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ABSTRACT

THE ROLE OF ETS FAMILY TRANSCRIPTION FACTOR ELK-1 IN CANCER
STEM CELLS

According to the cancer stem cell theory, tumors have a subpopulation of cells that have the
capacity for self-renewal and differentiation. These group of cells, namely cancer stem cells
(CSCs), share some properties of normal stem cells. The dysregulation of specific signaling
pathways and changes in downstream gene expression can cause failure in the regulation of
stemness properties of stem cells, eventually causing tumorigenesis. There exists a complex
interplay at both transcriptional and translational levels in the ultimate decision a stem cell
or in this case a brain tumor-initiating cell (BTIC) to either keep itself as a stem cell (self-
renewal) or become a specific cell through differentiation. The ETS family of transcription
factors is one of the largest well-conserved transcription factor families. Elk-1, a TCF
subfamily member, regulates many critical processes within the cell including apoptosis,
tumorigenesis, and proliferation within the body. EIk-1 regulates neuronal survival and is
neuroprotective; however, its survival-related transcriptional targets in neurons have not
entirely identified yet. Together with the results of a former microarray conducted in the
AxanLab, this led to the hypothesis that EIk-1 transcription factor may also be functional in
regulating stemness genes and supporting their proliferation/self-renewal/survival in BTICs.
In this study, CD133, a CSC marker, was used for the isolation of BTICs through positive
selection. To find out the role of Elk-1, CD133+ BTICs were isolated, characterized, the
effect of Elk-1 expression on the expression of various genes including the leading group of
stemness genes, self-renewal, and proliferation in both normoxia and hypoxia were
evaluated. The putative role of Elk-1 on the activity of selected promoters, namely SOX2,
NANOG, and POUSF1, were assessed and the potential Elk-1 occupancy on several
promoters were checked. Elk-1 roles in the regulation of the stemness gene promoters. The
control over BTICs is not direct, but a rather complex mechanism is present. Finding out the
role of Elk-1 from which the CSCs evade the regulations and the possible ways to overcome

the progression of cancer can be the key for anti-cancer therapies.
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OZET

ETS AILESIi TRANSKRIPSIiYON FAKTORU ELK-1’IN KANSER KOK
HUCRELERINDEKI ROLUNUN INCELENMESI

Kanser kok hiicre teorisine gore, tiimorlerin kendini yenileme ve farklilagma kapasitesine
sahip hiicrelerin bir alt popiilasyonu, Kanser kok hiicreleri (KHK), normal kok hiicrelerin
baz1 6zelliklerini paylasir. Spesifik sinyal yolaklarinda ve akis asagi gen anlatimlarindaki
bozulmalar, kok hiicrelerin diizenlenmesinde bozukluga ve sonugta tiimor olusumuna neden
olabilir. Kok hiicrenin kendini yenileme ya da farklilagma kararini vermesinde
transkripsiyonel ve translasyonel seviyelerdeki karmasik etkilesim rol oynar. ETS
transkripsiyon faktorleri ailesi, evrimsel olarak korunmus en biiyiik transkripsiyon faktori
ailelerinden biridir. ETS'nin ii¢lii kompleks faktorii (TCF) alt ailesinin bir iiyesi olan Elk-1,
apoptoz, timorgenez ve proliferasyon da dahil olmak iizere hiicre i¢indeki bircok énemli
islemden sorumludur. Elk-1 ndronal sagkalimi diizenler ve noroprotektiftir, ancak
noronlardaki sagkalimla ilgili transkripsiyon hedefleri heniiz tam olarak tanimlanmamugtir.
AxanLab'da daha 6nce yapilan bir mikrodizinin sonuglari da géz oniine alindiginda, Elk-1
transkripsiyon faktoriiniin, kokliiliikk genlerinin diizenlenmesinde ve beyin tiimdrii baslatici
hiicrelerde (BTBH) c¢ogalma/kendini yenileme/hayatta kalmada islevsel olabilecegi
hipotezini agiga ¢ikarmistir. Bu ¢alismada BTBH'lerin pozitif se¢im yoluyla izolasyonu igin
KHK markérii olarak CD133 kullanilmistir. Elk-1'in bu baglamdaki roliinii bulmak igin,
CD133+ BTBH'ler izole edilerek, karakterize edilmis ve Elk-1 anlattmimin hem kendini
yenileme, hem de proliferasyon iizerindeki etkisi normoksik ve hipoksik kosullarda
degerlendirilmistir. EIK-1'in segilen kokliliik genlerinin, SOX2, NANOG ve POUS5FI1,
promotorlerinin aktivitesi tizerindeki etkileri ve bunlar dahil bir grup secili promotdre
baglanma kapasitesi kontrol edilmistir. Elk-1 kokliiliik genlerinin  promotérlerinin
diizenlenmesinde rol alir. Bununla birlikte, BTBH'ler tizerindeki kontrolii dogrudan degildir
ve oldukca karmasik bir mekanizma mevcuttur. Elk-1'in, kanser kok hiicrelerinin
aktivitelerinin diizenlenmesindeki roliiniin belirlenmesi ilerleyen donemlerde baska

caligmalar ile desteklenerek kanser Onleyici tedavilerin anahtari olabilecektir.
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1. INTRODUCTION

Brain tumors stem from brain parenchyma and the surrounding tissues. They may invade the
brain tissue and develop resistance to chemotherapy aggressively. They generate a burden
for both the individuals and the health care systems. They cause severe morbidity and
mortality at any age. The average life expectancy of the diagnosed patients after diagnosis

varies between 15 months to 5 years.

The presence of cancer stem cells (CSCs) is of main concern in cancer therapy. Cancer stem
cell theory states that the CSCs are crucial for the tumor proliferation and survival just like
the stem cells renewal and sustain the tissues within the body. In brain tumors, this cell group
is called the Brain Tumor-Initiating Cells (BTICs) [1]. BTICs are regarded as the key
contributors to the resistance, metastasis, and invasion in brain tumors, especially in
glioblastoma (GBM). Unveiling the mechanism by which BTICs self-renew and proliferate
within their microenvironment can be invaluable for ceasing the BTIC growth both in vitro

and in vivo as well as developing therapeutics.

The ETS (E-twenty-six Transformation Specific) transcription factor family has diverse
roles including survival, angiogenesis, differentiation, inflammation both in the
developmental stage and in the adult organism. The ETS family members have a role in
human carcinogenesis by altering the expression patterns, being in translocation breakpoints

or causing deletion mutations [2].

This study deals with the potential role of EIk-1 in the moderation of CSCs. The putative
target genes of Elk-1 and their interaction were explored in vitro. This study may pave the

way for targeting the CSCs in the future.



2, THEORETICAL BACKGROUND

The sequencing of whole genomes led to the fact that the main reason behind the incredible
diversity of animal and plant species is not only the number of genes. It is the more
sophisticated regulation of gene expression that results in the development of complex
organisms. Transcription factors are central players organizing the activation of genes. Their
binding to cis-regulatory DNA sites on their partner genes either solely or with indirect
interaction through other transcription factors results in highly specific response, positive or
negative regulation of a gene. Together with other gene regulation mechanisms including
chromatin modifications, signal transduction, and RNA splicing, eukaryotic gene expression

is regulated.

