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Abstract

Integrin-linked kinase-1(ILK-1), an ankyrin repeat containing serine-threonine protein
kinase, is highly overexpressed and aberrantly localised in several invasive carcinomas.
The promoter region of the ILK-1 gene was examined by Melchoir et al (2002) and
featured two T-cell factor-1 (Tcf-1) binding sites. Tcf transcription factors require 3-
catenin binding for activation of gene expression. The aim of this study was to determine
whether these Tcf-1 sites interact with B-catenin and if so, are they essential to activate
transcription of ILK-1. The role of B-catenin in the nucleus at a regulatory level and its
influence on the protein levels of ILK-1 in moderately differentiated human oesophageal
squamous cell carcinoma (HOSCC) cell lines were also examined. B-catenin and ILK-1
are key components in signal transduction pathways that when dysregulated lead to
uncontrolled cell proliferation, one of the main hallmarks of cancer. This study shows
that B-catenin and ILK-1 are expressed and localised in HOSCC cell lines as
demonstrated by Western blotting. Evidence from co-immunoprecipitation assays
indicates that B-catenin and Tcf-1 complex in the nucleus of a carcinoma derived from
stratified epithelia such as the HOSCC cell lines under investigation. Electrophoretic
mobility shift assays showed that the B-catenin/Tcf-1 complex binds to the two proposed
binding sites in the ILK-1 promoter region. Therefore, it was reasonable to question
whether this bound complex influenced ILK-1 expression levels. In order to increase
expression of B-catenin within the HOSCC, the WHCOG6 cell line was stably transfected
with the pEGSH-B-catenin-pERV3 construct and stimulated with 1 pM and 2 uM of
ponA respectively. However, when -catenin levels were increased in a HOSCC cell
line, it did not considerably affect ILK-1 expression levels. The tight regulatory
mechanisms known to control -catenin could possibly have masked the increase in -
catenin levels. Also the various degradation pathways of B-catenin have not been
examined extensively within these cells lines and could possibly provide an explanation
of the lack of a visually substantial increase of B-catenin and/or ILK-1. These results
show that B-catenin and Tcf-1 complex in the nucleus and bind to the documented ILK-1
binding sites in the promoter region. This interaction does not influence the expression
levels of ILK-1 in HOSCC cell lines. However, results presented in this study identify
oesophageal squamous cell carcinoma as a prime candidate for B-catenin, Tcf-1 and ILK-

1 specific immunotherapy.
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If we examine the accomplishments of man in his most advanced
endeavours, in theory and in practice, we find that the cell has done
all this long before him, with greater resourcefulness and much
greater efficiency.

Albert Claude
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Chapter One: General introduction and literature

review

1.1 Cancer

Problems of cellular growth control are not simgl@pproach, since they encompass
a potentially lethal interplay of developmentablderative and differentiative

themes, any one of which, if altered may contriliatthe cancerous process
(Boyntonet al., 1982; Lepourceleadt al., 2004). Cancer is viewed as a complex group
of diseases affecting a wide range of cells arsliéis that is characterised by
uncontrolled growth and dissemination of abnornetisdKlug and Cummings, 2000;
reviewed by Knudson, 2002). In virtually all cargzenutations arise in somatic cells
and are not passed on to future generations thriheggerm cells. However, about
1% of all cancer cases are due to germ-line mursitdd various genes that are
transmitted to offspring and are responsible faicsptibility to cancer (Jemal al.,
2009; Klug and Cummings, 2000). Other inheritadnmal factors may also
contribute towards a cancerous state, such as mlatibes in hormones, immune
conditions and metabolism. Alternatively exces&xposure to external factors such
as tobacco, various chemicals, radiation and irdestorganisms, can also contribute
towards the onset of cancer (Jertal., 2009). Approximately 562 340 people will
die in the United States of America in 2009 fromaa, or complications developing
during the course of this disease, and 1 479 3@80dases are expected to be
diagnosed during the same year, of which more thauilion cases are basal and
squamous cell skin cancers (Jemtal., 2009). 11 million oesophageal cancers will
be diagnosed world wide in 2009 of which the m#&yoof cases (80-85%) will occur

in developing countries, where it is the forth mo@thmon cancer in men (Jemal et
al., 2009). The most current statistics at thetohwriting this dissertation suggest
that in South Africa, one in four men, and oneeuesr women will get cancer during
their lives (http://www.health24.co.za). It has@been determined that oesophageal
cancer is the most prevalent cancer in black SAfriban men, whereas it is the third
most prevalent cancer in black South African wortgtp://www.health24.co.za).

This is considered a significant disease that requn depth investigation.



Uncontrolled cell proliferation is one of the cetnallmarks of cancer, tumourgensis
begins when a stem cell/partially differentiateghstcell acquires damaged genes in a
“gatekeeping pathway” that provides it with a sélecgrowth advantage; “a cell’'s
ability to divide continuously in the absence ofpgent stimulation by a triggering
carcinogenic agent, refers to tumourgenesis” (Saat@h., 2002; Vogelstein and
Knizler, 2004; Welctet al., 2000). No single genetic defect causes canody,when
there is a combination of several defective gea@san invasive cancer develop, of
which there are three possible gene types resgderfsibtumourgenesis: stability
genes, oncogenes and tumour suppressor genesMgeMiy VVogelstein and Knizler,
2004). Thus it is evident that tumour formatiomigesult of uncontrolled
proliferation, but proliferation does not necedgalways contribute to tumour cell
invasion. Not all tumours turn invasive or malighand are termed benign tumours
and so it is incorrect to say uncontrolled celllipeoation results in tumour cell
invasion (reviewed by Vogelstein and Knizler, 2004) post-tumourgenic event
however, is the ability of tumour cells to leave firimary tumour mass and invade
distant tissues. In general the mechanisms of tunmmwasion are poorly understood,
although the three most likely possibilities arattih occurs as a result of mechanical
pressure; release of lytic enzymes (proteasesliagenases); and/or increased
motility of individual cells via changes of adhesig-rankset al., 1998; Leber and
Efferth, 2009). A small percentage of these invasumour cells have the ability to
successfully colonise distant tissues via a protsased metastasis (Welehal .,
2000).

1.2 Invasion

Cancer deaths do not primarily result from primaepplasias, but rather from
secondary metastases that have drastically chdraghgphenotypically and
biochemically from the primary neoplasm to an invasancer tissue (Leber and
Efferth, 2009). Welch and colleagues (2000) déscrimetastasis as the progressive
growth of cells at a site that is discontinuougifrihe primary neoplasm (This
definition does not incorporate the route of sprefihe metastatic cells). The cells
can disperse via the lymphatics, blood vasculatureithin body cavities (Franke

al., 1998). A subset of invasive tumour cells withipramary tumour mass, have



acquired the ability to complete a multistep mettisicascade (Vogelstein and

Kinzler, 2004; Welctet al., 2000). The metastatic cascade has been diuitiedive
steps for the sake of clarity. Each consecutigp stust be fulfilled for successful
invasion and metastasis to occur. Disruption @& ohthese steps will result in an

unsuccessful metastatic process.

Neoplastic cells must acquire a motile phenotypkestape the primary neoplasm
(either as single cells or small clumps of neopdaslls and platelets/lymphocytes)
and degrade the extracellular matrix, migrate sbadiit sites and arrest in the
capillaries of distant organs (Leber and Effer®Q2, reviewed by Franlet al .,

1998; Mareel and Leroy, 2002; Wal., 2008). These cells must then proliferate
and tumour formation commences i.e. mitosis occ@sce a tumour is beyond the
size of about 2 mm in diameter, nutritional requiests increase and diffusion, which
is the current process of attaining these nutrjesitso longer sufficient, new blood
vessels are derived from pre-existing capillanea process termed angiogenesis
(Frankset al., 1998; Wuet al., 2008).

It is clear that adhesive events are an integmalpmment of the metastatic phenotype
and that certain types of cell adhesion when disdigpromote metastasis, whereas
other types inhibit the metastatic process (Brb896; Frank®t al., 1998; Vogelstein
and Knizler, 2004). It is critical to recognizethnvasion and adhesion do not
amount to the metastatic propensity of the tumeillr get both invasion and adhesion
are necessary, but not sufficient for metastaSells that are efficient at either or
both, yet lack the ability to complete any othepsbf the above mentioned metastatic

cascade, are non-metastatic (Wedthl., 2000).

The literature review thus far has revealed theibama complexity of this disease,
and it is for to this reason that this review a¢srto highlight certain regulatory
mechanisms that are crucial for adhesion and corwation, that when disrupted

play a pivotal role in cancer progression.



1.3 Cell adhesion

The disruption of cellular adhesive events undeiiwasive phenomena. Cell
adhesion is crucial for establishing epithelial pelarity, organisation and
differentiation, which subsequently leads to theper development of the epithelium
(Wodarz, 2002). Signals can be transmitted viands which bind appropriate cell
adhesion receptors on the cell surface. Howeveessignals depend on direct
contact between either neighbouring cells or theaerllular matrix (ECM) (Ben-
Ze'ev, 1997). Cell-cell and cell-matrix interagt®are tightly regulated processes,
which result in the regulation of cell shape, pellarity, tissue architecture, and the
expression of growth factor receptors, therebycstfig cell proliferation (Brodt,
1996; Wodarz, 2002). Research has shown thatntremérane structural linkages
such as adhesion receptors are involved in sigaasduction. These cell surface
adhesion receptors are classified into four maanilfas, namely, selectins,
immunoglobulins, cadherins and integrins (Ben-ZeX307; Hood and Cheresh,
2002). All four types of adhesion receptors arexpressed on most cells and the
overall contribution of adhesion is the net effeicthe individual contributions of
each of these groups (Fashena and Thomas, 2000).

1.3.1Cell adhesion receptors

The above mentioned cell surface receptors will bevdiscussed in detail, with
special emphasis placed on the cadherins and imsegnd their regulatory role in cell
adhesion, as they are the predominant adhesioptoesdor epithelial cells. The
following brief description of the structure andoeassion of the selectins and
immunoglobulins, serves only as a contextual compay with the cadherins and

integrins detail that follows later.
1.3.1.1 Selectins:
Selectins are calcium dependent, integral memlpesteins composed of an amine-

terminal (N-terminal) C-type lectin domain, epideirgrowth factor (EGF) domain
and a cytoplasmic tail (CT) (Brodt, 1996; Kanneigal., 2004). Adhesion assays



have established that the lectin and EGF domaasaolved in ligand binding
(Brodt, 1996). Selectins are expressed on thaceidf leukocytes, platelets and cells
lining the internal surface of the blood and lymyatsculature. There are three
members of the selectin family; P-selectin, whilhie largest selectin and is
expressed on activated platelets and endothelial (ceviewed by Kannagt al.,
2004; Petruzzellet al., 1999); L- selectin which is constitutively expsed on most
leukocytes and is the smallest sized selectine¥#scular selectins, and finally, the
E-selectins which are expressed on activated eabiath with chemically or
cytokine-induced inflammation (Kannagial., 2004). Selectins act as “hooks” that
recruit leukocytes to the site of infection. Erdsial cells express selectins in
response to cytokines from leukocytes presenteasite of an infection (Kannagf

al., 2004). Once the leukocyte is recruited it ifedbalong the endothelium from
selectin to selectin until it reaches the edgénef@éndothelial cell, and via other
adhesion receptors is transferred to the sitefetiion (Brodt, 1996). The shifting of
leukocytes is a slow downstream movement alon@mioethelium via momentary

reversible, adhesive reactions (Petruzztldl., 1999).

1.3.1.2 Immunoglobulins:

Immunoglobulins (Ig(s)) are plasma proteins capablendergoing homophilic and
heterophilic interactions with a variety of ligandsd function in a wide range of
physiological processes, including embryonic angr@edevelopment, inflammation
and wound healing, and oncogenesis (Aricescu anels)J@007; Brodt, 1996). Igs act
either as plasma membrane bound antigen receptdhecurface of B-cells or as
antibodies free in cellular fluids, and functioneliminating antigenic determining
factors (Aricescu and Jones, 2007; Presatait., 1999). Antibodies bind foreign
molecules such as toxins, viruses and other pattsogied inhibit these molecules
from entering host cells where it can illicit itdext. There are five major classes of
Igs: IgA, IgD, IgE, 1gG and IgM (Prescadt al., 1999). Cell-cell adhesion mediated
by Igs can be a fairly complicated process. Ths@mnce of internal repeats in most
Igs implies the presence of multiple contact sitlesg the length of the molecule.
These sites may vary in their adhesive strengtls ginoviding a mechanism for fine-
tuning the adhesive interaction (Aricescu and JoP@37; Brodt, 1996).



The role of cadherins in cell-cell interactionsagel as integrins role in cell-ECM
adhesion will now be discussed in detail. Eacheattim receptor and its
consequences will be discussed separately foratkee & clarity, but it should be
noted that cells do express both receptors andatbagree of interplay or crosstalk

among these molecules has been found.

1.3.2 Cell-cell adhesion and the role of cadherins

Cell-cell adhesion regulates diverse cellular fioret including cell proliferation,
migration and apoptosis, processes that are imguartambryo development, normal
physiology, and cancer progression (Beherens, 18@@thamet al., 2003).

Therefore adhesion is a dynamic process for whitdgractions between cell adhesion
molecules and the cytoskeleton must be continuadigified (Lickertet al., 2000).
Cadherins (Calcium (G dependent adhesion proteins) and intracellufeceirs
called catenins are important in developing celll-mantacts in an array of tissue
types and various species (Licketrtdl., 2000). Different cadherins are associated
with different cell types, e.g. Neural-cadherin ¢ddherin) (neural tissue);
Mesenchymal-cadherin (M-cadherin) (mesenchymaliéssepithelial-cadherin (E-
cadherin) (epithelial tissue) (Ben-Ze’ev, 1997; @liaroet al., 2005; Giannis, 2000;
Ozawaet al., 1998). Classical cadherins are highly conseghgcbproteins that form
clusters at points of cell-cell contact in the meante, forming adherens junctions
between cells via homophilic interactions (Cavallgral., 2005; Rourat al., 1999).
These integral transmembrane glycoproteins are osetpof five extracellular
domains, each of which contains approximately Ihiha acid residues, a single
transmembrane domain and two cytoplasmic domaina@et al., 1998). The
extracellular domains contain two conserved aadiino acid motifs that bind &a
(Ozawaet al., 1998).

The attachment of E-cadherin to the cytoskeletanadiated by a set of proteins
referred to as catenins, of which there are thramely alphad)-, beta p)- and

gamma {)-catenin (Cavallaret al., 2005; Ozawat al., 1998). The catenins mediate
the interaction between the cadherins and the filemeents of the cytoskeleton

(Cavallaroet al., 2005). Consistent with the role of the catemnkénking cadherins



to the cytoskeleton, a loss of the cadherin fumckias been correlated with alterations
in catenins (Cavallaret al., 2005; Kitaharat al., 2008; Ozawat al., 1998; Rourat
al., 1999). It has been shown that cell-cell adhesan be restored by transfecting
cells lackinga- or B-catenin with the respective complementary deoxyrizleic acid
(cDNA) (Cavallarcet al., 2005; Ozawat al., 1998). -catenin binds directly to the
cytoplasmic domain of E-cadherin and the N-termafai-catenin binds t@-catenin.
a-catenin mediates the interaction between the cadhatenin complex and the actin
cytoskeleton through its association witactinin and actin filaments (Cavallagb
al., 2005; Ozawat al., 1998). An essential catenin in an adherengipmgs f3-
catenin. g-catenin is a 94 kilodalton (kDa) protein belonginghe armadillo repeat
protein family, a class of proteins characterizg@lvepeating motif originally
identified in the product of thBrosophila segment polarity geragmadillo (Graham
et al., 2000). It is directly bound to the cytoplasrdamain of E-cadherin, which
contains a 30-amino acid region that is highly eswed among all cadherins and is
essential for bindin@-catenin (Cavallaret al., 2005; Lickertet al., 2000). This
region of E-cadherin bears a serine cluster thahasphorylated by casein kinase |l
(CKII) and glycogen synthase kinasp{&SK-33) (Lickertet al., 2000).
Phosphorylation of these sites results in increaseding ofp-catenin to E-cadherin
invitro, yet Lickert and colleagues (2000) have shown fhraventing
phosphorylation at this site reduces E-cadherintated cell-cell adhesion in
transfected mouse NIH3T3 fibroblasts (Licketral., 2000).

Thep-catenin central core region, consisting of thinteemadillo repeat sequences,
binds E-cadherin (Graham, 2000; Licketrtl., 2000). Since cells have to regulate
the strength of their adhesiveness, interactiohsd®n cell adhesion molecules and
the cytoskeleton are continually modified (Ozaaval., 1998). Tyrosine
phosphorylation of-catenin decreases cell-cell adhesion, whereapie&gpression
of tyrosine phosphatases strengthens it, but thetenderlying mechanisms are
poorly understood (Lickedt al., 2000; Rourat al., 1999). Thus both E-cadherin and
B-catenin are considered major target sites for-frasslational modifications,
namely phosphorylation and dephosphorylation evgnitkert et al., 2000; Ozawat
al., 1998). Therefore phosphorylation of E-cadhappears to be a crucial
mechanism by which cell-cell adhesion is moduldtaeckert et al., 2000). Treatment

of adenocarcinoma cells with growth factors, resintthe accumulation of



phosphorylated tyrosine residuesfnatenin, accompanied by a loss of cadherin-
mediated adhesion. This suggests that the deftgmsine phosphorylation ¢
catenins is a critical parameter of controllingleadh function, by regulating its
association with the cytoplasm (Cavallaro and Gbiosi, 2004; Ozawat al., 1998;
Rouraet al., 1999). Roura and colleagues (1999) demonstthttdhe tyrosine
residue at position 654 is phosphorylated in camlitin which adherens junctions
are disrupted, and that bindingfBtatenin to E-cadherim vivo is controlled by
phosphorylation of-catenin tyrosine-654 (Rougshal., 1999).

1.3.3 Cell-ECM attachment and the role of integrirreceptors

Cell anchorage or adhesion to the ECM generatasrtrambrane signals that impact
cellular activities and these cellular activities &riggered by integrin-mediated cell-
ECM interactions (Wu, 2001). Upon adhesion toE@M many integrins as well as
a particular group of cytoskeletal and signallimgtpins are recruited to cell matrix
contact sites where they link the actin cytoskeld¢tothe ECM and mediate signal
transduction between the extracellular and inttalzglenvironments (Cavallaro and
Christofori, 2004; Wu, 2001). Integrins are hetineeric transmembrane receptors
composed of two subunitg,andp, and eacl combination has its own binding
specificity and signalling properties (Ben-Ze'e99Y). The CTs of integrins are
short and devoid of enzymatic features (Ben-Zel®37; Giancotti and Ruoslahti,
1999).

The action of integrins is directly related todtastering at the focal adhesion sites,
allowing a cytoskeletal membrane anchor compleassemble around the integrin
cluster (Liet al., 1999). Focal adhesion complexes are compriedemrins that are
physically connected to the cytoskeleton throughlstand transient interactions
(such as actin stress fibres and microtubulesgt(al., 1999). In addition, integrins
and associated proteins talin, viniculin and antisonnect the CT of integrin with
actin to form a molecular bridge from the ECM te thtracellular environment
(Hehlganset al., 2007). These bridges allow integrin to directigdiate mechanical
stresses across the cell surface and into thelagiop Protein kinases are also

recruited into focal adhesions in response toamlesion, which lead to increased



protein phosphorylation of focal adhesion composienth as focal adhesion kinase
(FAK) and Src (Hood and Cheresh, 2002¢gtal., 1999). Thus integrins can
coordinate changes in cytoskeletal structure asatrof mechanical stresses which
may also lead to the activation of several signglmolecules (Giancotti and
Ruoslahti, 1999; Hynes, 2002; #ial., 1999).

It is important to note that it has been shown higgrins mediate signalling bi-
directionally i.e. “outside in” and “inside out” fies, 2002). “Outside in” signalling
requires a ligand to bind to the integrin to illiaisignalling pathway within the cell
(Wu, 1999). Whereas “inside out” signalling altdre binding activity of the external
domain of the cell due to internal cell events.isrises by the clustering of integrins
and is followed by the binding of an extracelluddfiector which requires a ligand to
bind to the integrin to illicit a signalling pathyavithin the cell (Giancotti and
Ruoslahti, 1999; Hynes, 2002).

This review will discuss “outside in” signalling ents that arise by the clustering of
integrins triggered by the binding of an extradalleffector. Examples of integrin
linked signals are increases in pH of Céhe activation of tyrosine kinase such as
FAK that leads to the stimulation of the rac/rhéhpeaay, the activation of the
serine/threonine kinases such as mitogen-actiyatadin kinase (MAPK) and c-Jun
NH.-terminal kinase (JNK), as well as the activatidbplmosphatidylinositol 3-kinase
(PI13K) and integrin-linked kinase (ILK) (Behere2€00; Giancotti and Ruoslahti,
1999; Hehlganst al., 2007; Schwartz, 1997). The integrins are a#ddb linker or
adapter proteins such as PI3K, ILK or FAK and thaseins link integrins to, and
mediate, three main pathways (Giancotti and RutistE®99). The three main signal
pathways are i) the rac and rho pathway, ii) theR#Apathway and iii) the PI3K
pathway.

All the adhesion receptors have been describedt adow critical to examine the
other aspect of cell adhesion, namely the sigaaktiuction pathways that are
activated in response to adhesion events. Inqodati the integrin-ILK/PI3K
pathway will be examined with emphasis placed om dithe proteins involved in

this pathway, namely ILK anfglcatenin.



1.4 Integrin-ILK-1/PI3K signal transduction pathway:

The key molecules involved in this pathway are ILKprotein kinase B (PKB or

Akt) and GSK-3, p-catenin, p44/42 MAPKs and the myosin light chaupstream
events that regulate ILK-1 activity include cell-HGnteractions and stimulation,
which are probably mediated by PI3K (Hehlgahal., 2007; Wu, 2001). A
description of ILK-1’s structure and function iscessary before examining the PI3K
pathway. ILK-1 is a serine-threonine kinase thé&racts with the cytoplasmic
domains of3-integrin and also binds with high affinity to pattlarly interesting
cysteine-and histidine-rich protein (PINCH), a foadhesion protein (Hehlgamesal.,
2007; Liet al., 1999; Wu, 2001). ILK-1 also interacts with artia-binding focal
adhesion protein containing two calponin homola@i) domains (calponin
homology domain containing ILK-binding protein (QHKBP)). CH-ILKBP

interacts with ILK’s carboxy-terminus (C-terminwes)d the PINCH-ILK-CH-ILKBP
complex provides an important connection betweamstmembrane receptors such as
integrins and the actin filaments (Hehlgahal., 2007; Liet al., 1999; Wu, 2001).

ILK is not only a scaffold protein but it also paipates in the PI3K pathway which

will now be examined in detail.

It is important to take into account that both I1kand PI3K are in direct contact with
the integrin as shown in figure 1.0. This is besgallLK-1 can either be directly
activated by ligand-integrin interactions or actedavia PI13K (Giancotti and
Ruoslahti, 1999; Novak and Dedhar, 1999). Liganddrin engagement activates
PI3K, which mediates the production of phosphatisitol-3,4,5-B (PIP;), which
activates ILK that is bound to the integfirsubunit (Novak and Dedhar, 1999).
GSK-3 inactivation is accomplished via one of two roptgther ILK-1 inhibits
GSK-33 directly by phosphorylation, or inhibition occurg first phosphorylating and
activating PKB (phosphorylation of PKB occurs atirse (ser)-473), which in turn
phosphorylates GSKg3at the ser-9 residue (kf al., 1999; Novak and Dedhar, 1999;
Wu, 1999). This results in the accumulation oéfsecatenin that is able to
translocate to the nucleus. GSR-&ctivities will be discussed later in relationto
catenin regulation in the cytoplasm. This pathveagepicted in figure 1.0, page 18.

ILK-1 plays an integral role in adhesion as weliragfluencing cellular events or
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outcomes vig-catenin, such as cell proliferation and regulatietj survival, and
therefore can be significant in the progressiooawicer (Liet al., 1999). Over
expression of ILK-1 in epithelial cells disruptdlesxtracellular matrix as well as
cell-cell interactions, suppresses anoikis (sugparnaduced apoptosis) and promotes
anchorage-independent cell cycle progression (Newak, 1998).

