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Abstract

Aberrant communication between survival signaliagd cell death pathways

enables tumourells to resist anoikisthe subset of apoptosis triggered by loss of
cell-extracellular matrix (ECM) contact.oEaladhesion kinase (FAK) has been
implicated as the key intermedian the acquisition of anoikigsistance, as
constitutively active FAKescues epithelial cells from anoikiBertinent to
anoikisrelated regulation,rdnanced-AK-dependent signallinigas been
demonstratetb repres53 and Faganediated apoptosi€Elevated expression of

FAK correlateswith increased metastasis of humasa@phageal squamous cell
carcinoma lOSCC). Furthermore, downregulation of Fas as well as a loss of

p53 tumour suppressor function are early events in HOSCC progressithnis |
study,staurosporine (STS) was used to experimentally induce apoptosis in
HOSCC cell ines harbouring eithewvild type vt) or mutant(mt) p53R175H.
Dephosphorylation of FAK accompanied Sirfediated FAK cleavage and

caspase activation in the wt p53 cell lines. Consistent with the lack of FAK
cleavage observed post STS treatmthe mt p5R175H cell line displayed

sustained FAKTyr397 phosphorylatioand persistennit e g ractinate@AK.
However, &hough the survival signals transduced by integetivated FAK are
attributed toprotein kinase BRKB) activation fibronectinmediatedorotection to
STSmediated detachment demonstrated in the wt p53 cells lines was independent
of pPKB Ser473phosphorylation. Moreover, tladtered regulation of FAKn the

mt p53R175H cell line is not due to the inability of mt pR375H b associate

with FAK. Constitutive activation of FAK has been previously shown to protect
cells from anoikismediated activation of caspa8e Correspondingly, in the mt
p53R175H cell linedelayed caspasgactivationwas @companied by the
maintenance f FAK Tyr 397 phos @adsaciatgdiFAKandban, i nt e
Fas/FAK complex.Thus, he data presented highlight that, by interacting with

both major apoptotic regulators, FAK is central to aneiklsted regulation.
Moreover, through maintaindAKp hos phor yl ati on,- t he HfAhot
R175H may have a significant impact on the survival of tumor cells post cell

detachment, by opposing the induction of anoikis.
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Chapter 1

General Introduction

Central role of focal adhesion kinase in anoikis resistance

1.1 Aberrant adhesion-mediated signalling is fundamental to the

metastatic progression of tumour cells

Multicellular organisms require efficient mechanismanoércellular
communi@tion tomaintain normalissuehomeostasis (Hynes and Zh&000).
These requirements are largely met by adhesion receptoestahtish
transmembrane connections, thereby, linking cells to components of the
extracellular matrix (ECM) and adjacent cells. Idifidn to providing

mechanical support, these molecules significantly influence cell behavior, through
the activation ofntracellular signalling pathwaysAs these pathways regulate
diverse cellular process includiegll survivd, proliferation and migation, cell
adhesion is vital to developmeartd differentiation(De Arcangelis and Georges
Labouesse, 2000; Bidit al, 2004) Consequentlyaberrant regulation of
adhesiorbased signalling is prevalent in many pathological conditions such as
psoriasisjnflammation and neoplasia, and is central to tumour invasion and

metastasi$Hanahan and Weinberg, 2000

Although the mechanism whereby tumours escape normal cellular control remains
an enigma, decades of research have indicated that it is metdsthsauses
approximately 9@ of deaths from solid tumou¢Supta and Massague, 2006)

To achieve metastasis, cancer cells need to evade multiple levels of tissue
regulation to bypass stringent cellular restraints. Evaditimese cellulabarriers

is fueled by genomic and epigenomic instabiliti@rgouliset al, 2005;Gupta

and Massague, 20D6Thus, metastasis has been described as an evolutionary
process as it involves the selection of a genetically diverse subpopulation of cells
(Guptaand Massgue, 2005 Within the metastatic cascade several discrete steps

are discernable: loss of cell adhesion from the primary tumour, invasion of



surrounding tissue, entry in the circulatory system and eventual colonization of a
secondary siteRigure 1.1;Fidler, 2003. However, since detachment from the
primary tumour is an initial step in the metastatic cascade, the molecular basis for
inappropriate cell adhesiemediated signaling has become an area of intense
research. Moreover, in addition to facilitagimetastasis, the resultant aberrant
activation of cell survival pathways magduce the sensitivity of cancer cells to

the apoptosiénducing capacity of chemotherapeutic treatnjeet et al, 2000;
Westhoff and Fulda, 2009 Consequently, exploring ¢relationship between

cell adhesion and cell death pathways is imperative, as it reveals the mechanism
used by tumours to overcome normal tissue restraints, facilitating their metastatic

progression.

1.2 The concepts of anoikis and apoptosis-related death

A remarkable aspect aldhesiormediated signalings anchoragelependent
survival. The survival of many normal cell types, particularly epithelial cells, is
dependent on celluladhesion to a substratumdudijit and Vuorj 2001 Bozzo

et al, 2006;Kamarajarand Kapila 2007. Subsequent loss of contact to the
ECM triggers the cdlilkse 0t od subdabfecellg of hiaspopt ¢
death is referred to as anoikis (Frisctd &rancis, 1994). Malignant tumour cells
have reduced requirements for surface adhesion due to the evasion of anoikis
related apoptotic pathways (Frisch and Screaton, 2001; Kupfernahn2007
Caoet al, 2009. However, the underlying molecular ewe rendering tumour
cells resistant to anoikis aceyptic. Do cancer cells possess the inherent ability
to constitutively activate signalling pathways, thereby abrogating substratum
dependent survival signalling? And if so, which apoptotic and cedsaol
intermediates are fundamental to substratleprived survival? Knowledge of
this nature may allow the manipulation of anoilétated intermediates, thereby
enhancing the susceptibility of tumour cells to aneikducing chemotherapeutic

agents.
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Figure 1.1: Tumour cells bypass numerous tissue-dependent barriers to achieve metastasis. Firstly, tumour cells
acquire a migratory phenotype that allows them to invade through the basement membrane. Upon entering the
circulatory or lymphatic system, cancer cells acquire the ability to survive in the absence of adhesion to the ECM
(referred to as anoikis resistance). Tumour cells must then adhere to the walls of a blood or lymphatic vessel at
a secondary site and invade the surrounding tissue. Finally to complete the metastatic cascade, cancer cells
have to survive in the foreign environment and grow to form secondary tumour masses. © Simpson et al. (2008)



Anoikis was first identified in endothelial (Meredigh al, 1993 andepithelial

cells (Frisch and Francis, 199%hat were experimentally dissociated from the
ECM. The resultant death that ensued was accompanied by characteristic
apoptotic features. Apoptosis is the physiological pathway that describes the
mechanisnof programmed cell death (Keet al, 1972; Jin and EDeiry, 2005).
During apoptosis, a specific series of events lead to the organized dismantling of
the cellular components. The cell acquires distinct morphological features that
include; condensatioof the chromatin, apoptotic body formation, cell shrinkage
and blebbing of membrane prior to cell lysis (Ketral, 1972; Kaufman and
Hengartner, 2001)With regard to the modification in biochemical parameters,
there is also intranucleosomal DNA cdlege, phosphatidylserine translocation to
the external membrane and thactivation by cleavage of several DNA repair

enzymes and cellular substrates (Riedl and Shi, 2004).

1.2.1 Caspases - executioners of anoikis

Although the exact mechanism wheretslls underg@noikisis poorly

undersood, both the intrinsic or mitochondrial pathway and the extrinsic or death
receptor pathway have been implicate@y(re 1.2 Lui et al, 2006; Kamarajan

and Kapila, 2007Kamarajaret al, 201Q. Both apoptotic p&iways are

dependent othe activation of caspases, a fhnof aspartatespecificcysteine
protease¢Stennicke and Salvesen, 1988ed| and Shi, 2004)Caspaseare
synthesized as inactive zymogens that becamectivated by proteolytic
processing iran amplified cascade (Nicholsenhal, 1995). Apoptotic stimuli
mediated via both extrinsic and intrinsic death cascades converge on €aspase
(CPP32, YAMA or apopain) (Riedl and Shi, 200#ctivated @aspase is
responsible for the cleavaged disassmblyof approximately 100 proteirtbat
participate in survival signalling, structural and cell adhesion eVéresa ét al.,

1997 Kivinen et al, 2005. Consequently, caspase activation abrogates survival
signalling and dismantles sites of focal contéatilitating the apoptotic death

process.
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Figure 1.2: Anoikis-related stimuli converge on the activation of
caspase-3. The mitochondrial or intrinsic death pathway is
initiated by p53 in response to oxidative stress and DNA
damage. Both caspase-dependent and -independent
apoptotic substrates are released from the inner membrane
space of the mitochondrion and lead to the ultimate activation
of caspase-3. The death receptor or extrinsic pathway leads
to the sequential activation of caspase-8 and -3. Hence, both
the extrinsic and intrinsic apoptotic pathways converge on the
activation of caspase-3. Importantly, defects in either death
cascade render tumour cells resistant to anoikis. © Simpson et
al., (2008)



1.2.2 The mitochondrial death cascade and anoikis

Aberrant regulation of the mitochondrial apoptotic pathway is implicated as a
major contributor to anoikis resistance (Frisch and Francis, 1994} bl 1998;
Rytomaeaet al, 2000; Zhangptal., 2004(b); Lui et al, 2006). he intrnsic
apoptotic pathway involvebealtered permeability of theitochondrial
membraneand the release of apoptotic proteins from the intermembrane space
into the cytoplasmKigure 1.2 Wang 2001). The Bct2 family of proteins

controls the release of mitochondrial proteifi$is family is divided into three
categories depending on the possession of at least one of the four highly
conserved BeR homology domains (BHL BH4). (1) The antapoptotic factors;
Bcl-2 and Belxl, (2)thepreapopt ot i ¢ factor s; Bax and Ba
o n | y-apopioticdactors which includes Bid (Zimmermetral,, 2001). In

viable cells, both Bax and Bak are the major initiators of the intrinsic apoptotic
pathway and reside the cytoplasm and outer mitochondrial membrane
respectively (Weet al, 2001). In response to a death signal, Bax undergoes a
conformational change that enables its insertion into the mitochondrial outer
membrane, and the formation of pores. Bak mo#rs also undergo
conformational changes and oligomerization, facilitating the permeablisation of
the mitochondrial membrane (Willet al, 2005).

Upon oligomerization of Bax or Bak, the mitochondrial outer membrane is
permeabilized resulting in thelease of proteins from the intermembrane space of
the mitochondria into the cytoplasm (Wilks al., 2005). Cytochrome ¢s one of
the key small molecules released from the mitochondnmhresults in the
activation of the cytoplasmic protein, apoptgirotease activation factdr (Apaf

1) (Li et al, 1997; Riedl and Shi, 2004). The binding of cytochrome c to the
adapter molecule apafinduces a conformational change in apafacilitating

the formation of the apoptosome and the recruitment of grasa8 (Li et al,
1997, Jiang and Wang, 2000jrocaspas® is not activated by simple cleavage,
but rather by binding to apdf (StennickeandSalvesen, 1998). The apoptosome
then activates the effector caspase, caspashich is cleaved by activated



caspas®. Other small molecules released from the mitochondrion are second
mitochondriaderived activator of caspase/direct IAP binding protein with low pl
(Smac/ DIABLO) and Omi/HrtA2 (Riedl and Shi, 2004). Both factors indirectly
contribute to caspasactivation by inhibiting members of the inhibitor of

apoptotic protein (IAP) family (Liet al, 2000).

Members of the BeR family of proteins have been implicated in reducing the
susceptibility of tumour cells to anoikis. Overexpression of theaguptotic

protein, Bct2 has been shown to protect epithelial cells from ancherage
dependent cell death (Frisch and Francis, 1994). In Madiby canine kidney
(MDCK) cells and primary mouse mammary epithelial cells, detachment from the
ECM induces rai mitochondrial translocation of Bax (Rytometaal., 2000).
Moreover, in nortransformed intestinal cells, the release of Omi/HtrA2 and was
associated with detachmentluced dowrregulation of BcIXL (Lui et al, 2006)
However, in these cells, anoild&d not involve activation of caspa8¢qLui et al,
2006).

The p53 tumour suppressor protein controls the balance betweapgptotic

and antapoptotic proteins (Rottet al, 1983; Brosh and Rotter, 2009). As the
antrapoptotic factors are propad to inhibit the preapoptotic proteins through

the sequestration of their BH3 domains, the ratio between the two groups
determines the susceptibility of cells to the intrinsic death pathway. Thus, by
redistributing preapoptotic factors at the mitochama membrane, p53 initiates

the intrinsic apoptotic pathway (Miyashita and Reed, 1995; Retlir, 2007).
Anoikis has been demonstrated to be-ggBendent, as anchoradeprived death
was suppressed in fibroblasts transfected with dominegative p3 (llic et al,
1998). Consistent with this observation, inhibition of endogenous p53 activity in
thyroidep t hel i al cell s i nhibited anoikis
detachmeninduced apoptosis only when intact p53 is present (Vabéd,

1999). Thus, in several cell types, substadprived death is regulated by the
Bcl-2 family of apoptotic ptein and central to this regulation is the tumour

suppressor protein, p53.



1.2.3 Anoikis and the death receptor pathway

Studies in nommalignant epithelial and endothelial celisid recentlyin

malignant cacer cell linesmplicate the death receptor pathway in anoikis
induction (Frisch, 1999; Marcoset al, 2004; Bozzeet al, 2006; Mawjiet al.,

2007; Kamarajaet al, 2010). The extrinsic pathway is initiated by the binding
of the Fas death ligand (Fasl9 its corresponding death receptor, Fas
(synonyms: Apel, CD95, and TNFRSFgJigure 1.2 Nagata, 1999\ oud)it and
Vuori, 200]). The binding of the death stimulus results in the recruitment of the
adaptor protein Fas associated death domain (FADRERsS the initiator
procaspas®, to form a deatmducing signalling complex (DISC) (Peter and
Krammer, 2003). Procaspa8ayenerally has low activity in the cell, however,
upon formation othe DISC, procaspas® molecules aggregate and autoactivate
one another to form active casp&&@arnhartet al, 2003) Activated caspas@
then cleaves the effector caspases; procaspaéeand-7 which are cleaved into
their active formgBarnhartet al, 2003; Westhoff and Fulda, 2009y hus, the
effector @aspases become catalytically activated and commit the cell to death by

the concomitant cleavage of structural and repair enzymes.

With respect to Famediated apoptosis, cells are classified as either type | or type
Il (Scaffidi et al, 1998). In typé cells, Fas activation results in the efficient
assembly of the DISC and processing of downstream effector caspases. In
contrast, in type Il cells, the formation of the DISC is impaired and the Fas
mediated death signal is transmitted via the mitochahdgoptotic cascade.
More recently, this hypothesis has been |
and lkonen, 1997ChaigneDelalandeet al, 2008). The original view that the

lipid bilayer is a dynamic entity (Singer and Nicolson, 1972) has tsased to
include ordered lipid assemblies that reside within the fluid meml¢€&iregne
Delalandeet al, 2009. As these subdomains are enriched with sphingolipids and
cholesterols they have been described as lipid rafts, detesgestant

microdoméans (DRMSs) or glycosphingolipi@nriched microdomains (GEMSs)
(ChaigneDelalandeet al, 2008). Subsequently, the classification of cells as



either type | or type Il has been attributed to the localisation of Fas within or
outside the DRMs respectivelWl(ippidi and Siegel, 2004). Hence, the
transmission of Fadependent death signadsreliant on thdevel of Fas residing
within the lipid rafts (Legembret al, 2006).

Aberrant regulation of the death receptor signalling pathway is implicated in the
resistance of anoikis in tumour cells and subsequently, chemotherapeutic therapies
(Frisch, 1999; Rytomat al,, 1999; Marcongt al, 2004; Mawijiet al., 2007).
Importantly, the detachment of nomalignant cells from the ECM induces

anoikis through activéon of the Fasnediated apoptosig\oudjit andVuori,

2001). Both Fas and FasL levels are upregulated, whilst FLIP levels are reduced
in HUVEC cells post detachmemdudjit andVuori, 2001, Kamarajaret al,

2010. Moreover, these alterations in theéresic death intermediates were
associated with the induction of Famediated apoptosig\oudjit andVuori,

2001). In MDCK cells, detachmemtduced apoptosis occurs via the death
receptor pathways, as overexpression of a dominant negative FADD blocked
anoikis, and led to the activation of casp8sand-3 (Rytomaeet al, 1999).
Consistent with the previous study, both Fas and FasL expressionwas up
regulated post detachment. However, the functional significance of these events
is uncertain, as the kile extracellular domains of the death receptors were not
able to protect against anoikis, even though caspasas activated in a FADD
dependent manner (Rytomeial, 1999). Moreover, lack of reliance on the

death receptors was demonstrated in dyshy Stupaclet al, (2001), where the
integrin b subunit toshe mdmbrane, andactivate cr ui t
caspase in a death recepténdependent mannéBtupacket al, 2001) Hence,
although the mechanism underlying anoikis appears teltype specific,

conditions that trigger anoikis converge on the activation of casp@&amarajan

et al, 2010) In contrast to normal cells, malignant cells fail to activate the death
receptor pathway upon loss of ECM contact, despiteegplatirg Fas and FasL
(Mawiji et al, 2007). Hence, due to aberrant regulation ofrradiated

apoptosis, tumour cells resist anchoraggependent death, facilitating their

metastatic progression.

(



1.3 Influence of tumour microenvironment on anoikis regulation

In normal tissugadhesion to appropriate exdediular matrix proteins is essential
for survival,and loss of this adhesion indu@e®ikisvia intrinsic or extrinsic
apoptotic pathwgs (llic et al, 1998; Kurenovat al, 2004; Kamarajaet al,
2010). However, tumour cellseaable to overcome thisgulation andwgvive in
the absence afell adhesion.Cell anchorage is a multifacet@docess involving
adhesion moleculabatinteract with differentstructural components refed to
as the ECMand neighboring homotypar heterogpic cells (Grossman, 2002)
Thus, anchoragdeprived death is associated with the lossahy different
kinds of celicell/cellmatrixinteractions. Hete, hetumourmicroenvironment
comprising of norcancerous cells and the protein network surrounding the

cancerous mass a key regulator afumourbiology.

1.3.1 Cell-cell survival signalling

Signals mediated via direct cekll contact of tumoucells may aid survival, as
ECM-deprived squamous cell carcinoma cells resist anoikis (Kantak and Kramer,
1998; Zhanget al.,, 2004(a)). At sites of adherens junctions the el

connections are mediated by cadherins, transmembrane glycoproteins that
maintain celicell adhesion via a calciaependent mechanism (Takeiehial,

1990; Yagi and Takeichi, 2000). Of the 10 subclasses of cadherins that have been
identified, Ecadherin/ uvomorulin, fadherin and Madherin are the most

common and hava ungue tissuespecific distribution. Ecadherin is well
characterized and its expression is limited to normal epithelial tissue. As
cadherins interact homophilically;&dherins only interact selectively with other
E-cadherins and so forth (Shapéebal., 1995).

The adhesive function of cadherins is dependent on their interaction with
cytoplasmic proteinsl N t he ¢yt o®i-cafennbinded the lwaslmerinU
to form alink between the adjacent cell and the actin cytoskeleton, thereby

influencing structural organization as well as development of cells (Takeichi,
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1990; De Arcangelis and Georgesbouese, 2000). Consequently, altered

cadherin expression has been reported in many tumours. Reduedtétin

expression is associated with an increase in epithelial cell invasiveness and
dedifferentiation that accompanies the development of various carag(Van

Akenet al, 2001). Moreover, blockage of{€adherin interactions induces

anoikis (Kantak an&kr amer , 1998) , wh icatenih, faclvates e x pr e s

anchoragendependent growth in epithelial cells (Orfatlal, 1999).