2.1. THE ETS-DOMAIN TRANSCRIPTION FACTOR FAMILY

The ETS transcription factors are the members of an evolutionarily conserved transcription
factor family. They are classified into 11 subfamilies with respect to the homology of the
similarity of sequences at DNA-binding domain, conservation of other domains and the
location of their ETS domain [3]. The family has 28 paralogous ets genes in humans, eight
genes in Drosophila melanogaster, 27 genes in mouse, and ten genes in Caenorhabditis
elegans [4].

2.1.1. The Structure and Function of ETS Family Proteins

The presence of an ETS domain is necessary to characterize the ETS family. This is a well-
conserved domain of 85 amino acids that interacts with a specific core sequence. The purine-
rich DNA motifs together with 5’-GGA(A/T)-3’ and bordering sequences forms the domain
[5]. Three a-helices and four-stranded antiparallel B-sheets together with a winged-helix-
turn-helix (w-HTH) motif makes up the ETS domain [6]. The domain usually exists at C-

terminus. In ERF and TCF subfamilies it resides at N-terminus.

Hydrogen bonding between the third a-helix and the two guanines at the core is required for
the direct interaction between the ETS domain and DNA binding. Thus, the sequences



neighboring the domain mark the location of interaction through additive hydrophobic and

electrostatic interactions [7]. Thereby, the specifity of the interaction is determined.

The transactivation domains (TAD) of ETS transcription factors confer specificity and
control over the target genes. They allow the regulation of target genes in different contexts.
This allows a variation in expression between members of the subfamilies. Also, the number

of the present TADs may lead to higher induction of target gene expression [8].

ETS transcription factors take part in various processes within the cell. Tumorigenesis,
migration, inflammation, extracellular matrix remodeling, apoptosis, and vertebrate
embryogenesis are some of them [9]. To carry out such functions successfully and totally
correct, a tight control of activity is necessary. The required control for these transcription
factors is carried through co-regulatory proteins, microRNAs and transcriptional control.
Apart from transcriptional regulation, thorugh phosphorylation, glycosylation,
SUMOQylation, ubiquitylation and acetylation, they role in the protein-protein interactions,

localization and appropriate expression of ETS-related gene expressions [10].

2.2. TERNARY COMPLEX FACTOR (TCF) SUBFAMILY

Ternary complex factors (TCFs) are a well-known subfamily of ETS transcription factors.
The first member was recognized in the context of c-fos proto-oncogene regulation through
the complex formation between the c-fos serum response element (SRE) and serum response
factor (SRF). This protein was first called p62; however, p62 was then found to be the
previously named EIk-1 protein [11]. Sap-1 (Serum response factor accessory protein 1)/Elk-
4 [12], Net/Erp/Sap-2/EIk-3 (New ETS) ([13]; [14]; [15]) and the splicing variant of Net,

Net-b, were identified and grouped as members of TCF subfamily as shown in Figure 2.1.
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Figure 2.1. Comparison of TCF subfamily members [16]



TCFs have been involved in activating promoters of immediate early genes (IEGs). The
complex executes cell-type-specific tight control over SRE-containing promoters. ELK-1
transcription factor, a well-known member of TCF subfamily, and its potential interactions

were investigated in the context of BTICs within this thesis.

2.2.1. ELK-1 Transcription Factor

Transactivation functions of TCFs and their binding to the DNA are regulated by MAPKs
through phosphorylation. The major MAPK cascades are the extracellular signal-regulated
kinase (ERK), the Jun N-terminal kinase/stress-activated protein kinase (JNK/SAPK) and
the p38 kinase and they role in the regulation of EIk-1 [17]. These pathways can be activated
through mitogens, growth factors, cytokines, and stress, respectively. Among the nine
known potential phosphorylation sites at C-terminal, phosphorylation from the Serine383

and Serine389 are critical for the induction of genes through SRE [18].

Elk-1 phosphorylation by MAPK cascades is pivotal for its regulation. ELK-1 transcription
factor is an eminent substrate of ERK, p38 kinase and JNK. When phosphorylated, the
conformation of Elk-1 changes and the DNA-binding domain of Elk-1 is uncovered. The
change in conformation increases the ternary complex formation (Elk-1/SRF/SRE) [17].
Apart from this, when EIk-1 is phosphorylated by MAPKSs, as for negative feedback, it
interacts with HDAC corepressor complex, thereby blocking the expression level of Elk-1
regulated genes [19].

The immediate early gene (IEG) response is regulated by Elk-1 [20]. It is expressed at the
cerebellum, striatum, hippocampus, cortex and various regions within the brain [21]. It may
be localized in either nuclear or extranuclear compartments, like soma and dendrites [22].

The expression of Elk-1 at different localizations affects its function.

The members of the TCF subfamily have four evolutionarily conserved domains (A-D). The
domain structure for EIk-1 is in Figure 2.2 [23]. The presence of the ETS domain at the N-
terminus discriminates the TCF subfamily. The A domain is made up of the ETS DBD along
with a nuclear localization signal (NLS) [24]. This domain may take a role in the inhibition
of Elk-1 by employing co-repressors and DNA binding inhibitors to the site. The B-box
domain is the primary site interacting with SRF [25]. The C domain, also referred to as the



transactivation domain (TAD), has many motifs that are targets of mitogen-activated kinases
(MAPKS). Following the activation of JNK or p38 kinases, the Elk-1 binds through the D
domain [26]. At the C-terminus, the interface of Elk-1 and activated ERK is accomplished
with DEF motif [23]. The R domain lowers the reaction of protein to mitogenic signals by
reducing the basal transcription activity of Elk-1 [27].
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Figure 2.2. The domains and PTMs of Elk-1 [23]

Apart from mRNA expression levels; translational control, cellular localization and
posttranslational modifications are crucial regulators for Elk-1 expression [28]. When there
is no MAPK signaling, the activity of EIk-1 TAD is suppressed by corepressors recruited to
the site by R motif and ETS domain [29]. The suppression of TAD maintains EIk-1 in the
inactive basal state. Detailed analysis of R motif revealed that small ubiquitin-related
modifier addition (SUMOylation) on lysines 230, 249 or 254 have role in the regulation of
Elk-1 through repression [30]. There exists an antagonism between phosphorylation and
SUMOQylation. Both SUMO removal and ERK promotion for activation of Elk-1 are

necessary to convert EIk-1 into the transcriptionally active state [31].

2.2.1.1. The Role of Elk-1 in Neuronal Context

Elk-1 is responsible for many crucial processes within the cell including apoptosis,
tumorigenesis, and proliferation throughout the body. Studies on the function of Elk-1 in
neurons reveal that it plays a role in neuronal outgrowth/axon regeneration as well as

neuronal survival or apoptosis [22, 32, 33].

When expression and regulation of Elk-1 was assessed in the adult rat brain, Sgambato et al.
came across to three main findings. According to the findings of Sgambato, Elk-1 mRNA

was expressed in brain structures that are all neuronal. Secondly, despite being a nuclear



transcription factor that is supposed to be present around the nucleus, Elk-1 protein is not
only nuclear, but it is also localized in the axon terminals, cell body (soma) and dendrites.
Thirdly, Elk-1 phosphorylation can take place in various compartments within the cell [21].
Likewise, in their review, Besnard et al. underlined the diverse functions of EIk-1 in neurons

that change depending on the location, either cytoplasm or nucleus [23].