From this discussion it is evident ttfatatenin plays an important role, not only in
adhesion-cadherin complexes, but also in integediated signalling, therefore

further examination of this molecule is warranted.

1.5 Dual role of g-catenin

As mentioned abov@-catenin is a critical component of adherens jumdias it links
the actin cytoskeleton to the cytoplasmic componél-cadherin viai-catenin
(Shtutmaret al., 1999). The mediating role pfcatenin within the adherens junction
is critical to suppress a cell from acquiring avaisive state. In addition, cytoplasmic
accumulation off-catenin induces a translocation of this molecade the nucleus.
Herep-catenin is involved with other transcription fastonamely, lymphoid
enhancer factor 1(LEF1) or T-cell factors (Tcf'sj fhich there are three Tcfl, Tcf3
and Tcf4), to induce specific gene expression ($tarle and Clevers, 2002; Sadbt
al., 1998). By playing this dual role — a structurak within the junction and a
regulatory one outside the adherens junction —ggsm cell adhesion as well as
junction formation affect transmembrane signallmgl gene expression (Saébal.,
1998). It has been demonstratekemopus that the signalling activity gi-catenin is
independent of cadherin-based adhesion. On thez bnd, this signalling is strongly
affected by the levels of cadherin, because ovpression of cadherin blocigs
catenin signalling irXenopus, indicating the negative regulatory role of cadhéoin
B-catenin (Sadadt al., 1998). Therefore the concentratiorfafatenin in the
cytoplasm and nucleus is regulated by a numberezhiamnisms of which the PI3K
pathway is one. An alternative pathway, able ulae the concentration pf
catenin, is thevingless typgWnt) signaling pathway. The Wnt pathway has an

adhesion role in that it inactivates GSK-8herefore it will also be necessary to
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investigate the role of this protein (GSIK)3which will be discussed in relation to the

Whnt signaling pathway.

1.6 Regulation off-catenin in the cytoplasm with respect to the Wnt

signaling pathway

B-catenin is regarded as existing in three diffesemitcellular forms: membrane
bound, cytosolic and nucleaB-catenin in the cytoplasm exists in a soluble
monomeric state, where it may subsequently be degdrar translocated to the
nucleus (Wong and Pignatelli, 2002). Catabolisrfi-oatenin is mediated on a
scaffold protein adenomatous polyposis coli (APBRC is a large polypeptide of
2843 amino acids, which brin@scatenin into proximity with axin and GSK33
(Novak and Dedhar, 1999). GSK-Binds axin and phosphorylates it. This complex
then binds APC which is in turn phosphorylated [8K=33. B-catenin binds to the
phosphorylated APC, interacts with axin, and isgphorylated by GSK{8(Novak
and Dedhar, 1999). GSKphosphorylates the N-terminal domairBedatenin

which contains four conserved serine/threoninedtess. Phosphorylatgidcatenin is
recognized by the forkhead (F-box) protgirtransduction—repeat—containing protein
(BTrCP), that links with an ubiquitin ligase complexdegradg-catenin; refer to
figure 1.0 (Hurlstone and Clevers, 2002; Novak Bedhar, 1999). Alternatively
unphosphorylatefl-catenin can be recognized by the F-box proteinr&hilting in

the destruction gf-catenin in response to tumour protein 53 (p53)iated stress
signals (Hurlstone and Clevers, 2002). As alreadntioned the Wnt and integrin-
ILK-1 signalling mediatégs-catenin translocation from the cytoplasm intorioeleus
and are antagonists of the action of G§K-Fhe Wnt pathway is a highly conserved
signalling pathway found in organisms ranging friowertebrates to mammals
(Grahamet al., 2000; Valentat al., 2003). This pathway is critical in embryonic
development, cellular proliferation and differetiba and in particular, stabilizing the
cytoplasmig3-catenin concentration (Lewy al., 2002).

B-catenin is translocated to the nucleus via the pdtitway, which is activated by

proteins of the Wnt family (secreted glycoprotejnbat bind to the Frizzled (frz)

family of seven transmembrane-span receptors gmdtaoglycan coreceptor
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(Fashena and Thomas, 2000; Valestta., 2003). This interaction activates the
proteins disheveled (dsh), a positive regulatahefWnt pathway, and protein kinase
C (PKC) (Fashena and Thomas, 2000; Novak and Deil@88). Activation of dsh
involves hyperphosphorylation of the protein andudes phosphorylation by CKIl
(Novak and Dedhar, 1999). Dsh and PKC inactive®& &g}, which allows for the
accumulation off-catenin in the cytoplasm, and this results ingiaein being
translocated into the nucleus, see figure 1.0 (M@arad Dedhar, 1999). Before
examining the translocation and effect$afatenin in the nucleus it is important to
look at the integration and possible influence leetwthe above mentioned pathways.
This is necessary since fitting in with the Wnttpeay is the integrin-ILK-1 pathway.
Both pathways inactivate GSK3&nd result in an increase in free cytoplaspric

catenin

1.7 Is there crosstalk between the Wnt and integriiLK-1 pathways?

The adhesion receptors and their relevant pathtteysvere discussed above
(integrins and cadherins) were dealt with indivitugor clarity of their functional
roles; however the degree of “crosstalk” betwe@sé¢hmolecules and the activated
signaling cascades should be considered. Crosstaticompanied by the perception
that numerous pathways interacting and regulaliegsame molecules, provide
additional levels of control of cell signaling torther reduce chances of cellular
disruption (Beherens, 2000; Novetkal., 1998). Although associations between
these molecules are not fully understood, the quinafcrosstalk between adhesion

receptors over recent years has begun to gainsadewable amount of interest.

Novaket al. (1998) have shown that over expression of ILKintestinal epithelia
results in an invasive phenotype concomitant wittoan-regulation of E-cadherin
expression, translocation pfcatenin to the nucleus, and activation of gene
expression. They also found that LEF-1 proteirlewncreased during ILK-1 over
expression. These results demonstrate that onmogeperties of ILK-1 involve
activation of the LEF-J-catenin signalling pathway, and this also suggistsIL K-
mediated crosstalk occurs between cell-ECM inteyastand cell-cell adhesion as

well as components of the Wnt signalling pathwag\&ket al., 1998). Another
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example of crosstalk was shown by Teaal. (2001). They demonstrated that the
integrin-ILK-1 pathway can also activate LEf4/atenin mediated gene
transcription and down regulate E-cadherin expoessirhey also found that over
expression of ILK-1 caused a stimulation of expmssf the snail transcription
factor, yet gene expression of snail is not regaldity Tcff-catenin (Taret al.,
2001). In addition, it was also shown that inhdritof ILK-1 resulted in substantial
inhibition of Tcf mediated gene transcription ahd tnhibition of transcription and
expression of cyclin D1, which is regulated by Ttthibition of ILK-1 also resulted

in decreased levels of free cytoplasifticatenin (Taret al., 2001).

These findings have triggered the question as tthen crosstalk occurs between
these discussed signal transduction pathways, @edeto the control of transcription,
with specific reference tp-catenin and ILK-1. With this consideration in mii is
necessary to examirfiecatenin activities at a nuclear level as wellaklat the genes
and promoter regions involved in expressing Ifstatenin and ILK-1, in order to
determine whethd-catenin has a possible regulatory influence on-1ILKOnce

again this will be dealt with separately for th&esaf clarity.

1.8 Translocation ofp-catenin from the cytoplasm into the nucleus

B-catenin was first observed to enter the nuclewsnbryonicXenopus cells. The
mechanism by whicp-catenin entered the nucleus was unclear (Funagbata
1995). There are two proposed model§-chtenin nuclear translocation that have
been proposed. Firstly, it was shown thatatenin binds to LEF/Tcf in the
cytoplasm and then translocates to the nucleutheiauclear localisation signals
(NLS) of LEF/Tcf (Beherenst al., 1996). Beherens and colleagues (1996) showed
that LEF-1 an@-catenin form a complex that results in co-locaisaof this
complex to the nucleus in Neuro 2A cells (cellg thak endogenous cadherins).
Beherenst al. (1996) showed that successful nuclear transkocati this complex is
dependent on both tiffiecatenin armadillo repeats 1-7 and the LEF-1 N-team
domain as well as the high mobility group (HMG) domthat contains the NLS
(Beherenst al., 1996). However it has also been observed thigmb3-catenin

forms lacking LEF/Tcf binding sites are able todbge to the nucleus. Thus the
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second proposal was thatatenin can naturally enter the nucleus via itsaatillo
repeats, which are also found in nuclear importolerules (Novak and Dedhar,
1999; Gianninet al., 2000). The translocation pfcatenin in this manner is similar
to that of importin3, which is a subunit of the NLS receptor compleat ére
collectively known as importins. Importins are lDa proteins composed primarily
of hydrophobic armadillo repeat motifs (Prieatal., 1998). p-catenin docks to the
nuclear envelope through its armadillo domain mdlrig directly to the nuclear
pores, it then translocates into the nucleus iareergy dependent manner, although
this process can be inhibited by non-hydrolysabkengsine triphosphate (GTP)
analogs, and by a dominant-negative mutant forth@Ran GTPase (Fago#bal.,
1998).

Becausgi-catenin translocates to the nucleus via a simiachanism to that ¢
importin, Giannini and colleagues (1996) raisedgtestion of whethe-catenin is
an importin for a subset of nuclear proteins. Tslegwed thaB-catenin acts as an
importin and translocates to the nucleus in complgl green fluorescent protein
(GFP), and also carriescatenin into the nucleoplasm when in complex With yet
uncomplexe@-catenin is sequestered @ycatenin in the cytoplasm. It has been
suggested that-catenin exhibits a negative regulatory roleecatenin within the
nucleus (Gianninét al., 1996).

1.9B-catenin in the nucleus

Oncep-catenin has entered the nucleus the interactitmeemp-catenin and LEF-
1/Tcf transcription factors plays a pivotal roletle Wnt signalling pathway (Broet
al., 1996). In the nucleyscatenin displaces Groucho (Grg) or carboxy-teriina
binding protein (CtBP) which are corepressors bawndeEF/Tcf transcription factors
(Hurlstone and Clevers, 2002)-catenin, together with Pontin52 (a deoxyribonuxlei
acid (DNA)-dependent ATPase with helicase activityyl a TATA-box binding
protein, stimulates the formation of theatenin/LEF-1/Tcf complexes (Novak and
Dedhar, 1999; Song al., 2003). In the absence [bcatenin, LEF-1/Tcf repress
rather than activate gene targets through the itewent of the abovementioned co-

repressorg3-catenin can therefore be viewed as a docking muggbat recruits
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essential co-activators to transcribe target geompters (Hurlstone and Clevers,
2002).

The gene targets @fcatenin/LEF-1/Tcf expression have been found teelseveral
LEF/Tcf binding sites in their promoters, and haeen identified in the gene
promoters ot-myc, cyclin D1, cyclin A, cell division cycle (cdc) 2 andcdc25 to name
but a few. In humang;myc was the first target gene of tiecatenin signalling
pathway to be discovered (Leweyal., 2002; Wong and Pignatelli, 2002). The
relationship betweep-catenin ana-myc was demonstrated by Heal. (1998). The
expression of a mutafitcatenin resistant to APC binding increasedyc gene
expression via Tcf-4 binding to tlzemyc promoter (Heet al., 1998).

Shtutman and colleagues (1999) have shown thandypdl expression always, and
only, takes place in association with nuclgaratenin expression, demonstrating the
critical role ofp-catenin for gene expression. Like the cyclin Ddt@in, the
gastrointestinal hormone gastrin is thought to headeiving role in cell proliferation,
and up regulation of thgastrin gene expression, which has Tcf-4 binding siteshen t
promoter region and is mediated by nucleaatenin (Wong and Pignatelli, 2002).
Due to the fact that there are in order of 50 geéoekte that are recognised to be
regulated/influenced bf-catenin, it would be senseless to describe eveey as this
is not the focus of the review (Wong and Pignat2io2). With regards t@-catenin

in the nucleus and the above mentioned regulatypothesises it would be more
beneficial at this stage to examine the gene aohgter region that expresges
catenin as well as the gene expressing ILK-1.

1.10 Thep-catenin and ILK-1 genes

To datep-catenin studies have predominantly focused oifiib&tenin protein,
stabilization and subcellular localisation incluglimafficking during adherens
junction remodelling, and the corresponding actorabf downstreanfi-catenin/LEF-
1/Tcf target genes; however, there is only spark@mation on the regulation @f
catenin expression at the transcriptional leveklal., 2004). The humap-catenin
geneCTNNBL is located on chromosome three at position 3223 Liet al.
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(2004) characterised the promoter region of thieegeThe promoter was found to
contain several putative binding sites for AP1 and Tcf/LEF-1 site; the presence of
these sites suggests a possible feedback mechamrismgmenting-catenin
expression under certain circumstances(lal., 2004). For instance, mutations that
constitutively over expregscatenin via protein stabilisation would allow the
potential for increased messenger ribonucleic @oidNA) levels as seen in various
colorectal carcinomas (let al., 2004). The identification of numerous bound
transcription factors (E2 transcription factor-RH), nuclear factor-kappa B
(NFxB), MEF1, paired box 5 (Pax5), ISRE2, mothers agjailecapentaplegic
homolog (Smad) 3/4, GATA and ZIC) to the promotkthe ratB-catenin gene
Ctnnbl was observed by lat al. (2004), of which the strong binding of E2F1 and
NF«B are noteworthy, as E2F1 is regulated by cyclin ®downstream target pf
catenin/LEF-1/Tcf signalling; whereas NB has been implicated in crosstalk
between the Wnt and NB pathways (Lt al., 2004; Novalet al., 1998; Shtutman
etal., 1998). A component of NdB, p65 has been found to supprpss
catenin/LEF/Tcf signalling. A direct interactioetiveenB-catenin and p65 in
colorectal cancer cells has been proposed in regponaspirin treatment (kt al.,
2004; Sharmat al., 2002; Songt al., 2003). Sharmet al. (2002) has proposed a
link between the Wnt, PISK and androgen recepttimpays in prostate cell lines;
both NFB andp-catenin protein levels were high.

The ILK-1 gene has been mapped on human metaphem@asomes to the distal
end of the short arm of chromosome 11 at the ia¢erdf the band 11p15.5 and
11p15.4 (Melchioet al., 2002). The 11p15 locus harbours well-defined
translocations associated with Beckwith Wiedemamaiome (BWS). Also regional
loss of heterozygosity (LOH) suggests that it is thgion of chromosome 11 that is
strongly associated with tumourgenesis. The ILgehe promoter has been shown
by Melchioret al. (2002) to feature the typical characteristichafisekeeping gene
promoters, such as lack of TATA and CAAT boxesighlGC content, presence of
CpG islands and multiple transcription initiatidars sites. The promoter activity of
ILK occurs within 349 base pairs (bp) immediatepstream of exon 1 (Melchiat

al., 2002). Three elements (Inrl, Inr2, Inr3) tregamble the consensus sequence for
initiator elements (Py Py ANT/APy Py) were idergdiwithin the promoter as well as

variouscis-acting transcription factor binding sites, suctsag, LBP1, JCV and Tcfl
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(Melchioret al., 2002). The Tcfl sites, of which there are teu, of particular
interest; as it is known that Tcf transcriptiontéas requirgd-catenin binding for
activation of gene expression (Hurlstone and CeV2002). This raises an
interesting question as to whether these Tcfl Hi@sinteract wittg-catenin, are
essential to activate transcription; furthermorey/\ahe there two Tcfl sites within the
promoter region? Do these Tcfl sites act synecgibt to enhance transcription or
are both sites required to activate transcriptidiferefore to what extent is ILK-1
gene expression regulated fgatenin, and how does it consequently effect the

protein levels of ILK-1?
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Figure 1.0: Diagram depicting the various events and interactions involved in
cell adhesion and signal transduction.

(1) B-catenin bound to E-cadherin in an adherens junction. (2) aB-integrin receptor
and its association with ILK-1 and PI3K, and upon ligand activation the resultant
signal transduction pathway. (3) Wnt signal transduction pathway. Both pathways
allow B-catenin translocation into the nucleus and target gene activation occurs. (4)
The degradation complex that inhibits B-catenin translocation into the nucleus. Free
cytoplasmic 3-catenin translocates into the nucleus and binds with LEF/Tcf to
activate target gene expression (adapted from Novak and Dedhar, 1999).

19



1.11p-catenin and ILK-1's role in tumourgenesis and patlegenesis

Thus far the literature review has shown that fetiatenin and ILK-1 play a pivotal
role in cell adhesion and regulation with the plodisy of a degree of crosstalk,
contributing to additional levels of control of #eeprocesses. It is now relevant to

investigate whethgi-catenin and ILK-1 directly contribute to canceoguession.

Increased ILK-1 expression and activity have bemmetated with malignancy in
several human tumour types, including breast, baathcolon carcinomas (Kawasoe
et al., 2000). Novak and colleagues (1998) showedntwatest over expression of
ILK in intestinal and mammary cells resulted iniavasive phenotype concomitant
with a down-regulation of E-cadherin expressiorglear translocation di-catenin,
andp-catenin/LEF-1 complex formation and subsequemisttaption. It was also
found that LEF-1 protein expression was constiglyiwp-regulated during ILK-1
over expression. Therefore Nowetkal. (1998) demonstrated that the oncogenic
properties of ILK-1 involve activation of thecatenin/LEF-1 signalling pathway. It
was also suggested that ILK-1-mediated crosstatkimoed between cell-ECM and
cell-cell adhesion and components of the Wnt slgmgapathway (Novalet al.,

1998).

With respect t@-catenin and cancer progression, studies have stiamt@a deletion

in B-catenin that abolishes its bindingadaatenin, was shown to diminish E-cadherin
function (Sadott al., 1998). Moreover mutations of tRecatenin gene or the APC
gene, result in the failure of degradation comgssembly, and subsequently lead to
increased transcriptional activity of tfecatenin/LEF-1/Tcf complex, a process that
plays an important role in the development of noadbrectal carcinomas and
melanomas (Ben-Ze'ev, 1997; Madral., 1999; Sadott al., 1998). Also, mutations
of B-catenin itself in its GSK{8phosphorylation sites render resistance to prgtieol
degradation and are reported to occur in half ofaqlic colorectal cancer cells with
wild-type APC (Yamadat al., 2000). Thus, accumulation @{catenin is a common
phenomenon in the majority of colorectal cancemniédaet al., 2000).

Although the majority of studies involvirfigcatenin and ILK-1 irregularities and
their associations have been studied in coloreat@inomas, for the purpose of this
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study, with respect to the effectsptatenin regulation on ILK-1, human
oesophageal squamous cell carcinoma (HOSCC) ne# kill be utilized. The

reasons for this decision will become apparenh@fbllowing text.

1.12 Human oesophageal squamous cell carcinoma

Among the various types of digestive tract cancggaamous cell carcinoma (SCC)
of the oesophagus has the poorest prognosis, kngtbuerall five year survival rate of
patients with metastatic HOSCC being <10% (Shiogaéi., 2001; Stoner and

Gupta, 2001). The reason for this is that prognotcancer is strongly dependent on
the organ of the primary site, and so the anatdogi&@tion can therefore make
diagnosis or surgical treatment difficult (Shiozeikal., 2001). In addition, the early
occurrence of micrometastases contributes to ffieudty of treating the disease with
either chemo-or radiotherapeutic techniques (Zamaral Veale, 2001). More than
90% of oesophageal cancers world wide are SCC’shaady 50% of all HOSCC'’s
involve the middle third of the oesophagus (Gairal., 1997).

The incidence of HOSCC geographical distributiosiggificant in certain parts of
China, Iran, Uruguay, Italy, France and South Adfriparticularly in the Transkei
region, where up to 50% of all registered cancesd#DSCC (Goret al., 1997;

Stoner and Gupta, 2001). The prevalence of HOSGfhdemic areas has been
attributed to environmental rather than heredifacyors, nutrition being the
predominant factor, as most diets are vitamin An@ E, riboflavin and protein
deficient (Goreet al., 1997; Stoner and Gupta, 2001). A significardrelteristic of
these endemic regions is low rainfall pertaininghanges in vegetation, soil types
and farming practises (Goeeal., 1997). Other predominant causes of HOSCC are
excessive use of tobacco and alcohol, as welllapis&led/cured and mouldy foods.

These factors have been implicated in the path@jepéthis disease.

In South Africa studies have shown that a signifigahigh rate of oesophageal
cancer deaths occur among the Xhosa populatioatinfemales and males whereas
among the Zulus, the mortality rate is significgmbwer (McGlashan, 1988).
McGlashan (1988) has also shown that HOSCC isfgignily higher in males
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compared to females and the risk of acquiring HOS®@&ases with age. Thus itis
clear that at a nationwide level HOSCC is a prilecgancer among South African
blacks and therefore justifies any attempt to ustdérd the events involved in its
development. No recent statistics concerning HOSZSouth Africa are available

at present.

With respect t@-catenin and HOSCC it has already been shown bgsJand Veale
(2003) tha3-catenin’s activities were skewed towards cell-a€elesion as the
cytoplasmic and nuclear concentratiorgafatenin were low. However, when Jones
and Veale induced the Wnt pathway and activated &Gfalling, a3-catenin shift
from the membrane into the cytoplasm was induceddqd and Veale, 2003).
Therefore althougp-catenin’s adherent role is intact in HOSCC's ttab#ity of free

B-catenin contributes to a reduction in cell-celhasion within HOSCC's.

1.13 Aims

1. To examine the role @fcatenin in the nucleus at a regulatory level and i
influence on the protein levels of ILK-1 in modeigtdifferentiated HOSCC cell

lines.

2. To determine whether Tcf-1 exists in the aakk$ under study and whether it

interacts with3-catenin in the nucleus.
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Chapter Two: Tcf-1/B-catenin complex in human

oesophageal squamous cell carcinoma cell lines

2.1 Introduction

Tcfs bind to Wnt target genes through their high mobility DNA-binding motif’s, complex
with B-catenin and position the potent regulatory domain within B-catenin to activate
transcription (Hurlstone and Clevers, 2002) (reviewed by Waterman., 2004). Therefore,
the nuclear accumulation of B-catenin and the formation of the complex between [3-
catenin and LEF/Tcf are critical in the activation of Wnt target genes (Schohl and Fagotto,

2002) (reviewed by Hoppler and Kavanagh, 2007).