1.3.2 Cell-substrate interactions: ultimate regulator of anoikis?

Normal cells introduced into the incorrect microeéomiment, due to inappropriate
cell-substrate engagement, will be driven towards anadi&sendent death.

Hence, these ceECM connections profoundly regulate cell fate decisions as they
suppress the proliferation of cells existing outside their apptepiavironment
(Badylaket al, 2009. Conversely, cancer cells that overcome anoikis regulatory
mechanisms may populate locations that would normally be incompatible-to non
transformed cells. Thus, interactions between the ECM and the tumour cell are
bdieved to be a main determinant in anoikis resistance (Zéaalg 2004(a);
Kamarajarand Kapila, 2007).The ECM is composed of a complex network of
fibrous proteins and glycosaminoglycans that are produced locally and secreted
via exocytosis. This @sacellular microenvironment functions as a scaffold to
maintain tissue integritgBadylaket al, 2009. In addition, cells directly interact
with the ECM via surface receptors, such as the integrins, which upon
engagement with the ECM activate a braoadge of signalling cascades that
regulate apoptosis, cell survival and migration. The integrins are a family of
transmembrane gl ycopr ot ei ncsease,2G07). Axi st a:
present, 18 subunits and 8 b s(Nagaprashdnthet have bee
al., 201Q. Both subunits associate at cell adhesites known as focal

adhesions The extracellular domains of integrins interact with components of the
extracellular matrix, including fibronectin, collagen and laminin (Gilcrease,
2007). The specificity of these interactions is determined the subunit

combinations of the integrins as well as the cell type.
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In Chinese Hamster avy (CHO) cells and human umis#él vein endothelial cells
(HUVEC), anoikis is suppressed through intei@ts between fibronectin and the
U 5 bniegrin (Zhanget al, 1995; Fukaiet al, 1998). Consistent with these
reports, survival signals mediated via collagé&h3/ binferactions protected the
rat intestinal epithedil cell line (RIE1) from apoptotic stiuli (Leeet al, 2000).
Mammary epitlelial cells derive survival sigals from a laminifrich basement
membrane or collagen, ut i | i za mdyintkdtin,chaid BgationD 3
(Howlettet al, 1995). In addition, by blocking the bindingld® bniegrins to
collagen MDCK cells indergo anoikigLui et al, 2000). In the MDA-MB-435
breast cancer cell linglisrupting survival signals mediated vish e U@ifnl i nt e
increased apoptic induction and repressed metastatic growthivo, whilst,
blockage olJ v b 3 i-mediated signals induced anoikishireast cancer and
melanomgFukai,et al, 1998; Luiet al, 2000). Hence,it is evidentthataberrant
integrin/ECM signallingdisrups normal cellular regulatioandfacilitatesthe

metastatic progressioof cells

1.4 Signalling pathways relevant to anoikis converge on key cell
adhesion intermediates

Due to the crucial role of EChhtegrin signalling in regulating cell survival, the
signal transduction cascades activated by cell adhesion moleals=namal to
anoikis resistanceAftwell et al, 2000;Kamarajan and Kapila, 2007). Key
players in integrinmediated signal transduction dheintegrin-associtéed non
receptor kinasesptaladhesion kase (FAK) andntegrirtlinked kinase (ILK).
UponintegrinECM engagement, both ILK and FAK activate various signaling
pathways involved in cell survival and proliferatidgfiqure 1.3; Sonodeet al,
1999; van Nimwegen andhn defWater, 2007) including the mitogen activated
protein kinase (MAPK)/extradellar regulated kinase (ERK) pathway and the
phosphatidylinositol 3Nkinase (PlI3K) patl
kinase B (PKB/AKT) (Gilcrease, 2007). Unlike FAK, ILK may activate PKB
directly or indirectly via the PI3K casca@&ttwell et al, 2000)
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The Juraminoterminal kinases (JNKs@re a family of MAP kinase related
serine/threonine kinaseg&arly studies indicated thattavation of the JNK
pathwayand MAP/ERK Kinase Kinase 1 (MEKK) pathway wagritical to

anoikis resistance, dise dissociation of epithelial cells from the extracellular
matrix inducel a substantial increase JNK activity (Frischet al, 1996).
Furthermore, the blockage of the JNK pathway by a dominagative form of

JNK kinase partially inhibited anoikiéXia etal., 1995. However,a recent study
demonstratethat the level of JINK activation decreased following detachment of
A549 cells from the ECM, indicating that the role of JNK signalling in anoikis
resistance may be not be as important as originally beli@ve et al, 2008).

Alternatively, activation of the PI3®RKB cascade has been shown to be central
to anoikis resistance, as enhanced PKB activation is associated with substrate
deprived survival@iazMonteroet al, 2006). Upon activation, PI3K
phoshorylatesPIP,o n  t OHeposiBian to producPl(3,4,5)R (PIP;). The
tumoursuppressor phosphatase &eaksin homolog deleted amromosome 10
(PTEN) opposes PI3idependent signalling by dephospylating PIP; to PIP.

In order for PKB to achieve fullctivation, phosphorylation at both serine 473
(Ser473) of the hydrophobic tail and threonine 308 (Thr308) of the activation
motif is required (Majumder and Sellers, 2005). To date, several candidate
kinases are implicated in the regulation of PKB Sehy&phorylation including
the secondnanmalian target of rapamycin (mTORYNtaining protein complex
MTORC2 Garbassoet al, 2006, choline kinase (Chuet al, 2009) and ILK
(Attwell et al, 2000). Acting as a second messenger; RiEtuits PKBvia its
pleckstrin homologyPH) domain to the peripheral membrane. Similarly, PDK1
is also recruitedia its PH domain to phosphorylate Thr308 residue of PKB
(Majumder and Sellers, 2005).

The serie-threonire kinase PKB is a ceral to cellsurvival asandorage
mediated signal transdtien from FAK and ILK convergeonthe activation of
this kinasg Sonodeet al, 1999;Attwell et al, 200Q. Activation of PKB

negatively regulates apoptotic processes by inhibiting cagpastvation,
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inactivaing the prapoptotic proteis badand bax(Dattaet al, 1997; Cantley,
2002) and impeding the negative regulation ofd; thus, enhancing the
transcription of anéipoptotic and prosurvival genes (Duronio, 2008).
Consequently, reduced PKiBediated signalling induces the mitochondrial
translocation of Badral Bax, thereby altering the Bad/BZlIratio and increasing
permeability of the outer mitochondrial membrane (Deattal, 1997) In

addition, PKB activation reduces the transcription of proapoptotic molecules by
negatively regulating thEorkhead familytranscription factors (Brunet al.,

2001). Furthermore, by enhancing p53 ubiquitinatitrosphorylation of Mdm2
by PKB antagonizes p5fediated apoptosis (Duronio, 2008). P&®&ivation
abrogates the activity of tieSC1/TSC2 dimerbyinhibiting therheb GTPase
(Sarbassoet al, 2005) Activatedrheb stimulate mMTORC1, leading to
increased protein synthesis ya0 S6 kinasenediated phosphorylation of
eukaryotic initiation factodE and the ribosomal S6 protein (Sarbasstos.,

2005). As previasly mentioned, the complete activation of PKB is achieved
through the second mTOR complex, mMTORC2, which phosphorylates PKB on
serine 473 (Sarbassevt al, 2006). Thus, it is apparent that based on its central
role in coordinating cell adhesionediatedsignalling, a particular threshold level
of PKB-mediated survival signalling is required to oppose substiepeived

death (llicet al, 1998; Frisclet al, 1999;Attwell et al, 200Q.

As both FAK andLK suppressnoikisvia PKB activation (Sonodet al, 1999;
Attwell et al, 2000, it is difficult to discern which kinase is central to anoikis
resistance. Furthermore, anoikis induced by ILK inactivation is not rescued by
FAK, suggesting that the two kinases affect anoikis in differenparallel
pathwaygqAttwell et al, 2000). Consequentlyegeral studis have been
undertaken to deterine whichsurvival signaling molecule is the most important
to anoikis resistance (Guan and Shalloway, 1992¢tlal., 1998;Attwell et al,
2000; Zhanget al, 2004(a); Kamarajarand Kapila, 2007). Although ILK has
been shown to suppress anoikis, this protection is restricted tenitiated
survival signalling (Attwelket al., 2000). In contrast, numerous reports have

demonstrated that FAK offers protectivom anoikis by enhanced activation of
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PKB-mediated survivahs well aglirecly suppressig apoptotic pathways
(Sonodeet al, 1999; Kurenovat al, 2004; Golubovskayet al. 2005; Limet al,
2008). Accordingly, due to its central roleiiriegratirg signals between
extracellular and intracellular ever@8K has been implicated as the key
intermediate in the acquisition of anoikis resistance (Feset, 1996;Duxbury
et al, 2004; Zhangt al, 2004(a); Kamarajan and Kapila, 2007).

1.4.1 Focal adhesion kinase (FAK) is at the hub of cell adhesion events

FAK is a 125 kDa nofreceptor protein tyrosine kinase localized to sites of focal
contact(Figure 1.4; Parsons, 2003; Kamarajan and Kapila, 2007). The catalytic
core of FAK is flanked by €andN-terminal domains. FAK is directed to focal
adhesion sites by proteprotein interactions with the-@rminal regionyhich
contains thdocal adhesion targetingrAT) sequence (Martiet al, 2002). This
region is also critical for interactions wigaxillin, a scaffolding protein that
mediates interactions with integrins (Schadeal., 1995; Crowe and
Ohannessian 2004). ThetBrminal region comprises of a sequence with high
homology to the FERM (erythrocyte band fouedrin-radixin-moesin) fanly of
proteins yan Nimwegerandvan detWater, 2007). TheN-terminal domain of
FAK associates witthe cytoplasmic region of tHesubunits of integrins
(Schalleret al., 1995) thedeathreceptor complex binding proteRiIP (receptor
interacting proteinfKurenovaet al, 2004)as well as epidermal growth factor
receptor (EGFR) (Sieet al, 2000).

Recent studies show the FERMdain directly interacts with the central region

of FAK, thereby inhibiting its kinase activity (Coopetral, 2003; Cohen and

Guan, 2005). In response to the clustering of integrins at sites of cell contact, the
FERM domain is proposed to release itaihibition of FAK through the

formation of higher affinity associations withe integrin cytoplasmic tails or
otherintegrin-associated proteins (Cooparal, 2003). ConsequentlifAK is
activatedoy autophosphorylation at tyrosine 3@FAKTYr397)(Parsons, 2003).
Tyr397, the main phosphorylation site of FAK bathvitro andin vivo, lies inthe
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linker region betwen the FERM and kinase domai$challeret al, 1994;van
Nimwegenandvan derWater, 2007). The activation byautghosphorylation of
FAK, results in the recruitment of proteins with Src homology 2 (SH2) and Src
homology 3 domains (SH3). An important SH2 containing protein that interacts
with FAK at the phosphorylated T387 residue is Src (Mitra and Schlaefper,
2006). Thecrystalstructure of the FAK Nterminal region suggests tHaitc

binding may also contribute to FAK activation by promotiapase of the FERM
domain fran its binding sites on FAKJQeccarelliet al, 200§. In addition, wo
residueswithin the catalytic core, Tyr578nd Tyb677 are phosphorylated in
response to Src bindinGélalbet al, 1995; Oweret al, 1999;Mitra and
Schlaefper, 2006)Thus,Src plays an integral role in FAK regulation, as full
activation of the FAK kinase domain requires phosphorylation ¢fiege

tyrosine residues. The formation of the FSIiKc compleXacilitates the
phosphorylation of T¥25, allowing Grb2 to bind and activate the MAP kinase
pathway Schleapfeet al, 1994;van Nimwegerandvan detWater, 2007).
Moreover, gven its locaton in the focal adhesion targetidgmain, Tyr925
phosphorylation may also negatively affemtal adhesion targetingan
Nimwegenandvan deWater, 2007%).

In addtion to Src family kinasesyr397-phosphorylated FAKan mediate
interactions with SH2lomains of several otheignaling proteins, including PL-C

21, and adaptor proteinsiich as Src homology and collagen protein (SHC), Grb7,
Nck-2, and the p85 subunit ¢fI3K (Sonodeet al,1999 Parsons, 2003; Mitrat

al., 2005; Siesser and Hanks, 2D06onsequently, FAK activation at sites of cell
contact increases activation of PKB, the downstream effector of the PI3K cascade
(Majumder and Sellers, 2005T.hus, through phosphorylatioRAK activates
numerous downstream signalling pathways that réguleoliferation, survival

and migration\an Nimwegen andan detWater, 2007).
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Figure 1.3: Schematic representation of FAK. A) The kinase domain of
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FAK is flanked by C- and N-terminal domains. The main
phosphorylation site, Tyr397, lies in the linker region between
the FERM and kinase domains. Upon Tyr397
autophosphorylation, Src, Grb7 and the p85 subunit of PI3K
are recruited and Tyr576 and Tyr577 are phosphorylated in
the catalytic core. The C-terminal region contains the FAT
sequence, which localizes FAK to focal adhesion sites and
interacts with the scaffolding proteins, talin and paxillin. © van
Nimwegen and van der Water, 2007 B) During attachment of
cells, the clustering of integrins facilitates the binding of the
FERM domainof FAK t o the cytopl asmic
of the integrins. Consequently, FAK is unfolded and releases
the FERM-dependent autoinhibition of FAK, allowing its
activation by autophosphorylation at Tyr397. © Siesser and
Hanks, 2006
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1.5 FAK: the key player in anoikis resistance

The underlying mechanism enabling tumour cells to bypass stringent anoikis
relatedregulation appears to rely on constitutive activation of survivaldigg
and the repression of apoptotic pathways étial., 1998; Kamarajaet al.,

2010). Accordingly, studies have demonstrated that constitutive activation of
FAK is associated with the repression of apoptotic pathways and maintained cell
survival in the absence of cell contact (Frisch and Francis, 1994; etisth

1996; Zhanget al.,, 2004(a); Golubovskayaet al, 2005). Increased Tyr397
phosphorylation of FAK is associated with enhanced cell adheSioen(and
Shalloway, 1992Zhanget al, 2004 (a); Kamarajan and Kapila, 2007).
Correspondinglyconstitutively active FAK rescues epithelial cells from anoikis
and loss of substrate adhesion reduces FAK activéfiosch and Francis, 1994).
In addition, a crucial role of FAK in anoikis resistarhas been demonstrated as
expression of CDZFAK, afusion protein that retas a high level of Tyr397
phosphorylatiorwhencells are held in suspensjatramatically opposed anoikis
(Frischet al, 1996. Moreover.knockdown of FAK expression in orstpamous
cell carcinomaZhanget al, 2004(a)) and pancreatic adenocarcino(@auxbury

et al, 2009 promotes anoikis in these cells

Enhanced activation of FAK transmits survival signals viaRt8K pathway, as
phosphorylation of Tyr397 results in PI23itivation by phosphorylatior{gure
1.4; Sonodeet al, 1999). However, as previously mentioned, the PI3K cascade
is not exclusively regulated by FAK (Attwaedt al, 2000). Furthermore, a
definitive role of aberrant FAK activity in the progressidmmst tumours has
been reportedMiiyazakiet al, 2003; Larket al, 2005; Watermanat al,, 2005;
Jianget al, 201Q. Thus, an alternative survival role of FAK in the regulation of
anoikisrelated events has been proposed. Although the details céglisition
are enigmatic, both the extrinsic and intrinsic apoptotic pathways have been
implicated in the FAKdependent suppression of anoikis (Kurenetval., 2004;
Golubovskayaet al, 2008; Limet al., 2008).
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Figure 1.4: FAK-mediated signalling pathways. FAK localizes to
integrins via interactions with its C-terminal domain. As a
consequence of FAK-integrin engagement, FAK is
autophosphorylated at Tyr397 providing a binding site for Src.
Src further phosphorylates FAK, incr
activity. Consequently, PI3K is recruited to FAK and activates
PKB. Once activated by phosphorylation, PKB initiates
downstream survival events. Interaction of the N-terminal
domain of FAK with p53 inhibits the transcriptional activity of
p53, thereby also enhancing survival signalling. An important
transcriptional target of p53 is the death receptor, Fas.
Binding of Grb2 to phosphorylated Tyr 925 results in the
activation of the Grb2/Ras/ERK pathway which enhances
survival signalling. Therefore, FAK is at the hub of survival,
proliferation, adhesion and migration signalling.
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1.5.1 FAK represses p53-mediated apoptosis

In the absence of cdlCM interactions, p53 has been implicated in thygikaion

of FAK-dependenanoikis Figure 1.4;Golubovskayaet al, 2005). Under
conditions of ECM deprivation, thyroid epithelial cells undergo anoikis through a
p53-dependent pathway (Vitakt al., 1998). A study by Golubovskagaal

(2005) showedhat the Nterminal FERM domain of FAK specifically interacts
with the Nterminal domain of p53The p53/FAK has been proposed to inhibit
p53 activity by enhancing Mdi® dependent ubiquitination of p53, or

alternatively, reducinthe transcriptional actityf and therefore prap@totic

effect of p53 Golubovskayaet al, 2008; Limet al, 2008) In another study,
survival signals mediated by fibronectin and integrin alpha v were shown to affect
FAK phosphorylation and prevent pb3diated apoptosis (Zhaegjal, 2004

(a)). Moreover, bssof cell adhesion increased FAKclear localisation,
enhance@53 degradation and promoted cell surviiid et al, 1995)
Thereforealthoughconsiderable evidence points to a crucial olp53 in FAK
mediated rem@ssion of anoikis, the exact function of interplay of Fa#d p53 in

cell function remains to be clarified.