It was previously shown by our laboratory that there exists a co-localization and interaction
of EIk-1 with neuronal microtubules in both neuroblastoma cell lines and primary
hippocampal cells in the unstimulated state. When the setup was stimulated with serum, Elk-

1 was phosphorylated, and microtubule-anchored Elk-1 was translocated to the nucleus [34].

Barrett identified the extranuclear functions and localization of Elk-1 in primary rat
hippocampal neurons. The interaction between EIk-1 and mitochondrial permeability
transition pore (PTP) complex, a voltage-gated channel that allows molecules non-
selectively to the inner membrane, was assessed [35]. The change in mitochondrial PTP
proteins may result in various cellular processes including apoptosis, necrosis, membrane
depolarization and release of stored soluble proteins [36]. Barrett and her colleagues revealed
that EIk-1 is localized around mitochondrial membranes and found out that the level of Elk-
1 raises with increasing DNA damage and apoptosis in neurons. When Elk-1 was over-
expressed, the cell viability was decreased through siRNA-mediated knockdown, the cell
viability increased, leading to the idea that either Elk-1 is directing the mitochondria to cell

death or it triggers transcription of genes that take part in mitochondrial function [22].

Nevertheless, Vickers reported that when gene activity related to TCF regulation was
blocked that led to cell growth arrest and cell death took place [37]. When cells were
transfected with a construct of Elk-1 fused with Drosophila engrailed repressor domain
(EN), EIK-EN, it led to growth arrest and apoptosis. That was in a ternary-complex-
dependent manner. However, either constitutively active construct of EIk-1, where it is fused
to the acidic activation domain of HSV VP16 transactivator, the EIk-VP16, or the wild-type
Elk-1 was sufficient for promoting cell survival. Similarly, with another study of our
laboratory, it was shown that when the dominant repressive EIK-EN construct was tested in
PC12 rat pheochromocytoma cell line, it interfered with survival and increased caspase-
dependent apoptosis. Over-expression of exogenous Elk-1 or Elk1-VP16 expression
protected neurons from cobalt chloride-induced apoptosis [33]. In primary dorsal root

ganglia (DRG) culture system, following axotomy (neuronal injury), phospho-Elk-1 levels



increased, leading to enhanced survival. In this study, MCL-1 and a survival motor neuron
protein SMN1 were reported to be the target genes of Elk-1 in SH-SY5Y cells [33].

Furthermore, Demir and Kurnaz have shown that Elk-1 leads a role in repressing egr-1 (early
growth response-1) expression, commonly known as an intermediate-early gene in
mitogenic stimulus yet a pro-apoptotic protein in neuroblastoma cells. When EIk-1 was over-
expressed, the EGR-1 protein level was reduced. However, a SUMOylation mutant of Elk-
1 restored the protein level of EGR-1. These results lead to the hypothesis that in SH-SY5Y
cells, EIk-1 represses egr-1 promoter through its R-domain, probably by changing the
SUMOylation status, thereby preventing apoptosis and promoting cell survival [38]. Thus,
there exists controversy about the role of Elk-1 in cell survival, and this controversy may be
due to localization and/or phosphorylation of EIk-1.

Elk-1 is also involved in progression of neurodegenerative diseases. Synucleinopathies,
Huntington Disease (HD), and Alzheimer’s Discase (AD) are the examples for Elk-1-related
disorders. At specific doses of amyloid-B (AB) peptides, BDNF-induced activation of Elk-1
is triggered in cortical neurons, leading to deregulation of SRE-controlled genes [39]. In a
HD model, the hyperphosphorylation of ERK, CREB, Elk-1 was reported [40]. In
Parkinson’s Disease, the formation of aggregates made up of a-Synuclein is observed. Iwata
et al. showed that there exists an interaction between Elk-1 and a-Synuclein through ERK,
resulting in the attenuation of Elk-1 phosphorylation on Ser383 residue. This also led to the

induction of c-fos [41].

According to recent literature, the fundamental mitogenic role of Elk-1 can be stated clearly.
However, further analyses related to illuminating the survival-proliferation-apoptosis roles

of Elk-1 in neurons is necessary.

2.3. STEM CELLS

Stem cells are specialized cells that have the potential to turn into various cell types both in
embryogenesis and adulthood. They play a role like an internal repair system with their

unique regenerative abilities.

Stem cells have two characteristic properties: (1) they have the potential to retain self-

renewal and (2) differentiate into different cell types when the conditions are appropriate.



Stem cells maintain these properties by going through either asymmetric or symmetric cell
divisions. When symmetric cell division takes place, two stem cells or two differentiated
daughter cells are produced as shown in Figure 2.3. Stem cells undergo symmetric division
often for proliferation. In the case of asymmetric division, the process yields two cells with
different cellular fates, a stem cell, and a more differentiated cell. Self-renewal often occurs

via asymmetric divisions [42].

Asymmetric Division Symmetric Division

v/

Figure 2.3. Schematic representation for stem cell division [42]

There exists a hierarchy in tissues based on differential potential (potency) of the cells. Stem
cells are a reservoir of undifferentiated cell types. They can generate committed progenitors,
which then produce terminally differentiated cells. While totipotent stem cells have the
potential to differentiate into all embryonic cell types and construct an entire organism, the
capacity of pluripotent stem cells is more restricted. Pluripotent cells cannot potentiate the
development of the whole organism due to their inability to generate extraembryonic
trophectoderm cells. However, they are able to form the cells of any of the three germ layers

(endoderm, mesoderm or ectoderm) [43].

According to the basis of their sources, they can be considered in two major groups:
embryonic stem cells (ESCs) and adult stem cells (somatic stem cells). Pluripotent ESCs are
derived from the inner cell mass (ICM) of blastocyte stage embryos. ESC cultures are usually
accomplished by isolating the stem cells from embryos that are sparely generated throughout
in vitro fertilization (IVF) [44].



When ESCs do not take part in organogenesis during embryogenesis, they reside quiescently
as adult stem cells during adulthood. Adult stem cells are present at various parts within the
body including brain, teeth, heart, bone marrow, skeletal muscle, liver, testis and umbilical
cord [44]. The main function of adult stem cells is to sustain tissue homeostasis by restoring
damaged tissues in which they are located [45].

There are advantages and disadvantages for the potential use of both ESCs and adult stem
cells. While ESCs, being pluripotent, they have the ability to differentiate into all cell types
of all lineages within the body. The production and maintenance of ESCs with in vitro culture
are relatively straightforward. However, issues including the probability of teratoma
formation, the presence of animal pathogens, immunological response and ethics cause
limitations for the use of ESCs. The isolation of adult stem cells from the tissues they reside
in and expanding them in cell culture is quite challenging as they are rare. Studies on adult
stem cells do not cause ethical problems; they are controversial. There are many sources for
obtaining the adult stem cells, and they are immune-privileged. While all these properties
make the adult stem cells advantageous over ESCs, their differentiation and self-renewal

capacity, and the rarity among somatic cells cause limitations.