The mammalian LEF/Tcf family of transcription factors is comprised of four different
proteins that form a subgroup of the high mobility group (HMG) box-containing
superfamily of transcription factors (Hurlstone and Clevers, 2002; Waterman, 2004).
These transcription factors contain four defined functional domains that will be discussed
separately. All LEF/Tcfs possess an 88 amino acid region in close proximity to the
carboxy terminus that contains both a HMG box motif and nuclear localisation signal
(Waterman, 2004). A trademark of the HMG box motif is that this particular motif binds
to and bends the minor groove of the DNA double helix (90°-130°) (Giese et al., 1992;
Waterman 2004). This HMG box motif recognises a specific core consensus sequence
YCTTTGWW, and is the most highly conserved feature of the transcription factor family
(between 93-99% amino acid sequence identity) (Love et al., 1995; van de Wetering and
Clevers, 1992; van de Wetering et al., 1997; Waterman, 2004). Multiple C-termini
(generated from alternative splicing) is another feature of the LEF/Tcfs that is worth
noting because within the multiple C-terminus is the E-tail domain which is necessary for
repression and/or activation of a select subset of Wnt target genes (Rahmani, et al., 2005;
Waterman, 2004). Atcha et al. (2003) have found that the E-tail may contribute to
selective promoter activity. It was established by Atcha and colleagues (2003) that the
LEF-1 promoter is selectively activated by specific LEF/Tcf isoforms (Tcf-1E and Tef-
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4E) that contain a complete E-tail domain (Hovanes et al., 2001; Roel et al., 2003).
Interestingly, the carboxy-terminal binding protein (CtBP) binding elements found in the
E-tail of Tcf-3 and Tcf-4 are absent in Tcf-1 (Molenaar et al., 1996; Roel et al., 2003;
Waterman, 2004). Instead, Tcf-1 carries a CRARF or CR motif (33 amino acid region
required for transcription activation) (Atcha et al., 2003; Rahmani et al., 2005; Waterman,
2004). It is this alternative splice feature of the LEF/Tcf family that distinguishes one
member from another (Clevers and van de Wetering, 1997; Rahmani et al., 2005;
Waterman, 2004). An additional defined feature of the LEF/Tcf family is the
transcription repression domain that is located in the central region of the LEF/Tcf
proteins; the overall function of this domain is conserved for the protein family, however
the primary sequences of this domain are not (Atcha et al., 2003; Hurlstone and Clevers,
2002). LEF/Tcf cannot independently activate or repress target genes, they are actually
architectural proteins that bend DNA to maximise productive interactions between DNA-
bound proteins in a larger enhancesosome or repressing complex, hence recruitment of
co-activators or repressors are necessary (Graham et al., 2000; Huber et al., 1997;
Hurlstone and Clevers, 2002). LEF/Tcfs function as transcription repressors in the
absence of B-catenin binding, however, this co-repressor activity is initiated by the
recruitment of co-repressors such as Grg/TLE, via the central domain (Billin et al., 2000;
Brantjies et al., 2001) (reviewed by Willert and Jones, 2006). These co-repressors are
histone-binding proteins and additionally interact with a histone deacetylase-1 (Billin et
al., 2000; Brantjies et al., 2001). Finally the B-catenin binding domain is found at the
extreme N-terminus, corresponding to approximately 60 amino acids, and is a highly
conserved region of the LEF/Tcf family. Interestingly f-catenin does not have a DNA-
binding domain however it does contain a potent transcription activation domain
(Beherens et al., 1996; Graham et al., 2000; Nelson and Nusse, 2004). In contrast
LEF/Tcfs are able to bind and bend DNA, but they do not have a strong transcription
activation domain (Atcha et al., 2003; van Beest et al., 2000) (reviewed by Willert and
Jones, 2006). Therefore, a combination of the two proteins results in a potent

transcription regulatory complex (Hurlstone and Clevers, 2002; Waterman et al., 2004).
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Binding is proposed to be a multi-step interaction (Beherens et al., 1996; Graham et al.,
2000). LEF/Tcf bind B-catenin in its large central core which consists of twelve
armadillo repeats, and each repeat consists of three a helices (Graham et al., 2000;
Hurlstone and Clevers, 2002). The twelve repeats form a superhelix that is analogous to
double stranded DNA and creates a long positively charged groove (Graham et al., 2000).
The binding domain of Tcf (extended modular structure) snakes its way in an anti-
parallel fashion along the B-catenin groove (Hurlstone and Clevers, 2002). Between the
first fifty amino acids of LEF/Tcf and armadillo repeats 3-10 of B-catenin is where the
actual binding of these two proteins occurs (Hurlstone and Clevers, 2002). Two amino
acids namely lysine (Lys) 312 and Lys 435 of B-catenin form particularly strong and

specific anchors that fasten the two molecules together (Hurlstone and Clevers, 2002).

To fully appreciate the intricacies of LEF/Tcf functioning, particularly in relation to
transformation events, it must be clarified that isoforms of these proteins exist (Clevers
and van de Wetering, 1997; Hurlstone and Clevers, 2002; Rahmani et al., 2005; Valenta
et al., 2003; van de Wetering and Clevers, 1992) (reviewed by Waterman, 2004 and
Willert and Jones, 2006). These distinguishing factors are firstly alternative splicing in
the C-terminus (Molenaar et al., 1996; van de Wetering et al., 1996) (reviewed by
Waterman, 2004 and Willert and Jones, 2006). Different termini were first discovered
for Tcf-1, but they have since been identified in all family members (Hovanes et al., 2000;
Molenaar et al., 1996; van de Wetering et al., 1996). There are seven identified human
Tct-1 isoforms that are named Tcf-1A to Tcf-1 G and the molecular weight of these
isoforms range from between 55.2 kDa (Tcf-1E) to 28.3 kDa (Tcf-1D) (van de Wetering
etal., 1996) (reviewed by Waterman, 2004 and Willert and Jones, 2006). Secondly, due
to alternative promoter usage; both the TCF7 (encoding Tcf-1 protein) and LEF1 genes
contain two different promoters for transcription (van de Wetering et al., 1996). The
original/first promoter encodes a complete mRNA sequence that results in a fully
functional protein (Li et al., 2006; van de Wetering et al., 1996). However, a second
promoter exists in the second intron and produces a truncated protein that lacks a -
catenin binding domain (Li et al., 2006). Yet they do have functional HMG-box domains

and nuclear localisation signals and so reside in the nucleus, bind to Wnt response
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elements (WRE), and recruit co-repressors (Hurlstone and Clevers, 2002). However,

they cannot mediate Wnt signals and therefore act as a block, because if the truncated
forms exceed the levels of full length forms they could effectively suppress Wnt
signalling by occupying all regulatory sites (Hurlstone and Clevers, 2002; Li et al., 2006;
van de Wetering et al., 1996; Willinger et al., 2006). These truncated forms are called
natural dominant negatives. Therefore with respect to normal and cancerous tissue, the
relative amounts of full-length and dominant negative proteins may be very important for
normal cell differentiation and tumour progression (Li et al., 2006; van de Wetering et al.,
1996; Willinger et al., 2006) (reviewed by Waterman, 2004). For the purpose of this
study intact/full length Tcf-1 will be examined in depth.

A number of signalling pathways have been discovered to date that respond to a variety
of environmental changes by evoking cellular responses (Hoppler and Kavanagh, 2007;
Masui et al., 2002). Of late a number of these pathways were found to exhibit cross talk
(Bagnato and Rosano, 2007; Labbe et al., 2000; Masui et al., 2002). It has been
established that cross talk plays an important role in modifying signal effects, which
increases the complexity of signal cascades. In the case of Wnt/B-catenin signalling,
several examples of cross talk have been reported (Bagnato and Rosano, 2007; Medici et
al., 2006). For instance the signalling pathway that involves NF-«B plays a pivotal role
in the immune response, inflammation and apoptosis, however the Wnt/B-catenin
pathway plays an important role in development and oncogenesis (Masui et al., 2002).
Masui and colleagues (2002) showed that -catenin/Tcf-dependent transcription was
specifically suppressed by reticuloendotheliosis A (RelA), a component of NF-kB. This
suppression was not shown to be dependent on the trans-acting transcriptional ability of
RelA nor did RelA affect the nuclear import of B-catenin or the DNA binding ability of
the B-catenin/Tcf complex (Masui et al., 2002). Therefore Masui et al (2002) suggests
that only after the binding of the B-catenin/Tcf complex with target DNA, does NF-kB
modify this signalling pathway.

Another example of cross talk involving ILK-1 and B-catenin was shown by Novak and

colleagues (1998). They showed that over expression of ILK-1 resulted in an invasive
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phenotype concomitant with a down-regulation of E-cadherin expression, translocation of
B-catenin to the nucleus, and activation of gene expression. With the phenomena of cross
talk in mind it is noteworthy to look at whether there is cross talk between both the
integrin/ILK-1 pathway and Wnt signalling. Melchior and colleagues (2002) have
characterised the promoter region of ILK-1 and it was found to have two Tcf-1 binding
sites. This finding has triggered the question of whether cross talk occurs between the
integrin-ILK-1 and Wnt pathways, extended to the control of transcription with reference
to B-catenin and ILK-1. Therefore it is necessary to study B-catenin and Tcf-1 at a
nuclear level in order to determine whether the B-catenin/Tcf complex has a possible

regulatory influence on ILK-1.

This study examined and compared (individually) the expression of ILK-1, B-catenin and
Tcf-1 in five cell lines derived from moderately differentiated human squamous cell
carcinomas of the oesophagus. It was necessary to first determine whether these three
proteins were expressed in oesophageal squamous cell carcinomas (OSCCs).
Furthermore the association between Tcf-1 and B-catenin in the nucleus was examined
with respect to Tcf-1 binding sites that have previously been said to be found in the

promoter sequence of ILK-1.
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2.2 Objectives

2.2.1 Determine the expression of B-catenin and Tcf-1 in HOSCC cell lines.

2.2.2 Consider the complexing of B-catenin and Tcf-1 in the nucleus.

2.2.3 Determine ILK-1 expression in HOSCC cell lines.

2.2.4 Examine whether the B-catenin/Tcf-1 complex binds Tcf-1-DNA binding sites,
with specific reference to the two Tcf-1 binding sites found in the ILK-1 promoter

region.
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2.3 Methods and materials

2.3.1 Tissue culture

Five HOSCC cell lines, Wits human carcinoma of the oesophagus (WHCO) WHCOI,
WHCO3, WHCOS5, WHCO6 (Veale and Thornley, 1989), and SNO, derived from
moderately differentiated tumour resections were obtained from the Cell Biology
Laboratory, School of Molecular Cell Biology, University of the Witwatersrand. The
cell lines were maintained in Dulbecco’s Modified Eagle medium (DMEM) (appendix
5.0) supplemented with Hams F12 (3:1) (appendix 5.0) and 10% foetal calf serum (FCS).

The cell lines were maintained at 37 degrees Celcius (°C) in a 5% CO, atmosphere.

2.3.2 Total cellular protein extraction

Cell lines were grown to 80% confluence in 10 centimetres (cm) Nunc™ tissue culture
dishes. To determine the presence of Tcf-1, B-catenin and ILK-1 in the cell lines, total
cellular protein extractions were performed on the above mentioned cell lines. The
cultures were washed three times in sterile phosphate buffered saline (PBS, appendix 5.0).
The cells were then scraped from the culture dishes with a rubber policeman in a small
amount (1 ml) of PBS and transferred into a sterile eppendorf tube. The culture was
centrifuged for 5 minutes at 1 145 g in a TOMY HF-120-desktop centrifuge. The
supernatant was removed and the pellet was suspended in a small amount of Laemmli
lysis buffer (Laemmli, 1970; appendix 5.1). Thereafter the samples were boiled for 5

minutes and stored at -20°C.

2.3.3 Nuclear extractions

CelLytic™NuCLEAR EXTRACTION KIT

Nuclear extractions were obtained using the SIGMA CelLytic™ NuCLEAR™
EXTRACTION KIT (catalogue number N-XTRACT-1KT). This kit utilised the
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principle where the harvested cells were allowed to swell in a hypotonic buffer (appendix
5.5). Their membranes were then disrupted, the cytoplasmic fractions were removed and
the nuclear proteins were released from the nuclei by a high salt buffer (appendix 5.5).

Fractions were stored at -20°C.

Nuclear extractions (Wen et al., 2003)

The cell cultures were grown to 80% confluence in Nunc™ cell culture dishes and
washed three times in PBS at 4°C. Nuclear preparation buffer (1.5 ml, appendix 5.5) was
added to the cells and left for 2 hours at 4°C. The cells were then scraped with a rubber
policeman in the nuclear preparation buffer and the cell membranes were disrupted with a
dounce homogeniser (40-50 strokes). The homogenate was transferred to a sterile
eppendorf tube and centrifuged in a Selecta-P Medifriger-BL centrifuge at 13 000 x g for
1 hour. The supernatant (cytoplasmic fraction) was transferred to a sterile eppendorf and
stored at -20°C. The pellet was rinsed twice with nuclear preparation buffer and then
suspended in 20-30 pl of nuclear extraction buffer (appendix 5.5) followed by briefly
vortexing the mixture. The mixture was stored at 4°C overnight. The following day the
mixture was transferred to a dounce homogeniser and homogenised for 20-30 strokes.
The homogenate was then centrifuged for 25 minutes at 13 000 x g at 4°C. The
supernatant (nuclear fraction) was transferred to a sterile eppendorf tube and stored at -

20°C.

2.3.4 Protein estimation

Protein concentrations of the various fractions were determined utilising the Bradford

assay (Bradford, 1976), following the protocol from Bramhall et al. (1969). Whatman®
glass fibre discs were rinsed in distilled water (dH,O) for 20 minutes, followed by three
consecutive 5 minute washes in 95% alcohol, 100% alcohol and acetone respectively, to
dehydrate the fibre discs, which were then air dried. Bovine serum albumin (BSA) was
used to construct a standard curve. Protein samples (5 pl) from each respective cell line

were dotted onto the discs and again allowed to air dry. Proteins were fixed to the glass
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fibre discs, by placing the discs in 2.5% trichloroacetic acid (TCA, appendix 5.2) for 30-
40 minutes with gentle agitation. The discs were subsequently immersed in Coomassie
blue stain (appendix 5.2) for 5 minutes to rinse off excess TCA. Thereafter the discs
were stained in Coomassie blue for 1 hour with gentle agitation. This was followed by a
2 hour destaining period in acetic acid:methanol:dH,O (10:12:100) solution, until the
background levels were completely removed. The destained protein marks were excised
from the discs and placed in 5 ml of elution solution (appendix 5.2) and stored in a
darkroom overnight. Absorbance (Abs) readings were measured the following day using
a Beckman DU"-64 Spectrophotometer (A=595 nm). The concentration of the total
protein was calculated from the BSA standard curve (y = 0.0245x-0.0054, linear
regression (R?) = 0.9837, appendix 5.2, figure 5.0). The graphs were plotted using

Microsoft® Excel.

2.3.5 Sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE)

Protein samples were resolved on 8% or 10% SDS polyacrylamide gels (appendix 5.3)
according to Laemmli (1970) and run at a constant current of 25 milliamperes (mA) with
electrophoresis reservoir buffer pH 8.3 (appendix 5.3). The proteins were visualised with
Coomassie blue protein stain (appendix 5.3). Equivalent nuclear protein concentrations
were made up to equal volumes with Laemmli double lysis buffer (Laemmli, 1970;
appendix 5.1) boiled for 5 minutes and centrifuged at 1 145 x g for 1 minute in a TOMY
HF-120-desktop centrifuge prior to loading. All protein samples were run with a
PageRuler™ Prestained Protein Ladder (Catalogue number SN0671) from Fermentas, to

verify specific protein molecular mass.

2.3.6 Antibodies

B-catenin was specifically detected with a polyclonal antibody supplied by Sigma®, SA
(catalogue number C2206). The primary antibody used in this study to detect Tcf-1 was

a rabbit polyclonal antibody obtained from Santa Cruz Biotechnology, Inc, USA

(catalogue number sc-13025). This antibody was raised against amino acids 1-118,
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mapping at the conserved N-terminus of Tcf-1 of human origin. ILK-1 was detected by
the rabbit polyclonal anti-ILK-1 antibody obtained from Sigma®, SA (catalogue number
11907). In order to detect the presence of the primary antibodies a secondary antibody
was used that binds to the heavy and light chains of the IgG antibodies. A polyclonal
horseradish peroxidase (HRP)-conjugated anti-rabbit secondary antibody was used in

Western blot experiments (Sigma®, SA; catalogue number A0545).

2.3.7 Antibody binding assay for primary and secondary antibodies

A dot blot was used to determine the functionality of both the primary and secondary
antibodies. A whole cell protein extract (2 ul) was dotted onto a piece of nitrocellulose
Hybond™-C pure and allowed to air dry for 5 minutes. The nitrocellulose was blocked
for 15 minutes in a 5% non-fat milk blocking buffer (Blotto; appendix 5.4). The
nitrocellulose was then rinsed 6 times in PBS, followed by incubating the nitrocellulose

in polyclonal rabbit anti-B-catenin primary antibody (1:5 000) for 1 hour. To confirm
binding of the primary antibody to the secondary antibody, a second nitrocellulose blot
was prepared containing 1 pl of air dried rabbit anti-fB-catenin and blocked for 15 minutes.
The two nitrocellulose membranes were washed 6 times in PBS at 5 minute intervals and
incubated in HRP-bound anti-rabbit secondary antibody (1:10 000) for 1 hour. Both
nitrocellulose pieces were again washed 6 times with PBS at 5 minute intervals. A third
piece of nitrocellulose was prepared that contained air dried HRP-bound secondary
antibody (1 pl). This reaction was performed to ensure reactivity of the secondary
antibody with the Chemiluminescent Working Solution. Subsequently, all three blots
were reacted with Supersignal® West Pico Chemiluminescent Working Solution
(appendix 5.4) for 5 minutes. The three membranes were wrapped in polyethylene saran
wrap. The blots were exposed to CL-XPosure™ Film autoradiography film (Pierce, USA,
catalogue number 34090) for 5 minutes. The film was placed in D19B developer
(appendix 5.4) for 5 minutes, briefly rinsed in water (H,0O), placed in fixer (appendix 5.4)

for 5 minutes and rinsed again.
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2.3.8 Western blots

Samples from cell lines WHCO1, WHCO3, WHCOS5, WHCO6, SNO were resolved on
polyacrylamide gels, and transferred onto Hybond™-C pure nitrocellulose membrane
(0.45uM) (Amersham, USA) in a BIO-RAD Criterion Blotter at 400 mA for 2 hours in
chilled Western blot transfer buffer (appendix 5.4). Following transfer, the nitrocellulose
membranes were rinsed three times in TBS (appendix 5.4) and stored overnight at 4°C.
In order to determine the efficiency of transfer, the SDS-PAGE gel was stained with
Coomassie blue for 1 hour and then destained for 1 hour. To prevent non-specific
antibody binding each membrane was blocked in blocking buffer for 1 hour, followed by
six washes in PBS. The blots were incubated in a rabbit anti-p-catenin (1: 1000) or anti-
Tct-1 (1:500) or anti-ILK-1 (1:1500) primary antibody for 1 hour. The blots were
washed with PBS 6 times at 5 minute intervals to remove any residual antibody. The
membranes were then incubated in the HRP-bound secondary anti-rabbit antibody (1:10
000) for 1 hour. The incubations were carried out in the dark to prevent photo bleaching
of the antibody. Unbound secondary antibody was removed by washing the membrane
six times at 5 minute intervals with PBS. Thereafter a 5 minute incubation followed in
Supersignal® West Pico Working Solution (appendix 5.4) from the West Pico
Supersignal® Chemiluminescent Substrate Kit (Pierce, USA). The blots were sealed in
polyethylene saran wrap and exposed to CL-XPosure™ Film autoradiography film
(Pierce, USA, catalogue number 34090) for 5 minutes. Films were developed in D19B
developer (appendix 5.4) for 5 minutes, briefly rinsed in H,O, followed by fixing
(appendix 5.4) for 5 minutes and then rinsed briefly again. The experiments were

repeated three times.

2.3.9 Co-immunoprecipitation

Nuclear fractions of equal amount of protein (150 pg) of all the cell lines were incubated
with 3 pl of undiluted rabbit anti-B-catenin overnight at 4°C on rotating apparatus. The

following day 600 pl of Protein G on Sepharose® 4B fast flow (Sigma, SA; catalogue
number P-3296) beads in 20% ethanol were washed in 900 pl of immunoprecipitation (IP)
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buffer (appendix 5.6). The IP buffer was added to the beads and the mixture was gently
flicked to mix. The contents were then centrifuged at 12 000 x g in a Sorvall® MC 12 V
for 30 seconds and the supernatant was removed. This was repeated three times. 600 pl
of IP buffer was added to the beads and of that 100 pul was aliquoted to each nuclear
sample. The samples were again incubated overnight rotating at 4°C. Thereafter the
samples were centrifuged at 12 000 x g in a Sorvall® MC 12 V centrifuge at room
temperature for 15 - 30 seconds. Supernatants were discarded and the pellets of each
sample were suspended in 700 pl of IP buffer and centrifuged at 12 000 x g at room
temperature for 30 seconds in a Sorvall® MC 12 V centrifuge. The supernatant was
discarded and the washing step was repeated once more but with 0.1X IP buffer. The
supernatant was again decanted and the pellets were suspended in 40 pl of 1X Laemmli
lysis buffer and boiled for 5 minutes. Thereafter the mixture was centrifuged at 12 000 x
g for 5 minutes in a Sorvall® MC 12 V centrifuge at room temperature. The supernatant
was transferred to a sterile eppendorf tube and stored at -20°C. The product was resolved
on a 10% SDS-PAGE gel and transferred to a Hybond™-C pure nitrocellulose membrane
in a BIO-RAD Criterion Blotter at 400 mA for 2 hours in chilled Western blot transfer
buffer. The blot was probed for Tcf-1 using standard antibody concentrations.

Thereafter blots were exposed to Supersignal® West Pico Working Solution from the
West Pico Chemiluminescent Substrate Kit (Pierce, USA) for 5 minutes and then sealed

in polyethylene saran wrap and exposed as described above in section 2.3.8.

2.3.10 Annealed oligonucleotides

Two 5'-biotinylated oligonucleotides 5'-BioTEG-
GCAGGGTCGCCGAGTCCCCGCTCTTCTCCACGTGCACAGCGCTCCT-3' (Tct-1.1)
and 5'-BioTEG-ACCGACCCGGAAACCAAAGCGTGACAGCCAG-3' (Tcf-1.2) and
their corresponding complementary sequences 5'-
CGTCCCAGCGGCTCAGGGGCGAGAAGAGGTGCACGTGTCGCGAGGA-3"and 5'-
TGGCTGGGCCTTTGGTTTCGCACTGTCGGTC-3' respectively were obtained from
Operon (the underlined regions indicate the Tcf-1 binding sites determined by Melchior
etal. (2002)). Tcf-1.1 and Tcf-1.2 are the names designated to each of the double
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stranded oligonucleotides throughout the text. The oligonucleotides were dissolved in
tris EDTA (TE) pH 8.0 (appendix 5.7). 10 pl of the biotinylated and unlabeled
corresponding complementary DNA sequences were alliqotted into a sterile eppendorf
and 10 pl of NaCl tris EDTA (STE) buffer (appendix 5.7) was added to the
oligonucleotides. The presence of salt is necessary for the sequences to hybridise. The
contents were gently mixed and placed in a heating block at 95°C for 10 minutes. The
heating block was then turned off and the oligonucleotides were allowed to cool

gradually in the heating block. The resulting product was stored at -20°C.

2.3.11 Resolving and detecting double stranded oligonucleotides

A non-denaturing polyacrylamide gel was used to resolve the double-stranded DNA. A
15% acrylamide gel was poured and run in 1X tris boric acid EDTA (TBE) (appendix 5.8)
at a low voltage (50 volts (V)) with a H,O cooling system maintained at a constant
temperature of 10°C. The low temperature is necessary to prevent denaturation of small
fragments of DNA by heat that is generated by the electric current. Before loading the
samples, the wells of the gel were flushed out with 1X TBE and the gel was pre-
electrophoresed for 30 minutes. The samples were loaded with agarose gel loading

buffer (appendix 5.8) and run for 3 hours. To detect the bands the gel was gently
submerged in staining solution (appendix 5.8) for 45 minutes with gentle agitation at
room temperature in the dark. The gel was then placed on a piece of saran wrap and

viewed on an ultraviolet (UV) transilluminator.

2.3.12 Binding assay of double stranded oligonucleotides

A dot blot of both double stranded oligonucleotides was performed. 2 pl of each DNA
fraction was dotted onto a small piece of Hybond-N" nylon membrane and allowed to air
dry. The DNA was cross linked using an UV lamp (312 nm) for 15 minutes and the
membrane was prepared for detection according to the LightShift® Chemiluminescent
EMSA Kit (Pierce, USA). The nylon membrane was wrapped in a piece of saran wrap

and exposed according to the description in section 2.3.8
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2.3.13 Electrophoretic mobility shift assay

The electrophoretic mobility shift assay (EMSA) technique is based on the principle that
DNA-protein complexes migrate slower than unbound DNA in a native polyacrylamide
gel (appendix 5.9), resulting in a “shift” in migration of the labelled DNA band. The
LightShift® Chemiluminescent EMSA kit from Pierce, USA (catalogue number 20148)
was used to detect binding of protein complexes to the two Tcf-1 DNA-binding sites in
the ILK-1 promoter region. The nuclear fraction needed for this analysis was obtained
using the above mentioned Wen et al. (2003) extraction method (see section 2.3.3). 8 ug
of nuclear extract was added to the binding reaction mixture, and 1 pl of undiluted rabbit
anti-pB-catenin polyclonal antibody (Sigma, SA). This reaction was incubated for 1 hour
at 25°C. Thereafter, 1 pl (2 fmol) of labelled biotinylated double stranded
oligonucleotides was added to the binding reaction, followed by another 30 minute
incubation at 25°C in the dark. The DNA-protein complexes were resolved on a 5%
native polyacrylamide gel in (0.5X TBE buffer) at 50 V. The DNA-protein complexes
were transferred to a positively charged Hybond-N" nylon membrane (catalogue number
RPN1219B) in a BIO-RAD Criterion Blotter at 400 mA for 1 hour in chilled 0.5X TBE.
The complexes were then cross-linked to the nylon membrane using a UV
transilluminator (312 nm) for 15 minutes. The DNA-protein complexes bound to the
nylon membrane were prepared according to the instructions of the LightShift®
Chemiluminescent EMSA kit from Pierce, USA. The oligonucleotides were labelled
with biotin which has a high affinity for the bacterial protein strepavidin that is
conjugated to a reporter enzyme such as horseradish peroxidise. The introduction of
chemilumenescent that upon hydrolysis by the enzyme emits UV light provides a very
sensitive method of detection. The membrane was then wrapped in saran wrap and

exposed as in section 2.3.8.

