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Summary

Identification of tumor-specific antigens is central to the effectiveness of cancer
immunotherapies. Within this study, two candidate tumor antigens, placenta-
specific 1 (PLAC1) and claudin 6 (CLDNG6), were characterized regarding their
suitability to serve as antigens for cancer immunotherapeutic approaches.

PLAC1 is a tumor-specific antigen with tumor-promoting functions in breast
cancer. The estradiol (E)-responsive PLAC1 gene is known to be regulated by
estrogen receptor a (ERa), specificity protein 1 (SP1) and CCAAT/enhancer
binding protein -2 (C/EBP[-2). However, additional regulators of PLAC1 were not
identified so far. Here, it was investigated whether members of the nuclear
receptor co-activator (NCOA)/p160 family are involved in ERa/E;-mediated trans-
activation of PLAC1 in breast cancer. Using chromatin immunoprecipitation
(ChIP), NCOA3 was identified to be selectively recruited to the PLAC1 promoter
upon Ej-stimulation only in ERa-positive MCF-7 breast cancer cells but not in
ERa-negative SK-BR-3 cells. RNAi-mediated silencing of NCOA3 revealed
diminished PLAC1 mRNA and protein levels in MCF-7 but not in SK-BR-3 cells.
Stimulation of MCF-7 cells with E; resulted in decreased up-regulation of PLAC1
compared to control transfected cells. Moreover, a significant correlation of PLAC1
and NCOAZ3 expression was found in ERa-positive human breast cancer tissues
only. Collectively, these data show that PLAC1 is a downstream target of NCOA3
and provides a relationship between NCOA3 and PLACL1 that could be important

for future immunotherapies targeting hormone-responsive breast cancer.

The tight junction molecule CLDNG6 is an embryonic antigen that plays a major role
during epithelial differentiation. In this study, expression, function and regulation of
CLDN6 in cancer was characterized. Analysis of CLDNG6 expression by
guantitative real-time RT-PCR showed that CLDNG6 is absent in adult normal
tissues but frequently overexpressed in many cancers, especially in ovarian,
testicular and lung cancer. RNAi-mediated silencing of CLDNG6 did not reveal any
function for CLDNG6 in proliferation, apoptosis, cell cycle, migration and adhesion in
three different cancer cell lines. However, colony formation was decreased in
CLDNG6-negative compared to CLDNG6-positive PA-1 teratocarcinoma cells. The
capacity to form colonies at distant sites is a key feature of tumor cells with tumor-
initiating potential suggesting a role for CLDNG6 in cancer stem cells (CSC). This
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was further supported by the significant correlation of CLDN6 expression with
several CSC-specific markers in ovarian cancer detected in this study. Moreover,
CLDN6 was found here to be specifically detected on the surface of induced
pluripotent (iPS) cells and up-regulated throughout the course of reprogramming.
Thus, CLDN6 could be confirmed as a specific marker for iPS cells. Bisulfite
sequencing and methylation-specific qPCR (MsqgPCR) revealed that CLDNG6
expression in tumors is associated with promoter hypomethylation. However, it is
likely that promoter demethylation is not sufficient for up-regulation of CLDNG6 in
cancer. Accordingly, promoter analysis using deletion constructs, ChIP and RNAI-
mediated silencing suggests that CCCTC-binding factor (CTCF) and brother of
regulator of imprinted sites (BORIS) are possible transcription factors regulating
CLDN®6 in cancer. In summary, this work introduces CLDNG6 as highly specific
tumor antigen with a possible role in CSC that could be used for cancer

immunotherapy in particular to target CSC.
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Die ldentifizierung tumorspezifischer Antigene ist das Herzstick in der
Entwicklung effektiver Krebsimmuntherapien. In dieser Arbeit wurden zwei
verschiedene Kandidaten-Antigene, placenta-specific 1 (PLAC1) und claudin 6
(CLDNS®), in Hinblick auf ihre potentielle Verwendung in der Krebsimmuntherapie

analysiert.

PLAC1 ist ein tumorspezifisches Antigen mit tumorfordernden Funktionen in
Brustkrebs. Das 6stradiol (Ez)-responsive PLAC1 wird durch estrogen receptor a
(ERa), specificity protein 1 (SP1) und CCAAT/enhancer binding protein -2
(C/EBPB-2) reguliert. Weitere Regulatoren von PLAC1 wurden bisher nicht
identifiziert. Daher wurde in dieser Arbeit untersucht, ob Mitglieder der nuclear
receptor co-activator (NCOA)/p160 Familie in der ERa/E,-vermittelten Trans-
Aktivierung von PLAC1 in Brustkrebs involviert sind. Mittels Chromatin
Immunoprazipitation (ChIP) wurde herausgefunden, dass NCOA3 nach E;-
Stimulation selektiv an den Promoter von PLAC1 in ERa-positiven MCF-7 jedoch
nicht in ERa-negativen SK-BR-3 Brustkrebszellen rekrutiert wird. Der RNAI-
vermittelte knock down von NCOAS3 fihrte wiederum nur in MCF-7, nicht in SK-
BR-3 Zellen zu vermindertet Expression von PLAC1 und weitere Stimulation von
MCF-7 Zellen mit E; fihrte zu einer verminderten Hochregulation von PLAC1 im
Vergleich zu den Kontrollzellen. Darliber hinaus wurde eine signifikante
Korrelation zwischen der Expression von PLAC1 und der Uberexpression von
NCOA3 nur in ERa-positiven humanen Brustkrebsproben entdeckt.
Zusammenfassend weisen die Daten darauf hin, dass PLAC1 ein Zielgen von
NCOA3 ist. Der Zusammenhang zwischen NCOA3 und PLAC1 konnte von
Relevanz fir zukinftige immuntherapeutische Ansatze zur Bekampfung von

hormon-responsivem Brustkrebs sein.

Das tight-junction Molekil CLDNG ist ein embryonales Antigen, das eine wichtige
Rolle in der epithelialen Differenzierung spielt. In dieser Arbeit wurde die
Expression, Funktion und Regulation von CLDNG6 in Krebs charakterisiert. Mittels
guantitativer real-time RT-PCR wurde gezeigt, dass CLDN6 in adulten
Normalgeweben nicht exprimiert ist, jedoch in verschiedenen Krebsarten,
besonders Ovarial-, Hoden- und Lungenkrebs Uberexprimiert ist. Durch RNAI-

vermittelten knock down von CLDNG in drei verschiedenen Tumorzelllinien konnte
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keine Funktion fur CLDNG6 in Proliferation, Zellzyklus, Apoptose, Adh&asion oder
Migration gefunden werden. Jedoch wurde eine verminderte Koloniebildung von
CLDNG6-negativen im Vergleich zu CLDNG6-positiven PA-1 Teratokarzinomzellen
gefunden. Die F&ahigkeit zur Koloniebildung ist eine Haupteigenschaft von
Tumorzellen mit tumor-initierendem Potential. Dies deutet auf eine Rolle von
CLDNG6 in Krebsstammzellen hin, was durch die signifikante Korrelation von
CLDN6 mit verschiedenen Krebsstammzellmarkern in Ovarialtumorgeweben
gestutzt wird. Dartber hinaus konnte CLDNG6 als spezifischer Marker fir humane
induzierte pluripotente Stammzellen (iPS) identifiziert werden, da CLDN6
spezifisch auf der Oberflache von iPS Zellen exprimiert ist und im Verlauf der
Reprogrammierung hochreguliert wird. Mittels Bisulfit-Sequenzierung und
methylierungs-spezifischer qPCR konnte gezeigt werden, dass die Expression von
CLDN®6 in Tumoren mit einer Hypomethylierung des Promoters einhergeht. Diese
reicht aber nicht aus, um die Expression von CLDN6 im Tumor zu aktivieren.
Promoteranalysen mittels Deletionkonstrukten und ChIP sowie RNAi-Experimente
konnten zeigen, dass CCCTC-binding factor (CTCF) und brother of regulator of
imprinted sites (BORIS) an der Regulation von CLDNG6 in Krebs beteiligt sind.
Zusammenfassend wird in dieser Arbeit gezeigt, dass CLDN6 ein
hochspezifisches Tumorantigen mit einer moglichen Rolle in Krebsstammzellen
ist. Es stellt daher ein vielversprechendes Zielmolekul fir die Krebsimmuntherapie
dar, insbesondere bei Ansatzen, die gegen Krebsstammezellen gerichtet sind.
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Introduction

1 Introduction

1.1 Origin of cancer

The Edwin Smith papyrus, an ancient Egyptian medical textbook on surgery which
dates back to around 3000 BC is the oldest known document which reports
cancer. It describes eight tumors of the breast treated by cauterization. The
unknown author states that no treatment exists for this disease [1]. Now, in 2014,
cancer remains one of the leading causes of death worldwide. In 2008, 12.7
million new cases and 7.6 million deaths from cancer were denoted in a study by
the International Agency for Cancer Research (IARC) of the World Health
Organization (WHO) (Figure 1) [2].

Estimated New Cases Estimated Deaths
Male Female Male Female
Lung & bronchus Breast Lung & bronchus Breast
1,095,200 1,383,500 951,000 458,400
Prostate Colon & rectum Liver Lung & bronchus
903,500 570,100 478,300 427,400
Colon & rectum Cervix Uteri Stomach Colon & rectunr
663,600 529,800 464,400 288,100
Stomach Lung & bronchus Colon & rectum Cervix uteri
640,600 513,600 320,600 275,100
Liver Stomach Esophagus Stomach
522,400 349,000 276,100 273,600
Esophagus Corpus uteri Prostate Liver
326,600 287,100 258,400 217,600
Urinary bladder Liver Leukemia Ovary
297,300 225,900 143,700 140,200
Non-Hodgkin lymphoma Ovary Pancreas Esophagus
199,600 225,500 138,100 130,700
Leukemia Thyroid Urinary bladder Pancreas
195,900 163,000 112,300 127,900
Oral cavity Non-Hodgkin lymphoma Non-Hodgkin lymphoma Leukemia
170,900 156,300 109,500 113,800
All sites but skin All sites but skin All sites but skin Al sites but skin
6,629,100 6,038,400 4,225,700 3,345,800

Figure 1 Estimated new cancer cases and deaths for leading cancer sites, source GLOBOCAN 2008.
About 12.7 million new cases and 7.6 million deaths from cancer are estimated to have occurred in 2008
worldwide, with 56% of the cases and 64% of the deaths in the economically developing world. The most
commonly diagnosed cancer and the leading cause of death are breast cancer in women and lung and
bronchus cancer in men. [2]

Cancer is a group of diseases origin from normal cells of the body in which cell
growth and division is out of control. The human body has more than 200 cell
types thus more than 200 types of cancer exist. Tumorigenesis, the transformation
of a normal cell into a cancer cell, is the result of a multi-step process. Cellular
changes, genetic and epigenetic mutations in genes which regulate cell growth,
differentiation, apoptosis, angiogenesis, metabolism and tissue invasion
accumulate and result in breaching of anticancer defense mechanisms
programmed in normal cells. Moreover, tumors are capable of evading immune

destruction [3,4]. Some of the cancer cells can enter the lymph vessels or
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bloodstream and invade in distant organs, a process called metastasis. Notably,

metastases are the major cause of death from cancer.

1.1.1 Epigenetic mechanisms are involved in tumorigenesis

Cancer is not only driven by genetic mutations, also by changes in the epigenetic
landscape. The term “epigenetics” describes heritable changes in gene expression
that do not involve a change in the DNA sequence and happen “on the top” of the
genome [5]. Our entire genome is densely packed in a complex of DNA wrapped
around histones, called nucleosomes, the basic unit of chromatin. In principle, the
density of the chromatin defines the level of gene expression. Heterochromatin
defines highly condensed regions with inactive genes whereas euchromatic
regions, that contain active genes, are relatively open and hence, transcription
factors can bind to DNA. Epigenetic regulation includes two major mechanisms:
DNA methylation and covalent histone modifications, both resulting in alteration of
chromatin. DNA methylation occurs primarily at cytosines within CpG dinucleotides
and is mediated by DNA methyltransferases (DNMTSs). The CpG dinucleotides are
largely depleted from the genome except at short regions called CpG islands
(CGls), which are ~500-4000 bp in length and occur at proximal promoter regions
of about 50 % of mammalian genes. CGIs are predominantly not methylated in
normal cells. However a remarkable difference exists in CGl methylation between
germline and somatic cells [6]. Genes that are developmentally active in the
germline, during gametogenesis or embryogenesis are silenced in normal somatic
cells. DNA methylation of CGls is associated with silencing of the corresponding
gene and necessary to maintain the silenced state [6-8]. The second major
epigenetic regulation occurs at the N-terminal tails of histones that can be
posttranslationally modified by methylation, acetylation, phosphorylation and
others. The so-called histone code, various combinations of modifications at
certain positions, defines if a more open or closed state of chromatin is present
hence leading to activation or repression of gene expression [9].

Epigenetic processes have fundamental roles during normal development,
differentiation and adult cell renewal in controlling the emergence of defined
cellular phenotypes [10]. Two major epigenetic changes occur during
tumorigenesis. First, very early events include a global loss of DNA methylation

throughout the entire genome, found in virtually every cancer type. Loss of DNA
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methylation in regions that are methylated in normal cells is associated with
abnormal transcription. Many oncogenes that are not or only low expressed in
normal cells have been reported to be upregulated in association with cancer-
specific decrease in promoter DNA methylation [11]. Loss of global DNA
methylation, especially in periocentric regions is probably a major cause of
genomic instability in cancer cells [11,12]. Second, a localized increase in DNA
methylation at CGls in promoter regions is detected in cancer cells resulting in
tight transcriptional repression of mainly tumor suppressor genes. This results, as
an alternative to gene mutation, in loss of function of the corresponding gene
[11,13,14].

1.1.2 Cancer stem cells are an important subpopulation in tumors

Tumors are highly heterogeneous; the tumor bulk consists of rapidly proliferating
cells as well as postmeiotic, differentiated cells [15]. There is increasing evidence
that a subpopulation of cancer cells exists within tumors which retain stem-like
properties [16,17]. This subpopulation is termed cancer stem cells (CSCs) or
tumor-initiating cells (TICs). These cells share many features with normal stem
cells: they can undergo self-renewal and differentiation and are capable to form all
heterogeneous cell types of a tumor. Furthermore, CSCs appear to be highly
tumorigenic and are able to initiate tumor formation, maintain tumor growth and
play critical roles in tumor metastasis. Moreover, CSCs grow slower and are more
chemoresistant as the remaining cells of the tumor, a fact that could explain tumor
recurrence and metastasis. The slowly proliferating CSCs are ineffectively
targeted by conventional cancer therapies which mainly target the rapid
proliferating tumor bulk [18-20]. Resistance of CSCs to chemo- and radiotherapy
can be explained by proliferating quiescence, activation of DNA damage response
and other anti-apoptotic signaling pathways, aldehyde hydrogenase (ALDH)
activity and expression of efflux pumps like ATP-binding cassette (ABC)
transporters. In particular, these efflux pumps provide protection from xenobiotic
drugs and can lead to multi-drug resistance [21,22]. ALDH activity is another
detoxifying mechanism to protect CSCs from cytotoxic aldehyds [23]. Thus, it is
suggested that elimination of CSCs is highly necessary for long-time cure of
patients. Tumor antigens which are expressed on CSCs could be used to target

CSCs and eradicate the entire tumor in combination with classical therapies.
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1.2 Therapy of cancer

Treatments for cancer exist — current classical cancer therapies include
chemotherapy, radiation therapy and surgery. Even in the ancient literature, early
detection and complete removal of the neoplasms was recommended as the only
effective therapy [24]. In the late 19" century, with the discovery of X-rays by
Wilhelm Réntgen, radiation therapy was introduced in cancer treatment. In the
1920s it was recognized that nitrogen mustard effectively kills cancer cells [25,26].
This was the birth of chemotherapeutic agents — cytotoxic substances which Kkill
either rapidly growing cells by damaging their DNA or blocking functions in cell
growth and replication — to treat cancer. However, surgery, radio- and
chemotherapy often only lead to a temporary remission but cannot always prevent
cancer recurrence mainly because disseminated cells resulting in metastatic
spread are not efficiently destroyed. Furthermore, these classical therapies often
harm also the surrounding normal tissues. Therefore, more effective therapies
were developed which can be combined with chemo- and radiation therapy to
improve activity and reduce side effects. Increasing knowledge of the immune
system and tumor cell biology has led to the development of cancer
immunotherapies and targeted therapies. These therapies use molecular targets
which are specifically altered in cancer cells (mainly involved in growth and
survival of cancer cells) rather than by simply interfering with all rapidly dividing
cells of the body like chemotherapy does [27]. Immunotherapeutic approaches to
attack cancer have achieved successful results in the last years and will be

introduced briefly in the next chapter.

1.2.1 Cancer immunotherapy

The idea to use the immune system to combat cancer is rather old. In the late 19"
century, William B. Coley injected a mixture of live or inactivated bacteria directly
into tumors of cancer patients leading to successful recovery by unspecific
stimulation of the immune system [28]. Based on the immune surveillance theory,
the host’s immune system has a homeostatic role in controlling cancer [29]. Today
it is known that cancers have the ability to escape a functional immune system
because of the high similarity between tumor and normal cells or because tumor

cells are capable to suppress the immune system. Moreover, a complex cross-talk
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between tumor and host exists during cancer development (theory of cancer
immunoediting) [30-32]. To date, cancer immunotherapy is one of the most
promising strategies in cancer therapy and was selected by Science magazine as
the breakthrough of the year 2013 because of encouraging results from cancer
immunotherapy clinical trials [33]. The increased knowledge that tumor cells are
significantly altered compared to normal cells and that immune cells can be
engineered to attack cancer cells has led to numerous immunotherapeutic
approaches. Cancer immunotherapies can be divided into two subtypes: active
immunotherapy in which the patient's immune system is trained to attack the
tumor cells (cancer vaccines and adjuvants) and passive immunotherapy in which
the patient’s immune system is recruited to target tumor cells by administration of
therapeutic monoclonal antibodies, adoptive T-cell transfer or cytokines [34].
Cancer immunotherapies specifically target cancer cells without harming normal
viable cells. A key feature of a highly specific and effective cancer immunotherapy
is thus the target itself and therefore many efforts have been made over the past
decades to find highly specific tumor antigens.

1.2.2 Ideal tumor antigens suitable for cancer immunotherapy

The key to effective cancer immunotherapies is the selectivity of the drug and its
capability to induce an immune response. The identification of tumor antigens is a
continuous challenge in tumor immunology. An ideal tumor antigen for cancer
immunotherapy should be specific and stably expressed in the primary tumor and
metastasis but absent from or highly restricted in normal tissues to prevent
autoimmunity and harming of healthy cells. Ideal tumor antigens often exert crucial
functions for survival and/or proliferation of the tumor cell. To be accessible for
antibodies, the tumor antigen should be stably expressed on the surface of cancer
cells whereas cell-based immunotherapies can also use tumor antigens which are

located inside the cells [35].

Primarily tumor antigens that are important in characterized cellular processes or
signaling pathways relevant for the malignant phenotype and survival of tumor
cells are attractive targets for cancer immunotherapeutic approaches. Key
molecules in these processes can be potential targets for therapeutic antibodies,
for example receptor tyrosine kinases or growth factors such as vascular

endothelial growth factor (VEGF) that exerts an essential role in tumor
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angiogenesis and can be targeted by neutralizing antibodies (Bevacizumab /
Avastin®, Roche) [34].

regulated, allows conclusion about mechanisms that are deregulated in cancer

Knowledge about how tumor-specific antigens are

and can be targeted by therapies. For example, oncogenes can be targeted by
in which they are
(BRAF

interfering with the signaling pathways involved e.g.
Cetuximab/Erbitux (EGFR inhibitor),

Trastuzumab/Herceptin (targeting HER2) [36].

Sorafenib/Nexavar inhibitor) or

A large number of tumor antigens have been characterized so far. General
categories based on molecular criteria and examples for each group are listed in

Table 1. Notably, some tumor antigens may fall in more than one category.

Table 1 General categories of tumor antigens, explanations and examples thereof. [37-39]

Category Explanation Example
. typically only expressed in fetal tissues :
oncofetal/embryonic [ CEA , TAG-72
oncoviral e_ncoded by tumorigenic transforming HPV E6, E7
viruses
overexpressed highly elevated expression in neoplasia Ep-CAM, Her2/neu

cancer-germline

lineage-restricted/
differentiation

mutated

splice variants

Posttranslationally
altered

idiotypic

compared to expression in normal tissue

expressed only by cancer cells and adult
reproductive tissues (testis, ovary,
placenta)

Tissue or cell-type specific, expressed
largely by a single cancer histotype

only expressed by cancer as a result of
genetic mutation or alteration in
transcription

specific splice variants from a gene are
expressed in tumors

tumor-associated alteration in
glycosylation etc.

highly polymorphic genes where a tumor
cell expresses a specific “clonotype”

MAGE family , NY-ESO-1

Tyrosinase, Melan-A/MART-
1

p53, Ras

Lactate dehydrogenase C,
CLDN18.2

MUC1

Ig, TCR in B-/T-cell
leukemia, lymphoma,
myeloma

CEA = carcinog-embryogenic antigen; TAG-72 = tumor antigen-72; HPV = human papilloma virus; Ep-CAM = epithelial cell
adhesion molecule; Her2/neu = human epidermal growth factor receptor 2; MAGE = melanoma-associated antigen; NY-
ESO-1 = New York esophageal squamous carcinoma 1; Melan-A/MART-1 = melanoma antigen recognized by T cells-1;
MUC1 = mucinl; Ig = Immunoglobulin; TCR =T cell receptor

A distinguished class of tumor antigens are cancer germline antigens (CGA) also
known as cancer testis antigens (CTA). These antigens were originally identified
because of their immunogenicity in cancer patients and their recognition by CD8"
T-cells [40,41] and antibodies [42,43]. So far, more than 130 CGAs have been
identified [44-46]. The expression pattern of CGAs in normal tissues is highly
restricted to testis, ovary and placenta while they are aberrantly expressed in a
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wide range of human cancers [45-48]. In testis, CGAs are mainly expressed in
spermatogonia, the self-renewing stem cell population of testicular germ cells but
they are also found in spermatocytes. In ovary, CGAs are expressed in primary
oocytes. In placenta, CGAs are found in trophoblastic cells which give rise to
placenta and chorion [49-51].

CGAs tend to be expressed coordinately in tumors, suggesting that a common
regulatory mechanism exists [46,52,53]. Interestingly, a majority of CGA promoters
are located within CGls, suggesting that epigenetic mechanisms are involved in
coordinated upregulation of CGAs in certain type of cancers [54-57]. Moreover, as
CGAs are expressed only in the germline but repressed in somatic tissues, re-
activation of gametogenic programs in cancer may result in activation of CGAs in
cancer [46,47]. Only recently, some CGAs have been found to be expressed also
in cancer stem cells such as BORIS/CTCFL, MAGE-A2, -A3 and -A4 [58].

Cancer/placenta antigens (CPA) represent a subgroup of CGAs which are highly
expressed in trophoblastic cells and low expressed in testis but show no
expression in spermatogonia. CPAs are frequently expressed in cancers [51].
Indeed, many characteristics are shared by cancer cells and cells of the
trophoblast, described by John Beard in his “trophoblastic theory of cancer” in
1902 [59] and restated by Lloyd Old in 2007 with “cancer is a somatic cell
pregnancy” [51]. The shared features which occur both during pregnancy and
cancer are invasion in surrounding tissues [60], neovascularization [61],
immunological escape [62], telomerase activity [63], aneuploidy [64] and
epigenetic changes [65]. Possibly, cancer cells acquire these features by
reactivation of genes normally expressed in embryonic and fetal life.

Another eminent class of tumor antigens represents the oncofetal or embryonic
antigens that are exclusively expressed in embryonic tissues but transcriptionally
silenced after birth. Oncofetal antigens are overexpressed in tumors while the
corresponding normal tissue remains negative [35,66]. As causative for re-
expression of oncofetal antigens in cancer the activation of ESC signaling

pathways in cancers are assumed.

In this thesis, two candidate tumor antigens were characterized. The following
chapters will describe the current knowledge about both targets.
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1.3 Placenta-specific 1 (PLAC1)

PLAC1 (placenta-specific 1) was introduced as a novel member of cancer-
associated placental genes in 2007 [67,68]. PLAC1 is a potent candidate for
antibody-based immunotherapeutic approaches because a) it is specifically
expressed in various cancer types but not in human normal tissues except

placenta and b) it is localized in or near the plasma membrane.

1.3.1 Structure and regulation of PLAC1

PLAC1 is a placenta-specific gene which is essentially involved in normal
placental and embryonic development [69]. PLACL1 is an X-linked gene, mapping
to Xg26 (human) and X A5 (mouse), identified in 2000 by direct cDNA sequence
analysis of a X-chromosomal locus around the HPRT gene [70], a locus found to
be important for fetal and placental development [71-73].

The PLAC1 gene structure is conserved between mouse and human with ~ 75%
homology at the DNA level and ~ 60% at the protein level [70]. The first sequence
analysis of PLAC1 in 2000 by Cocchia and coworkers revealed three exons
downstream of a predicted promoter which is now referred to be promoter P2 with
exons 4 to 6, the same is true for murine Placl. Today it is known that the PLAC1
gene is regulated by two distinct promoters, named P1 and P2, separated by 100
kb. The PLAC1 gene encodes six exons; exons 1 to 5 are rather small whereas
exon 6 is the largest one containing the complete open reading frame (ORF). The
transcription starts either from promoter P1 and P2 leading to five isoforms for
human PLAC1 or four isoforms for murine Placl. In all cases, the terminal exon 6
with the protein coding sequence is completely included (Figure 2).
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Figure 2 Schematic representation of the human (A) and mouse (B) PLAC1 gene structures with dual
promoters. The top line in (A) and (B) positions promoters P1 and P2 in relation to six exons, introns and their
sizes. Five human and four mouse splice transcript isoforms detected by RACE and RT-PCR are diagrammed
below. For both human and mouse only transcripts starting at P2 promoter include exons 4-6; transcripts
originating at P1 promoter include various other exons but always skip exon 4. The columns at right indicate
isoforms detected from a human placental RNA library or in BeWo cells by 5" RACE experiments or RT-PCR.
For mouse, splice isoforms confirmed by RT-PCR are indicated. Available Genbank database accession
numbers supporting isoforms are also indicated. [Exon 3 was identified as a potential exon by its homology to
an EST, EY27935 derived, from a monkey cDNA library]. ND means not detected. [74]

The human PLACL1 protein consists of 212 amino acids (aa), whereas murine
Placl is 173 aa in length. PLAC1 is suggested to be extracellular, contains a
cleavable signal peptide of 23 aa at the N-Terminus and a transmembrane domain
(aa 23 to 40) downstream of the signal peptide [75]. Furthermore a significant
sequence homology to zona pellucida 3 protein (ZP3) is found. ZP3 motifs are
found in extracellular receptor-like glycoproteins, e.g. transforming growth factor
beta (TGF-B) receptor type Ill (betaglycan) or uromodulin [76]. As ZP3 motifs are
important to form filamentous structures it is suggested that PLAC1 polymerizes or
has a functional role in interaction with protein partners [77-79]. The PLAC1
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protein is membrane-associated and speculated to have a receptor-like function
modulating specific cell-cell or ligand-receptor interactions unique to the maternal-
placental interface [80].

The regulation of PLAC1 appears to be very complex and up to now it is only
partially understood how PLACL1 is differentially expressed in placenta and certain
cancer types but repressed in normal tissues. Both promoters are active to some
extend in placenta and cancer cell lines but the promoter usage differs. For
example, in human placenta and the human breast cancer cell line MCF-7, P2 is
the preferred promoter, whereas P1 is preferentially used in the human
choriocarcinoma cell lines BeWo and JAR [74]. So far, several transcription factors
were discussed to regulate PLACL1 either at promoter P1, P2 or both. Chen and
coworkers found that nuclear receptor retinoid X receptor a (RXRa) in combination
with liver X receptor a or B (LXRa / LXRB) can activate PLAC1 expression from
both promoters in placenta and different cancer cell lines [74]. Furthermore,
involvement of tumor protein 53 (TP53), retinoblastoma protein (RB) and nuclear
receptor co-activator 2 (NCOA2) was demonstrated at promoter P1 in SV40-
transduced primary fibroblasts. While expression of TP53 repressed PLAC1
promoter P1, RB potentiated PLACL1 transcription in conjunction with NCOAZ2,
particularly when RXRa and LXR agonists were present [81]. Moreover,
PPARGS was suggested as an additional regulator for Placl, as activation of PPARS
in the mouse mammary epithelium results in the appearance of ER- and PR-
positive and ErbB2-negative infiltrating ductal carcinomas which are associated
with an up-regulation of Placl [82] .

Our group analyzed in previous studies exclusively promoter P2 and discovered
that basal expression of PLAC1 is governed by the concerted action of the
transcription factors SP1 and isoform 2 of CCAAT/enhancer binding protein
(C/EBPB) in three different breast cancer cell lines [83]. Furthermore, we showed
that PLAC1 is an estrogen-responsive gene as ERa-signaling in MCF-7 cells
further transactivates PLAC1 expression. Interestingly, the PLAC1 promoter region
(P2) exhibits no estrogen-response elements (ERE), thus the estradiol-mediated
transactivation of PLAC1 acts via a non-classical pathway. Activated ERa tethers
DNA-bound SP1 and C/EBP3-2 which results in enhanced expression of PLACL.
Accordingly, ERa-positive breast tumors display significantly higher PLAC1

expression levels compared with ERa-negative tumors [83]. In summary, these
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first results lead us to an early model of the PLAC1 transactivation complex at

promoter P2 (Figure 3).

Basal
PLAC1 expression
—>

RNA Pol 11 Figure 3 Early model of
the PLAC1

transactivation
Histories TSS complex at promoter
P2. Basal expression of
PLAC1 is maintained
upon binding of C/EBP-
2 and SP1 as well as

general transcription
@ factor 1l B (TF Il B) and
RNA polymerase Il (RNA

Pol 1) to the PLAC1
promoter adjacent to the
v transcription start site
(TSS). Stimulation  of
cells with estradiol (E>)
Transactivation leads to activation and
binding of ERa to
arPEAGL C/EBPB-2 and SP1
which  enhances the
Histones TSS expression of PLACL1.

RNA Pol I

1.3.1.1 The role of nuclear receptor co-activators (NCOA) in gene

regulation

The p160/NCOA family of nuclear co-activators is a key family involved in steroid-
receptor-mediated gene regulation. Three family members are known so far,
NCOAL1 [84], NCOA2 [85] and NCOAS, also known as amplified in breast cancer 1
(AIB1) and steroid receptor co-activator 3 (SRC-3) [86,87]. NCOAs mediate
transcriptional activation of nuclear receptors by bridging the nuclear receptor with
co-activators and the basal transcription machinery. NCOAs have been shown to
interact with a panel of nuclear receptors for examples estrogen receptor (ER)
[88], progesterone receptor (PR) [88] and androgen receptor (AR) [89] but also
other transcription factors, e.g. activator protein-1 (AP-1) [90], nuclear factor-kB
(NFkB) [91] or E2F transcription factor 1 (E2F1) [92]. Interaction of the receptor
with a co-activator is crucial for assembly and stabilization of a preinitiation
complex at the target gene promoter [93]. NCOAs possess molecular structures
necessary to recruit other co-regulators and general transcription factors, which
leads to chromatin remodelling and transcriptional activation by recruitment of
RNA polymerase Il [94,95]. For example, NCOAl and 3 contain a histone

11



Introduction

acetyltransferase (HAT) activity domain suggesting a direct role for these co-
activators in chromatin remodeling during initation of transcription of certain target
genes [96,97]. Moreover, activation domains of NCOAs are responsible for
interaction with general transcription cointegrators like cyclic AMP response
element-binding protein (CBP) and the histone acetyltransferase p300 [98] as well

as histone methyltransferases [99,100].

NCOA genes are amplified and overexpressed in various human cancers, in
particular in hormone-promoted breast cancers whereas if at all low expression is
found in normal breast tissue [101]. NCOAs increase the function of steroid
receptors like ER, PR and AR which in turn facilitates the hormonal promotion of
breast, prostate and ovarian cancer. Interestingly, NCOAs display unique, non-
redundant functions in breast tumorigenesis [94,102]. However, NCOAs promote
carcinogenesis through several pathways (Xu et al 2009). For example, NCOA1l
can promote migration, invasion and metastasis of breast cancer cells by
activating colony stimulating factor 1 (CSF1), TWIST1 or Akt [103,104]. The
overexpressed NCOA3 can act through various signaling pathways to increase
proliferation, survival and growth as well as migration, invasion and metastasis of
cancer cells such as increasing the function of E2F1, the activity of the insulin-like
growth factor 1(IGF1) signaling pathway, epidermal growth factor receptor (EGFR)
and ERBB2, and the expression of matrix metalloproteinases (MMPs) [101]. The
in vivo role of NCOA3 was analyzed in multiple mouse models which either are
deficient for NCOA3 or overexpress NCOA3 in mammary epithelia using the
mouse mammary tumor virus (MMTV) promoter. MMTV is a milk-transmitted
retrovirus that causes mammary tumors in mice and is used to study the role of
genes in mammary tumorigenesis in mouse models [105,106]. The most important
results were taken from a study with MMTV-Ncoa3 transgenic mice which
developed mammary hyperplasia and spontaneous malignant mammary tumors

indicating that overexpressed NCOA3 is oncogenic [107].

