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ABSTRACT

Epithelial-mesenchymal transition (EMT) has been implicated in the process of
breast cancer metastasis, and ZEB2 has been implicated in EMT. Some evidence exists
suggesting that epigenetic DNA methylation modifications may be involved in EMT;
however, the specific contribution of DNA methylation to ZEB2 regulation is poorly
understood. | hypothesize that aberrant hypomethylation of the ZEB2 promoter results in
increased expression of ZEB2 in cells that have gone through EMT. | observed decreased
ZEB2 promoter methylation and increased ZEB2 expression in vitro in mesenchymal-like/
breast cancer cells. Functional assays performed by treating cells with epigenetic
inhibitors revealed ZEB2 demethylation that correlated with ZEB2 re-expression in a cell
line sub-population. As well, a region flanking the ZEB2 gene was defined as having
promoter activity, and this activity was sensitive to in vitro DNA methylation. These

results support my hypothesis that DNA methylation may be involved in the regulation of

ZEB?2 expression,

Keywords: ZEB2, epigenetics, breast cancer, epithelial-mesenchymal transition, DNA

methylation
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CHAPTER 1- INTRODUCTION

1.1 BREAST CANCER AND THE IMPORTANCE OF METASTASIS

Cancer is a multistep process involving the transformation of normal human cells
into highly malignant cells. Cancerous cells can generate their own growth signals and
are insensitive to growth inhibitory signals. They can evade programmed cell death and
have limitless replicative potential. They also may develop sustained angiogenesis and
are capable of tissue invasion and metastasis (Hanahan and Weinberg, 2000). These
characteristics are thought to be common among cancer cells. However, this process can
occur in different types of cells and tissues, giving rise to an extensive array of cancer

types, each with their own unique properties and clinical consequences.

1.1.1 Breast Cancer

Breast cancer is the most common cancer among Canadian women. In 2009, an
estimated 22,700 women will be diagnosed with breast cancer and 5,400 will die of it
(Canadian Cancer Society's Steering Committee: Canadian Cancer Statistics 2009.
Toronto: Canadian Cancer Society). There are many types of mammary carcinoma, but
the majority of breast cancers are epithelial-in-origin, and often arise at the junction
between the terminal duct and lobule (Sims et al., 2007; Wellings et al., 1975). It was
originally thought that breast cancer progression occurred in a simple multi-step fashion.
However, it is evident that this process is quite complex, involving many genetic and
signalling alterations. Because of this, the classification of breast cancer can be difficult.

Clinically, breast carcinomas are classified by stage and grade, and it has become



increasingly important to examine the expression of molecular markers, such as human
epidermal growth factor receptor 2 (HER?2), estrogen receptor (ER) and progesterone
receptor (PR) (Simpson et al., 2005). As well, mutations of known genes are often
screened, especially in tumours of patients with a family history of breast cancer (Szabo
and King, 1995). Together, these classifications can help aid in the diagnosis and
prognosis of patients, and aid in the selection of treatments. However, it is important to
understand that the majority of deaths due to breast cancer are not due to the primary
tumour itself, but are due to the spread of disease, or metastasis, to distant organs.
Despite this fact, little is understood of the mechanisms underlying metastatic
progression, and very few biological markers exist to differentiate tumours with

metastatic potential.

1.1.2 The Metastatic Cascade

The process of metastasis is intricate, and in order to develop a metastatic tumour,
a series of steps must have been completed (Chambers et al., 2002). Initially,
angiogenesis must occur during the growth of the primary tumour. This is the process in
which the primary tumour develops a blood supply to support its metabolic needs as it
grows. This can then provide a route for cancer cells to escape from the primary tumour,
a process known as intravasation (Wyckoff et al., 2000). Cancer cells can also enter the
circulatory system through an indirect mechanism, by first entering through the lymphatic
system. Once in circulation, these cells must be able to survive until they can arrest in a
new organ. They must extravasate out of the circulation, into a distant tissue. These steps

are highly inefficient, and only a small subset of these cells actually survives throughout



the process. Once in a distant organ, these cells have many fates. Many will die, some
remain dormant, and a few cells may initiate growth. New blood vessels must be created
In order to sustain the growth of these cells (Chambers et al., 2002).

Cells often metastasize from a primary tumour to specific organs. Breast cancer
cells often metastasize to bone, liver, brain and lungs (Chambers et al., 2002). This may
be due in part, to patterns of the circulatory system (Ewing, 1928). However, this can also
be partially explained by the ‘seed and soil’ theory of cancer spread, in which the success
of a cancer cell depends on the environment of the secondary organ (Paget, 1989). Thus,
not only are characteristics of cancer cells important in metastatic progression, but the
interaction between cancer cells and their environment can also play a role. It is clear that
the process of metastasis is quite complex, and undoubtedly, this process relies on a wide

range of molecular and behavioural alterations of cancer cells.

1.2 THE IMPORTANCE OF EPITHELIAL-MESENCHYMAL TRANSITION
The process in which epithelial cells lose many of their physical characteristics
(i.e. becoming more mesenchymal-like and gaining motility) is known as epithelial-
mesenchymal transition (EMT). The EMT process appears to be conserved throughout
evolution, and has been shown to be important in development. More recently, this
process has been thought to help contribute to metastasis (Thiery, 2002), as the majority

of breast cancers are epithelial-in-origin (Wellings et al., 1975).



1.2.1 Normal Epithelium

Epithelial cells form thin layers, joined by multiple types of junctions. Cell-cell
adhesion junctions and cell-basement membrane junctions are pivotal in the maintenance
of the epithelial phenotype. These cells are also highly polarized, and this apico-basal
polarity is defined by the localization of the junctional proteins, the polarity of the actin
cytoskeleton and the presence of the basal lamina (Berx et al., 2007).

Tight junctions, gap junctions, adherens junctions and desmosomes are all found
between epithelial cells. Tight junctions provide a physical barrier that restricts
paracellular transport. These are found at the boundary between the apical and lateral
surface domains. Claudins are the essential transmembrane protein of these junctions.
while zona occludens (ZO) proteins are highly enriched at the cytoplasmic face.
Adherens junctions provide adherent strength, and are localized to the basal side of tight
junctions. The cadherin family of proteins is very important in this junction. E-cadherin
is the main cadherin found in epithelial cells, and interaction between E-cadherin on the
surfaces of adjacent cells provides strong cell-to-cell adhesion. Cytoplasmically, catenins
link E-cadherin to the actin cytoskeleton. ZO proteins have also been found in these
junctions. Gap junctions are cell-to-cell channels which allow small molecules to be
exchanged between neighbouring cells and connexins are the most integral protein of
these junctions. Desmosomes help to resist shearing forces, and are crucial for tissue
integrity. These junctions form a continuum of cells within tissues by linkage of their
membrane proteins, desmocollin and desmoglein, to intermediate tilaments, via
desmoplakins. Epithelial cells also maintain contact with the basement membrane

through integrin heterodimers (Giepmans and van Ijzendoorn, 2009).



Epithelial cells are motile, but because of their organization, they remain within
this epithelial layer, and thus only move in two dimensions. Normally, these cells do not
detach and move away from the epithelial layer. When grown in culture, these cuboidal
cells grow as clusters of cells, maintaining maximal contact with cells surrounding them

(Overton, 1977; Thiery and Sleeman, 2006).

1.2.2 Epithelial versus Mesenchymal Cells

Mesenchymal cells are phenotypically different from epithelial cells. These cells
are not polarized, and do not form an organized layer of cells. They only maintain focal
contact with neighbouring cells, and do not associate with the basal lamina. When grown
in culture, these cells are spindle-shaped and fibroblastic in phenotype, and are often
highly motile (Overton, 1977; Thiery and Sleeman, 2006).

Epithelial cells can be distinguished from mesenchymal cells in several ways. Not
only do they differ phenotypically, but their molecular compositions also differ. E-
cadherin, the adherens junction protein, is highly expressed in epithelial cells, and is not
present in mesenchymal cells (Giepmans and van Ijzendoorn, 2009; Yoshida-Noro et al.,
1984). The expression of other junctional proteins is also lower in mesenchymal cells
compared to epithelial cells. Mesenchymal cells express intermediate tilaments, such as
vimentin, specific cadherins such as N-cadherin, and cytoskeletal proteins and
extracellular matrix components, such as fibronectin (Berx et al., 2007; Franke et al..

1979; Franke et al.; 1978; LaGamba et al., 2005).



1.2.3 The EMT Process

A process known as epithelial-mesenchymal transition (EMT) occurs when
epithelial cells lose many of their epithelial characteristics, and become more
mesenchymal-like in their properties, becoming more motile. This process was initially
thought to only occur during development, but has also been shown to occur in adult.
differentiated tissues (Greenburg and Hay, 1982, 1988). This process can also reverse, in
a process known as mesenchymal-epithelial transition (MET), where mesenchymal cells
regain an epithelial-like phenotype (Thiery, 2002). EMT is triggered by extracellular
signals such as extracellular matrix (ECM) components and soluble growth factors like
transforming growth factor beta (TGFp). In response to these ligands, receptor-mediated
signalling triggers the activation of intracellular effector molecules, which then
coordinates the disassembly of the junctional complexes and the changes in cytoskeletal
organization that occur during EMT. This can also result in the activation of
transcriptional regulators, such as zinc finger E-box binding homeobox 2 (ZEB2), Snail
and Slug, which can regulate changes in the expression of many genes important in EMT.
The main target of downregulation is E-cadherin by these factors. Not only does this
result in the loss of adherens junctions, but also in a loss in E-cadherin mediated
signalling. E-cadherin also binds to B-catenin (Ozawa et al., 1989), and plays a role in
sequestering the nuclear signalling capabilities of B-catenin (Bienz, 2005). EMT also
involves a reorganization of contact with the basement membrane, and a change occurs
from cadherin-based adhesion to integrin-based adhesion. Cross talk between E-cadherin

and integrins helps coordinate this transition (Thiery and Sleeman, 2006).



1.2.4 EMT in Development

Epithelial-mesenchymal transition is crucial during development. During
embryogenesis, epithelial sheets can convert into mesenchymal cells, allowing for the
formation of the three-layered embryo through gastrulation. Multiple pathways can
contribute to this, such as the fibroblast growth factor (FGF) receptor-1 signaling and the
wingless and Int (WNT) signalling pathway. EMT is also important in the development
of many structures, such as the brain, where neural-crest cells undergo EMT within the
dorsal neural epithelium and migrate before differentiating. This process involves
signalling through bone morphogenic protein (BMP), WNT and FGF. As well,
endocardial EMT is regulated through the TGFp and NOTCH signalling pathways during

the formation of the cardiac valve (Thiery and Sleeman, 2006).

1.2.5 EMT in Cancer Metastasis

Epithelial-mesenchymal transition also plays an important role in tumour
progression (Figure 1.1). EMT may enhance the metastatic capabilities of cancer cells,
through the acquired mobility associated with this transition. There are many known
inducers of EMT in the context of cancer. Loss of E-cadherin expression plays a
significant role in EMT induction, and can occur in several ways. The aberrant
expression of transcriptional repressors of E-cadherin, such as Snail, Slug, ZEB2 and
transcription factor 3 (TCF3), can contribute to EMT (Bolos et al., 2003; Cano et al.,
2000; Comijn et al., 2001; Eger et al., 2005; Perez-Moreno et al., 2001). Alternatively,

mutations in E-cadherin can cause the absence, or truncation, of the E-cadherin protein in




Figure 1.1 Parallels between metastasis and epithelial-mesenchymal transition. For
metastasis to occur, a cell must escape the primary tumour (known as intravasation),
invade into circulating blood or lymph vessels, and survive in the circulation. It can then
arrest in capillaries and escape to a distant tissue (known as extravasation) where it must
survive and sustain growth, forming a micrometastasis. To gain the migratory capabilities
required for invasion, epithelial cells may lose their characteristics and become more
mesenchymal like, through epithelial-mesenchymal transition (EMT). In contrast, once
cells have travelled to distant tissues, they may lose their migratory capabilities and
become more epithelial-like through mesenchymal-epithelial transition (MET). Modified

from: (Thiery and Sleeman, 2006; Tse and Kalluri, 2007).
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an early stage of disease (Berx et al., 1995). As well, it has been shown that a large
number of receptor tyrosine kinases and growth tactors can induce EMT (Thiery. 2002).
For instance, activation of mesenchymal-epithelial transition factor (MET) by hepatocyte
growth factor (HGF) can initiate many signalling cascades resulting in enhanced cell
scattering, migration, invasion and metastasis (Benvenuti and Comoglio, 2007).
Activation of other tyrosine kinase receptors such as receptors for fibroblast growth
factor, insulin-like growth factor and the epidermal growth factor receptor (EGFR) family
has also been shown to induce EMT (Thiery, 2002; Valles et al., 1990). As well, TGF,
an important inducer of EMT in development, can also induce EMT in cancer cells
(Caulin et al., 1995; Thiery, 2002). EMT can also occur through NOTCH, WNT and
hedgehog signalling. Many of these signalling pathways are important in development,
and it is evident that aberrant signalling of these pathways can lead to cancer progression.
Alterations in signalling pathways due to inactivating mutations, altered expression of
transcription factors, aberrant receptor activation, and more recently observed, aberrant
epigenetic marks, can all contribute to the complex process of cancer progression

(Esteller, 2008; Thiery and Sleeman, 2006).

1.3 THE IMPORTANCE OF EPIGENETICS

While it is evident that the complex processes of metastasis and epithelial-
mesenchymal (EMT) are influenced by a variety of genetic alterations. such as
chromosome copy number changes and genetic mutations, the emerging tield of

epigenetics may also contribute important insights into these processes.
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1.3.1 An Overview of Epigenetics

Chromatin consists of nucleosome units. which consists of DNA wrapped around
clusters of proteins known as histones, with DNA linker regions in between. These units
fold into fibres, which in turn, fold into more compact fibres. This allows chromatin to be
efficiently compacted (Peterson and Laniel, 2004). However, the structure of chromatin
can be altered to either permit or prevent gene transcription. An open, active
conformation of chromatin allows for transcription factor and transcription machinery
accessibility. Chromatin can also be condensed, which renders it inactive, and this tends
to be refractory to transcription (Figure 1.2). The epigenetic modifications that control
these chromatin states include DNA methylation and histone modifications (Rountree et
al., 2001). Epigenetics is defined as changes in gene function without a change in the
DNA sequence itself, thereby providing an extra level of regulation. impacting gene
expression (Rodenhiser and Mann, 2006).

Nucleosomes are composed of four histone pairs, H2A, H2B, H3 and H4, which
form an octamer. These globular proteins act as a spool around which approximately 150
bp of DNA is wrapped. Modifications of histones occur on histone tails, which are
unstructured, N-terminal regions of these proteins. There are at least eight types of
histone modifications, the most studied of which are methylation, phosphorylation and
acetylation. At least 60 different residues have been found to contain these modifications.
Histone modifications can directly influence chromatin structure, and can recruit other
proteins to histone clusters, with distinct modifications associated with each chromatin

state. Silent chromatin (heterochromatin) is associated with low levels of histone




Figure 1.2 DNA methylation and chromatin remodelling. DNA methylation occurs on
cytosines of cytosine/guanine pairs (CpGs). DNA methyltransferases (DNMTs) transfer
methyl groups (CHj3) from methyl donor S-adenosylmethionine (SAM) to the fifth carbon
of cytosine. This process results in the conversion of SAM to S-(5'-deoxy-5"-adenosyl)-1-
homocysteine (SAH). This form of epigenetic modification, along with histone
modifications, control chromatin remodelling. Open chromatin is associated with low
levels of DNA methylation (open, white circles), high levels of histone acetylation (Ac)
and H3K4 histone methylation. Closed chromatin is associated with high levels of DNA
methylation (closed, red circles), as well as the recruitment of methyl-binding proteins
(MBDs), histone deacetylase complexes (HDACs) and H3K9, H3K27 and H4K20

histone methylation. Modified from: (Gronbaek et al., 2007).
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acetylation and high levels of histones methylated at specific sites, such as H3K9, H3K27
and H4K20. In contrast, active chromatin (euchromatin) is associated with high levels of
histone acetylation and trimethylation at H3K4, H3K36 and H3K79. As well, there are a
multitude of different enzymes responsible for catalyzing these modifications.
Acetyltransterases acetylate histones, whereas histone deacetylases remove acetyl groups
from histones. Simarily, methyltransferases add methyl groups to histones, while
demethylases remove them. Many of these enzymes have specificity as to the particular
residue they modulates (Kouzarides, 2007).

The second type of modification important in chromatin structure is DNA
methylation. DNA methylation occurs at sites of cytosine and guanine pairs, known as
CpG pairs, or CpGs, where a methyl group is covalently added to the 5 carbon of
cytosine. There are three main DNA methyltransferases (DNMTs) that are responsible for
transferring methyl groups onto DNA from the methyl donor S-adenosyl methionine
(SAM). DNMTT1 is responsible for maintaining the methylation pattern through
replication, adding methyl groups to the newly synthesized strands of DNA (Bestor,
1992; Leonhardt et al., 1992), whereas DNMT3A and DNMT3B are responsible for de
novo methylation, and thus are capable of adding new methyl groups onto DNA (Okano
et al., 1999). Often, CpGs are found clustered together in highly CpG-rich regions known
as CpG islands (Gardiner-Garden and Frommer, 1987). CpG islands are often seen in the
promoter regions of genes: approximately 60% of all genes have CpG islands associated
with them. High levels of CpG methylation within the promoter region of genes, whether
in conventional CpG islands or not, is often associated with transcriptional repression.

This is because methyl groups can physically hinder the binding of transcription factors,
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as well as recruit methyl-binding proteins, which can then recruit other proteins such as
corepressors (Guil and Esteller, 2009).

It is still under debate as to the order in which epigenetic modifications occur on
chromatin. There is evidence that DNA methylation occurs first, which then recruits
methyl-binding proteins and histone deacetylases to the chromatin (Stirzaker et al., 2004;
Vaissiere et al., 2008). Conversely, there is also evidence that DNA methylation plays a
role in locking the chromatin into an inactive state, and therefore occurs after other
epigenetic modifications (Bachman et al., 2003; Vaissiere et al., 2008). However, despite
this debate, it is clear that together these two types of epigenetic modifications, histone
modifications and DNA methylation, act to modulate chromatin structure and

transcriptional activity.

1.3.2 Normal Functions of DNA Methylation

DNA methylation has an extremely important role in development. After
fertilization, the paternal genome undergoes rapid demethylation (and changes in histone
modifications). The maternal genome is gradually demethylated, and a new set of
embryonic methylation patterns are created (Monk et al., 1987). DNA methylation is
important in genomic imprinting, a process that distinguishes between maternal or
paternal inheritance so that only one allele is expressed (Verona et al., 2003). DNA
methylation is also important in X-chromosome inactivation. a process in which one of
the two copies of the X-chromosome in a female is inactivated (Heard et al., 1997), and

tissue-specitic gene expression (Song et al., 2005).
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DNA methylation also plays an important role in the maintenance of genomic
stability. Repetitive genomic sequences are normally highly methylated, potentially to
prevent chromosomal rearrangements, translocations and the reactivation of transposons

(Lo and Sukumar, 2008; Schorderet and Gartler, 1992).