2.3.14 Densitometry

All Western blots were semi-quantitatively analysed by densitometry using the

LabWorks™ Image Acquisition and Analysis Software Version 4.5 program in order to
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compare the levels of a specific protein between the various cell lines. The area under

the peak for each sample was used as a basis for comparison between samples.

2.3.15 Image capturing

Images were captured on a Hewlard Packard Scanjet 4400c series scanner. DNA-PAGE
gel was captured on a BioDoc-It™ System (UVP, Inc, USA).
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2.4 Results

SDS-PAGE separation of the total cellular protein and nuclear fractions obtained from
the WHCO1, WHCO3, WHCOS5, WHCO6 and SNO cell lines (figure 2.0 a and b
respectively) yielded a distinct banding pattern across the cell lines for each fraction.
Upon further examination of the polypeptide profiles for both SDS-PAGE gels, banding
was noted at 94 kDa (B-catenin), in the region of Tcf-1 isoforms known molecular
weights, 55 kDa to 22 kDa (as mentioned there are 7 isoforms of Tcf-1) there was a
distinct banding pattern, and there were polypeptides of appropriate molecular weight at
the 59 kDa region, which is said to be the molecular weight of ILK-1 (Hannigan et al.,
1997).
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Figure 2.0: SDS-PAGE resolution of total cellular and nuclear protein extracts.

(a) Total cellular extract and (b) nuclear protein extract were obtained from the OSCC
cell lines and distinct banding patterns were present for all of the samples separated.
Low molecular weight markers were separated, the size of the bands (kDa) produced by
the markers are indicated next to the corresponding band.
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To confirm that both B-catenin and Tcf-1 were present in the cell lines Western blot
analysis was performed. However before proceeding with Western blot analysis, a dot
blot procedure was used to assess optimum antibody concentrations and confirm that the
reactivity of the antibodies were satisfactory. Dot blots demonstrated that rabbit anti-p3-
catenin (1: 5 000) was bound by the HRP-bound anti-rabbit secondary antibody (1:10 000)
(figure 2.1b) and that the HRP-bound anti-rabbit secondary antibody (1:10 000) (figure
2.1¢) reacted with the Supersignal® West Pico Chemiluminescent substrate efficiently.
Total protein extract was pre-absorbed onto nitrocellulose and demonstrated a strong
reactivity with the B-catenin antibody (figure 2.1a). The HRP-bound secondary antibody
(bound to the rabbit anti-B-catenin antibody) reacted with the Supersignal® West Pico
Chemiluminescent solution (figure 2.1b). This same procedure was used to determine
reactivity of the rabbit anti-Tcf-1 antibody (1:500) and the HRP-bound anti-rabbit
secondary antibody (1:5 000) with the Supersignal® West Pico Chemiluminescent
substrate. Total protein was also used to validate the reaction with both the Tcf-1

antibody and the secondary antibody.

a b c

a = rabbit anti-B-catenin antibody bound to B-catenin in
total protein extract bound

b = rabbit anti-B-catenin antibody bound to HRP-bound
anti-rabbit secondary antibody

C = HRP-bound anti-rabbit secondary antibody

Figure 2.1: Dot blot to determine usage of rabbit anti-B-catenin antibody

Western blot analysis revealed the presence of a polypeptide, specifically recognised by
anti-f-catenin across all the cell lines (figure 2.2a). Furthermore, densitometric analysis

revealed that, for standardized protein concentrations WHCO6 and SNO showed the
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highest levels of B-catenin expression whereas f-catenin expression in the WHCO3 line
was shown to be 2 fold less than WHCO6 and SNO (figure 2.2b). The third highest level
of B-catenin expression in WHCOS revealed a 1.8 fold higher level of B-catenin
expression compared to WHCO3 and a 1.5 higher level of expression when compared to
WHCOI. The levels of B-catenin varied over a range of 50%.
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Figure 2.2: B-catenin protein expression in the cell lines from total cellular
extracts.

(a) Western blot analysis of B-catenin expression across all the cell lines. (b)
Densitometric analysis of B-catenin expression across all five human oesophageal SCC
lines under standard culture conditions. Note: The expression levels are representative
as a percentage of maximum per 10 pg of protein from total cellular protein fractions.

Analysis of nuclear B-catenin revealed similar results. Per 10 pg of protein, the levels of
B-catenin also varied over a range of 50% (figure 2.3b). Similar to total cell protein
extract results, WHCOG6 showed the highest level of nuclear -catenin and WHCO1 had 2
fold less B-catenin levels. Since it has been confirmed that B-catenin is expressed in the
human oesophageal SCCs it was necessary to determine expression of Tcf-1 in the

HOSCC lines.
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Figure 2.3: B-catenin protein expression in the cell lines from nuclear extracts.

(a) Western blot analysis of p-catenin expression in the nucleus across all the cell lines.
An 80 kDa band was also exposed, partial degradation product. (b) Densitometry of -
catenin expression across all five human oesophageal SCC lines under standard culture
conditions. Note: The expression levels are representative as a percentage of maximum
per 10 ug of protein from nuclear protein fractions.

Western blot analysis using a polyclonal antibody specific for Tcf-1, revealed the
presence of a definite Tcf-1 polypeptide (figure 2.4a), specifically recognised by the anti-
Tcf-1 antibody at an apparent molecular weight of 30 kDa, this molecular weight is
representative of the Tcf-1A/C/G isoforms. An additional polypeptide below the 30 kDa
polypeptide band was noted in WHCO1, WHCO3, WHCOS5, WHCOG6 (figure 2.4a) this
polypeptide is likely to be representative of Tcf-1D/F (28.3 kDa and 28.6 kDa
respectively). This polypeptide was not noted in WHCOG6 (figure 2.4 a and b).
Subsequent densitometric analysis showed that the total Tcf-1 expression levels were

highest in both WHCO6 and WHCO1. WHCO1, WHCO3, WHCO6 and SNO display
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similar but higher levels of total Tcf-1 in comparison to WHCO5. WHCO6 had a 2 fold
higher expression of Tcf-1 compared to WHCOS. Across all the cell lines Tcf-1 isoforms
of molecular weight 30 kDa were noted, with the highest level found in WHCO6
however no 28 kDa band was noted in this line. The 30 kDa Tcf-1D/F isoforms were
observed in WHCO1, WHCO3, WHCOS5, SNO lines only, with the highest level of

relative expression noted in WHCOS.
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Figure 2.4: Tcf-1 protein expression in cell lines from total cellular extracts.

(a) Western blot analysis of Tcf-1expression across all the cell lines, Tcf-1A/C/G
isoforms (30 kDa) and Tcf-1D/F isoforms (28 kDa). (b) Densitometry of Tcf-1 expression
across all five human oesophageal SCC lines under standard culture conditions. The
red bars indicate the relative percentage for the total cellular Tcf-1 expression, green
bars are representative of Tcf-1A/C/G isoforms (30 kDa) and the light blue bars
represent the Tcf-1D/F isoforms (28 kDa). Note: The expression levels are
representative as a percentage of maximum per 20 ug of protein from total cellular
protein fractions.

In order to detect nuclear Tcf-1 an alternative extraction method was used. Although the
SIGMA CelLytic™ NuCLEAR™ EXTRACTION KIT yielded nuclear extract that was

sufficient for nuclear protein Western detections of B-catenin/Tcf-1 co-
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immunoprecipitation by Western blot detection. The abovementioned extraction kit did
not however yield sufficient nuclear product to allow satisfactory detection of nuclear
Tcf-1 by Western blotting or EMSA. van de Wetering et al. (1996) have found that Tcf-1
protein is absent from standard nuclear extracts such as the SIGMA CelLytic™
NuCLEAR™ EXTRACTION KIT. This was determined by both Western blotting and
gel retardation (van de Wetering et al., 1996). It was however readily visualised when
van de Wetering and colleagues (1996) performed Western blot analysis on total cellular
protein. This finding was also true for this study (results not shown). With that noted an
alternative nuclear extraction protocol of Wen et al. (2003) was used to detect nuclear
Tcf-1. Western blot analysis of these extracts revealed 3 isoforms (figure 2.5a) Tcf-1E
(55 kDa), Tcf-1B (44.9 kDa), Tcf-1A/C/G (30 kDa) within the nucleus (Hovanes et al.,
2000; van de Wetering et al., 1996). The nuclear profile of Tcf-1 isoforms across the
HOSCC cell lines is consistent however it is different when compared to the WHCO6
total protein extract control (figure 2.5a and b, lane 6). Densitometric analysis revealed
that the highest level of Tcf-1 was found to be in the SNO line. SNO had a 3 fold higher
total Tct-1 (figure 2.5b, red bar) expression relative to WHCO1 which was shown to have
the second highest total Tcf-1 expression (figure 2.5b, red bar). Upon examining the
different isoforms within the lines, it was noted that in WHCO35, WHCO6, and SNO the
Tct-1A/C/G (30 kDa) isoforms were predominantly present relative to the total Tef-1
expression for each cell line respectively. Tcf-1A/C/G was found to be expressed highest
in the SNO line. The lowest expression of the 30 kDa Tcf-1 isoforms was noted in
WHCO1 which had an 18 fold lower expression than the SNO cell line. However,
WHCOI had an 11.6 fold higher expression of Tcf-1B than that of the SNO line, which

had the lowest Tcf-1B expression.

Finally, the cell lines showed expression of the Tcf-1E isoform (figure 2.5a and b)
however, Tcf-1E expression was not evident in the total cell protein extract and was
barely noteworthy in the SNO line total cell protein extract. The highest expression of
nuclear Tcf-1E was evident in the WHCO3 line, with approximately 70% of the total
Tcf-1 nuclear expression to be that of Tcf-1E. Tcf-1E expression in WHCO3 was 14 fold

44



higher than the expression of WHCO6 which showed the second lowest Tcf-1E

expression across the five lines.
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Figure 2.5: Tcf-1 protein expression profile in the cell lines from nuclear extracts.

(a) Western blot analysis of total nuclear Tcf-1 expression across all the cell lines.
Arrows indicate different Tcf-1 isoforms, 55 kDa (Tcf-1E), 44.9 kDa (Tcf-1B), 30kDa (Tcf-
1A/C/G). Lane 6 = WHCOG total protein extraction control. (b) Densitometry of total
nuclear Tcf-1 expression across all five human oesophageal SCC lines under standard
culture conditions (yellow bars = Tcf-1E; grey bars = Tcf-1B; green bars = Tcf-1A/C/G).
The red bars indicate the relative percentage for the total cellular Tcf-1 expression. Note:
The expression levels are representative as a percentage of maximum per 20 ug of
protein from nuclear protein fractions.

B-catenin and Tcf-1 are expressed in all the human oesophageal SCCs under study. Both

proteins localise in the nucleus, as previously shown in colorectal squamous cell
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carcinoma of intestinal epithelium, mammary epithelia and thymus (Clevers and van de
Wetering, 1997; Sancho et al., 2003; Waterman., 2004); these proteins function together
to induce gene expression. It would be of relevance for this study to determine whether
localisation occurs between B-catenin and Tcf-1 in oesophageal SCCs. Co-
immunoprecipitation analysis was preformed to confirm that Tcf-1 and B-catenin
complex in the nucleus. In all the cell lines analysed, B-catenin and Tcf-1 were indeed
shown to co-immunoprecipitate. Two polypeptides at 55 kDa and 30 kDa for Tcf-1 were
obtained following protein G sepharose immunoprecipitation and Western blotting
(figure 2.6a). All five cell lines indicated that B-catenin predominantly complexed with
Tct-1E, determined by protein densitometry analysis (figure 2.6b) and to lesser degree
the 30 kDa polypeptide indicated that B-catenin complexed with Tct-1 A/C/D/F/G, whose
molecular weights range between 28.3 kDa - 30.3 kDa. It is noted that it is not possible
from this analysis to determine which Tfc-1 isoform between 28.3 kDa - 30.3 kDa is
bound to B-catenin, because of the width of the bands seen in the Western blot (figure

2.6a).
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Figure 2.6: B-catenin and Tcf-1 proteins co-immunoprecipitated from nuclear
extracts.

(a) Western blot analysis following protein G immunoprecipitation resulted in a band at
55 kDa for the Tcf-1E isoform and a 30 kDa band indicating Tcf-1A/C/G in all the cell
lines. Note: A whole cell WHCOG6 (20 ug) sample was used as a control. (b)
Densitometric analysis of Tcf-1, the relative percentage of Tcf-1 that complexes with 3-
catenin across the cell lines is shown (red bar = total Tcf-1 content, yellow bar = Tcf-1E,
green bar = Tcf-1A/C/G). IP = Immunoprecipitating antibody; IB = Immunoblotting
antibody

So far this study has established that HOSCC cells contain B-catenin and Tcf-1 in the
nucleus and that these two proteins associate in the nucleus. Therefore, on these grounds
analysis could continue along the direction of whether this B-catenin-Tcf-1 complex
binds to DNA, specifically within the promoter region of ILK-1, probing the question, of
‘cross talk’ between the PI3K and Wnt signalling pathways. However the investigation
into DNA-protein complexing at these particular transcription factor binding sites

requires clarification that ILK-1 is in fact expressed in all the HOSCC cell lines.
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For that reason, total cellular protein fractions from all the cell lines were resolved on an
8% SDS-PAGE gel followed by Western blot analysis using the rabbit anti-ILK-1
polyclonal antibody (Sigma, SA). Indeed ILK-1 was expressed in all the cell lines (figure
2.7a) and densitometric analysis indicated that ILK-1 expression under standard

conditions is similar across the cell lines (figure 2.7b).
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Figure 2.7: ILK-1 protein expression in the cell lines from total cellular extracts.

(a) Western blot analysis of ILK-1 expression across all the cell lines. (b) Densitometry
of ILK-1 expression across all five human oesophageal SCC lines under standard
culture conditions. Note: The expression levels are representative as a percentage of
maximum per 10 ug of protein from total cellular protein fractions and only the upper
band was used to determine densitometry and not the doublet.

Expression was the highest in the WHCOS line and it was noted that this line was 20%
higher in expression than the SNO and WHCOG6 lines which showed a uniform
expression level (figure 2.7b). The second highest ILK-1 expression level was found to

be that of WHCO1, followed by WHCO3 that was shown to have a 10% higher

48



expression level than the WHCO6 and SNO lines. The additional bands noted on the
Western blot are thought to be representative of two things; either detergent-resistant

ILK-1 complexes or other ILK-related proteins (Huang et al., 2000).

To deduce whether B-catenin and Tcf-1 actually complex at the previously mentioned
Tct-1 transcription factor binding sites in the ILK-1 promoter region, gel retardation
assay analyses also referred to as EMSA were performed on the WHCO6, SNO and
WHCO3 cell lines. Both the WHCO6 and SNO lines were chosen to analyse because
these cell lines were shown to have high levels of Tcf-1 in the nuclear region and
therefore would allow the greatest possibility of success for the gel retardation assay.
WHCO3 was chosen as it was representative of cell lines with low Tcf-1 expression

levels.

In order to successfully perform the EMSA analyses it was important to ensure that the
oligonucleotides had successfully annealed and that there were not a large proportion of
unbound oligonucleotides present in the sample. For each oligonucleotide sample, the
goal was to denature the complementary strands to remove any secondary structures and
then allow the strands to hybridise. Unbound oligonucleotides could distort the results by
binding with protein and migrating an incorrect distance in the PAGE gel. Furthermore,
unbound oligonucleotides are not conformationally stable and are more prone to
conformational change and so inhibiting protein/DNA binding. Another consideration to
note is that Tcf-1 DNA binding conformationally changes the DNA (Graham et al., 2000).
Proteins containing HMG-domains bind within the minor groove and bend the double
helix and the final nine residues of the DNA-binding domain of Tcf-1 swing over the
minor groove and back under to make specific contacts with the phosphate backbone in
the bent major groove (Graham et al., 2000; Prieve et al., 1998). Therefore it was
sensible to create double stranded oligonucleotides in order to ensure that the Tcf-1/DNA
binding in the EMSAs were a ‘predictable’ uniform component of the reactions, and to
allow this reaction to mimic in vivo binding as much as possible. The production of
double stranded oligonucleotides was confirmed by resolving 10 pl of annealed

oligonucleotides on a 15% native-PAGE (appendix 5.9) and staining the PAGE gel with
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ethidium bromide (EtBr) (0.5 pg/ml, appendix 5.8) (figure 2.8a). Once this was
completed it was necessary to confirm that the biotin tag was still bound to the
oligonucleotides resulting in successful detection. The resulting dot blots (figure 2.8b)

indicated that the prepared oligonucleotides were suitable for the EMSA experiments.

<+— Tcf-1.2
<+— Tcf1.1

Figure 2.8: Analysis of the functionality of Tcf-1 oligonucleotides required for
EMSA.

(a) SDS-PAGE of annealed oligonucleotides for Tcf-1.2 (lane 3) and .Tcf-1.1(lane 4).
Lane 1 = single stranded biotinylated oligonucleotide, lane 2 = single stranded
complementary oligonucleotide. (b) Dot blot of double stranded oligonucleotides TCF-
1.2 and Tcf-1.1 to confirm the functionality of the biotin tag after annealing.

The EMSA analyses have shown that both Tcf-1 and B-catenin do actually bind to the
two Tcf-1 DNA binding sites in three cell lines (WHCO3 figure 2.9 lanes 2 and 4,
WHCO6 figure 2.10 lanes 2 and 4, SNO; figure 2.11 lane 2 and 4). This provides
evidence and confirms that the two Tcf-1 sites in the ILK-1 promoter region are bona fide

Tcf-1 binding sites.
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Figure 2.9: B-catenin/Tcf-1 protein complex in the WHCO3 cell line.

Binding to two different Tcf-1 DNA-binding sites occurred in the ILK-1 promoter region of
the WHCOZ3 cell line. (a) EMSA with the anti-B-catenin antibody was performed. The
light blue arrow indicates the supershift (lane 2) of the complex with the Tcf-1.1
oligonucleotide. Lane 1 depicts the DNA-protein complex shift (a large amount of
protein drag is noted). The purple arrow indicates the supershifted $-catenin/Tcf-1
complex in lane 4 and lane 3 depicts the shifted B-catenin/Tcf-1 complex, both are
bound to theTcf-1.2 oligonucleotide. (b) EMSA with the anti-Tcf-1 antibody was
performed to ensure that the complex definitely included Tcf-1. Lane 2 = supershifted 3-
catenin/Tcf-1 complex (light blue arrow) bound to Tcf-1.1 oligonucleotide, lane 1= shifted
DNA-protein complex bound to Tcf-1.1 oligonucleotide. Lane 4 = supershifted B-
catenin/Tcf-1 complex (purple arrow) bound to Tcf-1.2 oligonucleotide, lane 3 = shifted
DNA-protein complex bound to Tcf-1.2 oligonucleotide. The black arrow in both (a) and
(b) indicates the negative control in lanes 5 (free probe; no nuclear extract was added to
the control binding reaction).
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Figure 2.10: B-catenin/Tcf-1 protein complex in the WHCOG cell line.

Binding to two different Tcf-1 DNA-binding sites occurred in the ILK-1 promoter region of
the WHCOG cell line. (a) EMSA with the anti-B-catenin antibody was performed. The
light blue arrow indicates the supershift (lane 1) of the complex with the Tcf-1.1
oligonucleotide. Lane 2 depicts the DNA-protein complex shift (a large amount of
protein drag is noted). The purple arrow indicates the supershifted p-catenin/Tcf-1
complex in lane 3 and lane 4 depicts the shifted B-catenin/Tcf-1 complex, both are
bound to theTcf-1.2 oligonucleotide. (b) EMSA with the anti-Tcf-1 antibody was
performed to ensure that the complex definitely included Tcf-1. Lane 2 = supershifted 3-
catenin/Tcf-1 complex (light blue arrow) bound to Tcf-1.1 oligonucleotide, lane 1= shifted
DNA-protein complex bound to Tcf-1.1 oligonucleotide. Lane 4 = supershifted -
catenin/Tcf-1 complex (purple arrow) bound to Tcf-1.2 oligonucleotide, lane 3 = shifted
DNA-protein complex bound to Tcf-1.2 oligonucleotide. The black arrow in both (a) and
(b) indicates the negative control in lanes 5 (free probe; no nuclear extract was added to
the control binding reaction).
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Figure 2.11: B-catenin/Tcf-1 protein complex in SNO cell line.

Binding to two different Tcf-1 DNA-binding sites occurred in the ILK-1 promoter region of
the SNO cell line. (a) EMSA with the anti-B-catenin antibody was performed. The light
blue arrow indicates the supershift (lane 2) of the complex with the Tcf-1.1
oligonucleotide. Lane 1 depicts the DNA-protein complex shift (a large amount of
protein drag is noted). The purple arrow indicates the supershifted $-catenin/Tcf-1
complex in lane 4 and lane 3 depicts the shifted B-catenin/Tcf-1 complex, both are
bound to theTcf-1.2 oligonucleotide. (b) EMSA with the anti-Tcf-1 antibody was
performed to ensure that the complex definitely included Tcf-1. Lane 2 = supershifted [3-
catenin/Tcf-1 complex (light blue arrow) bound to Tcf-1.1 oligonucleotide, lane 1= shifted
DNA-protein complex bound to Tcf-1.1 oligonucleotide. Lane 4 = supershifted -
catenin/Tcf-1 complex (purple arrow) bound to Tcf-1.2 oligonucleotide, lane 3 = shifted
DNA-protein complex bound to Tcf-1.2 oligonucleotide. The black arrow in both (a) and
(b) indicates the negative control in lanes 5 (free probe; no nuclear extract was added to
the control binding reaction).
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b)

1 2 3 4 5
- B-catenin @@  anti-Tcf-1 antibody
o Tcf-1 ———  Tcf-1.1 oligonucleotide
<____> anti-B-catenin antibody ———  Tcf-1.2 oligonucleotide

Figure 2.12: Diagram depicting the binding of two different Tcf-1/DNA-binding
sites by a B-catenin/Tcf-1 protein complex.