1.5.2 Association between FAK and Fas-mediated apoptosis

Intriguingly, in addition to the mitochondrtahediated apoptotic pathwayAK

has also een implicated in the suppressiornioé deatkreceptor pathwagFigure
1.4). A functional link between FAK and the death receptors has been
demonstrated (Kurenowt al.,, 2004 Kamarajaret al, 201Q. Furthermore, a Fas
antagonistic antibody was shownmrescue SCC from FAhediated anoik
(Kamarajan and Kapila, 2007) anldragation ofFAK expression has been shown
to be associated with enhanced casf@aaetivationand the induction of anoikis
(Kurenovaet al, 2004 Kamarajaret al, 201Q. Therefore although the details

of crosstalk between Fas and FAK still need to be eluciddtedole of Fas in

anchoragalependent survival represents a fascinating step in anoikis control.
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1.6 Aberrant FAK signalling in tumour progression

Advances in the motailar profiling of primary tumours have revealed genes the
expression of which correlate with the reoccurrenaaetfastatic cancéWWeigelt

et al, 2005). To date, numerous reports have implicated aberrant expression and
regulation of FAK in facilitatinghe metastatic progression of tumour cells
(Miyazakiet al, 2003;Lark et al, 2005; Watermanat al, 2005;Gabrielet al.,
2006;Jianget al, 201Q. Accordingly, nappropriate expression of FAK has been
reported in human tumours including oral caociva (Schniedeet al, 2002),

breast cancer (Lankt al, 2005),colorectal carcinoma (Larkt al, 2003)
oesophageal carcinon(isliyazakiet al, 2003) and tongue cancdignget al,

2010. In a study of 58natched pairs of breast cancer and correspgmbrmal

ti ssue, a s iimgFAK exmression washservedeyansnenoblot
analysis in the tumour cells with respect to nortisslue(\Watermanret al.,

2005) Analysis of matched norméksue and primary human colorectal
adenocarcinoma®veded higher levels of FAK itumouss, whereas reduced
expression of FAK was found in liver metastases compaitcthe matched
primary tumoursAyaki et al, 200). Consistent with this study, reduced FAK
expression is associated with the progressiorifical cancer and pelvic lymph
node metastasi$s@brielet al, 200§. In contrast to these reporétevated
expressiorof FAK was shown t@orrelae with increased invasiveness and
metastasie®f HOSCC (Miyazaket al, 2003). However,abpite these dparites,

all studiesprovide compelling evidence fan important ra of FAK in tumour
formation through the aberrant regulation of apoptotic events

In addition to establishing the role of FAK in the different stages of metastatic
progression, seval reports have highlighted the important role of FAK as a
mediator of tumourigenesis vivo (Mcleanet al, 2001; Mclearet al, 2004). A
study examining megnant papillomas showed that the amounts of FAK were
similar in thefak”” andfak”* mice, suygesting thatlespite the presence of only a
single operationdhk allele inthefak heterozygous mice, FAK protein expression
waselevated duringqumourprogressiorfMcleanet al, 2001) SkKinrs pe ci y ¢
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deletionof fak after formation of papillomas revea that FAK idirectly
required fortumorigensisn vivo (Mcleanet al, 2004) As theresultantreduced
tumourprogression igttributed tancreased apoptosis after deletion of FAK
(Mcleanet al., 2004) thesemodels support the prominent role of FAK i

tumourigenesis.

Although a correlation between FAK mRNA levels and protein expression has
been demonstrate@Golubovskayaet al, 2009, very few studies have examined

the molecular events that lead to enhanced FAK expression. Analysis of the FAK
promder region revealelinding stes for NFk a p p a b Galubavskay&t3 (
al., 2009. ImportantlyNF-kappab i n d u c @53, inhibithtiansaiption of

FAK (Golubovskayaet al, 20094. Thus, as aberrant regulation of both these
proteins is associadevith tumourigenesis, it is not surprising that numerous
reports have linked inappropriaggpression and/or activity of FAK tbe

metastatic progression oéncer cells.

1.7 Human oesophageal squamous cell carcinoma (HOSCC) is a
highly metastatic tumour

Under normal physiological conditions, the oesophagus is lined by stratified
squamous epithelium (Katadaal, 1997). These epithelial cells are constantly
exposed to a fluctuating environment that compromises both the chemical and
physical integriy of the surface oesophagéakatinocytes.Consequently, the
remodelling and turnover of oesophageal epithelial cells is a finely regulated
mechanism. As apoptosis is fundamental to normal epithelial cell turnover
(DeNardi and Riddell, 1991), the modiiden of cell death in oesophageal
squamous epithelium is of particular importanéecordingly, tie balance
between cell proliferation and survival becomes disruptétO8CC, enabling
oesophageal tumour cells to escape anaonesliated death and metastagLin

et al, 2009). Therefore, elucidating the molecular events that facilitate anoikis
resistance in HOSCC is of particular importance, as HOSC@ighly metastatic
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tumour, which evades tissalependent restraints through multiple mechanisms
(Figure 1.5;Tewet al, 2005).

HOSCC is a cancer of variable geographical distribution and is currently ranked
the sixth most common cause of cancer death worldwide (McCabe and Dlamini,
2005). Due to insensitivity to the apoptosisducing ability of léemotherapeutic
reagentsprognosis remains poor with the survival rate over 5 years just under
10% (Lerut, 1999; Shibakitet al., 2000;Tew et al, 2005. The highest mortality
rates of the disease are in China, with an elevated occurrence of the thseas
Western Europe, Japan, South America, South Africa and the former Soviet
Union (Pickens and Orringer, 2003). Universally oesophageal cancer is more
common in men and is currently the second most common cancer in the South
African male population, anithe most common cancer in the South African black
male population (McCabe and Dlamini, 2005). Its prevalence also increases with

age with a peak in incidence between 65 to 70 years of age (Lerut, 1999).

A multistage process has been proposed foribkigon of HOSCC, in which
normal squamous epithelia progress from-imasive precursor lesions, towards
invasive cancer that metastasizes to the lymph nodes and other @&igadns (
LiebermanandFitzgerald 2009). With respect to diagnosis and progsosi
HOSCC tumours are placed into three categories based on their morphological
appearance and tissue architecture. Brie¥ll-differentiated tumourbkave a

high level ofkeratirisation whilst, poorlydifferentiated tumourbave reduced
keratin levels ad pleomorphiaqucle (Graceet al., 1985) Tumours intermediate

to the welt and poorly differentiated categories are classified adarately
differentiated Consequently, these clinicopathological categories are extremely
broad, especially the modeghi-differentiated category, into which many
borderline cases are placed. However, the visual classification of oesophageal
tumours may not reflect their metastatic potentialnastro studies show that
oesophageal tumour ceflom all three categorseachieve metastasis (Robinson
et al, 1982). Hence, it is evident that the visual classification of oesophageal

tumours alone is not sufficient to predict oesophageal tumour prognosis.
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Consequently, the molecular analysis of the protein alterationsgetying
HOSCC progression is critical to provide a more consistent method of detecting

and diagnosing this cancer.

1.7.1 Molecular events underlying anoikis resistance in HOSCC

HOSCC is highly resistant to apoptotic stimuli due the upregulatiantsf
apoptotic proteins including B&, Bckx, and survivin, and the suppression of
proapoptotic proteins including p53, BAX, Fas and FasL (Clearad), 2005;
Takikitaet al, 2009). The loss of the tumour suppressor function of p53 is
proposed to be agarly event in the development of oesophageal carcinoma
(StonerandGupta, 2001).Mutations between exon 5 and exon 8 are common in
HOSCC (Gamieldiert al, 1998; Liet al, 2004), with 85% of the p53 mutations
being GC to AT transitions and 69% locatedCpG dinucleotides (Waref al,
2003). In particular, mutations in codons 175, 248, and 273 of p53 facilitate the
progression of HOSCC (Wargg al, 20(; Vrbaet al, 200§. These single base
mutations abolish the ability of p53 to transcriptionaltyivate apoptotic

proteins, thereby, altering cell cycle control and suppressing apoptosis (Robert
al., 2000). Consequently, due to the reduced sensitivity to apoptotic stimuli,
HOSCC tumourkarbour ng a Ahot spoto p53 mutant ar
conventional chemotherapy (Inabial, 1986; Roberét al, 2000).

HOSCC has been shown to be nonresponsive toneasated apoptosis (Rigberg

et al, 1999). Bth Fas and FasL have been demonstrated to be downregulated at
early stages during the degpment of HOSCC (Xuet al, 2006). FADD, on the
other hand, was shown to be overexpressed in oesophageal carcinoma, whilst
caspase3 was strongly downregulated (Xeeal, 2006). In addition, Hughes

and colleagues demonstrated that wt Fas was retaimmgtbplasm and did not
translocate to membrane (Huglesl, 1997). Thus, perturbations in the Fas

mediated death cascade are pivotal to HOSCC progression.
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In addition to deregulation of both intrinsic and extrinsic cell death pathways,

aberrant redation of cell adhesiomediated signalling pathways is implicated in

tumour development and metastasis of oesophageal cancest (&le2000).

HOSCC cel l |l i nes showed higher | evels of
to normal oesophageal tissueillst and Veale, 2001). In addition, expression of

the U2 and b1l subunits was reduced (Mil |l
overexpression of FAK has been shown to be correlated with increased

invasiveness of HOSCC (Miyazadi al., 2003). Hence, as FAKoordinates p53

and Fagdependent death processes, these studies suggest that aberrant regulation

of FAK may be central to anoikis resistance in HOSCC.
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Figure 1.5: Biological functions of deregulated proteins in HOSCC. A large portion of deregulated proteins in HOSCC are
involved in signal transduction, apoptosis and cell adhesion. Adapted from Lin et al., (2009)
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1.8 Aims

Although aberrant regulation of FAK has been implicated in anoikis resistance,
the details of FAKdependent ankis regulation are cryptic. Pertinently, an
important role of FAK in HOSCC metastasis has been demonstrated (Migazaki
al., 2003). Thus, with the aim of characterising the molecular events that
underpin anoikis resistance in HOSCC, we sought to:

i.  Establish the relative expression and cellular distribution of the key
anoikisrelated interradiates, FAK, p53 and Fas in a systermofierately
differentiatedHOSCC cell lines.

ii.  Ascertain whether eelationship exists between FA#kependent signalling
and ajpptotic sensitivity in HOSCC.

iii.  Establish whether the interaction between the major apoptotic constituents

and FAK underlies anoikis resistance in HOSCC.
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Chapter 2

Monitoring of typical anoikis-related intermediates in

human oesophageal squamous cell carcinoma cell lines

2.1 Introduction

In the absence of celCM contact, both the extrinsic and intrinsic apoptotic
pathways have been implicated in the induction of anoikis (Kuresioalg 2004;
Golubovskayaet al, 2005). Fundamentad this anoikisrelated regulation is

FAK, a vital mediatoof survival signding at sites of cell conta¢Bchalleret al.,
1992; van Nimwegen andin detWater, 2007) Adhesion to ECM components
including fibronectin (Zhangt al, 2004(a)) and collage type IV (Sanders and
Basson, 2000Crowe and Ohannessi@004) increase activation of FAK by
Tyr397 phosphorylationAccordingly, increased Tyr39@hosphorylated FAK is
associated with enhanced cell adhesion (Guan and Shalloway, 1992; Kamarajan
and Kajla, 2007). In addition to regulating cell adhesiomediatedsignalling,
activation of FAK, througfyr397 autphosphorylationregulates processes
critical to embryonic dvelopment including migration anoliferation.
Consequently, FAKhull embryos dé at day 8.5 and exhibit impaired vascular
development, endothelial migration and tube formation, processes under stringent
regulation by apoptosidlic et al, 1995) Accordingly, the inhibition of FAK
expression with oligonucleotides has been shovwindace cell rounding,
detachment and apoptosis, whilst, constitutively active FAK suppresses anoikis
and induces tumour formation in nude mice (latral, 2008). Therefore, due to
its central role in coordinating cell adhesion and apoptotic eventsaaberr
regulation ofFAK is implicated as the key cell adhesimtated event involveih

the acqgusition of anoikis resistance (Frisehal, 1996;Duxburyet al., 2004;
Zhanget al, 2004(a); Kamarajan and Kapila, 2007).

Survival signals transduced \BE&ECM-activated FAK are reported to suppress
apoptotic stimuli through the activation of the PI3K/PKB pathway (Sorbdé,

1999). However, a report in a substrdegendent squamous cell carcinoma cell
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line revealed that ECNhediated survival signals wemdependent of FAK
dependent activation of PKB (Zhargal, 2004(a)). Notably, increased

activation of FAK by ECM influence, led to the suppression of@&3endent
apoptosis (Zhangt al,, 2004(a)). Furthermore, under conditions of ECM
deprivationand reduced FAKiependent signalling, cells undergo anoikis through
a p53mediated pathway (lliet al, 1998; Zhangt al, 2004(a)). A specific
interaction between the-drminal of FAK and p53 has been demonstrated to
inhibit p53 activity by enhancqiMdm-2-dependent ubiquitination of p53, or
alternatively, inhibiting p53 transcriptional activity (Golubovskayal, 2008;

Lim et al, 2008). Moreover, p53 regulates FAK at a transcriptional level, as p53
binding sites have been identified on the Fgi@moter (Golubovskayet al.,

2005). Hence, the alternative survival role of FAK in the regulation of the p53
mediated intrinsic apoptotic pathway may facilitate the survival of tumour cells in

the absence of cell contact.

In addition to the multiple keels of regulation identified between p53 and FAK, a
functional link between FAK and Fasediated apoptosis has also been
demonstrated (Kurenow al.,, 2004;Kamarajaret al, 2010). The interaction
between the Fas receptor and its associated ligand) (ir#tgatesthe death
receptor pathway of apoptosiggata, 1999Aoudjit and Vuori, 2001 Both Fas
and FasL were upregulated following detachment from the ECM and a Fas
antagonistic antibody protects SCC cells from Fakdiated anoikis (Ishidet

al., 2003;Kamarajaret al, 2010). Moreover, recent studies have shown that
caspase inhibition abrogates anoikis, further implicating frasdiated apoptosis
in anoikis inductionKamarajaret al, 2010). In addition, p53 alters Fas
expression by activatgna p53responsive region on the Fas promoter (Muretch
al., 2000;Zalcensteiret al, 2003). Consequentlinterplay between the two

major apoptotic constituents and FAK is criticabtwikisrelatedregulation
Nonetheless, although these repdrik &berrant regulation of FAK to anchorage

dependent survivathe mechanism underlying resistance to anoikis remains

obscure. Moreover, ke some information has been reported regarding the
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prognostic significance of FAK, p53 and Fas in HOSCC progreg8iliyazakiet

al., 2003;Xueet al, 2006), there are no published reports on the role of these
intermediates in anoikielated signalling events. Furthermdi©)SCC

progression is associated with constitutive activation of FAK, aberrations in the
Fasmediated death cascade and loss of the tumour suppressor function of p53
(Miyazakiet al, 2003;Xueet al, 2006). Thus, with the aim of characterising the
molecular events that underpin anoikis resistance in HOSCC, the expression and
localisation of thékey anoikisrelated intermediates was established in a series of

moderately differentiated HOSCC cell lines.
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2.2 Material and Methods

2.2.1 Cell lines

The five moderately differentiated human oesophageal squamous carcinoma cell
lines; WHCO1, WHCO3, WHCO5, WHCOG6 (Veale and Thornley, 1989) and
SNO (Beyet al, 1976) were obtained from the Cell Biology Laboratory, School

of Molecular and Cell Biology, University of the Witwatersrarithe HT29 cell

line harbouring the mt p5&273H(Bossiet al, 2006) derived fromhuman colon
adenocarcinoma and tkeaspase3 null MCF7 cell line, derived from human

breast carcinoma was supplied by The America Type Culture Collection (ATCC).
Cell lines were cultured in 1€m tissue culture dishes ¢@ing) and maintained

in Dulbecco's Modified Eaglddedium (DMEM) (Appendix 1.1.1)/Ams F12

(3:1) Appendix 1.1.1), supplemented with%d-oetal Calf Serum (FCS)

(Highveld Biologicals).Cultures were maintained in a humid, ‘€7 incubator

with 5% carbordioxide atmosphere.

Once cells achieved confluence of 8, the medium was aspirated and the
monolayer of cells washed with the sterile phosphate buffered saline (PBS)
(Appendix 1.1.3) 2ml of a trypsin (Gibco BRL) and ethylenediaminetedcstic
acid(EDTA) (BDH Laboratory reagents) solution was then dispensed into the
culture vessel anglaced into an incubator at 3 for 5min. Medium

containing 180 FCS was then added to the cell suspension and grown as above.

2.2.2. Total RNA extraction

Total RNA was isolated from the HOSCC cell lines using the Trizol® reagent
(GibcoBRL). Cells were grown to@nfluene of 80% Serum containing media

was aspirated and the cells rinsed three times in PB8ered cells were covered

in a thin film of PBS, scragkfrom the culture dish and added to an Eppendorf.

Excess PBS was removed by centrifugation at 1145nXa TOMY HF120

centrifuge for 3 min. Theupernatant was replaced witlml Trizol reagent and

vortexed briefly. The homogenized sample was in@at room tempature

for5min. 206l of c¢chl oroform was added, mixed
incubated at room temperature for a further 3 min. Samples were centrifuged at 12
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000 xg at 4°C for 15 min to separate phas@$ie aqueous phase waartsferred

into afresh Eppendorf. 5001 of 1 sopropyl alcohol was a
phase, mixed thoroughly be shaking for 15 sec and incubated at room temperature
for 10 min. Samples were centrifuged at 12 00§ at 4°C for 10 min to pellet

RNA. The supernatant wasmoved, 1 ml 7% ethanol added to the Eppendorf

and vortexed briefly to wash the pellet thoroughBamples were centrifuged at

12 000 xg at room temperature for 5 min topellet RNA. The supernatant was
removed and the pellet airied at room temperature for 10 min. The pellet was
dissolved in dHO (301 0 0, depending on yield) by gée pipetting, incubated

at 60 °C for 10 min and stored-a&0 °C). Integrity of the RNA was established

by electrophoresis of the RNA on &dagarose gdAppendix 1.4.1)

2.2.3 Reverse transcription

Once the irggrity of the RNA was confirmed, the RNA waseesed transcribed

intocDNA. 2e | o f r ans ObgnT randomnhexamers) were added to 2

el of RNA ext r acdelEides,ind mcubatedhat 6CHOLD C C

min. Samples were placed on ice fomin and centrifuged at 1145pfor 1 min.

The foll owing was then aMWeRd buffer, 0.6 he Eppel
e | R N Ass NIMLY -RT and 12.5 | ,@ Fhe samples were incubated at 37

°C for 1 hr and the reaction wesminated by incubation 80 °C for 5 min. A
phenol:chloroform (25:24) solution was added to the sample and vortexed briefly.

The samples were centrifuged at 12 0@pat room temperature for 5 mihe

aqueous phase was then transferred into b fppendorf, 7@ | c hl wasof or m
added to the Eppendorf and centrifuged as abdwe. aqueous phase was

transferred into a fresh Eppendorf and the volume measured by pipdttireg

times the volume of 10% ethanol and 10 % sodium acetate was addée.

sample wa precipitated wernight at-20 °C. Samples were centrifuged at 12 000

x g at 4°C for 20 min. The supernatant was removed and the pelletread at

room temperature for 1 ,thorl?2ahn8amplessuspende:
were stored af70 °C. cDNA was visualizd on a 1% agarose gel (Bpendix

1.4.9).
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2.2.4 Polymerase chain reaction (PCR)

As interplay between FAK and the major apoptotic constituents is the primary

focus of this studyprimers were designed to amplify the FERM domain, the

region of FAK involved in protehprotein interactionsPrimers used to amplify

the FERM domain were as follows:

For ward primer 506 GGACAGTCACAAAGTAAAGC
Reverse primer 506 ATTGTCTAAATGTTTGTTGG
Thermal cycle conditions included denaturation at@%or 10 min an®2 cycles

of denaturation at 95C for 0.5- 1 min; annealing at 58C for 0.5- 1min and

extension at 72 °C fomiin with a final elogation at 72 °C for 1@in. PCR

products were visliazed on a 1% agarose gel following ethidium bromide

staining. Fragments were sent to Inqaba Biotech for sequencing. A representative

sequencérace is included in Appendix B

2.2.5 Antibodies

FAK, p53 and Fas were specifically detected with rabblyclonal antibodies
obtained from SantaCruz Technology. Monoclonal mousep&#tK(Tyr397)
(Millipore) was used to detect Tyr397 autophosphorylation of FAK. Polyclonal
horseradish peroxidase (HRByund antirabbit secondary antibody (Separations,
SA) and fluoroscine isothiocyanate (FIT-€ynjugated artrabbit secondary

antibody (Chappel, USA) were used in the immunoblot and immunofluorescence

experiments respectively.

