
These differences could be further amplified whes&526" cells were transfected with an
EpCAM-specific SiRNA (see 4.5.2.3). As in Kyse 36lls, EpCAM-depleted Kyse 554
cells showed an enhanced migration velocity andeased MRNA levels of vimentin,
compared to control cells (see Fig. 4.14 D-F). lkemnore, mRNA levels of E-cadherin were
slightly decreased in EpCAM-depleted cells (see Ei@j4 F). Taken together, these data led
to the assumption that Kyse 580and Kyse 528" cells not only display two subpopulations
with different EpCAM expression levels, but actyalepresent an epithelial (Kyse %20
and amore mesenchymal (Kyse 520 cell type, depending on the expression level of
EpCAM. This hypothesis was further confirmed byexperiment performed to analyze the
invasive capacity of cells expressing differentelevof EpCAM. Kyse 52" and Kyse
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520°" cells were thereby added to fibroblast spheroitts iavasion of the cancer cells was
monitored (see 4.5.3). Again, Kyse $%0cells displayed a more mesenchymal phenotype
characterized by massive invasion into fibroblastesoids, whereas invasion of Kyse 330
cells was almost not observable (see Fig. 4.15, Ei$6). Tumor cells with different
capacities, concerning epithelial and mesenchyimalacteristics, were also described for the
case of tumor-inducing cells (TICs). In 2011, Beldt al. reported on two distinct TIC
subpopulations. One TIC population was characterieCD449EpCAM™" (termed ESA-

1 for epithelial specific antigen in this study)dagisplayed an epithelial phenotype, including
high proliferation rates. The second TIC populatitisplayed a CD4#"VEpCAM® cell
surface phenotype and showed mesenchymal chasdicterisuch as higher levels of
mesenchymal markers vimentin and TWIST, reducedesgmon of epithelial markers E-
cadherin and involucrin, slow proliferation ratesdaa high migratory ability (Biddlet al.
2011). Furthermore, Biddle and colleagusisserved that CDA4EpCAM™" cells can
switch their phenotype to CDA%/EpCAM°" and vice versa, indicating a high plasticity of
these cell populations (Biddkt al. 2011). It is conceivable that such a plasticitd &m@ans-
differentiation of TIC populations is central toncar progression, particularly to processes of

metastases formation.

After finding that EpCAM downregulation led to agtotypic change from epithelial to
mesenchymal, it was tested if vice versa inductdrEMT led to a decrease of EpCAM
expression. Therefore, cells were treated with [J,G& known inducer of EMT (Moreno-
Buenoet al. 2009) (see 4.6). To examine effects of PGFeatment, the non-small lung
cancer cell line A549, which is known to react lhastkind of treatment (Kasat al. 2005;
Kim et al. 2007), was used as a control along with esophageuder cell lines Kyse 30 and
Kyse 520 in the assay. In summary, PaFeatment led to induction of EMT, revealed by
morphologic changes, reduced mRNA levels of thdhepal marker E-cadherin and/or
increased MRNA levels of the mesenchymal markecadherin and vimentin, in all three
cell lines (see 4.6.1, 4.6.2.1, 4.6.2.2). Howeirease of Kyse 520 cells, only Kyse 520
(see 4.6.2.2) but not Kyse 5% cells (data not shown) showed a reaction upon FGF

treatment.

In all cell lines, which showed signs of EMT a doegulation of EpCAM was
observed. However, whereas in A549 cell, which gebthe most prominent reaction to the
treatment with TGB, EpCAM levels were decreased on both, mRNA antsteface level

(see Fig. 4.17 B-D), in Kyse 30 and Kyse 8%@ells EpCAM downregulation was observed
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at cell surface levels only, while mRNA levels réneal constant (Kyse 524 cells, see Fig.
4.19 B-D) or were even slightly increased (Kysec80s, see Fig. 4.18 B-D). The reason(s)
for these differences remain(s) so far unknown. @ussibility is that A549 cells react faster
to TGH treatment and thereby showed a more complete ehahgohenotype. This is
supported by the findings that A549 cells not ositiywed an upregulation of mesenchymal
markers, but also a substantial decrease of tlthedipi marker E-cadherin, which was not
observed in any of the Kyse cell lines. FurthermaB49 cells showed the most drastic
change in cell morphology (see Fig. 4.17 A). If sthassumption is true, EpCAM
downregulation at mRNA level should also be obdaevan Kyse cells when treated with
TGRFp for a longer time period. However, first experirteeto verify this hypothesis remained
so far inconclusive. Another option to test thipbthesis is to perform T@Rreatment in
A549 cells for a shorter time period to see if EpMCAdownregulation under these

circumstances is only observable at the cell serfaat not the mRNA level.