Binding to two different Tcf-1 DNA-binding sites occurred in the ILK-1 promoter region.
(a) EMSA with the anti-B-catenin antibody was performed. Lane two shows the
supershift of the complex with the Tcf-1.1 oligonucleotide. Lane 1 depicts the DNA-
protein complex shift. Lane 4 depicts the supershifted B-catenin/Tcf-1 complex and lane
3 shows the shifted B-catenin/Tcf-1 complex, both are bound to the Tcf-1.2
oligonucleotide. (b) EMSA with the anti-Tcf-1 antibody. Lane 2 = supershifted 3-
catenin/Tcf-1 complex bound to Tcf-1.1 oligonucleotide, lane 1 = shifted DNA-protein
complex bound to Tcf-1.1 oligonucleotide. Lane 4 = supershifted B-catenin/Tcf-1
complex bound to Tcf-1.2 oligonucleotide, lane 3 = shifted DNA-protein complex bound
to Tcf-1.2 oligonucleotide. The negative control in lanes 5 (free probe; no nuclear
extract was added to the control binding reaction).
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The EMSAs showed two major shifted bands in comparison to the negative control (free
probe). The lower of the two bands (figure 2.9a, lane 1 and 3), was possibly shifted by
the binding of the Tcf-1/B-catenin complex to the labelled oligonucleotide however, a
change in relative mobility does not identify the bound complex. In order to confirm this
speculation, specific rabbit anti-B-catenin polyclonal antibody was added to a binding
reaction and the result indicated that in fact B-catenin was bound to the DNA- protein
complex (figure 2.9a, lane 2 (Tcf-1.1) and 4 (Tcf-1.2)), concurrently another separate
EMSA was performed, where anti-Tcf-1 antibody was added to the binding reaction to
ensure that it was actually Tcf-1 binding to the double stranded oligonucleotides
complexed with B-catenin. This would corroborate the literature that consistently states
that B-catenin complexes with Tcf-1 and together contribute to activate gene expression.
WHCOG cell line also showed a super shift for both f-catenin and Tcf-1 (figure 2.10a,
lane 1 and 3 and figure 2.10b, lane 2 and 4), confirming that the proteins complex in the
nucleus at the transcription factor binding sites specifically found in the promoter region
of ILK-1. It is also worth mentioning that the same observation was noted for the SNO
cell line (figure 2.11a, lane 2 and 4 and figure 2.11b, lane 2 and 4). Thus, all the cell lines
showed a supershift (upper band) for both B-catenin and Tcf-1 confirming that the
proteins complexed at the transcription factor binding sites. The shifts were assessed
from the predominantly dense portion of each band. Refer to figure 2.12, a diagrammatic

representation of the DNA-protein complexing to clarify the EMSA results.
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2.5 Discussion

The regulation of gene expression is critically important to ensure that correct protein
levels within the cell are maintained. It is here that both gene activation and repression
are regulated by a conglomerate of transcription factors, co-activators and/or co-
repressors. These regulatory events are particularly pertinent to tumourgenesis since
many cancers are known to express dysregulated protein levels due to incorrect gene-
regulation; examples to date being colon, breast, melanoma, hepatocellular and prostate

carcinomas to name but a few (Mann et al., 1999; Waterman et al., 2004).

This study focuses on a key transcription factor Tcf-1 and essential co-activator B-catenin,
which are known to be essential not only during normal cellular processes, but also
important in the development of malignancies by cells. B-catenin and Tcf-1 have been
shown to bind with high specificity and affinity to each other. Furthermore, it is known
that Tcf-1 binds with high affinity to the minor groove of the DNA double helix (Graham
et al., 2000). Therefore, it is correct to state that Tcf-1 and members of the Tcf family are
functionally neutral on their own and their role in gene regulation is to serve as a docking
site for an array of interaction partners, and so promoting the formation of different
transcription factor complexes with distinct properties (Love et al., 2002; Sukhdeo et al.,
2007). This discussion will revolve around the Tcf-1/B-catenin interaction at two Tcf-1

binding sites within the ILK-1 promoter sequence of human oesophageal SCCs.

Western blot analysis confirmed B-catenin expression across all five oesophageal lines as
well as B-catenin’s presence within the nucleus. Although it has been stated that the
primary role of B-catenin is regulation of the strength of adhesion, via linking the
cadherin plasma membrane bound proteins to the cytoskeleton (Behrens, 1999; Hiilsken
et al., 1994), in figure 2.3 it is shown (using the Western blot technique) that under
standard cell conditions there is a noteworthy presence of f-catenin within the nucleus.
This upholds the literature that states that B-catenin translocates to the nucleus, binds to
Tcf/LEF-1 and influences gene expression (Prieve et al., 1998; reviewed in van Noort et

al., 2002). It has also been shown that high levels of B-catenin protein in the nucleus are
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detected in > 85 % of sporadic colon cancers (Wong and Pignatelli, 2002). This study
has revealed that under standard culture conditions, the nuclear f-catenin is present
across five cell lines and the presence of B-catenin across the WHCO1 and SNO lines
were relatively similar and slightly less when compared to WHCO3, WHCOS and
WHCOG cell lines, which exhibited higher B-catenin levels (figure 2.3). This could be
indicative of dysregulated B-catenin expression in the latter lines based on them being of
the same pathological grading, because under standard culture conditions low expression
levels within the nucleus would be expected. In normal cells it has been stated that there
is very little B-catenin in the cytoplasm or nucleus because of its rapid degradation by the
proteosome (Aberle et al., 1997). A comparison to normal epithelial oesophageal cells
would be needed to draw further conclusions, however due to difficulties in obtaining
normal oesophageal epithelium, no comparison could be deduced. This study still

provides evidence that the B-catenin protein is expressed in oesophageal SCC cell lines.

Tcf-1 was identified in both the total cellular fraction (Laemmli, 1970) and the nuclear
fraction (Wen et al., 2003). The anti-Tcf-1 polyclonal antibody recognises multiple
bands ranging from 28-55 kDa; this concurs with previous studies, which have shown
multiple Tcf-1 bands to be of similar size range (Mizushima et al., 2002; van de Wetering
etal., 1996). Western blotting of fractions prepared from the five oesophageal SCCs
revealed noticeable differences in abundance between the different isoforms within each
cell line (figure 2.4 and 2.5). The predominant isoforms were the 30 kDa Tcf-1A/C/G
isoforms across all the cell lines, furthermore the Tcf-1D/E isoforms showed substantially
less expression. This result was not consistent with van de Wetering and colleagues
(1996) who found no noteworthy differences in abundance between the individual Tcf-1
isoforms. van de Wetering et al. (1996) reasoned that neither alternative splicing nor
promoter activities of Tcf-1 appeared to be regulated in a stage-specific fashion during
cell differentiation. If this is so it can also be reasonable to assume that expression of
Tctf-1 isoforms can differ in dynamic cultures in moderately differentiated HOSCC:s.
Hence, the results obtained for the oesophageal SCC lines here, clearly show that the
isoforms are not expressed in similar abundance, yet the total Tcf-1 expression

abundance profile across the cell lines was similar. Another observation was that no Tcf-
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1E or Tcf-1B isoforms were observed in any of the total cell fractions, yet detection of
these isoforms was noted in the nuclear fraction (figure 2.5). Variations in the
observation of different Tcf-1 isoforms in different fractions of the same cell lines is not
unlikely as van de Wetering et al. (1996) found that the Tcf-1 protein was absent from
standard nuclear fractions, as determined by gel retardation and Western blotting. van de
Wetering and colleagues (1996) concluded that the Tcf-1 proteins are intimately
associated noncovalently with components of the nuclear matrix. However, use of a
nuclear extraction method from Wen et al. (2003) allowed us to overcome this problem,
and so it was possible to conclusively determine the presence of Tcf-1 in the nucleus of
human oesophageal SCCs (figure 2.5) and examine the different isoforms within the
nucleus across the five cell lines. The presence of Tcf-1 in the nuclei of OSCC cell lines
(figure 2.5a and b) were of particular importance as literature to date seldom investigates
the presence of Tcf-1 in this cell type. Furthermore, the literature rarely shows Western
blots of Tcf-1 therefore comparisons and analyses have been difficult to confirm.
Examination of the nuclear fractions, show considerable differences among the Tcf-1
isoforms, it is also important to consider that the expression profile across the lines of
total Tcf-1 abundance varies considerably. In this respect WHCO3 and WHCO5
expression is relatively similar, and WHCO1 and WHCOG6 were similar, yet SNO
exhibited considerably higher Tcf-1 expression levels. The inconsistencies in Tcf-1
protein expression levels argue against the possibility of considering Tcf-1 as a possible
biological/molecular marker for moderately differentiated oesophageal SCCs.
Nevertheless, it is important to take into account that protein densitometry is a semi-
quantitative technique and so a more quantitative analysis of Tcf-1 might corroborate
these data. Investigation into a biological marker for this particular grade of HOSCC cell
lines was not the intrinsic aim of this project and so was not investigated further.
However these data provide evidence that Tcf-1 is expressed in oesophageal SCC cell
lines. Due to the fact that B-catenin and various isoforms of Tcf-1 have been confirmed
to reside in the nucleus of HOSCCs investigation into the complexing of these two

proteins proved to be the next logical question to answer in this investigation.
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Co-immunoprecipitation studies revealed specific complexing of -catenin with two Tcf-
1 isoforms, Tcf-1E and to a consistently lesser degree Tcf-1A/C/G (figure 2.6). This was
a significant result as it has been reported that Tcf-1 expression in normal thymus tissue
shows that the predominant forms are truncated polypeptides missing the complete intact
B-catenin binding domain, known as dominant negative isoforms (van de Wetering et al.,
1996; Waterman, 2004). Therefore, in this respect, it can be said that under normal
conditions Tcf-1 acts as a Wnt-linked tumour suppressor. Given this evidence that Tcf-1
has tumour suppressive functions, it allows for the possibility that Wnt-linked tumours
may progress in part by negating expression of dominant negative isoforms and
upregulating the expression of full-length isoforms (Waterman, 2004; Willert et al.,
2006). This evidence allows consideration that Tcf-1E and Tcf-1A/C/G isoforms have
intact B-catenin binding domains while Tcf-1B does not and thus acts as a tumour
suppressor (Atcha et al., 2003; Hovanes et al., 2000; van de Wetering et al., 1996). Tcf-
1D/F will not be considered here as they were not identified within the nuclear fraction
(figure 2.5). The Tcf-1E isoform contains an intact E-tail in the alternative C-terminal
that has been suggested to enable better and more stable interactions with -catenin,
however this contradicts evidence that Tcfs without an E-tail efficiently co-
immunoprecipitate with B-catenin in COS-7 cells (Prieve et al., 1996., Waterman, 2004).
The data in this study suggests that Tcf-1E and Tcf-1A/C/G have intact B-catenin binding
domains and interact with B-catenin in human oesophageal SCC cell lines. However,
further studies need to be undertaken to examine whether these isoforms are the initial
contributors to the acquisition of the tumourgenic state in HOSCC cell lines. B-catenin
binds efficiently with Tcf-1 in the HOSCC cell lines used in this study. According to
Melchior’s et al. (2002) examination of the ILK-1 promoter region there are two Tcf-1
binding sites within the ILK-1 promoter region. The promoter activity of ILK-1 occurs
within 349 bp immediately upstream of exon 1 (Melchior et al., 2002) and exhibits
various Cis-acting transcription factor binding sites, such Sp1, LBP1, JCV and Tcf-1
(Melchior et al., 2002). With this in mind ILK-1 expression was investigated in the
HOSCC cell lines.
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As shown in figure 2.7, ILK-1 expression is similar for WHCO6 and SNO whereas
WHCO1, WHCO3, WHCOS show slightly higher levels of expression (figure 2.7b), with
WHCOS having the highest ILK-1 expression levels. Thus these results show that ILK-1
is expressed within moderately differentiated oesophageal SCC cell lines. This
corroborates the results of Driver and Veale (2006) where ILK-1 expression was also
observed in moderately differentiated HOSCC lines with a similar ILK-1 expression

profile across the cell lines.

We have thus far shown B-catenin, Tcf-1 and ILK-1 expression in moderately
differentiated oesophageal carcinoma cell lines. Furthermore we have shown that 3-
catenin and Tcf-1E and to a lesser degree Tcf-1A/C/G complex in the nucleus. The next
logical step in gaining an understanding as to whether there is cross talk between the
ILK-1/PI3K and Wnt pathways would be to examine the ILK-1 Tcf-1 promoter binding
sites. As stated previously in section 2.2.4 a primary objective of this study was to
examine whether the B-catenin/Tcf-1 complex binds Tcf-1-DNA binding sites, with
specific reference to the two Tcf-1 binding sites found in the ILK-1 promoter region
(these DNA sites were determined by Melchior et al. (2002)). For this we used an EMSA

to verify whether binding actually occurred.

Three cell lines (WHCO3, WHCO6, SNO; figures 2.9, 2.10, 2.11 respectively) were used
as a representative of whether binding actually occurs between the B-catenin /Tcf-1
complex and the specific DNA binding sites in moderately differentiated HOSCCs. The
WHCO3 cell line exhibited a recognisable shift (DNA-protein complex) in the binding
reaction for both the Tcf-1.1 and Tcf-1.2 oligonucleotides. However, to ensure that the
protein complex definitely included Tcf-1 and B-catenin, EMSAs with anti-B-catenin
antibody were performed, it was important to clarify and confirm that the
oligonucleotides did actually bind B-catenin and furthermore show that Tcf-1 is involved
in the complex. To ensure that Tcf-1 was involved in the DNA-protein complex further
EMSAs were performed with anti-Tcf-1 antibody. Both binding reactions (anti-p-catenin
and anti-Tcf-1 antibodies) for WHCO3 showed a small but noticeable supershift (figure
2.9a, lane 2 and 4 and figure 2.9b, lane 2 and 4). The same was also noted for the
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WHCO6 and SNO cell lines (refer to results section 2.3, figure 2.10a, lane 1 and 3 and
figure 2.10b, lane 2 and 4 and figure 2.11a, lane 2 and 4 and figure 2.11b, lane 2 and 4).
Mizushima et al. (2002) found that EMSAs in oesophageal SCC cell lines contained Tcf-
specific DNA binding activities with Tcf-4 and demonstrated barely detectable B-catenin
as part of the DNA-Tcf-4 complex, this corroborates the current findings of small yet
noticeable supershifts in the oesophageal cell lines WHCO3, WHCOG6 and SNO.
However, there was a distinctly noticeable supershift with the Tcf-1.2 oligonucleotide for
all three cell lines with both the B-catenin and Tcf-1 antibodies. In figure 2.11b there are
multiple bands in lane 4 (Tcf-1 supershift with Tcf-1.2 oligonucleotide), this could be due
to the known isoforms that are expressed in the nuclear region of HOSCC cell lines.

It was interesting to note that Tct-1.1 (figure 2.9a, 2.10a and 2.11a) did not migrate in the
PAGE as far as Tcf-1.2 (figure 2.9b, 2.10b and 2.11b) in all the cell lines. This was
probably due to the fact that the Tcf-1.1 oligonucleotide is 15 bp longer that Tcf-1.2
therefore retarding migration of the complex. Another possibility could be due to the
exact position of the protein binding site on the oligonucleotides. DNA-protein
complexing causes the pliable DNA helix to bend (Crothers, 1987). The bend adds to the
overall curvature of the complex and bent helices migrate slower than straight helices in
electrophoretic gels as their end-to-end distance is smaller. Crothers et al., 1987 has
shown that isomers with a DNA bend near the end results in a larger end-to end distance
and greater gel mobility than if the bend occurs in the middle of the isomer (Sidorova et

al., 2005).

Another noticeable aspect about the supershift was that the actual supershift was
somewhat less obvious in some cases, this was probably due to protein drag. This is not
uncommon and has been observed in the various literatures (Masui et al., 2002;
Mizushima et al., 2002; Tago et al., 2000; Takahashi et al., 2002; Valenta et al., 2003;
van Beest et al., 2000; van de Wetering et al., 1996). Reducing the protein amount
resulted in no supershift (probably due to the low Tcf-1 expression in the nucleus noted
in the Tcf-1 nuclear densitometric analysis) and so the problem was not solved via
changing protein concentrations. The literature also recommends using high

concentrations of probe (concentrations considered high for EMSA reactions) as this
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helps drive the formation of complexes and helps increase the detection of a shift (Stead
et al., 2006). Due to the pore size of the gel (5% PAGE) and the large volume of binding
reaction sample (20 pl of binding reaction) that had to enter the gel, the ‘caging effect’
was not entirely effective upon commencing electrophoresis. The low salt concentrations
in the gel and the gel matrix provides a ‘caging effect” where if the complex dissociates
the gel matrix helps to ‘localise’ the concentration of the complex components, these
remain high, prompting reassociation (Foulds et al., 1998; Stead et al., 2006). These
attributes help stabilize even weak complexes (Crothers, 1987; Stead, et al., 2006).
Furthermore a noticeable volume of the DNA-protein complex was observed at the
bottom of the well. The equilibrium between free DNA and protein-DNA complex can
become severely unstable during the time from when the sample is loaded to when it
actually enters the gel (Sidorova et al., 2005). The ability to resolve DNA-protein
complexes depends largely upon the stability of the complex during the brief time
(approximately one minute) when the complex is migrating into the gel. When the DNA-
protein complex enters the gel, protein complexes are quickly resolved from free DNA,
in effect freezing the equilibrium between bound and free DNA, therefore minimising
electrophoretic dead time is important (Stead et al., 2006). Sidorova et al. (2005) found
that the time during which the sample is in the well the local pH, concentrations of salt,
DNA and protein would equilibrate with the running buffer and so change significantly.
Sequence-specific DNA-protein interactions are transient and so are stabilised by the low
ionic strength of the electrophoresis buffer that is used (0.5X TBE). Furthermore, as
described above, stabilisation of the complex can occur by the caging effects of the gel
matrix. These EMSASs clearly show that B-catenin and Tcf-1 do bind to oligonucleotides
that contain the Tcf-1 binding sites in the ILK-1 promoter region determined by Melchior
et al. (2002).

The results of the EMSAs support the model that because B-catenin associates with Tcf-1
at the proposed binding sites, there is the activation and/or increase in the gene
expression of ILK-1. At this point in the investigation there is an increasing possibility
that cross talk at a regulatory level between the PI3K/ILK-1 and Wnt pathways exists in
moderately differentiated HOSCC cell lines.
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Chapter Three: Stable transfection and stimulation of
exogenous f-catenin in the WHCOG cell line and its

effects on ILK-1 protein levels

3.1 Introduction

Experimental genetic manipulation is fast becoming a common and informative way
to investigate the activity of eukaryotic gene regulatory elements and components of
signalling pathways (Zhao et al., 2004). In particular overexpression of various gene
products can help define gene function, find a certain signal transduction pathway or
component thereof, or determine post-translational modifications of proteins
(Hovannes et al., 2001). Hence, it can be stated that gene transfer is critical in the
advance of knowledge of gene regulation, post-translational events, recombinant
protein effects and gene therapy and the list is still growing (Hovannes et al., 2001;
Makrides, 1999).

An increasing understanding of biological processes now allows the design of vector
components to meet specific objectives (Zhao et al., 2004). Thus, gene expression in
a tissue-selective or ubiquitous manner can be accomplished by taking into
deliberation the following factors and selecting as appropriate (Makrides, 1999):
e promoter/enhancer elements
e stabilization of labile mRNAs may be effected through removal of 3'
untranslated regions or fusion to heterologous stabilizing sequences
e protein targeting to selected tissues is carried out using specific signal
sequences
e fusion moieties effect the detection, enhanced yield, surface expression,
extension of half-life and facile purification of recombinant proteins
¢ modifying of the codon of heterologous genes enhances protein production
from poorly translated transcripts (Makrides, 1999).
Efficient gene expression in mammalian cells depends on a variety of factors such as:
e transcriptional and translational control elements

e ribonucleic acid (RNA) processing
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e gene copy number

e mRNA stability

e the chromosomal site of gene integration

e potential toxicity of recombinant proteins to the host cell

o the effect of the agent used to induce recombinant gene transcription on the

host cell

e the genetic properties of the host (Makrides, 1999).
Hence, the choice of an expression system for production of recombinant proteins
depends on many factors, including cell growth characteristics, expression levels,
intracellular and extracellular expression, posttranslational modifications and
biological activity of the protein of interest, as well as regulatory issues and economic
considerations in the production of therapeutic proteins (Datar et al., 1993; Goeddel,

1990; Marino, 1989).

Recombinant DNA technology is dependent on the successful ligation of a gene into a
suitable vector, transporting/transfecting the vector-gene construct into a host cell that
in turn allows for successful expression of the desired gene (Bondyk, 1995; Klug and
Cummings, 2000). To date transient and stable heterologous gene expression in
cultured cell lines are the best methods to define or determine gene function and
protein function in vivo (Ozdemir, 1998). In addition, the method lends itself to the
rapid testing of vector functionality as well as optimization of different combinations
of promoters and other elements in expression vectors (Ozdemir, 1998). Transient
transfections result in a high yield of gene expression within a short period (8 - 72
hours) which is subsequently suppressed (Makrides, 1999). However this type of
transfection remains a controversial issue, although this transfer method directs
plasmid DNA to the cytoplasm it is not certain what percentage of plasmids enter the
nucleus (this could allow for the genes to become transcriptionally activated)
(Sambrook and Russell, 2001). Defined parameters are needed with this technique to
reach a satisfactory degree of reproducibility, as transient transfected gene expression

can be over simplified and so allow for misinterpretations.

Stable transfections involve integrating the exogenous gene into the host cell’s

genome and the vector is maintained within the cell in the generations following
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transfection (Sambrook and Russell, 2001). The cells are usually co-transfected with
a separate plasmid that acts as a selectable marker and gives drug resistance to select
for positive integrants, thereby determining if a cell is stably transfected (Davies and
Jimenez, 1980; Sambrook and Russell, 2001). One of the most frequently used
marker genes is the aminoglycoside phosphotransferase gene which confers resistance
to the geneticin-selective antibiotic (G418 sulphate (G418)) (Davies and Jimenez,
1980). It synthesizes the aminoglucoside-acetylating enzyme, APH that inactivates
G418 through phosphorylation (Davies and Jimenez, 1980). It is important prior to
transfection that the optimal concentration for the particular cell type in a particular

culture condition is determined (Sambrook and Russell, 2001).

Various gene delivery methods have been employed in order to successfully transfect
animal cells, such as electroporation, calcium-phosphate, particle bombardment and
cationic liposome-mediated transfection (lipofection) (Sambrook and Russell, 2001).
Lipofection is considered the most efficient method for gene transfer both in vivo and
in vitro. The principle involves positively charged cationic liposomes forming
complexes with negatively charged DNA molecules, allowing fusion to the cellular
membrane, thus successfully delivering the gene of interest (Davies and Jimenez,
1980; Sambrook and Russell, 2001). It can be said that transfection is an important

technique used to enhance our understanding of the function of a desired protein.

With reference to 3-catenin, Zhao et al. (2004) showed that the introduction of a
degradation-resistant B-catenin S37A stimulates the Wnt pathway resulting in cell
proliferation. B-catenin suppression was examined by Roh et al. (2001), where
antisense oligonucleotides were used to down-regulate 3-catenin suppression in vivo
in human colon cancer cells. As a result it was found that proliferation, anchorage-
independent growth and cellular invasiveness was inhibited in these tumour cells
(Roh et al., 2001). Giannini et al. (2000) studied B-catenin protein-protein
interactions in living cells by fusing -catenin to a green fluorescent protein (GFP).
The GFP-B-catenin was identified in both the cell junctions and the nucleus (Giannini
et al., 2000). These examples give an indication as to how gene regulation
experiments have advanced our knowledge in understanding cellular activities. With

specific reference to this study, stable transfection of the B-catenin gene was
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performed in order to examine the possible influence of B-catenin’s gene regulatory

role on ILK-1 protein expression.

Both single and double vector systems can be used in mammalian cells for gene
regulation experiments. Some of the commonly used single vector systems include
pMAMneo and pCI-neo mammalian expression vectors (Bondyk, 1995). Both the
pCl-neo and the pMAMneo single vector systems carry simian virus 40 (SV40)
splicing and polyadenylation sites that provide RNA processing in mammalian cells,
while the E. coli neomycin resistance gene, driven by the SV40 early promoter,
allows selection of transformants growing in media containing G418 (Bondyk, 1995).
The pCI-neo vector carries a human cytomegalovirus (CMV) immediate-early
enhancer/promoter region to promote constitutive expression of cloned DNA inserts
in mammalian cells and the pMAMneo vector contains an enhancer linked to the
dexamethasone-inducible promoter (Bondyk, 1995). Acton et al. (1993) used the
pMAMneo expression vector to show the potential for functional specialization of the
two different light chain subunits of clathrin, LC, and LC, (these light chains are
involved in the regulation of coated vesicle disassembly and other aspects of clathrin
cycling within the cell). To investigate the possibility of exclusive roles for LC, and
LC,, expression was manipulated using the pMAMneo vector with a dexamethasone-
inducible mouse mammary tumour promoter and the neomycin resistance gene
(Acton et al., 1993). However, there was no evidence of change of clathrin
distribution. Because the promoter was induced with dexamethasone there is a
possibility that the cells were naturally dexamethasone responsive, and so the control
would mask any overexpression response (Acton et al., 1993). Dexamethasone is a
synthetic glucocorticoid that binds to specific nuclear steroid receptors and interferes
with NF-kB activation and apoptotic pathways (Acton et al., 1993; No et al., 1996).
It is important to state that the HOSCC cell lines that were used for this study have
been previously shown to be naturally responsive to dexamethasone (unpublished
results, Cell Biology Laboratory) and therefore dexamethasone was not considered for

this study.