2.2.6 Protein estimation assay

A protein estimation assay was performed based@pribtocol proposed by
Bramhallet al. (1969). Cells were lysed in RIPA bufféAppendix 1.3.2) for 30

min at 4°C. 2 ¢l of theresultant lysatevas spotted onto hydrated filter paper

disks (Whatman) and allowed to dry. Bovine serum albumin (BSA) (BDH
Laboratory reagents) was solubilized in single lysis buffer to create the protein
standard concentrationsglg ,¢ g3¢ g6 € d ,2¢ d 6a & dy TH2 Protein
standards were spotted onto the disk to create a standard curve. Paper disks were
dried in thefume hood. 8mples werdixed to the support medium with 7%

trichloroacetic acid (TCA) for 4bin. Exces acid was removed with 0.2b
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Coomasie BlueAppendix 1.2.) and therstained in Coomasie Blue forht.

The filter paper wadestained witla destain solutio (Appendix 1.2.2) for hr.
Stained samples were cut out of the filter paper and incubated in elution solution
(Appendix 1.2.3 overnight. The following day, the absorbance of the elution

solution was determined at 588 (Beckman Dfi64 Sgctrophotmeter).

2.2.7 Immunoblot analysis

40 pg of proteinper lane was separated on &18DSPAGE gel(Appendix

1.4.4) according to Laemmli (1970) at a constant current of 18 milliamperes (mA)
with electrophoresis running buffer pH 8.8amples werelectrablotted onto a
nitrocellulose membrane (Sartorius), using the Biorad mini {ipdotssystemat

400 mA for 3 hr (4 °C) in Western Blot Transfer Buffer (Appendix 1.5.1). After
transfer was complete, the nitrocellulose membranes were rinsed twideB@th
(see Appendix 1.1.3), and stored overnight at 4 Pansfer efficiency was
checked by staining the gel with Coomasie BWppendix 1.2.1) Non-specific
binding sites on the membrane were-plecked in blocking buffe(Appendix
1.5.2)for 1 hr. Bots were incubated with aAAK for 1 hr orovernight with p
FAK(Tyr397) in 1% BSA Washing was performed 6 times an intervals
with PBS to remove any residual antibodyollowing incubation in HRP
conjugated secondamgenbranes were washed 6 &@at Gnin intervals with

PBS before being exposedttee SuperSignal West Pico Chemiluminescent
working solution (Appendix 1.5.3), from the West Pico Chemiluminescent
Substrate Kit (Pierce, USA) for 5 min. Blots were sealed in polyethylene wrap
and expsed to hyperfinE  MP aut o r &ndAnmerghama, pJk)yor 10 i
min. Film was developed in developer (see Appendix 1.5.4) for 5 min, rinsed
briefly in H,O before fixing (see Appendix 1.5.5) for 5 miBach immunoblot
was repeated three times.

2.2.8 Indirect immunofluorescence

Thevisual determination dfFAK, p53 and Faw/as determined by indirect
immunofluorescenceCultured cellsvere washed four times with cold PBS,
fixed with 4% paraformaldehyde (Appendix 1.6.1) fOrrBin and washedvice
with PBS. Followingpermeabilisation with 0.2% Triton X-100 for 10min, cells
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were rinsed twice with PBS and allowed to dry partially. A fluid barrier created
by the DAKO pen allowed the separate incubation of antibodies. Fellsdiere
incubated with antFAK (1:250) antip53 (1:500) and antras (1:200antibody

for 1 hr at room temperaturé&ollowing incubation with the antabbit

fluoroscine isothiocyanateonjugated secondary antibody250) for 1 hy

Elvanol mounting agnt(Dupont)was added to the wells andlls were viewed at
400 X magnification under a Zeiss LSM 410 confocal microscope (FITC
excitation 490, emission 525)mmunofluorescence assays were repeated three

times.

2.2.9 Co-immunoprecipitation

5 X 10° cells were lysed in RIPA bufféAppendix 1.3.2) for 30 miat 4°C. The

|l ysates containing 350 ddaanpirmttedad nwelrle i |
AC f or 6 hafprotein GBepharose beadsere added to each lysate at

4 °C for overnightThe protein GFAK-b 1 compl ex was centrifug
r.p.m. in a Sorvall® MC 12 V centrifuge for 2 min. The supernatant was decanted,

and 800 pl Tris.HCI buffer pH 8.0 added. The supernatantieeanted and an

equal volume (4%il) of double lysis buffe(Appendix 1.3.1) was added to the

pellet. The suspension was boiled for 5 min and centrifuged for 10 min at 12000

r.p.m. in a Sorvall® MC 12 V centrifuge&samples werseparated by SDBAGE

and blotted onto nitrocellulose membra(®se 2.2.Y. Blots wee incubated in

ant-FAK and antipFAKTyr397to determinehe relative association with

i ntegrin b1

2.2.10 Densitometry
Labworks TM Image Acquisition and Analysis software (Labworks version 4.5)
was used for densitometric analysisémiquantitatively determine the

concentration level of protein in theestern blots.

2.2.11 Image Capturing
Images were captured on a Hewlard Packard Scanjet 4400c series scanner.
Brightness, contrast and magnification of all images were standardised using
Corel Paint Shop Pro X.
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2.3 Results

2.3.1 HOSCC cell lines express Tyr397-phosphorylated FAK

FAK was originally isolated as a highly tyrosine phosphorylated tyrosine kinase
from v-Src transformed chicken embryo fibroblasts, and later in epithelial tissues,
including oesophageal keratinocytes (Schadtaal, 1992 Whitneyet al, 1993).
Pertinent to anoikiselated events, overexpression of FAK correlates with
enhanced invasiveness and metastasis of oesophageal cancer (Miyakaki
2003. As anoikisrelated signalling has never been investigated in HOSGL, tw
control cells with documented resistance to anoikis were included in the study.
Specifically, the colon adenocarcinoma HT29 cell line as it is highly resistant to
apoptotic stimuli due to harbouring the transcriptionally inactive p53 mutant
R273H (LinLeeet al, 2001; Bosset al, 2006), and the MCF cell line as it

lacks functional caspas®and is therefore nonresponsive to caspelksded
apoptotic events (Janiclet al, 1998; Mooneet al, 2002).

Transcription of thdéak gene in the HOSCC armbntrol cell lines was established

by RT-PCR analyses. The success of the RNA extraction was confirmed by the
presence of bands at 650bp and 1500bp resolved by agarose gel electrophoresis,
representing the 18S and 28S subunits of ribosomal RNA subesytsatively

(Figure 2.1A). Reverse transcription yielded a smear indicative of a broad range
of different sized cDNA transcrip{§igure 2.1B. Sequence analysis of the

resultant 476bp fragment confirmed the integrity of the FERM domain across the

cell lines Figure 2.2.

Consistent with previous studies (Schaéleal, 1992; llicet al, 1998;

Golubovskayaet al, 2005), following detection with a polyclonal angibbit FAK

antibody, a band at 128a was detected by immunoblot analysis across cell

lines(Figure 2.3A. Despite standardised protein loading o020 |, densitometr
analysis revealed differential FAK expression across the cell lines, with the

WHCO6, SNO and WHCOS cell lines having higher FAK expression relative to
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the other four cell hes Figure 2.3B. However, with respect to the seven cell
lines, the WHCOG cell line had the highest FAK expression overall. Both the
WHCO1 and WHCOS cell lines had the lowest FAK protein expression, at 5 and
4.5 fold less than the WHCOG cell line resipeely.

The structure of the FAK protein includes: theddminal domain with the

primary autophosphorylation site, Tyr397, the central catalytic kinase domain and
the Gterminal domain containing the focal adhesion targeting (FAT) subdomain
(Parsons2003). The Tyr397 autophosphorylation site of FAK is critical to FAK
dependent survival signalling (Sonacetaal, 1999; Parsons, 2003)As FAK was
differentially expressed across the seven cell likggufe 2.38), we established
whetherthere was a rationship betweeiiyr397 phosphorylateBAK andFAK
concentration in these cell lines. Using the same whole cell extracts as above, a
monoclonal antibody specific for the Tyr397 autophosphorylation site was used to
detect Tyr397phosphorylated FAK acrosike cell lines Figure 2.3). Despite
standardised loading of 80g ,  T-phosBh@rylated FAK was only detected in
the cell lines with the highest FAK expression (WHCOG6 and SR@ure 2.3Q.

This raised the possibility that the other cell lines were resistant to FAK
phosphorylation. Alternatively, due to the spiety of the antibody and lower

level of FAK expression in the other cell lines, the level of pFAKTyr397 was
below the detection level of the monoclonal antibody. Hence, to ascertain
whether pFAKTyr397 was dependent on FAK concentration, we assessed if
immunoprecipitation of FAK would enable the detection of the
autophosphorylation site. Accordingly, pFAKTyr397 was detected in-FAK
immunoprecipitated samples of the WHCO1, WHCO3, WHCO5, MCF7 and
HT29 cell lines(Figure 2.4. Thus, the HOSCC, MCF7 and BT cell lines all
express Tyr39-phosphorylated FAK. However, pFAKTyr397 was only
detectable by immunoblot in the cell lines with the highest FAK expression
(WHCOG6 and SNO).
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A_ MWM  WHCO1 WHCO3 WHCO5 WHCO6 SNO MWM  MCF7 H29

1000bp ——p

500bp ——p

B_ MWM  WHCO1 WHCO3 WHCO5 WHCO6 SNO MWM  MCF7 Ht29

1000bp —p

500bp ——p

Figure 2.1: Efficacy of RNA extraction and reverse transcription
reaction in the HOSCC, MCF-7 and HT29 cell lines. A) The
integrity of the RNA was established by electrophoresis of the
RNA on a 1% agarose gel. Two bands representing 28S and
18S (black arrows) RNA is clearly evident in the cell lines. B)
The presence of cDNA was verified by the electrophoresis of
the cDNA on a 1% agarose gel. The smear is indicative of
cDNA. MWM i GeneRuler™ 1kb DNA ladder
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MWM  WHCO1 WHCO3 WHCOS5 WHCO6 SNO MCF7  HI29

1000bp

500bp =——p> <— 476bp

Figure 2.2: The FERM domain is intact in HOSCC cell lines. A) RT-
PCR products were resolved by 2 % agarose gel
electrophoresis following EtBr staining (10 g/ ml ) . A band
476 bp was observed in HOSCC, MCF7 and HT29 cell lines.
B) Sequence analysis of the FAK transcript revealed the
FERM domain is intact in HOSCC, MCF7 and HT29 cell lines.
MWM i GeneRuler™ 1kb DNA ladder
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See next page for legend.
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Figure 2.3: HOSCC cell lines differentially express Tyr397-

41

phosphorylated FAK. A) FAK was detected at 125kDa in the
HOSCC series of cell lines, as well as the MCF7 and HT29
control cell lines. A monoclonal anti-phosphoTyr397 antibody
was used to detect autophosphorylation of FAK under normal
tissue culture conditions. pFAKTyr397 was only detected in
the WHCOG6 and SNO cell lines by immunoblot. The tubulin
loading control demonstrates equal protein loading of the
whole cell extracts. B) Densitometric analysis revealed that the
WHCOG cell line expressed the highest level of FAK, whereas
the lowest FAK expression was in the WHCO1 and WHCO3
cell lines respectively. C) The highest level of pFAKTyr397
was detected in the WHCOG6 cell line. Note: the expression
levels are relative to the maximum per 20ug (FAK) and 80ug
(PFAKTyr397) of protein in the WHCOG6 cell line. The western
blots were repeated three times (See Appendix 2 for
representative western blot of entire gel).



IP: FAK
Lysate 1gG WHCO5 WHCO3 WHCO1

IB:p-FAK(Tyr397)
125 kDa =

IP: FAK

IlgG Lysate HT29 MCF7

IB:p-FAK(Tyr397)
125 kDa =

Figure 2.4: HOSCC, MCF7 and HT29 cell lines express Tyr397-
phosphorylated FAK. pFAKTyr397 was detected in the
FAK-immunoprecipitates in the WHCO1, WHCO3, WHCO5,
MCF7 and HT29 cell lines. A whole cell lysate was included
for each immunoblot to demonstrate the specificity of the
immunoprecipitation reaction. A negative control (protein G
sephar 0 s e + -FAK antibady)twas included to
demonstrate absence of IgG chains at the size of FAK
(125kDa).
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2.3.2 FAK localises to the cytoplasm in HOSCC cell lines

In other cell types, FAK is a cytoplasmic protein localised to sitéscal contact

by integrin clusteringchalleret al, 1994; Sonodat al, 1999. In the HOSCC,
MCF7 and HT29 cell lines under normal tissue culture conditions, FAK was
localised primarily to the cytoplas(figure 2.5. However, even thoughAK

was naned according to its localisation at focal adhesions, several reports have
shown the accumulation of FAK in the nucleus (Levkgal, 1998; Lobo and
Zachay, 2000; Golubovskayat al, 2005). Consistent with previous reports
(Lobo and Zachar, 2000, nuclear localisation of FAK was evident in the
WHCO1, WHCO3 and HT29 cell lindEigure 2.9.

233FAK and integrin bl association in HOSCC

The direct interaction between the FERM domain of FAK and the cytoplasmic tail

of tihtegrinbsuburtiis an important regulator of Tyr397 phosphorylation and
localisation of FAK Schalleret al, 1994. As we have shown that the protein

protein interacting domain of FAK is intact in the HOSCC cell likagure 22),

we assessed by-@mmunoprecipitatio whether a similar association is present in

the HOSCC cell lines. We clearly show in the representative cell lines (WHCO6

and SNO) an associ at i onFigore2.60)eThadirdetAK and
interaction between the FERM domain of FAK and thegco pl as mi ¢ t ai |
integrin subunit results in the rapid autophosphorylation of Tyr38hdlleret

al., 1999. Accordingly, in the representative cell lines (WHCO6 and SNO), an

(

of

i nteraction bet we ephospharylated FAKwasbetedand Tyr 3!

(Figure 2.6B.
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WHCO1 WHCO3

WHCO5 WHCO6

SNO HT29




MCF7 Negative control

Figure 2.5: FAK localises primarily to the cytoplasm in the HOSCC,
HT29 and MCF7 cell lines. Although FAK was primarily
localised to the cytoplasm in HOSCC cell lines, a small
proportion was detected in the nucleus in the WHCO1 and
WHCO3 cell lines under normal tissue culture conditions,
following immunofluorescent detection. Nuclear FAK was
observed in the colon adenocarcinoma HT29 cell line
harbouring mt p53-R273H. Negligible diffuse staining was
observed in the negative control (excluding anti-FAK
antibody) . Scale bar = 25&gm
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A IP: Integrin 31

WHCO6 SNO
IB:FAK No Ab Lysate W/C Lysate W/C
125 kDa=»
B IP: Integrin 31
. WHCO6 SNO
IB.pFAK (Tyr397)|gG Lysate W/C Lysate W/C
125 kDa=»
Figure 2.6: Il nt egri n b-phospbosytated PAKens wi t h
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HOSCC cell lines. A) FAK was detected in complex with

immunoprecipitat ed i ntegrin bl in the WHCOS®G
lines. B) Tyr397-phosphorylated was detected by immunoblot
analysesintheanti-i nt egrin b1 i mmunopreciopit
cell (W/C) WHCOG6 loading control was included for each

immunoblot to illustrate the specificity of the

immunoprecipitation reaction. A negative control (protein G
sepharose-int2elr ianntbil anti body) was
demonstrate absence of IgG chains at the size of FAK

(125kDa).



2.3.4 HOSCC cell lines express p53

In vitro, abrogtion of FAK-dependent signalling induces p88pendent

apoptosis (Golubovskayat al, 2005; Golubovskayat al,, 2008). Western blot
analysis of untreated cell lysates revealed that all of the HOSCC cell lines express
p53 Figure 2.A). Under standartissue culture conditions, the WHCOG6 cell

line had the highest p53 expressiar? fold higher than that of the SNO cell line

and 1.3 fold higher than the HT29 cell li(legure 2.78B. The lowest p53

expression was observed in the wt p53 MCF7 caspamk control cell line, on
average approximately 5 fold less than the WHCO6 and SNO cellkigge

2.7B.

2.3.5 p53is localised to the nucleus in HOSCC cell lines

Nuclear import or retention of p53 is critical for its ability to control growth
inhibition or induction of apoptosis at a transcriptional level (Rateel., 1994;
Knippschildet al, 1996; Mollet al, 1996; Golubovskayet al., 2008).
Immunofluorescence clearly revealed in all the HOSCC cell lines that p53 is
localised to the nucleu&igure 2.8, supporting the role of p53 as a transcription
factor in these cell lines. Similar to the HOSCC cell lines, in the HT29 cell line
harbouring the mt p58273H, p53 was localised to the nucleus. Studies in breast
cancers have reported witgpe p3 being sequestered in the cytoplasm,
suggesting that defects in the nucleocytoplasmic transport of p53 facilitates
tumourigenesis in these cells (Ogretmen Sath 1997). Consistent with this
previous report, p53 was localised primarily to the cytoplasthe MCF7 cell

line (Figure 2.9.
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Figure 2.7: p53 is differentially expressed in the HOSCC, MCF-7 and

48

HT29 cell lines under standard tissue culture conditions.
A) Western blot analysis of the cell lysates using a polyclonal
antibody against human p53. The highest level of p53
expression was observed in the WHCOG6 and SNO cell lines.
B) Densitometric analysis of the immunoblot was performed
using LabworksE I mage Acquisition
Expression levels are relative to the maximum per 20ug of
protein in the WHCOG cell line. Note: the whole cell samples
used to detect FAK in Figure 2.3A were the same samples
used to detect p53, and therefore, the tubulin immunoblot also
represents the loading control for the above immunoblot.
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MCF7 Negative control

Figure 2.8: p53is primarily localised to the nucleus in HOSCC cell
lines. Nuclear localisation of p53 was observed in HOSCC
and mt p53-R273H HT29 cell lines under normal tissue culture
conditions, following immunofluorescent detection.
Cytoplasmic localisation of p53 was observed in the caspase-
3 null MCF7 breast carcinoma cell line. Negligible diffuse
staining was observed in the negative control (excluding anti-
p53 antibody). Scal e bar = 25&gm
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2.3.6 HOSCC cell lines differentially express the death receptor, Fas

A functionallink between FAK and thEashas been demonstratechplicating

the deathreceptor pathway itheinduction ofanoikis (Kurenovaet al, 2004
Kamarajaret al, 2010Q. In addition, p53 has been linked to the regulation of Fas
mediated apoptosis, as p53 response elements have been identified on the Fas
promoter and wt p53 has been demonstrated teaserFas membrane trafficking
(Bennetet al,, 1998; Zalcensteiat al, 2003. Western blot analysis of whole cell
lysates from the HOSCC cell lines confirmed the presence of the Fas receptor
protein(Figure 2.9A. The polyclonal antibody used in the wa¥s blot

procedure was raised against the full length of the Fas receptor and, therefore,
detected both the partially glycosylated Fas protein (48kDa) and the fully mature
glycoprotein (52kDa). Under standard tissue culture conditions, the WHCO1,
WHCOG6 and SNO cell lines express both variants of Fas, with a higher proportion
of the 52 kDa isoformKigure 2.9B). Interestingly, the WHCO3 cell line only
expresses the 52 kDa isoform of Fas and the WHCO5 and M@H lines only
express the 48 kDa isofornThe highest expression of Fas was observed in the
52 isoform in WHCO3, on average 1.5 fold higher than the WHCO1, WHCO5
and WHCOG cell linegFigure 2.98. As consistent with the literature, due to the
repression of the Fas promoter by the transcriptipiractive mt p53R273H
(Zalcensteiret al, 2003), Fas was not detected in the HT29 cell line by
immunoblot analysigFigure 2.R).