A second possible explanation for the abovemendiofiading is that EpCAM
regulation upon EMT induction fundamentally diffars A549 and Kyse cells. From what
could be observed in the experiments, EpCAM seansetregulated at the transcriptional
level in A549 cells, whereas regulation takes platethe post-transcriptional and/or
posttranslational level in Kyse cells. This medmet in A549 cells EMT-dependent EpCAM
depletion is due to either a change of the chramstiiucture in theeEPCAM gene or to
changes of proteins involved EPCAM gene transcription, eventually leading to a deszea
of EpCAM mRNA levels. In contrast, regulation of &M in Kyse cells is either due to
impaired EpCAM translation, which could be the tesi specific mMiRNAs™ activity, an
insufficient transport of the EpCAM protein to tbell membrane or a decreased half-life time
of EpCAM at the membrane. From what is known soriane of the mentioned possibilities
can be excluded. It is known that EpCAM expressian be regulated at the epigenetic level
by DNA methylation of th&EPCAM promoter region at exon 1 (Spizeal. 2007; Taiet al.
2007; van der Gumt al. 2011) as well as by reduction of activating histanarks in the
EPCAM gene (Luet al. 2010; van der Guet al. 2011). Other studies report that proteins such
as ZEB-1 (Vanniert al. 2013), tumor necrosis facter (TNFo) (Gireset al. 2001), the
chromatin-remodeling factor Smarcd3/Baf60c (Jordaal. 2013) and the tumor suppressor
p53 (Sankpatt al. 2009), as well as miRNAs like miR-26a, miR-101 ¢k al. 2012a; Bao
et al. 2012b) and miR-118 (&t al. 2011), are involved iEPCAM gene regulation. Using
MiRNA prediction tools, 46 (http://www.microrna.grgand 32 (http://www.microrna.gr/
microT-CDS miRNAs showing a high probability to bind specifigato EpCAM mRNA
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could be found, respectively. However, so far nagtcould confirm a direct binding of any
MiRNA to the mRNA of EpCAM. Findings from other dias revealed that glycosylation of
EpCAM is associated with the stability of EpCAMthe membrane, whereby glycosylation
of asparagin 198 was found to have a stabilisifigcefMunzet al. 2008). Furthermore, a
recent study from our group provided a more dedaitsight into the processing of EpCAM
in humans and mice. Hachmeisatral. could show that EpCAM gets not only cleaved by
TACE but also by BACE-1 (Hachmeistetral. 2013) a sheddase with a pH optimum of 4.5
that is active in endosomes and lysosomes (Venugbph 2008). Therefore it is tempting to
speculate that EpCAM can also be regulated by efidsis and subsequent cleavage by
BACE-1 in endosomes and lysosomes (Hachmeeital. 2013). It is essential to find out
how exactly EpCAM is downregulated during EMT, amddether or not the mechanisms of
downregulation vary in different carcinoma types,tlaese findings not only provide a more
complete picture of EpCAM but also generate ingighto processes that occur during EMT.
The knowledge about mechanisms underlying the fobomaf metastases is mandatory in
order to interfere with this driving, lethal prosesf carcinogenesis.

After finding that EpCAM levels were reduced, adeon cell surface, it was analyzed
if an overexpression of EpCAM could weaken or epegvent the effects of TGRnduced
EMT. To do so, cell lines stably transfected wiiffedent EpCAM constructs were used in
another set of TGFexperiments. As A549 and Kyse 30 cells showedstiangest effects of
EMT induction, these cell lines were also usedtlieradditional TGF assays. However, this
time the cells were overexpressing either YFP-tegigdl length EpCAM (EpCAM-YFP),
YFP-tagged EpICD (EpICD-YFP) or a control constr(¢EP). As in previous experiments
cell morphology and EMT marker levels were analytmedate the effects of TGRreatment
(see 4.7). The use of different EpCAM overexpressionstructs allowed for the
discrimination of effects mediated by the adhesawel the signaling function of EpCAM.
Effects would be due to the adhesive function aEEp! if they can only be observed in cells
expressing EpCAM-YFP, but not in cells expressipddD-YFP, whereas effects due to the
signaling function of EpCAM should be observed ipCAM-YFP and EpICD-YFP
overexpressing cells. However, findings from th@exkments were rather disappointing, as
neither overexpression of EpICD nor full length B could prevent or significantly
influence TGB induced changes in A549 and Kyse 30 cells. Bdgiehinost no differences
could be observed between T&freated control cells and T@GRreated cells overexpressing
EpCAM constructs in term of cell morphology and ENarker regulation (see Fig. 4.20,
Fig. 4.21). Only in A549 cells, overexpression giCAM-YFP correlated with a slightly
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reduced downregulation of E-cadherin as well a$ witslightly lower upregulation of N-
cadherin and vimentin after addition of TEEompared to control cells (see Fig. 4.20 C),
meaning that full length EpCAM in this cell line dd somewhat dampen the effects of
induced EMT. As no differences were found betwd®nA549 cells overexpressing YFP and
those which overexpressed EpICD-YFP, observed tefim® most likely due to functions of
full-length EpCAM. Although the effects of EpCAM amduction of EMT in A549 cells were
only marginal, it should be asked why EpCAM hace#act in A549 but not in Kyse 30 cells.
A possible explanation for this might be the dieestrategies for EpCAM downregulation.
Maybe downregulation strategies of A549 cells, ¢ting theEPCAM gene are not efficiently
working on the exogenous EpCAM construct. This ag#ion is supported by the finding
that EpCAM mRNA levels were not significantly deased in A549 cells overexpressing
EpCAM-YFP when treated with T@Hsee Fig. 4.20 B). This effect should also beblesin
EpICD overexpressing cells, however, primers usedjRT-PCR analyses bind on a part of
the EpCAM mRNA which is not present in the EpICDnstyuct. In contrast, strategies to
deplete EpCAM in Kyse 30 cells might also efficigntvork in case of the exogenous
EpCAM. However, due to technical limitations celirface levels of EpCAM could not be
detected, making it impossible to draw a final dosion. To address this question,
experiments should be repeated using an experitngzttang in which mRNA, total protein,
and cell-surface levels of EpCAM can be assessed.