In this study, it was examined if NCOA1, 2 or 3 are involved in ERa-mediated
trans-activation of PLAC1 especially because these proteins have been shown to

be crucial in breast cancer.
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1.3.2 Therole of PLACL1 in placenta and fetal development

In humans, PLAC1 is detectable upon week 8 and throughout pregnancy in
trophoblastic cells, in contrast murine Placl diminishes after 14.5 days post coitus
(dpc) of gestation [70,80]. PLAC1 expression is strictly confined to the
differentiated cells of the placental syncytiotrophoblast and increasing during
gestation and is positively regulated by the growth factors FGF-7 and EGF which
are essential for trophoblast development [108]. During embryonic development,
murine Placl is expressed in several murine tissues including lung, heart, brain,

kidney, liver and intestine [109].

Since the discovery of PLAC1 in 2000 it was strongly suggested that it plays an
essential role in placental development but evidences were missing. Finally, very
recently this was proven by Jackman and co-workers who disclosed Placl as an
essential factor for murine normal placental and embryonic development using a
Placl mutant mouse model. Ablation of Placl is associated with placentomegaly
and intrauterine growth retardation [69]. Further analysis of the Placl knock-out
(KO) phenotype revealed that Placl is associated with development of a lethal
hydrocephalus indicating that Placl is expressed in the fetal brain and directly
influences brain development [109]. However, a functional and molecular role of

Placl in brain as well as placental development remains to be analyzed.

1.3.3 PLAC1 and cancer

As mentioned before, PLAC1 underlies tight transcriptional repression in any
human normal tissue, except testis and differentiated cells of the placental
syncytiotrophoblast, in which PLAC1 is expressed throughout human gestation. In
contrast, PLAC1 is frequently activated and highly expressed in a variety of human
cancers, in particular breast cancer, and cancer cell lines of different origin [67].

Our group found previously that PLAC1 exhibits important biological functions in
cancer. PLACL1 is a critical factor for cancer cell proliferation, as silencing of
PLAC1 results in a pronounced G1 cell cycle arrest accompanied by decreased
cyclin D1 expression and hypophosphorylation of AKT kinase. Moreover, cell
motility, migration and invasion of breast cancer cells are decreased by silencing
of PLAC1. Tumor-promoting functions of PLAC1 can be antagonized by specific
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antibodies, thereby qualifying PLAC1 as promising candidate for targeted

therapies of cancer [67].

1.4 The tight junction molecule claudin 6 (CLDNG6)

Claudin 6 (CLDNG6) is a member of the claudin multigene family of tight junction
proteins which includes 27 known members [110]. Cell-cell adhesion in epithelial
and endothelial cells is mediated by the apical junctional complex which consists
of three major components, tight junctions, adherens junctions and desmosomes.
Tight junctions serve two major functions: first, they are essential in regulating the
paracellular barrier and second, maintain the polarity of the epithelial and
endothelial cells [111]. In the last few years it became more and more convincing
that tight junctions play a role in proliferation, transformation and metastasis of
cancer cells [112]. Dysregulation of claudins leads to disruption of tight junctions in
epithelial cells which in turn results in loss of cell polarity and impairment of the
epithelial integrity. Decreased cell-cell adhesion and increased mobility of cancer
cells are suggested to be main events of epithelial to mesenchymal transition
(EMT), an important step in cancer progression and metastasis [113,114].

1.4.1 Structure and regulation of CLDNG6

The human CLDNG6 gene is located on the reverse strand of chromosome 16p13.3
in close proximity to CLDN9 that is located on the forward strand (Figure 4). Three
transcript isoforms are known so far; CLDN6-001 encodes for three exons
whereas CLDNG6-201 encodes for two exons, in both isoforms the last exon
contains the complete ORF of 660 bp encoding for the same protein sequence,
220 aa in length. In contrast, CLDN6-002 has three exons, the last two exons
encode for an N-terminal truncated variant of 39 aa in length (Figure 4).

The Claudin 6 gene is highly conserved among different species. For example,
mice and men exhibit 88% homology at DNA and protein level. Murine Cldn6 is
located on the forward strand of chromosome 17 A3.3 while only one splice

isoform is known so far (source: ensemble.org).
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Claudins are between 205 and 305 aa in length and have a molecular weight of 21
to 34 kDa. CLDN6 comprises 220 aa and is 23 kDa in size [115]. CLDN6 shows
the highest similarity in sequence to CLDN9 but also CLDN3 and 4 [116]. The
claudin protein structure is highly conserved among the different family members,
thus CLDNG6 exhibits a claudin-typical protein-sequence and structure (Figure 5).
Claudins are major integral membrane proteins of tight junctions with four
membrane-spanning domains and two extracellular loops (Figure 5). The first
extracellular loop (EL1) contains two conserved cysteines which are suggested to
increase protein stability by formation of an intramolecular disulfide bond [117].
Charged amino acids in EL1 indicate that this loop is important for paracellular ion
selectivity [118]. The second extracellular loop, EL2, is considered to be important
for oligomerization of claudins through hydrophobic interactions between
conserved aromatic residues [119]. The amino- (NH;) and carboxyl- (COOH)
terminal tails of claudins both end in the cytoplasm. The C-terminal end is the most
diverse region in a claudin molecule, its length varies between 21 and 63 aa (106
aa in CLDN23), it contains a PDZ-binding motif that can be posttranscriptional
modified which is important for signal transduction. For example, claudins can be
phosphorylated by protein kinases A or C (PKA or PKC) influencing their
localization and function [120,121]. Furthermore, claudins can interact via their

PDZ-domain directly with cytoplasmic proteins like zona occludens (ZO) -1,-2 and
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-3 [122]. Other posttranslational modifications, like palmitoylation, are important for

oligomerization and incorporation of claudins into tight junctions [123].
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Figure 5 Schematic structure of
a claudin molecule. Claudins
have four transmembrane
domains (TMD 1-4) and two
extracellular loops (EL1 and 2)
which mediate paracellular ion
selectivity and oligomerization.
The intracellular carboxyl (-
COOH) terminus harbors a PDZ
binding domain which undergoes
posttranscriptional modification
important for signal transduction.
Phosphorylation and
palmitoylation sites as well as
regions important for HCV entry
and CPE binding are depicted.
Adopted from 124.
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CLDNS®6 serves as a co-receptor for Hepatitis C virus entry, which has also been
shown for CLDN1 and 9 [125,126]. Moreover, CLDNG is a receptor for Clostridium
perfringens enterotoxin (CPE) as well, which has also been disclosed for CLDN3, -
4 and -7 [127-129].

For a long period of time, CLDNG6 regulation was analyzed only in regard to
epithelial differentiation during embryogenesis. There are hints that murine Cldn6
is regulated by the bone morphogenetic protein (BMP) signaling pathway in
embryogenesis [130] but clear evidences are missing so far. BMP-4 silencing does
not result in any changes of Cldn6 expression in mouse embryos [131]. Retinoid X
and acid receptors RXRa and RARy as well as hepatocyte nuclear factor 4a
(HNF-4a) have been shown to induce Cldn6 expression and de novo formation of
functional tight junctions and epithelial cell polarity upon retinoid acid treatment in
murine F9 embryonal carcinoma cells [132,133].

In cancer, epigenetic mechanisms such as DNA methylation are suggested to be
involved in deregulation of CLDN6 [134-136]. Indeed, CLDN6 has two CpG
islands in its promoter region (Figure 4). Furthermore, CLDN6 can be induced by
treatment with 17-B-estradiol in MCF-7 cells suggesting that ERa-related pathways
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are involved in CLDNG6 regulation in breast cancer [137]. Overexpression of
mMiRNAs 7 and 218 can also up-regulate CLDNG6 in breast cancer cell lines by
changing the epigenetic landscape of the promoter region [138]. Moreover, a
recent report showed that the p38 MAPK pathway is activated in MCF-7 and HBL-
100 cells overexpressing CLDNG6 [139,140]. Interestingly, p38 MAP kinases and
Src are involved in the upregulation of CLDN6 during dedifferentiation resulting in
dysfunction of salivary gland cells [141]. Remarkably, CLDNG6 is upregulated in a
breast cancer 1 (BRCAL1)-null ovarian cancer cell line suggesting a role for the
breast and ovarian cancer susceptibility gene in the regulation of CLDNG6 [142].

In summary, the regulation of CLDN6 appears to vary between cancer types and a
general mechanism of CLDNG6 regulation in cancer is not identified so far.

1.4.1.1 The role of CTCF and BORIS (CTCFL) in cancer

CTCF (CCCTC-binding factor) and BORIS (Brother of regulator of imprinted sites)
also known as CTCFL (CTCF-like) are transcription factors involved in the
epigenetic regulation during normal development and cancer. CTCF is suggested
to exert tumor suppressive functions as its target genes are mainly involved in
proliferation and cell growth and overexpression of CTCF results in a senescent-
like state with a cell cycle arrest. Moreover, CTCF is a multivalent factor and can
act also as transcriptional activator and is implicated in insulation, imprinting and
X-inactivation [143-146].

BORIS is a paralog of CTCF and evolved by a gene duplication event [147,148].
BORIS maps to a region on chromosome 20q13 that is frequently amplified in
several types of cancer. Interestingly, the same types of tumors show loss of
heterozygosity (LOH) at 16922 where CTCF is located [143,149]. A comparison of
the exon-intron structures of human CTCF and BORIS reveals a remarkable
homology between all exons coding for 11 zink fingers (ZF), which mediate DNA
binding (Figure 6). Thus, BORIS and CTCF can bind to the same DNA motifs.
Many different DNA sequences can be bound because the ZFs are used
combinatorial. In contrast, the exons coding for N- and C-terminal regions differ
substantially suggesting that BORIS and CTCF exert different functions upon DNA
binding [143]. Notably, 23 alternative spliced transcript variants encoding 17
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isoforms have been found for BORIS while only three transcript variants and two
isoforms are known for CTCF [150].
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Figure 6 Comparison of the exon-intron structures of human CTCF and BORIS genes. A blue box shows
the region of homology over the exons encoding the 11 ZF domain. Modified from 143.

BORIS and CTCF are mutually exclusive expressed during male germ cell
development where they are responsible for erasure and re-establishment of
methylation marks during male germ cell development (Figure 7) [143,147].
Recently, it has been shown that BORIS is expressed in oocytes where it
coincides with global DNA demethylation as well as in ESC while disappearing
upon ES cell differentiation [150-152]. The cancer-germline antigen BORIS is
frequently up-regulated in a variety of cancer types including ovarian and lung
cancer as well as leukemia [153,154]. The sibling rivalry between CTCF and
BORIS for DNA binding sites caused by aberrant activation of BORIS in somatic
cells results in dysregulation of target gene expression and proliferation of cancer
cells (Figure 7). Activation of BORIS coincides with global hypomethylation during
tumorigenesis [147]. BORIS is suggested to be directly involved in epigenetic
dysregulation of global or specific sites in cancer because it can interact with
methyltransferases [143]. BORIS activates many testis-specific target genes
during spermatogenesis, for example CGAs such as NY-ESO-1 [155], MAGE-Al
[156] and CST [157]. These genes are normally repressed by CTCF in somatic
cells but up-regulated in cancer, likely by BORIS. As binding of BORIS or CTCF
results in different gene expression of the target genes it is likely that their protein
partners are substantially involved in the outcome of gene regulation. Notably,
CTCF binds preferentially methylated genomic regions whereas BORIS
preferentially binds to unmethylated DNA sequences. This does not exclude
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binding of CTCF to unmethylated or BORIS to methylated DNA sequences
[150,156,158-161].

Post-translational
modification:

Protein-protein
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@b% Abnormal

Activation

Figure 7 A model for CTCF and BORIS functions in normal cells and cancer. Adopted from 143.

In this study it was analyzed, if BORIS and/or CTCF exert any regulative effect on
CLDNG6 expression in cancer because the CLDN6 promoter features several
CTCF/BORIS binding sites.

1.4.2 The role of claudin 6 in embryogenesis and fetal

development

Claudin 6 was discovered in 1999 by similarity searches of mouse expressed
sequence tag (EST) clones to the previous identified claudin 1 and -2 sequences
[162]. Two years later, Cldn6 was found to be expressed in murine embryonal
stem cells (ESC) committed to the epithelial cell fate and to be important for tight
junction formation in epithelial cells. Studies with embryoid bodies (EB), which
mimic very early development, uncovered that Cldn6 expression arises with the
onset of epithelialization and is coexpressed with Keratin 8 (K8), a very early
epithelial marker. Noteworthy, Cldn6 expression increases with differentiation of
EBs while remaining restricted to the epithelial zone [130]. In the embryo, Cldn6
expression is found to be broadly expressed throughout the epiblast until day 8.5
when Cldn6 becomes restricted to definitive endoderm and from day 9.5 on, Cldn6
is found to be expressed in the entire gut, otic vesicles, a small region of the

forebrain and mesonephros [163].
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Moreover, Cldn6 is specifically expressed in undifferentiated mouse pluripotent
stem cells whereas its expression continuously decreases throughout the course
of stem cell differentiation and can be used as a specific marker to isolate stem
cells from mixed cellular populations [164]. Indeed, a meta-analysis of human ESC
transcriptome data from 38 different studies disclosed also human CLDN6 as one
of 40 genes specifically expressed in hESC but not in any adult tissue [165].
Moreover, CLDNG6 was recently detected as a specific marker for human induced
pluripotent stem cells (iPSC) [166].

In vivo studies with transgenic mice overexpressing Cldn6 in the suprabasal layer
of the epidermis via the Involucrin (Inv) promoter revealed that Cldn6 is essential
for the epidermal permeability barrier function of the skin. Inv-Cldn6é mice die
within 2 days of birth because of increased water loss through a defective
epidermal barrier (Turksen and Troy, 2002). Furthermore, overexpression of Cldn6
affects the epidermal differentiation program as epidermal differentiation markers,
several claudins as well as components of the Klf4 signaling pathway were
deregulated. The severity of the phenotype increases with the level of Cldn6
overexpression [167-170]. Interestingly, Cldn6 null mice appear viable and fertile

without any phenotypic abnormalities [163].

Noteworthy, Cldn6, together with Cldn4, is essential for normal blastocyst
formation as removal of Cldn6é and Cldn4 from tight junctions in the
trophoectoderm of mouse embryos, which is the first epithelial structure emerging
during mammalian development, results in a defective permeability barrier of the

trophoectoderm and subsequent inhibition of blastocyst formation [129].

Thus, claudin 6 serves major functions during embryogenesis, especially in

epithelial differentiation.

1.4.3 The role of claudin 6 in cancer and other diseases

Among the claudin family of proteins, claudin 6 is unique because of its expression
pattern that is restricted to ESC and embryonal tissues (epithelial structures of
fetal lung, gastrointestinal tract, liver, kidney, heart and brain) [116,166,171,172].
In mice, Cldn6 is expressed also in neonatal tissues and adult kidney [173].
However, CLDNG6 is absent in human adult organs [116,171,172]. In cancer,

CLDNG6 expression was found in germ cell tumors, ovarian cancer and lung
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adenocarcinoma and cancers with a primitive phenotype [164,172,174] as well as
gastric adenocarcinomas [175]. Moreover, CLDNG6 is highly overexpressed in
pediatric tumors of the brain (atypical teratoid/rhabdoid tumors) and kidney, liver
and soft tissue (malignant rhabdoid tumors) [171,176]. At least for a gastric
adenocarcinoma cell line, AGS, it was shown that, amongst other claudins,
CLDNG6 overexpression resulted in an increase in cell migration, proliferation and
invasiveness of tumor cells [177]. On the other hand, silencing of CLDNG6 in breast
cancer been shown to promote anchorage-independent growth and correlate with
a more aggressive phenotype of the tumors, the so-called claudin-low phenotype
[135,178,179].

CLDNG plays a role in other diseases as well. For example, up-regulation of Cldn6
is associated with adipogenesis [180] and it has been shown to act as a co-
receptor for HCV entry in cells [126,181,182] as well as for CPE-mediated

cytotoxicity in ovarian cancer cells [128].

As mentioned before, CLDNG is found to be specifically expressed in murine and
human iPSC [164,166]. In particular, it is possible to isolate tumorigenic stem cells
from mixed populations using specific antibodies against CLDNG, indicating that
CLDNG6 could be important in cancer stem cells. However, the role of CLDNG6 in

cancer stem cells and tumor progression is not identified so far.
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1.5 Aims of the thesis

The present study is subdivided into two parts, both aiming to characterize tumor-
specific antigens as potential targets for cellular or antibody-based cancer

immunotherapy.

The first part is focused on the analysis of the regulation of PLAC1 in cancer. Our
group provided intriguing evidence that PLACL is regulated by estradiol-dependent
mechanisms but the complete complex of transcription factors was not known so
far. To this end, it should be investigated which other factors in addition to ERa,
SP1 and C/EBP are involved in estradiol-dependent transactivation of PLACLI.
Focus of this study was the p160/NCOA co-activator family.

The second part concentrates on the molecular and functional characterization of
CLDNG in cancer. At the beginning of this study, very little was known about the
expression, function and regulation of CLDN6 in cancer. Thereto, a
comprehensive study of the function as well as regulation of CLDN6 was

conducted.

The specific aims included a comprehensive analysis of the expression of CLDN6
transcripts in human normal adult tissues as well as a variety of cancer tissues by
qguantitative RT-PCR. In functional cellular assays, it should be studied if CLDN6
exerts a function in proliferation, apoptosis, cell cycle, migration, and adhesion or
colony formation of cancer cells, particularly in cancer stem cells. Concerning the
regulation of CLDNG6, the aim was to elucidate if epigenetic mechanisms,
particularly DNA methylation, is involved in regulation of CLDN6 and moreover,

which transcription factors are involved in the up-regulation of CLDNG6 in cancer.

In summary, the study should add understanding how PLAC1 and CLDNG6 are
regulated in cancer and thus open new ways for therapeutic strategies. Moreover,
to know the function of CLDNG6 in cancer can add to its use as a diagnostic or
therapeutic target for cancer immunotherapy.
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2 Material

2.1 Cell lines und culture media

All cell lines used for this study were kindly provided by Ganymed

Pharmaceuticals AG.

Table 2 Human cell lines and culture media used for this study.

Cell line (Tumor) Type Culture medium

MCEF-7 Breast carcinoma DMEM, 10% FCS, 0.5% Pen/Strep

SK-BR-3 Breast carcinoma DMEM, 10% FCS, 0.5% Pen/Strep

NEC-8 Testicular carcinoma RPMI, 10% FCS, 0.5% Pen/Strep

NIH-OVCAR3 Ovarian adenocarcinoma RPMI, 20% FCS, 0.01 mg/mL human
insulin, 0.5% Pen/Strep

PA-1 Ovarian teratocarcinoma MEM, 10% FCS, 0,1 mM MEM NEAA, 1

mM sodium pyruvate, 1,5 g/L sodium
bicarbonate, 0.5% Pen/Strep

PA-1 SC12 Ovarian teratocarcinoma with stable  Refer to medium for PA-1 cells

LVTS2 50 lentiviral ShRNA-mediated

and 54 knockdown of CLDN6

PA-1 SC12 Ovarian teratocarcinoma, stably Refer to medium for PA-1 cells

LVTS2 76 transfected with control ShRNA

vector

DAN-G Pancreatic carcinoma RPMI, 10% FCS, 0.5% Pen/Strep

HEK?293 Human embryonic kidney DMEM/F12, 10% FCS, 0.5% Pen/Strep
2.2 Tissues

Normal and tumor tissues were obtained as human surplus materials during

routine diagnostic or therapeutic procedures and stored at -80°C until use.

2.3 siRNA duplexes

A pool of four different sSiRNA duplexes targeting NCOA-3 (NM_006534), CLDN6
(NM_021195), BORIS  (NM_080618, NR_072975; NM_001269040—
NM_001269052; NM_001269054; NM_001269055) or CTCF mRNA sequence
(NM_006565 and NM_001191022) or a mixture of two different sSiRNA duplexes
targeting PLAC1 mRNA sequence (NM_021796) was used. As control, a pool of
four non-silencing (ns) siRNA duplexes (D-001810-10-05, Dharmacon) was used.
Catalog numbers and sequences can be found in the appendix (see chapter 7.2).
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2.4 Antibodies

2.4.1 Primary antibodies

Table 3 Primary antibodies used for Western Blot analyses in this study.
Antibody ggﬁgggt/ration Manufacturer
Monoclonal mouse anti-PLAC1; clone 22-3A-1 5 pg/mL Ganymed

Pharmaceuticals AG

Monoclonal rabbit anti-NCOA1; clone 128E7 1:1000 Cell Signaling
Polyclonal rabbit anti-NCOA2; ab10491 1:1000 Abcam
Monoclonal rabbit anti-NCOA3; clone 5E11 1:1000 Cell Signaling
Monoclonal rabbit anti-Claudin 6; 18865 1:1000 IBL
Polyclonal rabbit anti-BORIS; ab126766 1:300 Abcam
Monoclonal mouse anti-B-Actin; clone AC15 1:50000 Sigma Aldrich

Table 4 Primary antibodies used for ChIP analyses in this study.
Antibody Manufacturer
Monoclonal mouse anti-NCOA1; clone 1135/H4 Abcam
Polyclonal rabbit anti-NCOA2; ab9261 Abcam
Monoclonal mouse anti-NCOA3; clone AX15.3 Abcam
Polyclonal rabbit anti-SP1; ab13370 Abcam
Monoclonal rabbit anti-CEBP; clone E299 Abcam
Monoclonal mouse anti-ERa; clone 33 Abcam
Monoclonal mouse anti-p300; clone 3G230 / NM-11 Abcam
Polyclonal rabbit anti-pCAF; ab12188 Abcam
Monoclonal mouse anti-Histone H3 (acetyl K9); clone AH3-120 Abcam
Polyclonal rabbit anti-Histone H4 (acetyl K8); ab15823 Abcam
Monoclonal mouse anti-TFIIB; clone IIB1 Abcam
Polyclonal rabbit anti-RNA polymerase Il; ab5131 Abcam
Polyclonal rabbit anti-HA tag ChIP grade; ab9110 Abcam
Monoclonal mouse anti-p53; clone DO-1 Santa Cruz
Monoclonal mouse anti-BORIS; clone F-1 Santa Cruz
Polyclonal goat anti-CTCF; sc-15914X Santa Cruz
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2.4.2 Secondary antibodies

Table 5 Secondary antibodies used for Western Blot analyses in this study.

Antibody Dilution Manufacturer
HRP-conjugated goat anti-mouse IgG 1:5000 Jackson Immuno Research
HRP-conjugated goat-anti-rabbit IgG 1:5000 Jackson Immuno Research

2.4.3 Antibodies for FACS analysis

Table 6 Primary antibodies used for FACS analysis in this study.

. Dilution/
Antibody Concentration Manufacturer
Human anti-CLDN6 IMABO027- 1:400 Ganymed Pharmaceuticals AG

AlexaFluor647
Mouse anti-SSEA-4-V450

2 pl/ test

BD Horizon, BD Biosciences

2.5 Reagents

2.5.1 Chemicals

17-B-estradiol (E2758)
5-aza-2'-deoxycytidine

7-AAD

Accutase

Acetic acid

Agarose

Ampicillin

Bacto-Agar

Bacto-Tryptone

Bacto-Yeast Extract

Bovine serum albumin (BSA) fraction V pH 7.0
Bromphenol blue

Calcein AM

Chloroform / isoamyl alcohol 24:1
Collagen R solution 0.2 %
Coomassie Brilliant-Blue R-250
Crystal Violet

Dimethylsulfoxide (DMSO)

DNA loading buffer (6X)

dNTP Set, 100 mM solutions

Dulbecco’s phosphate buffered saline (D-PBS), w/o

calcium and magnesium; pH 7.2
Dulbeccos modified eagle medium (DMEM)

Dulbeccos modified eagle medium (DMEM), phenol-

red free

Endotoxin-free water

Ethanol absolute 96 %
Ethidiumbromide, 1% solution

Sigma Aldrich

Sigma Aldrich

Sigma Aldrich

PAA Laboratories GmbH
AppliChem

AppliChem

Sigma Aldrich

Difco

Difco

Difco

Serva Electrophoresis GmbH
AppliChem

Life Technologies

Sigma Aldrich

Serva Electrophoresis GmbH
AppliChem

AppliChem

AppliChem

Fermentas

GE Healthcare

Life Technologies

Life Technologies
Life Technologies

Sigma Aldrich
Roth
AppliChem
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Ethylendiamintetraacetate (EDTA) 0.5 M pH 8.0
Ethylene glycol tetraacetic acid (EGTA)

FACS Clean/Flow/Rinse

Fetal bovine serum, charcoal stripped

Fetal calf serum (FCS)

Formaldehyde solution, min. 36.5 % puriss.
Formaldehyde, 37 %

Glycerin, anhydrous

Glycine
Glycogen
Hoechst
Human
SC311151
Human insulin

Human recombinant laminin-111

IC1 182,780

Isopropanol

Kanamycin

Lithium Chloride

Lumi-Light western blotting substrate

Methanol

Milk powder

Minimum Essential Medium (MEM)

Minimum Essential Medium (MEM), phenol-red free
Non-essential amino acids (NEAA)

NP-40

Nuclease-free water

Penicillin (10 000 U/mL) / Streptomycin (10 mg/mL)
Phenol solution (equilibrated with 10 mM Tris HCI pH
8.0, 1 mM EDTA)

Ponceau S, practical grade

Pro Gel 10/12/14 and 4-20 % Tris/Glycine Gels

cDNA clone CTCFL, NM_080618.2;

Protein A or G Agarose beads

RPMI 1640, GlutaMAX

RPMI 1640, phenol-red free

Sodium acetate

SOC medium

Sodium bicarbonate

Sodium chloride

Sodium deoxycholate (DOC)

Sodium dodecyl sulfate (SDS)

Sodium pyruvate
Trishydroxymethylaminomethan (TRIS)
Triton X 100

tRNA

Trypan blue, 0.4 % solution

TrypLE Express

Tween 20

Universal Methylated Human DNA Standard
B-mercapto-ethanol

Material

Sigma Aldrich
Sigma Aldrich

BD Biosciences
Sigma Aldrich
PAA Laboratories GmbH
Sigma Aldrich
Roth

Merck

Roth

Sigma Aldrich
Sigma Aldrich
Origene (amsbio
biotechnology)
Sigma Aldrich
BioLamina
Sigma Aldrich
Roth

Sigma Aldrich
Sigma Aldrich
Roche

Merck

Gabler Saliter
Life Technologies
Life Technologies
Life Technologies
Ambion

Qiagen

Life Technologies
Sigma Aldrich

AppliChem
Anamed Elektrophorese
GmbH

Millipore

Life Technologies
Life Technologies
Roth

Life Technologies
Life Technologies
Roth

Sigma Aldrich
Sigma Aldrich
Life Technologies
Roth

Merck

Sigma Aldrich
Gibco

Life Technologies
Sigma Aldrich
Zymo Research
Appli Chem
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2.5.2 Oligonucleotides

Material 27

Oligonucleotides used for this study were purchased from Eurofins MWG Operon

and are listed in the appendix in chapter 7.3.

2.5.3 TagMan® Gene Expression Assays

TagMan® Gene Expression Assays used in this study for gRT-PCR analysis on a

Fluidigm instrument were purchased by Life technologies. Catalog numbers can

be found in the appendix (7.4).

2.5.4 DNA and protein ladders

DNA ladders Gene Ruler 1 kB and 50 bp

Protein ladder Precision Plus Protein Dual Color Standard

Protein ladder Magic Mark XP Western Protein Standard

2.5.5 Enzymes

Hot Star Tag DNA Polymerase

PfuUltra Hotstart DNA Polymerase

Phusion HotStart Il High Fidelity DNA Polymerase
Proteinase K

Restriction enzymes (BamHI, Nhel, Hindlll, EcoRlI)
RNase A

SuperScript™ Il Reverse Transcriptase

T4 DNA Ligase

2.5.6 Kits

CYQUANT® GR Cell Proliferation Assay Kit

EndoFree Plasmid Maxi Kit

EpiTect Bisulfite Kit

NucleoSpin Plasmid Mini Kit

PE Annexin V Apoptosis Detection Kit

PerfeCta® qPCR FastMix®

PrimeScrit RT Reagent Kit

QlAamp DNA Mini Kit

QIAquick (MinElute) Gel Extraction Kit

QIAquick (MinElute) PCR Purification Kit

QuantiTect SYBR Green PCR Kit

RNeasy Mini Kit

SuperSignal West Dura Extended Duration Subtrate Kit
SuperSignal West Femto Extended Duration Subtrate Kit
TagMan® PreAmp Master Mix

TOPO® TA cloning® kit

Fermentas
BioRad
Life Technologies

Qiagen
Stratagene
Thermo Scientific
Sigma Aldrich
Fermentas
Sigma Aldrich
Life Technologies
Fermentas

Molecular Probes
Qiagen

Qiagen
Macherey-Nagel

BD Biosciences
Quanta Biosciences
Takara Bio Inc.
Qiagen

Qiagen

Qiagen

Qiagen

Qiagen

Pierce Biotechnology
Pierce Biotechnology
Life Technologies
Life Technologies



2.5.7 Buffers and solutions

Material

Buffers and solutions for molecular biology methods

TAE buffer (50X), pH 8

2 M Tris, 1 M glacial acetic acid, 0.5 M EDTA

Ethidium bromide stock solution

0.05 % ethidium bromide in H,O

Luria-Bertani (LB)-medium

10 g/L Bacto-Trypton, 5 g/L Bacto- yeast extract, 5
g/L NaCl

LB-Agar-plates

15 g Bacto-Agar, 1 L LB-medium

Buffers and solutions for biochemical methods

SDS loading buffer Laemmli (4X),
pH 6.8

250 mM Tris-HCI, pH 7.5, 34 % (w/v) Glycerol,
8,2 % (w/v) SDS, 0,008 % bromphenol blue,
5 % B-mercaptoethanol

SDS running buffer (10X)

250 mM Tris, 192 mM Glycine, 10 % SDS

Transfer buffer (10X), pH 8.3

250 mM Tris, 192 mM Glycine, 20 % Methanol

PBS (10X)

1.37 M NaCl, 27 mM KCI, 100 mM Na,HPO,,
18 mM KH2PO4

Wash buffer PBS-T (1X)

1X PBS, 0.1 % Tween 20

Coomassie staining solution

(aqueous)

0.25 g Coomassie Brilliant Blue (0.1%), 40 %
ethanol, 10 % acetic acid

Coomassie destaining solution

40 % ethanol, 10 % acetic acid

Ponceau S solution

0.1 % (w/v) Ponceau S, 5 % acetic acid

Blocking solution

5 % milk in 1X PBS/T (0.1 %)

Antibody dilution

1 % milk in 1X PBS/T (0.1 %)

Paro Fix (ChlP)

50 mM Hepes/NaOH pH 8.0, 1 mM EDTA, 0.5
mM EGTA, 100 mM NaCl, 11 % Formaldehyde

Paro Rinse 1 (ChIP)

10mM Tris pH 8.0, 10 mM EDTA pH 8.0, 0.5 mM
EGTA, 0.25 % Triton X-100

Paro Rinse 2 (ChiIP)

10 mM Tris pH 8.0, 1 mM EDTA, 0.5 mM EGTA,
100 mM NacCl

Lysis buffer (ChiP)

50 mM Hepes/KOH pH 7.5, 500 mM NacCl, 1 mM
EDTA, 1 % Triton X-100, 0.1 % DOC, 0.1 % SDS,
Add fresh protease inhibitor cocktail (1X)

DOC buffer (ChIP)

10 mM Tris pH 8.0, 0.25 M LiCl, 0.5 % NP-40,
0.5 % DOC, 1 mM EDTA

Elution buffer (ChIP)

1 % SDS, 0.1 M NaHCOg3

TE buffer

10 mM Tris, pH 8.0, 1 mM EDTA

Buffers and solutions for cell biology methods

FACS buffer

1XPBS, 5% FCS, 5 mM EDTA

7-AAD staining solution

1X PBS, 100 pg/mL RNase A,
25 pg/mL 7-AAD, 0.1 % Triton-X

10X Annexin V binding buffer

0.1 M Hepes/NaOH (pH 7.4), 1.4 M NaCl,
25 mM CaC|2

Annexin V [ 7-AAD

solution

staining

100 pL 1X Annexin V binding buffer diluted in
H,O, 5 pL 7-AAD, 5 pL Annexin V

Fixation-staining solution for colony
forming assay

10 % EtOH, crystal violet 0.5 % (w/v)
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Fixation-staining
adhesion assay

solution for | 10 % EtOH, crystal violet 0.2 % (w/v)

CyQUANT® GR
buffer for proliferation assay

dye/cell-lysis | 1 mL cell lysis buffer (20X), 19 mL nuclease-free
water, 50 uyL CyQUANT® GR dye (400X)

II) for Dual-Luciferase Reporter
assay

Luciferase Assay Reagent Il (LAR | 1 mL LARII, 1 mL dd H,O

Luciferase Reporter assay & Glo Substrate

Stop & Glo Reagent for Dual | 1 mL Stop & Glo buffer, 1 mL dd H,0, 20 pL Stop

2.5.8 Consumables

15 and 50 ml PP tubes

24-well plates

6-well plates

8-strip PCR tubes, 0.2 mL

96-well plates F-bottom

96-well plates F-bottom, white / black
BD Falcon round bottom tubes, 14 mL
Cell scrapers

Cell strainer, 40 ym, Nylon

Cryo tubes, 2 mL

Eppendorf tubes, 0,5/1,5/2 mL
Filter tips 1-10 pL

Filter tips, 100-1250 pL / 3-300 pL /1-100 pL
Microtiterplates Immuno Plate Maxisorp Surface (96-well)
Sterican needle (size 1 and 18)
Nitrocellulose membrane 0.2 um
Pasteur pipettes

Poly-L-Lysin coated 96-well plates
RNase-free tubes 0,5 mL

RNase-free tubes 1,5/2 mL

Round bottom 5 mL FACS tubes
Serological Pipette, 5/10 /25 /50 mL
Surgical disposable scalpels

BD Discardit Il Syringes, 2/5/10 mL
Injekt-F 1 mL Syringe

Tips

Tissue culture dishes, 10 cm?