2.3.7 Peri-nuclear localisation of Fas was observed in HOSCC cell lines

The level of surface expression of Fas is onime€ritical parameters in

determining the abiljt of cells to undergo apoptosis, as the Fas expression on the
cell surface transmits cell death signals via the ligation of Faahyzaet al,

2006). The observed variation in the glycosylation of Eagssa the cell lines
prompted the investigation of the cellular distribution of the protein. Consistent
with previous reports of glycosylated proteins, prrclear localisation of Fas in

the vicinity of the golgi complex, was observed in the HOSCC an& Ml
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lines Figure 210). Corresponding to the lack of Fas detection by immunoblot
(Figure 2.9A, Fas was not detected by immunofluorescence in the HT29 cell line
(Figure 2.10.
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Figure 2.9: Fas was differentially expressed in the HOSCC, MCF-7
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and HT29 cell lines under standard tissue culture
conditions. (A) Western blot analysis of the cell lysates using
a polyclonal antibody against human Fas receptor. Two bands
of varying intensity represent the 52 kDa and 48 kDa isoforms

of Fas. (B) Densitometric analysis of the immunoblot was
perfor med
software. The relative difference in the 48kDa and 52kDa
variants of Fas was assessed across all of the HOSCC cell
lines. The expression levels are relative to the maximum per
20ug of protein in the WHCOG cell line. Note: the whole cell
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samples used to detect FAK in Figure 2.3A we were the same
samples used to detect Fas, and therefore, the tubulin
immunoblot in Figure 2.3A also represents the loading control
for the above immunobilot.
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MCF7 Negative control

Figure 2.10: Peri-nuclear localisation of Fas was observed in the
HOSCC cell lines. Under standard tissue culture condition,
HOSCC cell lines show peri-nuclear localisation of Fas, with
a smaller percentage being localised in the cytoplasm. Akin
to the negative control (excluding anti-Fas antibody)
negligible diffuse staining was observed in the HT29 cell line.
Scale bar=15¢ m
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2.4 Discussion

Interplay between FAK and apoptotic pathways has been shown to significantly
influence cell fate decisions (Kurenogtal, 2004;Golubovskayaet al., 2008;

Lim et al, 2008; Kamarajaet al, 2010). Thd-AK gene encodea norreceptor
tyrosine kinase that localizes at points of cell/lECM contact (Scledlbdr, 1992;

Luo and Guan, 2030 As a consequence of alternative splicing ofRA& gene,
several isoforms exist. The neoatalytically active isoform originallysplated

from chicken fibroblasts, FAK related néamase (FRNK), is the most
characterised of these isoforms (van NimwegenvamdderWater, 2007). FRNK
competes with FAK at sites of clustered |
negative regulator of FAKlependent signalling (Cooper al, 2003). The only
other closely related family member of FAK is the 112 kDa prdiicie tyrosine
kinase 2 (PYK2). However, expression of PYK2 appears to be limited to cells of
the nervous system, and cells of haematopoietic origin (van Nimwegemand
derWater, 2007). Hence, due to its integral role in cell adhesion signalling in
epithelig in this report we focus solely on interactions between FAK and key

apoptotic regulators.

HOSCC is a highly metastatic cancer that presents symptomatically late in the
course of the disease, therefore, the accurate diagnosis of this cancer isarucial
improve prognosis (Tewt al, 2005;Bird-LiebermanmandFitzgerald 2009.

Similar to other SCC tumourBlOSCCare histopathologicallglassified as

poorly-, moderatelyand weltdifferentiatedtumours(Zhanget al., 2010).

Although these categoriedflect the differentiation status and morphology of
oesophageal tumours, they provide limited molecular informétgerticularly in
the moderately differentiated category. Consequently, in this study, the
identification of similarities or disparities anoikisrelated signalling within a
series of HOSCC cell lines traditionally classified as moderately differentiated,
may aid in refining this broad categorynder standard tissue culture conditions,
the WHCOG6 and SNO cell lines expressed the highest 68\FAK relative to the
othermoderately differentiated HOSCC cell lines, as well as the mMR&E3BH
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HT29 and caspas&null MCF7 control cell linesKigure 2.38. Overexpression

of FAK has been implicated in facilitating the metastatic progressiamasur

cells (Schneideet al, 2002; Larket al, 2005; Gabrieét al, 2006). Thusas the
moderately differentiated category is extremely broad, the WHCO6 and SNO cell
lines may be derived from tumours that are closer to the poor end of the
differentigion spectrum.However, a comparison to normal oesophageal
epithelium would be required in order to firmly establish the relationship between
elevated FAK expression in HOSCC and normal oesophageal tissue. Hence, due
to the difficulty in obtaining and dtwring normal oesophageal epithelium, this
study focuses on the comparison of FAiediated signalling events between the
moderately differentiated HOSCC cell lines displaying variable FAK expression
(WHCO1, WHCO3, WHCO5, WHCO6 and SNO) and the HT29 and-MC

control cell lines with documented resistance to anoikis. Specifically, the HT29
cell line is highly resistant to apoptotic stimuli as it harbours the transcriptionally
inactive p53 mutant R273H (Libeeet al, 2001), whilst the wt p53 MCF cell

line lacks functional caspasand is therefore nonresponsive to caspeakted

apoptotic events (Janiclet al, 1998; Mooneet al, 2002).

Tyr397 autophosphorylation of FAK is critical to FAdependent survival
signalling (Sonodat al, 1999; Parson2003). pFAKTyr397 was only detected

by immunoblot analysis in the WHCOG6 and SNO cell lirfegire 2.33). As

these were the two cell lines displaying the highest FAK expre@sigare 2.3B

and pFAKTyr397 has previously been documented in the HT28/& eV

control cell lines (Bevigliat al, 2003), FAK protein levels were concentrated via
co-immunoprecipitation in the other cell lines. Accordingly, pFAKTyr397 was
detected in the FAK immunoprecipitatésdure 2.4. Importantly, these data
demonstrata relationship between FAK expression and Tyr397 phosphorylation

levels.
Overexpression of FAK and Tyr3@hosphorylated FAK are correlated with

enhanced tumourigenesis and metastasis (Miyaadti, 2003; Larket al., 2005;
Jianget al, 2010). However, in this studyhte variation in FAKprotein
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expressiorand Tyr397evels determined by sermguantitative analysggigure
2.3B & C) excludes the possibility of usingr397-phosphorylatedrAK as a
molecular marker for this pathological giaglof HOSCC. Nonetheless, due the
high relative expression of FAK and detectable level of Tyw3®sphorylated
FAK by immunoblot ee Figure 28 & B), the WHCOG6 and SNO cell lines
represent an excellent model to examine the effect of-Bé&pendent signalling

onanoikisrelated events in HOSCC.

Following attachment to the ECM, FAK is targeted to sites of focal contact, where

it is autophosphorylated by integrin clustering (Owéal, 1999). In particular,

the direct interaction between thet€@minal of FAKwith thecytoplasmic tail of

t h @&intégrinsubunit facilitates the rapitiyr397 autophosphorylation of FAK

(Schalleretal, 1994) | mportantly, bl integrin was de
Tyr397-phosphoryated FAKHigure 2.9. Hence, similar to other epithelial

tumours Crowe and Ohannessig2004 Thamilselvaret al., 2007), FAK is
autophosphorylated at sites of focal contdntcombination with the observed

cytoplasmic localisation of FAKHigure 2.5, these data support an important role

of Tyr397-phosphoryléed FAK in cell adhesion signalling eveimsHOSCC

Increased activation of FAK by ECM influence has been demonstrated to
suppress p58ependent apoptosis (Zhaetal, 2004(a)). Corresponding to the
elevated expression of Tyr3®hosphorylated FAKFigure 2.3C), high p53
expression was detected in the WHCO6 and SNO cell lirigare 2.7).

Interestingly, despite the similar levels of p53 in the WHCO6 and SNO cell lines,
there was much greater FAK expression in the WHCOG cell line in comparison to
the SNO cell line.In addition, consistent with previous reports in transformed
cells Rotteret al, 1983; Shaulsket al, 1990, p53 was detected in the nucleus

by immunofluorescence in the HOSCC cell lines and the miR&EBH HT29

cell line (Figure 28). Consequently, the mutational status of p53 does not
influence p53 localisation, as nuclear localisation of mtR233H was observed

in the HT29 cell lingFigure 2.9.
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Abrogation of FAK expression has been shown to trigger therfeaksated death
casade (Kurenovat al, 2004). Differential expression of the 48kDa and 52kDa
isoforms of Fas was observed in the HOSCC, HT29 and MCF7 cell kigg ¢

2.9). Both variants 48 and 52 kDa Fas glycoproteins are known to be targeted to
the membrane, and treduce Fasimediated apoptotic signals (Cahusaal,

2006). Consequentlyhe variation in Fas expression did not influence Fas
localisation, as predominantly pemiclear localisation of Fas was observed in the
HOSCC and MCF7 cell line${gure 2.1Q. Thus, these data validate that both
p53 and Fas are expressed by the HOSCC cell lines. Furthermore, no unusual
cellular distribution of both of the major apoptotic constituents was observed in
the HOSCC cell lines.

p53 binding sites have been reportedboth FAK and Fas promoters (Zalcenstein
et al, 2003;Golubovskayeet al, 2005). Accordingly, in the HT29 cell line
harbouring the transcriptionally inactive pi3R273H, there is reduced FAK
levelsand repressed Fas expresgieigure 2.3 & 2.9. Despite the same cellular
distribution of FAK, p53 and Fas as the HT29 cell line, the key anmkased
intermediates were differentially expressed in the HOSCC cell llgarg 2.3,

2.7 & 2.9. In particular, the expression of Tyr3phosphorylated AK and p53

was elevated in the WHCOG6 and SNO cell linéigre 2.3C& 2.7B).

Moreover, comparable to the mt pR273H HT29 control cell line, nuclear p53
was detected in the HOSCC cell lin€sgure 2.§. As tumours expressing

mutated p53 overexpress KAGolubovskayeet al, 2009), these observations
suggest that the loss of tumour suppressor function of p53 may be responsible for
the altered expression of the anoikéfated intermediates in the HOSCC cell

lines. Furthermore, endogenous p53 and oyeession of wild type p53 have
been shown to inhibit FAK mRNA and protein levels whilst, mutant p53 did bind
to the FAK promoter (Golubovskay al, 2008). Therefore, the ability of cell
line(s) harbouring mutant p53 to resist apoptotic stimuli and BA&-dependent

signalling is reported in the subsequent chapter.
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Chapter 3

Apoptotic events in wt p53 HOSCC cell lines are

accompanied by caspase-3 activation and FAK cleavage:

opposing role of mt p53-R175H

3.1 Introduction

Increased activation of FAKy ECM influence has been demonstrated to repress
p53-dependent apoptosis (Zhaeigal, 2004(a)). In addition, nutant p53 has

been reported to suppress FAK expression by disabling the FAK promoter
(Golubovskayeet al.,, 2005),and, a positive correlatidmetween FAK
overexpression and mutant p53 has been shown (Golubowesikal,2005;
Golubovskayaet al, 2009). Therefore, although53 mutants are well established
to desensitize tumours to apoptotic stimuli (Bland#hal, 1999; Tsangt al,

2005, these studies point to mutant p53 as being intimately involved in FAK

dependent anoikis resistance.

Impairment of p53 function is attributed to mutations within the p53 coding
domain, as well as, mutations in intermediates that regulate p53 expsdion
activity (Vousden, 2002) The p53 protein has been well characterised and
consists of distinct functional domains (Pavlettlal, 1993). The Nerminal
domain is involved in transactivation by-activators or caepressors, and the
DNA-binding damain (DBD) is located within the core of the protein (Vrétzal.,
2008). wt p53 binds to DNA as tetramers and tier@inal is responsible for

this tetramerigtion Intriguingly, a single point mutation in the DNA binding
domain may completely inactte p53highlightingthesignificanceof DNA

binding forthetumour suppressiofunction ofp53. Commorii h-e p ot 0
mutations that alter the structure of p53 include codons R175, G245, R249 and
R282 (Choeet al, 1994, Vrbeaet al, 2008). Mutations withithe amino acid
residues that make direct contact with the DNA include codons R248, R273 and
R280 (Cheet al, 1994; Vrbeet al, 2008). (Note, hereafter mutations that alter
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the p53 conformation will be referred to
muati ons that affect the DNA contact resi

contact mutantsd.)
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Figure 3.1: The distribution and frequency of p53 mutations in
tumours. The vast majority of p53 mutations occur within the
DNA binding domain. The three most prevalent p53 mutants,
expressed in all cancers, are the conformational (R175H) and
contact site (R248W and R273H) p53 mutants. © Buganim
and Rotter, (2009) TAD, transactivation domain; PRD,
proline-rich domain; OD, oligomerisation domain; DBD, DNA-
binding domain; CRD, C-terminal domain.

Mutationswithin the DNA binding region of p53 locaté@tween exon 5 and
exon 8 are common in HOSCEigure 3.1;Gamieldieret al, 1998; Liet al,

2004. However,Li and colleagues showed that in Chinegeived HOEC,

50.0% of point mutations occurred in exon 4¢tal, 20094. Furthermore,
mutations within exon 4 were also observed in adjacentaonerous tissues.
p53 mutational analysis of patients from the high risk Transkei region in South
Africa, revealedhat 17% of tumours contained a deletion, insertion or non
synonymous point mutation in exon 5 to 8 (Gamieldieal, 1998). More
recently, Vos and colleagues found that mutations were rarely observed in the

regions flanking exon 5 and Bowever, polynorphisms were a frequent
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occurrence in these flanking regions (\&sl, 2003). The sequence
polymorphism at codon 72 that encodes for either a proline or arginine was
identified as one of the polymorphisms. Recent studies suggest that the
Pro/Arg72 plymorphismmay significantly contribute to the development of
various cancers (Buyret al, 2003; Pim and Banks, 2004hterestingly, Yang

and colleagues demonstrated that the p53 ArglAggnotype was significantly
increased in HOSCC cases compardti wontrol subjects (Yanegt al, 2008).
However, the functional significance of the Pro/Arg72 polymorphism with respect

to p53 function in HOSCC is yet to be determined.

Irrespective of cell type, execution of anoikis ultimately converges on the
activation of caspas8 and as a consequence, initiates DNA fragmentation
(Westhoff and Fulda, 2009). Hence, although anoikis is defined as the subset of
cell death induced by loss of cell detachment, it is inherently an apoptotic process.
Apoptotic stimdi mediated via both intrinsic and extrinsic apoptotic pathways
converge on caspage(llic et al, 1998; Marconkt al, 2004; Mawijiet al.,, 2007).
Following activation, caspascleaves proteins within the focal adhesion,
thereby, reducing cell attaclemt. FAK is an important target for casp&sas

the C-terminal fragmengeneratd by the caspas#ependent cleavage BAK
harbours the focaldhesion targeting (FAT) domaiwhich inhibits FAK Tyr397
phosphorylatio{Gervaiset al, 1998) In this way activation of apoptotic death
cascadesffectively abrogateBAK phosphorylation and consequentBAK-

dependent survival signalling.

Oesophagdaarcinoma is a highly malignant cancer that evades anakited

control via apossible FAkdependent mchanism, as overexpression of FAK
correlates with enhanced oesophageal tumor metastasis (Migazaki2003)
Moreover, HOSCC progression is associated {oils of tumour suppressor

function of p53(Xue et al, 2006). Therefore, as a direct correlatietween

FAK overexpression and mutant p53 has been demonstrated (Golubostskhya
2009), the mutational status of the DNA binding domain of p53 was established in
the HOSCC cell lines.nlorder to clarify the relationship between FAK
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dependent sigitiang and apoptotic regulation in HOSCC, the classic apoptotic
markers, DNA fragmentation and casp&sactivation were used to verify
whether the apoptotic pathway is still intact in the HOSCC cell lines. The
apoptotieresistant HT29 cell line harbouritiige transcriptionally inactive R273H
DNA contact mutant p53 served as a mutant p53 control. Ca3padependent
events were assessed using the caspas#l MCF7 cell line. Thereatfter, the
ability of mutant p53 to disrupt the casp#@sassociatedieavage of FAK, and as
a consequence, maintain FAK depenegghalling was determined. Pertinently,
the data presented in this chapter provides evidence of a unique relationship
between loss of p53 tumour suppressor function and enhanced cell adhesion

dependent signalling.
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3.2 Material and Methods

3.2.1 Cell lines
As previously documented, see Chapter 2, Section 2.2.1

3.2.2 RNA extraction
As previously documented, see Chapter 2, Section 2.2.2

3.2.3 Reverse transcription

As previou$y documented, see Chapter 2, Section 2.2.3

3.2.4 PCR
The integrity of thedDNA binding domain op53spanning exon 3 to &f the
HOSCC cell lines wamvestigatedy RT-PCR analgis. Primers used to amplify

regions spanning exon@8were as follows:

(exon35) Forward: 56 AGAACA TTT TCA GAC CTA TGG 30

Reverse: 5 TC TGT CAT CCA AAT ACT CC 36

(exon 68)Forward: 56 ATG ACA GAA ACA CTT TTC G 36

Reverse: 56 GARL GGA CCC TTT TTG G 36.
Thermal cycle conditionfor both primer setscluded denaturation at 9& for
10 min and32 cycles of denaturation at 96 for 0.5- 1 min; annealing at 58C
for 0.5- 1 min and extension at 7Z for 1 min with a final elogation at 72C
for 10 min. PCR products were visualized on a 1% agarose gel following
ethidium bromide stainingFragments were sent to Ingaba Biotech for

sequencing. A representative sequernaee is included in Appendix 3

3.2.5 Genomic DNA PCR

Genomic DNA was extracted using the DNeasy kit (Promega) according to

instructions by the manufacturer. The R175H mutation in exon 5 and the

Pro/Arg72 polymorphism in exon 4 were confirmed by sequencing the respective

exons from genomic DNA using the follng primers:

(exon4)Forward 56 CCT GGT CCT CTG ACT GCT CT
Reverse 56 GCC AGG CAT TGA AGT CTC AT
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(exonb5) Forward 56 TGTTCT TTG CTG CCG TCT TC 360
Reverse 56 CAA CCA GCC CTG TCG TCT CT

Thermal cycle conditions included denatioatat 95°C for 10 min and 32 cycles
of denaturation at 95 °C for 0-3 min; annealing at 56 °C for 0-3 min and
extension at 72 °C for 1 min with a final elongation at 72 °C for 10 min. PCR
products were visualized on a 1 % agarose gel followimgietn bromide

staining.

3.2.6 Antibodies

FAK, i ntegr i i8wdrélspeaifically detacteg vaits rabbit polyclonal
antibodies obtained from SantaCruz Technology. Monoclonal mouse anti
pFAK(Tyr397) (Millipore) and rabbit anttleaved caspasg(Cell Signaling
Technology) were used to detect autophosphorylation of FAK and ce&pase
activation respectively. Polyclonal horseradish peroxidase ({BB&)d ant
rabbit secondary antibody was used in (Separations, SA) was used in the

immunoblot experirants.