1.3.3 DNA Methylation in Cancer

It is well known that genetic alterations and gene expression changes can
contribute to cancer. More recently, it has been shown that epigenetic alterations can also
contribute to this disease. DNA methylation can contribute to cancer in a variety of ways
(Figure 1.3). First, deamination of 5-methylcytosine can result in transitional mutations at
methylated CpG dinucleotides (Coulondre et al., 1978). Secondly, it has also been
observed that DNA methylation patterns are dramatically altered in cancer cells. A
progressive overall loss of methylation, combined with increased methylation in the
promoter regions of specific genes, has been shown to contribute to the aberrant
behaviour of these cells (Esteller, 2008; Feinberg et al., 1988; Gronbaek et al., 2007; Lo
and Sukumar, 2008; Rountree et al., 2001). Hypomethylation of DNA in cancer cells
often occurs in repetitive regions, or gene-poor regions, of the genome, and in the coding
regions and introns of genes (Esteller, 2008; Weber et al., 2005). Thirdly,
hypomethylation of a genome can have dramatic effects on a cell, causing genomic
instability, leading to mitotic recombination, causing deletions and translocations, as well
as chromosomal rearrangements (Eden et al., 2003; Qu et al., 1999). Fourthly,

hypomethylation can reactivate transposable elements turther disrupting the genome,



Figure 1.3 The contribution of DNA methylation to cancer. During cancer
progression, an overall decrease in methylation is often seen which can result in genomic
instability and the expression of oncogenes. An increase in methylation specifically at the
promoters of genes during cancer progression is also seen, and can result in the
repression of tumour suppressor genes. Furthermore, spontaneous deamination of 5-

methylcytosine can result in point mutations. Modified from: (Esteller, 2007).
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cause a loss of imprinting, and cause a loss of gene silencing (Bourc'his and Bestor, 2004;
Esteller, 2008). Finally, hypomethylation of gene promoters can also lead to aberrant
gene expression, disrupting tissue-specific expression of many genes, causing alterations
in transcription and signalling (Gronbaek et al., 2007).

In the same respect, hypermethylation of particular regions of the genome can be
detrimental. One of the most dramatic effects of DNA methylation alterations in cancer is
hypermethylation of gene promoter regions. This can cause silencing of a variety of
individual genes important in the cell cycle, DNA repair, cell-to-cell interactions,
apoptosis and angiogenesis, including tumour-suppressors (Herman and Baylin. 2003).
More recently, it has also been shown that hypermethylation of sequences encoding
microRNASs can cause aberrant repression of genes important in cell cycle, DNA repair
and cell-to-cell interactions (Guil and Esteller, 2009).

Abnormal DNMT behaviour may contribute to considerable changes in DNA
methylation patterns found in cancers. Indeed, DNMT over-expression has been found in
numerous cancers (Rountree et al., 2001). It has also been suggested that disruption of the
DNMT complex due to the loss of binding partners is another potential factor for
carcinogenesis (Rountree et al., 2001).

More recently, the contribution of aberrant DNA methylation to the process of
metastasis has been identified. The majority of the work in this field has focused on DNA
methylation patterns in the promoters of genes whose expression is altered both in vitro,
in aggressive cell lines, and ir vivo, in tumours demonstrating lymph node metastasis and

in metastatic lesions (Rodenhiser, 2009).
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Studying how altered methylation patterns contribute to cancer and metastasis
will help us gain a better understanding of the development of this disease, while
identifying the methylation status of a particular gene may be used as a diagnostic, or

prognostic factor, or to help predict the response to treatment by some patients.

1.3.4 Epigenetic Drugs as Tools

The emergence of epigenetic modifications as contributors to cancer and
metastasis has led to the development of drugs that alter these epigenetic modifications,
many of which are currently being used both in the clinic, and for research purposes.
There are two main types of epigenetic drugs: demethylating agents, and histone
deacetylase inhibitors.

The two most studied demethylating agents are 5-azacytidine (Vidaza) and 5-aza-
2’deoxycytidine (Decitabine). These drugs are analogues to cytosine, and therefore can
be incorporated into DNA in the place of cytosine. These inhibitors are capable of
covalently binding to DNA methyltransferases (DMNTs). Thus, when these drugs are
present, DNMTs are trapped and unable to transfer methylation groups to DNA. Thus,
during transcription, loss of methylation is seen with these inhibitors (Jones and Taylor,
1980). Despite the similarity of these drugs, they do not possess the same efficacy. 5 aza-
2’deoxycytidine is a more potent inhibitor of DNMTs, as this analogue is only
incorporated into DNA, whereas 5-azacytidine is capable of being incorporated into both
RNA and DNA (Hellebrekers et al., 2007). Both drugs have been approved in the United
States as therapeutic agents for the treatment of myelodysplastic syndrome, a pre-

leukemia disease. However, both of these drugs are highly unstable in neutral aqueous
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solutions. Thus, another cytosine analogue, Zebularine, has also been developed. which
has increased stability, lower toxicity and is highly selective for tumour cells (Cheng et
al., 2004). In addition, non-nucleotide DNMT inhibitors have been developed recently,
which bind to the active site of all DNMTs and disrupt the interaction between the
enzymes and their target sites (Brueckner et al., 2005; Segura-Pacheco et al., 2003). The
anti-cancer effect of these drugs can for the most part be attributed to the re-expression of
tumour suppressor genes, initially silenced by hypermethylation (Lo and Sukumar, 2008).

The second clan of epigenetic drug is histone deacetylase (HDAC) inhibitors.
Because it has been shown that abnormal recruitment of HDACs to the promoter region
of tumour suppressor genes can lead to cancer (Lo and Sukumar, 2008), it seems logical
that inhibiting these enzymes may have functional benefits to the treatment of cancer (Lo
and Sukumar, 2008). A number of both synthetic and natural inhibitors have been
developed or isolated, and can be classitied as hydroxamates, short-chain fatty acids,
cyclic peptides, benzamides, or anilides. These inhibitors have been shown to have anti-
cancer effects, eliciting such responses as apoptosis, cell-cycle arrest, immune
modulation and anti-angiogenesis affects. These effects occur both through histones and
non-histone proteins (Bolden et al., 2006).

Interestingly, epigenetic drugs are also currently being used as experimental tools
for research. An increasing number of studies report the use of 5-aza-2’deoxycytidine (5-
aza) as a method of studying the contribution of DNA methylation to the regulation of a
particular gene of interest, or in whole-genome studies (Chiurazzi et al., 1999; Hesson et
al., 2009; Kongkham et al.. 2008; Meng et al., 2007; Rivenbark et al., 2006; Seder et al.,

2009; Veeck et al., 2008: Veeck et al., 2006: Zhang et al., 2005). As well, Trichostatin A



(TSA), a HDAC inhibitor, is often used to understand the contribution of acetylation to
the regulation of gene expression. In fact, both 5-aza and TSA are often used
concurrently to allow for a maximally open chromatin structure, and often, these drugs
work synergistically to alter the expression of many genes thought to be regulated by
DNA methylation and histone modifications (Chiurazzi et al., 1999; Meng et al., 2007;

Veeck et al., 2008; Zhang et al., 2005).

1.4 THE METASTASIS PROJECT
Metastasis is responsible for the majority of deaths due to breast cancer, but

despite this clinical importance, the biology behind this process is poorly understood.

1.4.1 The Metastasis Project

To study the process of metastasis, a family of cell lines has been created by the
Chambers Lab (Vantyghem et al., 2005). The MDA-MB-468 breast adenocarcinoma cell
line, originally isolated from a 51-year old black female patient with metastatic
adenocarcinoma of the breast, was stably transfected with green fluorescent protein
(GFP), resulting in the MDA-MB-468-GFP cell line that stably expresses GFP
(Vantyghem et al., 2005) to allow investigation of these cells in a xenograft model
system. This cell line was orthotopically injected into the mammary fat pads of nude
mice, and tumours were formed. One mouse developed a lung metastasis despite the low
metastatic potential of the MDA-MB-468-GFP cell line. The cells of the lung metastasis
were isolated from the lung and grown in culture (MDA-MB-468-LN) (Vantyghem et al..

2005). These two cell lines differ in morphology: the parental MDA-MB-468-GFP cells




have an epithelial phenotype, whereas the daughter MDA-MB-468-LN cells appear more
spindle-shaped, have a higher proliferation rate, and form a greater number of non-
spherical colonies in 3-dimensional Matrigel (Pandit et al., 2009; Vantyghem et al.,
2005). The differences between these two related cell lines led to at least three pertinent
questions. 1) What genes are differentially expressed between these two cell lines? 2) Do
differences in DNA methylation at the promoter contribute to the differences in gene
expression? 3) Can these altered gene expression patterns and DNA methylation patterns
contribute to the differences in morphology and behaviour of these cells? To address
these questions, promoter tiling microarray analyses have been performed using genomic
DNA from the MDA-MB-468-GFP and MDA-MB-468-LN cells grown in 2D culture, to
detect DNA methylation changes between these two cell lines. Quantitative real-time
polymerase chain reaction (PCR) has been performed using cDNA from both the MDA-
MB-468-GFP and MDA-MB-468-LN cells grown in 2D culture, to examine the
expression of genes identified as having differential promoter methylation between these

two cell lines (Rodenhiser et al., 2008).

1.4.2 Candidate Genes

In an effort to narrow the potential gene targets identified from these arrays,
Ingenuity Pathways Analysis (IPA) software has been used to identity functional
categories and canonical pathways most significant to the genes that have been found to
be altered in our data sets. Because of the drastic morphology difference seen between
these two cell lines, a network of genes previously identified as being important in EMT

(Lee et al.. 2006) was analyzed by IPA, and the methylation status of these genes has




been overlaid onto the network (Figure 1.4). As well, biological relationships between
genes and gene products found to be altered in our data sets was demonstrated by
creating multiple networks related to the EFGR, TGEFB, TNF and MYC genes. The
resulting network identified multiple genes that are important in EMT or these signalling
pathways, and identified those with altered DN A methylation patterns between the two
cell lines. Epidermal growth factor receptor (EGFR), the lysosomal cysteine protease
inhibitor cystatin M (CST6), ZEB2, Slug and E-cadherin were genes that displayed
distinct promoter methylation and gene expression patterns in each cell line. The
methylation status of these genes has been confirmed through bisulfite genomic
sequencing, and expression has been confirmed by quantitative real-time PCR

(Rodenhiser et al., 2008).

1.5 THE RELEVANCE OF ZEB2 TO EMT

One of the targets whose gene expression and methylation patterns at the
promoter differed between the two cell lines was ZEB2. A considerable amount of
literature had focused on the importance of ZEB2 in development, and the involvement
of ZEB2 in EMT. Therefore, ZEB2 was selected as a relevant gene for further study in
the context of EMT and to understand the contribution of DNA methylation to its

regulation.

1.5.1 Molecular Functions of ZEB2
ZEB2, also known as SMAD-interacting protein-1 (SIP1) and zinc finger E-box

binding homeobox 2 (ZFHX1b), was originally identified through two independent




Figure 1.4 Ingenuity Pathway Analysis of genes associated with epithelial-
mesenchymal transition. This network is a graphical representation of the molecular
relationships between 35 genes associated with epithelial-mesenchymal transition. Node
colour indicates the degree of hypermethylation (blue) or hypomethylation (yellow)
above the significance cutoff. Nodes are displayed using various shapes that represent the

functional classes of the gene products as shown in the key (Rodenhiser et al., 2008).
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experiments; as a SMAD-interacting protein (hence the SIP1 nomenclature) through a
yeast two-hybrid screen (Verschueren et al., 1999). and as a Drosophila protein zinc
finger homeodomain 1 (zfh-1) homolog, expressed in the central nervous system (Postigo
and Dean, 2000). ZEB2 was the second member of the zinc finger E-box binding
homeobox/delta-crystallin enhancer-binding protein/zinc finger homeodomain 1
(ZEB/SEF-1/zth-1) family of vertebrate zinc finger/homeodomain proteins to be
identified.

ZFEB2 has similar gene structure and sequence to its mammalian homolog ZEB/,
and it has been postulated that both of these genes originated late in evolution from a
single zfh-1 gene (Postigo and Dean, 2000). The ZEB2 protein contains two zinc finger
domains located at the N-terminus and C-terminus, a central homeodomain (Postigo and
Dean, 2000; Verschueren et al., 1999), a SMAD-binding domain located between the
homeodomain and N-terminal zinc finger domain (Verschueren et al., 1999), and four
CtBP binding sites (CID) (Postigo and Dean, 2000) .

ZEB2 mRNA is expressed in fetal brain, liver and kidney, similar to ZEB/. The
expression patterns of ZEB] and ZEB?2 are also similar in adult tissue, with expression in
the spleen, skeletal muscle, bladder, placenta, and other muscular and nervous system
tissues. However, ZEB?2 is more abundant in the heart and brain (Postigo and Dean, 2000;
Verschueren et al., 1999) than ZEB/. Although ZEB?2 is found in many adult tissues, it is
not detected in the prostate, testis, ovary, pancreas, thyroid. salivary and mammary
glands (Cacheux et al., 2001). Thus, while it does appear that these two proteins have
similar expression patterns, they are not equally expressed everywhere, and their

functions are most likely not compensatory in neural development. In fact. Zeb2 null
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mice (Higashi et al., 2002) exhibit defects as early as embryonic day 8.5 (E8.5). and die
at E9.5 (Van de Putte et al., 2003).

ZEB2 functions as a transcription regulator and can bind to DNA. ZEB2 binds
specifically to the sequence 5’-CACCT through both its zinc fingers, similar to ZEBI,
and can bind to the CATTTG E box sequence (but not all E-box sequences) (Postigo and
Dean, 2000; Verschueren et al., 1999). ZEB2 interacts with the co-repressor C-terminal
binding protein 1 (CtBP-1), and is capable of repressing the activity of a large number of
transcriptional activators, such as the Myeloblastosis viral oncogene (c-MYB), the ETS
family protein spleen focus forming virus (SFFV) proviral integration oncogene (SPI11),
nuclear factor kappa-light-chain-enhancer of activated B cells (NF-kB), myocyte
enhancer factor 2C (MEF2C), Herpes simplex virus protein vmw65 (VP16), TCF3 and
myogenic differentiation 1 (MYOD1) (Postigo and Dean, 2000). It is thought that an
individual ZEB2 binds each zinc finger to an independent sequence. Thus, ZEB2 binds a
bipartite element (composed of one CACCT and one CACCTG sequence) where the N-
terminal zinc finger cluster binds to one sequence, and the C-terminal zinc finger cluster
binds to the other (Figure 1.5). The integrity of this bipartite element is crucial for the
high-affinity binding of ZEB2 (Remacle et al., 1999).

As alluded to previously, ZEB2 is capable of binding to several SMAD proteins,
and this occurs after activation of these SMADs by specific type I receptors (Verschueren
etal., 1999). Interestingly, ZEB1 can also bind to these SMADs, but ZEB2 binds more
efticiently. ZEB2 represses TGFB —mediated activation of the p21, p15 and Jun oncogene
(c-jun) promoters, whereas ZEB1 synergizes with TGF( to activate transcription of the

same reporters. The opposing acts of ZEBI and ZEB2 are also observed in BMP-




Figure 1.5 The putative role of ZEB? in epithelial-mesenchymal transition. In cells
with an epithelial phenotype, microRNAs (miRNAs) are present which are capable of
downregulating the expression of ZEB2. However, ZEB?2 is often found to be
overexpressed in cells of a more mesenchymal phenotype. When ZEB2 is overexpressed
in these cells, it can downregulate the microRNAs (miRNAs) that regulate it (miR200
family, miR205), through a negative feedback loop, and can downregulate genes
important in cell-cell junctions, such as E-cadherin (CDH1), P-cadherin (CDH3), claudin
4 (CLDN4), connexion 26 (CX26), plakophilin 2 (PKP2) and zona occludens 3 (ZO-3).
ZEB2 can also cause the upregulation of genes associated with the mesenchymal
phenotype, such as matrix metalloproteinases (MMPs) and vimentin. The repression of
these genes may involve the interaction between ZEB2 and its co-repressor C-terminal

binding protein 1 (CtBP1).
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mediated signalling (Postigo, 2003). However, it has recently been suggested that ZEB2
does not require the binding to SMADs to inhibit BMP signalling (Nitta et al.. 2007). The
ability of the ZEB proteins to act on these signalling pathways requires the formation of
an R-SMAD-SMAD4 complex. As well, ZEB2 inhibits the ability of BMP-2 to induce
alkaline phosphatase (ALP) and ZEB?2 also inhibits TGF3 mediated growth arrest
(Postigo, 2003; Tylzanowski et al., 2001). It has also been shown that the difference in
ZEB behaviour with respect to SMAD signalling is due to the difterential recruitment of
coactivators and corepressors. As mentioned previously, ZEB2 binds to CtBP, as does
ZEB1. However, ZEBI is also capable of binding to p300 and p300/CBP-associated
factor (P/CAF), which promotes the formation of an active SMAD complex (Postigo et
al., 2003).

ZEB2 has also been implicated in epithelial-mesenchymal transition (EMT)
(Figure 1.5). It has already been demonstrated that the integrity of epithelial cells relies
on the maintenance of proper cell-cell junctions. E-cadherin plays a pivotal role in
maintaining these associations, and downregulation of E-cadherin is often associated with
epithelial-mesenchymal transition. ZEB?2 is capable of downregulating E-cadherin by
binding both zinc fingers to E2 boxes in the E-cadherin gene promoter (Comijn et al.,
2001; Imamichi et al., 2007; Miyoshi et al., 2004). This is also true in TGFp induced
EMT, where ZEB?2 interaction with SMAD proteins is essential for full repression of E-
cadherin (Comijn et al., 2001). The process of E-cadherin repression by ZEB2 was shown
to occur independently of CtBP (van Grunsven et al., 2003). However, it was
demonstrated that ZEB?2 is sumoylated by polycomb 2 homolog (Pc2), causing partial

disruption of E-cadherin repression (Long et al., 2005). ZEB2 has also been shown to
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repress genes coding for proteins of tight junctions, desmosomes and gap junctions
(Vandewalle et al., 2005). ZEB2 regulates vimentin, and ZEB2 has been demonstrated to
activate a vimentin promoter construct (Bindels et al., 2006). It is clear that ZEB2 is

involved in many molecular pathways, influencing development and disease.