Tissue culture flasks, T25/T75/ T175
Vitronectin-coated 96-well plates
Whatman Paper

Etched grid cover slips (23x23mm)

2.6 Devices

Abiprism Tagman 7300 Real Time PCR

Agarose gel electrophoresis cells

Bag sealer

BioMark™ HD Real Time PCR

Cell culture incubator

Centrifuge Heraeus Multifuge X3R

Centrifuges bench top, Heraeus Pico and Fresco 21
Clean bench Golden Line

Greiner

Costar

BD Biosciences
Molecular Bio Products
Costar

Thermo Scientific
BD Biosciences
BD Biosciences
BD Biosciences
Greiner
Eppendorf
Eppendorf
Sarstedt

Nunc

B. Braun

GE Healthcare
Roth

Greiner
Molecular Bio Products
Eppendorf

BD Biosciences
Greiner

B. Braun

BD Biosciences
B. Braun
Sarstedt

Greiner

Greiner

R&D Systems
GE Healthcare
Bellco Glass

Applied Biosystems

BioRad

Futura Jr
Fluidigm

Binder

Thermo Scientific
Thermo Scientific
Kojair
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Electrophoresis power supply

FACS Canto Il and FACS Aria
Fluorescence plate reader Wallac Victor®
Gel documentation system Gel Jet Imager
HiSeq (Next Generation Sequencer)

IFX Controller HX

ImageQuant LAS 4000 Chemiluminescence detection
Inverse fluorescence microscope eclipse Ti
Inverse microscope eclipse TS100
Magnetic stirrer

Microbiological incubator

Overhead shaker (wheel)

Plate reader infinite M200

QIAcube

QIAxcel capillary electrophoresis

Roller mixer SRT6

Semi dry blotting apparatus

Shaker Infors HT

Sonicator Bioruptor Plus
Spectrophotometer Nanodrop 2000

ST5 Cat rocking shaker

Thermocycler T3

Thermomixer compact / comfort

Tissue Lyser I

Vortex2 genie

Water bath

X-cell SureLock™ Mini Cell Electrophoresis

Material

Invitrogen

BD Biosciences
Perkin Elmer
Intas

lumina

Fluidigm

GE Healthcare
Nikon

Nikon

IKA

VWR

Kisker Biotech GmbH
Tecan

Qiagen

Qiagen

Stuart

BioRad

Infors AG
Diagenode
Thermo Scientific
NeolLab
Biometra
Eppendorf
Qiagen

Scientific industries
GFL

Invitrogen
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3 Methods

3.1 Molecular biology methods

3.1.1 Purification of genomic DNA from cell lines and tissues

Genomic DNA (gDNA) was purified from cell lines and tissues with the silica-
membrane-based QIAamp DNA Mini Kit (Qiagen) according to the manufacturer’s
instructions. Up to 5 x 10° cells grown in 6-well plates were lysed enzymatically
with a chaotropic salt-containing buffer for 10 min at 56°C. Proteinase K was
added to the cellular lysate for inactivation of nucleases and digestion of proteins.
For fresh frozen tissues, up to 25 mg of tissue were homogenized using a
TissueRuptor (Qiagen) prior lysis and incubated at 56°C until tissues were
completely lysed. 96 % EtOH was added to the lysate prior loading to the QlAamp
Mini spin-columns to provide appropriate binding conditions. To get rid of protein
and other contaminants, two washing steps were performed with provided wash
buffers. gDNA was eluted in 200 pL nuclease-free water and stored at -20°C.
gDNA concentration and purity was determined by spectrophotometric
measurement (Nanodrop 2000, Thermo Scientific).

3.1.2 Purification of total RNA from cell lines and tissues

Isolation of total RNA from cell lines and tissues was done with RNeasy Mini Kit
(Qiagen) according to the manufacturer’s instructions and automated on QIlAcube.
Briefly, up to 1x10’ cells grown in a 6-well plate were lysed and homogenized
using the provided highly denaturating guanidine-thiocyanate-containing buffer to
inactivate RNases ensuring isolation of intact RNA. Up to 30 mg of fresh frozen
tissue samples were homogenized using a TissueRuptor (Qiagen) and lysed. Prior
to adding the samples to the RNeasy Mini spin-columns with silica-based
membranes, 70 % EtOH was added to provide appropriate binding conditions of
the RNA to the silica-membrane. Several washing steps provide efficient
eradication of contaminants. Finally, the RNA was eluted in 30 pL RNase-free
water and subsequently used for cDNA synthesis. RNA concentration and purity
was analyzed using a Nanodrop 2000 photometer. For long term storage, RNA

was preserved at -80°C.
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3.1.3 First strand cDNA synthesis

2 ng total RNA was converted to cDNA using SuperScript™ Il Reverse
Transcriptase (Life Technologies) which is an engineered version of the Moloney
Murine Leukemia Virus Reverse Transcriptase (MMLV-RT). The reaction mix
containing 2 ug RNA, 1 pL of dT18 or dT18-tag primer (50 uM) and 1 pL dNTP mix
(10 mM of each) was incubated at 70°C for 3 min, cooled down to 42°C and kept
on ice. 4 pL 5X First strand buffer, 2 uL DTT (0.1 M), 3 pL RNase-free water and 1
ML SuperScript™ Il Reverse Transcriptase (200 units) were added to a final
reaction volume of 20 pL and incubated for 1 h at 42°C. The reaction was
inactivated by heating at 70°C for 15 min. The obtained cDNA was diluted 1:10 to
a final volume of 200 pL for subsequent quantitative real-time RT-PCR analysis
(qQRT-PCR).

3.1.4 Polymerase chain reaction

Polymerase chain reaction (PCR) is a method to amplify a specific region of DNA
across several orders of magnitude. In this study different PCR methods were
used depending on the question.

3.14.1 Standard end-point PCR

50-100 ng gDNA or 2.5 pL of cDNA (1:10 dilution from 3.1.3) were used as
templates for standard end-point PCR. 1 pyL of sense and antisense primer (10
MM), 3 puL 10x PCR buffer (Qiagen), 0.5 pL dNTP-mix (10 mM), 0.2 uL HotStar
Taqg (Thermus aquaticus) DNA polymerase (250 units) (Qiagen) and 22.8 puL
nuclease-free water were mixed. Reactions were performed in a 25-35 cycles
PCR, the annealing temperature varied depending on the used primers.

Themal Cycler profile for standard end-point PCR:

Initial activation step: 95 °C 15 min

3-step cycling (25 to 35 cycles):

Denaturation: 94 °C 30 sec
Annealing: 56-64 °C 30 sec
Extension: 72 °C 1 min per kb DNA

Final extension: 72 °C 10 min
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To obtain PCR product with a very low error-rate usable for cloning, PCR was
perfomed using the Pyrococcus-like proofreading enzyme Phusion Hot Start Il
High Fidelity DNA Polymerase (Thermo Scientific). 100 ng genomic DNA or
plasmid DNA were used as template and mixed with 1 uL dNTP-mix (10 mM), 10
pL 5X Phusion HF buffer, 1.5 pL of sense and antisense primer (10 uM), 0.5 pl
Phusion Hot Start Il DNA Polymerase (2 U/uL) and 34.5 pL nuclease-free water.
Reactions were performed in a 30 cycles PCR, the annealing temperature varied
depending on the used primers.

Themal Cycler profile for Phusion PCR:

Initial activation step: 98 °C 30 sec
3-step cycling (30 cycles):

Denaturation: 98 °C 10 sec

Annealing: 56-64 °C 30 sec

Extension: 72 °C 30 sec per kb DNA
Final extension: 72 °C 10 min

3.1.4.2 Quantitative real-time RT-PCR
3.1.4.2.1 SYBR green

Quantitative real-time RT-PCR (gRT-PCR) was performed using the ABI PRISM
7300 sequence detection system and software (Applied Biosystems with
QuantiTect SYBR green Kit (Qiagen)). SYBR green binds to dsDNA of PCR
products and emits green fluorescence upon excitation. The intensity of
fluorescence increases during amplification, fluorescence is measured after each
cycle. 5 pL cDNA from 3.1.3 was mixed with 1 pL of sense and antisense primer
(10 pM) respectively, 8 ul RNase-free water and 15 ul of SYBR green PCR mix.
Reactions were performed in duplicates in a 40 cycle PCR. Annealing
temperatures varied between 58°C and 62°C depending on primers used.

Thermal Cycler Profile gPCR

Stage Repetitions Temperature Time (MM:SS)
1 1 95 °C 15:00
2 40 95 °C 00:30
58-62°C  00:30
72 °C 00:30
3 (Dissociation) 1 95 °C 00:15

60 °C 01:00
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95 °C 00:15

Relative quantification by the 2%4¢

method was used to determine gene
expression levels (MRNA). C; (threshold cycle) indicates cycle number at which
the amount of amplified target reaches a fixed threshold. C; of target gene is
normalized to C; of a reference gene, in this study Hypoxanthin-Phosphoribosyl-
Transferase 1 (HPRT1) was used, which is measured in the same sample (AC;
value). As calibrator, untreated cells or an internal calibrator (40 — average of
HPRT1 Ct values of all samples) were used (AAC;value). It is assumed that primer

2°88Ct \Which

efficiency is close to one, therefore the amount of target is given by
indicates fold change in gene expression in treated sample compared to untreated

control, which is 1.
3.1.4.2.2 gRT-PCR using TagMan® gene expression assays

For a larger cohort of samples, qRT-PCR analysis was performed with TagMan®
gene expression assays (Life technologies) using a Fluidigm BioMark™ HD
(Fluidigm). To exclude that the TagMan® probes bind gDNA, cDNA was
synthesized using PrimeScript RT Reagent Kit with gDNA Eraser (Takara Bio Inc.)
according to the manufacturer’'s instructions. Samples were prepared and
analyzed according to the Fluidigm® Advanced Development Protocol 28 - Fast
Gene Expression Analysis using TagMan® GE Assays rev A2. Loading onto 96.96
Gene Expression Dynamic Array IFCs was accomplished by the IFC Controller
HX. Chip arrays were analyzed via a Fluidigm BioMark HD system. Data sets were

2-AACt

evaluated according to the -method.

3.143 Methylation-specific quantitative real-time PCR

Methylation-specific quantitative real-time PCR (MsqPCR) was performed using
the ABI PRISM 7300 sequence detection system and software (Applied
Biosystems with QuantiTect SYBR green Kit (Qiagen)) to detect DNA methylation
in tumor cell lines, normal and tumor tissues. Different oligonucleotides specific for
methylated or unmethylated DNA covering 3-5 CpGs (10 uM) were mixed with 50
ng bisulfite converted DNA, 15 pL SYBR green PCR mix and 8 pL nuclease-free
water. The reactions were performed in duplicates in a 40 cycles PCR.
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Thermal Cycler Profile MSg-PCR

Stage Repetitions Temperature Time (MM:SS)
1 1 95 °C 15:00
2 40 95 °C 00:30
56-62°C 00:30
3 (Dissociation) 1 95 °C 00:15
60 °C 01:00
95 °C 00:15
60 °C 00:15

3.1.5 Bisulfite sequencing

Bisulfite sequencing is a method to determine cytosine methylation at sequence
levels. EpiTect Kit (Qiagen) was used for bisulfite treatment of gDNA to ssDNA.
For bisulfite reactions, 2 pug gDNA in a volume of 20 pL was mixed with 85 pL
Bisulfite Mix and 35 pL DNA Protect Buffer. Conversion of gDNA to ssDNA was

performed in a thermal cycler using the following program:

Denaturation 5 min 95 °C
Incubation 25 min 60 °C
Denaturation 5 min 95 °C
Incubation 85 min 60 °C
Denaturation 5 min 95 °C
Incubation 175 min 60 °C
Hold indefinite 20 °C

High bisulfite salt conditions, high temperature and low pH result in a complete
conversion of unmethylated cytosines. The DNA Protect Buffer provides effective
DNA denaturation and prevents fragmentation of DNA at these high temperatures
and low pH. Resulting bisulfite converted ssDNA was purified using a spin-
protocol, washed with optimized buffers to remove bisulfite salts and chemicals
which could inhibit the sequencing procedures. All centrifugation steps were
carried out at 13000 rpm, 1 min, RT. Purified ssDNA was eluted in 20 pL
nuclease-free water by centrifugation for 1 min at 12000 rpm and subsequently
stored at -20°C. ssDNA was amplified by PCR using primers specific for bisulfite
converted DNA (listed at 7.3.2). PCR products were cloned into a TA-vector for

subsequent Sanger Sequencing (MWG Eurofins Operon).
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3.1.6 Next generation sequencing (NGS)

For NGS analysis, PCR products with different barcodes were purified using the
QIAquick MinElute PCR Purification Kit (Qiagen) according to the manufacturer’s
instructions and DNA concentration was measured using a Qubit
spectrophotometer (Invitrogen). All fragments from one sample were pooled to a
concentration of 1 pg in 26 pL. DNA was phosphorylated using 2 pL T4
Polynucleotide Kinase (10 U), 4 uL 10X Phosphorylation buffer, 4 uL ATP (10 mM)
and 4 pL nuclease-free water for 20 min at 37°C following 10 min at 75°C.
Afterwards, the reaction was purified again. For PE-adapter ligation purified DNA
was incubated with 1 pL of PE-adapters mix for 10 min at 30°C. Then, ligation was
stopped and purified using magnetic Agencourt AMPure Beads and eluted in 20
pL of nuclease-free water. To ensure that fragments between 200 and 250 bp
were used only, a size selection using a 2 % E-Gel-System (Invitrogen) was
performed. Size selected DNA fragments were enriched by PCR. 40 pL DNA was
mixed with 20 pL 5X Phusion HF buffer, 2 uL PE-primer 1 and 2 (25 uM each), 3
ML dNTP-Mix, 32 pL nuclease-free water and 1 pL Phusion DNA Polymerase. A
12 cycle PCR was performed at 65°C annealing temperature for 30 sec. PCR
products were purified with magnetic beads again and eluted in 30 pL of nuclease-
free water. Finally, DNA concentration and purity was analyzed using a
BioAnalyzer.

3.1.7 Agarose gel electrophoresis

Agarose gel electrophoresis is a method to analyze, quantify and purify nucleid
acids. An electric field is used to separate the nucleic acid molecules by their
length. Negatively charged nucleic acid molecules migrate through the agarose
matrix to the positively charged anode, whereas larger fragments migrate slower
through the gel pores. Depending on fragment size, 1 % or 2 % (w/v) agarose was
dissolved in 1X TAE buffer and 0.005 % Ethidium bromide was added to visualize
DNA on the gel. Samples were diluted in 6X loading dye (Fermentas) and applied
to the gel. Gels were run at 100 V (preparative gels) or 130 V (analytical gels) and
analyzed by exposure to UV light (254 nm for analytical gels, 366 nm for

preparative gels).
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3.1.8 Purification of nucleic acids after gel electrophoresis

PCR products or DNA fragments were excised from agarose gels after
electrophoresis and purified using the QIAqick Gel Extraction Kit (Qiagen)
according to manufacturer’s protocol. Agarose was solubilized by incubation at
56°C for 10 min in an appropriate buffer and DNA was selectively bound to a
silica-membrane. Isopropanol was added to the dissolved gel and applied onto the
spin-column. Washing steps were performed to remove agarose contaminant,
ethidium bromide and salts. Purified DNA was eluted in 30-50 pL nuclease-free
water. To purify enzymatically modified or amplified DNA fragments after PCR,
QIAquick PCR purification Kit (Qiagen) or for purification of fragments < 100 bp
MinElute PCR purification kit (Qiagen) was used according to the manufacturer’s
protocol.

3.1.9 Restriction endonuclease digest

Plasmid DNA or PCR products were double digested with 3-5 U / ug DNA of
appropriate restriction endonucleases using recommended buffers at specified
conditions in a total volume of 50-80 pL. Digestion of PCR products was
performed ON at 37°C and subsequently purified using QIAquick PCR purification
Kit (Qiagen) and analyzed by gel electrophoresis. For double digestion of vector
backbones, digestion with the first restriction endonuclease was incubated for ~ 9
h and then purified using QIAquick PCR purification Kit (Qiagen). The second
restriction endonuclease was added and incubated ON at 37°C and subsequently

gel purified and analyzed by gel electrophoresis.

3.1.10 Ligation of DNA fragments

Ligation of linearized vector with insert (PCR product or restriction endonuclease
digest) was prepared with 20-100 ng plasmid DNA and 3- to 5-fold excess of
insert. Reaction was performed using 1 pL T4-DNA Ligase (10 U/uL) (Fermentas)
and 2 pL 10X T4-DNA Ligase Buffer (Fermentas) in a final volume of 20 yL and
incubated at RT for 3 h.
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3.1.11 Transformation of chemically competent E.coli cells

Chemically competent One Shot® TOP10 E.coli cells (life technologies) were
thawed on ice, mixed with 1 - 100 ng of plasmid DNA and kept on ice for 30 min.
Cells were transformed by heat-shock for 30 s at 42°C in a water bath and chilled
for 2 min on ice. 250 pL pre-warmed SOC medium was added and cells were
incubated at 37°C under vigorous shaking for 1 h. To propagate transformed cells,
up to 250 pL of the bacterial suspension was plated on LB-agar plates containing
100 mg/mL ampicillin or 25 pg/mL kanamycin, depending on antibiotic resistance

gene of the used plasmid and incubated ON at 37°C.

3.1.12 Purification of plasmid DNA from bacterial cultures

Isolation of plasmid DNA was performed with Nucleo Spin Plasmid DNA
Purification Kit (Macherey-Nagel) according to the manufacturer’s instructions. 4
mL LB-medium containing the appropriate antibiotics were inoculated with a single
colony picked from the LB-agar-plate and grown ON at 37°C on an orbital shaker.
Prior to purification of the plasmid DNA, colony PCRs with appropriate primers
were performed to control for presence of desired inserts. Cultures were harvested
by centrifugation for 30 sec at 11000 x g. Optimal cell lysis was achieved by
addition of the appropriate buffers provided in the kit, which lead to release of the
plasmid DNA from the E.coli host cells and neutralization of the lysate.
Precipitated protein, genomic DNA and cell debris were pelleted by centrifugation
for 10 min at 11000 x g and clear supernatant with solved plasmid DNA was
loaded onto the spin-columns. Two washing steps were performed to remove
contaminants and plasmid DNA was eluted in 50 pL of nuclease-free water by
centrifugation for 1 min at 11000 x g. Purified plasmid DNA was stored at -20 °C.
For long-term storage, cell suspensions were stored at -80 °C in 50 % glycerol.

For purification of endotoxin-free, transfection-grade plasmid DNA, EndoFree
Plasmid Maxi Kit (Qiagen) was used according to manufacturer’s protocol.
Endotoxins or Lipopolysaccharids (LPS) are cell-membrane components of Gram-
negative bacteria which can highly reduce transfection efficiencies of DNA into
cells. Using standard plasmid DNA purification, often endotoxins are not removed
properly. Endotoxin-removal was ensured by incubation with a specific entotoxin-

removal buffer provided in the kit. This buffer prevents binding of LPS molecules
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from binding to the resin in the Qiagen-tips. Plasmid DNA was eluted in 400 pL of
endotoxin-free water and subsequently stored at -20 °C. The DNA concentration
and purity was measured using the NanoDrop 2000 spectrometer (Thermo
Scientific).

3.2 Cell biology methods

3.2.1 Propagation of cell lines

All cell lines used in this study were cultured in specified medium containing 0.5 %
penicillin/streptomycin (for respective medium formation, refer to 2.1) in an
incubator at 37°C, 95 % humidity and 5 % CO,. Adherent cells were split upon 80
to 95 % confluence with TrypLE express (or Accutase for flow cytometry) and
transferred into a fresh culture flask. Medium was changed every 2 to 3 days. To
determine cell numbers and viability, cells were diluted 1:2 in Trypan Blue (0.1 %)
and counted using a standard Neubauer chamber. Trypan Blue stains only dead
cells because it cannot pass the intact cell membrane of living cells. Therefore,

dead cells appear blue and can be distinguished from living cells.

3.2.2 Treatment of cells with different fine chemicals

Prior to estradiol-treatment studies, MCF-7 cells were cultured in phenol-red free
DMEM supplemented with 10% charcoal stripped FCS for 72 h. Cells were treated
with 100 nM 17-B-estradiol (E;) and/or with 5 uM of the complete estrogen
receptor blocker ICI 182,780 (ICI) for 12 h.

For analysis of DNA-methylation, SK-BR-3, DAN-G, PA-1 and NIH-OVCARS3 cells
were treated with 2 pM or 10 pM 5-aza-2’-deoxycytidine (5-aza-dC) diluted in

respective culture medium for 72 h.

3.2.3 Freezing/thawing of cell lines

For cryopreservation, cells were harvested, counted and centrifuged (311 x g, 4°C,
5 min). 2-5 x 10° cells were resuspended in freezing medium (90 % FCS, 10 %
DMSO) and stored ON at -80°C in liquid isopropanol before long term storage at -
196 °C in liquid nitrogen.
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Cells were thawed in a 37°C water bath. Cell suspension was collected in 9 mL
prewarmed culture medium and centrifuged immediately at 311 g for 5 min. Cell
pellet was resuspended in fresh medium and cells were maintained at 37°C, 95 %
humidity and 5 % CO..

3.2.4 Transfection of cells with siRNA

Prior to several functional assays, the cells were transfected with different SIRNAs
(refer to chapter 7.2) to generate a transient knockdown of different genes. sSiRNAs
and transfection medium was diluted in serum-free medium prior to adding the

transfection complexes onto the cells.

24 h prior transfection, the indicated cell numbers (refer to Table 7) were seeded
in antibiotic-free culture medium and incubated at 37°C, 5 % CO, ON. Before
addition of the transfection complexes, culture medium was changed. Cells were
harvested at different time points as indicated.

Table 7 Conditions for transfection of siRNA in 6-well format

Cell line and used Concentration of Volume of transfection Incubatio
cell number / 6-well SiRNA (nM) reagent n time
3 x 10° MCF-7 5 nM diluted in 100 uL 12 pl HiPerFect (Qiagen) diluted 10  min,
serum-free (sf) in 100 pL sf medium RT
medium
5 x 10° SK-BR-3 80 nM diluted in 200 yl 4 pl DharmaFect (Dharmacon) 5 min,
sf medium diluted in 200 pl sf medium RT, then
mix both
tubes, 20
min, RT
3x 10° PA-1 5 nM diluted in 100 uL 12 pl HiPerFect (Qiagen) diluted 10  min,
sf medium in 100 pL sf medium RT
5x 10° NIH-OVCAR3 5 nM diluted in 100 uL 12 pl HiPerFect (Qiagen) diluted 10  min,
sf medium in 100 pL sf medium RT
8 x 10° NEC-8 10 nM diluted in 5 uL Lipofectamine RNAIMAX 20  min,
250 pL sf medium (life technologies) diluted in 250 RT
pL sf medium
3 x 10° DAN-G 5 nM diluted in 100 uL 12 pl HiPerFect (Qiagen) diluted 10  min,
sf medium in 100 pL sf medium RT

3.2.5 Transfection of cells with plasmid DNA

Transfection of cells with plasmid DNA was performed using Lipofectamine 2000
or Lipofectamine LTX (Life Technologies) according to the manufacturer’s
protocol. 24 h prior transfection, 1x10° cells per well of a 6-well plate or depending
on cell line used, 5-8x10° cells per 10 cm dish were seeded in antibiotic-free
medium and incubated at 37°C, 5 % CO, ON. Transfection-sensitive cell lines
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were transfected with Lipofectamine LTX that exerts lower toxicity as

Lipofectamine 2000. Cells were harvested at different time points as indicated.

Table 8 Conditions for transfections with plasmid DNA

Culture Volume of Volume of DNA Lipofectamine Lipofectamine LTX
vessel plating dilution 2000
medium medium
6-well 2mL 0,25 mL 4 ug 10 pL 8 uL (4 puL Plus Reagent
added to DNA)
10 cm 15 mL 1mL 20 pg 60 pL 47 pL (20 pL Plus

Reagent added to DNA)

3.2.6 Dual-Luciferase reporter assay

For reporter assays, CLDN6 promoter fragments of different lengths were cloned
into the promoter less Renilla luciferase vector pGL4.76 [hRluc/Hygro]. As an
internal control, the firefly luciferase vector pGL4.13 [luc2/SV40] was used. The
activity of the experimental reporter is normalized to the activity of firefly luciferase
to compensate experimental variability in transfection efficiency. The ratio of
pGL4.76 to pGL4.13 for co-transfection was 50:1. 24 h after transfection, cells
were rinsed in 1X PBS, lysed in 1X passive lysis buffer (PLB) buffer and stored at -
20 °C until measurement. First, the luminescent signal from firefly luciferase was
measured by adding 50 pL Luciferase Assay Reagent Il to 30 pL lysate. The firefly
luciferase luminescence was quenched by adding 50 pL of Stop & Glo Reagent to

the lysate and the Renilla luciferase luminescence can be measured immediately.

3.2.7 Proliferation assay

To analyze the proliferation of tumor cells after knockdown of CLDNG6, the
fluorescent-based CYQUANT® GR cell proliferation assay kit (Molecular Probes,
life technologies) was used. As phenol-red may interfere with fluorescence of
CyQUANT® GR dye, all steps were performed with phenol-red free culture media.

PA-1, NIH-OVCAR3 and NEC-8 cells were transfected with siRNA according to
3.2.4. 24 h after transfection, cells were detached with TrypLE express, counted
and centrifuged. 5000 cells per well were seeded in 96-well microplates and
proliferation of cells was assayed 24 h / 48 h / 96 h after reseeding. At the desired
time points, cells were washed very carefully with 1X PBS and microplates were
freezed at -80°C ON. The freezing step is important to assure efficient cellular
lysis. The plates were thawed at RT and 200 pL of freshly prepared CyQUANT®
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GR dye/cell-lysis buffer mixture was added to each sample well and incubated for
5 min at RT. Fluorescence was measured using the fluorescence microplate
reader Victor? (Wallac Coulter) with filters appropriate for ~480 nm excitation and

~520 nm emission maxima.

3.2.8 Wound healing assay

For analysis of wound healing, etched grid cover slips, 23x23mm (Bellco Glass)
were added to sample wells of a 6-well plate. Cover slips were washed twice with
1X PBS and coated with collagen R (20 mg/mL in 1X PBS) for 30 min at 37°C to
assure that cells can adhere to the glass surface. Wells were washed with 1X PBS
and 6 x 10° PA-1 cells were added per well and allowed to adhere ON at 37°C, 5
% CO.. 24 h after seeding, PA-1 cells were transfected with CLDNG6-siRNA or non-
silencing-siRNA according to 3.2.4. Cells were grown to monolayers of 100 %
confluence in complete culture medium for 48 h. 12 h prior wounding, cells were
serum starved in starvation medium (MEM, 1% FCS) to induce higher migration of
cells after wounding. Confluent monolayers were wounded using a disposable 200
ML pipette tip and washed twice with complete growth medium to remove floating
cells. Wound closure was analyzed at different time points (0, 4, 8, 12 and 24 h)
and pictures were taken at 10 different fields per samples with a microscope.
Wound closure was analyzed with Image J using the polygon selection tool to
analyze cell-free area between both cell boundaries. Cell-free area at time point O
h was taken as 0 % wound healing and percentages of wound healing at different
time points were calculated with regard to measured cell-free area at O h.

3.2.9 Adhesion assay

3.29.1 Cell-cell adhesion assay

Adhesion of tumor cells to a confluent cell monolayer of the same or other origin
was analyzed using the cell-cell adhesion assay. PA-1, NIH-OVCAR3 and DAN-G
cells were transfected with CLDN6-siRNA or non-silencing-siRNA according to
3.2.4. 72 h after transfection, cells were harvested with Accutase, counted and
adjusted to 5 x 10°cells / mL in complete growth medium. Cells were allowed to
recover from harvesting for 30 min at 37°C, 5 % CO,. After recovery, cells were

washed once with 1X PBS and resuspended in serum-free culture medium and

42



Methods

stained with 1 puM Calcein AM in serum-free culture medium for 30 min at 37°C.
Cells were washed once with 1X PBS to remove excessive Calcein AM and
resuspended in serum-free culture medium. 24 h prior the start of the assay, 5x10*
PA-1 or NIH-OVCARS cells were seeded in sample wells of a 96-well microplate to
ensure that cells are grown to 100 % confluence. The monolayers in the 96-well
plate were washed once with 1X PBS and 100 pL of siRNA-treated PA-1 / NIH-
OVCARS3 / DAN-G cell suspensions were added. Six replicates per sample were
performed. Cells were allowed to adhere for 1.5 to 3 h at 37°C, 5 % CO,. Non-
adherent cells were removed by washing cells twice with 1X PBS. Fluorescence of
adherent cells was measured using a Victor? microplate reader (Wallac coulter)
with filters appropriate for ~480 nm excitation and ~520 nm emission maxima. To
calculate the percentage of adherent cells with regard to the starting population
(5x10* cells), fluorescence measurement of 5 x 10* cells of each cell line was
included. Furthermore, wells with 1X PBS only and unstained cells were included
as background controls.

3.2.9.2 Cell-matrix adhesion assay

This assay was performed to analyze efficiency of tumor cells to adhere to the
extracellular matrix molecules vitronectin, laminin-111 and poly-L-lysine. 96-well
microplates with maxisorp surface were coated ON at 4°C with 60 pL laminin-111
(30 mg/mL in 1X PBS). Laminin-111 solution was aspirated and wells were
washed with 1X PBS. Laminin-111 and poly-L-lysine coated plates (Greiner) were
blocked with 1% BSA (Sigma Aldrich) for 30 min at RT to avoid unspecific
binding. Wells were washed with 1X PBS and pre-warmed culture medium was
added until cells were ready for seeding. Vitronection-coated plates (R&D) were

ready-to-use.

PA-1, NIH-OVCAR3 and DAN-G cells were transfected with CLDNG6-siRNA or non-
silencing-siRNA according to 3.2.4. 72 h after transfection, cells were harvested
with Accutase, counted and adjusted to 5x10° cells / mL in complete growth
medium. Cells were allowed to recover from harvesting for 30 min at 37°C, 5 %
CO.,. After recovery, cells were washed once with 1X PBS, resuspended in serum-
free culture medium and 100 pL of siRNA-treated PA-1 / NIH-OVCAR3 / DAN-G
cell suspensions were added to the sample wells of 96-well microplates coated
with different matrix compounds. Cells were allowed to adhere for 1.5-3 h at 37°C,
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5% CO,. Non-adherent cells were removed by washing cells twice with 1X PBS
and 150 pL fixation-staining solution (0.2 % crystal violet in 10 % EtOH) was
added per sample well and incubated at RT for 30 min. Wells were washed with
dH-0 to remove excessive stain and fixed cells were allowed to dry ON. 100 pL 10
% acetic acid was added per well and incubated for 20 min at RT with shaking.
Solution was resuspended and absorbance was measured at 595 nm using a

microplate reader infinite M200 (Tecan).

3.2.10 Colony formation assay

The colony formation assay is used to analyze the ability of a single cell to grow
into a colony. 500-700 CLDN6+ and CLDNG6- PA-1 cells were sorted using a
FACSAria cell sorter (BD) directly into 6-well plates containing complete growth
medium. The cells were incubates for 10 days at 37°C, 5% CO2 and medium was
changed every 3-4 days. At day 10, cells were washed with 1X PBS and
subsequently fixed and stained by adding 1 mL of 0.5 % crystal violet in 10 %
EtOH for 30 min at RT. Wells were washed with water to remove excessive dye
and allowed to dry ON. Pictures were taken and colonies were counted manually.
At least 50 cells were considered to be a colony.