3.2.7 Protein estimation

As previously documented, see Chapter 2, Section 2.2.6

3.2.8 Immunoblot analysis

40 ug of proteinper lane was separated by 10% SBYSGE. Nonspecific binding
sites on the membrane were qecked in blocking buffe(Apperdix 1.5.2)for 1
hr. Blots were incubated with asfAK for 1 hr orovernight with p
FAK(Tyr397) in 1% BSA Washing was performed 6 times at 5 min intervals
with PBS to remove any residual antiboBgllowing incubation in HRP
conjugated secondamgembraes were washed 6 times at 5 min intervals with
PBS before being exposedttee SuperSignal West Pico Chemiluminescent
working solution (Appendix 1.5.3). Film was developed in developer (see
Appendix 1.5.4) for 5 minutes, rinsed briefly in®ibefore fixng (see Appendix

1.5.5) for 5 minutes.Each immunoblot was repeated three times.
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3.2.9 TUNEL

Apoptosis was induced by 30 of staurosporine (Sigma). Controls were
incubated in vehicle (DMSO) only. In order to measure and quantitate cell death
the cutured oesophageal cells were assayed witlntlséu Cell Death Detection

Kit, POD (Roche).

3.2.9a Preparation of sample material

5 X 10° HOSCC cells were fixed to the culturessel with fixation solution
(Appendix1.7.]). The fixed cells were theimsed three times in PBS and
allowed to air dry for 5 min. A DAKO pen was used to draw circles to create
wells on the dish. Fixed cells within the wells were thenlated with blocking
solution (Appendix 1.7.1for 10 min at 25C. After rinsing thre¢imes in PBS,
the cells were incubated in permeabilisation solutiyppendix 1.7.2for 5 min

at room temperature.

3.2.9b Labelling protocol

5 el of terminal deoxynucleotidyl traferase (TdT) was mixed with 451 o f
fluoresceinlabeled deoxyuridine solution and added to each well. In negative
controls, TdT was removed from the reaction mix. The culture vessel was
incubated in a dark, humidéi environment for 60 min at 3TC? Samples were
covered with parafilm to prevent evaporative loss. After the incubation, cells

were rinsed six times in PBS.

3.2.9c¢ Signal conversion

Incorporated flouresceilabeled nucleotides were detected by shewip a

flourescein antibodies conjugatedthvhorseradish peroxidase. 51 of t he
converterPOD solution was added to each sample on the culture vessel and
incubated i humidified environment at 3Tor 1 hr. The sample was covered
with parafilm to prevent evaporative loss. After rimsthe sample 3 times in

PBS, 20 bf DAB peroxide working solutiofAppendix 1.7.3 was added tthe
sample and incubated at 25 for 10 min. The samples were visualized by phase

contrast light microscopy.
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The presence of standard morphological apoptotic features was confirmed in
apogpotic cells, before evaluating apoptotic cell number. Five high powered fields
(magnification X 100) with the most abundant distribution of TUNdglsitive

cells were selected for counts in each of the cell lines. The percentage of
apoptotic cells in reteon to total number of cells was determined by counting 100
cells in each field. Meall- SD was calculated from the five field views.

3.2.10 Cell detachment

Cells were mted at a concentration of51(° per 6¢cm tissue culture dish (Nunc).
Following STStreatmenfor 24hr, detached cells were collected, stained with
0.4% w/v Trypan Blue solution and transfergetio a haemocytometer (Fuchs
Rosenthal). The enti@llectionprocess was repeated five times and the average
detached cells per totablume calculated. Attached cells were incubated in a
Trypsin/EDTA solution for 5 min.Trypsinized cells were collectetlansferred

onto a haemocytometer and counted as described abovein80&d detached

cells were expressed as a percentage ofdetlsl and meaivV- SD was

determined as above.

3.2.11 Statistics
A standard studentdés t t e SdeAppandixdised
& 4.2). The level of significance was set at p.05.
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3.3 Results:

3.3.1 Mutational analysis of the DNA binding domain of p53 in HOSCC cell

lines

In order to amplify the DNA binding domain of pSBanning exon 4 to, 8he p53
RNA transcripts Figure 2.1A were reversed transcribed into cDNAdure
2.1B) and subject to PCRnalysis Sequenceralysis of exon 3 through to 5
revealed that the SNO cell line harbours the conformational mRAF3H(G to
A) (Figure 3.2. As consistent with findings by Vaat al (2003), mutational
analysis of exon 4 revealed no mutations in the HOSCC, HT29 orT¢&eH
lines. However, the Pro/Arg 72 polymorphism exon 4wvas identified in the
WHCO1 and SNO cell lines-{gure 3.2.

Primers specific for exon 5 through to exon 8 produced é0pIACR product
(Figure 3.3. Sequence analysis revealed no mutationisis region in the
HOSCC cell lines. The previously described R273H mutation in the HT29 cell
line is located in exon @ossiet al,, 2006) whilst, the MCF7 cell line expresses
wt p53 with respect to the DNA binding domain of p53.

Amplification of exon 4from genomic DNAproduced a fragment of 361bp in all
cell lines Figure 3.4), whilst primers specific for exon 5 produced a fragment of
305bp (Figure 3.4B. Both thePro/Arg72 polymorphism located on exon 4
(Figure 3.4Q and theR175H mutatiorlocated on exon grigure 3.4D were

confirmed by sequence analysis of the respective exons of genomic DNA.
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Figure 3.2: p53 mutational analysis of exon 3-5 of the HOSCC cell
lines. A) RT-PCR products were resolved by 1 % agarose gel
electrophoresis following EtBr staining (10 eg/ml). A band of
560 bp was observed in HOSCC, MCF7 and HT29 cell lines.
B) Representative sequence trace of the 560 bp fragment.
Sequence analyses revealed that the SNO cell line harbours
mt p53-R175H and the Pro/Arg72 polymorphism was detected
in the WHCO1 and SNO cell lines. MWM = GeneRuler™
100bp Plus DNA ladder
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Figure 3.3: p53 mutational analysis of exon 6-8 of the HOSCC cell
lines. A) RT-PCR products were resolved by 1 % agarose gel
electrophoresis following EtBr staining (10 eg/ml). A band of
511 bp was observed in HOSCC, MCF7 and HT29 cell lines.
B) Representative sequence trace of the 511 bp fragment.
Sequence analyses revealed no mutations in this region of
p53 in the HOSCC cell lines. MWM = GeneRuler™ 100bp Plus
DNA ladder
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Query 72 AGATGAAGCTCCCAGAATGCCAGAGGCTGCTCCCCSCGTGGCCCCTGCACCAGC

FErrrrerrer e rerrr e errr e e e e et e terrr et et e el

Sbjct 210 AGATGAAGCTCCCAGAATGCCAGAGGCTGCTCCCCCCGTGGCCCCTGCACCAGC

120 130‘ 140 150 160

D.
Query 692 ACAGCACATGACGGAGGTTGTGAGGCGCTGCCCCCACCATGAGCGCTGCTCAG
Crrrrrreeerrrereerrrrreeerrrre rerrerrrrr e e rrr el
Sbjct 156 ACAGCACATGACGGAGGTTGTGAGGCACTGCCCCCACCATGAGCGCTGCTCAG
E. Cell lines p53 mutations
MCF-7, WHCO3, WHCO5 and Wild type p53 (exon 4-8)
WHCO6
WHCO1 Heterozygous Pro/Arg 72
SNO Heterozygous Pro/Arg 72
R175H mutation on exon 5
HT29 R273H mutation on exon 8 (Bossi et
al., 2006)

Figure 3.4: p53 mutational status of HOSCC cell lines. A&B) PCR
products were visualized on a 1 % agarose gel. A fragment
corresponding to 361 bp for (A) exon 4 and 305 bp for (B)
exon 5 was evident in the HOSCC, HT29 and MCF-7 cell
lines. Fragments were sequenced to confirm the Pro/Arg72
polymorphism on (C) exon 4 and R175H mutation on (D) exon
5. E) Summary of the mutational analysis of exon 4 through to
8 of p53 in the HOSCC, MCF7 and HT29 cell lines.
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3.3.2 STS induces apoptotic morphology in HOSCC cell lines

STS is a chemotherapeutic reagent commonly used to induce apoptotimdeath
vitro. The ability of STS to induce apoptosis in various squamous cell carcinomas
is well documented (Qiaet al, 1996;Abiko et al, 1997; Mckeaguet al., 2003;
Zhanget al, 2004(b); Yamagishiet al, 2006). Typical apoptotic morphology

and oligonucleosomal cleavage has been shown to occur subsequent to STS
treatment (Abikeet al., 1997).

As the morphology foapoptotic cells is qualitatively different to cells in the

process of necrotic cell death, cell morphology was examined very carefully.
Typical apoptotic morphological signs were evident in both the wt p53
representative WHCOG cell line and mt gR375HSNO cell line post STS

treatment Figure 3.8). When compared to the untreated controls, a visible
reduction in cell volume was evident in all cell lines. As apoptosis is

asynchronous, various stages of apoptotic morphology were evident pest STS
treatmet in each cell cultureThe small surface blebs that occur shortly after the
onset of apoptosis, as well as large blisters are evident on the plasma membrane in
STStreated cells.Thin surface echinoid protrusions that follow membrane

blebbing were alsolearly visible(black arrows,; Figure 3.3).
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Figure 3.5: Morphology of STS-induced apoptotic HOSCC cells A)
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Schematic representation of the morphology of cells
undergoing apoptosis. Initially cells undergoing apoptosis
round up and acquire membrane ruffles. Then the cells
become rigid; extending long, thin echinoid protrusions into the
cytoplasm. The plasma membrane begins to blister and
ultimately lyses committing the cell to death. © Adapted from
Collins et al. (1997). B) STS induced recognisable apoptotic
morphology in wt p53 and mt p53 HOSCC cells. Documented
apoptotic morphology was observed in STS-treated HOSCC
cells by phase-constrast microscopy. (I) Untreated HOSCC
cells exhibit regular colony morphology with few cytoplasmic
extensions. (II) STS-treated HOSCC cells show typical
apoptotic morphology including reduction in cell volume and
echinoid extensions of the plasma membrane (black arrow).
Scale bar = 50¢&m.



3.3.3 Caspase-3 associated oligonucleosomal cleavage

Cells entering apoptotic death pathways display distinct nuclear and cytoplasmic
morphology including oligonucleosomal cleavage. Nuclear disintegration was
originally believed to be due to the adiion of the endonuclease CAD/ DFF45,
one of the major substrates of caspagEnariet al, 1998). Associated nuclear
cleavage yields both doub#tranded, low molecular weight DNA fragments, as
well as single strand breaks in high molecular weight DIRbwever, DFF45
independent cleavage of has also been observed in the c8spas®MCF7 cell

line (Mooneyet al, 2002), indicating the involvement of caspastependent
events in the DNA fragmentation procesBoth themitochondrial (intrinsic) and
the deathreceptor (extrinsic) death pathways converge on the activation of
caspase3 (Wang, 2001Aoudjit and Vuori, 200L Upon activation, aspase is
proteolytically cleaved inta 19 kDa and 10 kDa subu8ee Figure ).

Prodomai

in
Large subunit
Initiator caspase I I I

Small subunit

Procaspase-3 Active caspase-3

Figure 3.6: Proteolytic processing of procaspase-3. The 32 kDa
inactive procaspase-3 protein contains three domains: the N-
terminal prodomain (blue), a 20 kDa subunit (red) containing
the catalytically active cysteine residue and a 10 kDa C-
terminal subunit (purple). All caspases are activated to fully
functional proteases by two separate events. The first is the
proteolytic cleavage that divides the protein into a 10 kDa and
19 kDa subunit. This cleavage is initiated by an initiator
caspase. The second is an autocleavage of the prodomain
region. A fully functional caspase-3 is a heteroteterameric
enzyme that consists of two 19 kDa and two 10 kDa subunits,
with two active sites.
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3.3.3a HOSCC cell lines express the caspase-3 precursor

Caspas8& has been demonstrated to be a prognostic marker in HOSCC, as
positive caspas@ expression in HOSCC tumours was shown to correlate with
increased lifespan (Hs&t al, 2003). Western blot analyses diale cell lysates
revealed that all of the HOSCC cell lines express the ca§passxursorkKigure
3.7A). Under standard tissue culture conditions, the WHCOG6 cell line had the
highest p32 expressidqfiigure 3.78. In the MCF7 breast carcinoma cell line
there is a loss of procaspe®expression due a functional deletion in exon 3 of
the CASR3 gene (Janicket al, 1998; Moonet al, 2002). Consistent with the
literature, procaspasgprotein was not detected in the MZFeell line by

immunoblot anlysis (Figure 3.A).
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Figure 3.7: The HOSCC cell lines differentially express procaspase-3
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under standard tissue culture conditions. (A) Western blot
analysis of the cell lysates using a polyclonal antibody against
human caspase-3. A single band of varying intensity,
representing the 32 kDa caspase-3 precursor was apparent in
all HOSCC cell lines. Due to a functional deletion in the CASP-
3 gene, the MCF-7 cell line does not express caspase-3. B)
Semi-quantitative analyses of caspase-3 demonstrate that the
WHCOSG6 cell line expresses the highest level of caspase-3
relative to the other cell lines. The expression levels are
relative to the maximum per 20ug of protein in the WHCO6
cell line. Note: the whole cell samples used to detect FAK in
Figure 2.3A we were the same samples used to detect
caspase-3, and therefore, the tubulin immunoblot also
represents the loading control for the above whole cell
extracts.



3.3.4 Oligonucleosomal cleavage analysis in HOSCC cell lines

Oligonucleosomal cleavage was assessed by the standard methods; TUNEL assay
and DNA laddering on an agarose gel. Both methods accurately identify the
nuclear cleavage associated with apoptosis; however the laddering method
requires the extractiorf the entire cell and analysis of the pooled DNA extract
whilst, the TUNEL method enables the identificatiorsitu of the apoptotic

nuclei allowing a quantitative comparative analysis.

3.3.4a DNA ladder analysis

Distinct oligonucleosomal cleavage was detected post STS treatment in the wt
p53, mt p53R175H and mt p5R273H cell lines, as assessed by the laddering of
DNA on an agarose gdFigure 3.8A. In addition, caspasg&independent DNA

fragmentation was confirmed the MCF7 cell lineEigure 3.8A.

3.3.4b TUNEL

TUNEL was performed under serum free conditions and following treatment with
30nM STS. In each instance, the efficacy of the TUNEL assay was determined
by preincubation with DNase | prior to treddition of the TUNEL reagents

(Figure 2.8B. All HOSCC cell lines showed a significant increase in apoptotic
positive nuclei post STS treatmefidure 3.80. The highest percentage of
TUNEL positive nuclei was observed in the mt #8875H and mt p5R273H

cell lines. Whilst the lowest level of apoptotic nuclei was observed in the
WHCOG6 and WHCOS5 cell lines respectivéRigure 3.8Q.

3.3.5 STS induces cell detachment in HOSCC cell lines

Loss of cellmatrix contact in epithelial cells triggers ce#ath via anoikiselated
apoptotic pathways (Frisch and Francis, 1994wiji et al, 2007. Hence, a
TUNEL was performedh situand apoptotic cells lose substrate contact, the

presence of the apoptotic DNA ladder was confirmed in both attached and
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detached cellsKigure 3.9A. Therefore, percentage detachment was used to
compare STSnediated apoptosis between wt and mt p53 cell lifegi(e 3.98.
Accordingly, in both the mt p5B175H and mt p5&273H cell lines, the highest
levels of TUNEL positivenuclei corresponded to the lowest percentage of cell
detachment. Conversely, the low level of TUNRdsitive nuclei in the wt p53
HOSCC cell lines, were associated with higher levels of cell detachment with
respect to the mt p53 cell lindsigure 3.98.
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See next page for legend.
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Figure 3.8: STS induction of internucleosomal DNA fragmentation in
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wt and mt p53 HOSCC cell lines. A) Apoptotic DNA ladder
analysis in HOSCC cell lines under serum-free (SS) conditions
and treated with 30 nM STS (STS). B) The SNO cell line was
pre-incubated with 5 U/ml DNase | for 5 min prior to the
addition of the TUNEL reagents, to determine the efficacy of
the TUNEL assay. Pre-treatment with DNase | caused a
distinct staining of all nuclei in the preparation as viewed by
phase-contrast microscopy. Cells were unstained in the
preparation. iii) TUNEL stained nuclei in the SNO cell lines.
Dark nuclei, stained by DAB substrate are indicative of
oligonucleosomal cleavage. C) The percentage of TUNEL-
positive nuclei was determined in the wt, mt and caspase-3
null cell lines. The highest percentage of apoptotic nuclei was
observed in the mt p53-R175H SNO cell line (89%). Bars
represent standard deviation. MW = GeneRuler™ 100bp Plus
DNA ladder * p < 0.05



A wt p53 mt p53-R175H mt p53-R273H Casp-3 null
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See next page for legend.
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Figure 3.9: The p53-R175H and p53-R273H mt cell lines are resistant
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to STS-mediated detachment A) The apoptotic DNA ladder
was evident in both the genomic DNA extracted from
detached (Det) cells and attached (At) STS-treated HOSCC,
HT29 and MCF7 cells. B) STS induced cell detachment in
the HOSCC cell lines. The lowest percentage of cell
detachment was observed in the mt p53 SNO cell line (28%),
followed by the mt p53-R273H HT29 cell line (23%). Bars
represent standard deviation. MW = GeneRulerTM 100bp
Plus DNA ladder * p < 0.05



3.3.6 STS induces FAK cleavage and caspase-3 activation in HOSCC cell

lines harbouring wt p53

Survival signals transduced by FAK are eliminated by caspegandent

cleavage of the @erminal portion of FAK harboring the focal adhesion targeting
(FAT) domain (Coopeet al, 2003). In addition to abrogating integassociated
FAK, this fragment inhibits FAK signalling, further enhancing the apoptotic effect
of FAK cleavage (Gervaist al, 1998; Coopeet al, 2003).

The expression of FAK decreased in all the wt p53 HOSCC cell lines after 24
hours treatment with STS, which was associated with the formation of the double
cleavage product, in the range of 85&kPigure 3.10. Caspas® was activated

in a similar time course to the formation of the cleavage product in the wt p53
HOSCC cell lines. No caspa8eactivation or FAK cleavage was observed post
STStreatment in the mt p5R175H, mt p53R273H or MCF7 ell lines Figure

3.10.