There are safety issues for the usage of these two kinds of stem cells for transplantation
therapies. The tissues developed from ESCs may be rejected following the transplantation,
or through uncontrolled proliferation, they may harbor the risk of tumor formation within
the host. Apart from the molecular assessment of the ESCs, their genetic stability and
potential chromosomal aberrations and polymorphisms also have to be considered. Apart
from either ESCs or adult stem cells, another kind of stem cell was established due to the
problems stated above: induced pluripotent stem cells (iPSCs) [46]. These cells are also
pluripotent; they have the specific stem cell markers; they give rise to the cells of all three

germ layers; they form different tissues in mouse embryos.

The therapeutic applications of pluripotent cells (both ESCs and iPSCs) have been
investigated for specific diseases including ophthalmic diseases [47], neurological diseases,
diabetes [48] and cardiac disease [49].

For the transplantation studies with adult cells, the cells are collected from the host’s cells,
cultured, differentiated to a specific cell type and reintroduced to the host. When these are

considered, the adult stem cells ate thought to be less likely to initiate immune rejection. In
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each case, the exact control mechanisms have to be unveiled for the safety of therapeutic

studies.

IPSCs are useful tools for both disease modeling and therapeutic studies. However, they also
have drawbacks. For the induction of reprogramming on site, the factors have to be
introduced to the cells via viral delivery. In addition to this, with recent studies it has been
shown that the iPSCs maintain the epigenetic memory of the original cell type, moving them
away from being true ESCs [50]. These are the limits for the usage of the method for

treatment in humans.

2.3.1. Adult Neural Stem Cells (NSCs)

For a long time, it was thought that neurogenesis was not taking place in the adult
mammalian brain. However, starting with the autoradiography studies of Altman in the
1960s, research over mammalian brain advanced with electron microscopy and
immunostaining techniques, which further led to defining the concept of genesis, mitosis,
and differentiation of neurons [51, 52]. This led to an array of studies finally resulting in the
breaking a dogma in neurobiology.

In 1992, Reynolds and Weiss first reported the presence of spheroid bodies cultured in a
defined, serum-free medium supported with epidermal growth factor (EGF) [53]. The
spheroid bodies were able to form the secondary spheres, and they were positive for Nestin
expression. These spheroids were named as neurospheres later [53]. Morshead et al. stated
that the cells that Reynold et al. could culture with EGF-supported medium were the EGF-
responsive cells that were residing around the lateral ventricles in the subventricular zone
[54].

In an adult mammalian brain, neurogenesis takes places within only two zone, the
subventricular zone (SVZ) of the lateral ventricles and in the hippocampus the subgranular
zone (SGZ) of the dentate gyrus [55]. Neuroblasts that are generated by the SVZ stem cells
migrate through the rostral migratory stream (RMS) to their destination, olfactory bulb.
There, they differentiate into olfactory interneurons and either join to the olfactory circuitry
or function as oligodendrocyte progenitors [56, 57]. The SGZ stem cells can generate either

new granule neurons or astrocytes. Unlike SVZ neuroblasts, these new granule neurons
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migrate only a short distance up to the granule cell layer, join the functional circuitry of the
dentate gyrus and receive glutamatergic inputs [58]. The characteristics of neurospheres
isolated from SVZ and SGZ are different.

A fundamental mechanism is necessary for the dynamic regulation of adult NSCs through
transcription factors. In a study comparing the transcriptome data for ESCs, it was shown
that the transcription factors associated with the maintenance of ESC pluripotency were not
expressed in MAPCs [59]. There was a unique molecular signature between each stem cell

type.

SOX2, NANOG and POUS5F1 transcription factors are the critical regulators of the
properties of ESCs. POU5F1 (Oct4) is a member of POU-domain transcription factors and
takes part in the pluripotency of ESCs by acting synergistically with SOX2 in vitro. They
activate Oct-Sox enhancers together to regulate nanog, sox2 and pou5fl itself [60, 61]. In
mammalian development, POU5F1 has a critical role in the regulation of cell fate decisions
[62]. It is important for the regulation of reprogramming and production of iPSCs. The over-
expression of only POUSF1 is sufficient for the formation of iPS cells while the other factors
necessary for iPSC formation were expressed endogenously [63].

The cell fate of mouse embryonic stem cells (mES) has shown to be determined with
POUSF1 expression. With low or no expression of POU5SF1, the mES either sustain
pluripotency or differentiate forming trophoblast [64]. With a high level of POU5F1, mES

cells differentiate into endodermal and mesodermal lineages [65].

The dosage-dependent regulation is also shown for SOX2 [66]. SOX2 is involved in the
inhibition of neuronal differentiation and self-renewal in ESCs [67]. Its endogenous
expression levels are higher in adult NSCs of SVZ and SGZ than in ESCs [67]. With an
array of experiments including the gain of function and loss of function mutations in
transgenic animals the role of SOX2 in neurogenesis, proliferation and self-renewal/survival
are shown. NANOG is a homeodomain-comprising protein that maintains pluripotency of
ESCs by working with Stat3 to inhibit nuclear factor kappa B (NF«xB) [68].
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2.3.2. Cancer Stem Cell Theory and Brain Tumor-Initiating Cells

Normal adult stem cells forms cells that can go an unlimited number of cell divisions and
self-renew; these cells keep the indefinite capacity of the stem cells. They are also able to
produce daughter cells that have limited capacity and once differentiated mature cells these
cells are used for maintaining the homeostasis in adult tissues that are continuously in

cellular turnover. The idea of CSC hypothesis stems from this heterogeneous pool of cells.

In the CSC model of tumors, a subpopulation of tumor cells that are capable of self-renewal
and differentiation is known as CSCs. CSCs possess the ability to form tumors when
transplanted to animal hosts. Altered gene expression and symmetric cell division with the

tumor are two properties that distinguish the CSCs from other cells [69].

CSCs mostly have genetic mutations as well as epigenetic changes that lead to the
misregulation of signaling pathways. Also, dysregulated self-renewal causes overpopulation
of CSCs and eventually tumor growth. This may be because of an imbalance in symmetric
cells division vs. asymmetric cell division [70]. The multilineage differentiation potential of
CSCs may be impaired. It is stated that usually there exists a heterogeneous population
within the tumor with partially differentiated types stemming from the cells of the tumor’s
origin. In addition to this, malignant tumors generally resemble normal adult stem cells and

grouped as poorly differentiated cells [71].

The CSC theory makes the pavement for not only eradicating the cancer cells that are
terminally differentiated and forming the bulk portion of the tumor tissues yet refocusing is
necessary to the small subpopulation that supports tumor growth. There are various
possibilities for the origins of CSCs that lead to tumor formation. First, the initiation of a
tumor may be a result of an array of mutations that result in the transformation of a cell type,
or that transformation may lead to the gain of stem cell properties later. The genetic and
epigenetic instability of tumors may be the cause of heterogeneity within the tumor at
different targets [72]. In this possibility, the cell is strengthened by stem-cell characteristics.
Second, a normal adult stem cell may be converted into a CSC. This time, as the identity of
the cell would be well-known, its differentiation and transport to other sites within the body
will be easier. Thus, the conversion of a normal stem cell to a CSC to initiate cancer has a

higher probability [73]. Third, the fusion of a “bad” body cell with a “good” stem cell within
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the body, ultimately resulting in malignancy. The origin of cancer, whether it is caused by
stem cells or cells that have stem cell-like properties, has been debated for a long time [74].