LacR/O-based systems have been used in mammalian cells, however, these systems
are limited since the inducer isopropyl B-D-thiogalactopyranoside (IPTG), despite its

rapid uptake by mammalian cells, acts slowly and inefficiently, resulting in moderate
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induction (Sambrook and Russell, 2001). An alternative to IPTG inducible vectors
are vectors containing tetracycline-responsive promoters. However, the
disadvantages for tetracycline inducible systems are that continuous use of the
antibiotic interferes with quick and precise inductions when a precise on-off switch is
essential (No et al., 1996; Sambrook and Russell, 2001). No et al. (1996) showed that
ecdysone regulatory systems exhibit a lower basal activity and higher inducibility in
comparison to tetracycline regulatory systems. Advantages for ecydysteroid inducible
systems include its lipophilic nature for efficient penetrance into tissues, short half-
life, precise and potent inductions and expedite clearance and they are non-toxic or
teratogenic (No et al., 1996). After careful consideration an ecydysteroid inducible
system was used for this particular study due to the above mentioned advantages.
Although there is considerable choice for gene regulatory systems in mammalian
cells, it is important to consider the type of host cell, since it may have a significant
impact on gene expression levels (Sambrook and Russell, 2001). For example,
myeloma cells have been mainly used for high-level production of monoclonal
antibodies. However, amplifiable expression systems using Chinese hamster ovary
(CHO) cells have been widely used for the successful production of proteins of
therapeutic interest (Pei and Yi, 1998). Furthermore, a well-differentiated epithelial
cell line Madin-Darby canine kidney (MDCK), was shown to be capable of producing
large amounts of protein when transfected with a plasmid containing a CMV
promoter, controlling the expression of matrix metalloproteinase 13 (MMP13) (Pei
and Yi, 1998). The yield of MMP13 was 10 mg/L of conditioned medium, an amount
that rival yields obtained from CHO amplification systems (Pei and Y1i, 1998). The
authors concluded that the high yield could be attributed partially to the properties of
MDCK cells, since CHO cells transfected with the same vector yielded much less
protein (Pei and Yi, 1998).

An investigator’s choice of vector depends on the experimental goal and is an
important parameter for a successful outcome. On the other hand the cells which are
to be transfected with a foreign gene must be identifiable with an antibiotic resistance
gene. Therefore, after careful consideration, a double ecydysone-receptor vector
regulatory system was used to induce exogenous B-catenin expression in the WHCO6
cell line. This was required for the ultimate aim of the study to investigate -catenin’s

influence on ILK-1 expression in HOSCC.
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3.2 Objectives

3.2.1

322

3.23

324
3.25

Stably transfect the WHCO6 HOSSC cell line with the pERV3 receptor vector
and pEGSH-B-catenin construct respectively.

Determine that B-catenin is still fully functional within the transfected cell
line.

Stimulate expression of B-catenin in the transfected cell line with ponasterone
A (ponA).

Examine the level of B-catenin expression within the cell.

Determine if overexpression of B-catenin affects ILK-1 protein levels.
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3.3 Methods and materials

3.3.1 Tissue culture

Tissue culture preformed as previously described. See chapter two.

3.3.2 Plasmids used for transfection procedure

P bla

P SV40 jj\1 ori

il
“VgEcR
f1 origin 24-330 Pst 1 5802
SV40 polyA 901-463 pUC origin 5869-6536
RXR receptor ORF 902-2333 HSV-TK polyA 6668-6998
Internal ribosome entry site 2334-2903 CMV promoter 5188-5802

neomycin / kanamycin resistance ORF 7121-7915 VgECcR receptor ORF 2904-5187

Fsel 5187

SV40 promoter 7950-8288

bla promoter 8362-5

Figure 3.0: Schematic diagram of the pERV3 vector.

This vector was transfected in the WHCO6 oesophageal squamous cell carcinoma
cell line. Complete Control® Inducible Mammalian Expression System Plasmids
(direct citation from the manual)
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pEGSH-B-catenin

7306 bp

. HSV-thymidine kinase (TK) polyA signal

. pUC origin

-Myc—utg

I:IMullip}c cloning site
. .Ampici] lin resistance (bla) ORIY
f-catenin cDNA

.Flug-t‘dg . f1 origin of 55-DNA replication

.SV4U polydsigpal .3 X ecdysone/glucocorticoid responsive elements
DI—ISV—lh_vmldmc kinase (TK)) promoter . % Sp) binding sites

E i ; A1 L e 0 ~ i_!'k Bl
II}-‘gmm}'cm sosistiiice ORE I:I Minimal heat shock promoter (mHSP)

Figure 3.1: Schematic diagram of the pEGSH-@-catenin vector.

This construct was transfected in the WHCOG6 oesophageal squamous cell
carcinoma cell line (Dahan, 2005).

3.3.3 Transfection of pERV3 receptor vector into WHCOG6 cells

One day prior to the transfection procedure, 3 x 10° WHCOG6 cells were counted using
a haemocytometer and cultured onto 6 cm Nunc™ tissue culture dishes, so that 50%
confluency was achieved on the day of transfection. This allowed for higher
transfection efficiencies. The cells were maintained in 5 ml of DMEM supplemented
with Hams F12 (3:1) and 10% FCS and maintained at 37°C in a 5% CO, atmosphere.
The pERV3 plasmid was transfected into the WHCOG cell line according to the
protocol of the FuGENE® transfection kit (Roche). Serum free tissue culture medium

(86 l) was transferred into an eppendorf tube and 12 pl of FuGENEG6 transfection
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reagent was added. Furthermore 2 pl of pERV3 plasmid (0.99 pg/ul) (figure 3.0) was
added, and the mixture was set aside for 30 minutes. Following the incubation, the
mixture was added drop wise to the 5 ml of tissue culture medium covering the
WHCOG6 cells. For the control, 12 pl of FUGENE6 was added to 88 pl of tissue
culture medium and incubated for 30 minutes, followed by the addition of the mixture
in a drop wise fashion to a separate dish of WHCOG6 cells. After a 24 hour incubation
period the WHCOG6 cells were passaged. Although the DNA-lipofectamine complex
is not considered to be hazardous to the cells during long incubations, the literature
still recommends changing the culture medium 24 hours after transfection. After a 48
hour incubation period from the time of transfection, the tranformants were selected
for by adding 50 pl of G418 (20 mg/ml) to the tissue medium. After 10 days the
volume of G418 (20 mg/ml) was increased to 100 pl and after another 10 days it was
again increased to 150 pl. The pre-determined toxicity of the WHCOG6 cell line was
found to be 600 pug/ml. Once there were no cells left on the control dish, the
remaining viable cells were designated WHCO6-pERV3.

3.3.4 Transfection of the pEGSH-p-catenin plasmid into WHCO6-pERYV3 cells

One day prior to the transfection procedure, 3 x 10° WHCOG6-pERV3cells were
counted using a haemocytometer and cultured onto 6 cm Nunc™ tissue culture
dishes. The cells were maintained in 5 ml of DMEM supplemented with Hams F12
(3:1) and 10% FCS and maintained at 37°C in a 5% CO, atmosphere. Again 50%
confluency was needed in order to attain high transfection efficiencies. The pEGSH-
B-catenin plasmid (figure 3.1) was transfected into the WHCO6-pERV3 cell line
according to the protocol of FuGENEG6. Serum free tissue culture medium (86 pl)
was transferred into an eppendorf tube and 12 pl of FuGENES6 transfection reagent
was added. Furthermore 2 ul of pEGSH-B-catenin plasmid (1.37 pg/ul) was added,
and the mixture was allowed to incubate for 30 minutes. Following the incubation,
the mixture was added drop wise to the 5 ml of tissue culture medium covering the
WHCO6-pERV3 cells. For the control, 12 pl of FuGENE6 was added to 88 ul of
tissue culture medium in a sterile eppendorf tube and incubated for 30 minutes,
followed by the addition of the mixture in a drop wise fashion to a separate dish of
WHCOG6-pERV3 cells. After a 24 hour incubation period the WHCO6-pERV3 cells

were passaged and 48 hours after transfection the transformants were selected for by
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adding 150 pl of G418 (20 mg/ml) and 5 pl of hygromycin B (20 mg/ml) to the tissue
medium. Once there were no viable cells left on the control dish, the cells remaining
on the experimental dish were designated transfected WHCO6 (tWHCO6). After 10
days the concentration of hygromycin B was increased to 60 mg/ml and after another
10 days the concentration was again increased to 70 mg/ml.

3.3.5 Total cellular protein extraction

This procedure was performed as previously described in chapter two.

3.3.6 Nuclear protein extraction

Nuclear extracts were obtained using the SIGMA CelLytic™ NuCLEAR™
EXTRACTION KIT (Sigma, SA). The principle of the extraction method is
described in chapter two.

3.3.7 Protein estimation

This procedure was carried out as in chapter two.

3.3.8 Sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE)
Protein (10 pg) from both the total cellular and nuclear extracts, were separated on a
15% SDS-PAGE. The gel was prepared and electrophoresis was conducted according
to the procedure detailed in chapter two.

3.3.9 Western blots

The antibodies described in chapter two, section 2.3.6 were also used for the Western

analyses in this chapter. The Western blot procedure was performed according to the

description in chapter two.
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3.3.10 Co-immunoprecipitation

Co-immunoprecipitation was carried out according to the procedure detailed in

chapter two.

3.3.11 Treatment of tWHCOG6 cells with ponA

PonA (appendix 5.10, figure 5.1) is an analogue of the insect hormone ecdysone and
can activate transcription in mammalian cells that harbour the gene for the Drosophila
melanogaster ecdysone receptor (EcR) and a promoter containing a binding site for
the EcR. Treatment with ponA is advantageous as it has no known measurable effects
on mammalian physiology, a short in vivo half-life, and its lipophilic nature allows for

effective penetration of all tissue types (No et al., 1996).

The tWHCOG6 cells were treated with 1uM of ponA solution (Stratagene; 1 mg of
ponA was dissolved in 1 ml of 100% ethanol) for 8 hours, tWHCOG6 cells with the
addition of 100% ethanol (no ponA) were also incubated for 8 hours and constituted a
control. Following the incubation the cells were harvested. The procedure was

repeated with a treatment of 2 uM ponA solution and an 8 hour incubation.
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Ll E/GRE E/GRE E/GRE E/GRE E/GRE R ]

Figure 3.2: Activation of gene expression via ponA (Complete Control®
Inducible Mammalian Expression System).

VgECR, a synthetic receptor, is comprised of the DNA-binding glucocorticoid receptor
(GR), the ligand-binding and dimerisation domain of the Drosophila ecdysone
receptor (EcR), and the transcription activation domain of herpes simplex virus
(HSV)/virion protein 16 (VP16). This synthetic receptor (VgECR) and retinoid-X-
receptor (RXR) bind as a heterodimer to multiple copies of the
ecdysone/glucocorticoid-responsive element recognition (E/GRE) sequence. This
sequence is upstream of a minimal promoter (composed of three SP1 binding sites
and a minimal heat shock promoter (MHSP)). The basal transcriptional machinery is
bound to the minimal promoter. (a) In the absence of ponA, the hetrodimer binds to
repressors and transcription of an expression cassette is inhibited. (b) In the
presence of ponA; ponA binds to the receptor and the receptor complex (hertrodimer)
binds to activators that result in transcription activation of the gene of interest. This
diagram is based on the Complete Control® Inducible Mammalian Expression
System.
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3.3.12 Densitometry

All Western blots were semi-quantitatively analysed by densitometry using the
LabWorks™ Image Acquisition and Analysis Software Version 4.5 program in order
to compare the levels of a specific protein between the various cell lines. The area
under the peak for each sample was used as a basis for comparison between samples.

3.3.13 Image capturing

Images were captured on a Hewlard Packard Scanjet 4400c¢ series scanner.
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3.4 Results

The WHCOG cell line was stably transfected with the pERV3 receptor vector
containing an expression cassette that constitutively expresses the VgEcR and RXR
proteins. pERV3 also contains a neomycin-resistance gene for selection of
mammalian cell transfectants with the antibiotic G418. Vector delivery was
accomplished using the FUGENEG delivery system and it appeared not to affect the
cells adversely as the control culture had standard epithelial cell morphology and
growth rate until the G418 antibiotic was added to the cells. During the first 10 day
period of G418 treatment, cells lost their epithelial squamous morphology, they
became more rounded and granular and the percentage of attached cells decreased
rapidly. By day 12 no control cells (cells that were not transfected with pERV3, but
treated with G418) remained attached to the culture substrate. At this point however,
the percentage of attached transfected cells was +/- 50%. Following this procedure
the WHCOG6-pERV3 (transfected cells) were again transfected with pEGSH-B-catenin
and treated with a combination of G418 and hygromycin B antibiotics as described in
sections 3.3.3 and 3.3.4 of this chapter. Once again epithelial cell morphology and
survival of the control cells were compared with that of the cells transfected with the
vector and construct (pERV3 and pEGSH-B-catenin). The successfully transfected
WHCOG6 cells (pERV3 and pEGSH-B-catenin WHCO6) retained original epithelial
morphology in the presence of G418 and hygromycin B. This is indicative of a
successful transfection. The successfully transfected WHCO®6 cells are referred to as

tWHCOG6 throughout the following text.

SDS-PAGE separation of the total cellular protein and nuclear fractions obtained from
tWHCO6, and WHCO6 cell lines (figure 3.3) yielded distinct banding patterns. The
extensive molecular weight range of the total cellular protein-extract polypeptide
profile extended over a greater distance when compared to that of the nuclear extract.
This is expected as a greater ‘variety’ of proteins is expected from the total cell
extract when compared to the polypeptide profile of the nuclear extract. The nuclear
extract polypeptide profile was enriched from approximately 100 kDa to 25 kDa when
separated by a 15% SDS-PAGE, which is a noticeably smaller molecular weight

range when compared to the total cellular protein extract. This expected difference
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between the two extracts is indicative of the success of the extraction procedures.

Importantly, the polypeptide profiles for both the nuclear total protein extractions

featured polypeptides of the appropriate molecular weight to that of B-catenin (94
kDa) (figure 3.3). The uniformity of staining in each lane (WHCO6 and tWHCO®) is

a good visual indicator that the protein estimation was accurate and successful.

a)

100 kDa
70 kDa

55 kDa
40 kDa

35 kDa

25 kDa

b)

100 kDa
70 kDa

55 kDa
40 kDa
35 kDa

25 kDa

<— 94 kDa (expected molecular
weight of B-catenin)

<—— 59 kDa (expected molecular
— 1 weight of ILK-1)

—— 28 — 55 kDa (expected molecular
weight range of Tcf-1 isoforms)

Marker WHCO6 tWHCO6

ry ™™

<4—— 94 kDa (expected molecular
E B weight of B-catenin)
3 <4—— 59 kDa (expected molecular
weight of ILK-1)

|l 28 — 55 kDa (expected molecular
weight range of Tcf-1 isoforms)

—

Marker WHCO6 tWHCO6

Figure 3.3: Total cellular and nuclear protein extracts.

(a) Total cellular protein-extracts and (b) nuclear protein-extracts from the WHCO6
cell line and tWHCOG cell line were resolved by a SDS-PAGE (15%). The presence
of distinct bands in all the lanes for both protein extracts indicates that the extraction
procedure was successful.
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The presence of B-catenin in both the total cell and nuclear extracts were confirmed
by performing Western blots using the specific anti-B-catenin antibody described
previously (chapter two, sections 2.3.6 - 2.3.8). The data presented below (figure 3.4a
and b) show that both the total cellular and nuclear protein extraction methods were
successful for identifying B-catenin and therefore were used in all subsequent
analyses. However, it was important to determine whether B-catenin continued to
localise with Tcf-1 in the tWHCOG6 cell line. Co-immunoprecipitation was used to
establish this (figure 3.4c). Protein G sepharose immunoprecipitation with anti-f3-
catenin, followed by Western blotting with anti-Tcf-1 antibody, presented two bands
(55 kDa and 30 kDa respectively) that were Tcf-1 reactive. Protein densitometric
analysis confirmed as detailed in chapter two section 2.3.14, that B-catenin
predominately complexed with Tcf-1E (55 kDa) and to a lesser degree Tcf-
1A/C/D/F/G (whose molecular weights range between 28.3 kDa - 30.3 kDa) in the
tWHCOG cell line (figure 3.4c¢).

a) b) c)
55 kDa
wica (D BB 0. we BB
WHCO6 tWHCO6 WHCO6 tWHCO6 V:IHCOG tWHCO6
IP: B-catenin
IB: Tcf-1

Figure 3.4: Presence of 3-catenin in WHCO6 and tWHCOG6 cell lines.

(a) and (b) Western blot analyses confirming the presence of (3-catenin in the total
cellular and nuclear protein-extracts. (c) Western blot analysis of B-catenin
immunoprecipitates indicates the presence of a Tcf-1/B-catenin complex. IP =
Immunoprecipitating antibody; IB = Immunoblotting antibody.

Therefore on these grounds it is clear that the HOSCC cell line, WHCO6 expresses
the pEGSH-B-catenin construct that expresses B-catenin. Furthermore, B-catenin and
Tcf-1 localise in the nucleus. It is known, that a cytoplasmic accumulation of B-
catenin results in the translocation of the protein into the nucleus (the processes and
mechanisms of these reactions are discussed in detail in chapter one). This therefore
begs the question, whether an increase of f-catenin results in its accumulation in the

nucleus of the tWHCOG6 cells. In addition to this it can be investigated whether an
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increased level of B-catenin could affect the protein level of ILK-1. And if ILK-1
levels are affected due to the nuclear accumulation of B-catenin is this ILK-1 increase
via the Tct-1 binding sites in the promoter region of ILK-1. The results of the
EMSAs (chapter two, section 2.4) lend support to the possibility that the association
between B-catenin and Tcf-1, at the proposed binding sites, activates and/or increases
the gene expression of ILK-1. Therefore, we attempted to overexpress -catenin in
the tWHCOG cell line and investigate the consequences of an increased -catenin

level on ILK-1’s protein level.

In order to potentially achieve an increase in B-catenin in tWHCOG6 cells, it was
necessary to activate the expression cassette in the tWHCOG6 cell line and examine the
effect of exogenous P-catenin expression with respect to ILK-1 levels in these cells.
Although the above seems relatively simple and achievable, there are various
processes that normally control B-catenin levels within the cell that had to be
considered when trying to overexpress -catenin. These regulatory processes occur at
both a cytoplasmic/post-transcriptional level (GSK-3p, APC and the Wnt signalling
pathway, as mentioned in chapter one) and at a transcriptional level (NF-kB and
activator protein-1 (AP-1)). With these influences in mind, B-catenin was stimulated

in the tWHCOG cell line through exposure to ponA.

The tWHCOG line stably contains pERV3 and pEGSH-B-catenin (according to the
previously mentioned antibiotic resistant criteria) and this cassette was stimulated
with ponA. The tWHCOG6 cells were treated separately, with both 1 uM and 2 uM of
ponA for an 8 hour treatment respectively. The optimum time period for this
treatment for the HOSCC cell lines has been previously determined by Dahan (2005).
Concomitantly, tWHCOG6 cells with the addition of 100% ethanol (no ponA), treated
for an 8 hour period constituted a control. The presence of B-catenin was confirmed
in the cell extract of ponA treated vs. non-treated tWHCOG6 cells. Western blot
analysis confirmed the presence of B-catenin in the cellular extract of the total cell
population following ponA (1 uM and 2 pM) stimulation (figures 3.5a and 3.7a).
Uniform loading of protein concentration of cell extracts permitted comparative
densitometric analyses. At this time it should be noted why the stable transfection
method was used instead of the transient method, the reason being, was to prevent the

need to reproduce the result multiple times as well as prevent the possibility of bias.

79



There was a 1.3 fold increase of B-catenin following ponA stimulation (1 uM) (figure
3.5b). This was not considered to be a substantial increase in B-catenin. Nuclear
extract following ponA simulation (1 pM) was analysed via densitometric analysis
(figure 3.6b) and a similar increase of 1.4 fold of B-catenin was noted. Following
these results a Western blot analysis for ILK-1 from total cellular extract was
performed (figure 3.8a) and densitometric analysis (figure 3.8b) showed an increase
in the concentration of ILK-1 in 1uM ponA stimulated tWHCOG6 cells. Densitometric
analysis showed this to be a 1.2 fold increase in ILK-1 expression. To further
examine this increase, the concentration of ponA was increased to 2 pM to determine
if this would result in increased B-catenin levels (figure 3.7). However, densitometric
analysis (figure 3.7b) revealed that an increase in ponA (2 uM) concentration did not
actually yield an increase in B-catenin. Stimulation with 2 pM ponA caused a 0.4 fold
decrease in -catenin levels when compared to B-catenin levels of 1 uM ponA
stimulated cells and a 0.2 fold decrease compared to the control cells (figure 3.7b).
See table 3.1 which outlines the respective fold increase/decrease of B-catenin due to
stimulation with ponA. This result showed that an increase in ponA concentration
would not have the desired effect, that is, an accumulation of B-catenin within the
cytoplasm that would result in B-catenin translocation to the nucleus and binding to
Tcf-1 in order to gauge B-catenin’s influence on ILK-1 levels in HOSCC cells. It is
likely that a considerable increase in B-catenin expression upon ponA stimulation was

not observed due to the tight intrinsic regulation of B-catenin.
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Treatment tWHCO6

Figure 3.5: B-catenin is expressed in tWHCOG6 cells stimulated with ponA (1
HM).

(a) Western blot analysis confirming the presence of B-catenin in both non-treated
(lane 1) and ponA treated tWHCOG cells (lane 2) in total cellular extract. The dark
blue arrow indicates the B-catenin bands. (b) Densitometry of $-catenin expression,
comparing the fold difference of $-catenin expression between treated and non
treated tWHCOG cells.
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Figure 3.6: Presence of B-catenin in nuclear extracts of tWHCOG6 cells
stimulated with ponA (1 uM).

(a) Western blot analysis confirming the presence of p-catenin in both non-treated
(lane 1) and ponA (1 uM) treated nuclear extracts of tWHCOG6 cells (lane 2). The
dark blue arrow indicates the B-catenin bands. (b) Densitometry of 3-catenin
expression, comparing the fold difference of nuclear B-catenin levels between treated
and non treated tWHCOG cells.
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Figure 3.7: B-catenin expression in tWHCOG6 cells stimulated with ponA (1 pM

and 2 pM).

(a) Western blot analysis confirmed the presence of B-catenin in total cellular extract
in non-treated (lane 1) tWHCOG cells and lane 2 and 3 shows ponA treated tWHCOG6

cells 1 yM and 2 pM respectively. The dark blue arrow indicates the B-catenin

bands. (b) Densitometry of B-catenin expression, comparing the fold difference of B-

catenin expression in non-treated and treated tWHCOG6 cells as well as the fold
difference of B-catenin expression between 1 yM and 2 uM ponA treated tWHCOG6

cells.

Table 3.1: Respective fold increase/decrease of B-catenin due to stimulation of
tWHCOG cells with ponA.

tWHCOG cells

Control 1 UM ponA

2 uM ponA

B-catenin fold
increase/decrease

1

1.3

0.8

* The above tabulated data is a summary of figures 3.5 and 3.7.
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Figure 3.8: ILK-1 expression in tWHCOG6 cells stimulated with ponA (1 uM).

(a) Western blot analysis confirming the presence of ILK-1 from total cellular extract
in both non-treated (lane 1) and ponA treated tWHCOG cells (lane 2). The arrow
indicates the ILK-1bands. (b) Densitometry of ILK-1 expression, comparing the fold
difference ILK-1expression between treated and non treated tWHCOG cells.
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3.5 Discussion

With B-catenin’s dual function in mind, the notion that B-catenin is an important
oncogene and its abnormal expression may lead to weakened cell-cell adhesion,
tumour invasion and metastasis is one of importance. Hence, recombinant DNA
technology is a powerful tool for the overexpression of a gene, gene fragments and
RNA such as antisense RNA and potentially allows for the isolation of unlimited
quantities of a particular gene (Pikaart et al., 1998). Gene insertion with a view to
overexpression can provide insight on the effect of a gene or gene product on various
cellular events such as differentiation, proliferation, migration, invasion, and

apoptosis (Pikaart et al., 1998).