1.5.2 ZEB2 in Developmental Disease

In both mouse and Xenopus, the importance of ZEB2 for normal brain
development has been clearly demonstrated. ZEB? is activated in the early gastrula stage
in Xenopus, and ZEB2 mRNA is found in mice at E8.5 in the neuroepithelium (Eisaki et
al., 2000; Van de Putte et al., 2003; van Grunsven et al., 2000) ZEB2 expression levels
closely follow the maturation of the neural plate, and ZEB2 transcripts are seen in
premigratory and migrating neural crest cells (Van de Putte et al.. 2003). Experiments
with mutant embryos have demonstrated that ZEB?2 is essential for the development of
vagal neural crest and migration of cranial neural crest cells (Van de Putte et al., 2003).
ZEB2 is involved in the positioning of somite boundaries in the mouse embryo
(Maruhashi et al., 2005), is essential for the development of the hippocampus and dentate
gyrus (Miquelajauregui et al., 2007), and a role for ZEB2 as an activator in development
has been suggested (Yoshimoto et al., 2005). All of these findings discussed illustrate the
critical function of ZEB2 in neural development. Thus, it is no surprise that mutations of
this gene can lead to abnormal developmental consequences. In humans, deletions and
mutations in ZEB2 has been identified as a cause of Mowat-Wilson syndrome. This
syndrome was first delineated in 1998, with patients having characteristic facial teatures.

such as deep set large eyes, broad nasal bridge, triangular jaw and prominent chin. in
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association with mental retardation and microcephaly. Most of these patients also have
Hirschsprung (HSCR) disease, and share musculoskeletal features. congenital heart
disease and renal structure abnormalities. These patients are developmentally delayed
with absent or minimal speech, and delayed gross motor skills, and brain abnormalities
(Mowat et al., 1998). In a recent review of the literature, it was suggested that a total of
192 cases of Mowat-Wilson syndrome have been reported (Garavelli et al., 2009). The
majority of ZFEB2 mutations leading to this disease are frameshift mutations and nonsense
mutations, and sometimes large gene deletions. However, a few splice site mutations,
missense mutations, and other types of mutations have been observed (Garavelli et al.,
2009). This demonstrates the importance of ZEB2 in development, and the cause of

disease due to ZEB2 abnormalities.

1.5.3 ZEB2 in Cancer

The role of ZEB2 in EMT has been further demonstrated by in vitro studies
(Figure 1.5). ZEB?2 is highly abundant in E-cadherin negative cancer cells (Comijn et al.,
2001; Miyoshi et al., 2004), and is expressed in migratory and invasive breast cancer
cells (Bindels et al., 2006). Functional experiments in vitro have demonstrated the effects
of expression of ZEB2. Conditional ZEB2 expression in MDCK canine epithelial cells
disrupted cell-cell adhesion, decreased unidirectional migration and increased invasion
(Comijn et al., 2001; Vandewalle et al., 2005). This has been turther demonstrated in a
colon cancer cell line, DLD1, where conditional expression ot ZEB2 caused a drastic
morphological change from an epithelial phenotype to a more mesenchymal like

phenotype, and caused the loss of aggregation and increased invasion (Comijn et al..



2001). ZEB2 stable transfectants in hepatocellular carincoma cell lines have also shown
an increase in invasion, but no change in proliferation. An increase in the expression of
several matrix metalloproteinases (MMP-1, MMP-2 and MT1-MMP) has also been
observed (Miyoshi et al., 2004). Expression of ZEB?2 in the squamous carcinoma cell line
A431 has demonstrated a switch from a proliferative to an invasive state. Transition into
S-phase of the cell cycle is inhibited by ZEB2 via direct cyclin D1 downregulation
(Mejlvang et al., 2007). The reduction of the ZEB2 transcript in diffuse-type gastric
cancer results in significant decrease in invasion, and causes reduced expression of
several genes, such as WNT3A, and an upregulation of WNT+4 (Ohta et al., 2008).
However, one seemingly contradictory report indicates that ZEB2 can act as a molecular
switch between replicative immortality and replicative senescence fates in hepatocellular
carcinoma cells (HCC), acting as a repressor of human telomerase reverse transcriptase
(hTERT). ZEB2 has been shown to be expressed in non-tumour liver samples, but its
expression was decreased in corresponding HCC samples (Ozturk et al., 2006).

A number of clinical studies have also implicated the role of ZEB2 in invasive
cancers. ZEB?2 is expressed in both intestinal-type gastric cancer and diffuse-type gastric
cancer, but correlation with E-cadherin downregulation has only been seen in the latter
(Ohta et al., 2008; Rosivatz et al., 2002). High levels of E-cadherin and low levels of
ZEB2 have been observed in normal pancreatic tissue, whereas high levels of ZEB2 and
low levels of E-cadherin have been seen in some pancreatic tumour tissues (though an
inverse correlation between ZEB2 and E-cadherin has been seen in the majority of
tumour tissues analyzed) (Imamichi et al.. 2007). ZEB2 expression is abundant in some

spindle cell carcinomas, and either no change, or decreased ZEB2 expression. has been



found in squamous cell carcinomas (Kojc et al., 2009). ZEB2 is overexpressed in a large
number of esophageal squamous cell carcinoma cells (Isohata et al., 2009). ZEBZ2 is also
expressed in breast carcinomas and ovarian carcinomas, with a high ZEB2/E-cadherin
ratio in the former, compared to the latter. Higher expression of ZEB?2 levels correlates
with high MMP-2 expression in ovarian carcinomas. Higher ZEB2 levels have been
found in ovarian carcinomas that have been obtained prior to chemotherapy when
compared with disease recurrence specimens. Finally, a high ZEB2/E-cadherin ratio
predicts poor survival, suggesting that the ZEB2/E-cadherin ratio may be a prognostic
marker in patients with ovarian carcinoma (Elloul et al., 2005). These findings have been
further validated through gene expression array analysis of eight early stage and 35
advanced stage ovarian cancer tissues, where high ZEB2 levels have been associated with
a poor prognosis (Yoshihara et al., 2009). As well, ZEB2 is absent from normal ovarian
surface epithelium, and expression increases stepwise in benign, borderline and

malignant tumours (Yoshida et al., 2009).

1.5.4 The Complex Regulation of ZEB2

While the molecular functions of ZEB?2 are well defined. much less is known
about how the ZEB2 gene itself is regulated.

The human ZEB?2 gene is found on chromosome 2q22, and is composed of 10
exons and 9 introns (Figure 1.6a). Exon 1 is untranslated, and translation starts within
Exon2. Through analysis of the mouse ZEB2 gene, it was identified that RNA from

different mouse tissues and cell lines show the presence of difterent splice forms.



Figure 1.6 ZEB2 gene and putative promoter region. a) The human ZEB2 gene
consists of 10 exons (grey cylinders) and 9 introns (black lines between blue cylinders)
and spans over approximately 132,000bp. The transcriptional start site is indicated by a
horizontal arrow (+1 bp). Two CpG islands (red cylinders) are found in the proximity of
the ZEB2 gene. CGI 1 is found downstream of the ZEB? transcriptional start site, and
CGI 2 spans the first intron, Exon 2 and the second intron. b) The 5’ region of the human
ZEB?2 gene is similar to the 5° region of the mouse ZEB2 gene. Human and mouse exons
are represented by grey cylinders, human CpG islands are represented by red cyclinders,
and mouse CpG islands are represented by blue cylinders. Three mouse ZEB2 regions
(P1, P2 and P3) have promoter activity, with P2 having the highest activity (Nelles et al.,
2003). Putative transcription factor binding sites of basic helix-loop-helix motif (PpHLH
factors), hypoxia-inducible factor 1 (HIF-1), POU, SP1 and V-ets erythroblastosis virus
E26 oncogene homolog 1 (ETS)/SMAD at P2 are indicated with arrows (Katoh, 2009).

The ZEB?2 natural antisense transcript (NAT) is indicated by a horizontal arrow.
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indicating the existence of nine untranslated exons upstream of the first translated exon.
Three promoters have been identified for the mouse gene (P1. P2 and P3; Figure 1.6a).
P1, upstream of the most 5° untranslated exon, and P3, upstream of the first translated
exon, show weak promoter activity. P2, upstream of exon 1, shows high promoter
activity (Nelles et al., 2003). It has been suggested that at least two of these promoters, P1
and P2, do exist in humans (through integrative genomic analysis) and that human ZEB?2
transcripts are generated from both promoters. However, the majority of transcription
occurs at the P2 promoter) (Katoh, 2009). However, to date, these promoter regions have
not been confirmed experimentally for the human ZEB2 gene.

Many factors have been suggested to play a role in ZEB2 regulation, such as NF-
kB, ETS1 induced by TGF, Snail, Churchill, Glioma-associated oncogene homolog 1
(GLI1) in hedgehog signalling, and hypoxia-inducible factor 1 (HIF-1) (Chua et al.,
2007; Criswell and Arteaga, 2007; Isohata et al., 2009; Krishnamachary et al., 2006; Ohta
et al., 2008; Sheng et al., 2003; Shirakihara et al., 2007; Takkunen et al., 2006). Due to
the lack identification of the ZEB2 promoter, promoter binding has not been validated
through promoter association methods. However, a recent paper demonstrated conserved
transcription factor binding sites for ETS-SMAD. HIF-1, NF-«B. basic helix-loop-helix
motif (bHLH) factors and POU/Octamer transcription factor (OCT) factors, 5* to Exonl,
or within the ZEB?2 gene (Figure 1.6b) (Katoh, 2009), suggesting that perhaps some of the
above factors may play a role in ZEB2 regulation.

Interestingly, antisense transcripts of the mouse ZEB2 gene have been identified,
complicating the regulation landscape (Nelles et al., 2003). An antisense transcript for the

human ZEB?2 gene has also been identified. and it has been suggested that this transcript



is expressed upon Snail induced EMT. This natural antisense transcript (NAT) can then
prevent the proper splicing of the ZEB2 transcript and result in the maintenance of a large
intron located in the 5 untranslated region (between exon | and exon 2). This intron
contains an internal ribosome entry site (IRES), and maintenance of this intron results in
increased production of ZEB2 protein (Beltran et al., 2008).

Recently, more information regarding the regulation of ZEB2 by microRNAs
(miRNAs) has come to light. The miR200 family and miR205 have both been shown to
regulate EMT by targeting ZEB2 (and ZEBI), and their expression is reduced in a large
number of cancers, coinciding with increased ZEB?2 expression and EMT
(Bracken et al., 2008; Christoffersen et al., 2007; Cochrane et al., 2009; Gandellini et al.,
2009; Gregory et al., 2008; Kong et al., 2009; Korpal et al., 2008; Park et al., 2008;
Tryndyak et al., 2009). Interestingly, a double-negative feedback loop has been
demonstrated between ZEB2 and the microRNA200 family, where ZEB?2 is able to
repress the expression of these miRNAs in mesenchymal cells (Bracken et al., 2008).
Thus, the contribution of miRNAs to the regulation of ZEB2 may be important in its

differential expression during EMT (Figure 1.5).

1.6 HYPOTHESIS AND SUMMARY OF FINDINGS

It is clear from its complex regulation that further investigation is required to fully
understand the regulation of ZEB?2 transcription. Evidence from promoter tiling arrays
and gene expression arrays performed by our lab suggests that DNA methylation may
contribute to the regulation of ZEB2 (Rodenhiser et al.. 2008). and to the ditferential

expression of ZEB2 seen between epithelial and mesenchymal cells. I hypothesize that
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aberrant hypomethylation of the ZEB2 promoter results in increased expression of

ZEB?2 in cells that have gone through epithelial —-mesenchymal transition.

In order to address this hypothesis, the specific objectives of my project were:

Objective 1: To determine whether ZEB2 expression and methylation differ between
cells of mesenchymal nature compared to those of epithelial nature, and to determine
whether expression and methylation of ZEB2 are inversely correlated in these cells.
Objective 2: To determine whether DNA methylation plays a causative role in ZEBZ
transcriptional regulation.

Objective 3. To determine the critical regions of the ZEB2 promoter.

The results [ present in this thesis show that DNA methylation and ZEB?2
expression correlate, and indicate that DNA methylation may contribute to ZEB2
expression. However, the CpG islands proximal to the ZEB2 gene are at least partially
resistant to demethylation by a demethylating agent. [ have identified a region of the
ZEB? gene that possesses promoter activity, and have demonstrated that this region is
differentially methylated in vitro. Furthermore, methylation of this promoter region in
vivo can diminish promoter activity. These data suggest that DNA methylation of the
ZEB2 promoter and its CpG islands may play a role in the transcriptional regulation of
this gene, offering a possible mechanism for the aberrant expression of ZEB2 observed in

cells which have gone through EMT.
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CHAPTER 2 - MATERIALS AND METHODS

2.1 Cell Culture

Human mammary carcinoma MDA-MB-468-GFP, MDA-MB-468-LN
(Vantyghem et al., 2005), and the MDA-MB-435 cell line were obtained from the lab of
Dr. Ann Chambers at the London Regional Cancer Program and were maintained in
minimum essential media alpha modified (aMEM) (Gibco, Burlington, ON)
supplemented with 10% fetal bovine serum (FBS; Sigma, Oakville, ON). MCF-7 cells
were obtained from the Chambers lab and were maintained in Dulbecco’s modified Eagle
medium (DMEM) (Gibco) supplemented with 10% FBS. T47D (American Type Culture
Collection) and MDA-MB-231 cells, a gift from the Allan lab, were maintained in
Dulbecco’s modified Eagle medium: nutrient mixture F:12 (DMEM/F12) (Gibco),
supplemented with 10% FBS. HCC1806 cells (American Type Culture Collection) were
maintained in Roswell Park Memorial Institute medium (RPMI) 1640 supplemented with
L-glutamine (0.3 g/L.), sodium bicarbonate (2.0 g/L.) (Gibco), and 10% FBS. The 21T
series cell lines (21PTci, 21NTeci, 21MT-1) were obtained from the Chambers lab, which
were originally obtained from Vimla Band (Dana Farber Cancer Institute). These cells
were maintained in culture in a-MEM supplemented with 10% FBS, 2 mM L-glutamine
(Invitrogen), insulin (1 mg/mL) (Sigma Chemical, St. Louis, MO). epidermal growth
factor (12.5 ng/mL) (Sigma), hydrocortisone (2.8 mM) (Sigma). 10 mM 4-(2-
hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES) (Invitrogen), | mM sodium
pyruvate (Invitrogen), 0.1 mM nonessential amino acids (Invitrogen) and 50 mg/mL

gentamicin reagent (Invitrogen). The 21PT and 21NT-derived cell lines designated
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21PTci and 21NTci, contain an empty neo-selection vector (Tuck et al., 1999). All cells

were maintained in a humidified incubator at 37°C with 5% CO-.

2.2 Three-Dimensional (3D) Matrigel Culture

MDA-MB-468-GFP and MDA-MB-468-1.N cells were grown in 3D Matrigel, in
triplicate, for both RNA and DNA extraction. Matrigel (BD Biosciences, Mississauga,
ON) was allowed to thaw overnight, and p1000 tips were cooled overnight, at 4°C. To
plate, Matrigel was maintained on ice and mixed carefully, ensuring no bubbles were
introduced. Matrigel (1 mL) was plated in 1 well of a 12-well plate (BD Falcon. Oakville,
ON) on ice, using a new tip for each well, to ensure the Matrigel did not solidity in the
tip. Plates were incubated at 37°C for one hour to solidify the Matrigel. During this
incubation, MDA-MB-468-GFP and MDA-MB-468-LN cells were washed in phosphate
buffered saline (PBS), trypsinized [using 0.05% trypsin (Invitrogen) and 0.5mM
ethylenediaminetetraacetic acid (EDTA) (Sigma) in PBS] and spun down at 1000rpm.
Cells were resuspended in 0.1% BSA (Sigma) and media (¢MEM), to a final
concentration of 1.3x10° cells/mL, ensuring no clumping occurred. Cells (0.75 mL
cells/well) were added to a 15 mL conical tube and allowed to cool on ice. Matrige!l was
carefully mixed, and an equal volume of Matrigel (0.75 mL Matrigel/well) was added to
the cells in the conical tube, on ice. This was mixed well, ensuring no bubbles were
formed. The 12-well plate was removed from the 37°C incubator, cooled on ice, and 1.5
mL of the Matrigel/cell mixture was added on top of the hardened Matrigel layer. The 12-

well plate was incubated at 37°C for 1.5 hours. aMEM with 0.1% BSA was added on top
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of the Matrigel/cell layer carefully so as to not disrupt the Matrigel. Media was changed
every two days.

Cells were harvested from Matrigel using Cell Recovery Solution (BD
Biosciences). PBS, cell recovery solution and 50mL conical tubes (1 per well) were
cooled on ice. Cell recovery solution (2 mL) was added to each 50 mL conical tube.
Three wells at a time, media was removed from each well, and wells were washed with
500 uL of PBS twice. A metal scraper was used to scrape around the edges of the
Matrigel to loosen it from the plate. A 10 mL pipette was used to remove the Matrigel out
of one well, and place it into a cold conical tube, at the bottom, below the cell recovery
solution. This was repeated for each well. Cell recovery solution (2 mL) was added to
each well, and with the 10 mL pipette, Matrigel was cleaned out of each well, separately,
and the liquid was added to the corresponding conical tube. This procedure was repeated
for the next 3 wells. Each conical tube was mixed and incubated for 1.5 hours while
mixing every half hour. The tubes were spun down at 1200 rpm for 10 minutes at 4°C.
The supernatant was removed without disturbing the pellet, and the pellet was
resuspended in 500 pL. of PBS. The tube was spun down at 1200 rpm for 10 minutes at
4°C and the supernatant was removed. This pellet was then used for RNA or DNA

extraction, as outlined below.

2.3 Bisulfite Mutagenesis and Genomic Sequencing
Unless otherwise stated, cells were grown in T-75 flasks (Corning, Corning, NY)
and were trypsinized and centrifuged for 5 minutes at 1000 rpm. Cell pellets were lysed

and DNA was extracted using GenElute Mammalian Genomic DNA Miniprep Kit
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(Sigma). Genomic DNA (2 pg) was subjected to bisulfite mutagenesis using the Epitect
DNA Bisulfite Treatment kit (Qiagen. Mississauga. ON). Primers were manually
generated to specifically anneal to bisulfite-converted DNA (Figure 2.1; Table 2.1).

A nested PCR approach was used (unless indicated with * or **; Table 2.1).
Outside PCRs were first performed with 1X buffer, 1-2.5 mM MgCl,. 200 uM dNTPs,
500 nM forward and reverse primers (Sigma-Genosys), 2 uL of DNA, and 1 U of Tag
polymerase (Invitrogen) first. The cycling conditions for the outside PCR were: 1 cycle
of 94°C for 5 minutes, followed by 5 cycles of 94°C for 1 minute, 55°C for 2 minutes and
72°C for 3 minutes, followed by 35 cycles of 94°C for 30 seconds, 55°C for 2 minutes
and 72°C for 2 minutes, followed by 72°C for 10 minutes. PCRs were diluted 1:8 and 2
uL were used for inside PCRs. Inside PCRs were performed with 1X buffer, 1-2.5 mM
MgCl,, 200 uM dNTPs, 500 nM forward and reverse primers (Sigma-Genosys, Oakville,
ON), 2 ul. of DNA, and 2 U of Tag polymerase (Invitrogen). The cycling conditions
were: 1 cycle of 94°C for 5 minutes, followed by 35 cycles of 94°C for 1 minute, 55°C
for 1 minute and 72°C for | minute, followed by 72°C for 10 minutes (Table 2.1).