The possibilities for the formation of CSCs are summarized in Table 2.1.

In the 1980s, Goldie and Coldman proposed a mathematic model indicating that the
probability of curing declines when the size of the tumor increases as tumor cells mutate to
a resistant phenotype. The tumor cells are not genetically stable, so the treatment should be
started immediately, and multiple drugs should be used in combination to be able to exert
effects on a heterogeneous group of cancer cells [75]. The Goldie and Coldman hypothesis

pave the way for tumor stem cell theory.

Table 2.1. The debated origins of CSCs

The fusion of circulating stem cells with residing cells

Normal SC to CSCs conversion

Transformation of early precursors to gain self-renewal properties

Dedifferentiation and gain of stem cell properties of somatic cells through a series of

mutations and epigenetic instability

The idea that brain tumors stem from a subset of undifferentiated cells with NSC
characteristics is mainly acknowledged [76]. Even there is still disagreement about scientific
terminology, these cells accountable for the initiation of tumors and extra resistance to
therapy in brain tumors are called brain tumor-initiating cells (BTICs).

CSCs and normal stem cells share some similarities, like the cell surface markers and signal
transduction pathways related to stemness [72]. The point where they diverge is that the
regulations are tight for the normal stem cells in both signaling pathways and mutations.
However, due to the epigenetic changes and genetic mutations gained, the regulation of
signaling pathways is not proper for the CSCs. This leads to unlimited self-renewal cycles

and improper differentiation patterns, eventually causing cancer cell formation.

Like normal stem cells, CSCs also proliferate slowly, and they may be quiescent. They can
have improved DNA repair mechanisms, multidrug resistance mechanisms and anti-

apoptotic proteins that support the survival of CSCs. All these properties cause CSCs to have
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resistance to chemotherapeutic agents, cause recurrence of tumors and distant metastases
[77]. The similarities and differences between normal stem cells and CSCs are summarized
in Table 2.2. These properties are making the base for studying and coping with cancer stem

cells.

Table 2.2. The comparison of properties of SCs and CSCs [78], [79]

Common properties of SCs and CSCs
Similar surface receptors (e.g. LIF-R, CXCR4, CD133)

Extended life span due to increase telomerase activity

Interaction with angiopoietic factors and stimulating angiogenesis

The hierarchy between the cells (from progenitors to differentiated cells)

Self-renewal

Regulation of self-renewal through convergent signaling pathways

Comparison of SCs and CSCs
Stem Cells CSCs

Limited self-renewal ability Unlimited self-renewal ability

Capacity of organogenesis Capacity of tumorigenesis

Tight regulation of self-renewal Dysregulation of self-renewal

Proper karyotype Improper karyotype

Quiescent cells present Quiescent cells present

Identification through surface markers Identification through surface markers

2.3.2.1. CSCs and Self-Renewal Pathways

The dysregulation of specific signaling pathways and changes in downstream gene
expression can cause failure in the regulation of stemness properties of stem cells, eventually
causing tumorigenesis. The cascade of events leading to this failure is not elucidated yet for
some of the signaling pathways [80]. The microenvironment and the role of specific
pathways may differ according to the type of cancers. The over-expression of signaling

pathways can cause resistance to cell therapies.
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Wnt/B-Catenin has a prominent function in embryogenesis and stem cells of the embryo, the
proliferation, and differentiation of adult stem cells and CSCs. Thus, the interruptions
through the signal transduction of this pathway result in dysfunction and malignancy [81].
The presence of a high concentration of p-catenin in many of the CSC-related settings has
been shown. In colon CSCs, high B-catenin concentration, together with supportive

microenvironment is found to be related to metastasis and drug resistance [82].

Whnt signaling pathway drives epithelial-mesenchymal transition (EMT). Many of the human
cancers stem from epithelial tissue. These cells are attached to a basement membrane, and
they have well-organized layers. The high concentration of B-catenin results in the cell
division arrest of tumors and the cells get mesenchymal characters [83]. The mesenchymal
cells do not have apical-basolateral polarity. They do not shape regular layers like epithelial
cells, but they form only focal adhesions. CSC initiation and EMT conversion are thought
to be tightly controlled by mechanisms related to stemness, Wnt and Hedgehog signaling

pathways.

Hedgehog signal transduction pathway is also another critical pathway that take part in
proliferative niches of stem cell, regeneration, and carcinogenesis. It has been confirmed by
the studies that both the presence and self-renewal capacity of CSCs are related to Hedgehog
signaling [84]. Two models have been anticipated for the possible action of Hedgehog
ligands on tumor initiation and growth. According to the first model, cancer cells themselves
generate Hedgehog ligands and proper stromal environment [85] and as for the second,
Hedgehog pathway in the stromal microenvironment prompts the growth of the tumors [86]
In mouse models of chronic myeloid leukemia, Hedgehog signaling was shown to support

the malignant clone through sustaining self-renewal capacity.

Notch signal transduction pathway is the key pathway for balancing cell proliferation and
angiogenesis. It rfunctions in stem cell maintenance, differentiation, and angiogenesis.
Studies show that the Notch pathway is activated in both cancer cells and CSCs, contributing
to their malignant character through three different strategies [87]. Loss of contact inhibition
and activation of Notch signaling leads to eventual oncogenic transformation and acquisition
of EMT, cell motility and invasiveness, resulting in enhanced malignancy. The increased
expression of the Notch signaling pathway promotes the CSC phenotype through supporting

the self-renewal of CSCs, again causing malignant profile. Nevertheless, it has been
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demonstrated that the blockage of Notch signaling enhances the sensitivity of the

chemotherapy-resistant B-cell acute lymphoblastic leukemia [88].

Various strategies have been developed for the inhibition of oncogenic transformation and
malignant character accumulated through the activation of these signaling pathways. In
mouse models, it was shown that the Wnt signaling-targeted therapy resulted in a decrease
in the CSCs in the bone marrow and eventually prolonged survival rate [89]. When mice
were treated with cyclopamine, which is an inhibitor for a component of the pathway, the
number of leukemic stem cells decreased and eventually survival rate prolonged [90]. Notch
inhibitor therapy together with chemotherapy was effective in attenuating the chemoresistant

CSCs of nude mice head and neck squamous cell carcinoma both in vitro and in vivo [87].

The interaction and crosstalk between different pathways for the control of stem cell self-
renewal in vivo are clear, yet, there are still missing parts to find out for CSCs and stem cells.

2.3.2.2. lsolation and Identification of CSCs

To elucidate the role of CSCs, to follow their development, to design therapeutics it is crucial
to isolate and identify the CSCs from a large number of cells. To understand the biology of
the stem cells in vitro, the isolation method is crucial as it may alter the downstream
processes. Various markers can be used to isolate stem cells from different contexts.
Depending on the lineage and cell-cycle status, different methods have been used to isolate
adult NSCs. Stem cell markers (e.g., surface markers), metabolic substrates, fluorescently-

complexed molecules, dye efflux, and transgenic reporter mice are utilized [91].

To isolate/enrich NSCs, various methods can be used depending on the downstream
applications. For immunopanning, culture dishes are incubated with specific antibodies at
certain conditions to cause the electrostatic attachment of the antibody to the dish. The dishes
are blocked with protein, and the single cell suspension is incubated within the plates to
cause protein-antibody interactions. By using direct epitope binding or secondary antibodies,
cells are positively selected and removed by either enzyme treatment or cell scrapers [92].