Taken together, experiments discussed in the Vestdhapters revealed the role of
EpCAM in esophageal cancer cells and provided gfaeation for the finding that EpCAM
is downregulation during certain stages of caroeamagis. It could be shown that expression
of EpCAM is associated with increased proliferatmnesophageal cancer cells, as well as
with formation of larger tumors and a positive staten of cells in NOD/SCID mouse model.
In contrast, EpCAM depletion provides cells with raore mesenchymal phenotype
accompanied with increased migratory and invasietergial, and increased levels of
mesenchymal markers. During induction of EMT, EpCAlds found to be downregulated.
Although EpCAM overexpression alone is not sufiitieo prevent effects of induced EMT,
EpCAM should not be considered as a mere protean i downregulated during EMT.
Rather EpCAM plays an active role in sustaining émpithelial phenotype in esophageal
cancer cells. This hypothesis is also supportedinbyivo findings of our collaboration
partners. By analysing DTCs from esophageal cgpatgents, they could correlate high levels
of EpCAM on these cells with an increased occumeniclymph node metastases. However,
they also found that the majority of DTCs was abyuapCAM negative, although the cells
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derived from primary tumors, which were characedizdy a high expression of EpCAM
(Driemel et al. 2013). These data underlined the significance &AM expression during
the outgrowth of primary tumors and metastasesjedisas the finding that EpCAM depletion

is necessary to provide cells with a mesenchymahptype, allowing them to metastasize.

The next chapter will concentrate on the molecolachanisms underlying the distinct
functions of EpCAM during carcinogenesis.

5.3 The mechanism behind — How does EpCAM sustain thepghelial
phenotype?

From what is known about EpCAM until now, there aw® possibilities how it could
sustain the epithelial phenotype of cells. On the band, EpCAM-specific signaling might
lead to the induction or shut-down of one or mgrec#ic pathways. On the other hand, cell
contacts formed by the extracellular part of EpCAbuld belt cells together and thereby

prevent migration and invasion.

The TGP pathway is an important and well characterizedhway involved in cancer
related EMT (Willis and Borok 2007; Tiwaet al. 2012) (see 1.1.2.3). To analyze if EpCAM
plays a role in regulating this pathway, mRNA levelf key players involved in this
pathways, i.e. the transcription factors SNAIL, SEUTWIST-1, TWIST-2, ZEB-1 and ZEB-
2, were assessed in A549 and Kyse 30 cells, tretiesfevith either a control or an EpCAM-
specific sSiRNA (see 4.8.1). To ensure the functibpaf the pathway in the cell lines used,
activation of the pathway was tested upon treatmetit TGFH3. Experiments revealed an
induction of the TGE pathway in both, A549 and Kyse 30 cells, demotetirdy increased
MRNA levels of SNAIL, SLUG and ZEB-2 in A549 cellsee Fig. 4.22 A), and increased
levels of SNAIL and SLUG in Kyse 30 cells (see FHg23 A), respectively. However,
although the TGF pathway was shown to be functional in A549 and &K$§€ cells, no
activation could be observed upon EpCAM depletiathva specific SiIRNA, revealing that
EpCAM downregulation is not associated with actwatof the TGIB pathway in these cell
lines (see Fig. 4.22 B-D, Fig. 4.23 B-D).

Besides the TGF pathway, many other processes are known to beciassd with
activation and progression of EMT. Other well knopathways are the mitogen-activated
protein kinase (MAPK) pathway (Grotegudt al. 2006; Tiwari et al. 2012), the
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phosphoinositide 3-kinase (PI3-K) pathway (Gréteal. 2003; Xiaet al. 2008) and the Notch
signaling pathway (Sahlgrest al. 2008). However, all these pathways eventually keatthe
induction and expression of SNAIL transcriptiontta¢ which could never be observed in
case of EpCAM knock-down experiments, making itikely that EpCAM sustains the
epithelial phenotype of cells by suppressing onthese pathways. Recently, also cyclin D1,
a known target of EpCAM signaling (Chaves-Peseal. 2013), was found to play a role in
EMT, whereby downregulation of cyclin D1 led to imcreased expression of mesenchymal
genes and enhanced cell migration (Tobkinal. 2011). But although it is tempting to
speculate that EpCAM sustains the epithelial phgreoby activating cyclin D1, this is not
likely as downregulation of cyclin D1 also inducBEUG expression (Tobiet al. 2011),
which was never observed in the course of EpCAMrdegulation.

Other important factors which are regulated duiMjT are matrix metalloproteinases
(MMPs) and extracellular matrix proteins. Thesetg@rs, which play a role in altering cell-
matrix and cell-cell interactions through modulatiof integrin- and cadherin functions
(Berrier et al. 2000), are known to be activated upon hepatocygevty factor (HGF)- and
TGRFB signaling (Moustakas and Heldin 2012; Tiwatial. 2012) and also play a role in
sustaining EMT upon activation of positive feedbémips (Radiskyet al. 2005; Billottetet
al. 2008; Thieryet al. 2009). Indeed, matrix metalloproteinaseMMP7) was found to be a
target of EpCAM, whereat EpICD signaling activakslP7 gene expression (Denzetl al.
2012). It was shown that EpCAM and MMP7 were maetrpnently expressed at the leading
edges of head and neck carcinomas. This appeasequential as these parts of the tumor
represent the sites of most prominent tissue rehmgdéDenzelet al. 2012). The substrate
spectrum of MMP7 includes proteins such as collagetronectin, proteoglycans and
fibronectin. Additionally, MMP7 is involved in theroteolytic shedding of ectodomains,
whereby it regulates the biological functions ofmfigane proteins such as heparin-binding
epidermal growth factor precursor (proHB-EGF), mesmnle-bound Fas ligand (FasL) and E-
cadherin (li et al. 2006). Taken together, MMP7 was found to promaiendr cell
proliferation and invasion, as well as apoptosiscells adjacent to tumor cells, thereby
promoting cancer growth and progression (Shiomi@kdda 2003; let al. 2006; Cheret al.
2013). Upregulation of MMP7 by EpCAM appears to teadict the findings of this study,
which provided evidence that EpCAM is involved ustaining the epithelial phenotype of
cells and prevents cell migration and invasion. ey, as already mentioned, in certain
types of cancer, including breast, prostate andrncoarcinomas, EpCAM expression was also