Regions marked with * were amplified with an inside PCR reaction alone.
Regions marked with ** were amplified using a high fidelity enzyme in a nested PCR
approach: Outside PCRs were performed with 1X Expand High Fidelity""" Reaction
Buffer (Roche, Mississauga, ON) with 1.5 mM MgCl,, 200 nM dNTPs, 500 nM forward
and reverse primers (Sigma-Genosys (Table 2.1)). 2 uL. of converted DNA and 1.25 U of
Expand High Fidelity""""> Enzyme Blend (Roche). The cycling conditions were: 1 cycle
of 94°C for 2 minutes, followed by 35 cycles of 94°C for 30 seconds. 52-57°C for 30

seconds and 72°C for 45 seconds, followed by 72°C for 7 minutes. Inside PCR reactions




Figure 2.1 ZEB?2 gene and location of primers for bisulfite cloning and promoter
cloning. a) The most 5’ region of the ZEB2 gene contains 2 CpG islands, CpG island 1
(CGI 1) and CpG island 2 (CGI2) (red cylinders), and Exon 1 and Exon 2 (grey
cylinders). The transcriptional start site is indicated by a horizontal arrow. b) The regions
cloned for the purpose of bisulfite sequencing are demonstrated with a thick black line,
with the region name listed above the primed location. The base pair location of the
region cloned, as well as the primer sets utilized for cloning of these regions are also
listed below the black line. ¢) The human promoter (hPr) region amplified for promoter
construct cloning is illustrated as a thick black line, with the base pair location and the

primer set utilized illustrated below.
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Table 2.1. Primers used for bisulfite mutagenesis and genomic sequencing. A list of
the names of the regions analyzed with their corresponding primers, primer sequence,

annealing temperature and product size.
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Region Primer # and Name Sequence Annealing | Product
Temp Size

* CGl PRI1- ZEB2 CpG1 Forward TTT TTA AGT TTT AGT GAG ATT GAT AGT 55 332bp
1 PR2- ZEB2 CpGl Reverse CAT TTA ATC TCC AAA AAA AAC CC
* PR3- ZEB2 Ex1 Forward AGATITTTT TTT AGA GAG AAATTT GG 53 244 bp
ZEB2 PR4- ZEB2 Ex1 Reverse TTATTC CTA CAA AAC AAATTA AAA
Exon 1 CTA
CGI2- | PR5-ZEB2 NAT OUT TGG GGT AAA GGA TAG TGT TTA AAG 55 484 bp
| Forward AGG

PR6- ZEB2 NAT OUT TAT TAC TAT TTA ATA TAT TAC ACC

Reverse
CGl12- | PR7- ZEB2 NAT Forward AGG GTG GGG GGA GGA AGA GAT AGT 55 371 bp
1 GTTT

PR8- ZEB2 NAT Reverse AAA AAA TCA AAA AAACAAAAATIAC
CGI2- | PRY9-ZEB2 CpG2-1 OUT GGG GAT GAG AAA AGA TGA GAA 55 622 bp
2 Forward (Ex2)

PR10- ZEB2 CpG2-1 QUT CCCTCCTTCTCCCTA AATCT

Forward (Ex2)
CGI2- | PRI1-ZEB2 CpG2- GTAATTTTTGTTTTTTTGATTTTTT 53 378 bp
2 1Forward (Ex 2)

PR12- ZEB2 Cp(G2- TTTTCC TCC TAA AAT TAACTT ATT TAC

1Reverse (Ex 2)
CGI2- | PRI3-ZEB2 CpG2-2 OUT TAA ATA AGT TAATTT TAG GAG GAA 53 536 bp
3 Forward AAA

PR14- ZEB2 CpG2-2 OUT ACT CCG ACA AAA AAC TTT AAACCT

Reverse
CGI 2- | PRI15-ZEB2 CpG2-2 AGA TTT AGG GAG AAG GAG GGG GAA 55 403 bp
3 Forward AGG GAA

PR16- ZEB2 CpG2-2 CTT CGC AAT CTC TCT ACC ACC CCC

Reverse
* CGl PR17- ZEB2 CpG2-3 ATT GCG AAG GTA GGA GAG GGG AAT 55 230 bp
2-4 Forward

PR18- ZEB2 Cp(G2-3 AAC AAA ACC TAC TAA AAA AAA ATC

Reverse ATC
* CGI PR19- ZEB2 CpG2-4 TITTTAGTAGGT TTTGITTTTAGG T 53 342 bp
2-5 Forward

PR20-ZEB2 Cp(G2-4 CTCTTA CCA ATC ACTTITCTC TTT TAT

Reverse TC
CGIl 2- | PR21-ZEB2 CpG2-5 OUT TTT AGG TAT TATTTT AAA TAA AAT 35 478 bp
6 Forward

PR22- ZEB2 Cp(G2-5 OUT TTT TAC TCC TTC CAA CAC CTC ACACTA

Reverse
CGI 2- | PR23- ZEB2 CpG2-5 GAA TAA AAG AGA AAA GTG ATT GGT 53 352 bp
6 Forward AAG AG

PR24- ZEB2 CpG2-5 CTA AAA AAAAATTAC TCC AAATAA

Reverse ACC
** 5 PR25- 5"Ex1 Forward AGAGAATTTTGTTTTAGAAGTTGTATTIGA 57 408 bp
Exonl G

PR26- Fbisulfite Reverse CCAAATTTCTCTCTAAAAAAAAATCT

(Outside)
** 5 PR27- Fbisulfite Forward TTTTAGTTTTGTGAATGGTGTGTAT 56 197 bp
Exonl PR28- 5"Ex1Reverse ATAAAAAAAATAAAATTCCACCTCC

(Inside)
** CGl | PR29-JP-1F GTAGGAGGGAGATTTTTGGT 52 635 bp
| PR3()- JP-1R (Outside) CCAACAAACTTCAAAACCCAA
** CGlL | PR3IL-JP-2F TGGAGGAGGTTTTTTTAGGT 33 360 bp

|

PR32- JP-2R (Inside)

CTCTACCACTCCCCCCC
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were diluted 1:8, and outside PCR reactions were performed with 1X Expand High
Fidelity”"® Reaction Buffer (Roche. Mississauga. ON) with 1.5 mM MgCl,. 200 nM
dNTPs, 500 nM forward and reverse primers (Sigma-Genosys (Table 2.1)), 2 pl. ot 1:8
inside PCR reaction and 2.5 U of Expand High Fidelity"""® Enzyme Blend (Roche). The
cycling conditions were: 1 cycle of 94°C for 2 minutes, followed by 35 cycles of 94°C
for 30 seconds, 55-56°C for 30 seconds and 72°C for 45 seconds, followed by 72°C for 7
minutes (Table 2.1).

PCR products were electrophoresed on a 1-1.5% agarose gel and the appropriate
band was gel extracted using a QIAEX II Gel Extraction kit (Qiagen). The extracted PCR
product was then ligated into the pCR2.1 vector using The Original TA Cloning Kit
(Invitrogen). Plasmids were transformed into TOP10 competent bacteria (Invitrogen),
and transformed bacteria were spread onto Luria-Bertani (LB) agar plates containing 50
pg/mL ampicillin (Sigma) and 50 pL ot 10 mg/mL X-gal (5-bromo-4-chloro-3-indolyl-f3-
D-galactopyranoside; Sigma) and incubated overnight at 37°C. Potential clones were
screened through PCR using the PCR primers used in the initial amplification step.
Positive clones were grown up in 2 mL of Terrific Broth (TB) with 100 ug/mL ampicillin
overnight at 37°C. Plasmid DNA was isolated using QIAprep Spin Miniprep kit (Qiagen)
and sequenced using the T7 promoter primer at the Robarts Research Institute DNA
Sequencing Facility (http://www.robarts.ca/gateway.php?id=26). Alternatively, some
clones were screened through PCR using M13 primers (Table 2.2), performed with 1X
bufter, 1.5 mM MgCl,, 200 uM dNTPs, 500 nM forward and reverse primers (Sigma-
Genosys, Oakville, ON), 2 ul. of DNA, 2 U of Tug polymerase, and a bacterial colony

(Invitrogen). The cycling conditions were: 1 cycle of 94°C for 10 minutes. followed by


http://www.robarts.ca/gateway.php?id=26

Table 2.2. Primers used for cloning and sequencing. A list of the primers that were
used for the cloning of the ZEB2 promoter fragment hPr, or for sequencing of the pCR2.1

vector and pGL3-basic vector, as well as the primer sequence.
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Primer # and
Name

Primer Sequence

Usage

PR49- M13 Forward
PR50- M13 Reverse

CGC CAG GGT TTT CCC AGT CAC
GAC

TCA CAC AGG AAA CAG CTA TGA
C

pCR2.1 colony PCRs

PRS51- RVprimer3

CTA GCA AAA TAG GCT GTC CC

pGL3-basic sequencing

PRS52- GLprimer2

CITTAT GTTTTT GGC GTC TTC
CA

pGL3-basic sequencing

PR53- AGC TAC GCG TCT GCG AAG TCT | Fragment F cloning
PROMBASHS TGT TTG TAG TTT TG
PR54- AGC TGA GCT CAA GAA AAA AAT | Fragment F cloning

PROMBASHS

AAC AAT AAG AGA AAG GG




30 cycles of 94°C for 45s, 57°C for 30s and 72°C for 1.5 minute, followed by 72°C for
10 minutes. Positive samples were sent as unpurified PCR samples to McGill University
and Genome Quebec Innovation Centre Sequencing Services
(http://www.genomequebecplatforms.com/megill/services/sequencing/index.aspx?l=e),
where the PCRs were purified and sequenced using the T7 promoter or M13 reverse
primers. Sequences were aligned and analyzed using the Clustal W alignment algorithm

(http://www.ebi.ac.uk/Tools/clustalw2/index.html).

2.4 Reverse Transcription Polymerase Chain Reaction (RT-PCR)

Unless otherwise stated, mammalian cells were grown in T-75 flasks (Corning)
and were trypsinized and centrifuged for 5 minutes at 1000 rpm. Cell pellets were lysed
and RNA was extracted using the RNAeasy Kit (Qiagen) and RNA was runon a 1.5%
gel to ensure good quality. RNA (1pg) was DNase I (Invitrogen) treated, and cDNA was
synthesized using SuperScript 1l (Invitrogen). PCRs for ZEB2, glyceraldehyde-3-
phosphate dehydrogenase (GAPDH), E-cadherin, vimentin, N-cadherin and fibronectin
were performed with 1X buffer, 2.5 mM MgCl,, 200 uM dNTPs, 500 nM
forward and reverse primers (Sigma-Genosys, Table 2.3), 1 pl of cDNA, or cDNA
diluted 1:10, and 1 U of Taq polymerase (Invitrogen). The cycling conditions were: 1
cycle of 94°C for 4 minutes, followed by 25-35 cycles (Table 2.3) of 94°C for 1 minute,
55-60°C (Table 2.3) for 1 minute and 72°C for 1 minute, tollowed by 72°C for 10
minutes. PCR products were electrophoresed on a 1.5% gel. Dickkopf homolog 3
(DKK3) RT-PCR was performed with 1 X bufter, 2.5 uM MgCl,. 400 nM dNTPs. 400

nM forward and reverse primers (Sigma-Genosys. Table 2.3). 1uL of cDNA and 1.25 U



Table 2.3. Primers used for RT-PCR. A list of the names of the primers that were used
for RT-PCR, with their corresponding primer sequence, annealing temperature, number

of cycles, and product size.
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Primer # and Name Primer Sequence Annealing | Cycles | Product
Temp Size

PR33- GAPDH RT CAT GTT CGT CAT GGG TGT 60 25 156 bp

Forward GAA CCA

PR34- GAPDH RT ATG GCA TGG ACT GTG GTC

Reverse ATG AGT

PR35- ZEB2 RT TGA TGA ACC GGG CTT ACT 60 30 110 bp

Forward TGC AGA

PR36- ZEB2 RT TTC TTT CTC GTG CTC CTT CTC

reverse GCT

PR37- ZEB2 Exonl TTC AAT TAT CCC TCC CCA CA 58 35 186 bp

Forward

PR38- ZEB2 Exonl GAC CGT TAT TCC TGC AGA GC

Reverse

PR39- DKK3 RT AAG GCA GAA GGA GCC ACG 60 35 182 bp

Forward AGT GC

PR40- DKK3 RT GGC CATTTT GGT GCA GTG

Reverse ACC CCA

(Veeck et al., 2008)

PR41- N-cadherin GGC ATA GTC TAT GGA GAAGT | 55 30 383 bp

Forward

PR42- N-cadherin GCT GTT GTC AGA AGT CTC TC

Reverse

(Ohta et al., 2008)

PR43- Vimentin ACG CCA TCA ACA CCG AGT 55 30 383 bp

Forward TCA

PR44- Vimentin GTG CCA GAG ACG CAT TGT

Reverse CAA

(Miyoshi et al.,

2004)

PR45- Fibronectin AGG AAGCCG AGG TTT TAA 55 30 314 bp

Forward CTG

PR46- Fibronectin TCA GCT ATG GGC TTG CAG

Reverse GTC

(Miyoshi et al.,

2004)

PR47- E-cadherinRT | TGA GTG TCC CCC GGT ATC TTC | 60 30 87 bp

Forward
PR48- E-cadherinRT
Reverse

CAGTAT CAG CCGCTTTCA
GATTTT




of Taq polymerase (Invitrogen). The RT-PCR cycling conditions tor DKK3 were: 35
cycles of 95°C for 1 minute, 60°C for 1 minute and 72°C for 1 minute, followed by 72°C

for 10 minutes. PCR products were electrophoresed on a 1.5% gel.

2.5 5-Aza-2’deoxycytidine and Trichostatin A Treatment

MCEF-7 cells were seeded at a density of 2.1x10* cells/em” on a 10 cm plate
(Nunc, Rochester, NY), and MDA-MB-468-GFP cells were seeded at a density of
7.1x10% cells/em? on a 15c¢m plate (Nunc), in duplicate on Day 0. 5-aza-2’-deoxycytidine
(5-aza) (Sigma) was added to a final concentration of 1, 2, 5 and 10 uM in fresh media on
days 1, 2 and 3, with the addition of 0.3 uM Trichostatin A (TSA) (Sigma) on day 3.
Control cells were incubated without the addition of 5-aza and TSA, and fresh media was
also supplied on Day 1, 2 and 3. Cells were harvested on Day 4. The MDA-MB-468-GFP
experiments with 5-aza drug treatment for 5 and 7 days were performed as outlined
above, with the addition of 5-aza to a final concentration of 1, 2, 5 and 10 uM in fresh
media for 5 or 7 days, with the addition of TSA on the last day. Fresh media was added to
the control cells every day. At appropriate timepoints, cells were harvested using trypsin,
and cell suspension was split between two 15 ml conical tubes and centrifuged at 1000
rpm for 5 minutes. One set of cell pellets were snap frozen using dry ice and ethanol, and
stored at -80°C for DNA extraction. The other set of cell pellets were lysed and RNA was

extracted and RT-PCRs were performed as outlined above.




2.6 Cell Microscopy
An Olympus 1X70 Inverted microscope was used to obtain brightfield pictures of
control cells and cells treated with 5-aza and TSA. ImagePro software

(MediaCybernetics, Bethesda, MD) was used to obtain the images.

2.7 Promoter Construct Cloning

Primers for Region hPr (human Promoter; -399 to +411) were constructed
containing Sacl and Mlul cut sites on the forward, and reverse primer, respectively
(Sigma-Genosys; Table 2.2). PCR was performed with 1X Expand High Fidelity™"®
Reaction Buffer (Roche, Mississauga, ON) with 1.5 mM MgCl,, 200 nM dNTPs, 500 nM
forward and reverse primers (Sigma-Genosys; Table 2.2), 100 ng of Human Female
Genomic DNA (Novagen, Gibbstown. NJ) and 2.5 U of Expand High Fidelity"'"
Enzyme Blend (Roche). The cycling conditions were: 1 cycle of 94°C for 2 minutes,
followed by 35 cycles of 94°C for 30 seconds, 58°C for 30 seconds and 72°C for 2
minutes, followed by 72°C for 7 minutes. PCR products were purified using Qiagen PCR
Purification Kit (Qiagen), and sequentially digested using Sacl and Mlul (New England
Biolabs, Pickering, ON), purifying the PCR product between digestions. Region hPr was
ligated into pGL.3-basic (a kind gift from Dr. F. Dick) at 14°C overnight with 1X T4
DNA ligase buffer and T4 DNA ligase (Invitrogen). Plasmids were transtormed into
NEBa competent bacteria (New England Biolabs), and transformed bacteria were spread
onto LB agar plates containing 50 pg/mL ampicillin and incubated overnight at 37°C.
Potential clones were grown up in 5 mL of LB with 50 pg/mL ampicillin overnight at

37°C. Plasmid DNA was isolated using QlAprep Spin Miniprep kit (Qiagen) and
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sequenced using GLprimer2 and RVprimer3 pGL3-basic vector primers (Sigma-
Genosys) (Table 2.2). One clone identified without mutations was then grown in 25 mL
LB with 50 pg/mL ampicillin overnight at 37°C, and plasmid DNA was isolated using

PureLink HiPure Plasmid Midiprep Kit (Invitrogen) to use for luciferase assays.

2.8 Luciferase Reporter Assays

MDA-MB-468-LN and MDA-MB-435 cells were plated at a density of 2x10°
cells per well of a six-well dish (Falcon), and MCF-7 cells were plated at a density of
5x10° cells per well of a six-well dish (Falcon), in triplicate, and were transtected 24
hours later. Each well was transfected individually with Lipofectamine 2000 (Invitrogen).
Reporter plasmid (2pg; pGL3 or pGL3-hPr) and 200 ng of CMV-$-Gal vector, a kind gift
from Dr. F. Dick, was incubated with 250 uL of OptiMEM (Invitrogen), and 6-9 pL.
Lipofectamine 2000 (Invitrogen) was incubated with 250 uL OptiMEM for 5 minutes.
The DNA/OptiMEM mixture was added to the Lipofectamine/OptiMEM mixture, and
incubated for 20 minutes. The mixture was then dropped onto cells. Cells were washed
with PBS and fresh media was added 5 hours after transfection. Cells were harvested 48
hours after transfection, by the addition of 250 pL. of Reporter Lysis Buffer (Promega),
and allowed to incubate on ice for 5 minutes. Cells were then frozen at -80°C until the
luciferase assay was performed. The luciferase activity of each set of transfections was
determined using a Wallac Victor® 1420 Multilabel Counter (Beckman Coulter. Inc.
Fullerton, CA) by addition of Luciferase Assay Reagent (Promega. Madison, W1) and
determination of the relative amount of Luciferase gene product expressed in each

sample. Assays to determine the f-galactosidase (-Gal) activity of each transfected
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group were performed by the addition of $-Gal Assay Buffer (2X Bufter: 200 mM NaPi
(sodium phosphate, pH 7.4), 2 mM MgCl,, 100 mM beta-mercaptoethanol (3-ME), and
1.33 mg/mL ortho-Nitrophenyl-p-galactoside (ONPG) (Bioshop, Burlington, ON) to each
sample. Samples were read with a Wallac Victor® 1420 Multilabel Counter. Luciferase
activity of each sample was normalized to 3-Gal activity, and the results were presented
in bar graph form as fold activation of pGL3-hPr activity over pGL3 activity, of the mean
of three triplicates (separate transfections performed on the same day and at the same
time) of corrected luciferase activity between the pGL3-hPr and pGL3, and were

expressed as “Fold Difference™ for each cell line.