Fluorescence-activated cell sorting (FACS) is another valuable method for isolating NSCs.
It involves separation of subpopulations of cells based on dye binding characteristics, light

scattering properties and immunofluorescent labeling [92]. CSCs can be isolated with FACS
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by employing various cell surface markers including C44, CD133, and CD24 depending on
the type of the tumor. These markers can be used either alone or together with another marker
or isolation method. For immunomagnetic selection or magnetic-activated cell sorting
(MACS), the cells of interest are separated from the heterogeneous cell culture by using
antibodies labeled with iron microbeads. This time, single cell suspensions are incubated
with those antibodies to label the stem cells magnetically and then the mixture is exposed to
magnetic field [92].

Assays based on the enzymatic activity of ALDH can be used for purification of CSCs from
tumor tissues. This method, also known as Aldefluor assay, is also useful for the
identification of the subtype of the cancers [93] Another method for purification is to use
side population (SP) assay. It depends on the dye-exclusion of a particular subpopulation

with distinct properties from the sorted cells [94].

Once the CSCs are isolated, they are characterized. The self-renewal of CSCs can be
analyzed with sphere-forming assays (e.g., limiting dilution analysis or soft agar assay) in
vitro or xenograft assay in vivo. Serial passages in vitro for clonogenic assays or serial
transplantation in vivo for tumor-initiating ability are also used. High throughput screens can
be used for drug screening on CSCs and eventually the development of cancer therapies.
Also, computational modeling and in silico screening are useful for gathering both

preliminary and expandable data.

2.3.2.3. Enrichment and Culture of CSCs

Brain tumor-initiating cells (BTICs) from a series of tumors were identified by Singh et al.
[95]. Those cells had the stem cell potential both in vitro and in vivo. It has been shown that
by positive selection, CD133+ cells can be isolated, and these cells can form free-floating
clusters (neurospheres), secondary spheres and differentiate into both neurons and astrocytes
[96].

CD133 is a transmembrane glycoprotein with a unique structure. It has a cytoplasmic tail,
five transmembrane domains, and an N-terminal extracellular domain. It shares
approximately 60 percent homology with its mouse ortholog Prominin-1 [97]. Antibodies

against Prominin-1/CD133 is useful for identifying and isolating neural stem and progenitor
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cells from both human and murine tissues [98]. Prominin-1/CD133 is a marker that can be
used alone or in combination with other specific markers to isolate stem cells from an array

of tissues including kidney, prostate, skin, sarcoma, pancreas, bone marrow and brain [99].

The use of only surface markers for the isolation of CSCs is not sufficient for defining a
population as a stem cell. The surface above markers are not exclusively expressed on CSCs;
they may also be present on non-stem cells. In this thesis, CD133 is used to enrich BTICs
for further assays related to stem-cell characterization.

NSCs can be cultured in vitro as either adherent monolayers on matrix or neurospheres. To
keep the cells undifferentiated and preserve the multipotent properties, it is essential to
support the media with mitogens such as basic fibroblast growth factor-2 (FGF-2) as well as
epidermal growth factor (EGF) [100]. Each culture system has its own advantages and
disadvantages. Neurosphere culture systems are valuable as they are believed to set up a
niche for stem cells that simulate the in vivo conditions more than adherent cultures. This
system enables the formation of three-dimensional interactions between the cells. These
clusters may prevent the entrance of oxygen and mitogens to the center of the cluster, thereby

causing variations.

Monolayer adherent cultures can be kept as pure stem cell cultures, and all the cells may
have equal access to nutrients and metabolic exchange [101]. In their study, Tsai and McKay
have shown that cell density is instructive for determining cell fate [102]. When multipotent
cortical stem cells were kept at high density, they gave rise to neurons, oligodendrocytes,
and astrocytes. When the density of cells was low, the differentiation pattern was different,
and the stem cells generated mostly smooth muscle cells.

2.4. ELK-1 AND STEM CELLS

Within the context of COST TD901 action (TUBITAK 211T167 project), to examine the
role of EIk-1 in neuroprotection under hypoxia, a microarray analysis with EIk1-VP16 over-
expressed SH-SY5Y neuroblastoma cells has previously been performed by our laboratory
(Ugur Dag, Eray Sahin, Basak Kandemir, unpublished data). In the light of these microarray
results, when EIk1-VP16 regulated genes were examined, the pluripotency factors

significant for stem cell regulation were also found to be potential EIk-1 targets: Pou5f1 (at
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different probes, 3.7 fold increase), Sox2 (at different probes, 2.7 fold increase), Nanog (at
different probes, 2.7 fold increase). In a short-term sabbatical study conducted in Canada
through TUBITAK BIDEB support, Prof. Dr. Isil Kurnaz showed that CD133+ BTICs, as

well as fetal human NSCs, exhibited higher expression levels of EIk-1 (unpublished data).

In a study performed by Jiang et al., it was stated that EIk-1 plays a role in cerebral hypoxic
preconditioning through enhanced neuron-specific phosphorylation [103]. Miiller et al.
revealed that at hypoxia, c-fos is triggered via the MAPK pathway through phosphorylation
of Elk-1, thereby coupling tumor growth and metastasis to EIk-1 expression [104]. On
human embryonic stem cells (hES), it was shown that HIF1a (hypoxia-inducible factor 1-
alpha) and HIF3a (hypoxia-inducible factor 3-alpha) had negative control over each other
and at 48 hours of hypoxia, HIF1a inhibited LIF-STAT (leukemia inhibitory factor-signal
transducers and activators of transcription signaling) and its self-renewal. Though at long-
term hypoxia, HIF2a (hypoxia-inducible factor 2-alpha) expression was induced owing to
HIF3a, and that led to Sox2, Nanog and POU5F1(Oct4) expression, thereby restarting the
self-renewal and proliferation [105]. Furthermore, Aprelikova et al. demonstrated that many
of the hypoxia-related genes had been regulated by HIF1a, while a small subgroup that was

responsive to HIF2a was also co-regulated by Elk-1 [106].

Oxygen level within the developing brain and adult brain is lower than the traditional cell
culture conditions (20 percent). Known as “physiologic hypoxic condition,” this situation
causes various changes both through development and differentiation, as reviewed by
Mannello et al.. [107], also affecting the NSC proliferation.

Silencing of Elk-1 by RNA. in C. elegans model is cause mitotic errors [108]. The amount
of Elk-1 is higher in the XaXa ESCs that have high pluripotency, but the difference between
the cells decrease in low oxygen amounts. In their study, Goke et al. evaluated genome-wide
kinase-chromatin interactions and ERK signaling has been shown to have a regulatory role
in human ESCs [109]. In human ESCs, EIk-1 is essential, and its co-localization with Erk2

plays a role in pluripotency.
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3. AIM OF THE STUDY

The microarray analysis of human neuroblastoma cell line SH-SY5Y showed that EIk-1
takes a role in the regulation of stemness genes sox2, nanog and pou5f1l among with many
others (unpublished data). In addition to this, EIk-1 regulates neuronal survival and is
neuroprotective; however, its survival-related transcriptional targets in neurons have not
entirely identified yet. This led to the hypothesis that EIk-1 transcription factor may also be
functional in regulating stemness genes and supporting their proliferation/self-
renewal/survival in brain tumor-initiating CSCs. This thesis aims to understand the leading
role of EIk-1 in BTICs and unveil its putative target genes based on microarray results, wet-

lab, and bioinformatics tools.
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4. MATERIALS AND METHODS

4.1. CELL CULTURE

In this thesis, three types of in vitro culture systems were used. Monolayer (2D), tumorsphere
culture (3D), and BTIC culture (3D) following CD133+ cell enrichment setups were used

depending on the related experimental procedures and they were compared to each other.