found to be associated with increased tumor invearal migration (Ostet al. 2004; Sankpal
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et al. 2009; Linet al. 2012; Niet al. 2013). These functions could be mediated by the
EpCAM-associated expression of MMP7 (Dengell. 2012). However, it remains to be
elucidated if EpCAM-mediated expression of MMP7oalglays a role in esophageal

carcinomas.

Another expanding field is the regulation of EMT hyiRNAs. By now, several
mMiRNAs are known to be involved in this processjuding the miR-200 family (Gregormst
al. 2008; Korpakt al. 2008; Parlet al. 2008), miR-34a (Kinet al. 2011a) and miR-192 (Kim
et al. 2011b), which are found to inhibit EMT, as welltag EMT promoting miRNAs miR-
155 (Konget al. 2008), miR-10 (Meet al. 2007) and miR-27 (Zhang al. 2011). EpCAM
downregulation was already associated with requiatif miRNAs. Kandalanet al. showed
in 2012 that in Y79 retinoblastoma cells, depletdfiepCAM correlates with downregulation
of miRNAs in the 17-92 miRNA cluster, which is ifved in cell viability, proliferation and
invasion (Kandalanet al. 2012). Still, to find out if EpCAM sustains theielial phenotype
by regulating miRNAs, further experiments are neagg One approach could make use of a
set of miRNA arrays, comparing the miRNA levelscohtrol and EpCAM-depleted cells as
well as those of control and EpCAM-overexpressialljlmes. In combination with gRT-PCR

candidate validation, such arrays might providensioodata about EpCAM-regulated miRNAs.

EpCAM is not only known as cell signaling moleclilet also as protein mediating
homophilic cell-cell adhesions (see 1.2.5.1). Byping cells in contact, EpCAM could
prevent cell scattering, migration and invasiony #mereby sustain the epithelial phenotype.
To analyze if EpCAM depletion correlates with aslag cell adhesion in esophageal cancer
cells, Kyse 30 cells transfected with a controanrEpCAM-specific SiRNA, as well as Kyse
520"" and Kyse 528" cells, were compared in cell adhesion assays4s¢#). Obtained
experimental data showed no correlation of EpCAMresgsion to cell-cell adhesion in Kyse
30 (see Fig. 4.24 E-F) and Kyse 528lls (Fig. 4.25 E-F). These results were rather
unexpected as EpCAM was described and acknowledgedell-cell adhesion molecule
already in 1994 (Litvinoet al. 1994a; Litvinovet al. 1994b). However, adhesive function of
EpCAM was demonstrated by overexpressing the protecells which actually showed no
EpCAM expression. Only in these cells, EpCAM-megliatformation of intercellular
contacts, cell aggregation and homotypic cell sgrtias well as EpCAM-associated
suppression of invasive growth was undoubtedly dwnted (Litvinovet al. 1994b). In
1997, another study concerning the adhesive fumatiopEpCAM was published, this time
showing that EpCAM expression leads to modulatioa abrogation of E-cadherin-mediated
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cell-cell contacts (Litvinovet al. 1997). Later it was found that EpCAM abrogates E-
cadherin-mediated cell adhesions without the inmwlent of B-catenin, by indirectly
disrupting the link between-catenin and F-actin (Wintest al. 2003a). Still, also in these
studies experiments were performed in murine filastbL-cells, showing no endogenous
expression of E-cadherin and EpCAM, or in immozedi mammary epithelial HBL-100 cells
line, which express E-cadherin but still are EpCABgative. This makes it difficult to judge
if the findings of these studies reflect the preessin epithelial cancer cell lines or are just
side-products of exogenous EpCAM expression inadigtiepCAM-negative cells. However,
even if EpCAM influences cadherin-mediated cell egibn also in the esophageal cancer
cells used in this study, this should not play aole as all cell adhesion assays were
performed w/o calcium, meaning that cell adhesifmrsned by the calcium dependent
cadherins, including E-cadherin, were annihilatagvay. One possible explanation for the
missing link between EpCAM depletion and a losscelf adhesion in the majority of the
performed experiments could be that downregulatbEpCAM was not efficient enough,
whereby remaining EpCAM molecules were sufficiemtntaintain cell-cell adhesion. This
hypothesis would be easy to prove by performingasithesion assays with epithelial cells in
which EpCAM is entirely knocked out. If EpCAM indé@lays an essential role as adhesion
molecule, this should lead to a strong impairmeinteall adhesion. Other proteins which
might interfere with this experiment are memberghefcarcinoembryonic antigen related cell
adhesion molecules (CEACAM) protein family, whickldng to the Immunoglobulin (Ig)
superfamily (Pavlopoulou and Scorilas 2014). Asythee able to form cell adhesions in a
calcium independent way (Beauchemin and Arabza@®é4B;2Tchoupaet al. 2014) they may
mask potential effects of EpCAM depletion. Of cayra second possible explanation for the
findings in this assays could be that EpCAM onlgysl a minor or no role as cell adhesion
molecule in (a subset of) epithelial carcinomascddowever, findings from the second part
of the adhesion assay experiments provided evidératethis is rather unlikely. Besides the
impact of EpCAM on cell-cell adhesion, also a ptisgninfluence of the protein on cell-
matrix adhesion was investigated. Thereby, it waseoved that EpCAM significantly
enhanced cell-matrix adhesion in Kyse 520 cellser@&t on average twice as many Kyse
520"" than Kyse 528" cells showed adhesion to a matrigel matrix (Fi®254C-D).
However, as already seen in case of cell-cell adheEpCAM depletion had no influence on
cell-matrix adhesion of siRNA transfected Kyse 80sc(Fig. 4.24 C-D). Further experiments