The success of the stable transfection into WHCOG6 cells allowed us to examine the
possible effect of B-catenin complexing with Tcf-1 at the Tcf-1 binding sites, in the
ILK-1 promoter region and the consequential outcome on ILK-1 gene expression.
Co-immunoprecipitation results (figure 3.5¢) confirmed that B-catenin localised with
Tct-1 in tWHCOG cells and further established the possibility that an association
between B-catenin and Tcf-1, at the proposed binding sites, activates and/or increases
the gene expression of ILK-1. Hence, tWHCOG6 cells were stimulated with specific
concentrations of ponA to see whether an increase in exogenous p-catenin levels

could be obtained.

As mentioned earlier in this chapter, transient transfections yield high gene expression
in a short period, the uncertainty/variables that surround this method would require
extensive analysis to determine the required parameters to prevent misinterpretations.
Although transiently transfected cells results would have allowed for the opportunity
to determine statistically whether there was a consistently noted increased in -catenin
expression it was not a goal or end point for this study. This study didn’t deserve
repeating transfections due to the time consuming nature of transfecting stable
mutants rather than transient ones. For this reason repeats of the stimulation of -
catenin were not performed. According to the antibiotic resistant criteria the WHCO6

cell line was stably transfected and so the results obtained from stimulating expression
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of the vector cassette were considered a true reflection of the tWHCO®6 cellular events

and analysed accordingly.

However, as noted in the results section of this chapter, ponA stimulation did not
substantially increase cellular or nuclear B-catenin levels to the point where it can be
said with certainty that an increase in f-catenin expression influenced the expression
of ILK-1. It is likely that a considerable increase in B-catenin expression upon ponA
stimulation was not obtained due to the tight intrinsic regulation of B-catenin. With
these tight intrinsic controls in mind it allows consideration for the possibility that

these regulatory mechanisms may mask any increase in f-catenin levels.

B-catenin expression with 1 pM ponA lead to an increase of 1.2 fold which was not
considered to be a considerable enough increase to determine whether -catenin does
actually effect a change in ILK-1 expression. The inability to substantially increase [3-
catenin expression/concentration in the tWHCOG6 cell line may be due to regulatory
mechanisms in this particular line that compensate for the exogenous B-catenin
expression, thereby masking the desired result. Regulatory mechanisms that would
mask a significant increase or decrease in exogenous [-catenin would be the
degradation pathways and the potential status of the different components that
contribute to such pathways. A pivotal component in this degradation complex is that
of APC. APC modulates B-catenin nuclear concentration by one of two ways. First,
APC binds B-catenin and incorporates it into a multiple protein complex that triggers
degradation (discussed in detail in chapter one) (Rosin-Arbesfeld et al., 2003).
However, Wnt signalling inhibits B-catenin degradation to occur by preventing the
phosphorylation of B-catenin by GSK3f and resulting in B-catenin translocating to the
nucleaus (Neufeld et al., 2000). Second, APC binds nuclear f-catenin and exports it
to the cytoplasm for degradation (Neufeld et al., 2000; Rosin-Arbesfeld et al., 2003).
APC’s involvement in B-catenin degradation is discussed in detail in chapter four,

section 4.5.

Other degradation mechanisms to note would be the ubiquitin-proteosome pathways
such as the B-transduction-repeat-containing protein (3-TrCP), seven in absentia
homolog 1(Siahl) and RxR processes that compensate for the increase of B-catenin.

The F-box protein, B-TrCP binds to phosphorylated B-catenin (which is essentially
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degradation targeted B-catenin) and recruits SKp-1 and Cullinl to form a complex
(Liuetal., 2001). In parallel to being involved in this complex, Cullinl binds to E2
UbcH3 and the result is ubiquitination and degradation of B-catenin (Liu et al., 2001).
Alternatively, B-catenin is degraded by the p53 inducible Siah-1 pathway. p53
upregulates Siah1, which in turn interacts with the N-terminus of APC and recruits a
ubiquitination complex to the N-terminal of B-catenin, thus targeting B-catenin for
degradation (Liu et al., 2001; Matsuzawa and Reed, 2001) (figure 3.9). It should be
noted that both the APC degradation and Siah1 pathways require f-catenin’s N-

terminus for successful degradation of the protein.

In addition to the above, B-catenin can also be degraded by APC independent
pathways such as the RXR-mediated pathway. Retinoids are derivatives of vitamin A
that regulate gene transcription through two types of nuclear receptors, namely,
retinoic acid receptors (RARs) and RXRs, both of which are ligand-dependent
transcription factors and each of these nuclear receptor families consists of three
subtypes, (o; B; and y) (Qiu et al., 1999; Xiao et al., 2003). Crosstalk between Wnt/[-
catenin and retinoid-signalling pathways has been reported. In vivo RAR was found
to inhibit -catenin mediated gene transcription (Xiao et al., 2003). Retinoic acid has
been shown to complement the Wnt signalling pathway in the upregulation of gene
transcription. RAR signalling has no effect on the B-catenin protein levels within the
cell, however, RXR agonists have been shown to cause degradation of RXR,, RARs
and thyroid hormone receptor (TR) (Qiu et al., 1999). This prompted Xiao et al.
(2003) to examine the role of RXR and its ligands and their roles in f-catenin

regulation (Xiao et al., 2003).

Xiao and colleagues (2003) showed that removal of B-catenin’s N-terminus didn’t
prevent its degradation via RXR agonists, which is a known, necessary prerequisite
for APC degradation. Furthermore, Xiao et al. (2003) confirmed that this pathway is
independent of APC because loss of function mutations in APC and p53 did not
hinder or effect B-catenin degradation by RXR agonists, neither did GSK3p inhibition
by lithium chloride (LiCl) have any effect on the degradation of B-catenin by RXR
agonists (Xiao et al., 2003). Xiao et al. (2003) showed that RXR agonists induced [-
catenin degradation when cotransfected with RXRa. Xiao and colleagues (2003)

found that degradation involves the proteosomal pathway, as proteosome inhibitors
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blocked RXR agonists (Xiao et al., 2003). It is thought that RXRa acts as a docking
protein for B-catenin and that when bound with B-catenin, the complex changes in
response to RXR agonists and thus becomes a target for proteosome components and
ultimately proteosome degradation (Xiao et al., 2003). The above highlights the
many different mechanisms of B-catenin degradation all of which could have
potentially affected the overexpression of B-catenin in the tWHCOG6 cell line (also see

figure 3.9 below).
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Figure 3.9: Diagram depicting 3 pathways that regulate B-catenin turnover in
transformed cells.

Ubiquitin-proteosome pathways compensate for an increase of -catenin. p53
upregulates Siah1 which interacts with the N-terminus of APC and recruits a
ubiquitination complex to the N-terminal of B-catenin resulting in 3-catenin
degradation. RXR, binds B-catenin and the complex changes in response to RXR
agonists resulting in the complex becoming a target for proteosome degradation.
Whnt signal inhibits the activity of GSK3 or the multiprotein complex is not formed
properly (i.e. Mutation of APC or B-catenin) (Adapted from Xiao et al., 2003).
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One is reminded that pERV3 contains a RXR receptor (figure 3.0 and figure 3.2)
which is designed to form a hetrodimer with the synthetic ecdysone RXR receptor
(EcBR) (Xiao et al., 2003). The expression of this RXR receptor as well as ponA
stimulation should not have had any affect on the B-catenin expression in the
tWHCOG6 cells. However, it would be important to rule out any RXR and agonist that
could potentially regulate f-catenin protein levels, thus masking any overexpression

within the tWHCOG6 cell line.

These B-catenin regulatory systems provide explanations for the lack of a substantial
visible increase in B-catenin in the WHCOG6 cell line and probably contributed to the
slight decrease in B-catenin when the concentration of ponA was increased to 2 uM

(figure 3.7).

Another possibility for the little increase of exogenous p-catenin upon ponA
stimulation is that stable transfection of the two vectors (pERV3 and pEGSH-f3-
catenin) could have resulted in the chromosome position effect. The integration of a
gene into a chromosome can result in the suppression of gene expression; known as
the chromosome position effect (Xiao et al., 2003). DNA methylation and histone
acetylation disrupts packaging of the nucleic acids and gene transcription due to
integration of the ‘foreign gene’ (Qiu et al., 1999). The integration sites of both the
pERV3 and the pEGSH vectors are known to affect expression.

Interestingly, Dahan (2005) transfected the WHCO1 cell line with the pERV3
pEGSH-B-catenin construct and found that stimulation of these cells with ponA lead
to a 1.2 fold increase. Dahan’s data in combination with the abovementioned data
lends credibility to the explanation that considerable B-catenin overexpression was not
accomplished due to the regulatory mechanisms in both these cell lines, which
compensate for a significant increase of exogenous B-catenin. However, to further

substantiate this statement statistically significant data would need to be analysed.

An alternative to consider when taking all the above comments into consideration, is
that it appears that in these HOSCC cell lines, there is an increase in factors which
mask or prevent a visible increase in f-catenin concentration. Competitive binding

for B-catenin is known to occur between LEF-1 and APC. In colorectal carcinoma
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cells Henderson et al. (2002) showed that LEF-1 anchors B-catenin in the nucleus by
preventing export of B-catenin mediated by APC (Henderson et al., 2002). Shown
here, Tcf-1 is expressed in HOSCC cell lines and it has been shown previously that
LEF-1 and Tcf-1 have 99% homology (Henderson et al., 2002). Therefore a possible
overexpression of Tcf-1 in WHCOG6 could increase the nuclear distribution of -
catenin by anchoring B-catenin in the nucleus (just as LEF-1 has been shown to do),

which in turn could affect the ILK-1 levels within this cell line.

The attempt to overexpress B-catenin in an HOSCC cell line was aimed at increasing
cytoplasmic B-catenin that would result in its translocation into the nucleus and
ultimately have an effect on the level of ILK-1 in the cell line. However, this
approach did not lead to a substantial increase of B-catenin expression, possibly due to
the factors and the cells inherent regulatory mechanisms mentioned above. An
alternative approach to this study may have been to directly increase ILK-1 by
creating an ILK-1 vector construct and thus determine ILK-1 effects on the HOSCC
cell. Concurrently, increasing ILK-1 would have promoted B-catenin’s translocation

to the nucleus.

Further investigation is needed for overexpression/increased production of B-catenin
in HOSCC cell lines. Accumulation of nuclear/cytoplamsic (3-catenin in cancers is
not necessarily due to constitutive activation of the Wnt pathway. Often mutations in
key components of degradation machinery, such as axin, APC or GSK3p are
responsible or contribute to the deregulation of B-catenin concentration (Bienz and
Clevers, 2000, Park et al., 2005). The tight intracellular regulatory and degradative
processes require further investigation to determine whether the increase in f-catenin
levels within both the total and nuclear cell extracts in the tWHCOG6 cell line are
noteworthy. Although nuclear accumulation of B-catenin has been reported in
HOSCC, the associated B-catenin mutations have not and so provide a potential route

for obtaining intracellular increased p-catenin levels.
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Chapter Four: General discussion and conclusion

B-catenin is a multifunctional protein that plays a pivotal role in both Wnt signal
transduction and cell adhesion (Han et al., 2008). The oncogenic effects of B-catenin
appear to stem from its decrease in cell adhesion capacity as well as its nuclear
accumulation that consequently results in inappropriate activation of gene
transcription (Daniels and Weis, 2005). It is this dysregulated gene transcription that
often influences cell proliferation, morphogenesis and apoptosis. Investigation of -
catenin will provide valuable insight into the various mechanisms of cellular
transformation and tumour progression for this cancer-type under study. Previous
studies have focused largely on B-catenin expression and the associated implications
in carcinomas derived from simple epithelia (Hoppler and Kavanagh, 2007; Segditsas
and Tomlinson, 2006). However in this study -catenin expression and its potential
role in OSCC, derived from a stratified epithelium was examined. Therefore, we set
out to investigate the link between B-catenin cellular/nuclear accumulation, [3-
catenin’s ability to complex with Tctf-1 and the potential consequences this complex
may have on the levels of ILK-1 protein in HOSCC, an aggressive cancer-type that is

derived from a stratified epithelium.
4.1 B-catenin expression and nuclear localisation influences

One of the primary objectives of this study was to confirm the presence of
intracellular B-catenin and Tcf-1, not only in the cytoplasm but specifically within the
nucleus. This was achieved across all 5 HOSCC cell lines. These results however,
offer fairly limited interpretation until they can be compared to the level of B-catenin
in normal oesophageal tissue. Such comparisons would allow conclusions to be
drawn regarding cell behaviour in the transformed state compared to that of its normal
counterpart with respect to the alteration of B-catenin expression and functional
activity. In normal cells it has been stated that there is very little B-catenin in the
cytoplasm or nucleus due to the ubiquitination mechanism that underlies the rapid
changes in protein activity and/or localisation during signal transduction (Aberle et
al., 1997). In fact both Ninomiya et al. (2000) and Saeki et al. (2002) showed that,

nuclear B-catenin is not detectable in normal oesophagus cells, nuclear -catenin, as
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seen in these HOSCC cells, is likely to be an indication of deregulated pB-catenin
turnover. This is in keeping with what has previously been reported for HOSCC (de
Castro et al., 2000; Ninomiya et al., 2000; Saeki et al., 2002). A correlation between
nuclear B-catenin and tumourgenesis has been well established (reviewed by Hoppler

and Kavanagh, 2007; Polakis, 1999 and Willert et al., 2006).

4.2 Tcf-1 expression and nuclear localisation influences

Tct-1 specific immunoblotting, conducted on resolved whole cell extracts,
demonstrated the presence of numerous Tcf-1 isoforms in all five HOSCC cell lines.
This is in line with the literature of van de Wetering et al. (1996) that discovered a
multitude of Tcf-1 proteins. In terms of the isoforms that are present in the HOSCC
cell lines there is a high degree of uniformity across the cell lines assessed. The
homogenous nature of the Tcf-1 isoform expression in the studied lines (demonstrated
by the Western blot profiles of whole cell extracts) could imply that the Tcf-1 alleles
are identical across the cell lines (i.e. each genome contains the sequence for the same

number of tandem repeats), that the same alternatively spliced isoforms are present.

The precise implications of the different isoforms and their DNA-binding and protein-
complexing capabilities have yet to be completely identified. These Tcf-1 isoforms
are not simply explained due to the alternative splice site in the C-terminus (Atcha et
al., 2007). Perhaps the relative abundance of Tcf-1 isoforms corresponds to the
relative ratio of nuclear receptors to Tcf-1 in different epithelial tissue types which
could critically modify actions of nuclear receptors in these tissues (Atcha et al.,
2007). To date the majority of studies have focused on the function of Tcf-1 within
Whnt signalling, little has been done to understand the full complement of Tcf-1
isoforms and the influence/contribution of patterns during signalling. Hence our aim
to look at the influence of Tcf-1 signalling on ILK-1 is one of interest. Although van
de Wetering et al. (1996) suggested that these Tcf-1/LEF isoforms are
interchangeable and redundant. Non redundancy has been noticed phenotypically
with mice missing one or more Tcfs, probably due to the differences in their
functional domains and in the alternatively-spliced C-terminal tails (Atcha et al.,

2007; Merrill et al., 2001). Mouse knockout and transgenic experiments (removal of
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the LEF-1 or Tcf-1 gene) resulted in partially non-redundant phenotypes in tissues
where their expression overlapped, also expression of LEFs/Tcfs of dominant
negative forms produced non-identical phenotypes (Merrill et al., 2001; Okamura et
al., 1998).

4.3 B-catenin and Tcf-1 complexing

This study has generally taken the assumption that B-catenin is the co-activator of
choice for Tcf-1 in the context of dependent regulation of gene expression. We have
certainly confirmed that both -catenin and Tcf-1 are present in the HSOCC cell lines
under study. However, the Tcf -1 isoforms noted in these cell lines and their
functionality could provide a different outlook on Tcf-1 function and/or association
with B-catenin. For instance as mentioned in chapter two, the literature has shown
that the alternate Tcf-1 promoter allows for the production of short isoforms that lack
N-terminal B-catenin interaction/binding domains, but retain the ability to interact
with Grg repressors, “classifying” Tcf-1 as repressor complexes (Willinger et al.,
2006). Tcf-4 and Tcf-1 are the predominant Tcfs found in normal gut mucosa.
Normal Tcf-4 expression is required for development and maintenance of stem cells
in the crypt of a healthy colon (Korinek et al., 1998). It has been shown that knockout
Tct-4 mice (missing full length Tcf-4) have an intestine with few differentiated villi,
lack a crypt stem cell compartment and die shortly after birth (Hoppler and Kavanagh,
2007; Korinek, et al., 1998). However, Tcf-1 (normally expressed in foetal and adult
intestine) knockout mice develop intestinal and mammary adenomas (Hoppler and
Kavanagh, 2007; Korinek, et al., 1998; Waterman et al., 2004), depicting Tcf-1 as a
Wnt-linked tumour suppressor rather than a tumour promoter (Tcf-4). Dominant
negative isoforms of Tcf-1 (truncated mRNAs missing the -catenin binding
sequence) exist and compete for binding to Wnt-response elements (WREs), thus
preventing Wnt signalling (Hovanes et al., 2001; van de Wetering et al., 1996).

Given that a loss of full length Tcf-4 causes a depletion of stem cells and dominant
negative Tcf-1 acts more like a tumour suppressor, it has been predicted that in
normal colon tissue the predominant Tcf forms are full length Tcf-4 and dominant
negative Tcf-1, which act antagonistically and prevent excessive Wnt signalling (Arce

et al., 2006; Roose et al., 1999). The full length Tcf-4 maintains a proliferative state
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and the dominant negative Tcf-1 maintains a reduction in proliferation and promotes
differentiation (Hoppler and Kavanagh, 2007). Furthermore the different Tcf-1
isoforms would also compete for WREs and so restrict Wnt signalling (Atcha et al.,

2007; van de Wetering et al., 1996).

With the abovementioned noted, if we refer to the nuclear and whole cell extracts
(figures 2.4 and 2.5 respectively) for Tcf-1 for this study, both full length and
truncated Tcf-1 isoforms were noted among the cell lines. Tcfs functional B-catenin
binding capabilities were determined by immunoprecipitation. Surprisingly, when
examining the 5 HOSCC cell lines both the full length and truncated Tcf-1 isoforms
were capable of complexing with B-catenin (Tct-1E to a more noticeable degree than
Tcf-1A/C/G). This was unexpected and not in line with the literature that suggests
that the full length Tcf-1E is capable of binding to B-catenin, however, the truncated
forms lack B-catenin binding capabilities (Atcha et al., 2007). Various literatures
suggest that these truncated isoforms are thought to be dominant within the cells and
possess Wnt signalling antagonistic properties/tumour suppressor functions (Atcha et
al., 2007). From the co-immunoprecipitation results of this study this was not the
case. Both the full length and truncated forms clearly bound to -catenin (figure
2.6a). A variety of factors could account for this, however, one thing is for certain
and that is that the Tcf-1 functionality for the cell lines under study does not fit that of
normal gut mucosa. It has previously been shown that colon cancer cells
predominantly express full-length LEF-1 and Tcf-1 isoforms while down regulating
the expression of dominant negative isoforms. We cannot discount the possiblity that
the HOSCC cell lines do not possess dominant negative isoforms of Tcf-1; there may
just be another triggering factor that has inhibited the expression of the dominant

negative Tcf-1s.

The shift from a suppressive activity to that of proliferative one in these cells may be
largely due to the Tcf-1/Wnt signalling process. The Tcf-1 observed in the cell
extracts bind to B-catenin and there does not seem to be noticeable truncated Tcf-1
that is incapable of binding B-catenin. To further validate these results it would be
important to perhaps isolate the various Tcf-1 isoforms and examine the protein
profiles. To look at the functionality of each of the isoforms for these cell lines

cloning of the Tcf-1s and transfection may help deduce the action of the different Tcf-
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Is. Another consideration is DNA sequence recognition affinity. Different DNA-
protein (Tcf-1) conformations with varying degrees of stability could also affect the
proliferative/suppressive effect of the Tcf-1 isoforms. For instance Atcha et al.
(2007) showed that E-tail (E-tails of full-length Tcf-1, contain DNA-binding domains
and if the WRE sequence differs from the consensus Tcf binding site, the E-tail helps
stabilise the complexing of the two proteins) containing isoforms of Tcf-1 and Tcf-4
enables B-catenin to activate transcription of the LEF-1 promoter by binding to the
same WRE that Tcfs are generally able to bind to. However, other isoforms of Tcf-1
do not activate the abovementioned promoter. A clear explanation for this has not
been discovered, yet DNasel footprint experiments suggest that they adopt a slightly
different conformation once bound and the E-tail modifies DNA sequence affinity
(Atcha et al., 2003; Atcha et al., 2007). What is not considered a possibility is that
the E-tail enables a better interaction or more stable interaction with B-catenin; the
reason for this is that Prieve and Waterman (1999) have shown with TOPFLASH
experiments, that Tcfs without E-tails efficiently co-immunoprecipitate with -catenin

in COS-7 cells.

Thus far we have shown that there are different isoforms of Tcfs expressed in the
HOSCC lines capable of binding to B-catenin, however evidence from literature show
that Tcfs are diversified in form and consequently function allowing them the ability
to regulate different subsets of target genes. With this in mind we decided to continue
investigating whether a Tcf-1 isoform binds to the known Tcf-1 site within the ILK-1

promoter region and whether this association included B-catenin.

4.4 B-catenin/Tcf-1/DNA-complexing

A vast majority of reasons for human cancers are located within the sequence specific
DNA binding domain of the protein, which suggests strongly that DNA binding is
critical to tumour suppressor/activator function and is therefore extensively regulated.
There is a large array of literature documenting regulation through effects on residues
and modifications within protein binding regions such as phosphorylation,

acetylation, deletion, antibody binding, and short basic peptides have been shown to
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augment DNA-protein complexes as measured by EMSAs (Cain et al., 2000; Han et
al., 2008).

The definite shift and super shift visualised in the EMSA experiments under study
have indicated that the cell lines have fully functional binding capabilities with
regards to Tcf-1’s, DNA and B-catenin binding domain. We were able to establish
that the B-catenin/Tcf-1 complex associates directly with both Tcf-1 binding sites
located in the ILK-1 promoter region. From this one could draw the logical comment
that it would be necessary for both B-catenin and Tcf-1 to have fully functional
binding domains if inappropriate ILK-1 expression were to occur and perhaps account

for abnormal cell expression.

Chapter one provides a detailed overview of the ILK-1 promoter region, describing
the promoter region as a TATA-less, GC-rich promoter region with numerous Cis-
acting transcription factors-binding sites. One shouldn’t forget that TATA-less
promoters often rely on GC-boxes to activate transcription (Melchoir et al., 2002). A
major transcription factor binding commonly found in TATA-less/GC rich promoters
are those of the Sp1 family of proteins. Therefore it is possible that Tcf-1/f-
catenin/DNA complex alone weren’t enough to activate transcription of ILK-1,
noticeably (Han et al., 2008; Melchoir et al., 2002; Mertin et al., 1999). If this is the
case it would explain why a noticeable increase in ILK-1 expression was not observed
when B-catenin was overexpressed in the oesophageal SCC lines examined in chapter
three. To investigate this further one would need to overexpress Spl alone and in
combination with overexpressed B-catenin to see if Sp1 is the determining factor for
ILK-1 overexpression. Or the two overexpressed proteins may work synergistically
and result in ILK-1 overexpression or possibly, these two proteins could provide an
enhanced result. Futhermore there may be other factors that influence or even mask
the actual influence of these two factors on ILK-1 expression. These considerations

reiterate the complexity of signal transduction pathways.