3.3.7 The mt p53-R175H SNO cell line maintains integrin-associated FAK
post STS treatment.

The release of the FAT domain of FAK post casgaaetivation abrogates the
association bet ween FefAd 1998 dan Nimwegegr i n b1 |
andvan defWater, 2007). In contrast to the wt p53 WHCOG6 cell line, the mt p53

R175H SNO cell line waresistant to FAK cleavagEigure 3.10. Therefore, the

possibility that the mt p58175H cell lines was maintaining cell adhesion

dependent signalling post STS treatment was explored. In the representative wt

p53 WHCOG cell line, caspaseactivationand FAK cleavageHigure 3.10Q was
accompanied by abrogati on Fgbre3lj.ein FAK/ i nt
contrast, corresponding to the lack of casgiasetivation Figure 3.10, the
FAK/integrin bl association was detected
R175H cell line Figure 3.11.
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See next page for legend.
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Figure 3.10: The p53-R175H and p53-R273H mt cell lines are resistant to FAK cleavage and caspase-3 activation.
The expression of FAK decreased in WHCO1, WHCO3, WHCOS5 and WHCOG6 cell lines decreased after
treatment with STS, which was associated with the formation of the double cleavage product, in the range of
85 kDa. Caspase-3 is activated with a time course corresponding to the formation of the cleavage product in
the HOSCC cell lines. Note, in the mt p53 SNO and HT29 cell lines, neither FAK cleavage nor caspase-3
activation was detected. A standardized whole cell loading control from the SNO cell line (L/C) was included
in the first lane of each immunoblot to allow for comparison of wt p53 cell lines. An apoptotic control (A/C)
from the WHCOG6 wt p53 cell line was included in the first lane of each immunoblot in the mt p53 and
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Figure 3.11: STS-mediated eventsd o not abrogate the FAK/integrRlBHDellline.ssoci at.i
FAK cleavage is associated with the complete abrogati on
WHCOSG cell line. However, in the mt p53-R175H SNO cell line,thecomp | ex bet ween FAK and ir
was still detected post STS treatment. Note: the samples used to detect FAK expression in Figure 3.10
were the same samples used for immunoprecipitation, and therefore, also represent a loading control for
the FAK/integrinb 1 i mmunopr e ci p WiCailysa fromrcal dne 83 =cSerum-free conditions.
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3.4 Discussion

Although tre ability of mutant p53 to resist apoptotic stimuli is well established
(Blandinoet al.,, 1999; Zalcensteiat al, 2003; Golubovskayet al., 2008(a);

Lim et al, 2008), the role of mt p53 in anoikis resistance has never been explored
In particular, thél h-s p cconformation mt p5&R175H confes resistance to
apoptosis by repressitkgy anoikisrelated intermediates includitige FAK
promoter and caspasSelevels(Tsanget al, 2005;Golubovskayat al., 2008(a)).
Thus, with the aim of establishing the role of mt p53 in anedsted eventsve
made use of thignique model to compare S¥ediated apoptosis HOSCC

cell lines expessing wt p53 (WHCOMHCO3,WHCO5 and WHCOG6) with the
HOSCC cell line (8l0) harbouring the mt p5B175H Eigure 3.9. In addition,

the highly prevalent Pro/Arg72 polymorphism was detected in both the WHCO1
and SNO cell linesHigure 3.4. The HT29 celline harbouring the other

prevalent DNA contact mutation, R273H was also included in the comparison,
whilst, the caspas@&-null MCF7 cell line served as a negative control for caspase
independent apoptotic everffgnickeet al, 1998; LinLeeet al, 200L; Mooney

et al, 2002)

In the wt p53 HOSCC cell lines, definitive STi®luced apoptosis was evidenced
by typical apoptotic morphology{gure 3.5, oligonucleosomal cleavag€igure
3.8A) and caspas®g activation Figure 3.10. Despite the Pro/Arg72
polymorphism, the WHCOL1 cell line responded to STS in the same manner as the
other wt p53 cell linesHigure 3.10Q. Hence, for the rest of this report, the
WHCOL1 cell line is classified as a wt p53 cell lifdlthough, typical apoptotic
morphology Figure 3.5 anddistinct oligonucleosomal cleavage was detected in
the mt p53 cell ling (SNO and HT29(Figure 3.84) no caspas8 activation was
detected post SF8eatment Figure 3.10. Interestingly, despite the lack of
caspase activation, the highesepcentage of TUNEIpositive nuclei was
observed in the mt p5&:ll lines post STStreatment Figure 3.8C). The ability of
STS to induce caspaSendependent oligonucleosomal cleavage

demonstrated in the qaasse3 null MCF7 cell line Figure 3.84).
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As TUNEL was performeah situand the apoptotic DNA ladder was detected in
both adhered and detached ceafigygre 3.9A), percentage detachment was used
to compare ST$nediated apoptosis between the wt and mt p53 cell lines.
Accordingly, in the p53R173H and p53R273Hcell lines, the high level of
TUNEL-positive nuclefFigure 3.8Q corresponded to the lowest percentage of
cell detachmentRigure 3.9B). Thus, p53R175Hand p53R273H donot protect
the SNOand HT29cell linesfrom STSmediated oligonuclessomal cleavage.
However, in comparison to the wt cell lines, the p875Hand p53R273Hcell
lines wereresistant to ST$nediated detachment and caspasetivation.
Consequently, these datveala link between loss of tumour suppressor function
of p53 and enhanced cell adhesdependent signalling.

Survival signals transduced by FAK are eliminated by caspegendent
cleavage of FAK (Gervaist al, 1998; Coopeet al, 2003). We show distinct
cleavage of FAK, which corresponded to casghsetvation, in thewt p53
HOSCC cell linesKigure 3.10. The lack of caspas@ expression in the MCGF
emphasized the involvement of caspase activity in FAK cleavage, despite the
presence of oligonucleosomal cleava@anverselycorresponding to resistagc
to STSmediated detachmentp FAK cleavage was detected by immunobiot
the mt p5ell lines (Figure 3.1Q. Consequently, FAKdependent signalling is

maintained in the mt p53 cell lines post oligonucleosomal cleavage.

Loss of celimatrix contact irepithelial cells reduces integrmediated FAK

survival signalling, thereby triggering anoikis (Frisch and Francis, 1994; &tang

al., 2004(a)). Importantly, the cleavage of FAK induces tbss of integrin

associated FAK at sites of focal contestlgdler et al, 1994; van Nimwegen and

van derfWater, 200}. Accordingly, the absence of FAK cleavage in &NO cell

|l i ne was accompanied by the maintenance
(Figure 3.1). Importantly, these data strongly support the notion that mt p53

R175H facilitates anchoragedependent survival through the maintenance of
FAK-dependent gnalling.
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In summary, een though HOSCG highly resistant to thepoptsisinducing

ability of chemotherapeutic reageiit®u et al, 2000; Linet al, 2009) the data
presented shows thaligonucleosomal cleavage waslsnducible by thewidely
usedapoptosianducing agat STS in the witmt and caspas8 null cell lines

(Figure 3.8A). However, both mt p5R175H SNO and p58273H HT29 cell

lines were resistant to STi8ediated detachmerfigure 3.98. In addition, both

mt p53 cell lines were resant to caspasg activation and the cleavage of the C
terminal of FAK Figure 3.10. Thus, s ust adidependentiaativtatorg r i n b 1
of FAK (Figure 3.13 may be responsible for the resistance to-8Esiated
detachment observed in the mt p53 cell linBarvival signals mediated by ECM
proteins are transmitted via the integrins, thereby activating Kaharajan and
Kapila, 2007. Hence, due to the persistent activation of FAK observed in the mt
p53R175H cell line, these data strongly advocate &atitole of mt p53 in the
maintenance of cell adhesiolependent survival signalling. Consequently, the
effect of p53 mutational status on the ECM/FAt€diated suppression of

apoptotic events forms the basis of the next chapter.
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Chapter 4

The role of extracellular matrix-mediated activation of FAK

in the suppression of apoptosis in HOSCC cell lines:

wt vs. mt p53-R175H

4.1 Introduction

ECM-mediated signalplay a particularly importanble in the maintenance of
normal tissuarchitecturethrough the regulation of cell survividgdylaket al,
2009. During metastatic progression, however, cells tbgganchorage
dependeng allowing them to surviven inappropriate enviranents(Badylaket

al., 2009. Consequently, lossf dependence on ECGlhediated signalling is a
hallmark characteristic of tumour cells (Westhoff and Fulda, 2009). Therefore,
themolecularanalysis oECM-mediated suppression oéll deathis imperative

as it reveals the underlying mechanism that esabi@our cells to evade these

signals and escape anoikis.

Survival signals mediated by ECM proteins are transmitted via the integrins.
Several factors, including tissue origin and matrix composition, determine which
set of integrins transduce ECMediaed survival signalsin an experimental
setti ng, (FN) bas lmeanedentomsinated to be a potent inhibitor of anoikis
via the activation of FAKdependent survival signalling (llet al, 1998; Zhangt

al., 2004(a)). FN is a large glycoprotein,dad in soluble form in plasma and
other body fluids as well as large crdsdgked insoluble subunits in certain ECM
(Parsons, 2003 Each fibronectin (FN) molecule consists of two 220 kDa chains
joined together by disulfide bonds (Hynes and Yamada, 198#®re are several
isoforms of FN, all of which arise from the alternative splicing of a single gene
(Kamarajan and Kapila, 2007). Several cell adhesive sites are pregeyt on
including the central arginirglycine-aspartic acid (RGD) binding site,

recgnizedbythd6 b1 i ntegrin (Kamarajan and
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Early studies on an immortalized thyroid cell line, demonstrated that cells
underwent apoptosis when tbe b-BN interaction was blocked (lliet al., 1998).
Moreover, apoptosis triggered by ger removal was prevented by coating culture
plates with FN(llic et al, 1998) Importantly, an altered Fihatrix induced by
inflammation has been shown to induce anoikis in human periodontal ligament
cells (Daiet al, 2005). In addition, survival sigisamediated by¥N via theUvb 1
integrin subunit were sufficient to protect aggregated substegtendent SCC

cells from detachmesbduced death (Zhargt al, 2004(a)). The survival

signals transduced by FiNtegrin engagement via FAK are attributed to
activation of the growtlfiactorPI3K patway, as phosphorylation of T397

results in PI3K activation by phosphorylation (Sonetal., 1999). The PI3K
pathway negatively regulates apoptosis, through direct phosphorylation by the
serine/threonine protein kinase, PKB. Once attigt by phosphorylation, PKB
initiates downstream survival events. Among these are the inhibition of several

pro-apoptotic proteins including Bad and casp@g¢®attaet al., 1999).

In the previous chapter we reported that the cleavage KfdeAresponded to
caspase3 activation(Figure 3.10and abr ogation of the
associationKigure 3.11). Moreover, the mt p58175H and p53&R273H cell

lines were resistant to STi8ediated detachmerfigure 3.8B) and FAK cleavage
(Figure 3.10Q. Consequently, FAKlependent signals were maintained post STS
treatment in the mt p53 cell lines. Uniquely, by analyzing the influence -of FN
mediated signalling on apoptotic events, the data presented in this chapter
demonstrate that loss of the tumguppressor function of p53 and maintained

FAK-dependent signalling are critical factors underlying anoikis resistance.
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4.2 Materials and Methods

4.2.1 Cell lines
As previously documeat], see Chapter 2, Section 2.2.1

4.2.2 Antibodies

FAK and capase3 were specifically detected with rabbit polyclonal antibodies
obtained from SantaCruz Technology. Monoclonal mousep&#tK(Tyr397)
(Millipore) and antiPKBSer473 (Cell Signalling) were used to detect
phosphorylation of FAK and PKB respectiveljpolyclonal horseradish
peroxidase (HRPhound antirabbit secondary antibody (Separations, SA) was

used in the immunoblot experiments.

4.4.3 Protein estimation assay

As previously documented, see Chapter 2, Section 2.2.6

4.4.4 Immunoblot analysis

20 pgof protein per lane as separated by 10% SIPAGE. Norspecific binding

sites on the membrane were{atecked in blocking buffer for 1 hr. Blots were
incubated withanti-FAK (1:500) or anticaspase (1:750)for 1 hr; ant

pFAK(Tyr397) in 1% BSA(1:500)overnight or antpPKB(Ser473)1:1000)in

5% BSA overnight Following incubation in HRfeonjugated secondary

membranes were exposedie SuperSignal West Pico Chemiluminescent

working solution, from the West Pico Chemiluminescent Substrate Kit (Pierce
USA) for 5 minutes. Blots were exposed to film and developed as documented in

Chapter 2, Section, 2.2. Each immunoblot was repeated three times.

4.4.5 Cell detachment
As previously documented, see Chapter 3, Section 3.2.10
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4.4.6 Densitometry

Labworks TM Image Acquisition and Analysis software (Labworks version 4.5)
was used for densitometric analysis to quantitatively determine the concentration
level of FAK in the Western blots.

4.4.7 Statistics

SigmaPlot (version 11.0) was used for stat@stanalyses. Statistical differences
between untreated and treated cells within each cell line were determined by one
way ANOVA analysis followed by a pawise comparison using the Hol8idak

method See Appendix 4)3 The level of significance was s&tp< 0.05.
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4.3 Results

4.3.1 FN increases Tyr397 phosphorylation of FAK

In order to assess whether faNediated signalling opposes apoptotic stimuli, the

optimal FN concentration was first determined. As Tyr397 phosphorylates w

clearly detected by immunoblot in the WHCOG6 cell likegg(ire 2.3A4, WHCO6

cells were seeded onto tissue culture dishes, previously coated witg 20m|I a n d

20e g/ ml FN respectivel y. Foll owing 24hr,
mediated apoptotic indtion (Figure 38), cells were analysed for pFAKTyr397.

Despite standard FAK expression, pFAKTyr397 increasééb®l and 1.9 fold

post FN treatments of 0g / ml| eagn/dml2 Or e Sigueed.1A. Haentey (

these data demonstrate that all RGD sitessaturated at 10 g / m| FN. Thus,
eg/ ml was selected as the appropriate FN
effect of increased Fxhediated FAK activation on apoptosis. Cells were seeded

onto tissue culture dishes coated with FN, allowed toesktti2hr, before the

removal of serum and the addition of STS. Corresponding to increased

pFAKTyr397, cells seededonto80g / mI FN demonstrated incr
extension and a flattened morphologyoure 4.1B.

4.3.2 FN treatment reduces STS-mediated detachment in wt p53 cell lines

Previous studies have reported reduced levels of apoptosis-tnamsformed and
transformed cells seeded onto dishes coatedRtfilic et al, 1998; Zhangt

al., 2004(a)). Due to the increased phosphorylation of Fété&erved post FN
treatment in the representative WHCOG cell line, we examined whe&theould
repress ST8nediated apoptosis via sustained activation of FAK in the HOSCC
cell lines. As STSnediated detachment was demonstrated to be a more accurate
repregntation of apoptotic sensitivity than TUNEEigure 3.9, the ability of FN

to oppose STediated detachment was assessed across the cell lines. In
comparison to serwfree conditionsFN treatment prior to STS treatment
reduced STSnediated detachmeimt the wt p53 cell linegFigure 4.2.

Moreover, with respect to three of four wt p53 cell lines (WHCO1, WHCO3 and
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WHCOG) there was a significant reduction (p < 0.05) in-&Tesliated

detachment between the fiXetreated and the STS control ceftgy(ire 42). In
addition, corresponding to the resistance to detachment observed in the mt p53
cell lines, no appreciable difference between cell detachment post FN treatment
was evident between cells seeded onto FN or control E&jsré 4.9. The

caspass null MCF7 cell line showed a similar trend to the mt p53 cell lines.
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Figure 4.1: FN increases pFAKTyr397 in the WHCOG cell line. A) FN
treatment increased pFAKTyr397 2.1 foldat10e g / ml . No
appreciable difference in pFAKTyr397 was observed between
10e g/ ml a g dm\R B) Increased edge extension was
observed post FN treatment in the WHCOG6 cell line, when
compared to serum-free control. W/C = WHCOG6 whole cell
lysate. SS = serum free conditions
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Figure 4.2: FN treatment reduces STS-mediated detachment in wt p53 cell lines. Wt p53 cells seeded onto FN prior
to STS-treatment exhibit reduced detachment when compared to STS treated cells. No appreciable
difference in detachment between FN and STS-treated cells was observed in the mt p53 and caspase-3 null
cell lines. Results were analysed using one-way ANOVA with Holm-Sidak method. Bars represent standard
deviation. *p <0.05
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4.3.3 FAK cleavage is independent of cell detachment or FN-mediated signalling

We have clearly demonstrated that the cleavage of-tieen@nal of FAK corresponded
to caspas@® activation See Figure8.10. In addition, FAK cleavage was only
observed intie wt p53 HOSCC cell lines (WHCO1, WHCO3, WHCO5 and WHCOG6).
Hence, as these data demonstrates that the mt p53 cethliyesemaintainng FAK-
dependent signalling, we examined whether cells seededrbifiaor to STS treatment
would demonstrate reducé@®K cleavage. Although FN offered protection to STS
mediated detachment in the wt p53 cell lingig(re 4.2, there was no difference in
FAK cleavage between FiMeated cells and control celBigure 4.3. Consistent with
the previous demonstratioRigure 3.10, STS treatment was not accompanied by FAK
cleavage in the mt p5SR175H, mt p538R273H or caspasg null cell lines(Figure 4.3.

4.3.4 Survival sighals transduced by FN are independent of FAK(Tyr397) or
PKB(Ser473) phosphorylation

Survivalsignals transduced by FiNtegrin engagement via FAK are attributed to
activation of PKBmediated signalling (Sonoax al., 1999; DiazMonteroet al, 2006).
Hence, we examined whethacreased PKRIependent signalling was responsible for
the FN-mediaed reduction in cell detachment observed in the wt p53 cell lingaré
4.2). The wt p53 WHCOG6 cell linavhich showed a significant decrease in STS
mediated cell detachment post FN treatmemas compared to the mt ps8L75H SNO
cell line that demonstted no appreciable change in cell detachmenbrder for PKB

to achieve full activation, phosphorylation at the Ser473 site is required (Sarbassov
al., 2006). Although FN increased pFAKTyr397 in the WHCOG6 cell line and reduced
STSmediated detachmé FN treatment did not maintain pFAKTyr397 or
pPKBSerd73Figure 4.4. Conversely, in the mt pa3175H SNO cell line,
pFAKTyr397 and pPKBSer473 were not influenced by STS treatrrégure 4.9.
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See next page for legend.
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Figure 4.3: FN treatment does not alter FAK expression in HOSCC cell lines. A) FN treatment did not oppose FAK
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cleavage in wt p53 cell lines. FAK was not cleaved in mt p53-R175H, mt p53-R273H or caspase-3- null cell
lines. B) Densitometric analyses of FAK expression post STS/FN treatment. FN did not appreciably
influence the level of FAK expression post STS treatment in the wt or mt p53 cell lines. Note: A SNO loading
control was included in the first lane of each immunoblot to normalise protein loading and allow for
densitometric comparison between immunoblots.
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Figure 4.4: FN-dependent signals are independent of pFAKTyr397
and pPKBSer473 phosphorylation in HOSCC cell lines.
Dephosphorylation of both pFAKTyr397 and pPKBSer473
accompanies FAK cleavage in the wt p53 WHCOG6 cell line.
pFAKTyr397 and pPKBSer473 were not influenced by STS/FN
treatment in the mt p53-R175H SNO cell line. Tubulin was
included as the loading control. A SNO loading control (L/C) is
included in the first lane of each WHCOG6 immunoblot to allow
for comparison.
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4.4 Discussion

As loss ofanchorage dependencs pivotal to the metastastic progression of
tumours, characterization of cell adhesion events is critical to enhance the
understanding of anoikielated signalling. In #gnanchoragelependent HOSCC
cell lines, survival signals transduced via the ECM were assessed by culturing the
cells in the absence of serum and on tissue culture dishes coated with insoluble
FN. The enhanced cell adhesion induced by FN/integrin engagevattmibuted

to increased activation of FAK by Tyr397 phosphorylation (Sorba@d, 1999;
Zhanget al, 2004(a)). Consistent with previous reports in fibroblasts and
epithelial tumours (Vitalet al, 1998; Zhangt al, 2004(a)), FN increased

Tyr397 phosphorylatioFigure 4.1A and edge extensidirigure 4.1B in the
representative WHCOG cell line

FAK cleavage corresponded to caspasetivation in the wt p53 cell lines,

whilst, the mt p53 cell lines were resistant to S&diated detachme(ee

Figures 3.9B & 3.1p) Moreover, the mt p58175H cell line maintained integrin

b dactivated FAK post STS treatmeRidure 3.1). Thus, making use of this
unique model of moderateljifferentiated oesophageal carcinoma cell lines, we
examined whethrd=N-mediated signalling protected the wt p53 and detachment
resistant mt p53 cell lines from apoptotic death, as assessed by cell detachment.
Notably, FN significantly reduced ST&ediated detachme( < 0.05)in three

of the wt p53 cell lines (WHCO1, WCO3 and WHCOG), whilst cell detachment
was not influenced in the mt p53 and casg&sell cell lines Figure 4.2.