are essential to definitely ensure or reject tHe od EpCAM as cell adhesion molecule in
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epithelial cells and to get insights into how EpCAmbdulates cell contacts provided by other

cell adhesion molecules.

Unfortunately, none of the experiments performethancurrent study was sufficient to
definitely explain how EpCAM sustains the epithiepaenotype in cells. So far it could be
shown that EpCAM is most likely not involved in thegulation of the TGF pathway and
that partial downregulation of EpCAM does not inrpll-cell and not always interferes with
cell-matrix adhesion. Therefore, more researchreifmecessary to understand not only what
EpCAM does in the cells, but also how this is msadi
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5.4 Conclusion

EpCAM is a well-characterized tumor-associated ggro{iImrichet al. 2012; Patriarca
et al. 2012), which is overexpressed in most carcinonmaspeimarily correlated with a bad
prognosis (van der Gua al. 2010). However, although the function of EpCAMwell
characterized in primary tumors, so far little reolwn about its role during alternative stages
of carcinogenesis, such as detachment of tumaos frelin the primary cancer, migration and
invasion of circulating and disseminated tumor ;ednd metastatic outgrowth of cells at
secondary sites of the body. Furthermore, therevisence that EpCAM is not stably
expressed during all processes of cancer formadod progression, but is rather
downregulated in CTCs, DTCs and small metastasgevid et al. 1998; Racet al. 2005;
Driemel et al. 2013). The aim of the current study was to find lmow EpCAM expression
and repression influence tumor formation and pregjom during the different stages of
carcinogenesis to provide a better understanding pafcesses essential for cancer
development and, thus, treatment.

Initial experiments performed during this study eaked that EpCAM is cleaved in
esophageal cancer cells (see 4.2) as it has altesay shown for HCT-8, FaDu and EpCAM
overexpressing HEK 293 cells (Maetzelal. 2009), implying that EpCAM is functional as
cell signaling molecule also in the tested esophlagell lines. Indeed, further experiments
provided evidence that EpCAM expression is assediatith enhanced proliferation in the
these cells, as downregulation of EpCAM led to dased proliferation rates (see 4.3.1).
Same findings were made when comparing Kys€'$2ind Kyse 528" cells, whereby Kyse
520°" cells displayed substantial lower cell proliferati@tes compared to Kyse $80cells
(see 4.3.2). Furthermore, strong expression of By@Gv¥as associated with the formation of
larger tumors and the provision of a selection athgein vivo (see 4.4). Despite these
promoting effects, EpCAM was found to be redistré@alinto the cytoplasm and eventually
downregulated in migrating cells (see 4.5.1). Basedhis finding, further experiments were
performed in which the effects of a downregulattdrEpCAM were assessed. It was shown
that low levels of EpCAM correlate with higher cetligration rates (see 4.5.2), enhanced
invasive capacity (see 4.5.3) and increased legélsnesenchymal markers (see 4.5.2).
Experiments including TGFtreatment of cells revealed furthermore a downedgpn of
EpCAM in cells forced to undergo EMT (see 4.6), @ssential process in carcinoma
progression (Chaffer and Weinberg 2011). In additiccould be shown that overexpression
of EpCAM alone is not sufficient to prevent theeefls of TGB induced EMT (see 4.7).
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Taken together, the experiments reported here lexvea positive correlation of
EpCAM expression with cell proliferation and tumgnowth of esophageal cancer calts
vitro andin vivo. These findings are in line with experimental detarelating EpCAM to
tumor growth and progression in esophageal carcasoas well as other cancer types.
However, it could also be shown that downregulatbEpCAM alone is sufficient to induce
mesenchymal traits, including enhanced migratodiamasive capacity as well as increased
levels of mesenchymal markers. Thus, EpCAM must doasidered as a molecule
substantially participating in sustaining the eeglitd phenotype of cells. However,
experiments performed so far could not reveal tlidecular mechanism(s) underlying this
finding, providing only evidence that regulationtbe TGB pathway by EpCAM signaling
(see 4.8.1) and EpCAM-mediated cell adhesion (s&@)do not seem to be involved in this

process.

Based on the findings of this study the followingdel was postulated. High levels of
EpCAM are of importance during proliferative phas#scarcinogenesis, such as initial
growth of the tumor and outgrowth of metastasesvéi@r, downregulation of EpCAM is
essential to allow for a more quiescent and dormstate of cells, required during phases of
circulation and dissemination, to enable cells¢tadhed and migrate away from the primary

tumor, and to foster the migration and invasiogadfs into the surrounding tissues (Fig. 5.1).