3.3 Flow cytometry

Flow cytometry is a laser based method for cell counting, cell sorting and detection
of biomarkers. Flow cytometry was performed using a FACS Canto Il (BD) with

Diva software and data was analyzed using Flow Jo software.

3.3.1 Staining of cell surface proteins

Cells were harvested with Accutase to reduce damage of cell-surface proteins and
counted. 1x10° cells per tube were centrifuged (460 x g, 5 min, 4°C), washed in
FACS-buffer and stained with appropriate antibody concentrations diluted in 100
pL FACS-buffer 30 min at 4°C in the dark. Cells were washed twice prior
measurement. To determine cell viability, 7-Amino-Actinomycin (7-AAD) staining
was included. Therefore, cells were incubated for 15 min at RT with diluted 7-AAD
(5 pL 7-AAD in 100 pL FACS buffer per test). Cell were washed once and
resuspended in 150 pL FACS-buffer for measurement.
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3.3.2 Cell cycle analysis by DNA-content

Cell cycle analysis was performed using 7-AAD. 7-AAD intercalates in dsDNA and
undergoes a spectral shift upon DNA binding. Cells have to be permeabilized and
fixed prior to 7-AAD staining. 72 h after siRNA-treatment, cells were harvested
with Accutase and counted. 1x10° cells per tube were centrifuged (460 x g, 5 min,
4°C), resuspended in 400 pL ice-cold 1X PBS and chilled on ice. 3.6 mL ice-cold
70 % EtOH was added to a new tube and cell suspension was added drop-wise
onto the EtOH while vortexing. Cells were fixed ON at 4°C. Fixed cells were
centrifuged and resuspended in 5 mL 1X PBS, incubated for 2 min at RT and
centrifuged. Cells were resuspended in 300-500 pL 7-AAD staining solution
(RNase A (100 pg/mL), 7-AAD (25 pg/mL), 0.1 % Triton-X in 1X PBS) and
incubated for 30 min at RT in the dark. RNase A and Triton X are used to get rid of
RNA and proteins which could falsify DNA content measurement. Cells were
measured using a low flow rate under 400 events/second and linear scale to gain

optimal separation of different cell cycle phases.

3.3.3 Apoptosis assay

Apoptosis was analyzed using PE-AnnexinV/7-AAD Apoptosis Detection Kit (BD)
according to manufacturer’s instructions. 72 h after treatment with siRNA, NIH-
OVCARS3 cells were harvested with Accutase and counted. 1x10° cells per tube
were centrifuged (460 x g, 5 min, 4 °C) and resuspended in 1 mL pre-warmed
complete growth medium and allowed to recover for 30 min at 37°C. Cells were
centrifuged and washed twice with cold 1X PBS, resuspended in 100 pL 1X
binding buffer with 5 uL PE-Annexin V and 5 pL 7-AAD and incubated for 15 min
at RT in the dark. Finally, 200 pL 1X binding buffer were added prior to

measurement.

3.4 Biochemical methods

3.4.1 Preparation of whole cell lysates

For preparation of whole cell lysates, 250 pL 4 X Laemmli sample buffer were
added to cells grown in a 6-well plate, harvested with a cell scraper and
immediately kept on ice. After freezing ON at -80°C, lysates were homogenized
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with syringe and needle. For Western blot analyses except detection of CLDNG,

cell lysates were boiled to 95 °C for 5 min prior to loading to the gel.

3.4.2 SDS-Polyacrylamide gel electrophoresis

SDS-PAGE (Sodium dodecyl sulfate — polyacrylamide gel electrophoresis) is a
standard biochemical method to separate proteins according to their
electrophoretic mobility. SDS is an anionic detergent used to denature secondary
and tertiary structures of proteins by conferring a negative charge to linearized
proteins which is evenly distributed per unit mass of the protein resulting in a
separation by size during electrophoresis. Protein denaturation is further
supported by usage of reducing agents like B-mercaptoethanol in the sample
loading buffer which lead to cleavage of inter- and intramolecular disulfide bonds.
In this study, tris-glycine-SDS gels (Anamed Gelelektrophorese) with different
concentrations of acrylamide-bisacrylamide in the resolving gel were used
depending on molecular weight of separated proteins. The higher the
concentration of acrylamide-bisacrylamide, the lower is the gel pore size resulting
in separation of smaller proteins. Gels were adjusted in the electrophoresis
chamber (Invitrogen) and 5 — 30 pL of whole cell lysates from 3.4.1 were loaded
on the gel. Gels were run at 125 V, 60 mA for approximately 90 min.

3.4.3 Western blot

Western blot is a technique for detection of specific proteins in cell or tissue
lysates [183,184]. Proteins in whole cell lysates were separated by SDS-PAGE
(see 3.4.2) and transferred to nitrocellulose membrane (Whatman) using semi-dry
blotting technique. Gels were blotted 90 min with 1.5 A / cm? of gel (Semi Dry
Blotting apparatus, BioRad). Gels were stained immediately after blotting with
Coomassie to analyze transfer efficiency. Unspecific binding sites of the
membrane were blocked with 5 % milk powder in PBS/T for 1 h on RT.
Immunostaining was performed using mouse or rabbit monoclonal antibodies
reactive to several proteins listed in chapter 2.4.1 by incubation ON at 4 °C.
Membranes were washed three times in 1 X PBS/T for 10 min. Detection of
primary antibodies was performed with horseradish peroxidase-conjugated goat-
anti-mouse or goat-anti-rabbit secondary antibodies (Jackson ImmunoReseach

Laboratories). Membranes were incubated 1 h on RT with secondary antibodies
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and subsequently washed three times prior to detection of chemiluminescence.

Detection of housekeeping protein B-actin was used as loading control.

3.4.4 Chromatin Immunoprecipitation

Chromatin immunoprecipitation (ChIP) is a method to study interactions between
specific proteins (i.e. transcription factors or histones) and a genomic DNA region.
For ChIP analysis, cells were seeded in 10 cm dishes, treated and harvested to
time points as indicated in the results part. Cross-linking of the proteins and
genomic DNA was performed by addition of 1 % formaldehyde (diluted in Paro Fix)
to cells and incubated 10 min at RT. Crosslinking was stopped by addition of 315
pl glycine (2.5 M) and incubation for 10 min at 4°C. For preparation of chromatin,
dishes were washed twice with 1X PBS, cells were scraped off in 3 mL 1X PBS
and centrifuged at 600 g for 7 min at 4°C. For removal of cytoplasm, pellets were
resuspended in 10-30 mL of Paro Rinse 1, incubated 5 min on ice and centrifuged
again. Subsequently, a washing step with Paro Rinse 2, incubation for 15 min on
ice and centrifugation followed. Pellets were resuspended in 900 pl / plate of lysis
buffer and incubated for efficient cell lysis for 3 h on ice. A crucial step in ChIP is
shearing of gDNA into fragments of 200 to 700 bp. Here, sonication was
performed using a Biorupter Plus sonicator (Diagenode) using 15 cycles with 30
sec ON and 45 sec OFF at high amplitude. This resulted usually in fragments of
250-300 bp. After sonication, samples were centrifuged for 10 min at 14000 g at
4°C to get rid of any cell debris. The chromatin concentration was measured using
Hoechst (200 ng/mL) in a fluorometer.

To ensure successful sonication, a chromatin size checkup prior ChIP was
performed. 20 pug sonicated chromatin was subjected to RNase A (0.2 mg/mL final
concentration) digestion at 37°C for 30 min and proteinase K digestion (200 pg/mL
proteinase K, 1 % SDS, 100 mM NaCl) for 2.5 h at 55°C and cross linking was
reversed ON at 65°C. DNA was precipitated with EtOH (100 % EtOH, 1/10 volume
3 M NaOAc (pH 5.2), 1 uL glycogen) by centrifugation for 2 h at 14000 x g at 4°C.
Pellets were washed with 70 % EtOH, air-dried for 30 min and resuspended in 40
pL TE buffer. 1 pg and 2 pg DNA were loaded on a 1.2 % agarose gel for analysis

of fragment sizes.
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ChIP was performed with 70 pg chromatin and 5 pg of respective antibodies. Prior
to addition of antibody, pre-clearing of chromatin with salmon-sperm saturated
protein A or G agarose beads (depending on the antibody subtype used for ChIP)
was performed for 1 h at 4°C with overhead shaking. The pre-clearing reduces
nonspecific immunoprecipitation by removal of proteins which bind unspecifically
to the beads. 1 % of the chromatin after pre-clearing was taken as input for later
guantification and stored at -20°C. Pre-cleared chromatin and antibody were
incubated for ChIP 16 h at 4°C with overhead shaking. To bind the
immunoprecipitated antibody-protein-DNA complexes, salmon-sperm saturated
protein A or G agarose beads were added and incubated for 3 h at 4°C with
overhead shaking. Washing steps with lysis buffer, DOC buffer and TE buffer were
performed to remove non-specifically bound chromatin. Afterwards IP was eluted
from beads twice with elution buffer for 20 min at RT with overhead shaking. Next,
crosslinking had to be reversed to purify bound DNA fragments. First, IP fraction
was incubated with RNase A for 3 min at 37°C followed by proteinase K digestion
(50 pg/mL proteinase K, 10 mM EDTA, 40 mM Tris pH 6.5) for 2.5 h at 55°C and
reversal of crosslinking ON at 65°C. Reversal of crosslinking of the input was

performed as described before for size checkup.

DNA was purified by phenol-chloroform extraction. First, phenol was added,
centrifuged at 13000 rpm for 10 min at RT and upper aequeous phase was
transferred into a new tube. Second, chloroform/IAA was added, centrifuged and
upper aequeous phase was taken again. EtOH precipitation was done as
described earlier in this chapter. DNA pellets were resuspended in 40 pL TE
buffer.

Purified DNA was analyzed by conventional PCR (only for PLAC1 promoter) and
quantitative real time PCR for presence of respective promoter fragments (refer to
chapter 7.3.4 for primer list).

3.5 Statistics

Depending on the question, different statistical tests (paired t-test, ANOVA,
Spearman or Pearson correlation) were performed. For statistical analysis, Graph
Pad Prism Software was used. P-values < 0.05 were considered statistically
significant.
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4 Results

In the presented work, two different candidate tumor antigens, PLAC1 and
CLDNG6, were characterized. Therefore, part | deals with the analysis of the
regulation of PLAC1 whereas part Il concentrates on the analysis of regulation and
function of CLDNG in cancer.

4.1 Analysis of the Estradiol (Ez)-dependent regulation of
PLACL1 in breast cancer

In the first part of this study, the transcriptional regulation of PLAC1 is examined in
further detail. As described in the introduction of this thesis (refer to chapter 1.3.1),
a large part of the transcriptional complex at the PLAC1 promoter was recently
elucidated by our group [83]. However, the complete transcriptional complex is not
clarified up to now. The aim of this study was to shed further light on the Es-
dependent activation of PLAC1 in breast cancer cells. This was analyzed using
two different PLAC1-expressing breast cancer cell lines: ERa-positive MCF-7 and
ERa-negative SK-BR-3 cells. The results of this chapter have been published in
[185].

4.1.1 Expression of pl60/NCOA family and PLAC1l in breast

cancer cell lines

The p160/NCOA family of co-activators has a prominent role in nuclear receptor
mediated activation of gene expression especially in hormone-related cancers
[101]. To study the regulation of PLAC1 with regard to E>-mediated signaling in
breast cancer, two different breast cancer cell lines were chosen: the ERa-positive
MCF-7 and ERa-negative SK-BR-3 breast cancer cells. MCF-7 cells have been
shown to up-regulate PLAC1 upon treatment with E; [83] SK-BR-3 cells are not
E,-responsive because these cells lack expression of ER [186]. First, the
expression of NCOA1, NCOA2 and NCOAS3 as well as PLACL1 in both cell lines
was analyzed on transcript level by quantitative real-time RT-PCR (qRT-PCR) and
on protein level by Western blot analysis in MCF-7 and SK-BR-3 cells (Figure 8 A,
B). Both cell lines express all three co-activators and PLAC1 while slightly different
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expression levels are detected: NCOA3 is higher expressed in MCF-7 cells
compared to NCOA1l and NCOA2, whereas in SK-BR-3 cells expression of
NCOA3 was reduced compared to the other family members. Interestingly, PLAC1

expression is higher in SK-BR-3 cells compared to MCF-7 cells.
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Figure 8 Expression of NCOA1, 2, 3 and PLAC1 in ERa-positive MCF-7 and ERa-negative SK-BR-3
breast cancer cells. (A) Real-time RT-PCR quantification of NCOA1, 2, 3 and PLAC1 mRNA expression in
MCF-7 and SK-BR-3 breast cancer cells. Shown are mean and standard deviation of a minimum of three
individual experiments. (B) Protein expression of NCOAL, 2, 3 and PLAC1 in MCF-7 and SK-BR-3 breast
cancer cells were analyzed by Western blot. B-actin was used as a loading control.

4.1.2 NCOAS3 is selectively recruited to the endogenous PLAC1

promoter in estrogen-responsive MCF-7 cells

The next question to address was if NCOA1, 2 or 3 participate in the formation of
an E,-dependent pre-initiation complex on the endogenous PLAC1 promoter. It is
known that these co-activators are recruited to promoters of estrogen-responsive
genes [101]. An elegant method to analyze if certain factors are bound to a
specific promoter region is ChIP. Because it should be analyzed if the members of
the p160/NCOA family are involved in E>-mediated regulation of PLAC1, ChIP
assays were performed with nuclear extracts from untreated MCF-7 and SK-BR-3
cells or cells treated for 12 h with 100 nM E; in presence or absence of the ERa-
antagonist ICI, which is known to efficiently inhibit the actions of endogenous and
exogenous E,, or with ICI alone. The PLAC1 promoter region analyzed here
harbors the C/EBPB-2 and SP-1 binding site (-348 to -198 bp) for which it has
been demonstrated previously that these binding sites are a prerequisite for the
formation of a functional transactivation complex [83]. To ensure that specific
enrichment of the different factors is detected by ChIP, a negative control locus
upstream of the PLAC1 promoter (-1219 to -1064) was included. After ChIP with
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specific antibodies the enrichment of SP1, C/EBPB-2, ERa, NCOA1, 2 and 3,
p300, pCAF, acetylated histones H3 and H4 (AcH3 and AcH4), general
transcription factor 11B (TFIIB) and RNA polymerase 1l (Pol Il) was analyzed by
end-point PCR as well as quantitative PCR to determine the relative occupancy.
First, our previous results could be confirmed as recruitment of C/EBPB-2 and ERa
to the PLAC1 promoter was strongly and specifically induced by E, in MCF-7 cells,
whereas no apparent differences in the recruitment of SP1 in the presence or
absence of E; were observed (Figure 9 A, B). Specific enrichment of NCOA3 but
not NCOA1 and NCOA2 was detected in MCF-7 cells upon treatment with E,. Full
NCOA3 co-activator function also requires the recruitment of the histone acetyl
transferases p300 and pCAF. Acetylation of histones by these factors modifies
chromatin structure and provides a more accessible promoter environment for
recruitment of components of the general transcriptional machinery [93].
Accordingly, specific recruitment of histone acetyl transferases p300 and pCAF,
acetylated histones H3 and H4, TFIIB and Pol Il to the PLAC1 promoter upon Ej-
treatment was detected in MCF-7 cells. In contrast, in ERa-negative SK-BR-3
cells, formation of this pre-initiation complex by treatment with E; could not be
observed. These results indicate a selective involvement of NCOA3 in the
assembly of an active Ey/ERa-induced pre-initiation complex at the PLAC1
promoter in ERa-positive MCF-7 cells.
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Figure 9 Selective E>-dependent recruitment of NCOA3 to the endogenous PLAC1 promoter in ERa
positive MCF-7 cells. (A) Chromatin immunoprecipitation (ChlP) was performed with chromatin prepared
from MCF-7 and SK-BR-3 cells which were either untreated (C), treated with 17-B3-estradiol (E,) alone, with ICI
alone or with both compounds (E./ICl) for 12 h. The promoter region of PLAC1 containing the C/EBPS and
SP1 elements (-348/-198) and a region upstream of the promoter (-1219/-1064) as negative control were
analyzed by PCR following immunoprecipitation with the indicated antibodies. Amplification products from
soluble chromatin prior to precipitation are shown as control (Input). (B) Quantitative analysis of the
recruitment and occupancy shown in (A) determined by real-time RT-PCR. The results corrected by input are
shown as fold increase compared to unstimulated cells used as a reference.
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4.1.3 E;-mediated transactivation of PLAC1 is dependent on
NCOA3

To directly assess the impact of NCOA3 on PLAC1 transcript and protein
expression, NCOA3 was silenced by transient transfection with a pool of four
NCOA3-specific siRNA duplexes in MCF-7 and SK-BR-3 cells. 48h after
transfection, cells were harvested and PLAC1 as well as NCOA3 expression were
analyzed by gRT-PCR and Western blot. Transcript levels of NCOA3 were
specifically reduced by 80 % compared to non-transfected cells and cells
transfected with non-silencing control siRNA duplexes in both cell lines (Figure 10
A). Strikingly, silencing of NCOAS3 resulted in a concomitant loss of PLAC1
expression only in ERa-positive MCF-7 cells but not in ERa-negative SK-BR-3
cells. These findings could be confirmed on protein level by Western blot analysis
(Figure 10 B).
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Figure 10 Silencing of NCOA3 diminishes PLAC1 expression only in ERa-positive MCF-7 cells. (A)
Quantitative real-time RT-PCR expression analysis of NCOA3 and PLAC1 in MCF-7 and SK-BR-3 cells 48 h
after transfection with NCOA3- or PLAC1-specific SiRNA duplexes or a non-silencing (ns) siRNA-pool. The
results are shown as fold increase compared to untransfected cells used as a reference. (B) Protein
expression of NCOA3 in MCF-7 and SK-BR3 cells 48 h after transfection with sSiRNA duplexes targeting
NCOAS3 or PLAC1 mRNA.

Noteworthy, silencing of NCOA3 in MCF-7 cells did not result in complete loss of
PLAC1 expression, as basal expression of PLAC1 in breast cancer is not
dependent on ERa-signaling [83]. Transfection of MCF-7 and SK-BR-3 cells with a
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mixture of two PLAC1-specific SiIRNAs was conducted to verify that knockdown of
NCOAZ3 specifically affects PLAC1 mRNA and protein level (Figure 10 A, B).

As ChIP analysis revealed that NCOAS3 is only present at the PLAC1 promoter in
MCF-7 cells when treated with E;, the next step was to further verify the
importance of NCOAS3 for Ex-mediated transactivation of PLAC1. For this purpose,
MCF-7 cells were E,-depleted by culturing in phenol-red free DMEM with 10%
charcoal-stripped FCS for 72 h and subsequently transfected with NCOAS3-
targeting siRNA duplexes or control siRNA (ns-siRNA). 48 h after transfection,
MCEF-7 cells were exposed to 100 nM E,, 5 uM ICI or both (E2/ICI) and analyzed
by gRT-PCR on PLACL1 expression. Ex-treatment induced PLAC1 expression only
in non-transfected cells and cells transfected with ns-siRNA duplexes (Figure 11).
In contrast, PLAC1 transactivation was nearly abolished in cells lacking NCOAS,
further confirming the important function of NCOA3 for E,/ERa-induced

transactivation of PLAC1 in breast cancer cells.
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4.1.4 PLAC1 expression is increased in NCOA3 overexpressing

and ERa-positive breast cancer samples

The previous experiments were performed exclusively in tumor cell lines. To get
insight in a broader range of patients, the relationship between PLAC1 and
NCOA3 was investigated by qRT-PCR in vivo in 48 human primary breast cancer
tissue samples including both ERa-positive as well as ERa-negative samples.
Since overexpression of NCOA3 in breast cancer has been shown to be
associated with clinical parameters [187-189], it was of interest if high PLAC1
expression is associated with NCOA3 overexpression and moreover, if any
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differences are observed between ERa-positive and —negative breast cancer
samples. For this purpose, we subdivided the 48 breast cancer samples into two
groups depending on NCOA3 expression levels. Relative expression of NCOA3
below 100000 were considered to be ‘NCOA3 low' (N = 25), whereas relative
expression of NCOA3 over 100000 were considered to be ‘NCOA3 high’ (N = 23).
In contrast, relative expression of NCOA3 in human normal breast tissue is about
10000. While no difference in PLAC1 expression was found between ‘NCOA3 low’
and ‘NCOAS3 high’ expressing breast cancer tissues regardless of the ER-status
(Figure 12A) or in the ERa-negative samples (Figure 12C), a significant higher
expression of PLACL1 in the ‘NCOA3 high’ expressing breast cancer samples was
detected exclusively in ERa-positive breast cancer samples (Figure 12B).
Interestingly, a slight but not significant difference in PLAC1 transcript expression
levels between ‘NCOAS3 high’ and ‘NCOAS3 low’ expressing samples is also
observed in the ERa-negative samples. If NCOA3 expression has also in ERa-
negative breast cancer tissues an influence on PLACL1 expression levels has to be

further investigated in a larger setting to draw a final conclusion.
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Figure 12 mRNA expression of PLACL1 is elevated in NCOA3 overexpressing and ERa-positive human
breast cancer samples. (A) NCOA3 and PLAC1 mRNA expression was examined by quantitative real-time
RT-PCR in 48 human breast cancer samples. ‘NCOA3 low’ (N = 25) are samples with a relative expression of
NCOA3 below 100000, whereas be ‘NCOAS3 high’ (N = 23) samples have a relative expression of NCOA3
over 100 000. (B) Evaluation of PLAC1 expression in ERa-positive breast cancer samples with ‘NCOA3 low’
(N=20) or ‘NCOAS3 high’ (N=13) status. (C) Evaluation of PLAC1 expression in ERa-negative breast cancer
samples with ‘NCOAS low’ (N=5) or ‘NCOA3 high’ (N=10) status. Statistical analysis was performed using two-
tailed paired Student’s t-test. P < 0.05 was considered statistically significant.
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4.2 Analysis of CLDNG6 in cancer — expression, function

and regulation

The second part of the present study deals with the elucidation of expression,
function and regulation of the tight junction molecule CLDNG6 in cancer.

4.2.1 CLDNG6 is frequently expressed in cancer but absent in

normal adult tissues

In a first experiment, CLDN6 expression was analyzed in various human normal
tissues, cancer cell lines as well as cancer types by gRT-PCR. CLDN6 was not
expressed in any normal tissues except at minor levels in placenta (Figure 13 A).
In contrast, CLDN6 was found to be frequently overexpressed in various cancer
cell lines, as shown in Figure 13 B. Cancer cell lines with a relative expression of
CLDNG6 above 500 are shown. Tumor tissues, especially ovarian, lung (with a
higher prevalence in adenocarcinoma compared to squamous cell carcinoma) and
testicular cancer were found to frequently overexpress CLDN6 (Figure 13 C).
Furthermore, sporadic expression of CLDN6 was observed also in a variety of
other cancer types, for example breast cancer and gastric cancer (data not

shown).

These data present CLDNG6 as a highly specific tumor antigen and qualifies it as a
potent candidate target for CLDN6-specific cancer immunotherapies.
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Figure 13 CLDNG6 is overexpressed in cancer cell lines and tissues while not expressed in adult normal
tissues. Quantitative 40 cycles real-time RT-PCR in (A) human normal tissues: breast, duodenum, skin,
colon, liver, lung, lymph node, stomach, spleen, kidney, esophagus, ovary, pancreas, placenta, prostate,
testis, thymus, thyroid, endometrium, peripheral blood mononuclear cells (PBMCs) resting and proliferating,
cerebellum, gall bladder, urinary bladder, ileum, adrenal gland, rectum, skeletal muscle and fallopian tube, (B)
cancer cell lines BV-173, IM-9, SK-BR-3, ZR-75-1, T47-D, BT-474, CAMA-1, MDA-MB-361, HCT116-p
(parental) and HCT116-dko (DNMT double knock out), K562, AGS, MKN7, Hep-G2, NCI-H552, NCI-H209,
FU-OV1, NIH-OVCARS3, PA-1, BEWO, Kato3, FU97 and NEC-8 and (C) testicular, ovarian and adeno- and
squamous lung cancer tissues. (B) Cancer cell lines with a relative expression level >500 are shown only.
Relative expression of CLDN6 was normalized to relative expression of housekeeping gene HPRT1.

4.2.2 Establishment of a transient CLDN6 knockdown system

To analyze the function of CLDNG6 in cancer cells, siRNA-mediated silencing of
CLDNG6 was established in three different tumor cell lines. In this study, the human
ovarian teratocarcinoma cell line PA-1, the human ovarian adenocarcinoma cell
line NIH-OVCAR3 and the human testicular carcinoma cell line NEC-8 were used
for functional analysis of CLDN6 because these cell lines have been show to
express high levels of CLDNG6 (Figure 13 B).

All three cell lines were transfected with either a pool of four non-silencing (ns)
SsiRNAs or CLDNG6-targeting siRNAs (in the following referred to as ns-siRNA or
CLDNG6-siRNA) and analyzed 48 h after transfection by gRT-PCR and Western
Blot. Knockdown of CLDN6 was highly efficient in all three cell lines both on
MRNA as well as on protein level (Figure 14 A, B). Residual mMRNA expression in
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CLDNG6-siRNA treated cells was below 5 % in NEC-8 and NIH-OVCARS3 cells and

below 15 % in PA-1 cells compared to untransfected control cells.
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Figure 14 RNAi-mediated silencing of CLDNG is highly efficient in NEC-8, NIH-OVCAR3 and PA-1 tumor
cells. (A) Quantitative real-time RT-PCR expression analysis of CLDN6 48 h after transfection with CLDNG6-
specific SiIRNA duplexes. ns-siRNA, non-silencing siRNA. Results are shown as fold increase compared to
untransfected cells used as reference. (B) Protein expression of CLDNG6 48 h after transfection with sSiRNA
duplexes targeting CLDN6 mRNA. B-Actin was used as loading control.

CLDNG6 knockdowns of these three cell lines were used to further analyze the
function of CLDNG6 in several cellular in vitro assays which are described in the
following chapters (4.2.3 and 4.2.4).

4.2.3 Silencing of CLDNG6 does not alter proliferation, apoptosis or

cell cycle distribution of tumor cell lines

In this study, the effect of siRNA-mediated silencing of CLDN6 on key features of
tumorigenesis was assessed. Deregulation of proliferation, cell cycle and

apoptosis can lead to uncontrolled expansion of tumor cells.

First, it was investigated if CLDN6 knockdown influences proliferation of tumor
cells. For this purpose, PA-1, NIH-OVCAR3 and NEC-8 cells were transfected
either with ns- siRNA or CLDNG6-siRNA. Proliferation of tumor cells was analyzed
48 h, 72 h and 96 h after knockdown of CLDNG6 using a fluorescence based
method. The green fluorescent dye CyQUANT binds to nucleic acids, thus
fluorescence is equivalent to DNA content. The higher the fluorescent counts the
more cells are present in the well. It is assumed that the fluorescent signal

accounts for the cell number.

Results of proliferation assay are depicted in Figure 15 A-C. Neither in NEC-8, PA-
1 nor NIH-OVCARS3 remarkable changes in proliferation could be observed 48 h,
72 h or 96 h after transfection with CLDNG6-targeting siRNA compared to

untransfected or ns-siRNA transfected cells. Knockdown of CLDN6 was analyzed
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at the beginning (24 h after transfection) and at the end of the experiment (96 h
after transfection) by gRT-PCR. Knockdown of CLDN6 was efficient during the
entire proliferation assay (Figure 15 D).
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Figure 15 Silencing of CLDN6 does not alter proliferation of NEC-8, PA-1 and NIH-OVCARS3 cells. (A)
NEC-8 (B) PA-1 and (C) NIH-OVCARS cells were either transfected with non-silencing (ns) siRNA or CLDNG6-
targeting siRNA or left untransfected and fluorescence intensity of incorporated CyQUANT was assayed 48 h,
72 h or 96 h after transfection. (D) Analysis of CLDN6 knockdown efficiency during proliferation assay. qRT-
PCR expression analysis of CLDN6 24 h and 96 h after transfection with CLDNG6-specific SIRNA or ns-siRNA
duplexes in NEC-8, NIH-OVCAR3 and PA-1 cells. Results are shown as fold increase compared to
untransfected cells used as a reference.

Cell cycle progression is often deregulated in tumor cells and proportions of cells
which are in active cell division are significantly increased in tumors compared to
that of normal tissues. Hence, in this study, changes in cell cycle distribution were
analyzed in CLDNG6-siRNA transfected PA-1, NEC-8 and NIH-OVCAR3 cells
compared to untransfected or ns-siRNA treated cells 72 h after transfection. This
time point was chosen because on the one hand all three cell lines used exhibited
a stable knockdown of CLDN6 72 h after transfection (Figure 17 E) and on the
other hand it is possible that silencing of CLDN6 needs a little time to display
provoked effects on protein level in terms of MRNA half-lives and protein stability.
Changes in cell cycle were analyzed using 7-AAD that is excluded from live cells
with intact cell membranes whereas damaged membranes of dying or dead cells

are penetrated. During cell cycle, DNA content of cells changes. Using 7-AAD, a
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characteristic cellular DNA content profile is generated in which fluorescence
intensity of 7-AAD is proportional to DNA content. Cells in G1- or GO-phase are
diploid (2n), cells in G2/M phase have a double set of chromosomes (4n) and cells
in S-phase show an intermediate DNA-content. Dead or damaged cells have
fragmented DNA and can be visualized by sub G1 frequency that accounts for
apoptotic cell fraction and cell debris.

Figure 16 Histogram showing DNA content measurement.
Counted events are plotted against 7-AAD fluorescence profile. Sub
800 G1 (black), G1 (green), S (yellow) and G2/M (blue) phases are
indicated by colored areas and arrows.
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To account for unspecific effects of SIRNA treatment, a CLDN6-negative cell line,

the pancreatic cancer cell line DAN-G, was included in the analysis.

As shown in Figure 17 A - D no changes in cell cycle distribution of G1, S or G2/M
phase were observed in the four tested cell lines. This result indicates that CLDN6
has no effect on cell cycle distribution of the tested tumor cell lines.
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Figure 17 Silencing of CLDN6 has no effect on cell cycle distribution in cancer cells. (A) NEC-8, (B)
NIH-OVCARS3, (C) PA-1 and (D) DAN-G cells were analyzed 72 h after transfection with non-silencing (ns)
SsiRNA or CLDNG6-targeting siRNA or were left untransfected by Flow Cytometry regarding their DNA content.
Percentages of each cell cycle phase (G1, S or G2/M-phase) are indicated. (E) gRT-PCR expression analysis
of CLDNG6 72 h after transfection with CLDN6-specific SIRNA or ns-siRNA duplexes in NEC-8, NIH-OVCARS3
and PA-1 cells. Results are shown as fold increase compared to untransfected cells used as reference.
Shown are mean and standard deviation of at least two independent experiments.

In Figure 18, results of sub G1 measurements are depicted. In NEC-8 and PA-1
cells no significant changes in the sub G1 frequency could be detected 72 h after
knockdown of CLDN6 compared to untransfected and ns-siRNA transfected cells.
Interestingly, a highly significant increase of apoptotic cells is observed in NIH-
OVCARS cell treated with CLDN6-siRNA 72 h after transfection, compared to
untransfected and ns-siRNA treated cells. Unexpectedly, CLDNG6-siRNA treated
DAN-G cells show also an increase in the frequency of apoptotic cells which is
only significant compared to the untransfected cells but not to the ns-siRNA
treated group. Therefore, this might be a general unspecific effect of siRNA
treatment in DAN-G cells.
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Figure 18 CLDNG silencing changes sub G1 frequency during cell cycle analysis in NIH-OVCARS3 and
DAN-G cells. (A) NEC-8, (B) NIH-OVCAR3, (C) PA-1 and (D) DAN-G cells were analyzed 72 h after
transfection with non-silencing (ns) siRNA or CLDNG6-targeting siRNA or were left untransfected by Flow
Cytometry regarding their DNA content. Shown are mean and standard deviation of a minimum of two
independent experiments. One-way ANOVA was used for statistical analysis. P-values < 0.05 were
considered statistically significant. n.s. = not significant.

To analyze in further detail if detected increase in apoptosis after CLDN6-siRNA
treatment in NIH-OVCARS3 cells accounts for a specific effect caused by
knockdown of CLDNG6, another more specific assay, the AnnexinV/7-AAD staining
was used to analyze apoptosis of cancer cells. Using this assay, it can be
distinguished between early and late apoptotic and / or necrotic cells. Apoptotic
processes include major changes in cell membrane integrity, condensation of
cytoplasm and nucleus and internucleosomal cleavage of DNA. The earliest
apoptotic event is the membrane flip in which the membrane phospholipid
phosphatidylserine (PS) is translocated to the outer leaflet of the plasma
membrane. The calcium-dependent phospholipid binding protein Annexin V binds
to cells with exposed PS designating early apoptotic cells. In this study, PE-
conjugated AnnexinV was used in combination with 7-AAD to distinguish between
early and late apoptotic cells. PE-Annexin V'/7-AAD" cells are early apoptotic

whereas PE-Annexin V'/7-AAD" cells showing highly damaged cell membranes
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and DNA cleavage are either late apoptotic or necrotic cells. PE-Annexin V/7-

AAD’ cells are viable cells with intact membranes.