2.9 Plasmid Methylation

Aliquots of pGL3- and pGL3-hPr reporter constructs (5 pg) were methylated in
vitro using 12 units of SssI methylase (NEB) supplemented with 160 uM S-
adenosylmethionine (SAM) at 37°C for 8 hours. After 4 hours of incubation, the reaction
was supplemented with additional SAM. Mock-methylation reactions were also
performed, in the absence of SssI methylase and SAM. The methylated and mock-
methylated constructs were purified using a Qiagen PCR Purification Kit (Qiagen), and
the methylation status of each construct was determined by Hpall (NEB) digestion.
These constructs were used in luciferase experiments with MDA-MB-468-LN cells as

described above.
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2.10 Plasmid ‘Patch’ Methylation

pGL3- and pGL3-hPr (50ug) were sequentially digested with Sacl (NEB)
overnight at 37°C and M/ul (NEB) at 37°C for 5 hours, purifying the plasmid between
digestions using a Qiagen PCR Purification Kit (Qiagen). M/ul digestion reactions were
electrophoresed on a 1% low melting temperature agarose gel and both the pGL3 vector
and the fragment corresponding to hPr were gel extracted using a QIAEX II Gel
Extraction kit (Qiagen). Aliquots of the hPr fragment were methylated in virro using 12
units of SssI methylase (NEB) supplemented with 160uM SAM at 37°C for 8 hours.
After 4 hours of incubation, the reaction was supplemented with additional SAM. Mock-
methylation reactions were also performed, in the absence of SssI methylase and SAM.
The methylated and mock-methylated fragments were purified using a Qiagen PCR
Purification Kit (Qiagen), and the methylation status of each fragment was determined by
Hpall (NEB) digestion. These methylated and mock-methylated fragments were ligated
into the pGL3 vector previously gel extracted, and ligated overnight at 14°C with 1X T4
DNA ligase buffer and T4 DNA ligase (Invitrogen). Ligation reactions were digested
with EcoRV (Invitrogen) for 2 hours at 37°C in order to linearize the vector for
quantification. Digestion reactions were electrophoresed on a 1% low melting
temperature agarose gel and the linearized vector was gel extracted using a QIAEX II Gel
Extraction kit (Qiagen) and quantified. Linearized vector (pGL3-hPr-mock and pGL3-
hPr-meth) (1.6ug) was ligated overnight at 14°C with 1X T4 DNA ligase bufter and T4
DNA ligase (Invitrogen). Ligation reactions (18.75 ulL) containing 0.75 pg of vector were
used in duplicate transtections for luciferase experiments. A vector coding for membrane-

spanning 4-domains, subfamily A, member 1 (CD20) was used to increase the total DNA
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to 2 pg to maintain transfection efticiency. Transfections of MDA-MB-468-LN cells and

luciferase assays were performed as described above.

2.11 Statistical Analysis

Difterences in the activity of pGL3-basic and pGL3-hPr were analyzed by
Student’s T-test, for each cell line. Differences in the activity of pGL3mock, pGL3meth,
pGL3-hPr-mock and pGL3-hPr-meth were analyzed by Analysis of Variance (ANOVA)
based on ranks. The Student Newman Keuls post hoc test was used to determine which
groups showed a significant difference. The difference in the activity of pGL3-hPr-mock

(Patch) and pGL3-hPr-meth (Patch) was analyzed by Student’s T-test.
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CHAPTER 3 - RESULTS

3.1 ZEB2 was Expressed in Mesenchymal Cell Lines but not in Epithelial Cells

To understand the function and regulation of ZEB2, it was first essential to
analyze the expression pattern of ZEB2 mRNA in various human cancer cell lines. To
address this, ten human breast cancer cell lines (MDA-MB-468-GFP, MDA-MB-468-LN,
MDA-MB-231, MDA-MB-435, T47D, HCC1806, MCF-7, 21PT. 2INT and 21MT-1
cells), some of an epithelial-like nature, and some of a more mesenchymal-like nature,
were grown in vitro in two-dimensional (2D) culture. These cells were harvested. RNA
was extracted and reverse transcription polymerase chain reaction (RT-PCR) was
performed to determine the expression levels of ZEB2 relative to GAPDH (Figure 3.1).
ZEB2 was expressed in the MDA-MB-468-LN, MDA-MB-435 cell lines, MDA-MB-231,
21-PT and 21MT-1 cell lines. Low expression of ZEB2 was observed in MDA-MB-468-
GFP, T47D, HCC1806, MCF-7 and 2INT cell lines. Therefore, differential expression of
ZEB? is observed between these ten cell lines.

It has been shown previously that ZEB? is a repressor of E-cadherin (Comijn et
al., 2001; Imamichi et al., 2007; Miyoshi et al., 2004). To determine whether E-cadherin
expression negatively correlated with ZEB2 expression in our cell lines, RT-PCR was
performed. E-cadherin levels were found to be high in cell lines not expressing ZEB2,
and low in cells expression ZEB2. Thus, ZEB2 and E-cadherin levels are inversely

correlating in these cell lines.



Figure 3.1 ZEB2 was overexpressed in cells with a predominant mesenchymal
phenotype. Ten human cancer cell lines were grown in 2D culture and RNA was
extracted and converted to cDNA. Levels of ZEB2, E-cadherin, N-cadherin, vimentin and
fibronectin were analyzed using RT-PCR. Water is shown as a no template control. PT-
PCR of GAPDH is shown as a positive control. E indicates a cell line with an epithelial

phenotype, and M indicates a cell line with a more mesenchymal phenotype.
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It has also been previously shown that ZEB2 was highly expressed in cells which
have gone through epithelial-mesenchymal transition (EMT), compared to cells of a more
epithelial nature (Bindels et al., 2006; Comijn et al.. 2001; Mejlvang et al., 2007;
Vandewalle et al., 2005). Although we tfound that ZEB2 expression was higher in cells
which have a more fibroblastic, spindle-shaped morphology (data not shown), it was
important to further illustrate this relationship by analyzing the expression of other
mesenchymal markers. Therefore, vimentin, N-cadherin and fibronectin expression levels
were analyzed (Figure 3.1). Vimentin expression patterns were found to mimic those of
ZEB2, which is consistent with previous findings which showed that vimentin and ZEB2
had similar expression patterns (Bindels et al., 2006). N-cadherin levels also correlated
with ZEB2 expression, but some discrepancies were seen. Namely, N-cadherin was
expressed in epithelial-like HCC1806 cells, and absent in mesenchymal-like MDA-MB-
231 cells. Finally, fibronectin was differentially expressed in all ten cell lines. However,
no consistent pattern of fibronectin expression was seen when compared to cell
morphology or the expression of ZEB2 or other EMT markers. Therefore, this analysis
demonstrated that in the ten cell lines analyzed, ZEB2 was highly expressed in

mesenchymal-like cells, and absent in cells with epithelial characteristics.

3.2 Region hPr Possessed Promoter Activity
Regulation of the human ZEB?2 promoter has not been well defined. A promoter
fragment of ZEB2 with high activity has been identified in mouse (P2; Figure 1.6b:

(Nelles et al., 2003)). However, this region has not been confirmed as the promoter of
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human ZEB2. Thus, a 810 bp region that spans from -399 bp + to -411 bp was amplitied,
corresponding to a large portion of mouse P2 promoter (-960 bp to + 297 bp: (Nelles et
al., 2003)). This region (which we denote as hPr) was cloned into pGL3-basic. The
resulting reporter vector (pGL3-hPr) was then used in luciferase assays. Reporter vectors
(pGL3 and PGL3-hPr) were transfected into MCF-7, MDA-MB-468-LN and MDA-MB-
435 cells, and were co-transfected with the CMV-B-Gal vector to control for transfection
efficiency (Figure 3.2). Region hPr had increased luciferase activity in MCF-7, MDA-
MB-468-LN and MDA-MB-435 cells compared to the control pGL3-basic vector. It
appeared that the activity of the promoter region was lower in MCF-7 cells than in the
other cell lines. MCF-7 cells do not endogenously express ZEB2 (Figure 3.1). These
results suggested that the region from -399 bp to +411 bp is an important regulatory

region for ZEB2 activity.

3.3 ZEB2 CpG Island 1 and CpG Island 2 were Hypomethylated in Mesenchymal
Cells Compared to Epithelial Cells

Despite the contribution of ZEB2 to EMT, there is still very little known about
how ZEB2 may become deregulated during this process. Promoter tiling arrays have been
previously used in our laboratory to analyze DNA methylation patterns in MDA-MB-
468-GFP and MDA-MB-468-LN cells. Hypomethylation of the proximal ZEB2 gene was
observed (Rodenhiser et al., 2008) in the MDA-MB-468-LN cells compared to the MDA-
MB-468-GFP cells. These results were previously validated by bisultite genomic
sequencing to determine the methylation status of CpG island 1 (CGI 1) of ZEB2. in these

two cell lines (Figure 3.3) (Rodenhiser et al., 2008). We observed that decreased



Figure 3.2 Region hPr had promoter activity in mesenchymal cells. a) The most 5°
region of the ZEB2 gene contains 2 CpG islands, CpG island 1 and CpG island 2 (red
cylinders), surrounding Exon 1 and Exon 2 (grey cylinders). The region hPr is located
from -399 bp to +411 bp, spanning from 5’ to Exon 1, through the entirety of Exon 1. b)
A table of the average relative luciferase units (RLU) for the pGL3-basic and pGL3-hPr
plasmids transfected into MCF-7, MDA-MB-468-LN and MDA-MB-435 cell lines, the
fold activation of the pGL3-hPr plasmid over the pGL3-basic plasmid, and the P-values
for each cell line. ¢) This region was amplified and cloned into pGL3-basic. pGL3 or
pGL3-hPr, along with CMV-B-Gal, were transfected into MCF-7, MDA-MB-468-LN and
MDA-MB-435 cells using Lipofectamine 2000. Forty-eight hours after transfection, cells
were lysed and luciferase assays were performed. $-Galactosidase assays were performed
to normalize for transfection efficiency. Bars represent the fold-difference of promoter
activity of pGL3-hPr compared to pGL3, normalized to B-Galactosidase, obtained trom
three separate transfection experiments for each cell line. Significant luciferase activity

differences of pGL3-hPr (P < 0.05) compared to pGL3-basic are indicated by (*).
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Figure 3.3 CpG island 1was differentially methylated in human cancer cells. DNA
extracted from ten human cancer cell lines, MDA-MB-468-GFP, MDA-MB-468-LN,
MDA-MB-231, T47D, HCC1806, MDA-MB-435, MCF-7, 21 PTci, 21NTci and 21MT-
Ici, was subjected to bisulfite mutagenesis, and CGI 1was amplified and cloned into
pCR2.1. Multiple clones were sequenced for each cell line. Each square represents a
CpG. Each row of squares represents a separate cloned PCR sequence. Vertical columns
represent each individual CpG analyzed within CGI 1 Open boxes are unmethylated
CpGs and closed boxes are methylated CpGs. Percent methylation (%) is indicated beside

each methylation diagram.
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methylation was present in the MDA-MB-468-LN cells and correlated with increased
ZEB?2 expression patterns.

Because of this previous work, and the knowledge that CpG islands can be
functionally important in the regulation of gene expression, it was important to determine
whether ZEB2 CpG island methylation patterns correlated with ZEB2 expression patterns
in the human cancer cell lines previously tested for ZEB2 expression (Figure 3.1). Thus,
the human breast cancer cell lines. MDA-MB-231. MDA-MB-435, T47D, HCC1806,
MCF-7, 21PT, 2INT and 21MT-1 cells, were investigated for methylation at regions
surrounding ZEB?2. First, CGI 1, a region of approximately 527 bp found upstream (-4353
bp to -3821 bp) of the ZEB2 transcriptional start site, was analyzed to determine its
methylation status (Figure 1.6a; Figure 3.3). In MDA-MB-231 cells, this region was
almost entirely methylated, whereas this region in MDA-MB-468-GFP, T47D, HCC1806
and MCF-7 cells was highly methylated closer to the 5° end of the CpG island. However,
the MDA-MB-468-LN, MDA-MB-435 and 21T series cell lines were mainly
hypomethylated at CGI 1. Methylation of a gene promoter is often associated with
silencing of the gene. In this particular case, it appeared that cell lines with high levels of
ZEB?2 expression (MDA-MB-468-LN, MDA-MB-435, and 21MT-1 cell lines) were
hypomethylated, and the majority of cell lines not expressing ZEB2 (MDA-MB-468-
GFP, T47D, HCC1806 and MCF-7) were highly methylated. Therefore, lack ot
methylation was correlating with increased ZEB?2 expression, especially for those cells
with distinctly high or low levels of ZEB2. However, there were some discrepancies in
this correlation that were mainly seen in cell lines with moderate ZEB2 expression. such

as the MDA-MB-231 and 21NTci cell lines.
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Another CpG island (CGI 2) is present within the ZEB2 gene, downstream of the
transcription start site (#2539 bp to +4460 bp). This region, approximately 1922 bp long.
spans intron 1, exon 2 and intron 2 (Figure 1.6a). Because it is unknown whether this
CpG island plays a role in the regulation of ZEB2, it was important to determine the
methylation status of this CpG island in multiple cell lines. Theretore, bisulfite
mutagenesis and genomic sequencing analysis were performed on DNA from MDA-MB-
468-GFP and MDA-MB-468-LN cell lines, for 6 separate regions spanning CGI 2 (CGI
2-1, CGI 2-2, CGI 2-3, CGI 2-4, CGI 2-5 and CGI 2-6) (Figure 3.4). Little difference in
methylation patterns were found between the MDA-MB-468-GFP and MDA-MB-468-
LN cell lines in the most 5° regions (+2346 bp to + 2522 bp), but ditterential methylation
was seen in regions CGI 2-4 to CGI 2-6. These patterns were consistent with the patterns
observed at CGI 1 (Figure 3.3), where the MDA-MB-468-GFEP cells had high levels of
methylation, and MDA-MB-468-LN cells had very low levels of methylation. Because
the MDA-MB-231 cell line expressed ZEB2, but was highly methylated at CGI 1, it was
important to determine if this discrepancy was also seen at CGI 2. Therefore, the three
regions found to be differentially methylated between the MDA-MB-468-GFP and
MDA-MB-468-LN cells, CGI 2-4 to CGI 2-6, were also analyzed in the MDA-MB-231
cell line (Figure 3.4). This region was found to be highly methylated in this cell line,
which was consistent with the high methylation pattern seen for CGI 1 (Figure 3.3). From
these results, it appeared that the methylation status of CGI 1 and CGI 2 were correlated
with the expression of ZEB2 in most cell lines, and that methylation was consistent

between these two CpG islands. These CpG islands were hypomethylated. and high



Figure 3.4 CpG island 2 was differentially methylated in human cancer cells. DNA
extracted from MDA-MB-468-GFP, MDA-MB-231 and MDA-MB-468-LN cells was
subjected to bisulfite mutagenesis, and six regions spanning across CGI 2 (CGI 2-1 to
CGI 2-6) were amplified and cloned into pCR2.1. Multiple clones were sequenced for
each cell line and each region. Each square represents a CpG. Each row of squares
represents a separate cloned PCR sequence. Vertical columns represent each individual
CpG analyzed within CGI 2. Open boxes are unmethylated CpGs and closed boxes are

methylated CpGs. Percent methylation (%) is indicated below each methylation diagram.
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levels of ZEB2 were observed, in most mesenchymal-like cells (MDA-MB-468-1LN,

MDA-MB-435 and 21MT-1).

3.4 The ZEB2 Promoter was Differentially Methylated in the MDA-MB-468-GFP
and MDA-MB-468-LN Cell Lines

If methylation is playing a role in the regulation of ZEB2 expression, difterential
methylation may be expected at the promoter, between MDA-MB-468-GFP and MDA-
MB-468-1.N cells. Thus. DNA from these cells were subjected to bisulfite mutagenesis,
and the 5° end of this promoter region, 5° to Exon 1 (- 233 bp to -27 bp), was amplified,
cloned and sequenced (Figure 3.5). This region was methylated in MDA-MB-468-GFP
cells at four of the 6 CpG sites in some of the clones analyzed, mainly at the most 5° CpG
sites in this region, while the MDA-MB-468-LN cell line was unmethylated at most CpG
sites. Thus, it appeared that this region of the promoter was differentially methylated
between these two cell lines. A portion of Exon 1(+13 bp to +256 bp), within this
putative promoter, was analyzed for its methylation status in the MDA-MB-468-GFP and
MDA-MB-468-LN cell lines. Both cell lines had very low levels of methylation in this
region, although there was greater methylation at this region in the MDA-MB-468-GFP
cells (Figure 3.5), similar to that seen for the region 5° to Exon 1 (Figure 3.5). Thus,
differential methylation of this putative promoter was seen between MDA-MB-468-GFP
and MDA-MB-468-LN cells, similar to that seen for CpG island 1 and CpG island 2. The
low levels of methylation in the putative promoter of MDA-MB-468-LN cells further
suggests a correlation with the increased ZEB2 expression observed, supporting the

notion that DNA methylation may play a role in the regulation of ZEB2.



Figure 3.5 The ZEB2 promoter was differentially methylated in MDA-MB-468-GFP
and MDA-MB-468-LN cells. DNA extracted from MDA-MB-468-GFP and MDA-MB-
468-LN cells was subjected to bisulfite mutagenesis and region 5’ to Exon 1, and Exon 1,
were amplified and cloned into pCR2.1. Multiple clones were sequenced for each cell
line. Each square represents a CpG. Each row of squares represents a separate cloned
PCR sequence. Vertical columns represent each individual CpG analyzed within CpG
island 1. Open boxes are unmethylated CpGs and closed boxes are methylated CpGs. The
SP1 putative binding site is demonstrated with a solid black line. Percent methylation

(%) 1s indicated beside each methylation diagram.
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3.5 ZEB2 Expression and CpG Island 1 Methylation were Similar in 21) and 31)
Culture

The previous analyses of ZEB2 expression and methylation analyses of multiple
genomic regions were performed on cells grown in 2D culture. However, the behaviour
of cells in an artificial, in vitro system was not necessarily reflective of the behaviour of
cells in vivo. Ultimately, it was critical to understand the importance of methylation in the
regulation of ZEB2 in the context of the clinic. Therefore, it was crucial to determine how
physiologically relevant these expression and methylation correlation findings were.
Thus, the MDA-MB-468-GFP and MDA-MB-468-LN cell lines were grown in 3D
Matrigel, a system that has been shown previously to mimic certain aspects of the
physiology of the breast (Petersen et al., 1992; Weaver and Bissell, 1999). Cells were
grown in Matrigel for 9 days and cell recovery solution was used to harvest cells from the
matrix. Once harvested, RNA and DNA were extracted. RT-PCR was performed to
determine the expression of ZEB2 in cells grown in 3D Matrigel compared with cells
grown on 2D tissue culture plastic (Figure 3.6a). It was observed that in both 2D and 3D
cultures, the MDA-MB-468-GFP cells did not express ZEB2, whereas the MDA-MB-
468-LN cells had high levels of ZEB2 expression.