For the first time, this study provides a rationfalethe observed differences in EpCAM
expression during the various steps of carcinogeniesluding findings in esophageal cancer
patients, in which the majority of DTCs was fouldbe EpCAM-negative, despite primary
tumors expressing high levels of EpCAM (Drieneehll. 2013). Furthermore, these findings
provide an explanation for the dual role of EpCANI ¢ertain cancer types, including
esophageal carcinomas (van der Gainal. 2010). Although EpCAM expression often
correlates with proliferation of cancer cells anchor growth, the recently identified role in
maintaining an epithelial phenotype suggests thaCAM expression can also be
advantageous for cancer patients, as it inhibigration and invasion of cells and thereby
hinders metastatic spread. The other way roundgrfering with EpCAM signaling or
shutting down EpCAM expression by using therapeditigs, may not only result in slower
cell proliferation, but also in induction of meségmal phenotype, in the worst case leading
to metastatic spread. It is therefore mandatoryuriderstand how EpCAM sustains the
epithelial phenotype and inhibits mesenchymal ckandf adhesive functions play a major
role in this process, one could think about targetEpCAM signaling rather than EpCAM
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expression itself, to slow down proliferation whpeeserving cell adhesion. If signaling of
EpCAM is responsible for a sustained epithelialrtgpe, it would be essential to identify
exact pathways involved in this process to be #ébldevelop therapeutics that selectively
target pathways leading to enhanced proliferatiat,do not interfere with the maintenance
of the epithelial phenotype. Anyways, the dual tiorc of EpCAM should be considered in

new therapeutic approaches, which include EpCANaaget molecule.
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Figure 5. 1: Schematic representation of EpCAM leus throughout tumor progression.

In normal epithelium, EpCAM expression is low owsaht and possibly contributes to low level of gesktion
in cells close to the basal membrane and to tisgagrity. During tumor formation, EpCAM levels as&ongly
increased and contribute to cell proliferation.ldeally and distantly disseminating tumor cells,(&M is
substantially reduced and allows for migration andsion. Disseminated tumor cells that have skttiedistant

organs to form micrometastases re-express EpCAdngly to provide proliferative signals

Besides therapeutic implications, findings in tlsisidy also question the role of
EpCAM as marker for the retrieval of CTCs and DT&s.EpCAM seems to be frequently
downregulated or even lost in migrating cellssitlikely that many CTCs and DTCs loose
EpCAM expression. Indeed, in line with our findingsur collaboration partners could
demonstrate that the majority of DTCs, derivingirprimary esophageal carcinomas, which
expressed high levels of EpCAM, is EpCAM negatiiridmel et al. 2013). There is
increasing evidence that circulating and dissemathatumor cells escape the standard
capturing methods due to EpCAM downregulation (Tt al. 2003; Raoet al. 2005;
Gorgeset al. 2012), eventually leading to misinterpretation@fC and DCT numbers. To
reliably detect and capture CTCs and DTCs fromepédi it is mandatory to develop novel

platforms, which do not only depend on EpCAM, botliude other epithelial and also
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mesenchymal cell surface markers. Indeed, suclstareywas recently published by Peebt
al. (Pecotet al. 2011), while other groups follow another road awatking on completely
label free methods for CTC detection (Cistal. 2013; Fischeet al. 2013).

Finally, it is essential to point out that the fingls of this study are most likely not
restricted to EpCAM. Special attention should deqaid to other cancer markers associated
with tumor growth and progression, including clusié differentiation (CD) 133 (lrollo and
Pirozzi 2013), CD155 (Sadej et al. 2014) and CCivaiemokin-receptor 5CCR5)
(Gonzalez-Martiret al. 2012), as their role in cancer could be more cempgk it appeared at
the first glance. As the current study revealed; @ssential to ask for the role of proteins not
only at a single particular stage in cancer pragioes but throughout the entire process of
tumorigenesis. A lack of consideration of the al&ing phenotype of cancer cells may lead
to failure of therapeutic strategies, incorrecteasment of cases and, in the worst case, to
death of cancer patients. That is why, although #iidy could provide new insights in the
role of EpCAM during carcinogenesis, showed for firet time that EpCAM actively
contributes to the maintenance of the epitheli@natype and provided an explanation for its
occasionally dual role in cancer development amg@ssion, further research on EpCAM is
absolutely mandatory. As a next step, special fatusild be set on revealing the molecular
mechanisms that underlie the distinct function&€p€CAM, to find out how EpCAM can be
most efficiently used in anti-tumor therapies amdléarn more about the mechanisms
involved in carcinogenesis. To do so, the estafestit of a total EpCAM knock-out cell line
is essential. In combination with appropriate wige cells, knock-out cell lines can
subsequently be used in all abovementioned expetanancluding cell-cell and cell-matrix
adhesion assays, various signaling studiesimand/o assays, and should be able to provide
scientists with more clear data than it was possdn far. Besides revealing by which
mechanisms EpCAM influences cells, the regulatibcjeCAM itself is another important
field of research. As already mentioned, our groopld recently provide data which suggest
a regulation of EpCAM upon endocytosis (Hachmeisteal. 2013). Therefore, a set of
experiments, including studies with inhibitors dpiedor clathrin-dependent and/or clathrin-
independent endocytosis, should be conducted torenthat cells actually endocytose
EpCAM. Additionally, experiments with labeled EpCABhould be performed in order to
assess if endocytosis of EpCAM only leads to degjrad of the protein or if it also regulates
EpCAM signaling and/or turnover at the cell memierans it was observed in case of
epithelial growth factor receptor (EGFR) (Sigismugical. 2008) and TGB-receptors (Di
Guglielmoet al. 2003).
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6 SUMMARY

Cancer is one of the leading causes of death watjvaffecting more and more people.
Although enormous research efforts during the ldstades led to a more detailed
understanding of processes involved in cancer foomaand progression, and provided
patients with innovative and more efficient treatinestrategies, many mechanisms of

tumorigenesis are still poorly understood.