4.1.1. Monolayer Cultures

SKNBE(2) (ATCC® CRL-2271) and SH-SY5Y (ATCC® CRL-2266) human
neuroblastoma cell lines as well as A172 (ATCC® CRL-1620), U-87 MG (ATCC® HTB-
14), and T98G (ATCC® CRL-1690) human glioblastoma cell lines were used at different
parts of this thesis. U87-MG, A172, and T98G cell lines were generous gifts of Assist. Prof.
Tugba Bagci Onder from Koc University.

For for monolayer culture of all the stated cell lines, High Glucose (4.5 g/L) DMEM medium
(Gibco, #41966029) was used as a basal medium and supplemented with one percent
penicillin-streptomycin solution (Gibco, #15140122) and 10 percent fetal bovine serum
(FBS) (Life Technologies, #10500064). This medium was called complete DMEM medium
in the following sections. Cells were grown in 37°C and 5 percent CO> incubator with either
normoxia (21 percent oxygen) or hypoxia (one percent oxygen).

4.1.2. Tumorsphere Cultures and Brain Tumor-Initiating Cell Cultures

To form tumorsphere cultures from monolayer cells and support BTICs after conducting
CD133+ isolation; initial proliferation media (IPM), N2 media and coated culture plates

Were necessary.
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4.1.2.1. Poly-HEMA Coating

Plates were prepared by coating with Poly-HEMA (Poly (2-hydroxyethyl methacrylate)
solution. To prepare Poly-HEMA solution, 38 ml absolute ethanol was mixed with two ml
double distilled water into a 50 ml falcon. Following the addition of 1.2 grams of poly-
HEMA (Sigma, #P3932) powder into the mixture, it was placed in a shaker at 37 °C with a
vigorous shake for four-five hours until no powder could be seen with the naked eye. This

poly-HEMA solution was filtered to sterilize and kept at 4 °C up to Six months.

There were critical steps for the preparation of poly-HEMA solution. It would not dissolve
if first the poly-HEMA powder was weighed or the ethanol was not diluted with water. Also,
the low attachment property of the material was lost when the solution was kept for more
than six months, or the coated-plates were kept for more than three months.

Table 4.1. Poly-HEMA coating for various size of dishes [110]

Volume per dish/per well
3.5 cm dish 500 pl
6 cm dish 1.3 ml
10 cm dish 3.2ml
12-well plate 200 pl
24-well plate 100 pl
96-well plate 25 ul

The stated amounts of poly-HEMA solution (Table 4.1) was poured to the dishes to cover
their surfaces. They were kept under the biosafety cabinet with their covers open for drying.
However, the cabinet should not be open to prevent over-drying and the formation of
unwanted coating style on the dishes. The following day, the dishes were UV-sterilized and

stored at RT in a cool and dry place for three months.

The dishes could be coated two or three times to have homogenous coating depending on
the ongoing experiment. In addition, the presence of remaining ethanol on the dishes could

lead to cell death so the time of incubation in the cabinet was critical.
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4.1.2.2. Initial Proliferation Medium (IPM) and N2 Medium Preparation

Initial proliferation medium is necessary for culturing tumorspheres and isolated BTICs up
to three passages. IPM is made up of Neurobasal Medium (Gibco, #21103049), 1X B27, 1X
GlutaMAX, one percent penicillin-streptomycin solution (Gibco, #15140122), 20 ng/ml
FGF-2 (#13256029) and 20 ng/ml EGF (#SRP3027).

N2 medium is necessary for culturing spheroids and isolated BTICs over three passages. N2
medium is made up of Neurobasal Medium (Gibco, #21103049), 1X N2 (Gibco,
#17502048), 1X GlutaMAX (Gibco, 35050061), one percent penicillin-streptomycin
solution (Gibco, #15140122), 20 ng/ml FGF-2 (#13256029) and 20 ng/ml EGF (#SRP3027).

4.1.2.3. Culturing Spheroids and BTICs

Tumorspheres and CD133+/- BTICs were grown and maintained in complete initial
proliferation medium (IPM) for 7-10 days in an incubator at 37°C and five percent COy,
replacing the medium with freshly prepared IPM every three-four days until their size

reaches 200 microns, or they start dying from the center.

When they reached the limitations, the cells were separated with passaging. For passaging
the cells, the suspension cells were collected from the dishes to a falcon and spinned down
at 300xg for 10 minutes. Following the centrifugation, the medium was aspirated, and one
ml StemPro Accutase Cell Dissociation Reagent (Gibco, #A1110501) was added onto the
cells and cells were incubated 37°C for five minutes. They were triturated for about 40 times
until the spheroids become single cell suspension. Onto this single cell suspension, five ml
of PBS with antibiotics was added. Cells were counted at this stage if necessary or to

continue cells were spinned down at 300xg for five minutes.

For cryopreservation, tumorspheres or BTICs were collected with their media and were
spinned down at 150xg for five minutes. The cells were mixed with freezing media (IPM
without growth factors and 10 percent DMSOQ) and placed to a freezing container at -80 °C
O/N.
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For thawing the vials, they were placed in a beaker with 70 percent ethanol in 37°C water
bath. They were transferred to fresh IPM without growth factors and spinned down at 150xg
for five minutes. The recovery of the freezed-thawed cells was not efficient. Freshly isolated

cells were preferred for the experiments.

4.2. ISOLATION OF BRAIN TUMOR INITIATING CELLS (BTICs)

SKNBE(2) neuroblastoma cells were grown on about 20x T150 flasks as monolayer cells
with complete High Glucose DMEM media, as described previously. The cells were grown
to 80 percent confluency, and on the day of isolation, the media was taken away and cells
were washed with five ml PBS/flask and three ml of StemPro Accutase/flask was added onto
the cells. The cells were resuspended with MACS Buffer (two percent bovine serum albumin
(BSA), two mM EDTA and phosphate-buffered saline (PBS) pH 7.2).

Accutase is a natural enzyme mixture with proteolytic and collagenic enzyme activity. It has
a similar effect with trypsin and collagenase, but less harmful to cell surface receptors

because it is a less toxic and more sensitive enzyme.

For the experiments, CD133/1 (AC133)-PE, human (clone: AC133) (Miltenyl Biotec, #130-
098-826) was chosen as a marker for multipotent progenitor cells. This epitope is expressed

on various adult stem cells as well as ES and iPS cell-derived cells.