To determine whether methylation patterns were similar in cells grown in 2D and
3D culture, bisulfite genomic analysis was performed on DNA extracted from MDA-MB-
468-GFP and MDA-MB-468-LN cell lines grown in 2D culture or 3D Matrigel (Figure
3.6b). It was found that in 3D Matrigel. the MDA-MB-468-GFP cells were highly
methylated at CGI 1, and the MDA-MB-468-LN cells were hypomethylated at CGI 1,

which was consistent with what was observed in these cells when grown in 2D culture.






Figure 3.6 No differences in ZEB2 expression or CpG island 1 methylation were
observed in cells grown in 2D and 3D culture. MDA-MB-468-GFP and MDA-MB-
468-LN cells were grown in 2D culture and in 3D Matrigel. Cells were harvested, and
RNA and DNA were extracted, a) RT-PCR was performed to determine the levels of
ZEB2 expression. Water and GAPDH are shown as negative and positive controls,
respectively, b) Bisulfite mutagenesis and sequencing analysis of CpG island 1 was
performed with DNA from cells grown in both 2D and 3D culture. Cells were grown in
triplicate in 3D Matrigel wells, and PCRs were performed for each triplicate. Multiple
clones were sequenced for each cell line. Each square represents a CpG. Each row of
squares represents a separate cloned PCR sequence. Vertical columns represent each
individual CpG analyzed within CpG island 1 Open boxes are unmethylated CpGs and

closed boxes are methylated CpGs.
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These results suggest that the expression and methylation analysis of ZEB2 in 2D culture

may be representative of in vivo data.

3.6 zEB2 Methylation was Resistant to Demethylation by 5-Aza and TSA Treatment
in MDA-MB-468-GFP Cells

The methylation pattern of two CpG islands and the putative ZEB2 promoter
correlated with the expression of ZEB2 in multiple cancer cell lines. To determine
whether DNA methylation is a cause or consequence of ZEB2 repression, the methylation
of these DNA regions was manipulated through the use of the demethylating agent 5-aza-
2’deoxycytidine. There are many demethylating drugs that are currently available, for
both clinical and experimental use. 5-aza-2'deoxycytidine (5-aza), which is a cytosine
analogue, is the most frequently used drug for experimental purposes. 5-aza is
incorporated into DNA, where it covalently binds to DNA methyltransferases and inhibits
their catalytic ability to copy methylation patterns during replication (Gabbara and
Bhagwat, 1995; Santi et al., 1984). In addition, Trichostatin A (TSA), a deacetylase
inhibitor, inhibits the ability of deacetylases to remove acetyl groups from histones,
causing chromatin to remain in an open conformation (Yoshida et al., 1990). TSA can
often act synergistically with 5-aza to allow maximal re-expression of silent genes
(Chiurazzi et al., 1999; Meng et al., 2007; Veeck et al., 2008; Zhang et al., 2005). To
understand whether DNA methylation and histone acetylation play a functional role in
the regulation of ZEB2, 5-aza and TSA were used to reduce DNA methylation patterns in
the MDA-MB-468-GFP cell line, which has high levels of CpG island methylation and

ZEB2 putative promoter methylation and very low levels 0i'’ZEB2 expression. By
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removing DNA methylation from these highly methylated regions then analyzing
changes in ZEB2 expression, it may be possible to determine whether DNA methylation
plays a causal role in regulating the expression of this gene. To this end, MDA-MB-468-
GFP cells were either treated with no drug, or 1, 2, 5 or 10 pM 5-aza-2’deoxycitidine for
3 days. TSA (0.3 pM) was added for the last 24 hours of the 5-aza treatment. To analyze
morphological changes between control cells and cells treated with 5-aza and TSA, and
to ensure cells were proliferating, brightfield images of cells were taken before 5-aza
treatment, 48 hours after 5-aza treatment (before TSA treatment), and before harvesting
(72 hours after 5-aza treatment, 24 hours after TSA treatment) (Figure 3.7). No
differences in morphology were observed between cells treated with 5-aza and TSA and
control cells. MDA-MB-468-GFP cells were able to proliferate in the absence of drug, or
in 1 pM and 2 pM 5-aza + TSA, however, 5 pM and 10 pM 5-aza drug treatments
resulted in cell death.

To determine the effect of 5-aza and TSA treatment on ZEB2 expression, RT-
PCR was performed (Figure 3.8). No changes in ZEB2 expression were observed. From
this, it was evident that ZEB2 expression was resistant to demethylation under these drug
conditions. As a control, to ensure the drugs were active, and the cells were able to
respond to the drugs, | analyzed the expression of DKK3, a WNT5a inhibitor. DKK3
expression has been shown in the literature to be reactivated after 1 pM 5-aza and 0.3 pM

TSA treatment in MCF-7 cells (Veeck et al., 2008). Therefore, DKK3 expression



82



Figure 3.7 MDA-MB-468-GFP cells were proliferating during some 5-aza-
2’deoxycytidine and Trichostatin A treatment conditions. MDA-MB-468-GFP cells
were plated at a density of 7.1x10 cells/cm on day 0. Fresh 5-aza-2’deoxycytidine (1,2,
5and 10 pM) was added on day 1,2 and 3, with the addition of Trichostatin A for the last
24 hours, and cells were harvested on day 4. Brightfield images of cells were obtained
before treatment (0 days), and 2 days and 3 days after drug treatment. White bars

represent 100 pm.
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Figure 3.8 5-aza-2’deoxycytidine and Trichostatin A treatment did not alter the
expression ofZEB2 in MDA-MB-468-GFP cells. MDA-MB-468-GFP cells were plated
at a density of 7.1x10 cells/cm on day 0. Fresh 5-aza-2’deoxycytidine (1, 2, 5and 10
pM) was added on day 1, 2 and 3, with the addition of Trichostatin A for the last 24
hours of culture, and cells were harvested on day 4. Levels of ZEB2 expression were
analyzed by RT-PCR. The expression of DKK3 was shown as a positive control for 5-aza
treatment. Placental cDNA was used as a positive control for DKK3 expression. MDA-
MB-468-LN cDNA was used as a positive control for ZEB2 expression. Water was used

as a no template control. The expression of GAPDH is shown as a positive control.
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was analyzed by RT-PCR in both control and 5-aza and TSA treated cells (Figure 3.8).
DKK3 expression was not reactivated under any drug conditions tested. This suggests
that 5-aza and TSA may not have been active, or that the MDA-MB-468-GFP cell line
was not responsive, or resistant, to these drugs. The expression of GAPDH was used as a
positive control for the cDNA synthesis and to ensure equal mMRNA was used in each
reaction.

To optimize the duration of 5-aza treatment necessary to induce déméthylation of
ZEB?2, these experiments were also performed over 5 and 7 days. Again, MDA-MB-468-
GFP cells were grown in 2D culture, and were either treated with no drug, or 1, 2, 5or 10
pM 5-aza for 5 or 7 days. TSA (0.3 pM) was added for the last 24 hours of 5-aza
treatment. To analyze morphological differences between control cells and cells treated
with 5-aza and TSA, and to ensure cells were proliferating, brightfield images of cells
were taken after 2, 3, 5 or 7 days of drug treatment, depending on the length of the
experiment (Figure 3.9 and Figure 3.10). Again, no changes in morphology were
apparent at any time or dose. MDA-MB-468-GFP cells were able to proliferate when
untreated, or treated with 1 pM and 2 pM 5-aza + TSA. However, 5 pM and 10 pM 5-
aza treatments were toxic to the cells in these prolonged experiments, as expected. In
order to determine the effect of 5-aza and TSA treatment on ZEB2 expression, RT-PCR
was performed on all control cells, and cells treated with 5-aza and TSA (Figure 3.11).
The expression of ZEB2 was unaltered by these drug treatments. From these experiments,
it was evident that prolonged 5-aza and TSA exposure did not alter the expression of

ZEB2.
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Figure 3.9 MDA-MB-468-GFP cells were proliferating during some 5 day 5-aza-
2’deoxycytidine and Trichostatin A treatment conditions. MDA-MB-468-GFP cells
were plated at a density of 7.1x103cells/cm2on day 0. Fresh S-aza”’deoxycytidine (1,2,
5and 10 pM) was added on day 1, 2, 3, 4 and 5, with the addition of Trichostatin A for
the last 24 hours of culture, and cells were harvested on day 6. Brightfield images of cells

after 2, 3 and 5 days of drug treatment are shown. White bars represent 100 pm.
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Figure 3.10 MDA-MB-468-GFP cells were proliferating during some 7 day 5-aza-
2’deoxycytidine and Trichostatin A treatment conditions. MDA-MB-468-GFP cells
were plated at a density of 7.1x103cells/cm2on day 0. Fresh 5-aza-2’deoxycytidine (1,2,
5and 10 pM) was added on day 1, 2, 3, 4, 5, 6 and 7 with the addition of Trichostatin A
for the last 24 hours of culture, and cells were harvested on day 8. Brightfield images of

cells were obtained after 2, 3, 5 and 7 days of drug treatment. White bars represent 100
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Figure 3.11 5-aza-2’deoxycytidine and Trichostatin A treatment for 5 and 7 days did
not alter expression ofZzZEB2 in MDA-MB-468-GFP cells. MDA-MB-468-GFP cells
were plated at a density of 7.1x10ycells/cm on day 0. Fresh 5-aza-2’deoxycytidine (1,2,
5and 10 pM) was added on day 1,2, 3, 4, 5, (as well as day 6 and 7) with the addition of
Trichostatin A for the last 24 hours of culture, and cells were harvested on day 6 (or 8 for
7 day drug treatment). Levels of ZEB2 expression were analyzed by RT-PCR. MDA-MB-
468-LN cDNA was used as a positive control for ZEB2 expression (data not shown).

Water was used as a no template control (data not shown). The expression of GAPDH

was used as a positive control.
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To confirm the effectiveness of 5-aza treatments, | also determined whether any genomic
regions that | had previously analyzed were demethylated. Bisulfite genomic analysis was
performed on DNA extracted from non-treated and treated cells, for CGI 1 (Figure 3.12),
the most 3’ region of CGI 2 (CGI 2-6) (Figure 3.13) and 5?to Exon 1 (Figure 3.14).
During analysis of CGI 1 methylation, non-specific amplification of another DNA
sequence occurred, so my methods had to be modified. As well, new primers were
designed to amplify a region similar to the region previously analyzed. This new primer
set amplified a region that contains 37 CpG sites, 33 of which were analyzed with the
original primers. No differences in ZEB2 methylation were observed at these regions
between untreated and treated groups in any of the regions analyzed. It appears that ZEB2
is resistant to DNA methylation manipulations through the use of 5-aza and TSA at these

regions analyzed, under the conditions tested.

3.7 ZEB2 Methylation was Resistant to Demethylation by 5-Aza and TSA Treatment
in MCF-7 Cells

From the previous experiments, it appeared that ZEB2 was resistant to DNA
methylation manipulation in MDA-MB-468-GFP cells. To understand whether this was a
phenomenon specific to the MDA-MB-468-GFP cells, the three day 5-aza experiments
were repeated with the MCF-7 cell line. This cell line had a high level of CGI 1
methylation and very low ZEB2 expression, similar to that of the MDA-MB-468-GFP
cells. As well, this cell line has been used for many 5-aza experiments previously
(Rivenbark et al., 2006; Sadikovic et al., 2004; Veeck et al., 2008; Veeck et al., 2006;

Zhang et ah, 2005). Thus, not only is this cell line a good candidate cell line for our
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Figure 3.12 MDA-MB-468-GFP cells were resistant to demethylation of CpG island
1 by 5-aza-2’deoxycytidine and Trichostatin A. MDA-MB-468-GFP cells were plated
at a density of 7.1x10 cells/cm on day 0. Fresh 5-aza-2'deoxycytidine (1, 2, 5and 10
pM) was added on day 1, 2 and 3, with the addition of Trichostatin A for the last 24
hours of culture, and cells were harvested on day 4, 6 or 8. Methylation of CGI 1was
analyzed by the bisulfite mutagenesis and sequencing assay with DNA from cells grown
for 3 days with either no drug (control) or 1 pM, 2 pM, 5 pM or 10 pM 5-aza + TSA drug
treatment, as well as cells grown for 5 and 7 days with no drug (control) or 2 pM 5-aza +
TSA treatment. The methylation status of the untreated MDA-MB-468-GFP cells during
the 5 day experiment was analyzed using the same CGI 1 primers used in Figure 3.2
(PR1 and PR2; Table 2.1). Flowever, the methylation status of CGI 1after all other
treatment conditions was tested with the second set of CGI 1 primers (PR31 and PR32;

Table 2.1), and therefore different CpGs were analyzed.



MDA-MB-468-GFP
CGl 1

Control
0 |iM 5-aza +
0 (iM TSA

1(iM 5-aza +
0.3 mM TSA

2 |iM 5-aza +
0.3 (iM TSA

5 (iM 5-aza +
0.3 nM TSA

10 (iM 5-aza +
0.3 (iM TSA

3day

Control
0 |iM 5-aza +

0 \Mrsa

5 day

95

wees. HAESIM

0.3 (iM TSA

Control
0 (iM 5-aza +
0 (iM TSA

2 (iM 5-aza +
0.3 (iM TSA

7 day

MHEmM



96



Figure 3.13 MDA-MB-468-GFP cells were resistant to demethylation of CpG island
2 by 5-aza-2’deoxycytidine and Trichostatin A. MDA-MB-468-GFP cells were plated
at a density of 7.1x103cells/cm2on day 0. Fresh 5-aza-2’deoxycytidine (1, 2, 5and 10
pM) was added on day 1, 2 and 3, with the addition of Trichostatin A for the last 24
hours of culture, and cells were harvested on day 4, 6 or 8. Bisulfite mutagenesis and
sequencing of CGI 2-6 was performed with DNA extracted from cells grown for 3 days
with either no drug (control) or 1 pM, 2 pM, 5 pM or 10 pM 5-aza + TSA drug treatment,
as well as cells grown for 5 and 7 days with no drug (control) or 2 pM 5-aza + TSA

treatment.
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Figure 3.14 MDA-MB-468-GFP cells were resistant to demethylation of 5’ to Exon 1
by 5-aza-2’deoxycytidine and Trichostatin A. MDA-MB-468-GFP cells were plated at
a density of 7.1x103cells/cm2on day 0. Fresh 5-aza-2’deoxycytidine (1,2, 5and 10 pM)
was added on day 1, 2 and 3, with the addition of Trichostatin A for the last 24 hours of
culture, and cells were harvested on day 4, 6 or 8. Bisulfite mutagenesis and
amplification and cloning of a subregion of 5’ Exon 1was performed with DNA
extracted from cells grown for 3 days with either no drug (control) or 1pM, 2 pM, 5 pM

or 10 pM 5-aza + TSA drug treatment.
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experiments, but alterations in expression of other genes shown in the literature after 5-
aza treatment could be used as a positive control, to analyze the effectiveness of these 5-
aza treatments. MCF-7 cells were treated with no drug, or 1, 2, 5 or 10 pM 5-aza-
2’°deoxycitidine for 3 days. TSA (0.3 pM) was added for the last 24 hours of 5-aza
treatment. To determine morphological changes between control and 5-aza and TSA
treated cells, and to ensure cells were proliferating, brightfield images of cells were taken
before 5-aza treatment, 48 hours after 5-aza treatment (before TSA treatment), and 72
hours after 5-aza treatment (24 hours after TSA treatment) (Figure 3.15.). MCF-7 cells
appeared more elongated in shape after TSA treatment and were able to proliferate when
treated with no drug, 1pM, 2 pM, 5 pM and 10 pM 5-aza + TSA with seemingly low
toxicities. To determine the effect of 5-aza and TSA treatment on ZEB2 expression, RT-
PCR was performed on all control cells, and cells treated with 5-aza and TSA (Figure
3.16). Activation of ZEB2 was seen after 1 pM 5-aza + TSA treatment, but no alteration
in ZEB2 expression was seen under any other condition. As a control, the expression of
DKK3 shown in the literature to be expressed after IpM 5-aza and 0.3 pM TSA treatment
in MCF-7 cells (Veeck et al., 2008) was analyzed by RT-PCR on all control cells, and
cells treated with 5-aza and TSA (Figure 3.16). DKK3 expression was increased in cells
treated with all 5-aza conditions, as expected. This indicates that the 5-aza drug was
active and was capable of inducing the expression of at least one gene. The expression of
GAPDEI was used as a positive control. Thus, it appears that 5-aza was able to alter the
expression of ZEB2, but only under a subset of the conditions tested, all of which

additionally resulted in the activation of DKKa3.
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Figure 3.15 MCF-7 cells were proliferating during 5-aza-2’deoxycytidine and
Trichostatin A treatment. MCF-7 cells were plated at a density of 2.1x104 cells/cm2on
day 0. Fresh 5-aza-2’deoxycytidine (1, 2, 5 and 10 pM) was added on day 1, 2, and 3,
with the addition of Trichostatin A for the last 24 hours, and cells were harvested on day
4. Brightfield images of cells were obtained before treatment (0 days), and 2 days and 3

days after drug treatment. White bars represent 100 pm.
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Figure 3.16 Specific 5-aza-2’deoxycytidine and Trichostatin A treatment altered the
expression of ZEB2 in MCF-7 cells. MCF-7 cells were plated at a density of 2.1x104
cells/cm on day 0. Fresh 5-aza-2’deoxycytidine (1, 2, 5and 10 pM) was added on day 1,
2 and 3, with the addition of Trichostatin A for the last 24 hours of culture, and cells were
harvested on day 4. Levels of ZEB2 expression was analyzed by RT-PCR. The

expression of DKK3 was shown as a positive control for 5-aza treatment. Placental cDNA
was used as a positive control for DKK3 expression. MDA-MB-468-LN cDNA was used
as a positive control for ZEB2 expression. Water was used as a no template control. The

expression of GAPDH is shown as a positive control.
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| also determined whether 5-aza treatment was able to demethylate genomic regions that
may be important in the regulation of ZEB2 in MCF-7 cells. To this end, DNA was
extracted from both untreated and treated MCF-7 cells, and bisulfite mutagenesis and
sequencing was performed to analyze the méthylation status of three regions of the ZEB2
gene: CGI 1 (Figure 3.17), CGI 2 (Figure 3.18) and 5’ to Exon 1 (Figure 3.19). Treatment
of MCF-7 cells with 1and 2 pM 5-aza did result in a decrease in méthylation at CGI 1
and CGI 2 in a subset of MCF-7 cells, but no déméthylation was observed in these
regions in any other drug treatment groups. The méthylation of the region 5' to Exon 1
was not altered by 5-aza and TSA treatment. In summary, utilization of a DNA
méthylation inhibitor and a deacetylase inhibitor showed some involvement of
méthylation in the regulation of ZEB2 expression. However, it is still not clear whether
DNA méthylation and deacetylation are a cause of ZEB2 repression, or a consequence of

ZEB?2 silencing.