The single span transmembrane protein EpCAM is d#-characterized tumor-
associated antigen, which is overexpressed in dlse majority of carcinomas, and correlates
with enhanced tumor growth, tumor progression arall kprognosis. Due to these
characteristics, EpCAM is used as a prognostictaathpeutic marker, and is currently the
most important marker to detect circulating (CT@s)l disseminated (DTCs) tumor cells in
cancer patients. The tumor-promoting role of EpCAMmainly due its signaling function,
whereat it activates proteins involved in prolitesa, like c-Myc and cyclin D1. However,
EpCAM expression is not in all cases correlatedhwancer progression. In thyroid and renal
carcinomas EpCAM was shown to play a tumor suppressle maybe due to its function as
cell adhesion molecule. Furthermore, controverralings in oral, gastric, colorectal and
esophageal carcinomas associated EpCAM with tunnqmpression and progression, pointing
towards a dual role of EpCAM in these cancer typdthough the expression and function of
EpCAM were intensively studied in cell lines andnpary tumors, little is known about its
role at alternative stages of carcinogenesis, diefuthe generation of circulating tumor cells,
invasion of cancer cells into their surroundinguis and formation of metastases. In addition,
it was found that EpCAM expression is not stableirdu carcinoma progression but
downregulation of EpCAM could be observed in CTO$Cs and small metastases.

To find an explanation for the opposing roles ofCEd in cancer formation and to
identify the outcome of EpCAM downregulation durieglective stages of carcinogenesis,
effects of EpCAM expression and depletion wereistlith esophageal cancer cells. Thereby,
EpCAM was found to correlate with increased prosifon and the formation of larger
tumors. Furthermore, cells expressing high levdlEEpCAM seem to have a selection
advantagen vivo. However, in migrating cells, EpCAM was found te #oownregulated and
specific EpCAM depletion induced mesenchymal traisthe esophageal cancer cells,
including enhanced migratory and invasive capacdyg, well as increased levels of

mesenchymal markers. Taken together, it was shdvah EpCAM expression actively
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sustains the epithelial phenotype and downregulaafdEpCAM is necessary to provide cells

with mesenchymal characteristics.

This study for the first time provides a ration&be the observed downregulation of
EpCAM at selective stages of carcinogenesis, aadcctimtradictory findings which associate
EpCAM expression with tumor suppression and praoesin different types of carcinoma.

Further research is necessary to elucidate theamalemechanisms behind these findings.
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ZUSAMMENFASSUNG (German summary)

{ ZUSAMMENFASSUNG (German summary)

Krebserkrankungen stellen weltweit eine der hatdigd odesursachen dar und betreffen
von Jahr zu Jahr immer mehr Menschen. In den letabreehnten wurden die Prozesse, die
an der Krebsentstehung und am Verlauf der Kranklbeiteiligt sind, immer besser
verstanden. Zudem konnte Patienten mit immer newet effektiveren Behandlungs-
strategien geholfen werden. Trotz dieser bedeute@etschritte, sind viele Mechanismen

der Tumorgenese und -progression noch immer wesrgtanden.

Das epithelial exprimierte Transmembranprotein EMCi&t ein gut charakterisiertes,
tumorassoziiertes Molekul, das in der Mehrheit idarzinome tberexprimiert vorliegt. Seine
Expression ist meist mit erhéhtem Tumorwachstumerai schnelleren Krankheitsverlauf und
einer schlechteren Prognose verbunden. EpCAM wWagbgnostischer und therapeutischer
Marker eingesetzt und ist derzeit der wichtigsterida zur Isolierung und Detektion
zirkulierender und disseminierter Tumorzellen irti€d@en. Die tumorférdernde Rolle von
EpCAM beruht hauptsachlich auf dessen FunktiorSaimalmolekil, wobei es Proteine wie
c-Myc und cyclin D1 aktiviert, die an der Zellpreation beteiligt sind und diese aktiveren
und verstarken. EpCAM ist jedoch nicht in allen |&&l mit dem Fortschreiten der
Tumorerkrankung verbunden. In Karzinomen der Sdhilde und der Nieren konnte vielmehr
eine tumorhemmende Wirkung von EpCAM gezeigt werdes eventuell auf dessen Rolle
als Zelladhasionsmolekul zuriickzufihren ist. Stadidie sich mit Karzinomen in Mund,
Magen, Darm und Speiserthre beschatftigten, kamewidarspruchlichen Ergebnissen in
Bezug auf EpCAM und assoziierten das Molekul inséie Karzinomtypen sowohl mit der
Forderung als auch mit der Hemmung von Karzinontehtsg und -progression, was auf
eine duale Rolle von EpCAM in der Tumorgenese hitete Obwohl die Eigenschaften und
Funktionen von EpCAM in Priméartumoren und Zelllinetensiv studiert wurden, ist wenig
Uber dessen Rolle in weiteren Stadien der Tumorpssipn bekannt. Es gibt jedoch
Hinweise darauf, dass EpCAM nicht in allen Stadoer Karzinogenese gleichermal3en
exprimiert wird. Stattdessen konnte, im Vergleich Brimartumoren, eine verminderte
Expression in zirkulierenden und disseminiertenlezgl sowie in kleineren Metastasen

beobachtet werden.