To prevent the clogging of the columns at the ongoing isolation procedure, cells were passed
through the first 70-micron cell strainer several times until they can pass freely through it.
Then, they were passed through 30-micron filter several times, cell aggregates were
removed, and the single cell suspension was prepared. Cells could be counted at this stage
of the procedure. The viable cell number was determined by staining the cells with 0.4
percent Trypan Blue Solution (Gibco, #15250061). To continue, cells were spinned down
at 300xg for 10 minutes, and the supernatant was removed. Cells were resuspended in 60 pl
MACS buffer/107 cells and 20 pl FcR Blocking Agent/10 cells, and 20 pul CD133
Microbeads/10” cells were added (Miltenyl Biotec, #130-100-857). The cells were kept at
4°C for 30 minutes at a constant, slow rotation (12 rpm). Following incubation, two ml
buffer/107 cells were added to wash the cells, and then they were spinned down at 300xg for

10 minutes again.
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MACS MS column (Miltenyl Biotec, #130-042-201) was placed on the MACS Mini
Separation stand. The cells prepared in the previous step were loaded onto that column, and
with gravity effect, the suspended cells flow through the column for positive selection. That
is, the cells labeled for CD133 (CD133+) were kept in the column while marker-free cells
(CD133-) would not bind and washed away with the buffer.

The column was washed three times with 500 pl of the buffer to wash column-retaining
CD133+ cells, the flowing liquid was collected again, and the resulting cells were combined
to assemble CD133- cells. For elution of CD133+ cells, the column was separated from the
magnetic stand and allowed to stand in the non-magnetic field for about two minutes and

flushed out with one ml MACS buffer with the supplied plunger.

Cells were counted with Trypan Blue, spinned down for five minutes at 150xg and
resuspended in complete IPM and cultured for 7-10 days in an incubator at 37°C and five

percent CO>, replacing the medium with freshly prepared IPM every three-four days.

4.2.1. CD133/1 (AC133)-PE Staining for Flow Cytometry

To test the fractions for the presence of CD133 marker, the unsorted, CD133+, and CD133-
fractions were checked with flow cytometry. For this, cells were grouped as unsorted
(stained-unstained), CD133+ (stained-unstained) and CD133- (stained-unstained) and they
were stained with CD133-PE antibody. For staining, 10 ul of CD133/1 (AC133)-PE, human
(clone: AC133) (Miltenyl Biotec, #130-098-826) was added to up to 2x10° cells/group, and
they were incubated for 15 minutes in the refrigerator in the dark. Following the incubation,
two ml MACS buffer was added, and cells were spinned down at 300xg for 10 minutes. The

obtained fractions resuspended in 200 pul MACS buffer were analyzed via flow cytometry.

4.3. HANGING DROP METHOD

To mimic the spheroid formation with changing culture conditions and low attachment
plates, hanging drop method was used as shown in Figure 4.1. For this, cells were grown as
monolayers and seeded for transfection on day zero. On day one, they were transfected with

DNA and PEI transiently as done routinely in our laboratory and incubated for 24 hours. The
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following day, they were trypsinized, counted and suspended in complete high glucose
DMEM medium at a concentration of 5x10* cells/ml. Twenty microliters of cells were
placed inside the cover of a 100 mm sterile culture dish and seven ml of PBS was added
inside the lower part of the dish to prevent the drops from drying. The drops were incubated
at 37°C, five percent CO2 incubator for 48 hours to allow for spheroid formation. At the end
of 48 hours, pictures were taken with a stereomicroscope (Leica LED3000 SLI), and cells

were collected by washing with PBS to be used for the following experiments.

— 12 hours

24 hours

Day 0 48-72

.' . . ’ hours

Figure 4.1. Schematic representation of the hanging drop method (based on experimental
procedure)

The hanging-drop method was also used to check whether Elk-1 transfection was effective
in the formation of these drops or not. With this purpose, SKNBE(2) cells were first seeded
as 25x10* cells/well of a 6-well plate before the day of transfection. The following day, cells
were transfected with PEI (Polyethylenimine, linear, MW 25000, Polysciences) transfection
reagent at a ratio of 1:3 and incubated O/N at 37°C incubator. The overall incubation time
necessary for SKNBE(2) cells to express Elk-1 protein following transformation was 48

hours.

For this part of hanging-drop experiments, the transfected cells were dissociated and
collected from the dish and counted to prepare the suspension necessary for the preparation
of drops. This time, the drops were prepared with neuroblastoma cells transfected with
pcDNA3.1 (+) and EIk1-VP16 plasmids as 5x10* cells/ml in 20 microliters and incubated
24 hours after transfection. Once the drops were prepared on 100 mm culture dishes, they
were again incubated for 24 hours to complete the total 48 hours of incubation time necessary

for EIk-1 expression.
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4.4. SELF-RENEWAL ASSAYS
4.4.1. Soft Agar Assay

The 3D growth conditions of in vivo environment were mimicked with both the media and
the semisolid matrix, in this case, low melting point (LMP) agar. Soft agar assay is

summarized in Figure 4.2.

At the end of 14 days, colonies were counted under a 10X magnification or stereo
microscope. For staining, crystal violet was dissolved in PBS with two percent ethanol at a
final concentration of 0.04 percent, filtered with 0.45 um filter and dishes were stained with
50 ul of this solution for one hour at RT. The dishes were checked every ten minutes to
prevent the staining of background. Then, the staining solution was taken away carefully,
and the wells were washed with water three times for 30 minutes. At the last wash, water

was kept in the wells O/N to remove the background. The dishes were ready for counting

then.
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Figure 4.2. Soft agar assay in summary (based on experimental procedure)
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4.4.2. Limiting Dilution Analysis (LDA)

Limiting dilution analysis (LDA) has been extensively used to find out differences within
multiple groups for a particular trait. In our case, LDA was used for determining the cancer
cell initiating frequency of CD133+ and CD133- SKNBE(2) cells; in other words, to
evaluate the self-renewing capacity of BTICs. For LDA, following the BTIC isolation
procedure, cells were counted so that 10000 cells/50 ul complete IPM would be present in
the first tube. Through serial dilution by factor two up to 1 cell/50 ul, cells were seeded on
poly-HEMA coated 96-well plates. For each condition/cell number, samples were seeded in
quintuplet. 25 ul culture media was added to each well every three-four days and cells were
examined for the presence/absence of spheres and quantified on day 10.

4.5. TRANSIENT TRANSFECTION FOR ADHERENT CELLS

In the thesis, nucleic acids were introduced into the cells through liposome-mediated
transient transfection. Linear polyethyleneimine, which is a polycation with high ionic
charge density, PEI (MW 25000 kDa, Polysciences), was used for the formation of liposome
complexes over the nucleic acids. Cell density and PEI ratio were determined for each cell

line.

One day before transfection, single cell suspensions of adherent cell cultures were prepared
and seeded at 0.3-0.6x10° cells/cm? density in complete DMEM medium, and they were
incubated in 37°C, five percent CO- incubator at transfection the flasks would be 85-90
percent confluent. At day one, for the formation of the carrier liposome complex, the desired
plasmid and PEI were mixed at the determined ratio for each cell line in serum-free DMEM
and incubated at RT for 20 minutes. At the end of the period, complete DMEM medium with
10 percent FBS was added to the mixture at half the volume of the mix. Two hours later,
complete DMEM medium was added to the wells/dishes and the cells were incubated for 48

hours in 37°C, five percent CO; incubator for the transgene expression.



29

4.