3.8 In Vitro Méthylation of hPr Diminished Promoter Activity

Experiments with 5-aza and TSA were carried out to gain a better understanding
of whether ZEB2 DNA méthylation was a cause or consequence of altered ZEB2
expression. However, the experiments were inconclusive, and thus another approach was
used. I had previously shown that the regions corresponding to the promoter of ZEB2
were differentially methylated in the MDA-MB-468-GFP and MDA-MB-468-LN cells,
indicating that méthylation of this region may contribute to the regulation of ZEB2
expression. To further determine the role of méthylation of this region, I manipulated the

méthylation of this region in vitro. To this end, the reporter vectors pGL3 and pGL3-hPr
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Figure 3.17 MCF-7 cells were partially resistant to demethylation of CpG island 1
by 5-aza-2’deoxycytidine and Trichostatin A. MCF-7 cells were plated at a density of
2.1x104 cells/cm2on day 0. Fresh 5-aza-2’deoxycytidine (1, 2, 5 and 10 pM) was added
on day 1, 2 and 3, with the addition of Trichostatin A for the last 24 hours of culture, and
cells were harvested on day 4. Methylation of CGI 1was analyzed by bisulfite
mutagenesis and sequencing of CGI 1, with DNA from cells grown with either no drug

(control) or 1pM, 2 pM, 5 pM or 10 pM 5-aza + TSA drug treatment.
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Figure 3.18 MCF-7 cells were partially resistant to déméthylation of CpG island 2
by 5-aza-2’deoxycytidine and Trichostatin A. MCF-7 cells were plated at a density of
2.1x104 cells/cm2on day 0. Fresh 5-aza-2’deoxycytidine (1, 2, 5and 10 pM) was added
on day 1, 2 and 3, with the addition of Trichostatin A for the last 24 hours of culture, and
cells were harvested on day 4. Méthylation of CGI 2-6 was analyzed by bisulfite
mutagenesis and sequencing of CGI 2-6, with DNA from cells grown with either no drug

(control) or 1 pM, 2 pM, 5 pM or 10 pM 5-aza + TSA drug treatment.
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Figure 3.19 MCF-7 cells were resistant to demethylation of 5’ to Exon 1 by 5-aza-
2’deoxycytidine and Trichostatin A. MCF-7 cells were plated at a density of 2.1x104
cells/cm2on day 0. Fresh 5-aza-2'deoxycytidine (1, 2, 5 and 10 pM) was added on day 1,
2 and 3, with the addition of Trichostatin A for the last 24 hours of culture, and cells were
harvested on day 4. Bisulfite mutagenesis and sequencing of a subregion of 5' to Exon 1
was performed with DNA extracted from cells grown with either no drug (control) or 1

pM, 2 pM, 5 pM or 10 pM 5-aza + TSA drug treatment.
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were methylated in vitro and promoter activity was determined in MDA-MB-468-LN
cells (Figure 3.20). Consistent with the results shown previously, there was increased
luciferase activity with the mock-methylated pGL3-hPr vector compared with the mock-
methylated control pGL3 vector. It was also found that the luciferase activity from the
methylated pGL3-hPr vector was much lower than the mock-methylated pGL3-hPr,
indicating that méthylation of the plasmid resulted in decreased luciferase activity of the
hPr fragment.

However, because the entire vector was methylated, non-specific méthylation of
the pGL3-basic backbone vector itself may account for some of this difference in
luciferase activity. To test whether non-specific méthylation of the vector may be
contributing to this decreased activity, the hPr promoter region was removed from the
vector and methylated in vitro (‘Patch’ méthylation), resulting in méthylation of only the
hPr region. Previous results from our laboratory have demonstrated similar decreases in
luciferase activity using both méthylation methods in parallel (DiNardo et al., 2001), but
to ensure that non-specific méthylation was not causing the activity decrease seen in this
system, ‘patch’ méthylation of the vector was performed. Reporter vectors (pGL3-hPr-
mock and pGL3-hPr-meth) were transfected into MDA-MB-468-LN cells (Figure 3.21).
Region hPr basal luciferase activity in MDA-MB-468-LN cells was abolished when
Region hPr was methylated. From these two independent méthylation manipulation
experiments, it appeared that méthylation within this putative promoter region was one
mechanism of regulation that can be functionally important in the regulation of ZEB2,
and one that may contribute to altered expression of ZEB2 during epithelial-mesenchymal

transition.
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Figure 3.20 In vitro inethylation of Region hPr reporter plasmid diminished
promoter activity, a) A table of the average relative luciferase units (RLU) for the
pGL3mock, pGL3meth, pGL3-hPr-mock and pGL3-hPr-meth plasmids transfected into
the MDA-MB-468-LN cell line, b) pGL3 and pGL3-hPr were methylated in vitro with
Sssl methylase. Mock-methylation of these vectors was performed in the absence of Sssl
methylase and S-adenosylmethionine. Methylated and mock-methylated vectors were
purified and were transfected into MDA-MB-468-LN cells using Lipofectamine 2000.
Forty-eight hours after transfection, cells were lysed and luciferase assays were
performed. p-Galactosidase assays were performed to normalize for transfection
efficiency. Bars represent the relative luciferase activity of each vector, normalized to P-
Galactosidase, obtained from three separate transfections for each vector. Significant
luciferase differences (P < 0.05) between each group tested, as determined by Analysis of
Variance (ANOVA) based on ranks and the Student Newman Keuls post hoc test, are

indicated by (*).
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Figure 3.21 ‘Patch’ méthylation of Region hPr decreased promoter activity, a) A
table of the average relative luciferase units (RLU) for the pGL3-hPr-mock (Patch) and
pGL3-hPr-meth (Patch) plasmids transfected into the MDA-MB-468-LN cell line and the
P-values for each cell line, b) Region hPr, contained in pGL3-hPr was digested out of the
vector, and Sss\ was used to méthylation Region hPr in vitro. Mock-methylation of
Region hPr was performed in the absence of Sss\ methylase and S-adenosylmethionine.
Methylated and mock-methylated Region hPr was re-ligated into pGL3. pGL3-hPr-mock
(0.75pg) and pGL3-hPr-meth (0.75pg), along with a vector containing CD20 and CMV-
p-Gal, were transfected into MDA-MB-468-LN cells using Lipofectamine 2000. Forty-
eight hours after transfection, cells were lysed and luciferase assays were performed. (3
Galactosidase assays were performed to normalize for transfection efficiency. Bars
represent the relative luciferase activity of each vector, normalized to (3-Galactosidase,
obtained from two separate transfections for each vector. Significant luciferase activity
difference of pGL3-hPr-mock (Patch) (P < 0.05) compared to pGL3-hPr-meth (Patch) is

indicated by (*).
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CHAPTER 4 - DISCUSSION AND CONCLUSIONS

4.1 Summary of Thesis Findings

In this thesis, | investigated the expression of ZEB2 in ten human breast cancer
cell lines. ZEB2 was not expressed in most epithelial cells, but was expressed in most
mesenchymal-like cells, confirming similar findings in the literature. | also demonstrated
that for two CpG islands, CGI 1and CGI 2, epithelial cells had higher levels of
méthylation, whereas more mesenchymal-like cells had decreased méthylation, in the
majority of cell lines analyzed. I identified a putative promoter of ZEB2, and
demonstrated that this region has promoter activity in three cell lines. This promoter
region was also found to be hypomethylated in MDA-MB-468-LN cells, compared to
MDA-MB-468-GFP cells. Thus, | have shown that méthylation inversely correlated with
ZEB?2 expression, where cells with low levels of ZEB2 méthylation have high levels of
ZEB2 expression in most of cell lines analyzed. | finally validate these results in a more
physiologically relevant environment, by showing that the expression and méthylation
patterns of MDA-MB-468-GFP and MDA-MB-468-LN cells were consistent between 2D
and 3D culture.

To analyze the functional contribution of DNA méthylation to the regulation of
ZEB2 expression, cells were treated with the demethylating agent 5-aza-2'deoxycytidine
and the deacetylase inhibitor Trichostatin A. |1 demonstrated that MDA-MB-468-GFP
cells were resistant to drug-induced déméthylation of ZEB2 CpG islands and the region
5’ to Exon 1 lalso demonstrated that in MCF-7 cells, some drug treatments caused the

déméthylation of a population of cells at ZEB2 CGI 1and CGI 2. MCF-7 cells treated
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with drug were able to proliferate, and | was furthermore able to concurrently induce the
expression of DKK3, a gene previously shown to be responsive to 5-aza treatment (Veeck
et al., 2008). However, unlike the robust response seen with DKK3, ZEB2 expression was
altered under only one condition of 5-aza treatment that | tested. These results were
inconclusive, and by using another approach to study the functionality 0iZEB2 DNA
methylation, I demonstrated that two separate methods of in vitro methylation of the
ZEB?2 promoter diminished promoter activity using luciferase assays.

Taken together, these results indicate that DNA methylation may contribute to the
regulation of ZEB2, but it remains unclear whether it plays a causal role, or is a
consequence of ZEB2 expression. DNA methylation and ZEB2 expression are inversely
correlated, and while | have also shown that CpG islands proximal to the ZEB2 gene were
at least partially resistant to drug-induced demethylation | have confirmed a ZEB2
promoter region that was differentially methylated in MDA-MB-468-GFP and MDA-
MB-468-LN cell lines, and that in vitro methylation of this promoter region diminished
promoter activity. Therefore, I conclude that DNA methylation of the ZEB2 promoter

and CpG islands may play a role in the regulation of this gene.

4.2 Expression of ZEB2 in Mesenchymal Cells

ZEB?2 is a transcription factor important in development. It regulates the
movement of neural cells for proper neuronal development, and in the absence of this
protein, mice die at embryonic day E9.5 (Van de Putte et al., 2003). Given that ZEB2
plays such a crucial role in the migration of these cells, it seems logical that the aberrant

expression of ZEB2 can cause similar migratory behaviours in cancer cells. In fact, ZEB2
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expression is increased in a number of cancers (Elloul et al., 2005; Isohata et al., 2009;
Kojc et al., 2009; Ohta et al., 2008; Yoshida et al., 2009; Yoshihara et al., 2009).
Upregulation of ZEB2 has also been implicated in epithelial-mesenchymal transition
(EMT), a process implicated in metastasis. Many studies have shown that ZEB2 can
regulate key genes in this process, such as E-cadherin and vimentin (Bindels et al., 2006;
Comijn et al., 2001). As well, it has been shown that ZEB2 also downregulates other
junctional proteins, and can increase the expression of matrix metalloproteinases
(Miyoshi et al., 2004; Vandewalle et al., 2005). It was therefore expected that in the 10
human cancer cell lines analyzed, ZEB2 was found to be more highly expressed in cells
with high levels of vimentin and N-cadherin, and low levels of E-cadherin, indicative of a
mesenchymal phenotype. The mesenchymal marker fibronectin did not possess a
particular expression pattern in the cell lines analyzed. The pattern of ZEB2 expression
observed was consistent with previous studies that demonstrated that the ZEB2 transcript
was absent in T47D and MCF-7 cells, but was present in MDA-MB-231 and MDA-MB-
435S cells (Bindels et al., 2006; Comijn et al., 2001; van Grunsven et al., 2003).
Furthermore, the levels of the EMT markers E-cadherin, vimentin and N-cadherin found
in the cell lines analyzed, and the morphology of these cells, were consistent with the
literature. MDA-MB-231 and MDA-MB-435 cells typically express vimentin, but not E-
cadherin, are of a fibroblastic phenotype, and possess some invasive characteristics
(Blick et al., 2008; Hollestelle et al., 2009). In contrast, MCF-7, MDA-MB-468, T47D
and HCC1806 cells were typically found to be of an epithelial phenotype, with low
vimentin expression, high levels of E-cadherin, and typically low in invasive abilities

(Blick et al., 2008; Gazdar et al., 1998; Hollestelle et al., 2009). My results are consistent
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with these findings, and support my decision to group these sets of cell lines into cells of
either epithelial or mesenchymal phenotype. Furthermore, | have further supported the
notion that ZEB2 expression is often elevated in cells of a more mesenchymal-like nature
compared to epithelial-like cells. However, it is important to note that only mRNA levels
were investigated, due to the lack of good quality antibodies for Western blotting and
immunofluoresence procedures. RNA levels are not necessarily reflective of protein

abundance, and therefore protein analyses should be performed in the future.

4.3 ThezEB2 Promoter

Over the last few years, the identification of multiple antisense transcripts has
shed some light onto the regulation of the human ZEB2 gene. A natural antisense
transcript (NAT) exists, that when expressed, causes the maintenance of Intron 1,
resulting in increased production of the ZEB2 protein (Beltran et al., 2008). Alternatively,
several microRN As have been identified that are capable of downregulating ZEB2
(Bracken et al., 2008; Christoffersen et al., 2007; Cochrane et al., 2009; Gandellini et al.,
2009; Gregory et al., 2008; Kong et al., 2009; Korpal et al., 2008; Park et al., 2008;
Tryndyak et al., 2009). Despite this extensive knowledge, much remains unknown as to
which transcription factors may be influencing the expression of ZEB2. There has been
some evidence to suggest that NF-kB, ETS1 induced by TGFp, Snail, Churchill, GLI1 in
hedgehog signalling, and HIF-1 may play a role in regulating ZEB2 (Chua et al., 2007
Criswell and Arteaga, 2007; Isohata et al., 2009; Krishnamachary et al., 2006; Ohta et al.,
2008; Sheng et al., 2003; Shirakihara et al., 2007; Takkunen et al., 2006). However, due

to the lack of identification of the ZEB2 minimum promoter, these have not been
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validated through promoter association methods. In fact, little is known about the human
ZEB2 promoter itself. Three promoters have been identified for the mouse gene (PI, P2
and P3; Figure 1.6b), with P2 showing high promoter activity (Nelles et al., 2003). It has
been suggested that P1and P2 do exist in humans, and that human ZEB2 transcripts are
derived from both promoters. However the majority of transcripts are thought to result
from the activation of the main P2 promoter) (Katoh, 2009). To date, these promoter
regions have not been confirmed experimentally for the human ZEB2 gene.

To gain a better understanding of the mechanisms by which ZEB2 expression is
regulated, promoter assays were performed on an 810 bp region of the ZEB2 gene that
spans from -399 bp + to -411 bp, corresponding to a large portion of the region of the
mouse ZEB2 promoter (-960 bp to + 297 bp; (Nelles et al., 2003)). This region did
possess promoter activity, as expected, as this region of DNA contains conserved
transcription factor binding sites for ETS-SMAD and SP1 (Figure 1.6b) (Katoh, 2009).
This activity was greater in the MDA-MB-468-LN and MDA-MB-453 cells as compared
to the MCF-7 cells. This may be because ZEB2 is endogenously expressed in the former
two cell lines, and thus, all the necessary machinery for ZEB2 transcription is presumably
present. Promoter activity is still seen in MCF-7 cells despite the fact that this cell line
does not usually express ZEB2, perhaps because the machinery for ZEB2 transcription is
present. DNA methylation and chromatin structure, as well as the expression of
microRNAS, may be at least partially responsible for the lack of ZEB2 expression in this

cell line.
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4.4 DNA Methylation in the Regulation of ZEB2

ZEB2 is not normally expressed in mammary glands (Cacheux et al., 2001).
However, as previously discussed, ZEB2 expression was increased in a number of human
carcinomas, often in cells of a mesenchymal phenotype. Some studies have suggested
that this increase in ZEB2 expression may be the result of decreases in microRNAS
capable of downregulating ZEB2 (Bracken et al., 2008; Christoffersen et al., 2007,
Cochrane et al., 2009; Gandellini et al., 2009; Gregory et al., 2008; Kong et al., 2009;
Korpal et al., 2008; Park et al., 2008; Tryndyak et al., 2009). However, very little is
known about the ZEB2 promoter and the interplay between transcription factors and
epigenetics in the regulation of ZEB2. Previous work from our laboratory suggested that
DNA methylation may play a role in the regulation of ZEB2 (Esteller, 2008; Rodenhiser
et al., 2008).

DNA methylation can occur in the promoter of genes, and often in CpG islands,
which are regions rich in CpGs. The presence or absence of DNA methylation in the
promoter of genes can influence the ability of a gene to be transcribed; methylation can
hinder the binding of transcription factors necessary for transcription of a gene, and can
facilitate the binding of methyl-binding proteins, which can then recruit co-repressor
complexes, resulting in the repression of gene transcription. The aberrant
hypermethylation or hypomethylation of promoters has been shown to contribute to both
cancer and metastasis (Esteller, 2008; Rodenhiser, 2009), and thus, has been further
examined here in the context of ZEB2 regulation.

Interestingly, there are two CpG islands proximal to the ZEB2 gene, one

approximately 4 kb upstream of the ZEB2 transcriptional start site (CGI 1), and a second,



larger island approximately 3 kb downstream of the transcriptional start site, including
Exon 2 (CGI 2). Bisulfite mutagenesis of CGI 1demonstrated differential methylation
patterns among the 10 breast cancer cell lines analyzed. Interestingly, most cells of an
epithelial nature appeared to have high levels of ZEB2 methylation, and most cells of a
mesenchymal nature appeared to lack methylation. The methylation status of CGI 2 and
two regions of the putative ZEB2 promoter (5’ to Exon 1, and Exon 1) were also analyzed
in the MDA-MB-468-GFP and MDA-MB-468-LN cell lines. The methylation patterns
found at CGI 2 and the putative promoter mimicked those seen at CGI 1 for these cell
lines, where hypomethylation was seen in cells of a more mesenchymal nature. In fact,
methylated marks were mainly located at the most 5* CpG sites within the region 5’ to
Exon 1 (Figure 3.4). This may be due to the presence of SP1 binding sites which overlap
CpG site 3 and 4 of this region, which have been previously shown to act as a
methylation boundary element, important in maintaining genomic integrity (Butcher et
al., 2004; Siegfried et al., 1999). The CpG islands found in the ZEB2 gene are several
kilobases upstream and downstream of the putative human ZEB2 promoter. These CpG
islands may not influence the ability of transcription factors to bind to the promoter of a
gene, as typical CpG islands found in the promoter of genes do. Instead, these CpG
islands may play an important role in the regulation of ZEB2 by acting as enhancers, a
suggested potential role of distal CpG islands (Schmidl et ah, 2009).