Um die teilweise widersprichlichen Funktionen vornpCRAM wéahrend der
Karzinomentstehung und -progression besser zuelenstund die Folgen einer verminderten
EpCAM Expression in bestimmten Phasen der Karzinege zu identifizieren, wurden die
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ZUSAMMENFASSUNG (German summary)

Effekte der EpCAM Expression und deren Hemmungpgriserohrenkrebszellen untersucht.
Dabei konnte gezeigt werden, dass die Expressiom EpCAM mit einer erhohten

Proliferationsrate, sowie der Bildung grof3erer Tueneinhergeht. Zudem wurden Hinweise
darauf gefunden, dass Zellen, die EpCAM stark exigrien,in vivo einen Selektionsvorteil

besitzen. Dennoch wurde in migrierenden Zellen &eeminderung der EpCAM Expression
beobachtet und eine spezifische Hemmung der EpCApdSsion induzierte mesenchymale
Eigenschaften, wie erhohte Migrations- und Invasi@higkeit, sowie eine Erhdhung
mesenchymaler Marker. Zusammenfassend konnte gezergen, dass EpCAM aktiv zur
Erhaltung des epithelialen Phanotyps in Zellenrégitund eine Verminderung der EpCAM
Expression notwendig ist um die Ausbildung mesendigr Eigenschaften zu erméglichen.
Diese Studie gibt somit erstmals eine Erklarung die beobachtete Verminderung der
EpCAM Expression wahrend selektiver Phasen der ikagenese und die scheinbar
widerspruchlichen Funktionen von EpCAM als tumadiindes und -hemmendes Molekiil.
Weitere Untersuchungen sind notwendig um die, di€Smebnissen zugrunde liegenden,

molekularen Mechanismen aufzuklaren.
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ABBREVATIONS

APPENDIX
ABBREVATIONS

°C
A
aa
APS
ATP
bp
BSA

cDNA
CK
CTCs
C-term
CTF
ctrl
ddH,O
DMEM
DMSO
DNA
dNTP
DTCs
ECL
EDTA
EMT
EpCAM
EpICD
GFP
FACS
FC
FCS

degree celsius

adenine

amino acids

ammoniumpersulfate

adenosine triphosphate

base pairs

bovine serum albumin

cytosine

complementary DNA

cytokeratin

circulating tumor cells

C-terminus

C-terminal fragment

control

double distilled water

Dulbecco’s Modified Eagle Medium
dimethyl sulfoxide
deoxyribonucleic acid
deoxyribonucleotide triphosphate
disseminated tumor cells
enhanced chemiluminescence
ethylene diamine tetraacetic acid
epithelial to mesenchymal transition
epithelial cell adhesion molecule
intracellular domain of EpCAM
green fluorescent protein
fluorescence activated cell sorting
flow cytometry

fetal calf serum

gram
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ABBREVATIONS

max
mg

Hg
MET
min

ml

pl

mM
uM
MOPS

MRNA

NaCl
NaHPO,
n.d.

nm
N-term
oD
PAGE
PBS
PBST
PCR

guanine

hour

water

immunohistochemistry
immunofluorescence

potassium dihydrogen phosphate
potassium chloride

kilo Dalton

litre

molar

milli ampere

maximal

milligram

microgram

mesenchymal to epithelial transition
minute

millilitre

microlitre

millimolar

micromolar
3-(N-Morpholino)propanesulfonic acid, 4-Mortihe-
propanesulfonic acid

messenger RNA

nano

sodium chloride

disodium hydrogen phosphate
not detectable

nanometre

N-terminus

optical density

polyacrylamide gelelectrophoresis
phosphate buffered saline

PBS + Tween-20

polymerase chain reaction
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ABBREVATIONS

Pl

PFA
PVDF
gRT-PCR
rcf

RIP

RNA

rpm

RT
RT-PCR
SDS
SDS-PAGE
shRNA
SILAC
SiRNA

T

TEMED
TGH
TRIS
Triton X-100
Tween-20
uv

Vv

viv

wWB

w/o

wiv

YFP
ZnCl,

propidium iodide

paraformaldehyde

polyvinylidene fluoride

guantitative Real Time PCR

relative centrifugal force

regulated intramembrane proteolysis
ribonucleic acid

revolutions per minute

reverse transcriptase

reverse transcription PCR

sodium dodecyl sulfate

sodium dodecyl sulfate polyacrylamidelgetrophoresis
short hairpin RNA

stable isotope labeling by/with amino acidell culture
small interfering RNA
thymidine

N,N,N",N -Tetramethylendiamin
transformimg growth factdgy
tris(hydroxylmethyl)aminomethane
polyethylene glycol p-(1,1,3,3-tetratinylbutyl)-phenyl ether
polyoxyethylen(20)-sorbitan-monolaurat
ultraviolet
volt

volume per volume

western blot

without

weight per volume

yellow fluorescent protein

zinc chloride

alpha

beta

delta
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