Only NIH-OVCARS3 cells were analyzed because in this cell line a significant effect
of CLDNG6-siRNA treated compared to ns-siRNA treated cells was observed
(Figure 18 B). As shown in Figure 19, treatment of NIH-OVCARS3 cells with
CLDNG6-siRNA for 72 h results in minor changes of apoptosis. The Annexin V
positive (Annexin V+) fraction is slightly but not significant increased compared to
the ns-siRNA transfected and untransfected cells (Figure 19 A-C). Furthermore,
the other fractions do not display any remarkable changes upon silencing of
CLDNG6 (Figure 19 C). Knockdown of CLDNG6 was analyzed 72 h after transfection
and at the beginning of the apoptosis assay (Figure 19 D).
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Figure 19 Frequency of apoptotic cells is not significantly changed by silencing of CLDN6 in NIH-
OVCARS3 cells. NIH-OVCARS3 cells were stained with 7AAD and Annexin V 72 h after transfection with ns-
SiRNA or CLDN6-siRNA and analyzed by flow cytometry. (A) Dot Plots of untransfected, ns-siRNA or CLDN6-
siRNA transfected NIH-OVCARS cells. (B) Percentages of Annexin V+ cells (early and late apoptotic cells).
One-way ANOVA was used for statistical analysis. P-values < 0.05 were considered statistically significant.
(C) Distribution of the quadrants shown in (A) in percentages: live cells (7AAD- / Annexin V-), early apoptotic
cells (7TAAD- / Annexin V+), late apoptotic or necrotic cells (7AAD+ / Annexin V+) or damaged cells (7TAAD+ /
Annexin V-). (D) gRT-PCR expression analysis of CLDN6 72 h after transfection with CLDNG6-specific SIRNA
or ns-siRNA duplexes in NIH-OVCAR3 cells. Results are shown as fold increase compared to untransfected
cells used as reference. Shown are mean and standard deviation of at least two independent experiments.

These results suggest that CLDNG6 silencing has no significant effect on induction
of apoptosis in NIH-OVCARS cells.

In summary, CLDN6 seems to be not important for proliferation, cell cycle
distribution or induction of apoptosis in NEC-8, NIH-OVCAR3 and PA-1 cells.
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4.2.4 Silencing of CLDNG6 has no effect on migration, cell-cell or

cell-matrix adhesion of tumor cells

Another set of experiments was performed to address the question if silencing of
CLDN®6 has an influence on migration or adhesion of tumor cells. Migration and
loss of cell-cell or cell-matrix adhesion are key events during metastatic processes
when tumor cells. Metastatic tumor cells loose attachment to other tumor cells as
well as cells of the tumor stroma which is followed by invasion in surrounding
tissues and migration through the bloodstream to different organs. As claudins are
tight-junction molecules it is likely that these molecules take part in cell-cell or cell

matrix adhesion processes.

To analyze if CLDNG6 plays a functional role in migration, a wound healing assay
was performed. For this assay it is crucial that the cells used adhere well and can
grow to 100 % confluency. As NEC-8 and NIH-OVCARS cells do not grow to 100
% confluency, only PA-1 cells were used for this assay.

PA-1 cells were either not transfected or transfected with ns-siRNA or CLDNG6-
siRNA. 48 h after transfection, confluent monolayers were wounded using a
disposable 200 pL pipette tip. The wound closure was analyzed at different time
points (0-24h). A representative experiment is shown in Figure 20.
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Figure 20 Wound Healing is not affected after CLDN6 knockdown in PA-1 cells. 48 h after transfection
with ns- or CLDN6-siRNA, wounding was performed using a 200 uL pipette tip. (A) To analyze wound healing,
pictures were taken at different time points after wounding (0, 4, 8, 12 and 24 h) and cell-free area was
measured using polygon selection tool of Image J. (B) Percentages of wound healing were calculated
respective to cell-free area at 0 h for every sample. 10 fields per sample were analyzed. Mean and standard
deviation of two experiments are shown.

The next question was if CLDNG6 is important for cell-cell or cell-matrix adhesion of
tumor cells. For cell-cell adhesion, NIH-OVCAR3, PA-1 and DAN-G cells were
transfected with ns-siRNA or CLDNG6-siRNA. 72h after transfection, cells were
stained with calcein AM and seeded onto an unstained confluent monolayer of
either PA-1 or NIH-OVCARS3 cells. Non-fluorescent calcein AM is a cell-permanent
dye that is converted to the green-fluorescent calcein in live cells by intracellular
esterases. Cells were allowed to adhere for either 1 h or 3 h. NIH-OVCARS cells
show overall stronger adhesion to PA-1 or NIH-OVCAR3 layers than PA-1 or
DAN-G cells. However, in comparison to untreated or ns-siRNA treated cells,
CLDNG6-siRNA treated cells show in none of the cell lines used any significant
effect in adhesion to PA-1 or NIH-OVCAR3 monolayers (Figure 21).
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Figure 21 Silencing of CLDNG6 does not alter cell-cell adhesion of tumor cells. (A) NIH-OVCARS3, (B) PA-
1 or (C) DAN-G cells were either not transfected or transfected with ns- or CLDNG6-SiRNA. 72 h after
transfection, cells were stained with 1 uM calcein AM and seeded onto confluent monolayers of either PA-1 or
NIH-OVCARS3 cells (PA-1 layer, NIH-OVCARS3 layer) and allowed to adhere for 1 and 3 h. Non-adherent cells
were washed away and fluorescence of adherent cells was measured using a fluorometer (Wallac Victor2,
Perkin Elmer). Percentages of adherent cells regarding to the starting population (5 x 10* cells) are shown.
Mean and standard deviation of at least two independent experiments are shown.

Next, the effect of CLDNG6 silencing on cell-matrix adhesion of tumor cells was
analyzed. For this purpose, different matrix molecules were chosen: Laminin-111
and vitronectin are both known to be matrix molecules important for embryonic
stem cells (ESC) and cancer [190-193]. As CLDNG6 is known to have a functional
role during epithelial development and is expressed only in ESC, embryonic
tissues and cancer [116,130,165,194], vitronectin and laminin-111 were
considered to be suitable for analysis of CLDN6-dependent cell-matrix adhesion.
Poly-L-lysine enhances independently of receptors the electrostatic interaction of
the negatively-charged cell membranes and the positively charged attachment

factors on the culture surface and therefore served as a very good positive control.
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NIH-OVCAR3, PA-1 and DAN-G cells were transfected with ns-siRNA or CLDNG6-
targeting siRNA. After 72 h cells were seeded onto vitronectin, laminin-111 or poly-
L-lysine coated plates and were allowed to adhere for 3 h. Non-adherent cells
were washed away and remaining adherent cells were stained with crystal violet.
In Figure 22 results of the cell-matrix adhesion assay are shown. No influence of
CLDN®6-knockdown was observed on adhesion to vitronectin, laminin-111 or poly-
L-lysine in the different cell lines (Figure 22).
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Figure 22 Cell-matrix adhesion of tumor cells is not affected by silencing of CLDNG6. (A) NIH-OVCARS,
(B) PA-1 or (C) DAN-G cells were either not transfected or transfected with ns- or CLDN6-siRNA. 72 h after
transfection, cells were seeded on 96-well plates coated with the respective matrix molecule (5E4 cells per
well) and allowed to adhere for 3 h. During the adhesion assay, cells were maintained in serum-free media to
prevent that proteins contained in the serum interfere with the adhesion process. Non-adherent cells were
washed away and adherent cells were fixed and stained with crystal violet (0.2 % crystal violet in 10 % EtOH).
Stained cells were dissolved in acetic acid and absorbance was measured in a spectrometer (Tecan). Mean
and standard deviation of at least two experiments are shown.

These results suggest that CLDN6 has no effect on cell-cell or cell-matrix

adhesion to vitronectin, laminin 111 or poly-L-lysine in the tested tumor cell lines.

To conclude this chapter, in this study no remarkable effect on cell migration, cell-
cell adhesion or cell-matrix adhesion was found by silencing of CLDN6 in PA-1
and NIH-OVCARS3 tumor cells. Additionally, in the CLDNG6-negative control cell line
DAN-G no specific effects were observed.
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4.2.5 CLDNG6-positive tumor cells show increased colony
formation potential compared to CLDNG6-negative tumor

cells

Recent data from literature indicated that CLDN6 could have a function in

embryonic stem cells and/or cancer stem cells [164—-166].

Therefore, it was highly interesting to analyze if CLDNG6 is important for colony
formation of tumor cells. Colony formation is a key feature of tumor cells. This
allows the tumor cells to grow at the primary as well as metastatic or distant sites.

The colony formation assay is a long-term assay lasting over 14 days. For that
reason, transient SIRNA-mediated knockdown of CLDN6 was not useful and PA-1
cell lines carrying a stable lentiviral small hairpin RNA (shRNA) mediated
knockdown of CLDN6 were used. These were generated by Ganymed
pharmaceuticals and kindly provided for this study. Two PA-1 CLDN6-knockdown
clones, named PA-1 50 and 54 were used. As control, a PA-1 clone was used
which carries a stable lentiviral non-targeting control shRNA (PA-1 76). The
surface expression of CLDN6 was analyzed by flow cytometry and revealed that
PA-1 50 and 54 cells display a moderate knockdown of CLDN6 compared to the
control clone PA-1 76 with ~99% CLDNG6-expressing cells (Figure 23 A). In PA-1
50, 13% of the cell population displays a medium CLDNG6-level whereas only
0.345% are CLDNG6-low. In contrast, 58% of the PA-1 54 cell population displays a
medium CLDNG6 expression whereas 8.61% are CLDNG6-low. The knockdown is
more efficient in PA-1 54 compared to PA-1 50 cells. For subsequent colony
forming assays, 500 cells were sorted based on their CLDN6 expression as
CLDN6-negative and CLDNG6-positive cells directly into 6-well plates and allowed
to grow for up to 14 days.

Regardless of the knockdown efficiency, CLDN6-negative cells show a remarkable
decrease in colony formation compared to CLDNG6-positive cells in both cell lines
(Figure 23 B). This result indicates that CLDNG6 is important for colony formation in
PA-1 cells.
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Figure 23 CLDNG6 plays a role in colony formation of PA-1 cells. (A) Flow cytometry analysis of CLDN6
expression in the control cell line PA-1 76 (empty vector control) as well as CLDN6-knockdown cell lines PA-1
50 and PA-1 54. Anti-CLDNG6 antibody: IMAB027-AlexaFluor647 (Ganymed Pharmaceuticals). The depicted
gates were used for sorting of CLDNG6-low or CLDNG6-high cells for colony formation assay. (B) Colony
formation assay of CLDNG6-positive (+) and CLDN6-negative (-) PA-1 50 and 54 cells. 500 cells per well were
sorted directly in 6-well plates and allowed to grow for up to 14 days. For fixation and staining of colonies, 0.2
% crystal violet in 10 % EtOH was used. A representative experiment from three independently performed
experiments is shown here.

4.2.6 CLDNG is in part regulated via epigenetic mechanisms

There are evidences from the literature, that CLDN6 could be regulated by
epigenetic mechanisms. Mostly, it is described that CLDNG6 is down regulated by
promoter methylation in breast and esophageal cancer [134—-136]. As described in
more detail in chapter 1.1.1, DNA methylation occurs mainly at the cytosines in the
CpG context and high methylation frequency at gene promoters is associated with

genomic silencing.

To date, three transcript isoforms of CLDN6 are known (source: ensemble.org)
and indeed, two independent CpG islands are found in the promoter region of
CLDNG6 (see Figure 4 in chapter 1.4.1). The first CpG island is located in front of
the transcription start site (TSS) of CLDN6-001 and 1402 bp long whereas the
second CpG island is in front of CLDN6-201/-002 and 836 bp in length.

To get a first insight into the DNA methylation status of the promoter region of
CLDNS®6, experiments with the demethylating agent 5-aza-2’-deoxycytidine (5-aza-

dC) were performed. The cytidine analog 5-aza-dC is incorporated into DNA upon
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replication and inhibits DNA methyltransferases resulting in hypomethylation of
DNA. PA-1 and NIH-OVCAR3 (CLDN6-positive) as well as SK-BR-3 and DAN-G
cells (CLDN6-negative) were treated with 2 uM and 10 pM 5-aza-dC for 72 h
respectively and CLDN6 mRNA as well as protein level were detected by gRT-
PCR and Western Blot (Figure 24). 5-aza-dC treatment resulted in an up-
regulation of CLDN6 at the mRNA and protein level only in SK-BR-3 and DAN-G
cells at both concentrations. SK-BR-3 and DAN-G cells do not express CLDNG6
endogenously. In contrast, PA-1 and NIH-OVCARS3 cells with endogenously high
expression of CLDN6 showed no induction of CLDNG6 expression by treatment with
5-aza-dC.

A 1.0x102 4 SKBR3 Figure 24 Treatment of

E DAN-G tumor cell lines with 5-
. PA-1 aza-dC results in up-
mm NH-OVCAR3  regulation of CLDNG6. (A)
MmRNA level of CLDN6

1.0x104 4 analyzed by gRT-PCR in
SK-BR-3, DAN-G, PA-1 and

ﬂ NIH-OVCAR3 cells either

1.0x108

2 !
i) untreated or treated with 2

MM or 10 pM 5-aza-dC for

relative expression of CLDN6

72 h. Mean and standard

untreated 2pM 5.aza-dC 10 pM 5-aza-dC deviation of at least two

independent  experiments

are shown. (B) Western

B Blot analysis of CLDN6

SKBR3 DAN-G PA-1 NIH-OVCAR3 protein in SK-BR-3, DAN-G,

un 2pM 10pM  un 2pM 10pM  un 2pM 10pM  un 2pM 10pM PA-1 and NIH-OVCAR3

cells either untreated or

CLDN®6 e v E— treated with 2 pM or 10 uM

5-aza-dC for 72 h. B-actin

Braclin  cmms e c - P — — ———— was used as loading
control.

1.0x10°

These results suggest that the promoter of CLDNG6 is methylated in SK-BR-3 and
DAN-G cells whereas in PA-1 and NIH-OVCARS cells an unmethylated promoter
region is present and disclose that CLDN6 could be regulated by DNA
methylation.

To confirm CpG methylation of the CLDN6 promoter at sequence levels, the
promoter regions upstream of the transcription start site (TSS) of CLDN6-001 and
CLDNG6-201/-002 covering both CpG islands were examined by bisulfite
sequencing in different tumor cell lines. Bisulfite sequencing is a method to
determine the DNA methylation pattern at sequence levels. Treatment of gDNA
with sodium bisulfite results in conversion of unmethylated cytosine (C) residues
into uracil (U) by deamination whereas methylated cytosines remain unchanged
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because the methyl group protects against cleavage (Figure 25). Thus, bisulfite
treatment results in specific changes in the DNA sequence which can be
compared to a genomic reference DNA in order to determine the methylation

pattern.
genomic: 57-ATGEGATECGTA-3” red=methylated
37-TACGBTAGCAT-5" green=unmethylated
Denaturation: 5’—ATGIGATCGTA—3’ bis1 3’—TACGITAGCAT—5’ bis2
Bisulfite treatment: 57 -ATGEGATUGTA-3” hisl 3” -TAUGETAGUAT-5" his2
PCR amplification: 57-ATGEGATIGTA-3” bisl 57 -ATACBATCATA-3” bis2rc
3”-TACBCTAACAT-5" bislrc 37 -TATGEBTAGTAT-5" bis2

Figure 25 Bisulfite treatment of gDNA results in conversion of unmethylated cytosines. Denaturation of
gDNA results in DNA strand separation, sense-strand is named bis1, antisense strand is named bis2. Bisulfite
treatment results in conversion of unmethylated C to U. Amplification by PCR is necessary to obtain dsDNA.
rc =reverse complement.

Genomic DNA from tumor cells was bisulfite converted and specific promoter
regions covering both CpG islands were amplified by PCR with bisulfite-specific
primers and subsequently sequenced by Sanger-Sequencing. It is important that
the PCR-amplicons are not longer than 500 bp because the bisulfite leads to an
enormous fragmentation of DNA during conversion and it is problematic to amplify
longer fragments from bisulfite converted DNA. Therefore, four to five overlapping
fragments of both promoter regions were amplified by PCR, cloned and 10 clones
per fragment were analyzed for every cell line. Comparison of the bisulfite
converted DNA to the genomic reference DNA uncovers methylated and

unmethylated cytosines.

The promoter region -1181 to +25 bp in front of CLDN6-001 harboring the first
CpG island was analyzed in DAN-G and PA-1 cells. Interestingly, in both cell lines
regardless of the CLDNG6 expression status, the promoter region was nearly
completely demethylated (Figure 26). This either implicates that this region is not
important for the regulation of CLDN6-001 or that methylation is not an important
factor for the regulation of CLDN6-001 in DAN-G and PA-1 cells. Furthermore it is
possible that this CpG island is primarily important for the regulation of genes
which are located on the forward strand of chromosome 16 (Figure 4 in chapter
1.4.1). Thus, all further studies were concentrated on the regulation of CLDNG6 on
the promoter region of CLDN6-201/-002.



Results 72

e HEEEEEEEBEEEEEEEBHEEBEEEEBEEBEEEEEEEEE
1
2
3
4
o
Fa 5
g ||
7
8
9
10
1
2
: ||
4
T | s
x| e
7 |
8 -
9
10 |
el D=l N Dol Bl Bl B2l el el B8 Bl E=d B3 E=d B B B B B B B el B Ea B A B B A R B R R B s B R =
#CpG |R(R |G (2|28 8|5 |F[Z|5|F|F|2|3(F(T|SF|Z(B |88 (3|88 (|23
1
2 ||
3
) 4
z' 5
HE
7
8
9
10
1
2
3
4
T | s
x| e ||
: |
8
9
10 || 1 ||
ol B3 ISR B B = T B B o o Bl e = e B e B sl I B o Bl S ) P R DT ) I I ) [
rooe (RIR(5|8(%(8(%|3|R[R|R|55[8]22|2 (22| |2 221535318887 2| 2|3 =2
1
2
3
) 4
z 5
HE |
7
8
9
10
1
2
3
4
T | s
£ e | |
7
8
9
10

Figure 26 CLDN6-001 promoter region (-1181 to +25 bp) is highly demethylated in DAN-G and PA-1
tumor cells. gDNA from DAN-G and PA-1 cells was treated with bisulfite for conversion. PCR was performed
on bisulfite-converted DNA to amplify promoter fragments. The PCR-products were cloned into TOPO-TA-
vectors and purified plasmid DNA was sent for sequencing. 10 clones per cell line were analyzed by bisulfite
sequencing. Black boxes represent methylated cytosines and white boxes unmethylated cytosines. X
designates failed sequencing of the corresponding clone.

Next, the promoter region upstream of CLDN6-201/-002 harboring the second
CpG island was analyzed by bisulfite sequencing in DAN-G, PA-1 and NEC-8
cells. In contrast to CLDN6-001 promoter region, a remarkable difference in CpG
methylation was found between CLDNG6-negative DAN-G cells and CLDNG6-
positive PA-1 and NEC-8 cells (Figure 27). Nearly the entire analyzed region from
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-480 to +230 bp respective to the TSS of CLDN6-201/-002 was found to be
methylated in DAN-G cells whereas in PA-1 and NEC-8 cells almost no
methylated cytosines were present. Interestingly, the CpG at position +8 bp was
methylated in all tested clones by Sanger Sequencing. Furthermore, CpG/+8 bp is
the last CpG of the amplified fragment in close proximity to the primer, suggesting
that the methylated CpG could be due to an error during primer elongation.
However, this could not be confirmed by NGS using other primers (Figure 30),
thus it is proposed to be an artifact of Sanger-sequencing without regulative

importance.
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Figure 27 CLDNG6-201/-002 promoter region (-480 to +230 bp) displays differences in methylation
between DAN-G and PA-1 or NEC-8 tumor cells. gDNA from DAN-G, PA-1 and NEC-8 cells was treated
with bisulfite for conversion. PCR was performed on bisulfite-converted DNA to amplify promoter fragments.
The PCR-products were cloned into TOPO-TA-vectors and purified plasmid DNA was sent for sequencing. 10
clones per cell line were analyzed by bisulfite sequencing. Black boxes represent methylated cytosines, white
boxes unmethylated cytosines. X designates failed sequencing of the corresponding clone.

Because the promoter region -480 to +230 bp at the TSS of CLDN6-201/-002
showed these intriguing differences in methylation frequency between CLDNG6-

=)

positive and - negative cell lines, it was examined if this is also valid for human
ovarian and lung tumor samples. To confirm the results obtained from bisulfite
sequencing and to test a larger cohort of samples, a method to analyze the DNA
methylation pattern via next generation sequencing (NGS) was established in this
study. A proof of concept with targeted sequencing of 12 samples per flow cell
lane was established using an ultraplexing approach in which sample-specific
barcodes were introduced by PCR (Figure 28). The barcodes allow to map the

sequence reads to the different reference sequences of every single sample
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during bioinformatics analysis of the results. Primers for six overlapping fragments
covering region -545 to +230 of the CLDNG6-201/-002 promoter were generated.
Amplicon sizes were chosen to be shorter than 200 bp to ensure that no
information gets lost, because when using paired end sequencing the read lengths
are around 200 bp. As six different overlapping fragments were generated, all six

fragments from one sample shared the sample-specific barcode.

m Template DNA

PCR

PE adapter ligation

v

Adapter 1 m Adapter 2

Figure 28 Assembly of CLDN6 promoter fragments for NGS. Forward primer (Primer F) with sample-
specific barcodes (BC xy), reverse primer (Primer R) and template DNA (bisulfite converted DNA from normal
ovary or lung, ovarian or lung tumor samples or tumor cell lines) were amplified by PCR. Subsequently, paired
end (PE) adaptors (lllumina) for paired-end sequencing by NGS were ligated to the PCR products.

Results of NGS analysis are depicted in Figure 29. Bioinformatic analysis was
performed by the Computational Medicine Department of TRON gGmbH. Shortly,
gained sequence reads were assigned to every single sample by the sample-
specific barcode. The bisulfite converted sequences were compared to the
genomic sequence of the analyzed CLDN6 promoter region and percentages of
methylation were calculated for every CpG position. As several million clones can
be analyzed by NGS, a more distinguished picture of the methylation frequencies
for every single CpG dinucleotide was obtained. Results from bisulfite sequencing
(Sanger) could be confirmed, as DAN-G cells show a high level of methylation
(100 % methylation is indicated by red color, 0 % methylation is indicated by green
color) whereas NEC-8 cells appear to be almost completely demethylated.
Unexpectedly, both normal ovary and lung showed a very high degree of
demethylation of the CLDNG6 promoter region. This was surprising because
CLDNG is not expressed in adult normal tissues and if DNA-methylation of the
promoter region has a main impact on gene expression, the promoter region

would be expected to be methylated in normal tissues.

Intriguing differences between CLDNG6-positive and —negative lung and ovarian
tumors were found. In lung cancer samples, both CLDNG6-positive samples are
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overall less methylated compared to CLDN6-negative samples. It is apparent that
in all tumor samples the region downstream of the TSS (+8 to +193) is higher
methylated compared to the remaining tested promoter region. Remarkable
differences were found in the methylation of certain regions within the CLDNG6
promoter between different patients, for example, sample #1337 (CLDNG6-negative
ovarian cancer) was highly demethylated in region -342 to +8 bp but highly
methylated in region +103 to +193 bp, whereas #184 (CLDN6-negative ovarian
cancer) was in the entire tested region methylated at high levels. Moreover, #1337
displayed a comparable methylation pattern to #1325, a CLDNG6-positive ovarian

cancer sample.

Tumor cell lines Nommal tissues Lung cancer Ovarian cancer

ovary lung CLDNS®6 positive | CLDNG6 negative CLDNGS6 positive | CLDN®6 negative
#426 #817 #562 #4404 #1325

54,04 , 56,63 71 70

53,33

DAN-G NEC-8

|m—an
100% 0%
methylated

Figure 29 NGS analysis of CpG methylation of the CLDN6-201/-002 promoter region (-480 to +230 bp)
reveals differences in methylation between tumor cell lines, primary normal and tumor tissues. gDNA
of tumor cell lines DAN-G and NEC-8, normal ovarian and lung tissue samples as well as lung and ovarian
cancer samples were bisulfite converted, bisulfite converted DNA was amplified and sample-specific barcodes
were introduced by PCR and subsequently prepared for paired-end NGS on an lllumina HiSeq instrument.
The sample-specific barcodes allowed running of 12 samples in one single lane (ultraplexing) and were used
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in following bioinformatics analysis to define which reads belong to which sample. Percentages of methylation
are shown. 100 % methylation of the corresponding CpG is marked red, 50 % is marked white and 0 % is
marked green. Bioinformatic analysis of NGS results were performed by the Computational Medicine
Department of TRON gGmbH.

To validate the results from primary materials, three samples were chosen and
sequenced by normal Sanger-Sequencing (Figure 30). All analyzed samples,
normal ovary (#426), ovary-cancer CLDNG6-positive (#779) and ovary-cancer
CLDNG6-negative (#1337) show the same methylation patterns as obtained by
NGS analysis. Interestingly, only by Sanger sequencing the CpG at position +8 is
methylated in every sample. Using NGS, a difference in methylation frequency is
observed between the samples. This indicated that the detected methylated CpG
at position +8 by Sanger Sequencing is the result of a systematical error or an

artifact of sequencing, either Sanger or NGS.

34
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+8

+35
+47
+60
+73
+86
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Figure 30 Sanger Sequencing of CLDN6-201/-002 promoter region (-480 to +230 bp) of an ovary sample
(#426) and two tumor samples (#779 and #1337) confirms NGS results. gDNA of the indicated samples
was treated with bisulfite for conversion. PCR was performed on bisulfite-converted DNA to amplify promoter
fragments. The PCR-products were cloned into TOPO-TA-vectors and purified plasmid DNA was sent for
sequencing. 10 clones per sample were analyzed by bisulfite sequencing. Black boxes mark methylated
cytosines, white boxes mark unmethylated cytosines. X designates failed sequencing of the corresponding
clone.

To analyze the methylation level of the CLDN6 promoter in a larger cohort of
samples, a methylation-specific gPCR (MSqPCR) was established. MSgQPCR is a
more rapid and cost-effective method to assess the methylation status of groups of
CpG sites within a CpG island. MSgPCR is performed on bisulfite converted DNA
with primers specific for methylated versus unmethylated DNA [195]. Quantitative
PCR allows determination of the amount of target sequence present in the sample.
The lower the Ct value (threshold cycle), the more amount of target sequence is
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present. Here, primers specific for two regions of the CLDN6 promoter were
designed, both specific either for unmethylated or methylated DNA, designated
assay 1 and 2. Assay 1 covers a region upstream of the TSS of CLDN6-201/-002,
from -220 to -101 bp, assay 2 a region downstream of the TSS, from -40 to +80
bp.

First, the assays were tested in tumor cell lines with different CLDN6 expression
(Figure 31). The CLDNG6-negative cell lines DAN-G and SK-BR-3 appeared in both
assays to be highly methylated because low Ct values were obtained in PCR with
primers specific for methylated DNA. As mentioned before, low Ct values indicate
the presence of high amount of target sequence in the sample. In contrast, primers
specific for unmethylated DNA lead to high Ct values in DAN-G and SK-BR-3 cells
indicating that low amount of the target sequence is present. CLDN6 high
expressing cell lines NEC-8, PA-1 and NIH-OVCAR3 exhibited low Ct values in
the assays with primers specific for unmethylated DNA but very high Ct values in
the assays with primers specific for methylated DNA. This result shows that NEC-
8, PA-1 and NIH-OVCARS cells display unmethylated CpG sites in the analyzed
regions. Interestingly, the only cell line which has no tumorigenic origin, HEK-293
cells, appeared to be unmethylated in the analyzed CLDN6 promoter region but
shows only very low endogenous expression of CLDNG6. Indeed, later Western blot
analysis revealed that HEK293 cells are slightly positive for CLDNG6 (Figure 40).
The source of the cell line is human embryonic kidney and CLDNG6 is known to be
expressed in embryonic tissues. However, as HEK293 is an immortalized cell line,
CLDNG6 expression can also account for aberrant up-regulation in these cells.
Several controls were included to validate MSqQPCR. Human methylated standard
DNA (HMS) is enzymatically methylated. It served as negative control for
unmethylated assays but as positive control for methylated assays. Indeed, Ct
values of 40 are obtained in the unmethylated assays 1 and 2 whereas Ct values
of ~25 are obtained in the methylated assays indicating specific detection of
methylated DNA using primers specific for methylated DNA of both assays. DNA
from peripheral blood lymphocytes (PBL) and sperm were used either as positive
control for unmethylated assays or negative control for methylated assays. Sperm
DNA is completely demethylated whereas PBL shows a high degree of
demethylation. This is reflected in MSqPCR as sperm DNA shows Ct values of 40
in the methylated assays but ~25 in the unmethylated assay. In the unmethylated
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assays, high Ct values for PBL DNA indicate a high degree of demethylation
whereas the methylated assays reveal that PBL DNA is indeed not completely
demethylated. Furthermore, gDNA was used to ensure that primers bind
specifically bisulfite converted DNA which indeed was the case for every single

assay. A no template control was included to detect contaminations or primer

dimers.
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Figure 31 CLDN6 promoter is methylated in CLDN6-negative cell lines but unmethylated in CLDNG6-
positive cell lines. (A and B) Methylation-specific gPCR assay 1 in region -220 to -101 bp and (C and D)
assay 2 in region -40 to +80 bp of the CLDN6-201 and CLDN6-002 promoter. PCR was performed with either
primers specific for unmethylated (A, C) or methylated (B, D) DNA on bisulfite converted DNA from tumor cell
lines DAN-G, SK-BR-3, HEK-293, NEC-8, PA-1 and NIH-OVCARS3. As controls, a bisulfite converted human
methylated standard DNA (HMS), bisulfite converted DNA from peripheral blood lymphocytes (PBL), bisulfite
converted DNA from sperm or genomic sperm DNA was used.

Furthermore, the MSqPCR assays 1 and 2 were used to analyze a larger cohort of
normal tissues as well as lung and ovarian cancer samples which are positive or
negative for CLDN6 expression. For the analysis, two samples of each of the
following normal tissues were tested: colon, liver, lung, kidney, ovary, pancreas,
placenta and testis. Moreover, ten lung and ovarian tumor tissues, five CLDN6

positive and five CLDN6 negative respectively were included in the analysis.
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Results of these assays are depicted in Figure 32. In normal tissues, both assays
displayed high Ct values using primers specific for unmethylated DNA. However,
primers specific for methylated DNA revealed a more distinguished picture. In
assay 1, placenta appeared to be the only tissue that shows a high grade of
methylation and was validated also in assay 2 (Figure 32 A, C). The other normal
tissues were found to be unmethylated in the region of assay 1 whereas in assay 2
slight discrepancies were observed. These results indicate that the CLDNG6
promoter is virtually not methylated in normal tissues except placenta. To be sure
that placenta is methylated, the used samples have to be sequenced.

In tumor tissues, it was also observed that the assays specific for unmethylated
DNA exhibit a higher amplification (Ct values ~25) in all samples. Minor
differences were observed between CLDNG6-positive and -negative tumor samples
in both assays. CLDNG6-negative tumor samples showed in the unmethylated
assays a low decrease in Ct values compared to CLDNG6-positive tumor samples.
Accordingly, it was observed that CLDNG6-positive tumors are lower methylated as
CLDNG6-negative tumors because the assays specific for methylated DNA
exhibited a lower amplification in CLDNG6-positive tumor samples, both of lung and
ovary (Figure 32 B, D). This indicates that the CLDN6 promoter region is higher
methylated in CLDNG6-negative lung and ovarian tumor samples compared to
CLDNG6-positive samples and confirms hereby the results obtained by NGS (Figure
29).