CGlI 2 is found downstream of the ZEB2 transcriptional start site. This CpG island
is present within the promoter of the natural antisense transcript (NAT) that has been
previously described for ZEB2 (Beltran et ah, 2008). The promoter of this NAT is located

at the 5' end of CpG island 2. Thus, this CpG island may also regulate the binding of
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transcription factors to the promoter of the NAT, or act as an enhancer for the NAT,
rather than the ZEB2 gene itself. Expression analysis of the NAT would be necessary to
determine whether methylation of this CpG island would impact transcription factor
binding to the promoter, or act as an enhancer, of the NAT. Both CpG islands may also
be important in regulating the chromatin structure in this region, influencing the state of
compaction and ability of ZEB2 to be transcribed. Nevertheless, given the correlation
between methylation and ZEB2 expression, the methylation of these CpG islands
probably has an important role in the ZEB2 regulation.

In some cell lines, the methylation status of ZEB2 did not inversely correlate with
ZEB2 expression. For example, in the MDA-MB-231 cell line, moderate levels of ZEB2
were observed and extremely high levels of CGI 1and CGI 2 methylation were found.
This inconsistency could be due to the fact that every cancer cell line has its own unique
combination of mutations and cellular signalling aberrations. The regulation of ZEB2 in
the MDA-MB-231 cell line may not be identical to that of the other cell lines and may
involve alternate modes of regulation, such as miRNA and the ZEB2 NAT. In addition,
we did not sequence the full ZEB2 gene in the MDA-MB-231 cell line, raising the
possibility that chromosomal translocations of the ZEB2 gene (dissociating it from the
putative promoter), or large mutations may have occurred, contributing to the
disregulation of ZEB2 expression, explaining the high levels of DNA methylation and
increased ZEB2 expression that we observe.

My experiments examining the methylation status and expression of ZEB2 were
carried out using immortalized cell lines grown in 2D culture. The behaviour of these

cultured cells in 2D did not necessarily reflect the behaviour of cancerous cells in a
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tumour. 3D studies can be used to mimic many aspects of the natural physiological
environment, and Matrigel is often used to study epithelial cell behaviour because it
contains many components of the basement membrane such as extracellular matrix
proteins and growth factors (Yamada and Cukierman, 2007). Cells grown under these
conditions have been shown to possess different morphology, cell-cell contacts and cell-
matrix contacts (Debnath et al., 2003; Petersen et al., 1992; Yamada and Cukierman,
2007). In the 3D Matrigel model system, the MDA-MB-468-GFP and MDA-MB-468-LN
cells had similar expression of ZEB2 and CpG island 1 methylation patterns, suggesting
that the expression of ZEB2 and the methylation of this gene may be clinically important.
However, these 3D environments are still artificial and lack many aspects of the in vivo
environment, such as other cell-cell interactions and host responses (Yamada and
Cukierman, 2007). To more fully understand how DNA methylation may be contributing
to the regulation of ZEB2 in patients, future studies should address ZEB2 expression and
epigenetic regulation in normal and cancerous mammary tissue.

Nevertheless, the maintenance of aberrant methylation, not only among cell lines
having similar ZEB2 expression patterns, but also within the ZEB2 gene, suggest these
DNA methylation patterns may be important in the regulation of this gene. Even more
important is the correlation between these methylation patterns and the expression of
ZEB2 that has now been demonstrated. However, these correlative studies have not
demonstrated the specific role DNA methylation is playing in the context of ZEB2
regulation.

Functional analyses were performed using 5-aza-5'deoxycytidine and Trichostatin

A in order to elucidate whether DNA methylation was playing a causative role in ZEB2
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expression, or whether methylation was a consequence of ZEB2 expression. 5-aza-
2'deoxycytidine (5-aza) is an agent capable of inhibiting DNA methyltransferases,
resulting in global demethylation of the genome (Gabbara and Bhagwat, 1995; Santi et
al., 1984). Experiments using 5-aza are often performed with the addition of the histone
deacetylase inhibitor Trichostatin A (TSA) (Yoshida et ah, 1990), which can work
synergistically with 5-aza to cause the activation of genes (Chiurazzi et ah, 1999; Meng
et ah, 2007; Veeck et ah, 2008; Zhang et ah, 2005).

MDA-MB-468-GFP cells were treated with 5-aza and TSA. However, the MDA-
MB-468-GFP cell line was resistant to demethylation of the ZEB2 gene under the
conditions tested, in the regions of the ZEB2 gene analyzed. These drug conditions did
not result in the activation of ZEB2 or DKK3, a gene previously shown to be responsive
to 5-aza and TSA treatment in MCF-7 cells (Veeck et ah, 2008). The very low expression
of ZEB2 observed at the highest concentrations of 5-aza and TSA could be due to a
toxicity response of this drug, as cells grown under these conditions did not proliferate
and appeared to be less viable. The lack of robust activation of ZEB2 or DKK3 was not
due to non-proliferative conditions, as MDA-MB-468-GFP cells were shown to
proliferate over the course of these experiments, with the exception of the 5and 10 pM
conditions in the MDA-MB-468-GFP cells. Additionally, the duration of exposure did
not seem to be a factor in this resistance, as MDA-MB-468-GFP cells treated for 5 and 7
days (as opposed to the 3 day treatment) did not result in increased ZEB2 expression or
decreased ZEB2 methylation. It is possible that demethylation was occurring at other
regions within the ZEB2 gene we have not analyzed. However, the data suggest that

either the drugs may not have been active, or the MDA-MB-468-GFP cell line may be
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unresponsive to these drugs. The former is not likely true, as the drug was demonstrated
to be functional by the partial activation of ZEB2 and the activation of DKK3 in MCF-7
cells. Thus, it is likely that MDA-MB-468-GFP cells were unresponsive to these drugs.

It has been shown that some human cancer cells are resistance to nucleoside analogues
(Kroep et al., 2002; Qin et al., 2009; Stegmann et al., 1995). Work investigating the
mechanisms of resistance has suggested that insufficient incorporation of these drugs into
the DNA can lead to this resistance (Qin et al., 2009). This may be due to a reduction in
deoxycytidine kinase activity, or due to increased activity of cytidine deaminase, an
enzyme which can inactivate this drug (Momparler, 2005). As well, the unresponsiveness
of these cells to TSA, resulting in the maintenance of tightly compact chromatin may also
be contributing to a lack of a response. Further studies utilizing 5-aza and TSA
individually, and together, will help to demonstrate the relationship between these two
drugs and the resistance that is seen in the MDA-MB-468-GFP cells.

Interestingly, some of the same drug combinations (1 and 2 pM 5-aza) used to
treat the MDA-MB-468-GFP cells were able to cause demethylation in a population of
MCEF-7 cells. In fact, this demethylation did correlate with increased ZEB2 expression by
treatment with 1 pM 5-aza and TSA, but ZEB2 expression was not increased after 2 pM
5-aza and TSA treatment. The apparent ZEB2 expression observed at 1 pM 5-aza and
TSA could also be the result of genomic DNA contamination of the RNA sample. A no-
RT control would be necessary to elucidate whether genomic DNA contamination does
exist in this sample. This demethylation, but lack of increased ZEB2 expression, suggests
altered chromatin organization may not alone be sufficient for ZEB2 regulation. Under

the same conditions, DKK3 was re-expressed due to 5-aza and TSA treatment in MCF-7
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cells, clearly demonstrating that the drug was active during these treatments. However,
despite this, it is clear that the MCF-7 cells are at least partially resistant to déméthylation
of ZEB2 by 5-aza and TSA treatment, as déméthylation was only seen in a small
population of cells treated with the lowest concentrations of 5-aza. In addition,
déméthylation was not seen at higher doses of 5-aza, opposite to what is often observed,
and the region 5’ to Exon 1was not demethylated under any drug treatment conditions.
Cellular resistance to these drugs cannot explain the resistance to déméthylation of ZEB2
observed in the MCF-7 cell line, as it is evident that the drugs were able to elicit a
cellular response, demonstrated by the activation of DKK3. However, complex regulation
of this region of DNA may be hindering the ability of 5-aza to be incorporated. The
resistance to déméthylation of this gene by 5-aza in MCF-7 cells suggests that perhaps
DNA meéthylation is a consequence of ZEB2 expression, rather than a cause of altered
ZEB2 expression and that the expression of ZEB2 may be required to induce a chromatin
remodelling response, through signalling and activation of particular factors that are not
induced through 5-aza and TSA treatment. Little is understood about gene specific
resistance to particular drugs, and our laboratory is currently investigating methods to
address this question. However, it remains possible that we have not identified the
optimal treatment conditions to sufficiently demethylate ZEB2. Thus, further studies
using additional concentrations of these drugs, with and other DMNT and HDAC
inhibitors may result in a stronger response. Also, it has been suggested that there are
regions of the genome that are more susceptible to hypomethylation than others, such as
repeat regions (EI-Osta, 2003; Narayan et al., 1998; Sadikovic et al., 2004). Alternatively,

déméthylation of particular regions of genomic DNA may result in detrimental
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consequences for the cell, causing genomic instability or inappropriate gene expression,
and thus, the cell may be actively acting to protect specific sequences from inappropriate
démeéthylation (EI-Osta, 2003; Sadikovic et al., 2004). Finally, the state of histone
modifications was not analyzed throughout these experiments. It is plausible that there
was insufficient inhibition of deacetylation, or the lack of other histone modifications in
this chromatin region, causing the inability of this gene to be activated. Thus, this
resistance to déméthylation may be a ZEB2 gene specific response, or it may be a
consequence of inadequate testing conditions.

Functional analysis through 5-aza and TSA treatment were inconclusive, due to
the lack of responsiveness of the cell lines or the resistance of ZEB2 déméthylation and
potentially histone deacetylase inhibition. Therefore, another approach was taken to study
the influence of DNA méthylation on ZEB2 expression. The ZEB2 promoter region was
differentially methylated among cell lines of epithelial and mesenchymal phenotype.
Testing whether this méthylation could functionally impact the activity of this promoter
by in vitro méthylation of promoter constructs and luciferase assays demonstrated that in
vitro méthylation could diminish the activity of this promoter region. These two methods
of in vitro méthylation resulted in different levels of promoter activity decrease. This can
be partially due to non-specific méthylation of the pGL3-basic vector itself during the
whole vector méthylation process. As well, the 'patch’ méthylation experiment was
complicated by the complexity and numerous steps of the procedure, resulting in very
low yields of end products. Because of this, the quantity of reporter vector transfected
into the cells for luciferase activities was much less than that of the whole vector

méthylation experiments. Thus, these two experiments cannot be adequately compared.
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Nevertheless, both experiments yielded similar trends, indicating that in vitro methylation
was capable of decreasing the activity of the ZEB2 promoter. These results support a role
for DNA methylation in the regulation of ZEB2 transcription.

Taken together, the results presented appear contradictory. ZEB2 appeared to be
resistant to demethylation, suggesting that DNA methylation may be a consequence of
ZEB2 expression. However, the in vitro promoter methylation data suggest that DNA
methylation can alter the activity of this gene, and therefore may play a causative role on
ZEB2 expression. The lack of a clear conclusion from these experiments is likely due to
the complex nature of the regulation of the ZEB2 gene. Not only does ZEB2 have an
atypical gene structure, with two CpG islands found distal to the promoter and a long 5’
untranslated region, but its regulation is also complex. The mouse Zeb2 gene has multiple
alternate transcripts and promoter regions (Nelles et al., 2003). As well, the effects of the
NAT on the regulation of ZEB2 have not been fully elucidated. MicroRNAs have also
been shown to contribute to the regulation of ZEB2 expression (Bracken et al., 2008;
Christoffersen et al., 2007; Cochrane et al., 2009; Gandellini et al., 2009; Gregory et al.,
2008; Kong et al., 2009; Korpal et al., 2008; Park et al., 2008; Tryndyak et al., 2009).
However, no studies have investigated the combined influence of each of these modes of
regulation on each other. To fully understand the specific role DNA methylation plays on
the regulation of ZEB2, the expression of the miRNAs and NAT must also be examined
in these cell lines. Information as to the interaction between these antisense transcripts, as
well as how they may influence DNA methylation must be studied. Furthermore, it is not
known whether these forms of regulation are mutually exclusive, or if they influence the

activity of each other. The DNA methylation patterns observed in the cell lines may in
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fact be influencing the activity of the NAT, or the ability of the miRNAs to bind to the
ZEB?2 transcript. Furthermore, the influence of each of these modes of regulation on
transcription factor binding has not been analyzed. Thus, a thorough understanding of the
interaction between all of these modes of ZEB2 regulation is necessary to fully

understand what the specific role of DNA méthylation plays in this regulation.

4.5 Future Directions

The experiments described above suggest that DNA méthylation may play a role
in the regulation of ZEB2 expression. However, to fully understand this potential
regulation, many aspects of this regulation should be analyzed. Firstly, the ZEB2 gene
spans a great distance, and while extensive analysis of the méthylation status of CGI 1,
CGI 2 and the promoter region of ZEB2 have been performed, there may be other
important regulatory regions that have yet to be identified. The luciferase assays
performed in this thesis have sufficiently demonstrated a promoter of the human ZEB2
gene. Further studies must be performed to elucidate the minimum essential sequence for
promoter activity. Cloning of regions where more transcription factors are found to bind
will help to identify key regulatory regions, and elucidate the roles of these transcription
factors. The inclusion of the two CpG islands into reporter vectors will also demonstrate
the importance of these sequences, perhaps acting as enhancers of the ZEB2 promoter.
Furthermore, functional analysis of the ability of many transcription factors identified as
having a potential role for ZEB2 regulation, and those with conserved binding sites within
the ZEB2 gene, should be analyzed. This can be done in vitro using gel mobility shift

assays, and in vivo through chromatin immunoprécipitation experiments, to determine
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whether these factors actually bind to specific sequences of the ZEB2 promoter. The role
of méthylation in the ability of specific factors to bind can be further studied through gel
mobility shift assays, where variable methylated oligonucleotides containing the
sequence of interest, can be used. This will indicate whether the binding of specific
transcription factors is influenced by DNA méthylation, and identify the specific CpGs
that are important in the binding of these factors. Thus, identification of specific
regulatory regions, and the méthylation status of these regions, might lend insight into
function of DNA méthylation in the regulation of this gene.

This thesis has demonstrated that DNA méthylation is implicated in the regulation
of ZEB2, but has also shown that it is also necessary to investigate histone modifications
(such as méthylation and acetylation) at various locations within this gene and promoter,
to fully understand the interplay between these epigenetic modifications. It may be that
the chromatin structure at this region is complex, and other inhibitors are required to
activate genes in this region. As well, histone acetylation should be analyzed after 5-aza
and TSA treatment to fully elucidate the activity of TSA and the influence of these drugs
treatments on chromatin structure throughout these experiments.

The MDA-MB-468-GFP cell lined appeared completely resistant to ZEB2
démeéthylation by treatment with 5-aza-2'deoxycytidine and Trichostatin A, potentially
due to the unresponsiveness of this cell line to these drugs. Studies into the potential
mechanism for resistance to déméthylation could be attempted, by looking at the levels of
deoxycytidine kinase and cytidine deaminase activity in MDA-MB-468-GFP cells. MCF-
7 cells showed some degree of resistance to ZEB2 déméthylation by treatment with these

drugs. While it is evident that these treatment conditions were sufficient for activation of
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the control gene DKK3, in MCF-7 cells, perhaps this is not sufficient for ZEB2
demethylation. This either suggests that the conditions were not sufficient for
demethylation of ZEB2, or may imply that DNA methylation is more of a consequence of
ZEB2 expression rather than a cause. Further experiments testing alternate drug treatment
conditions, including alternate drug concentrations, differential treatment times, and
different combinations of epigenetic drugs may result in more efficient demethylation of
this particular region of DNA. Performing these experiments with 5-aza or TSA alone
will also help to elucidate mechanisms of resistance, or the influence of each specific
epigenetic modification on the regulation of ZEB2. However, the lack of responsiveness
of ZEB2 to these drugs may be due to gene specific resistance. There may be groups of
genes that are more susceptible to resistance than others, and we are currently working to
address this question, as there is very little information about gene specific resistance to
5-aza.

To gain a better understanding of the overall regulation of ZEB2, the levels of
miRNAs and the ZEB2 NAT should also be analyzed. These levels should be correlated
with the expression of ZEB2, and the methylation of the ZEB2 gene. The influence of all
of these modes of regulation on each other is not understood, and the interaction between
these modes of regulation and requirements of each of these must be defined. Studies
manipulating these levels of regulation should be performed, and the consequence of
these alterations on the levels and activities of the other modes of regulation should be
analyzed. The levels of these transcripts and DNA methylation should also be analyzed
after manipulation of ZEB2 levels in order to determine if ZEB2 can impact the

methylation status of its promoter.
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Finally, it is important to understand how the data presented in this thesis relates
to clinical practice. Therefore, ZEB2 expression and the methylation status of at least the
regions analyzed in this thesis should be analyzed in both normal human mammary
tissue, where ZEB2 is not normally expressed, and in normal human brain tissue, where
ZEB2 expression is found (Cacheux et al., 2001). This will lend information as to
whether DNA methylation is responsible for the tissue-specific expression of this gene.
Finally, to fully elucidate the role of aberrant DNA methylation in the expression of
ZEB?2 and the induction (or maintenance) of a more mesenchymal (or invasive)
phenotype, ZEB2 expression and methylation should also be analyzed in human breast
carcinoma tissues of differing stage, grade and lymph node status, ideally with matched
normal tissue. These experiments will strengthen the notion that aberrant DNA
methylation of the ZEB2 gene may be contributing to increased aggressiveness of some

cancers, and may prove useful as a prognostic or diagnostic tool.

4.6 Conclusions

DNA methylation may play a role in the regulation of ZEB2 expression and
altered methylation patterns may contribute to the re-expression of ZEB2 in cells which
will, or have, undergone epithelial to mesenchymal transition. | propose that the ZEB2
CpG islands and the ZEB2 promoter are methylated in a tissue-specific manner, in order
to maintain low levels of this transcription factor in epithelial cells. However, | believe
that aberrant hypomethylation of the ZEB2 gene can occur, and through interactions with
the actions of the NAT and miRNAs and transcription factors, results in increased ZEB2

expression. Maintaining high levels of ZEB2 results in the downregulation of E-cadherin
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and other junctional proteins, and causes the upregulation of vimentin, N-cadherin and
matrix metalloproteinases. All of these changes contribute to the maintenance of a
mesenchymal phenotype, which can lead to increased invasiveness of some cells. Despite
the inability to conclude whether DNA méthylation plays a causative role in the
regulation of ZEB2, or whether it is a consequence of altered ZEB2 expression, acting to
maintain ZEB2 activation, it is evident that DNA méthylation can influence the regulation
of this gene, and likely plays a role in the aberrant expression of this gene during the

progression of breast cancer cells to an invasive phenotype.
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