Unfortunately the EMSA experiments detailed in chapter two do not provide evidence
for the potency of the binding association complex i.e. transcriptional activation. For
instance an E-tail found in certain Tcf-1 isoforms (such as Tcf-1E) binds to WREs via

a bipartite recognition system and is essential for B-catenin binding. Although the
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primary DNA binding of Tcf-1 is at the HMG domain, a secondary binding occurs via
a cysteine clamp (C-clamp) located within the E-tail. This C-clamp provides
additional binding stability, because of additional DNA contacts and results in a
potent transcription activation of Wnt target genes (Atcha et al., 2007). This C-clamp
does not replace the function of the HMG domain (Atcha et al., 2007). Double DNA

binding transcription factors are considered unusual, however this is not unique.

Alternate splicing of the p53 gene results in a second DNA binding domain known as
a C-terminal domain (CTD) (Ahn and Prives, 2001). This domain binds without any
sequence specificity and stabilizes DNA binding (Ahn and Prives, 2001). Atcha et al.
(2007) used DLD-1 colon cancer cells (contain high levels of B-catenin/Tct-1
complexes in the nucleus) and found that over expressed dominant-negative Tcf-1E
complexes (B-catenin binding site is absent) compete with B-catenin/Tcf-1 complexes
and result in down regulation of Wnt target gene expression, specifically those
involved in cell cycle and cell growth. However overexpression of dominant negative
Tcf-1E with a mutation in the C-clamp does not (Atcha et al., 2007). This means that
intact C-clamp DNA association of Tcf-1E is required for downregulation of some
growth control genes that contain Wnt response elements (Atcha et al., 2007). It does
not rule out that other Tcf-1 isoforms missing the C-clamp regulate Wnt target and
other target genes. Atcha et al. (2007) showed that Tcf-1 isoforms lacking C-clamps
were able to regulate Wnt targets such as LEF-1 and CDX1 via cooperative
interactions with other factors. LEF-1 can activate CDX1 transcription via
cooperative interactions with CDX-1 protein (Beland et al., 2004). Atcha et al.
(2007) showed that a B-catenin/LEF-1 fusion protein was not active until co-
expressed with CDX-1. It seems that CDX-1 might be needed to stabilize LEF-1
interactions with the CDX1 promoter (Atcha et al., 2007). Since over activation of
growth control genes by B-catenin/Tcf-1 often lead to cancer, interference with C-
clamp function might undercut these oncogenic functions. It is possible that the 3-
catenin/Tcf-1/DNA understudy contains a C-clamp and is a potent transcription
activator however, we do not suspect this. We suspect that the Tcf-1s bound in the
complexes noted in the co-immunoprecipitation and EMSA experiments actually
cooperate with other transcription factors to cause activation of ILK-1. The reason for
this prediction is that when examining the results of chapter three, over expression of

B-catenin did not yield an increase in ILK-1 protein levels. However to confirm this it
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would be of importance to over express full length Tcf-1E concurrently with 3-

catenin.

DNA-protein complex formation seemed to be much stronger with the Tcf-1.1
compared to the Tcf-1.2 probe. This specificity or affinity for Tcf-1.1 could have
been confirmed by using mutated Tcf-1 probes which would probably not have been
bound by Tcf-1; via the process of elimination, the functional/essential nucleotide
bases needed for optimal DNA-protein binding could be determined. Also the
disparity in DNA affinity for the two probes may be due to the fact that full-length
Tcf proteins suffer a large loss in specific activity when they are purified. This
property stems from the fact that purification yields unfolded, unstructured
polypeptides (Daniels and Weis, 2005; Love et al., 2004). Another possibility for the
difference in affinity for Tcf-1 between the two probes may be the flanking
nucleotides to the core DNA-binding domain. Variants in DNA-binding specificity
may play an important role in activation transcription of ILK-1. It has been shown
that subtle preferences for nucleotides flanking the DNA binding site help achieve
DNA-binding with specific transcription factors that have homology in their DNA-
binding domains (Balmer and Blomhoff, 2009; Han et al., 2008; Mertin et al., 1999).
Mertin et al. (1999) showed that different SRY-related HMG box (SOX) proteins
(SOX proteins family share at least 50% homology in their HMG domains) achieve
specific DNA-binding through subtle differences for nucleotides flanking their HMG
domains. These preferences are likely to be dictated by signature amino acids in their
HMG domains. Mertin and colleagues (1999) showed using EMSAs and DNA
competition and dissociation studies that SOX9 binding was enhanced when the
DNA-binding element was flanked by 5' AG and 3' GG nucleotides. This was not
the case for another SOX related protein; sex-determining region Y (SRY) which
preferred different 5'and 3" flanking nucleotides (Mertin et al., 1999). The Sox9 WT
(SOWT) DNA binding element with the preferred flanking nucleotides was compared
between HMG domain containing proteins Tcf-1 and SOX9. SOX9 showed a 2-fold
higher affinity for the SOWT binding element (Mertin et al., 1999). The achievement
of DNA sequence specificity via preferences for flanking nucleotide combinations,
would suggest that some transcription factors may co-evolve with their DNA targets

to achieve specificity (Balmer and Blomhoff, 2009). Nevertheless, to determine
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whether Tcf-1 binding to the defined elements has a functional consequence,
overexpression of a protein bound to these elements would be the more pertinent

route for our study.

4.5 Overexpression of p-catenin in WHCQO6

The attempt to overexpress B-catenin in a HOSCC cell line was aimed at increasing
cytoplasmic B-catenin, in order to direct its translocation to the nucleus. The pEGSH-
B-catenin vector (contains full length B-catenin cDNA) as discussed in detail in
chapter three, was stably transfected together with pERV3 into the WHCOG6 cell line.
However, ponA stimulation of the tWHCOG total cell population did not lead to an
increase in cellular B-catenin expression (refer to chapter three). As noted in chapter
three the accumulation/depletion of the “multi-tasking” protein, B-catenin, is regulated
by several pathways within the cell according to cell function (Liu et al., 1999)
(reviewed by Willert et al., 2006). Hence, the failure to substantially increase -
catenin within the tWHCO®6 cell line may have been due to an intrinsic cellular

regulatory mechanism of which there are many.

APC is considered an important “regulator” of B-catenin concentrations within the
cell. Phosphorylation of APC appears to enhance its ability to promote -catenin
degradation. It has been widely suggested that APC is heterogeneously
phosphorylated in cells due its ability to interact directly with the scaffold axin and its
associated kinases and phosphatases (Neufeld et al., 2000). Ha et al. (2004) found
that in the absence of a Wnt, signal only phosphorylated APC will have an important
role in sequestering B-catenin. The enhanced affinity implies that phosphorylation of
APC likely slows the release of B-catenin from the complex. To confirm whether this
is the reason that an increase in B-catenin is masked, an APC construct with a mutant

phosphorylation site would need to be transfected into the WHCOG6 cell line.

Further to this, there have been various studies that have investigated proteins that
regulate the degradation complex thus controlling the turnover subcellular localisation
of B-catenin. Pinl is a peptidyl-prolyl cis-trans isomerase (PPlase) that isomerizes

phosphorylated Serine/Threonine-Proline peptide bonds (Ryo et al., 2001). Pinl
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affects the activity and/or protein-protein interactions of a subset of phosphoproteins
such as cdc25 and the microtubule-associated protein tau. (Ryo et al., 2001) A
depletion of Pinl induces apoptosis and also facilitates neural death in Alzheimer’s
disease (Ryo et al., 2001). Breast and prostate tumour cells have shown to exhibit
increased levels of Pinl along with increased transcriptional activity of cyclin D1 and
c-myc among others (Wulf et al., 2001). Ryo et al. (2001) found that by manipulating
Pinl levels, Pinl regulates the turnover of B-catenin as well as its subcellular
localisation. Pinl accomplishes this by binding directly to a phosphorylated
Serine/Proline motif next to the APC-binding site in B-catenin (Ryo et al., 2001).
This novel mechanism for regulating signalling by B-catenin, supports the possibility
that an increase in B-catenin in the tWHCO®6 cell line may have been masked due to

the numerous levels of subcellular regulatory mechanisms.

Another aspect to consider is the turnover of the APC degradation complex. Xing et
al. (2003) has speculated that the competitive binding of phosphorylated APC and
axin to -catenin promotes turnover of the degradation complex. This model
proposes that cycles of APC phosphorylation are required for turnover of axin and
release of B-catenin. Instead, Ha et al. (2004) noted that the greatly enhanced affinity
of phosphorylated APC likely slows the release of B-catenin from the complex. Ha et
al. (2004) suggests that the phosphorylation state of APC controls the rate of -
catenin release, thereby coupling degradation complex turnover to the cellular
concentration of B-catenin. Ha and colleagues (2004) also state that it is not necessary
for B-catenin to dissociate from the degradation complex in order to bind the
ubiquitination machinery. It is possible that the energy-dependent unfolding activity
of the proteosome-associated chaperones drives the dissociation of B-catenin from the
complex, directly coupling its removal with degradation (Ha et al., 2004). In this
way, B-catenin would be prevented from inappropriate entry into the nucleus by
remaining associated with APC until it is degraded, rather than leaving the complex

and possibly encountering cytoplasmic Tcf (Ha et al., 2004; Lee et al., 2001).

The B-catenin regulatory systems discussed above as well as those discussed in
chapter three, provide explanations for the lack of a substantial visible increase in -
catenin in the WHCOG cell line and probably contributed to the slight decrease in 3-

catenin when the concentration of ponA was increased to 2 uM (figure 3.7).
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Ninomiya et al. (2000) examined the expression pattern of E-cadherin, a-catenin and
B-catenin of 22 oesophageal squamous cell carcinoma samples with their
corresponding normal oesophageal tissue. This study showed that the B-catenin level
was less than half that of the corresponding normal oesophageal tissue, 40.9% (9
cases) (Ninomiya et al., 2000) and only 13.6% ( 3 cases) showed B-catenin expression
in tumour tissue that was more than 2 fold that in normal tissue. For this study an
increase in protein expression was defined as more than 2 fold that of corresponding
normal oesophageal mucosa (Ninomiya et al., 2000). PCR and direct DNA
sequencing confirmed that the accumulation of B-catenin was not a result from APC
truncation or B-catenin gene mutation (Ninomiya et al., 2000). However, Ninomiya
and colleagues (2000) were not able to determine the mechanism of -catenin
accumulation in these tumours. It has been demonstrated by Ochiai et al. (1994),
Shiozaki et al. (2001) and Shibamoto et al. (1994) that phosphorylation of f-catenin is
affected by other molecules such as epidermal growth factor receptor (EGFR), c-
erbB-2 and hepatocyte-growth factor receptor. Therefore other mechanisms
seemingly distantly involved in B-catenin degradation may be required for
stabilisation of B-catenin. However, from Ninomiya’s (2000) study it is clear that -

catenin accumulation is involved and does exist in oesophageal carcinogenesis.

Had there been a noticeable increase in ILK-1 expression within the overexpressed
WHCOG6 cell line it may have been worth examining the binding of nuclear proteins
extracted from the stimulated cells with the Tcf-1 site of the ILK-1 promoter. EMSA
experiments may have shown an increased binding of Tcf-1 to the Tcf-1 binding site
of the ILK-1 promoter after a period of stimulation by ponA. Supershift experiments
would have confirmed the presence of B-catenin in the stimulated cells. Maupas-
Schwalm et al. (2005), showed through EMSAs an increased binding of nuclear
proteins to the cyclin D1 Lef-1/Tcf site was maximal after 45 minutes of stimulation
by tPA. Analysis of the stimulated WHCOG6 cell line from this aspect may have
shown whether in fact there is a link to an increase of binding to the Tcf-1 sites within
the ILK-1 promoter and increase in ILK-1 expression alone. However, the possibility
of this being masked by regulatory mechanisms should not be overlooked.
Furthermore to test the functional significance of each individual Tcf-1 site reporter

constructs could have been created in which one or both elements were mutated, such
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that Tcf-1 could no longer bind and the stimulatory effect of -catenin compared to

the HOSCC ‘wild-type’ promoter could be compared.

Various studies on ILK-1 overexpression show its involvement in the -catenin
degradation pathway. ILK-1 stimulates the phosphorylation of protein kinase B
(PKB) on serine 473 (Lynch et al., 1999; Persad et al., 2000). The phosphorylation of
PKB plays a role in the ability of ILK-1 to down regulate GSK3, this compromises
the degradation complex and so provides a window of opportunity for an increase in
cellular B-catenin that in turn translocates to the nucleus and activates gene
transcription (Novak et al., 1998; Somasiri et al., 2001). This knowledge could
possibly allow for a completely different angle of examination for this study and
determine whether there is in fact a “pathway loop’. Does an increase in ILK-1 that
leads to an increase in cellular B-catenin, which translocates to the nucleus, possibly
bind to the ILK-1 promoter region due to, the Tcf-1 binding sites and so cause a
synergistic increase of ILK-1? Somasiri et al. (2001) transfected mouse mammary
epithelial cells with wild type ILK-1 and found that overexpression caused the cells to
loose E-cadherin and develop a mesenchymal morphology associated with loss of
cell-cell adhesions (Somasiri et al., 2001). The overall loss in steady state E-cadherin
levels in wild type ILK-1 overexpressing cells is an observation previously made in
intestinal epithelial tissue (Somasiri et al., 2001; Wu et al., 1998). Therefore, one of
the possible expectations for this study would have been a noticeable change in the
morphology of the transfected cells. However, the HOSCC cell lines were not
examined to determine whether these tumours naturally express increased levels of E-
cadherin. Although this could be of importance as Somasiri et al. (2001) found that
forced expression of E-cadherin caused an epithelial reversion in mesenchymal wild
type ILK-1 overexpressing cells, yet no correlation could be found between the levels
of wild type ILK-1 overexpression or E-cadherin expression and differentiative rescue

(Somasiri et al., 2001).

The regulatory mechanism effects mentioned in this chapter and chapter three could
possibly be reduced or minimised if a mutant B-catenin construct was transfected as
opposed to the wild type B-catenin construct used in this study. Shtutman et al.
(1999) assessed the effect of B-catenin overexpression on cyclin D1 abundance in

human 293T cells. The cells were transfected with expression vectors encoding
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mutant N-terminal f-catenin constructs (GFP-AN-B-cat and B-cat Y33) that render it
stable against degradation (Shtutman et al., 1999). Cyclin D1 protein levels were
induced 2 to 3 fold with these particular constructs, as opposed to the control
construct (construct encoding GFP). Transfection of a B-catenin mutant construct into
the WHCOG cell line may have been a reasonable possibility to minimise the effects
of the naturally occurring regulatory mechanisms within the cells and so determine
whether ILK-1 is a direct transcriptional target for activation by the B-catenin/Tcf-1

complex.

4.6 Tcf-1 and/or B-catenin as a target for cancer therapy

Activation of oncogenes and loss of tumour-suppressor genes allow cancer cells to
escape apoptosis. For this reason, the inhibition of oncogenic proteins or the
reactivation of tumour suppressor genes has become the focus for the development of
many anticancer drugs. The result was antibodies that block cell surface receptors
such a Vectibix” (Panitumumab, a fully human anti-EGFR monoclonal antibody)
and/or Erbitux® (Cetuximab, a chimeric anti-EGFR monoclonal antibody); both
examples block the EGF receptor on expressing cells (Macarulla, 2008; Musch,
2008). Both the academic and industrial fields have stated that the specific inhibition
of DNA-binding protein’s interaction with DNA is a formidable task. However,
evidence of increased activity of a limited, yet specific set of transcription factors
show them to have significant roles in cancer and warrant further investigation
(Darnell, 2002). It has been proposed that transcription factors are the most direct
targets for treating cancer, supported by the fact that there are many more oncogenes
in signalling pathways compared to oncogenic transcription factors (Darnell, 2002;
Sukhdeo et al., 2007). So a potentially effective way of treating epithelial cancers
would be by preventing the B-catenin Tcf/LEF interaction. Hovanes et al. (2001) has
reported that Tcf-1 is most often the -catenin partner in human colon cancers. The
overactive factors of protein complexes (in particular the Tcf-1/B-catenin complex),
within the nucleus offer a number of possibilities for pharmacological action and

warrant further investigation (Darnell, 2002; van de Wetering et al., 2002).
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4.7 Tcf-1/p-catenin complex may be influential in contributing to

HOSCC behaviour

The prognosis of the particularly aggressive cancer type studied for this project offers
one that is considerably worse than that of other digestive tract cancers (Yamamoto et
al., 1999). Oesophageal cancer urgently needs a consistent and reliable diagnostic
tool for early diagnosis as well as an effective therapeutic regime that results in non-
recurrence of this cancer type. The Tcf-1/B-catenin protein complex is exceptionally
dynamic and involved in numerous aspects of cell behaviour and malignancy
(Segditsas and Tomlinson, 2006). This dissertation provides insight into some of
these aspects, showing that B-catenin certainly binds to Tcf-1 in human oesophageal
squamous cells. Further study of this interaction may show Tcf-1/B-catenin as central
to events that result in HOSCC metastatic behaviour, possibly presenting this protein
complex as an important therapeutic target in epithelial cancers with particular
reference to the cancer type studied for this dissertation. It’s probable that a
coordinated contribution of several transcriptional and regulatory factors are
necessary to upregulate the transcriptional efficiency of the ILK-1 gene in epithelial
carcinomas of oesophageal origin. Further investigation into the effects of this
dynamic protein complex and the correlation of metastatic behaviour for HOSCC

deserves comprehensive investigation.
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Appendix

5.0 Tissue culture

DMEM medium

1.37% DMEM

0.37% Sodium bicarbonate

2% Penicillin (500 U/ml)/streptomycin (0.5%) solution

Hams F12

1.07% Hams F12 medium

0.0118% Sodium bicarbonate

2% Penicillin (500 U/ml)/streptomycin (0.5%) solution

Mix DMEM:Hams F12 3:1

Filter, sterilize and store at 4°C

Trypsin/Ethylenediaminetetra-acetic acid (EDTA)
0.02% EDTA in PBS
0.1% Trypsin in PBS

Mix EDTA:Trypsin 1:1 to give a final concentration of 0.01% EDTA/0.05%
trypsin

Phosphate buffered saline (PBS)

0.1 M Sodium chloride (NaCl)

10 mM Disodium hydrogen orthophosphate
3 mM Potassium chloride

1 mM Potassium dihydrogen orthophosphate

Adjust to pH 7.6

Make up to volume with dH,O and autoclave
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5.1 Laemmli lysis buffer

Single lysis buffer

0.05M Tris (hydroxymethyl) aminomethane (Tris)
0.15M SDS

10% Glycerol

5% B-mercaptoethanol

Make up to volume with dH,O and adjust pH to 6.8 and store at 4°C
Double lysis buffer

0.05 M Tris

0.15 M SDS

20% Glycerol

10% B-mercaptoethanol

Make up to volume with dH,O and adjust pH to 6.8 and store at 4°C

5.2 Protein estimation

Tri-chloroactic acid (TCA)
7% TCA

Make up to volume with dH,O
0.25% Coomassie blue
0.25% Coomassie blue

50% Methanol

Dissolve, then add 10% acetic acid and make up to volume with dH,O

Destain

12% Ethanol
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10% Acetic acid

Make up to volume with dH,O
Elution solution

67% Methanol

32% dH,O

1% Concentrated ammonia

0.6

y = 0.0245x - 0.0054
0.5 . R? = 0.9837

0.4 -
0.3 - b

Abs 596

0.2 -
0.1 -

ng

Figure 5.0: Example of a protein estimation standard curve.

The specific BSA standards, at varying concentrations in ug (x-axis) and their
respective absorbance value at 596 nm (y-axis) were used to create the curve. The
equation of the curve was used to calculate the unknown protein concentration in a
given sample. R?=linear regression.

5.3 SDS-PAGE

8% or 10% SDS-PAGE gel

Separating gel:

0.8/1.0 g Acrylamide (8% or 10% SDS-PAGE gel)

2.5 ml Separating buffer (1.5 M Tris pH 8.8)

400 pl SDS (50 mg/ml 0.17 M)

400 pl N', N'-Methylenebisacrylamide (Bis) (25 mg/ml 0.16 M)
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Make up to 10 ml with dH,O, then immediately prior to pouring add:

180 ul Ammonium persulphate (APS) (1.25%)
25 uI N, N',; N', N'-tetranethylene-diamine (TEMED) (0.25%)

Stacking gel:

0.5 g Acrylamide

2.5 ml Stacking buffer (0.5 M Tris pH 6.8)
400 pl SDS (50 mg/ml)

Make up to 10 ml with dH,0O, then immediately prior to pouring ad:
180 ul APS
25 ul TEMED

Reservoir buffer
5.2 M Glycine

25 mM Tris pH 8.3
3 mM SDS

Make up to volume with dH,O
0.25% Coomassie blue

0.25% Coomassie blue

50% Methanol

Dissolve, then add 10% acetic acid and make up to volume with dH,O

Destain
10% Ethanol
10% Acetic acid

Make up to volume with dH,O

107



5.4 Western blot analysis

Western blot transfer buffer
25 mM Tris pH 8.3

0.5 M Glycine

20% Methanol

Make up to volume with dH,O

TBS Buffer

50 mM Tris-hydrochloric acid (HCI) pH 7.8
150 mM NacCl

2mM CaCl,.2H,0

Make up to volume with dH,O
Store at 4°C

Blocking buffer (Blotto)
50 mM Tris pH 7.8

2 mM Calcium chloride
5% Non-fat milk powder
0.01% Antifoam

0.05% Triton X-100

Make up to volume with dH,O
Store at 4°C

SuperSignal West Pico Chemiluminescent Working Solution
Before use mix:
50% Luminol/enhancer solution

50% Stable peroxide buffer

Store in the dark
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D19B Developer

6.4 M Metol

0.6 M Sodium sulphite
80 mM Quinol

0.45 M Sodium carbonate

34 mM Potassium bromide

Fixer
0.8 M Sodium thiosulphate
0.2 M Sodium metabisulphite

Nuclear extraction buffers

Hypotonic lysis buffer
10 mM HEPES pH 7.9
1.5 mM Magnesium chloride

10 mM Potassium chloride

Nuclear preparation buffer

10 mM HEPES, pH 7.9

10 mM Potassium chloride

1.5 mM Magnesium chloride

0.5 mM DTT

0.5 mM Phenylmethylsulfonyl fluoride
0.1 mM EDTA

0.5 Nonidet P-40

Make up to a final volume with dH,O
Store at 4°C

Nuclear extraction buffer
20 mM HEPES, pH 7.9

1.5 mM Magnesium chloride
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5.6

5.7

420 mM Sodium chloride

0.5 mM DTT

0.5 mM Phenylmethylsulfonyl fluoride
0.2 mM EDTA

25 % glycerol

Make up to a final volume with dH,O
Store at 4°C

Co- Immunoprecipitation

Immunoprecipitation buffer
20 mM Tris pH 8.0

0.5% Nonidet P-40

0.9% Sodium chloride

Annealed oligonucleotides

STE Buffer (1X)

0.1 M sodium chloride

10 mM Tris (hydroxymethyl)aminomethane (Tris)
1 mM EDTA

Adjust to pH 8.0
Make up to volume with dH,O
Store at 4°C

TE Buffer (1X)
10 mM Tris-HCI
0.1 M EDTA

Adjust to pH 8.0
Make up to volume with dH,O
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Store at 4°C

5.8 Agarose gel electrophoresis

5.9

Tris-borate-EDTA (TBE) buffer (1X)
90 mM Tris

90 mM Boric acid

2 mM EDTA

Adjust to pH 8.3 with acetic acid
Make up to volume with dH,O

Agarose gel loading buffer
50% TBE

50 % glycol

0.01 % Bromophenol blue

Ethidium bromide (EtBr)
10 ng/ml EtBr in dH,O

Staining solution

0.5 pg/ml EtBrin 1X TBE

Native PAGE

5 % or 15% PAGE gel:

0.5/1.5 g Acrylamide (5% or 15% SDS-PAGE gel)
1 ml 5X TBE

400 pl Bis (25 mg/ml 0.16 M)

Make up to 10 ml with dH,O, then immediately prior to pouring add:

180 nul Ammonium persulphate (APS) (1.25%)
25 uI N, N', N', N'-tetranethylene-diamine (TEMED) (0.25%)
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Reservoir buffer

0.5X TBE

Make up to volume with dH,O

5.10 Ponasterone A

OH :

Figure 5.1: Ponasterone A (Merck)
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