However, MSqPCR has several disadvantages. To avoid these, the following was
considered: first, two assays were designed in different regions of the CLDNG6
promoter (up- as well as downstream of the TSS), second, a minimum of three
CpGs were included per primer (methylated and unmethylated) to span a larger
section of the promoter and have a higher validity per assay and third, the primers
for methylated and unmethylated DNA were designed in the same regions. The
two latter points are challenging and not always possible due to sequence-related
availability of CpGs, possible primer lengths and minimal or maximal possible
annealing temperatures of the used primers. Noteworthy, a problem in MSqPCR is
that methylation specific primers also often bind to unmethylated DNA with
mismatches at the 3 end of the primer during annealing. The Taq DNA
polymerase can efficiently elongate these primers regardless of primer mismatch.
Vice versa, primers specific for unmethylated DNA have a high frequency of
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mismatch if only few CpGs are covered by the primer. For this reason primers that
cover a minimum of three CpG sites were designed. For a final conclusion it is
important that methylated and unmethylated assays are considered in conjunction.
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Figure 32 Methylation-specific gPCR in various normal tissues and tumor tissues (lung and ovarian
cancer, positive or negative for CLDNG6) displays differences in promoter methylation frequencies. (A
and B) Assay 1 in region -220 to -101 bp and (C and D) assay 2 in region -40 to +80 bp of the CLDN6-201
and CLDN6-002 promoter on normal or tumor tissues. PCR was performed with either primers specific for
unmethylated or methylated DNA on bisulfite converted DNA from normal or tumor tissues. As controls, a
bisulfite converted human methylated standard DNA (HMS), bisulfite converted DNA from peripheral blood
lymphocytes (PBL) or bisulfite converted DNA from sperm was used.

To conclude, CpG methylation is an important factor in the regulation of CLDN6
but it seems to be not sufficient to induce CLDN6 expression. If so, the CLDN6
promoter would be also methylated in normal tissues in which CLDNG6 is not
expressed endogenously. Therefore, other factors, like tumor-specific transcription
factors have to be responsible for the differential regulation of CLDNG6 in cancer.
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4.2.7 The transcription factors BORIS/CTCFL and CTCF are

possible regulators of CLDNG6 in cancer

To gain more insight into the regulation of CLDN6 beyond DNA methylation and
which transcription factors may be involved, the CLDN6 promoter region was
analyzed in more detail for existing transcription factor binding sites. Several
databases exist in which shared ChIP-sequencing (ChlP-Seq) data from different
groups are available for a particular genomic location. ChlP-sequencing combines
ChIP in which protein-DNA interactions are analyzed and high-throughput
sequencing using genome sequencers. ChIP is performed with an antibody
against a specific transcription factor and the purified DNA is subsequently
sequenced by NGS. Here, it was searched for published transcription factor ChlP-
sequencing results at the CLDN6 promoter in UCSC genome browser and
Encyclopedia of DNA elements (ENCODE) database of the University of California
Santa Cruz (http://genome-euro.ucsc.edu/). Indeed, ChlP-seq results are available

for different tumor cell lines and the human embryonic stem cell line H1-hESC
indicating binding of the transcription factor CTCF in the CLDN6 promoter region
(Figure 33).
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Figure 33 ChIP-Seq data available in UCSC genome browser / ENCODE database indicate binding sites
for CTCF and BORIS/CTCFL at the CLDN6 promoter. In the upper part, the chromosomal location, UCSC
and Ref-Seq genes (here CLDNG6) are shown in blue and the human mRNA (GenBank) is shown in black.
Acetylation of histone H3K27 which is often found near active regulatory elements is highly enriched at the
CLDNG6 promoter. Transcription factor ChlP-Seq peaks for CTCF can be found in various cell lines at the
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CLDNG6 promoter. In green, location of CpG islands at CLDN6 promoter is shown. Graphic was downloaded
from http://genome-euro.ucsc.edu/ on 4/9/2013; assembly to human genome GRCh37/hg19.

As CTCF and its paralog BORIS/CTCFL (named BORIS in the following parts)
share the same DNA binding motif, it is possible that BORIS binds to the CLDNG6
promoter as well. The only BORIS-ChIP-Seq data which can be found in the
ENCODE database is in the leukemia cell line K562, where no binding of BORIS
was observed at the CLDN6 promoter. Accordingly, CLDNG is only very weakly

expressed in K562 cells (Figure 13 B). Moreover, ChIP-Seq data for other
transcription factors as CTCF and BORIS are available (e.g. Nanog, GATA, ATF)
but no enrichment was observed for these factors at the CLDN6 promoter. Indeed,
BORIS and CTCF are expressed at high levels in NIH-OVCAR3 and NEC-8 cells
(Figure 38). To analyze if BORIS or CTCF are crucial for CLDN6 expression,
SiIRNA mediated silencing of both factors was performed in NIH-OVCAR3 and
NEC-8 cells. Interestingly, silencing of BORIS resulted in both cell lines in a down-
regulation of CLDNG6 96 h after transfection whereas silencing of CTCF resulted in
an up-regulation of CLDNG6 already 48 h after transfection (Figure 34). This
indicates that CTCF might serve as a repressor and BORIS as an activator of
CLDN®6 expression in NEC-8 and NIH-OVCARS3 cells.

A NEC-8 B NIH-OVCAR3
1504 B untransfected 150+ B untransfected
Bl ns-siRNA Bl ns-siRNA
3 BORIS-siRNA [ BORIS-siRNA
S 100- S
€ €
<) 1<)
© o
S S
g 8
0_
C NEC-8 D NIH-OVCAR3
2509 pb—2t—oro E untransfected 3001 W untransfected
E ns-siRNA * Bl ns-siRNA
3 CTCF-siRNA 3 CTCF-siRNA
2004
S © 2004
€ 150 =
1<) 1<)
o o
‘G 100 =
R R
50
0_

CLDNG6 CTCF CLDNG6 CTCF

Figure 34 RNAi-mediated silencing of BORIS and CTCF results in deregulation of CLDN6 in NEC-8 and
NIH-OVCARS3 cells. NEC-8 and NIH-OVCARS3 cells were either not transfected or transfected with non-
silencing (ns) -siRNA, BORIS-siRNA (A, B) or CTCF-siRNA (C, D). CLDN6 mRNA expression was analyzed
48 h after transfection in CTCF-silenced cells and 96 h after transfection in BORIS-silenced cells by gRT-PCR.
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Relative expression levels of CLDN6, CTCF and BORIS were normalized to HPRT1 and are shown as
percent (%) of the respective expression in untransfected control cells.

The next step was to analyze which regions in the CLDN6 promoter are crucial for
its expression. For this purpose, a dual luciferase reporter assay was performed.
Using this assay, simultaneous expression of two individual luciferase reporter
enzymes, firefly (Photinus pyralis) and Renilla (Renilla reniformis) luciferase, can
be measured. Both luciferases do not require post-translational modifications and
function as genetic reporters immediately following translation. Firefly luciferase
catalyzes the oxidation of beetle luciferin to oxyluciferin in an ATP / Mg®* and O, —
dependent manner. Renilla luciferase catalyzes the oxidation of coelenterazine to
coelenteramide. In both biolumniscent reactions, emitted light corresponds to

promoter activity.

A fragment of the CLDN6 promoter located 1483 bp upstream of the CLDNG6
transcription start site to +74 bp was analyzed using Matlnspector (Genomatix) to
identify potential transcription factor binding sites (Figure 35). For this study
interesting transcription factors were CTCF/BORIS because of the aforementioned
results, SP/GC-Box binding factors because it is known that SP1 is involved in the
regulation of CLDN3 and 4 [196,197], cAMP-responsive element binding proteins
(CREB) and EZ2F transcription factors which are known to be involved in EGFR-
signaling that is involved in regulation of many claudins [198,199] and any factors
that are involved in embryonic signaling pathways which are known to be
deregulated in cancer. To get a first insight which region of the CLDN6 promoter is
important for its expression, six deletion constructs (deletion 1 to 6) were
generated in ~200 bp steps and cloned into the multiple cloning site (MCS)
between Nhel and Hindlll restriction sites of the promoter-less luciferase reporter
vector pGL4.76 [hRluc/Hygro] which encodes for Renilla luciferase (Figure 35,
Figure 36 A, B).
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complete
-1483 [;:ttgagatthGtctcsic(}if:ttgc‘(c:%?gcctggagtgcagtggtaCGatcaCchtctctgggctcaggtgagcctcccacctcagcctcccaagtagc -1384
-1383 tgggaccacaggccctgccccaccd@CchtaatttttgtattttttgtagagaccagggtcttactatgttQCCCcggttagcctggccactacag -1284
-1283 ctttgttaagggccCGgggggtataacaattaaacctga@ggagctCGagaccagcctggccaacttggtqaacscccCGtctttactaaaaataaa -1184
-1183 aaaaaqaaagaagtta?cCGggCGtggtagtggg(:[g_cztgtaatctcagctactCGggagactgaggcaggagacctgggagaCGgaggt -1084
-1083 tgcagtcagtcgCGccattgcactccagac‘é:_gtg;gCGacagagagqgcc;:xr%catctcaaaaaacaaaacaggcCGggCGCthggctcaCGcctg -984
=983 taatcccagcacattgggaggcCGaggCGéggcagaﬁ&(:daggtcaggaaatccatcctggctaacg&%%tgiiigccCGtctctactaaaaata -884
-883 caaagAaFﬁ{ax%tagtCGggqgtggtggCGg cacctgtagtagtcccaqctactctggaggctgagg\:fggt@gq@accCGgaaggcaqagcttg -784
-783 cagtg:_lg:tCGCGccaccacactccagccttggCGaqaqagCGagactccatctcaae:é:??caacaacaacaaaaaaccagcaacsataa -684
-683 aaataatat@tggcCGggCGCthggcttaagcCthaatcccagCGcagthGaggccaaggCG{gééGgatCGcttgagtcCGggagttCG%aa’CG -584
-583 cctgggcaatataacaagaccctgtctatacaaaacaaaacataaattagctgggcaCthggCGtgtgctgcctgtagtcccagctactcaggaggctg -484

-483 aggCGggaggatCGcttgagcccaqaaggtCGagactgcagtgagcCGtgatCGcaccactgcactccagcctqggtgacacagtgaaaatatttctcta -384
KLF4 TCF4 SCFmotif CDX1POU5F1

-383 aaataataccaat aqtatgcdcttt‘aatttgtaccttaggaCGtagtdacatbaaatgéjagacttgmtccattttgcagagtaqgaaacﬁa’ag -284

-283 ggaaggtgagttccccatgtcacCGCGctgcttaagtggtgaagCGgagtctcaagctctgttctaccctaagccthCGccctcaccct —184
CF/BORIS ;CTCF/BORIS SPIGCCTCF/BORIS  5b

CRE|
-183 gggtgagtctggaCGtc{tgcc;agccCGaggCGggccc g accccagcct ccag dccctctgigaagcctgggat tCGcac@tgc —8 4
SPIGC
-83 gggacagggtctctgcccctectcel ggCthggtccatcac gcttctttaagaccceCGect pCGcccctgt‘ggCGa cactCGgcctagga +17

KLF4 GATA2
+18 attﬂcccatat clt ccttCGcaggtgagtcCGgggctagtgtgCGtgttggagagaCG +74

Figure 35 Transcription factor binding sites found in the CLDN6 promoter (-1483 to +74 bp) used for
promoter analysis. The transcription start (+1) is underlined, the CpG island is highlighted in grey, TATA-Box
isin red letters, constructs are marked with arrows (complete = -1483 to +74 bp, deletion 1 = -1148 to +74 bp,
deletion 2 = -854 to +74 bp, deletion 3 = -587 to +74 bp, deletion 4 = -287 to +74 bp, deletion 5 = -145 to +74
bp, deletion 5a = -115 to +74 bp, deletion 5b = -87 to +74 bp, deletion 5¢c = -57 to +74 bp, deletion 6 = -33 to
+74 bp). The core transcription factor binding sites are boxed. Transcription factor binding site prediction was
done using Matlnspector (Genomatix). SCF = stem cell factor.

The CLDNG6 promoter sequence from -1483 bp to +74 bp was amplified from
human genomic DNA from sperm. To normalize variations in transfection
efficiency between different experiments the internal control vector pGL4.13
[luc2/SV40] was included. This plasmid encodes for firefly luciferase under the
control of a SV40 promoter and was co-transfected in every single experiment.
The luciferase activity from the control plasmid is used to standardize variations in
the luciferase activity from the reporter constructs.

As shown in Figure 36 C, deletion variants 1 to 4 did not result in significant
changes of CLDNG6 promoter activity. Deletion 5 resulted in about 50 % decrease
of CLDN6 promoter activity whereas deletion 6 resulted in a nearly complete
abrogation of the CLDN6 promoter activity indicating that this sequence represents
the core promoter of CLDN6. Subsequently, to further characterize the core
promoter region, shorter deletion variants between deletion 5 and 6 of around 30
bp less per construct were generated to analyze which region between deletion 5
and 6 is crucial for CLDN6 promoter activity.

Deletion 5a resulted in all tested cell lines in a remarkable decrease of CLDNG6
promoter activity which was further reduced in deletion 5 b and 5 c (Figure 36 D).
In particular, the only binding sites located in the critical region of deletion 5 and 5
a are binding sites for the transcription factors CTCF or BORIS and p53 indicating
that these factors could be involved in regulation of CLDNG6 (Figure 35). Moreover,
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binding sites for SP/GC factors are overlapping with the CTCF/BORIS binding

sites indicating that these factors bind concerted to the CLDN6 promoter.
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Figure 36 Analysis of the CLDN6 promoter. (A) For construction of reporter plasmids pGL4.76 with the
CLDNG6 promoter region or the different promoter deletion variants, PCR products were inserted into the
multiple cloning region between Nhel and Hindlll sites of pGL4.76 basic vector. Vector map is adapted from
Promega. (B) Deletion vaiants of the CLDN6 promoter were derived from the complete promoter construct (-
1483 bp). +1 means the transcriptional start site (TSS). (C) Dual luciferase reporter gene assay of pGL4.76-
complete promoter and deletion variants 1 to 6. DAN-G, PA-1, NIH-OVCAR3 and NEC-8 cells were
transfected with the different CLDN6 promoter constructs in pGL4.76 vector and pGL4.13 in a ratio of 50:1.
(D) Dual luciferase reporter gene assay of pGL4.76-complete promoter and deletion variants 5, 5a-c and 6.
SK-BR-3, PA-1, NIH-OVCAR3 and HEK293 cells were transfected with the different CLDN6 promoter
constructs in pGL4.76 vector and pGL4.13 in a ratio of 50:1.

Results from BORIS- and CTCF-silencing as well as the promoter analysis were
encouraging that both factors are involved in the regulation of CLDN6. The next
reasonable step was to analyze if these factors are bound to the CLDN6 promoter
which was examined using ChIP. As mentioned above, besides CTCF and
BORIS, p53 could be a possible factor in regulating CLDN6. As shown in Figure
35, two binding sites for p53 and three binding sites for CTCF/BORIS exist in the
explored CLDN6 promoter region. Moreover, two further CTCF/BORIS binding
sites are found downstream of the TSS and were included in ChIP analysis.
Primers spanning the p53 and CTCF/BORIS binding sites were generated for

gPCR analysis of ChiP-ed fragments (Figure 37).
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-1483 ccttgagattgCGtctcactcttgctcagcctggagtgcagtggtaCGatcaCGgctectctgggetcaggtgagectecccacctcagectecccaagtage -1384

-1383 tgggaccacaggccctgccccaccaCGtcCGgctaatttttgtattttttgtagagaccagggtecttactatgttgeccaggttagectggeccactacag -1284
-1283 mttaagggccCGgqgggtataacaattaaacctgaqgtcaggagctCGagaccagcctggccaacttggtgaaccccCGtctttactaaaaataaa -1184
-1183 aaaaagaaagaagttagcCGggCGtggtagtgggcgcctgtaatctcagctactCGggagactgaggcaggagaatttctggaacctgggagaCGgaggt -1084
-1083 tgcagtcagtCGagatagCGccattgcactccagactgggCGacagagagggcctccatctcaaaaaacaaaacaggcCGggCGCGgtggctcaCGectg -984
-983 taatcccagcacattgggaggcCGaggCGggcagatcaCGaggtcaggaaatCGaggccatcctggctaacaCGgtgaaacccCGtctctactaaaaata -884
-883 caaaaaaattagtCGggggtggtggCGggcacctgtagtagtcccagctactctggaggctgaggcaggtgaatggCetgaaccCGgaaggcagagcttg -784
-783 cagtgagccaagatCGCGccaccacactccagccttggCGagagagCGagactccatctcaaaaacaaacaacaacaacaacaaaaaaccagcaacataa -684
-683 aaataatattatctggcCGggCGCGgtggcttaagcCGgtaatcccagCGeagtgCGaggccaaggCGggCGgatCGettgagtcCGggagttCGagaCc -584
-583 cctgggcaatataacaagaccctgtctatacaaaacaaaacataaattagctgggcaCGgtggCGtgtgctgectgtagtcccagectactcaggaggectg -484
-483 aggCGggaggatCGettgagcccagaaggtCGagactgcagtgagecCGtgatCGecaccactgcactccagectgggtgacacagtgaaaatatttctcta -384
-383 aaataataccaatagtatgccctttaatttgtaccttaggaCGtagttacataataaaatgcagacttgttatctccattttgcagagtaggaaacgaag -284
-283 gctCGggaaggttagg(t;_?&%%%lcscccatgtcacCGCGctgcttaagtggtgaagCG%?gFtl:E?FSSa:zgctctgttctaccctaagcctg _?(:GE?B%%ItScaccct -184
-183 gggtgagtctggaCGt@gccCGaggCGggcccagCGaccccagcct ccagcctctgacaagcctgggattC&aC@tgcCGt ca -84

-83 gggacagggtctctgcccctcctcCGgggCthqgtccagtgaCGg;ccgcttctttaagaccccCGcctcCGcccctgtcc(E?actCchctag_qa +17

CTCF/BORIS CTCF/BORIS
+18  atttcccttatctecttCGeaggtgagtcCEgggetagtgtgCGtygttggagagaCGectettiggggeCtggtgeagggtggtiggCeyCetgggtagggg  +117

—
+118 tgCGtgCGaactCGggctgCGgccacctggatgggCGagtccctgaggaaatCGgcCGatcCGCGeccaagecteCGaggtgatagagtecttCGagget +217

CLDNG6-promoter 1 (pS3 binding site 01): -1442 to -1277, 164 bp
CLDNG6-promoter 2 (p53 binding site 02 and CTCF/BORIS binding sites 01-02-03): -223 to -30, 193 bp
CLDNG6-promoter 3 (CTCF/BORIS binding sites 04-05): +1 to +152, 152 bp

Figure 37 Binding sites for CTCF/BORIS in the CLDN6 promoter and p53 and primer design for ChlIP-
gPCR. CLDNG6 promoter region from -1483 bp to +217 bp is shown with TATA-Box is indicated in red letters,
p53 core binding sites are boxed in orange, CTCF / BORIS core binding sites are boxed in green. CpG island
is highlighted in grey. Primers (forward and reverse) are indicated by arrows. Transcription factor binding site
prediction was done using MatInspector (Genomatix).

Four different cell lines were chosen for ChIP because of their expression patterns
of BORIS, CTCF, CLDNG6 and p53 (Figure 38): NIH-OVCAR3 and NEC-8 cells are
positive for BORIS and CLDNG6 transcript expression whereas SK-BR-3 cells are
negative for BORIS and CLDN6. HEK293 cells are slightly positive for CLDNS,
negative for BORIS and are of non-tumorigenic origin. As CTCF is a unique
transcription factor expressed in nearly all tissues, it was conceivable that all cell
lines used express CTCF mRNA at high levels. SK-BR-3 and NIH-OVCAR3 are
known to have mutated p53 whereas HEK293 and NEC-8 contain wild type p53
[200,201]. Interestingly, expression levels of TP53 are not altered if p53 is mutated
or wild type (Figure 38). Thus, four cell lines with different compositions of the

distinct factors were analyzed.
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Figure 38 Endogenous expression of BORIS, CTCF, CLDN6 and TP53 in SK-BR-3, HEK293, NIH-
OVCARS3 and NEC-8 cells. gRT-PCR analysis of BORIS, CTCF, CLDN6 and TP53 mRNA expression in the
cell lines used for ChIP assay. Relative expression of BORIS, CTCF, CLDN6 and TP53 was calculated
according to the AACt method with normalization to expression of the reference gene HPRT1 and an internal
calibrator (40 - average of HPRT1 values of all samples).

Crucial for an efficient ChIP assay is the antibody. For CTCF and p53 very good
antibodies are described in the literature [161,202,203]. However, no ChlIP-grade
anti-BORIS antibody exists. Therefore, an HA-tag was introduced by PCR at the
N-terminus of BORIS and cloned into the expression vector pcDNA3.1 and ChIP
was performed with an anti-HA antibody to analyze enrichment of BORIS at the
CLDNG6 promoter. Transfection efficiency was assessed by control transfection
with a vector encoding pEGFP by fluorescence microscopy (Figure 39). SK-BR-3
and HEK293 cells showed well transfection efficiency (estimated 50 % and 95 %
respectively) whereas NIH-OVCAR3 were moderate (approx. 25 %) and NEC-8
cells (approx. 5 %) were even after optimization only poorly transfectable. Thus,
NEC-8 cells were excluded from subsequent HA-ChIP analysis. BORIS, HA and
CLDNG6 expression was examined by Western blot analysis (Figure 40).
Accordingly to the transfection efficiency analyzed by pEGFP expression, HA and
BORIS overexpression was higher in HEK293 and SK-BR-3 cells compared to
NIH-OVCARS3. Noteworthy, only overexpressed BORIS protein but not
endogenous BORIS could be detected in control-transfected NIH-OVCARS3 cells
by Western Blot analysis. This might be due to differential expression of the 17
known isoform from which the used antibody does not detect all. Moreover, also
other groups describe problems in detection of endogenous BORIS [150,204].
CLDN®6 was highly overexpressed in NIH-OVCARS cells while SK-BR-3 cells were
negative for CLDNG. Interestingly, HEK293 showed a slight expression of CLDNG6.
However, overexpression of BORIS was not sufficient to induce CLDNG6
expression in any of the cell lines used.
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SK-BR-3 NIH-OVCAR3 NEC-8
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Figure 39 Transfection of plasmid DNA is efficient in NIH-OVCARS3, SK-BR-3 and HEK-293 cells. Cells
were transfected with pEGFP-C1 and transfection efficiency was analyzed 48 h after transfection. Pictures
were taken in phase contrast and green fluorescence with 10X original magnification. Merged pictures were
generated using Nikon software.
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Figure 40 HA-BORIS is efficiently overexpressed in HEK293, SK-BR-3 and NIH-OVCARS3 cells. Cells
were transfected either with empty vector control (pcDNA3.1 basic) or HA-BORIS-pcDNA3.1. Western Blot
analysis was performed 48 h after transfection with antibodies specific for BORIS and CLDNG6. B-actin was
used as a loading control.

The result from ChIP analyses are depicted in FFigure 41. CTCF was found to be
enriched at the CLDNG6 promoter in region 2 (including CTCF/BORIS binding sites
01-02-03) and region 3 (including CTCF/BORIS binding sites 04-05) in NIH-
OVCARS3, NEC-8 and HEK293 but not in SK-BR-3 cells (FFigure 41A). TSP50
served as a positive control gene and showed enrichment for CTCF in all cell lines
whereas the negative target hMYC or the non-binding regions in the CLDNG6
promoter (CL6-upstream 1 and 2) showed only weak enrichment. As expected, no
enrichment was observed for CTCF in all cell lines used at CL6-promoter 1
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because this locus contains a p53 binding site only. The absence of enrichment of
CTCF to the CLDN6 promoter in SK-BR-3 cells was surprising because it was
suggested that CTCF acts as a repressor when bound to the CLDN6 promoter.
However, CTCF was detected at the CLDN6 promoter also in CLDNG6-positive
NEC-8 and NIH-OVCAR3 cells as well as the slightly positive HEK293 cells
indicating that CTCF does not act as a repressor of CLDN6. CHIP for p53
revealed that p53 is slightly higher enriched at CLDN6 promoter only in NIH-
OVCARS cells. However, compared to the positive control target p21 and negative
controls CL6-upstream 1 and 2 as well as TSP50, p53 is not significant enriched at
the CLDNG6 promoter (FFigure 41 B). Interestingly, in NIH-OVCAR3 and SK-BR-3
cells, both harboring mutated p53, low enrichment was observed at the p21
promoter. In contrast, HEK293 and NEC-8 cells, both harboring wild-type p53
showed high enrichment of p53 at p21 promoter. This indicates that the ChIP
procedure worked well and detection of p53 was specific. Analysis of HA-ChIP
indicating BORIS enrichment of the CLDN6 promoter was compared between
control transfected (empty pcDNA3.1 vector) and HA-BORIS-pcDNA3.1
transfected cells 48 h after transfection. Interestingly, BORIS was found to be
enriched in both SK-BR-3 and NIH-OVCAR3 cells indicating that BORIS and
CTCF are bound in both cells at the CLDN6 promoter (FFigure 41 C). In HEK293,
no considerable enrichment was found at the CLDN6 promoter compared to the
negative as well as positive control targets suggesting that BORIS is not bound to
the promoter. NIH-OVCARS3, the only cell line with endogenous BORIS expression
also showed binding of overexpressed HA-BORIS. These results indicate that both
BORIS and CTCF are bound to the promoter of CLDN6 and BORIS might
compete with CTCF for DNA binding. To test this hypothesis, a CTCF-ChIP was
performed in BORIS-silenced NIH-OVCAR3 cells. RNAi-mediated silencing of
BORIS was performed as previously described and ChIP was done 96 h after
transfection. Indeed, binding of CTCF to the CLDNG6 promoter is slightly increased
when BORIS is silenced (FFigure 41 D).

In summary, these results introduce BORIS and CTCF to be important for
regulation of CLDN6 whereas p53 turned out to be not involved in up-regulation of
CLDN®6 in cancer. Moreover, BORIS and CTCF seem to be not sufficient for
CLDNG6 regulation indicating that other transcription factors might be involved in
regulation of CLDNG6 as well.
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Figure 41 CTCF, p53 and
BORIS are bound to the
CLDN®6 promoter in
different tumor cell lines.
(A-C) ChIP was performed
with chromatin prepared
from HEK293, SK-BR-3,
NIH-OVCAR3 and NEC-8
cells either transfected with
an empty control vector
(pcDNA3.1(+) basic) or HA-
BORIS-pcDNA3.1(+).
Chromatin was prepared
48h after transfection. The
promoter region of CLDNG6
containing the p53 elements
(CL6-promoter 1 (-1442 to -
1277 bp) and 2 (-223 to -30
bp)) and CTCF/BORIS
elements (CL6-promoter 2
(-223 t0 -30 bp) and 3 (+1 to
+152 bp)), two regions
upstream of the promoter
(CL6-upstream 1 (-2510 to -
2391 bp) and 2 (-1870 to -
1762 bp)) as negative
controls as well as target or
non-target genes for
CTCF/BORIS and p53
(TSP50, hTERT, p21, h-
MYC-G) were analyzed by
guantitative real-time PCR
following
immunoprecipitation with

antibodies  specific  for
CTCF, p53 or HA. Results
corrected by input are
shown as fold increase
compared to input and an
intergenic region

(background) used as a
reference. (A) CTCF-ChIP.
TSP50 was used as a
positive control, h-MYC-G
as a negative control gene.
(B) p53-ChlP. p21 was used
as a positive control, TSP50
as a negative control gene.
(C) HA-ChIP. The HA
antibody was used to detect
occupancy of HA-BORIS at
the indicated loci. TSP50
and hTERT are known
target genes of BORIS and
served as positive controls,
h-MYC-G was used as
negative control gene. (D)
CTCF-ChIP in NIH-
OVCAR3 was performed 96
h after transfection with ns-
SiRNA, BORIS-siRNA or
with untransfected cells.
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4.2.8 CLDNG6 correlates with certain (cancer) stem cell specific

factors in ovarian cancer

As stated in chapter 4.2.5, CLDN6 could have a function in cancer stem cells.
Thus, it was interesting if CLDN6 gene expression correlates with certain (cancer)
stem cell specific factors particularly in ovarian cancer. For this purpose, 42
human ovarian cancer samples were analyzed by gRT-PCR using a Bio Mark™
HD System (Fluidigm). A variety of genes described to be markers for CSC in
diverse cancer types or known pluripotency markers of stem cells that can be
deregulated in cancer were chosen for this experiment. To examine if expression
of CLDNG6 is associated with certain (cancer) stem cell markers, a correlation
analysis using Spearman’s rho (p) was performed [205] (Table 9). Significance of
correlation values was assessed by a test on the correlation coefficients. P-values
were adjusted for multiple testing using the method of Benjamini and Hochberg,
and adjusted p-values < 0.05 were considered statistically significant [206].
Positive correlation was found for CLDN6 with BORIS (CTCFL), musashi 1 (MSI1),
lin-homolog 28b (LIN28B), sal-like protein 4 (SALL4), CD24, nucleostemin (GNL3),
human epidermal growth factor receptor 2 / HER2/neu (ERBB2), OCT1 (POU2F1),
epithelial cell adhesion molecule (EPCAM), L1 cell adhesion molecule (LLCAM)
and telomerase reverse transcriptase (TERT) whereas CD44 were found to
correlate negatively with CLDNG6 in the analyzed ovarian cancer samples (Figure
42). Interestingly, the highest correlation of CLDN6 was found with CTCFL
(BORIS) while no correlation with CTCF was present. Whether the correlation of
CLDNG6 with these markers has a functional or regulative role, remains to be
analyzed and will be addressed in future studies in our group.
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Table 9 Overview of the results from Spearman correlation analysis of CLDN6 and different (cancer)
stem cell specific factors in ovarian cancer. Shown are Spearman’s rho and adjusted p-values for all

markers analyzed.

Results

positive correlation no correlation
marker spearman rho | p-value marker spearman rho | p-value
CTCFL 0,7801 1,39E-06 Endoglin/CD105 -0,0878 0,746107
MSI1 0,6444 0,00019986 | FCGB1A/B/C -0,1237 0,615194
LIN28B 0,6326 0,0002 FLT3 -0,0978 0,712542
SALL4 0,5475 0,00375998 | FUT4 -0,1412 0,596802
CD24 0,5354 0,00441744 | GLI1 -0,1153 0,649068
GNL3 0,531 0,00441744 | GLI2 0,1367 0,598512
ERBB2 0,4853 0,0111707 HIF-2A/EPAS1 -0,3294 0,168385
POU2F1 0,4843 0,0111707 HAVCR2 -0,3018 0,201801
EPCAM 0,4738 0,0132667 IL1A -0,091 0,739298
L1CAM 0,4566 0,018498 IL6RA 0,2195 0,415685
TERT 0,4258 0,0320478 ITGAL -0,3129 0,189975
ITGA2 -0,312 0,189975
negative correlation ITGA6 -0,1628 0,532406
marker spearman rho | p-value ITGA9 -0,0669 0,818222
CD44 -0,5135 0,00638357 | ITGB1BP1 0,191 0,477832
ITGB2 -0,2125 0,415685
no correlation KIT 0,0511 0,877142
marker spearman rho | p-value LMO2 -0,1365 0,598512
ABCBL1 -0,2884 0,218737 MET -0,1745 0,503021
ABCB5 0,1591 0,532406 MS4Al -0,2566 0,306398
ABCG2 -0,1924 0,477832 MYC -0,0158 0,960523
AFP -0,173 0,503021 MYD88 -0,0667 0,818222
ALCAM/CD166 -0,0017 0,991836 NANOG -0,0978 0,712542
ALDH1A1 -0,1792 0,499984 NCAM1 0,044 0,885672
AMACR 0,0101 0,972292 NF2/Merlin 0,2142 0,415685
ANPEP/CD13 0,1783 0,499984 NGFR -0,0147 0,960523
ATXN1 0,1244 0,615194 NOTCH1 0,3172 0,189975
BMI1 0,2806 0,235788 PDPN 0,168 0,518238
BMP4 -0,0826 0,763766 PIWIL1 -0,0498 0,877142
BRCA1 0,3903 0,0587986 PLAUR 0,0699 0,818222
CD151 0,2992 0,201801 POU5F1 -0,1236 0,615194
CD19 -0,0343 0,903427 PROM1/CD133 -0,133 0,606964
CD2 -0,291 0,218737 PTEN 0,0194 0,959521
CD27/TNFRSF7 -0,2125 0,415685 SDC1 0,2777 0,236837
CD34 -0,1255 0,615194 SHH -0,0502 0,877142
CD38 -0,0978 0,712542 SNAI1 0,0058 0,982996
CD47 0,1884 0,479547 SOX2 0,2472 0,335274
CTCF 0,3015 0,201801 SOX4 0,1779 0,499984
CX3CR1 -0,2416 0,348916 ST8SIAL 0,0352 0,903427
CXCL1/Fractalkine |-0,0199 0,959521 STAT3 0,2334 0,374356
CXCR1 -0,1597 0,532406 TNFAIP3 0,0472 0,879625
DLL4 0,0357 0,903427 TFRC/CD71 0,2075 0,428856
DPP4 -0,2216 0,415685 THY1 0,1409 0,596802
EGFR -0,1438 0,596802 TRRAP 0,3916 0,0587986
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Figure 42 CLDNG6 correlates significantly with several (cancer) stem cell specific factors in ovarian
cancer. Scatterplots of delta delta Ct (ddCt) values of CLDN6 and CTCFL, MSI1, LIN28B, CD24, SALLA4,
GNL3, ERBB2, POU2F1, EPCAM, L1CAM, TERT and CD44 are shown. Correlation analysis was performed
using Spearman’s rho (p), adjusted p-values of < 0.05 were considered statistically significant. Ovarian cancer
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Results

4.2.9 CLDNG is a specific marker for human induced pluripotent

stem cells

Claudin 6 is expressed in human and mouse ESC as well as during
embryogenesis which was extensively studied in mice [116,130,165]. To confirm
expression of Cldn6 in murine ESC, the murine ESC lines E14 and W9.5 were
analyzed for mRNA levels and indeed, Cldn6é was highly expressed in these cell
lines (Figure 43 A). Moreover, mRNA levels of CLDN6 were analyzed in human
induced pluripotent stem cells (iPSC) which were generously provided by TRON
gGmbH. IPSC were reprogrammed from human neonatal foreskin fibroblasts
(HFF) using a specific RNA cocktail (containing IVT-RNA encoding transcription
factors OCT4, SOX2, KLF4, cMYC, NANOG, LIN28 and IFN-escape proteins E3,
K3 und B18R and a miR-mix = miRNA-302a/b/c/d and 367). On day 5, 12 and 19
of reprogramming, mock transfected HFFs (transfection without RNA) were
compared to HFFs transfected with the RNA cocktail on CLDN6 by gRT-PCR and
flow cytometry. Remarkably, CLDNG6 is up-regulated almost 6000-fold in HFFs
treated with the reprogramming cocktail compared to untreated HFF at day 19 of
treatment, even at day 12 of treatment an approximately 2000-fold up-regulation of
CLDN6 was observed (Figure 43 B). This result indicates that CLDNG6 is

expressed in human iPSC.

Flow cytometry was used to examine if CLDNG is also expressed on the surface of
iPSC. As iPSC are grown on HFF feeder cells, co-staining of CLDN6 and stage
specific embryonic antigen 4 (SSEA-4), a well-known stem cell marker, was
performed to ensure specific detection of IPSCs. For this purpose, HFF cells
treated with the reprogramming cocktail or without RNA were collected at day 5,
12 and 19 of treatment and stained with CLDN6- and SSEA-4- specific antibodies
analyzed by flow cytometry (Figure 43 C).

On day 5, CLDNG6 was not detected on the surface of HFF cells independent of
treatment with the reprogramming cocktail. Unexpectedly, SSEA-4 was found to
be expressed at 15 % of HFFs, irrespective of treatment with the reprogramming
cocktail. This could be explained by the fact that HFFs used are neonatal
fibroblasts and possibly these cells retain certain positivity for SSEA-4. On day 12
of treatment, about 63 % of the treated HFFs were positive for SSEA-4 and a
CLDNG6-SSEA-4 double positive fraction of about 15 % was observed. On day 19
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of treatment, 15 % of the treated HFFs were positive for CLDN6 and SSEA-4,
representing a distinct subpopulation. It is assumed that the CLDNG6-SSEA-4
double-positive subpopulation marks iPSC specifically whereas the CLDN6-SSEA-
4 double-negative subpopulation is regarded to be HFF feeder cells or not
reprogrammed cells and SSEA-4 single positive cells represent cells which are at

the beginning of reprogramming.

As 15 % of the HFF cells were positive for SSEA-4 but not for CLDNG, it is
assumed that CLDNG6 represents a more specific marker for human iPSC than
SSEA-4. SSEA-4 is also expressed in neonatal HFF whereas CLDNG6 seems to be
specifically expressed only in fully reprogrammed HFF cells which represent the
iPSC fraction.

These results indicate that CLDNG6 is specifically expressed on the surface of
human iPSC.
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Figure 43 Claudin 6 is expressed in mESC and human iPS cells. (A) mMRNA expression of murine Cldn6
was analyzed in mESC lines E14 and W9.5 by gRT-PCR relative to the housekeeping gene Hprtl. (B and C)
HFF cells were transfected without RNA (no RNA control) or with a reprogramming cocktail and cells were
collected at day 5, 12 and 19 post treatment. Reprogramming cocktail contains IVT-RNA encoding
transcription factors OCT4, SOX2, KLF4, cMYC, NANOG, LIN28, EBK= IFN-escape proteins E3, K3 and
B18R, miR-mix = miRNA-302a/b/c/d and 367. (B) CLDN6 mRNA level was analyzed by qRT-PCR. Shown is
fold induction of CLDNG6 expression of cells treated with the reprogramming cocktail relative to HFF cells from
day one of treatment. CLDN6 mRNA expression was normalized to mRNA expression of the housekeeping
gene HPRT1. (C) CLDN6 and SSEA-4 surface expression was analyzed by flow cytometry using specific
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antibodies for CLDN6 (IMAB027-Alexa Fluor®647, Ganymed Pharmaceuticals) and SSEA-4 (SSEA-4-V450,
BD). The experiment was performed in duplicates and representative dot plots are shown.

Additionally, mock treated HFFs as well as iPSC collected on day 5, 12 and 19 of
treatment were analyzed for expression of (cancer) stem cell markers by qRT-
PCR using a Bio Mark™ HD System (Fluidigm) (for markers, please see Table 9).
Thus, it is possible to analyze if CLDN6 arises with other specific (cancer) stem
cell markers during the course of reprogramming. The heat map in Figure 44
shows up- or downregulation of different cancer stem cell markers in HFFs
transfected without RNA (no RNA control) versus iPSC (reprogramming cocktail)
relative to untreated HFFs on day O of treatment. The results are consistent with
gRT-PCR and flow cytometry results shown in Figure 43. CLDNG6 expression was
found to arise on day 12 of treatment and was further up-regulated on day 19. The
up-regulation of CLDNG6 on day 12 and 19 was comparable to other markers such
as EPCAM, E-Cadherin (CDH1), OCT3/4 (POU5F1), CXC motif chemokine
receptor 4 (CXCR4), TERT, LIN28B, CD24, NANOG, promininl (PROM1/CD133),
ST8SIAL, MSI1, SALL4, Lim domain only 2 (LMO2) and SRY (sex determining
region Y)-box 2 (SOX2). Moreover, ST8SIAL, NANOG and PROM1 were highly
expressed even on day 5 of treatment while CLDNG is not up-regulated at this time
point. Whether this has a functional relationship was not analyzed in this study but
will be subject of further studies.

Collectively, these results show that CLDNG6 is specifically upregulated during
course of reprogramming comparable to know stem cell markers and indicates
that CLDNG6 is a specific marker for iPSC.
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Figure 44 Expression analysis of stem-cell specific factors in human iPSC compared to HFFs. Heat
map of expression values (log 2 fold change (FC)) of HFFs untreated at day 0, HFF cells control treated (no
RNA control) and HFF cells treated with the reprogramming cocktail (iPSC) at day 5, 12 and 19. Expression
values of HFF cells control treated or treated with the reprogramming cocktail depicted as log2 of fold changes
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Discussion

5 Discussion

5.1 The high need for tumor-specific molecular targets in

cancer immunotherapy

The purpose of this study was to examine the previously identified candidate
tumor antigens PLAC1 and CLDNG6 regarding their potential to serve as highly
specific targets for cancer immunotherapy. Owing to the success of the first
monoclonal antibodies trastuzumab (Herceptin; Genentech) targeting HER2/neu
overexpression in breast cancer or rituximab (Rituxan; Genentech) against CD20
in B-cell lymphoma and leukemia, over the past decades, development of
therapies to specifically target tumor cells is a major goal in cancer therapy
[207,208]. A bottleneck in targeted therapies, immunotherapy or others, is to find
highly specific targets and thus avoid harming of healthy tissues. Noteworthy, not
only the tumor-specificity of a target is a prerequisite to serve as a potent tumor
antigen. Another major point is to elucidate the function and regulation of a target
in the tumor cells. Most of the previously identified tumor antigens serve major
biological functions in tumor cells and take part in signaling pathways controlling
growth and survival [34]. Understanding in which molecular functions and
mechanisms the target is involved and how it is regulated, defines its suitability for
diagnostic or therapeutic approaches.

5.2 PLAC1

At the beginning of this study, the functional analysis of PLAC1 in breast cancer
was already completed. RNAi-mediated silencing of PLAC1 has revealed that it
plays a role in proliferation, cell cycle, migration, motility and invasion of breast
cancer cells. Furthermore, it was shown that PLACL1 is localized on the surface of
cancer cells and can be targeted by monoclonal antibodies. Anti-PLAC1
antibodies are capable to antagonize the tumor-biological function of PLAC1 thus
serving as a possible treatment strategy of PLAC1-positive breast cancer [67]. In
contrast, the regulation of PLAC1 is more complex and not fully understood. As
mentioned in the beginning of this thesis (refer to chapter 1.3.1), two distinct
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promoters (P1 and P2) are responsible for the expression of PLACL1 in placenta
and cancer [74]. Because P2 is predominantly used in breast cancer cells, this
study focuses on the regulation of PLAC1 at promoter P2. Although previous
studies showed that basal expression of PLACL1 is regulated by SP1 and C/EBP-f3
and ERa-signaling further augments transcription of PLAC1, the entire trans-

activation complex at the PLAC1 promoter remained elusive [83].

5.2.1 NCOA3 is a selective co-activator of ERa-dependent trans-
activation of PLAC1

In this study, the role of the p160/NCOA family of co-activators in regulation of
PLAC1 in breast cancer cells was analyzed. The key results presented here are:
first, explicit involvement of NCOA3 but not NCOA1 or NCOA2 at the E;-mediated
trans-activating complex at PLAC1 promoter P2 as ChIP assays provided
evidence for enrichment of NCOA3 but not the other co-factors at the relevant
binding site. Second, silencing of NCOA3 resulted in loss of PLAC1 trans-
activation after E,-stimulation only in ERa-positive MCF-7 but not in ERa-negative
SK-BR-3 cells and third, a significant correlation of PLAC1 expression and NCOA3

overexpression was observed in a cohort of ERa-positive breast cancer patients.

NCOA1L, NCOA2 and NCOAS3 display high homology in structure and sequence
thus activating nuclear receptor target genes in a similar fashion. Nevertheless,
they serve unique, non-redundant functions in different cell types and tissues
[94,101,102]. Aberrant expression of co-activators is suggested to be sufficient for
breast cancer initiation. Especially NCOAS3 is interesting in this context, as mice
overexpressing NCOA3 in mammary epithelial cells develop spontaneous
mammary tumors [107]. NCOA3 overexpression is associated with resistance to
tamoxifen in patients with ERa-positive tumors. Moreover, NCOAS3 significantly
correlates with several disease markers such as larger tumor size, higher tumor
grade and expression of ERBB2 [101,188,189,209,210]. Thus, NCOA3 is a very
attractive target for breast cancer therapy and downstream targets of NCOA3 that
may contribute to disease progression are of high interest for development of new
therapeutic strategies as well.

NCOA3 is involved in multiple signaling pathways that promote cancer such as

proliferation, tumor growth, invasion, metastasis and chemoresistance [211]. In
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ER-positive breast cancers, NCOA3 is required for maximal activity of ERa and
other hormone receptors [212,213]. Thus, changes in NCOA3 gene expression
influence ERa-dependent gene expression and consequently modulate the
aforementioned cellular processes [211,214,215]. Indeed, silencing of NCOA3 in
MCEF-7 cells results in decreased Ej-stimulated proliferation in vitro. The inhibition
of proliferation is accompanied by changes in cell cycle distribution and is
mediated through NCOA3 downstream effectors like cyclin D1, which plays a
pivotal role in estrogen-dependent proliferation [102,216]. Most interestingly,
NCOA3 is crucial for the activation of cyclin D1 as ectopic overexpression of ER
alone is not sufficient for estrogen-dependent cyclin D1 expression and
mitogenesis in ER-negative cells [216]. Our group demonstrated previously that
PLAC1 is a critical factor for breast cancer progression, as RNAi-mediated
silencing of PLAC1 in MCF-7 and BT-549 breast cancer cells results in decreased
cyclin D1 levels and induces a G1-S cell cycle block with nearly complete
abrogation of proliferation [67]. The here presented findings introduce PLACL1 as a
possible downstream effector of NCOA3 that may mediate NCOAS3 actions in ERa-

positive breast cancer cells.

The specific expression pattern of PLAC1 in placenta and cancer is regulated by
two distinct promoters [74]. Here, explicit involvement of NCOA3 in the formation
of an Ez-dependent pre-initiation complex at the PLAC1 P2 promoter was
demonstrated. Noteworthy, very recently, NCOA2 was disclosed in regulation of
PLAC1 at promoter P1 in SV40 transduced primary fibroblasts [81]. Intriguingly,
NCOA2 and NCOAS3 appear to act under different circumstances as activators of
PLAC1 from different promoters. The regulation of PLAC1 constitutes to be highly
complex and a plethora of different transcription factors seem to be involved in up-
regulation of PLAC1 in placenta and cancer. In which extend NCOA3 can act at
the promoter P1 for example in placenta remains to be analyzed. Noteworthy,
NCOA3 can act as a co-activator also of PPARs [217] and was found to inhibit
TP53 in breast cancer cells [218], both factors suggested to be involved in
regulation of PLACL1 [81,82]. This implicates a broader involvement of NCOA3 in
the regulation of PLAC1. Thus, additional studies are required to dissect the

complex regulation of PLACL1 in placenta and cancer tissues.
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5.2.2 Conclusion and future outlook - Improved model of the

PLACI1 trans-activation complex

In conclusion, the data provided in this thesis contribute to the knowledge of the
E,/ERa-mediated trans-activation complex formed at the PLAC1 promoter P2 in
breast cancer cells and lead to an improved model of the PLAC1 trans-activation
complex (Figure 45). Basal expression of PLAC1 is mediated by the concerted
action of SP1 and C/EBP[-2 bound to their cognate elements at the PLAC1
promoter. Stimulation of estradiol-responsive cells with E, results in recruitment of
not only ERa but also NCOAS3, p300 and pCAF. Concomitantly, acetylation of
histones H3 and H4 are induced which accounts for open chromatin. The E,-ERa
induced association of co-activators as well as the chromatin changes favor
recruitment of RNA polymerase Il and TFIIB resulting in further enhancement of
PLACL1 transcription (Figure 45).

Basal

PLAC1 expression

—> Figure 45 Improved model of
the PLAC1 transactivation
complex at promoter P2. Basal
Tss expression of PLACl1 is
maintained upon binding of
C/EBPB-2 and SP1 as well as
general transcription factor Il B
(TF Il B) and RNA polymerase Il
(RNA Pal Il) to the PLAC1
promoter adjacent to the
transcription start site (TSS).
Stimulation of cells with estradiol
(E2) leads to activation and
binding of ERa to C/EBP-2 and

RNA Pol 11

Transactivation SP1 as well as recruitment of

of PLAC1 NCOA3, pCAF and p300 as well
as acetylation of histones H3

I9 and H4 which further enhances
the expression of PLACL.

TSS

Histones

The observation that NCOAS is necessary for E,-dependent transactivation of
PLAC1 in an ERa-dependent manner suggests PLAC1 as a novel target gene of
NCOAZ3 in ERa-positive breast cancer. The functional relationship between PLAC1
and NCOA3 as well as the correlation analysis of PLAC1 expression with various
clinical parameters like tumor size, overall and disease-free survival as well as
resistance to therapy will be subjects of further studies. The presented data add
further knowledge to the attractiveness of PLAC1 as a target for immunotherapy of
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ERa-positive breast cancer. Noteworthy, PLACL1 is recognized by the National
Cancer Institute (NCI) as a candidate target that could serve for vaccine
development to treat breast cancer [219].

5.3 CLDNG6

CLDNG offers an exceptional position among members of the claudin family as it is
an embryonic antigen not expressed in adult tissues while frequently
overexpressed in several types of cancer [116,130,166,171,175-177,220]. This
preeminent tumor cell specificity qualifies it as a potent candidate target for cancer
immunotherapies. At the beginning of this study, neither the biological role of
CLDN®6 nor its regulation in cancer was known. Thus, the elucidation of function
and regulation of CLDN6 was urgently needed.

5.3.1 CLDNG6 is a highly tumor-specific antigen

In this study, CLDN6 was found to be overexpressed in several cancer types,
particularly in ovarian, lung and testicular cancer while not expressed in any
normal adult tissue. Furthermore, sporadic expression of CLDN6 was observed
also in a variety of other cancer types such as breast, gastric and skin cancer
(data not shown). These findings are in line with several recent reports presenting
evidence that CLDNG6 is overexpressed in the aforementioned cancer types
[164,172,174,175,220]. Moreover, CLDNG is described as a diagnostic marker for
pediatric tumors (atypical teratoid/rhabdoid and malignant rhabdoid tumors)
[171,176]. In contrast to the findings presented here, two reports state that CLDN6
is down-regulated in gastric and breast adenocarcinomas compared to normal
adjacent tissues [179,221]. However, these findings are disputable because
CLDN®6 positive staining of normal tissues was not found in any other study.

The distinct expression pattern of CLDNG6 in cancer but not in adult normal tissues
qualifies it as a highly specific target for diagnostic as well as immunotherapeutic

approaches in a wide variety of cancer types.
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5.3.2 CLDN6 has no major biological role in proliferation,
apoptosis, cell cycle distribution, migration or adhesion of
PA-1, NIH-OVCAR3 and NEC-8 tumor cells

Claudins are deregulated in several cancer types and are described to have a
function in adhesion, migration, invasion and proliferation of tumor cells. In normal
physiology, claudins are important for integrity of tight junctions that are involved in
cell-cell adhesion, cell polarity and paracellular passage of molecules and ions in
epithelial cells [115,194,222]. Tight junctions are frequently disrupted in cancer
resulting in decreased polarity and differentiation that can facilitate metastatic
processes [223]. As part of tight junctions, claudins might be involved in this
process. Indeed, it has been shown that claudins are often delocalized from tight
junctions in cancer cells and even can be present in the nucleus or cytoplasm
[224—-226]. Moreover, both overexpression as well as down-regulation of claudins
was reported to have a positive effect on proliferation, migration, invasion and
metastasis depending of the cancer type [194,227-230].

In this study, RNAi-mediated silencing of CLDNG6 did not reveal any function of
CLDN®6 in migration or adhesion of PA-1, NIH-OVCAR3 or NEC-8 tumor cells.
Moreover, no major role of CLDNG6 could be disclosed in proliferation, apoptosis or
cell cycle of tumor cells. Indeed, very sparse literature is found regarding a
functional role of CLDNG6 in cancer. Zavala-Zendejas and co-workers showed that
overexpression of CLDNG in the gastric adenocarcinoma cell line AGS increases
cell migration, proliferation and invasiveness [177]. In contrast, several reports
suggest a tumor suppressive role for CLDNG6 in breast cancer. Studies in MCF-7
breast cancer cells demonstrate that CLDNG6 is epigenetically silenced and stable
overexpression of CLDNG6 results in down-regulation of invasion and migration of
the tumor cells [135,178,179]. Osanai et al. further describe promoted
invasiveness and transendothelial migration when CLDNG is silenced in MCF-7
cells [135]. Indeed, the claudin-low subtype of triple-negative breast cancers
(TNBC) has been shown to be more aggressive compared to other breast cancer
types [231-233]. Interestingly, RNAi-mediated silencing of CLDNG6 does not induce
apoptosis or alter the cell cycle profile of hESC lines [166] suggesting the CLDNG6
serves no major biological role in apoptosis or cell cycle also in hESC.
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The fact that no remarkable effect was found by silencing of CLDNG6 in this study
could be explained in different ways. First, as numerous claudins are
overexpressed in cancers it is reasonable to assume that loss of CLDNG6 function
is compensated by synergistic effects of other claudins. Indeed, the cell lines used
express other claudins which have also been shown to play a role in invasion and
migration such as CLDN3, 4 and 7 in NIH-OVCAR3 cells [227,234-238].
Unpublished data from our group shows that CLDN7 is expressed in NEC-8 cells
in a level comparable to CLDNG6 and PA-1 cells slightly express CLDN12.

Second, RNAi-mediated silencing may not completely abolish expression of the
corresponding gene. Thus, residual CLDNG6 transcript or protein levels could be
sufficient to sustain the function of CLDNG6 in cancer. Often, higher functional
impact is observed when overexpressing a protein. Overexpression of a protein at
non-physiological levels carries a high risk to induce artifacts and could end in
misleading results. If a stable overexpression rather as an inducible
overexpression is used, global cellular changes can induce changes in the
phenotype or clonal artifacts arise. Thus, in this study the preferred method was
RNAi-mediated silencing. The published reports presenting a functional relevance
of CLDNG6 in MCF-7 and AGS cells used stably overexpressing clones [135,177].
In line with these ideas, Cldn6 null mice are phenotypically normal while mice
overexpressing Cldn6 show a rather severe phenotype and die within 48 h after
birth due to skin barrier defects [163,167]. Notably, the authors suggest that other
claudins expressed in the endoderm of Cldn6 null mice may compensate for Cldn6
supporting the first idea stated above [163].

In summary, the results of the functional assays presented here indicate that
CLDN6 has no major biological effect in proliferation, apoptosis, cell cycle
distribution, migration or adhesion of the analyzed cancer cell lines PA-1, NIH-
OVCARS3 and NEC-8. To check whether RNAi-mediated knockdown of CLDNG6
was not sufficient to exert major effect in functional assays, it would be important
to analyze CLDNBG in cells with knock out of entire CLDN6 mRNA and protein for
example using zinc finger nuclease (ZNF) technology. Moreover, double
knockdown studies would be useful to examine if other claudins can compensate

the function of CLDNG6 in tumor cells.
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5.3.3 CLDN6 might have an important role in cancer stem cells

In this study, CLDN6 was disclosed as a specific marker for human iPSC and was
found to be up-regulated throughout the course of reprogramming comparable to
several stem cell markers. Moreover, CLDN6 was identified here to be specifically
expressed in mESC lines. Several hints are found in the literature that CLDNG is
associated with stem cells: A meta-analysis of hESC transcriptome data of 38
original studies revealed CLDNG6 to be one of 40 genes specifically detected in
hESC [165]. Among these 40 genes, the authors detected CD24,
POU5SF1/OCT3/4, NANOG and LIN28 as well. Consistently, CLDN6 was found to
be up-regulated in comparable levels to these markers in the present study. In
agreement with the findings presented here, only recently, two reports provided
evidence that Claudin 6 is a surface marker for murine pluripotent stem cells
(mPSC) [164] as well as human pluripotent stem cells (hPSC) [166]. Interestingly,
CLDNG6+ but not CLDN6- hPSC are capable to form teratomas in vivo suggesting
a tumorigenic potential of CLDN6+ hPSC [166]. Consistently, the data presented
here indicate that CLDN6 might have a role in CSCs as colony formation was
impaired in CLDN6- compared to CLDN6+ cells. The efficiency of cells to form
colonies is regarded to account for self-renewal capacity that is a key feature of
CSCs. CSCs are supposed to generate tumors through the stem cell processes of
self-renewal and differentiation. Further supporting evidence is provided by the
significant correlation of CLDN6 with several CSC-markers in human ovarian

cancer demonstrated in this work.

Of course, expression of a gene in embryonic or induced pluripotent stem cells is
not a prerequisite that this gene is also expressed in CSCs. Though, many stem-
cell specific genes are activated in certain cancers contributing to the malignant
growth of the tumor [239]. Furthermore, somatic reprogramming using pluripotency
factors (OCT4, SOX2, KLF4, C-MYC, NANOG, LIN28) from which many are
oncogenes, offers an explanation how CSCs may arise [240,241]. Indeed, a model
to derive CSCs from murine iPSC by mimicking a carcinoma environment exists
[242] and premature termination of reprogramming leads to cancer development
[243].

A relationship between claudins and CSC was proposed earlier by others. In

breast cancer, an inverse correlation of claudin expression and stem-cell
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characteristics are anticipated since claudin-low breast tumors are enriched with
stem cell markers [231-233,244]. However, a positive correlation between CSCs
and claudins is also suggested as CLDN4 silencing in ovarian cancer results in
delayed spheroid formation [245] and CLDNL1 is overexpressed in ovarian CSCs
compared to differentiated cells [246]. In line with this idea, the data presented
here demonstrate a significant positive correlation of CLDNG6 transcript in human
ovarian cancer with the (cancer) stem cell markers BORIS/CTCFL, MSI1, LIN28B,
SALL4, CD24, GNL3, ERBB2, POU2F1/OCT1, EPCAM, L1CAM and TERT while
a negative correlation was detected for CLDN6 and CD44. While all of these
factors show a high expression in ovarian cancer, only LIN28B, CD24, GNL3 and
EPCAM have been described as markers for ovarian CSCs so far [247-251].
However, BORIS/CTCFL, MSI1, SALL4, POU2F1/OCT1, ERBB2, L1CAM and
TERT are known to be associated with CSCs of other entities [58,172,252—-255].
The positive correlation of CLDN6 with these known (cancer) stem cell markers
further supports the idea that CLDN6 could be associated with CSCs. The
correlation of CLDN6 with LIN28B and SALL4 found in this work is of particular
interest because CLDNG6, SALL4 and LIN28 are co-expressed also in other cancer
types [172] indicating a broader relevance of this association. The pluripotency
factor LIN28 is highly expressed in ESC and iPSC and was found to be expressed
in a stem-cell like sub-population of epithelial ovarian cancer (EOC) together with
OCT4, co-expression of LIN28 and OCT4 correlates with advanced tumor grade
and silencing of both factors results in decreased cell growth and survival
suggesting that LIN28 and OCT4 are important for initiation and/or progression of
EOC [249]. Moreover, LIN28B is suggested to be an oncogenic driver in CSC
[250]. The correlation between CLDN6 and EpCAM is highly interesting because
EpCAM is overexpressed in most carcinomas. Depending on the cancer tissue
and microenvironment, EpCAM can exert oncogenic or tumor suppressive effects
[256]. However, EpCAM is significantly higher expressed in recurrent tumors
compared to primary tumors and was recently disclosed as a marker for CSCs
[257-259]. CD24 is one of the most established markers of ovarian CSCs [260].
CD24-positive cells from ovarian tumors are enriched in expression of stemness
genes, more chemoresistant and tumorigenic compared to CD24-negative cells
[261].
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Interestingly, the present work displays an up-regulation of CLDNG6 throughout the
course of reprogramming comparable to known embryonic stem cell markers.
Among these, LIN28B, SALL4, EPCAM, TERT, CD24, MSI1 were found matching
to the observed correlation with CLDNG6 in ovarian cancer. Strikingly, an ESC-like
gene expression signature can be found in ovarian epithelial carcinomas as well
as germ-cell tumors including embryonic carcinomas and various cancer types
with histologically poorly differentiated phenotype indicating that ESC-like
programs are commonly activated in cancer that allow cancer stem cells to evolve
[249,250,256,262—-265]. Intriguingly, all of these cancer types display a high
overexpression of CLDN6 as well as SALL4, LIN28B, EPCAM and TERT and
other ESC markers [172,266—268] suggesting that a correlation between CLDN6
and these genes may be present in other cancer types as ovarian cancer as well.

The negative correlation of CLDN6 with CD44 found here was surprising as CD44
is described as one of the earliest marker for ovarian CSCs [247,269]. Noteworthy,
it has been shown that expression of different CD44 variants are independent
prognostic markers for ovarian cancer [270]. For example CD44 variant 5
(CD44v5) has been shown to be higher expressed in late stage ovarian
carcinomas compared to other variants [271] and CD44v6 correlates with ovarian
cancer progression and recurrence [272]. As the TagMan® Gene Expression
assay used in this work detects also CD44S, the standard isoform which is
ubiquitously expressed in most tissues but does not detect all CD44 variants; it is
possible that the results are biased. Moreover, CD44 was found in this work to be
highly expressed in most of the 42 ovarian cancer samples used. Thus, the impact
of the inverse relation between CD44 and CLDNG6 will be clarified in further studies
by analyzing the correlation of CLDN6 with all known CD44 variants. However, it is
not clear which markers really define CSCs in ovarian cancer or other types of
cancer. In the literature, a plethora of marker combinations are used to isolate
CSCs from tumors [273-275]. Moreover, accumulation of studies regarding
ovarian CSCs suggests that not a single marker clearly identifies the ovarian CSC
rather distinct marker combinations may represent different ovarian CSC
subpopulations [260]. Of course, this is also true for other cancer types [276]. This
could explain why CLDNG6 did not correlate with other established markers for
ovarian CSCs like CD117 or CD133 in the present study. Maybe CLDNG6 is
present in a distinct subtype of CSCs identified by a specific combination of
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markers. In the present work, the correlation analysis of CLDN6 was performed in
ovarian cancer only. To increase the impact regarding the role of CLDN6 in CSCs,
the correlation will be analyzed in other cancer types as well, for example lung

cancer.

In summary, the findings presented here suggest that CLDNG is associated with
ovarian CSC and could serve as a specific marker for CSC. However, involvement
of CLDNG6 in CSCs can only be speculated so far. The role of CLDN6 in CSCs has
to be clarified in further studies including sphere formation assays of CLDNG6-
positive and CLDNG6-negative tumor cells to analyze anchorage-independent
growth. The current gold standard to provide evidence that a certain gene is
important for CSCs is to examine in vivo tumorigenicity by injecting low cell
numbers (< 100) of cells positive or negative for the gene of interest in mice. This
assay will be included in further studies with CLDNG6-positive and CLDNG6-negative

cells as well.

5.3.4 CLDNG6 is regulated by methylation in combination with

tumor-specific transcription factors

5.3.4.1 DNA-methylation of the CLDN6 promoter is important in

regulation of its expression in cancer

The regulation of CLDNG6 in cancer was largely unknown at the beginning of this
study. Epigenetic mechanisms were considered to be involved in the regulation of
CLDNG6 in cancer because it is known that DNA methylation participates in
regulation of claudins in general [194] and CLDNG6 in particular [134-136].
Furthermore, the fact that two independent CpG islands lie within the CLDNG6
promoter region has led to studies of transcriptional regulation by DNA
methylation.

In this thesis, it could be shown that tumor cell lines overexpressing CLDNG6
display a hypomethylated CLDN6 promoter and treatment with a demethylating
agent induced CLDNG6 expression in CLDNG6-negative tumor cell lines.
Accordingly, CLDN6 non-expressing tumor cell lines displayed a hypermethylated
CLDNG6 promoter region. Hypermethylation of promoters is a mechanism in cancer
cells to repress the expression of tumor suppressor genes whereas oncogenes
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can be up-regulated by promoter hypomethylation in cancer [11]. The observed
findings are in accordance with reports describing CLDN6 promoter
hypermethylation in breast and esophageal cell lines which do not express CLDNG6
[135,136]. Osanai et al. state in their report that CLDNG is expressed in mammary
epithelia by referring to a paper analyzing Claudin 6 in Copenhagen rat [277] thus
suggesting that human CLDNG6 serves as a tumor suppressor in breast cancer
because of epigenetic silencing in the human breast cancer cell line MCF-7 [135].
It is questionable to draw conclusions if the corresponding normal tissue of the
same species was not analyzed. In contrast, expression of CLDN6 in human
normal breast could not be confirmed in our lab (Figure 13). However, the here
presented thesis is the first report showing an association between CLDNG6
expression and hypomethylation of the CLDN6 promoter in ovarian and testicular
cancer cell lines. Some reports demonstrated similar results in ovarian cancer cell
lines for CLDN3 and CLDN4 [196,197,278].

Intriguingly, the here presented data display nearly a black-white picture of the
methylation status of the CLDN6 promoter region in tumor cell lines. As tumor cell
lines may display an altered methylation pattern compared to their tumor tissue
counterparts [279], in this study ovarian and lung tumor tissues were also
analyzed on CLDNG6 promoter methylation. Differential methylation of the CLDNG6
promoter in ovarian and lung tumor tissues could be demonstrated here whereas
the corresponding normal lung and ovary appeared unmethylated. Moreover,
MsgPCR performed in this study revealed that normal colon, liver, lung, kidney,
ovary, pancreas and testis with the only exception of placenta exhibited a
hypomethylated promoter region as well. This is consistent with reports describing
increased CLDNG6 promoter methylation in esophageal squamous cell carcinoma
tissues that are CLDN6-negative compared to adjacent normal tissues [134,136].
Of note, it was surprising that the CLDN6 promoter was found to be unmethylated
because promoter hypermethylation was assumed to be the main repressive
factor of CLDNG6 in normal tissues. Many genes that are active in embryonic
development are silenced in adult tissues by hypermethylation [6]. Thus, the
absent expression of CLDNG6 in normal tissues is not entirely dependent on DNA
methylation of the promoter region suggesting that rather specific transcription
factors are involved in the repression of CLDNG6 in normal tissues and its re-

activation in cancer.
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One of the most important findings presented in this study is that CLDN6-positive
ovarian and lung tumor tissues displayed a lower methylation frequency compared
to CLDNG6-negative tumor tissues indicating that promoter methylation is
associated with CLDN6 expression levels in certain tumors. Of course, the
difference observed between CLDNG6-positive and negative samples is not that
impressive as in tumor cell lines. Possibly, remaining normal adjacent tissues,
stromal or immune cells from the tumor microenvironment that pervaded the tumor
samples could lead to a biased picture of promoter methylation in tumor tissues.
These cell types are suggested to be unmethylated and thus tampering DNA
methylation frequency of tumor tissues. Alternatively, the CLDN6 promoter could
be partially methylated in tumors. The latter suggestion is supported by studies
regarding CLDN4 regulation by DNA methylation which found both methylated and
unmethylated CLDN4 promoter in ovarian tumor tissues [196,278].

The fact that CLDNG6 is absent in all adult normal tissues and the possibility that
the CLDNG6 promoter is only partially methylated further supports the idea that
specific transcription factors are responsible for up-regulation of CLDNG6 in cancer.
Indeed, it has been shown for other claudins, that a combination of DNA
methylation and transcription factors such as SP1 or CREB are critical for claudin
up-regulation in cancer [196,197,199]. Many studies indicate histone modifications
as additional epigenetic regulator of claudin expression [280]. Moreover, it is
known that differential methylation of regions distant from promoter-associated
CpG islands (“CpG island shores”) are related with gene expression [281]. In
which extend histone modifications or CpG island shores are involved in CLDNG6
regulation has to be analyzed in future studies. DNA methylation is an important
mechanism in conjunction with transcription factors to regulate gene expression
during embryogenesis and to maintain pluripotency of ESC [282,283]. As
mentioned in the last chapter, stem cells and cancer cells share many features,
thus it is likely that CLDNG is up-regulated in cancer by deregulaton of embryonic
and stem cell signaling pathways which function in concerted action with

epigenetic mechanisms.

Collectively, the data presented here implicate that DNA-methylation of the CLDNG6
promoter is associated but not sufficient for regulation of CLDN6 expression in
tumors and normal tissues. The next chapter will discuss the search of
transcription factors involved in regulation of CLDNG in cancer.
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5.3.4.2 Transcription factors BORIS and CTCF are likely involved in
regulation of CLDNG6

This study provides evidence that BORIS and CTCF are involved in the regulation
of CLDNG6 in cancer. This is supported by the following findings: First, RNAI-
mediated silencing of BORIS results in down-regulation of CLDN6 expression
whereas silencing of CTCF results in up-regulation of CLDN6. Second, by
sequential deletion of the CLDN6 promoter, BORIS/CTCF, p53 and SP1 binding
sites were revealed to be located in a region essential for CLDNG6 transcription.
Third, ChIP analysis displayed enrichment of both CTCF and BORIS in cell lines
with different CLDNG6 expression status, indicating that CTCF and BORIS compete
for binding at the promoter which in turn is responsible for CLDN6 expression
level. This is further supported by increased enrichment of CTCF found at the
CLDNG6 promoter when BORIS is silenced. Fourth, among all analyzed CSC-
markers in ovarian cancer in this study, BORIS and CLDN6 showed the highest

correlation indicating a relationship between both genes.

The ubiquitous transcription factors CTCF and the CGA BORIS are involved in
epigenetic regulation of several genes in normal physiology as well as up-
regulation of many CGAs such as NY-ESO-1, MAGE-A-1/A-2/A-3/A-4
[155,156,284,285] but also non-CGAs such as hTERT and suprabasin (SBSN) in
cancer [286,287]. Many studies suggest CTCF as a repressive factor and BORIS
as an activating factor of several genes in cancer since it is known that both
factors compete for the same DNA binding sites [155,285,287]. For example,
Hong et al. describe a reciprocal binding of CTCF and BORIS to the NY-ESO-1
promoter and binding of BORIS coincides with derepression of NY-ESO-1
expression in lung cancer cells [155]. The data presented in this work clearly
demonstrate binding of BORIS and CTCF in CLDNG6-expressing NIH-OVCAR3
and NEC-8 cells whereas BORIS but not CTCF is bound to the promoter in
CLDN®6-non expressing SK-BR-3 cells. However, CLDNG6-low expressing HEK293
cells showed enrichment of CTCF but not BORIS at the CLDN6 promoter. This
raises the question if binding of BORIS and CTCF to the CLDNG6 promoter
correlates with the methylation status. CTCF is suggested to bind methylated DNA
and while BORIS can bind to both methylated and unmethylated DNA [161].This is
consistent with the findings presented in this thesis as SK-BR-3 cells displayed a
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methylated promoter whereas NIH-OVCAR3 and NEC-8 as well as HEK293 cells
displayed an unmethylated promoter. However, CTCF binding to the unmethylated
CLDN®6 promoter in HEK293 cells is not compatible with this idea. CTCF functions
are context dependent and indeed, CTCF also binds to unmethylated DNA [288].
A possible hypothesis for the regulation of CLDN6 by CTCF and BORIS is that
CTCF is bound to the CLDN6 promoter in normal cells resulting in repression of
transcription. Global hypomethylation is one of the earliest events in tumorigenesis
and suggested to mediate up-regulation of CGAs including BORIS
[153,154,156,204,289-294]. Subsequently, BORIS is able to compete with CTCF
on DNA binding and replaces CTCF at certain binding sites. This could result in
up-regulation of CLDNG. Indeed, treatment of tumor cells with 5-aza-dC resulted
not only in up-regulation of CLDN6 but also BORIS in our group (data not shown).
Of note, it is not excluded that CTCF is still bound in some cells to the CLDNG6
promoter. BORIS binding might counteract the repressive effect of CTCF thus
defining the transcriptional outcome. This has been shown for other genes, too
[287,295,296]. Accordingly, in the present work, binding of CTCF to the CLDNG6
promoter in BORIS-silenced NIH-OVCAR3 cells was slightly increased and
correlated with decreased CLDNG6 expression. In normal testis, BORIS and CTCF
expression correlates with the re-setting of methylation marks — it is of question if
this is also true for cancer as some reports demonstrate that BORIS binding is
correlating with promoter hypomethylation [143,155,156].

However, overexpression of BORIS was not sufficient to induce CLDNG6 in SK-BR-
3 or HEK293 cells in the present work. Consistently, BORIS was found to be not
sufficient for CGA expression and promoter hypomethylation in ovarian cancer cell
lines, as overexpression of BORIS alone did not induce expression of CGAs
MAGE-Al1, NY-ESO-1 and XAGE-1 in ovarian cancer cell lines OVCARS,
OVCAR429 and A2780 [297] suggesting that other epigenetic mechanisms or
transcription factors additionally are necessary. Possibly, more transcription
factors are involved in the regulation of CLDN6. SP1 is a common transcription
factor, recruiting additional regulatory proteins leading to formation of a functional
transcriptional complex [298-300]. Several facts argue for an involvement of SP1
in regulation of CLDNG6: In close proximity to the p53 and BORIS/CTCFL binding
site a SP1 binding site is present in the CLDN6 promoter, p53 commonly interacts
with SP1 in target gene activation [301] and BORIS recruits SP1 for example to
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the promoter of NY-ESO-1 in lung cancer cells [285]. However, enrichment of p53
was only very low compared to negative control loci in the present work indicating
that p53 is not involved in regulation of CLDNG6 in cancer. Interestingly, expression
of BORIS itself is repressed in normal human fibroblasts by DNA methylation,
CTCF and wild-type p53 while absence of functional p53 and promoter
demethylation are likely to be involved in up-regulation of BORIS in cancer
[158,289]. Moreover, CTCF is bound to the BORIS promoter in NIH-OVCAR3 cells
that express BORIS endogenously [158]. In the present work, a significant
correlation was observed between CLDN6 and BORIS but not CTCF in ovarian
cancer. Furthermore, CLDN6 expression in lung and ovarian tumor samples used
for NGS analysis correlated not only with promoter hypomethylation but also with
BORIS overexpression (data not shown). Moreover, analysis of BORIS and
CLDNG6 transcript expression in lung cancer in our group revealed also a
remarkable correlation (data not shown). These findings open the idea that CLDN6

and BORIS might be coordinately regulated especially in ovarian cancer.

Of note, CLDNG6 could be up-regulated by ESC signaling pathways especially in
embryonic carcinomas or tumors with a primitive phenotype. Interestingly, BORIS
is expressed during embryonic development and moreover, BORIS expression is
suggested in CSCs [58,151,302]. Given the hypothesis that CLDNG is expressed
in CSCs, BORIS could represent a regulator of CLDNG6 also in CSCs.

Collectively, the present work introduces BORIS and CTCF as regulators of
CLDN®6 in cancer. However, both factors seem to be not sufficient to mediate
CLDNG6 expression. Whether these factors contribute to CLDN6 promoter hypo- or
hypermethylation in cancer could not be disclosed here and has to be addressed
in further studies. For example, bisulfite sequencing of the CLDN6 promoter in
cells overexpressing BORIS could answer this question. Moreover, ChIP for SP1
or other factors will disclose which other transcription factors are involved in
CLDNS®6 regulation in cancer.
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5.3.5 Conclusion and future outlook - CLDNG6 is a potent tumor

antigen

In conclusion, this work adds significant results to the relevance of CLDNG6 in
cancer particularly with regards to CSCs. As CSCs are hypothesized to be
responsible for chemoresistance and tumor recurrence, targeting and elimination
of CSCs is a central challenge in cancer therapy. A better understanding of the
molecular signature of CSCs may help to develop therapies against recurrent
cancers. Because of its possible role in CSCs, its outstanding tumor specificity and
accessibility for antibodies, CLDNG®6 is a highly promising target for future therapies
addressing CSCs using for example antibody-based therapies. Preclinical as well
as clinical studies using claudin-targeting therapeutics hold great promise for
treatment of cancer [114]. Indeed, a CLDNG6-targeting antibody is currently in
clinical phase | for treatment of ovarian cancer (Ganymed Pharmaceuticals;
ClinicalTrials.gov identifier: NCT02054351).

Moreover, the involvement of promoter methylation and cancer-specific
transcription factors in the regulation of CLDN6 might open new therapeutic
strategies. For example, epigenetic drugs could lead to up-regulation of CLDNG6
which now can be efficiently targeted by antibodies. This would represent a
therapeutic option for cancers that down-regulate target molecules during tumor

progression.
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7 Appendix

7.1 Vectors

Features List and Map for the pGL4.13[/uc2/SV40] Vector

SV40 early enhancer/promoter 51-469
luc2 reporter gene 499-2151
SVA40 late poly(A) region 2186-2407
Reporter Vector primer 4 (RVprimer4) binding region 24752494
ColE1-derived plasmid replication origin 2732
Synthetic B-lactamase (Ampr) coding region 3523-4383
Synthetic poly(A) signal/transcriptional pause region 44884641
Reporter Vector primer 3 (RVprimer3) binding region 4590-4609

Synthetic poly(A)
signalftranscriptional
pause site (for
background reduction)

pGL4.13[/uc2/SV40]
Vector

(4641bp)

SV40 earl
enhancer/promoter

SV40 late
poly(A) signal

4724MA
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pGL4.76[hRIuc/Hygro] Vector Features List and Maps

hRIuc reporter gene 100-1035
SVA40 late poly(A) signal 1067-1288
SVA4Q early enhancer/promoter 1336-1754
Synthetic hygromycin (Hygr) coding region 1779-2816
Synthetic poly(A) signal 28402888
Reporter vector primer 4 (RVprimer4) binding region 2955-2974
ColE1-derived plasmid replication origin 3212
Synthetic 3-lactamase (Ampr) coding region 40034863
Synthetic poly(A) signal/transcriptional pause site 4968-5121
Reporter vector primer 3 (RVprimer3) binding region 5070-5089

Synthetic poly(A)
signal/transcriptional
pause site (for
background reduction)

Amp' Sfil Q9
Acc65l |15
Kpnl 19
EcolCRI | 24
pGL4.76[ hRIuc/Hygro] Sacl 26
- Vector )l\:hel 28
hol 34
Sall 2905 (5121bp) Bl |7
Sfil 60
Synthetic SV40 early Hindlll |66
poly(A) enhancer/
promoter
i
1300 BamHI ~ SV40 late §

poly(A) signal

Figure 46 Features and maps of vectors pGL4.13[luc2/SV40] and pGL4.76[hRluc/Hygro] used for
cloning of CLDN6 promoter contructs used in dual luciferase assay. Both vectors were purchased from
Promega. pGL4.13[luc2/SV40] encodes firefly luciferase under control of SV40 promoter and was used as
internal control vector to normalize transfection efficiency. Pictures are adopted from Promega.
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Figure 47 Features and maps of vectors pcDNA3.1/Zeo and pEGFP-C1. (A) pcDNA3.1/Zeo

pPEGFP-C1 Vector Information
GenBank Accession #: U55763

PT3028-5
Catalog #6084-1
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(2577)

was

purchased from Life Technologies and used to overexpress BORIS in tumor cells. (B) pEGFP-C1 was
purchased from Clontech and used to analyze transfection efficiency. Pictures are adopted from Life

Technologies (A) and Clontech (B).
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7.2 SiRNA duplexes

Table 10 Sequences of siRNAs and siRNA pools used in this study.

Appendix

Catalog
SiRNA Target sequences number /
Manufacturer
PLAC1-siRNA 1;
targeting , , S100685916;
nucleotides 342 5-CUC CAU GAG AGU AGC CAG CAA-3 Qiagen
to 362
PLAC1-siRNA 2;
targeting 5'-CCG GUU CAG GAC AAA GTC CAA-3’ S100685895;
nucleotides 670 Qiagen
to 690
SRC-3-siRNA siRNA 1 5’-CAC AAU ACC UGC AAU AUA A-3'; SsiRNA 2 5-GAA M-003759-02-
pool AGG UUG UCA AUA UAG A-3’; siRNA 3 5-GAA GGU GUA UUC 0005;
AGA GAU U-3’; siRNA 4 5-CGG AAA CAU UGU AUU UGU A-3' Dharmacon
CLDN6-siRNA siRNA 1 5’-GCG CUA GAG CCA UCC AGA A-3; siRNA 2 5-GGG M-015883-01-
pool AUG GGU UCG UAC CUU U-3'; siRNA 3 5-GAU UGU CUU UGU 0005;
CAU CUC A-3’; siRNA 4 5-UAC CAA GAA UUA CGU CUG A-3’ Dharmacon
BORIS-SiRNA siRNA 1 5’-GAA AUU GUU CUC ACA GUU U-35 siRNA 2 5-GGA M-003819-00-
| AGA AGA ACA AGA AAG A-3’; siRNA 3 5-GGA AAU ACC ACG 0005;
poo AUG CAA A-3’; siRNA 4 5-UGA AAG AAG UGA CGA AAU U-3’ Dharmacon
CTCE-siRNA SiRNA 1 5'-AAG AAU GAG AAG CGC UUU A-3’; siRNA 2 5-AAA M-020165-02-
pool CAU ACC GAG AAC GAA A-3’; siRNA 3 5-GAA GAU GCC UGC 0005;
CAC UUA C-3’; siRNA 4 5-GAA AGU GGU UGG UAA UAU G-3’ Dharmacon

7.3 Oligonucleotides

7.3.1 Oligonucleotides for gRT-PCR, cDNA synthesis and cloning

Table 11 Oligonucleotide sequences and annealing temperatures used for quantitative real time RT-

PCR analysis.
Gene Sequence (5’-3) Annealing
temperature (°C)

HPRT1 Sen_se: TGA CAC TGG CAA AAC AAT GCA 62
Antisense: GGT CCT TTT CAC CAG CAA GCT

SRC-1 Sense: GGC ATC AAT ATG AGA TCAGGC ATG 62
Antisense: TTC CTATCG CTC CTT GCT GCC A

SRC-2 Sen_se: CTG GAG TAC CAA CAC AGG CAC 62
Antisense: CTG TGC ATT TGC CTG GGG AAT CC

SRC-3 Sense: GAA AGAGCATTATTG GACCAGC 60
Antisense: TGT CCC TGA AGA TGA AAG CC

PLACL Sen_se: AAA TTT GGC AGC TGC CTT CAC 60
Antisense: TGA TGC CAC ATT CAG TAA CAC

CLDN6 Sense: CTT ATC TCCTTC GCAGTG CAG 58
Antisense: AAG GAG GGC GAT GAC ACA GAG

BORIS Sense: CAA AGA AAG ACA AAG GGA GCA AAA GG 62
Antisense: TAG GGC CTG GTT CCT GTG TG

CTCE Sense: CAG TGAAAATGC TGA ACCAGATC 60
Antisense: GAT AGC TGT TGG CTG GTT CTG

Cldné Sense: CAG TCT CTT TTG CAG GCT CG 58

Antisense: CAT CTG GCC AGT GCT CTG A

Table 12 Oligonucleotides used for cDNA synthesis.

Oligonucleotide name

Sequence (5'-3')

dT18
dT18-tag

TITTTTTTTTTTTIT TTT

GAG ATCTCG AGATCT CGATCG TACTTT TTTTTT TITTITTTT
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Table 13 Oligonucleotides used for cloning of CLDN6 promoter and deletion constructs or BORIS.

Oligonucleotide name

Sequence (5'-3')

CL6_Hindlll_as
CL6_Nhel_s
CL6_Nhel_dell_s
CL6_Nhel_del2_s
CL6_Nhel_del3_s
CL6_Nhel_del4_s
CL6_Nhel_del5_s

ta tat aaa gct TCG TCT CTC CAACACGCAC
tat atg cta gc CCT TGA GAT TGC GTC TCACTC
tat atg cta gc GCC TGT AAT CTC AGC TACTC
tat atg cta gc CAC CTG TAG TAG TCC CAG

tat atg cta gc GAC GCC TGG GCA ATATAAC
tat atg cta gc GAA GGC TCG GGA AGG TTA G
tat atg cta gc GCG ACC CCAGCC TCC

CL6_Nhel_del5a_s
CL6_Nhel_del5b_s
CL6_Nhel_del5¢c_s
CL6_Nhel_del6_s

BORIS-Nhel-Koz-HA-s
BORIS-BamHI-Stop-as

tat atg cta gc CAA GCC TGG GAT TCG CAC
tat atg cta gc GTC AGG GAC AGG GTC TC
tat atg cta gc GGG CGG TGG TCC AGT G

tat atg cta gc GCT TCT TTA AGA CCC CCG C
TA TAT GCT AGC GCC ACC ATG TAC CCA TAC GAT GTT CCA GAT TAC
GCT gca gcc act gag atc tct gtc

TAT ATA GGA TCC tta tca ctt atc cat cgt gtt gag gag cat

7.3.2 Oligonucleotides for

bisulfite sequencing

methylation-specific gqRT-PCR and

Table 14 Oligonucleotides specific for bisulfite converted DNA used for bisulfite sequencing of the
promoter region in front of CLDN6-001 and -201.

Fragment Qr:g:;]con Oligonucleotide name Sequence (5'-3') ;I;rg)
coweooLA  zeatp  CDWCHLSL. et o
comeone  anm  CDWHLSS e g
coveane e QRNCELET,  hemlcmemse g
cowonp wsee  GENCORLSS e
coweoe  zmwm  GDNCHESS ool o
cLoneaoa2 Bsstp  CONC S, oot g
coveznan e CIDNEE, el
cowsaoreo sy NG EC e mmaasaai
coveznars ot GENEED Cosisiccscatasenncs o
comeaic wsw QW2 el g
coveano mete  GOMILSE (et o
coae GO e — 0

Table 15 Oligonucleotides specific for methylated (M) or unmethylated (U) bisulfite converted DNA

used for methylation-specific gPCR.

MSP Region and CpG Oligonucleotide Sequence (5-3) 'I;m
assay covered name (°C)
1U -170 o -88; 6 CpGs P1 rev_U totttttgatggtagtgggtgtgtg 60
P2_for_U ctaccaacccaaaacaaacccaaca
i _aq. P1 _rev_M gtttttgacggtagcgggcg
M 17010 -88; 6 CpGs P2_for_ M aacgtctaccaacccgaaacg 60
_ Ui P5 rev_U ttgggtttgttttgggttggtagatg
210 S R G P6_for_U catatcaccacactacttaaataataaaaca e
) 144 P5 rev_M aggttggggtcgttgggttcg
2M 28810 -144; 4 CpGs P6_for_M taaataaattccccatatcaccgcg 62
3U +118 to +196; 9 CpGs R1 U ctcaaaaacttaaacacaaaccaaccaa 60
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F2_U tgtgtgtgaatttgggttgtggttat
3M +80 to +194; R2_M cggaggtttgggcgcg 60
6 CpGs F1 M taaaaccgaatacaaaataataacgacgta

7.3.3 Oligonucleotides and Barcodes for NGS

Six overlapping fragments (N2 to N7) covering region -545 to +230 of the CLDNG6-
201 promoter were generated. For barcoding of 12 different samples, specific
barcodes (6 bp in length) were included at the 5’-end of every oligonucleotide. The
barcoded primers were used in PCR to amplify the barcoded sample DNA

fragments for ultraplex analysis by NGS.

Table 16 Oligonucleotides specific for bisulfite converted DNA used for NGS.

Amplicon length Oligonucleotide .

Fragment (W/(E)barcode)g nargle Sequence (5-3)

N2 173 bp CLDNG6_s_2 ctacctataatcccaactactcaaa
CLDNG6_as_N2 gttttaaggtataaattaaagggtatattatt

N3 190 bp CLDNG6_s_N3 tctaaaataataccaataatataccctttaa
CLDNG6_as_N3 aggtttagggtagaatagagtttg

N4 167 bp CLDNG6_s_N4 aatctcaaactctattctaccctaa
CLDN6_as_N4 gaggaggggtagagattttgtt

N5 181 bp CLDNG6_s_N5 acaaaatctctacccctcctc
CLDNG6_as_N5 tattattttgtattcggttttaagagg

NG 188 bp CLDNG6_s_N6 cctcttaaaaccgaatacaaaataata
CLDN6_as_E gagtttttgtttttggggaggg

N7 151 bp CLDNG6_s_N7 acctaaaaatttcccttatctcct
CLDN6 _as N7 gggattcgtttatttaggtggtc

Table 17 Specific Barcodes for the different samples analyzed by NGS.

Sample Barcode Sample Barcode
DAN-G ACACTA 743 - lung ca neg GATGGT
NEC-8 ATCTTC 810 - lung ca neg GATTCA
426 - ovary ATGTGC 779 - ovary ca pos GGAGCT
817 - lung CAGAAG 1325 - ovary ca pos TACAGT
562 - lung ca pos CGTGAG 184 - ovary ca neg TCGAAG
4404 - lung ca pos CTGCAC 1337 - ovary ca neg TCTGGA

7.3.4 Oligonucleotides for ChIP-gPCR

Table 18 Oligonucleotides used for qPCR of ChIP samples.

' Amplicon
Gene Sequence (5'-3') length
PLAC1 promoter Sense 5-CAA CAG CAA GCA CTA CAA GTG-3' 150 b
-348/-198 bp Antisense 5-GAA GCT CAACTC GGT GCACTT GTT C-3' P
PLACL1 upstream negative , ,
control Sense 5-AAG CAC TTA GGA CAG CAT CTG-3 155 bp

Antisense 5'-TGA ATG ATA CCT ACT GTC ATG-3’

-1219/-1064 bp
Sense 5-AGG AGC ATC CCC ACC CAG C-3'
TSPS0 Antisense 5-AGT GCC GCC CCC ACG AC-3' R

Sense 5-GCG GCG CGA GTT TCA G-3

hTERT Antisense 5'-GCA GCA CCT CGC GGT AGT-3’ 138 bp

hMYC-G Sense 5-GTG CGG GAG CCA GTG AAC T-3' 55 bp
Antisense 5-AAG ATC CCA GCT CCT CAG CC-3

p21 Sense 5-CTG GAC TGG GCACTCTTG TC-3 214 bp
Antisense 5’-CTC CTA CCATCC CCT TCC TC-3’

CLDN6-promoter 1 Sense 5-TGG TAC GAT CAC GGC TCT CTG-3’ 164 bp

-1442/-1277 bp Antisense 5-CAA AGC TGT AGT GGC CAG GC-3’

CLDNG6-promoter 2 Sense 5-CTC AAG CTC TGT TCT ACC CTA AG-3' 193 bp
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-223/-30 bp
CLDN6-promoter 3
+1/+152 bp

Intergenic control region
1gG2

CLDNS6 upstream negative
control 1

-2510/-2391 bp

CLDNG6 upstream negative
control 2

-1870/-1762 bp

Antisense 5'-CGG TGA CGT CAC TGG ACC A-3

Sense 5-CGA CAC TCG GCC TAG GAATTT C-3

5

Antisense 5'-CCA TCC AGG TGG CCG CAG-3’
Sense 5-TGG GAA GAC AAT TTC TGA ACC AAAT-3
Antisense 5-TCA ACC TGA AAA ATG GGA ATA TGA CA-

Sense 5-GGA CGG TGG GAG AAA CTG AG-3’

Antisense 5-AGG CGG ATG TGG GGA TCT G-3'

Sense 5-CGG TGG CTC ACG CCT TTA ATC-3

Antisense 5-GTA GAG ACG GCG TTT CAC CAC-3

152 bp

73 bp

119 bp

108 bp

7.4 TagMan® Gene Expression Assays

Table 19 TagMan® Assay ID for target genes analyzed by gRT-PCR on BioMark™ HD (Fluidigm).

Target TagMan® Assay Target TagMan® Assay Target TagMan® Assay
D D D
CTCFL Hs00540744_m1 _ EGFR Hs01076078 m1 _ ABCBL Hs00184500_m1
MSI1 Hs01045892_m1 Egdl%%“n/ Hs00923996_ m1  ABCB5 Hs02889060_m1
LIN28B Hs01013729_m1 ECGBlA/ Bl Hs00417598 m1  ABCG2 Hs01053790_m1
SALL4 Hs00360675 m1  FLT3 Hs00174690 m1  AFP Hs01040598 m1
CD24 Hs03044178 gl FUT4 Hs01106466_s1 é'ﬁfééw Hs00977640_m1
GNL3 Hs00205071 m1  GLI1 Hs01110766 m1 ALDHIAl  Hs00946916 m1l
ERBB2 Hs01001580_ m1  GLI2 Hs01119974 m1  AMACR Hs01091292_m1
POU2F1  Hs00231250 m1  HIF-2A/ Hs01026149 m1  ANPEP/ Hs00174265_m1
- EPAS1 - CD13 A
EPCAM Hs00901885 m1  HAVCR2 Hs00958618 m1  ATXN1 Hs00165656_m1
L1CAM Hs01109748 m1  IL1A Hs00174092 m1  BMI1 Hs00180411 m1
TERT Hs00972656_m1  IL6RA Hs01075666_m1  BMP4 Hs00370078_m1
ITGA2 Hs00158127 m1  ITGAL Hs00235006 m1  BRCAL Hs01556193 m1
CD44 Hs01075863_m1  ITGA6 Hs01041011_m1  CD151 Hs00911635_g1
IPO8 Hs00183533_ m1  ITGA9 Hs00979865 m1  CD19 Hs00174333_m1
KIT Hs00174029_ m1  ITGB1BP1  Hs00178055 ml  CD2 Hs00233515_m1
cD27/

POUSF1  Hs04260367 gH  ITGB2 Hs00164957_m1 T\ Zhe Hs00386811_m1
EFS%V:L” Hs01009250 m1  LMO2 Hs00153473 m1  CD34 Hs00990732_m1
PTEN Hs02621230 s1  MET Hs01565584 m1  CD38 Hs01120071_m1
sDC1 Hs00896423 m1  MS4A1 Hs00544819_ m1  CDA7 Hs00179953_m1
SHH Hs00179843 m1  MYC Hs00153408 m1  CTCF Hs00902008_m1
SNAIL Hs00195591_m1  MYD88 Hs01573837 gl  CX3CR1 Hs01922583_s1
SOX2 Hs02802330_ m1  NANOG Hs02387400_g1 Ef;%;f(me Hs00605382_gH
SOX4 Hs00268388 s1  NCAM1 Hs00941831_ m1  CXCR1 Hs00174146_m1
ST8SIAL  Hs00268157_m1l |\N/|Z|/.n Hs00966302 m1  DLL4 Hs00184092_m1
STAT3 Hs00374280_ m1  NGFR Hs00609977_ m1  DPP4 Hs00175210_m1
TNFAIP3  Hs00234713 m1  NOTCH1 Hs01062014 m1  THY1 Hs00174816_m1
E';r‘;(l:/ Hs00951083 m1  PDPN Hs00366766_ m1  TRRAP Hs01591130 m1
GAPDH Hs99999905 m1  PIWIL1 Hs01041737_m1

HPRT1 Hs99999909 m1  PLAUR Hs00958880_m1




Affirmation and Publications

8 Affirmation and Publications

Ich versichere, dass ich die von mir vorgelegte Dissertation selbststandig
angefertigt, die benutzten Quellen und Hilfsmittel vollstdndig angegeben und die
Stellen der Arbeit - einschlieBlich Tabellen und Abbildungen -, die anderen
Werken im Wortlaut oder dem Sinn nach entnommen sind, in jedem Einzelfall als
Entlehnung kenntlich gemacht habe; dass diese Dissertation noch keiner anderen
Fakultat oder Universitat zur Prifung vorgelegen habe; dass sie - abgesehen von
unten angegebenen Teilpublikationen - noch nicht verdoffentlicht worden ist sowie,
dass ich eine solche Vero6ffentlichung vor Abschluss des Promotionsverfahrens
nicht vornehmen werde. Die Bestimmungen dieser Promotionsordnung sind mir
bekannt. Die von mir vorgelegte Dissertation ist von Prof. Dr. Ugur Sahin in der
Abteilung fur Experimentelle und Translationale Onkologie der Universitatsmedizin
der Johannes Gutenberg-Universitat Mainz betreut worden.

Mainz, den 30.06.2014

Meike Wagner

Parts of this study have been published in:
Articles

- Wagner M, Koslowski M, Paret C, Schmidt M, Tureci O, Sahin U. NCOA3 is a
selective co-activator of estrogen receptor a-mediated transactivation of
PLAC1 in MCF-7 cells. BMC Cancer 2013, 13:570.

- Wagner M, Paret C, Koslowski M, Hacker S, Castle JC, Kneip C, Jung J, VK
Tiwari, Lower M, Bukur T, Tiureci O, Sahin U. Up-regulation of Claudin 6 in
cancer is dependent on hypomethylation and tumor-specific transcription
factors. In preparation.

- Claudin 6 is a cancer cell selective stem cell marker suitable for antibody
therapy. In preparation.

Patent
- Sahin U, Tireci O, Walter K, Wagner M, Kreuzberg M, Hacker S, Jacobs S.

Diagnosis and Therapy of Cancer involving Cancer Stem Cells -
PCT/EP2013/002272, 31.07.2013.

131



Affirmation and Publications

Oral presentations and posters

Oral presentation: Wagner M. Molecular-functional characterization of tumor-
specific antigens. IMB-TRON Symposium, Mainz (2014).

Poster: Wagner M, Héacker S, Paret C, Koslowski M, Kneip C, Castle JC,
Tureci O, Sahin U. Molecular and functional characterization of the highly
specific cancer target T-066. 43. Jahrestagung der deutschen Gesellschaft fr
Immunologie, Mainz (2013).

Poster: Wagner M, Paret C, Koslowski M, Hacker S, Kneip C, Castle JC,
Tareci O, Sahin U. Molecular and functional characterization of the highly
specific cancer target Claudin 6. 2" TRON Postersession, Mainz (2012).

Poster: Wagner M, Paret C, Koslowski M, Kneip C, Tureci O, Sahin U. A highly
specific cancer target, regulated via promoter methylation. 22™ Biennal
Congress of the European Association of Cancer Research (EACR),
Barcelona, Spain (2012).

Poster: Wagner M, Paret C, Koslowski M, Kneip C, Cagna G, Wall, S, Tureci
O, Sahin U. Claudin 6 is a highly specific cancer target regulated via promoter
methylation. 1% TRON Postersession, Mainz (2011).

Invited Talk: Wagner M. PLACL1 in cancer — regulation and mechanisms of
action. 1% international PLAC1 Symposium — “PLAC1 — A novel gene at the
interface of reproduction and cancer”, Tampa, Florida, USA (2011).

Poster_and oral presentation: Wagner M, Paret C, Koslowski M, Tureci O,
Sahin U. ERa-mediated transactivation of placental PLAC1 in breast cancer
cells is selectively controlled by the transcriptional co-activator SRC-3
(NCOAB). 9" Cancer Immunotherapy (CIMT) Meeting — Targeting Road Maps
for Success, Mainz (2011)

Other articles

Lamy E, Hertrampf A, Herz C, Schiler J, Erlacher M, Bertele D, Bakare A,
Wagner M, Weiland T, Lauer U, Drognitz O, Huber R, Rohn S, Giesemann T,
Mersch-Sundermann V. Preclinical evaluation of 4-Methylthiobutyl-
isothiocyanate on liver cancer and cancer stem cells with different p53 status.
PLoS ONE 2013, 8(8): e70846.

Léwer M, Renard BY, de Graaf J, Wagner M, Paret C, Kneip C, Tiireci O,
Diken M, Britten C, Kreiter S, Koslowski M, Castle JC, Sahin U. Confidence-
based somatic mutation evaluation and prioritization. PLoS Comput Biol 2012,
8(9): e1002714.

132



Curriculum Vitae 133

9 Curriculum Vitae



Acknowledgements 134

10 Acknowledgements