Although FAK cleavage corresponded to increased cell detachment and €aspase
activation Figure 3.10) FN did not offer protection to FAKIleavage in the wt

p53 cell linesFigure 4.3. Hence, as the apoptotic ladder was detected in both
attached and detached c€lFsgure 3.9A), these data suggest that caspase
activation, and consequently FAK cleavage, are not influenced by cell
detachmen This is the first documentation of ECt#épendent suppression of
apoptotic stimuli in the highly metastatic HOSCC. Pertinently, the mt p53 cell
lines were unaffected by FMediated survival signalling anlde mt p53R175H
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cell linemaintained FAKdepemlent signalling post STS treatmehtgure 4.4.
Thus, in combination with the observed resistance to®@&&ated detachment,
these data corroborate an important role of persistent FAK activation in anoikis

resistance.

Survival signals transduced W are attributed to activation of the PI3K
cascade, and consequently, PKB Ser473 phosphorylation (Senalda 999).
However, contradictory reports indicate that-Fiediated survival signalling is
cell-type dependent (lliet al, 1998; Zhangt al, 2004(a)). Thus, as no
significant difference in FAK cleavage was evident, we examined whigkher
treated cells maintainggFAKTyr397 andpPKBSer473post STS treatment. hE
generation of FAK cleavage products in the region of 85kDa have been reported
to repress FAK phosphorylation (Gervaisal, 1998)and thus reduce FAk
dependent survival signalling. Furthermore, dephosphorylation of FAK has been
shown to occur @dly post STS treatment (Beviliget al,, 2003; Limet al.,

2008) Consstent with hese studies, in the representatitg53 cell line
(WHCOG6), attenuation of FAKand PKBphosphorylation corresponded to FAK
cleavage and caspa8eactivation Figure 4.4. Hence, the cleavage of the C
terminal from FAK abrogates FAK and PKB activity hretwt p53 WHCOG cell
line. In contrast, in the detachmemsistant mt p53 cell line, STS induced
oligonucleosomal cleavage was not accompanied by FAK cleavagdumed
FAKTyr397PKBSer473hosphorylatior{fFigure 4.4. Thus, although+N
treatment sigriiicantly reduced ST$nediated detachment in three of the wt p53
HOSCC cell lines, no appreciable difference in FAK cleavage was observed.
Furthermore, FAK cleavage was associated with abrogatiprAKTyr397 and
pPKBSer473n the wt p53 WHCOG cell lineTherefore, even thoudkN
mediatedsignals have been demonstrated to suppress apoptosis via PI3K
dependent PKB activation in other cell types (Soreida, 1999; Zhangt al.,
2003), seeding HOSCC cells onto FN prior to STS treatment did not maintain
FAK or PKB phosphorylation. Accordinglthese observations point to an

alternative survival role of FAK in the suppression of apoptotic stimuli.
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In contrast, the absence of FAK cleavage corresponded to the macdeeia
pPFAKTyr397 andpPKBSer473n the mt p53R175H SNO cell lineKigure 4.4.
Hencethese data indicate thidwe repressive effect that mt pR375H has been
established to have on the FAK proter (Golubovskayat al, 2008(a)), may be
responsible for the cotimitive phosphorylation ahthe maintenance of PKB

dependent survival signallirgpserved in the SNO cell line

Sustained activation of FAK has been proposed to protect tumour cells from
anoikis by repressing p&&pendent apoptosili¢ et al, 1998; Golubovskaya t
al., 2008 (a)). Thus, the lack of dependence on cell adhedependent signalling
in mt p53R175H cell line supports the notion that mt #%B75H is intimately
involved in conferring growth resistance via a FEpendent mechanism.
Consequently, to explore ghpossibility, the role of sustained activation of FAK
on interplay between FAK and psB3ediated apoptosterms the basis of the

subsequent chapter
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Chapter 5

Interplay between p53 and FAK: impact of the mt p53-

R175H olfaosnnstofond effect on FAK r

5.1 Introduction

Aberrant regulation of the p&®ependent apoptotic pathway is implicated as a
major contributor to FAKdependent anoikis resistangétale et al, 1998;
Golubovskayaet al, 2005). In vitro, overexprssion of FAK abrogates p53
mediated apoptosigs well as p58lependent transcriptional activation of
apoptotic gene (Golubovskayat al, 2005; Golubovskayet al., 2008(a)).
Pertinent to anoikiselated regulatioriCM activation of FAK reduces p53
dependent apoptaosi(lic et al, 1998; Zhangt al, 2004(a)), whilst FAK
knockdown in combination with cisplatin tte@enthas been shown to trigger
p53mediated apoptosilLim et al, 200§. Furthermore, the apoptotic events
triggered by FAK deactivatioare accompanied by rapid dephosphorylation of the
FAK autophosphorylation site, pFAKr397 (Beviligiaet al, 2003. However, it
is difficult to discern from the previoustudies if cancer cells resist ph&diated
apoptosis due to downstream effect§AK-dependent survivaignaling or
whether FAK facilitates cell survival by direct inhibition of p53. Hpecific
interaction between the FERM domain of FAK andelminal of p53 has been
proposed to inhibit p53 activity by enhancing M@xependent biquitination of
p53(Lim et al, 2008)or alternatively, inhibiting p53 transcriptional activity by
binding to the p53 transactivation doméiic et al, 1998; Zhangt al, 2004
(a)). Hence, in tumour cells overexpressing FAK, manipulation of théH893
interaction may trigger p5Bediated apoptosis and thereby, enhance the

apoptosisnducing ability of chemotherapeutic reagents.

Recently, a direct correlation between FAK overexpression and trp8arhas

been demonstrated (Golubovskayal, 2009). p53 mutants differ in their ability

toresist apoptoticstimuliSpeci fi cally, the R175H fAhot ¢
shown to be a potent inhibitor of apopta@tandinoet al, 1999; Tanget al.,
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2005; Golubovskayat al, 2008(a)). It has been suggested that the R175H
mutation | imits the flexibility of p53,
conformation that reduces its DN#inding capacity and possibly the ability to

interactwith other proteingAylon and Oren, 2007). Thisl oss of functi on
effectis attributed to reduced transcriptional upregulation of apoptotic

intermediates, as the mutant is negistant to ubiquitinatiorF{gure 5.1 Shimizu

et al, 2006)

Furthermee, in addition to the loss of transcriptional function, some p53 mutants
exert a gain of function (GOF) effect and exhibit a selective advantage in
carcinogenesigHigure 5.1 Levineet al, 1991). GOF effects include enhanced
cancer cell proliferationral increased tumourigenicity vivo, suggesting that the
GOF activity of mt p53 may play an important role in tumour progression. In
mouse models, mutant p53 expression in lymphoblastic leukemia cells or murine
ybrobl asts r esul tatyandtiesuegnvasigehesssrast umour i g e |
compared to p58ull cells (Dittmeret al, 1993; Hsiaet al, 1994). This GOF

was attributed to altered patterns of gene expression as mt p53 has been found to
upregulate the promoters of several genes, including mudtiésistance

(MDR-1) (Chinet al, 1992). In addition, mt p53 has been shown to

downregulate proteins important to anoikis resistance, including ca3g@sang

et al, 2005) and Fas (Zalcenstahal, 2003).

Since most p53 DNA binding domain (DBBiutants do not alter the

tetramerization domain, mt p53 is able to heterotetramerize with wt p53 (Milner

and Medcalf, 1991). Consequently, as the heterotetramerization of the

conformational p53 mts with wt p53 converts the wt protein to an inactive, imutan
conformation, p53 mutants exert dominant negative effects-exp®@ssed wt

p53 Figure 5.1 Ko and Prives, 1996; Willist al, 2004). Therefore, akin to the

LOF effect, in these mutants the dominant negative effect is attributed to the

reduced tranggtional activation of p53argets, as the wt/mt heterotetramer does

not bind DNA with the same afynity as 't hi
Nichollset al, 2002). Furthermore, the ability of mutant p53 to inhibit wt p53
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may be due to the mt p53 binding to components of EEDTand TFIIH
complexes (Wangt al, 1995). As a consequence, mutant p53 sequesters
transcriptional cofactors necessary for wijghe p53 activity Thus, the dominant
negative effect of mutant p58 reliant on the mutant p53 conformation, and
consequatly, the affinity of the mutant for p53 target sequer(&&sand Prives,
1996; Williset al,, 2004).

TP53 mutation RALtarnT
=S
p53

Accumulation due to
oncogenic events

.
LOF

.' o)
e O

L’
Transcriptional regulation of Transcriptional regulation of
genes that mediate growth- genes that mediate
supression, apoptosis, DNA  proliferation, drug-resistance,
repair etc. survival, metastasis etc.

Figure 5.1: Diagrammatic summary of the impact of loss of p53
function. The phenotypic effects of p53 mutations can be
classified as: 1) Mutations that abrogate the binding of p53 to
its consensus DNA binding sequence. Consequently, due to
Al oss of functionodo these mutants ab
activity of p53. 2) Most missense mutations may produce a
full-length mutant p53 capable of oligomerising with wt p53 to
form a defective heterotetramer - these mutants exert a
Adomi nant negativedghuncbiohundji 8a
mutations confer mutant p53 with new functions independent
of wild-type p53. GOF = gain of function; DN = dominant
negative; LOF = Loss of function © Brosh and Rotter, 2009
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| mportantly, one way i n whR1tGHexersa@ preval
LOF effect is by abolishing the ability of p53 to transcriptionally increase FAK
expression (Golubovskay al, 2008(a)). Pertinent to the loss of transcriptional
regulation of FAK, we detail in the previous chapters that the mRIZ®HH cell
line was resistant to STi®ediated FAK cleavagd-ijgure 3.1Q and
dephosphorylationHigure 4.4. Moreover, ECMmediated proteatn of

apoptotic death is independent of PKB signalling in the HOSCC cell lines,
indicating that the activation of FAK represses cell death via an alternative
mechanismKigure 4.4. Hence, in order to gain insight into the mechanism
whereby the mt p5SR175H enhances FAK activity, we explored the influence of
mt p53R175H on interplay between FAK and p53.
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5.2 Materials and Methods

5.2.1 Cell lines
As previously documented, see Chapter 2, Section 2.2.1

5.2.2 Antibodies

FAK, p53 andcaspase& were specifically detected with a rabbit polyclonal
antibody obtained from SantaCruz Technology. Monoclonal mouse anti
pFAK(Tyr397) (Millipore) was used to detect autophosphorylation of FAK.
Polyclonal horseradish peroxidase (HR®und antirabbit secondary antibody

was used in (Separations, SA) and fluoroscine isothiocyanate {ebir(t)gated
antirabbit secondary antibody (Chappel, USA) were used in the immunoblot and

immunofluorescence experiments respectively.

5.2.3 Protein estimation assay

As previously documented, see Chapter 2, Section 2.2.6

5.2.4 Immunoblot analysis

As previously documented see Chapter 2, Section 2.2.7

5.2.5 Indirect immunofluorescence

As previously documented, see @tex 2, Section, 2.2.8

5.2.6 Co-immunoprecipitation

Cells were lysed in RIPA buff€Appendix 1.3.2¥or 30 min at £C. The lysates
containing 35&g protein were incubated withe3 of antip53(Santa Cruz
Technologyat 4°C overnight 20¢l of protein GSepharose beadgere added to
each lysate at 4C for overnightThe supernatant was decanted and an equal
volume (40 ul) of double lysis bufféAppendix 1.3.1) was added to the pellet.

The suspension was boiled for 5 min and centrifuged for 10 min at 12000 r.p.m in
a Sorvall® MC 12 V centrifugeSamples wereesolved by SDFPAGE and

blotted onto nitrocellulose membran@s above) Blotswereincubated in ani

FAK to determinelte relative association with p53.
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5.2.7 Plasmids

The pCM\:Neo-Bamp53 and pCMWNeo-BamR175Hp53 plasmids (Appendix
5), containing the human full length p53 cDNA and R175H mutant p53
respectively, were kindly donatéy Dr. Bert Vogelsteirand Dr Moshe Oren

from the Weizmann Institetof Science, Israel

5.2.8 Preparation of competent cells for heat shock transformation

Competent cells were prepared according to the protatbhedby Inoueet al.,

(1990). A colmy of XL-1blueE.colicells was inoculated in 58I of SOB™

(Appendix 1.9.). The cells were incubated at 4B, shaking at 180p.m.

When the cells reached an Abs of 0.6 at 600nm, the cells were incubated on ice

for 5 min and centrifuged at 2000y¥or 10 min. The pellet was resuspended in

15 ml of ice cold transformation buffer (TBApendix1.9.9. The cells were

incubated on ice for 10 min, centrifuged at 800Pand resuspended in 4 ml of

TB. DMSO (280 ¢l ) was addomridefaXOadint he cel |
The cells (100 €l) were aliquoted into s
nitrogen (10 sec) and stored-#0 °C.

5.2.9 Heat shock transformation of XL-1 blue E.coli cells

The heat shock transformation was performed accorditigetprotocobutlined

by Inoueet al. (1990). The competent cells prepared above were thawed on ice for

30min. 30 ng of plasmid DNA (empty vector, wt p53rat p53R175H was

added to the cellsThe contents were mixed, placed on ice for 30 min and

incubated at 42C for 90 sec.Cells were placed on ice and prarmed SOC

(Appendix 1.9.3 medium (37°C) was addedCells were incubated at 3T for

40min and 10& | of the transformation miXxture w

plate(1.8.1) which was incubated overnight at 33.

5.2.10 Maxi-preparation to obtain adequate amount of purified plasmid

The Maxtpreparation kit (Qiagen), an alkaline based extractionquiure, was

used to extract a sufficientamount (upto809 ) of puri fi ed pl as mi
transformed competent cellé single colony grown on selective LA plate was

inoculated into 5 ml of LEAppendix1.8.2)containing 5% ampicillin.The
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culture was icubated for 8 hat 37°C, shaking at 180p.m. Subsequently, 200
el of the culture was inocul at edfori nto 10
16 hr, shaking at 180.p.m. The culture was centrifuged at 600Q &J2-21 rotor,
Beckman JA20) for 15 min at 4°C. Once e pellet was resuspended in 10 ml of
Buffer P1 and 1@nl of Buffer P2 respectively, the contents were mixed and
incubated at TR for 5 minBuffer 3 (10ml) was added, contents were mixed
immediately and incubated on ice for@n. The mixture was centrifuged at
20000 xg for 30 min at £C. The supernatant was centrifuged at 200@dor

15 min at £C. The supernatant was placed in a Qiatprb00, which was
previously preequilibrated (rinsed) with 10 ml of buffer QBT. Thag@ntip

was rinsed twice with 30 ml of Buffer QC. The DNA was eluted with 15 ml of
Buffer QF, mixed with 10.5 ml of isopropanol and centrifuged 1509®dx 30

min at 4°C. Theresultant pellet was washed with 5 ml of 70% ethanol and
centrifuged at 1500 x g for 10 min. Once the supernatant was removed, the
pellet was allowed to dry for 10 min. DNA was resuspended in steri@ dbi 2
hrat 4°C. The final DNA concentration in thample was quantified with the
Nanodro® ND-1000 Spectrophotometer

5.2.11 Restriction of plasmids from transformed E.coli

Areaction mixture (1@ | ) containing 10 wunili0¥ (U) of
of EcoRV (Amersham) andél | buffer B (Amersham) was u:
15 ¢ g p@W-emptyeectorpCMV-Neo-Bamp53or pCMV-Neo-Bam

R175Hp53 plasmideespectively The resultant mixture was incubated atG7

for 3 hr. Restricted products 1 )  a myaf 1 XI5 Rlus DNA laddéY

(Gibco BRL) were each mixed withe5| loadfng buffer (Appendix 1.11)Jand

subject td0.8% agarose gelectrophoreses (appendix 1)Yat constant voltage

of 72V. Ethidium bromide (1%) was used to visualise the DNA under UV light.

5.2.12 Transfection of WHCOG6 and SNO cell lines

The pCM\:Neo-Bamp53 and pCMVNeo-BamR175Hp53 plasmids wer
transfected into thel1299and WHCOG cell lines. A day prior to the transfection,
3 x 10 of theH1299 orWHCO6 cells were seeded onto arb tissue culture
dish. Cells were maintained in 5 ml of tissue culture medium andFIlSat 37
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°C. The transfetion of the pCMVNeo-Bamp53 and pCMVNeo-Bam-
R175Hp53 plasmids was performed accordi ni
(Invitrogen). Transfection of the pCM\Neo-BamR175Hp53 plasmid was

performed at a 1:1 ratio of vectbipofectaminé™ 2000 feferr ed to in text as

low charge ratig). With respect to the pCMWeo-Bamp53 plasmid,

transfections were performed at a 3:1 ratio of vecipofectaminé" 2000

(referred to in text as high charge ratig. Briefly, transfection reagent €71 )

was placed i200¢e | savuimfreetissue culture medium. This wéollowed by

the additionof 26 g o f t-Ne»Bam@33¥nd’ eg pCMV-Neo-Bam-

R175Hp53 plasmideespectivelyto form a mixture. After 15 min, the mixture

was added drop wise to tlissue culture medium in the 6 cm dish containing the

H1299 or WHCOS6 cells. As acontrolg7l o f tamindl@G0@ veas mixed

with, 7eg/21eg of the empty pCMWeo-Bam vectorand 2001 of medi um f o

15 min and adeld to a separate dish of cells.

5.2.13 Densitometry

Labworks TM Image Acquisition and Analysis software (Labworks version 4.5)

was used for densitometric analysis to quantitatively determine the concentration
level of protein in the western blots. When interpreting the transfection data, w
considered a 1.2 fold increase (equivalent to 20 %), to be an appreciable change in

FAK expression levels.
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5.3 Results

5.3.1 The p53/FAK association is intact in HOSCC cell lines harbouring wt
or mt p53-R175H

As the mt p53 cell lines weresistant to ST$nediated detachment and caspase
activation See Figure 3.9 & 3.)0we examined whether the inhibitory p53/FAK
interaction(Golubovskayaet al, 2005)was intact in moderately differentiated
HOSCC cell lines harbouring wt p53 or mt pB375H, as well as the HT29 cell
line harbouring the R273H DNA contact mutant.e Wearly show by
immunoprecipitation that FAK associates directly with wt and mt pgute

5.2). The p53/FAK interaction has been demonstrated to abrogatdguehdent
apopbsis (Golubovskayat al, 2005; Limet al, 2008).

5.3.2 STS induces nuclear accumulation of FAK in wt and mt p53-R175H

cell lines

As staurosporine has been previously shown to enhance nuclegLiFAlkt al,
2008) we examined whether apoptoticeets that initiate oligonucleosomal
cleavage, both with or without casp#activation, influenced the nuclear
localisation of FAK. The nuclear translocation of FAK has been shown to be a
prerequisite for FAKmediated inhibition of p58.im et al, 2008) Due to the
disruption of the ncleus during apoptotic eventmnalysis of the nuclear fraction
became impractical. As FAK localisation has previously been demonsgtsated
fluorescence microscopy (Ossovskayal, 2008) STSinduced FAK nuclear
transbcation was detected by immunofluorescence in both the representative wt
p53 cell line (WHCO6) and mt p53 cell line (SNOonsequently, in both wt and
mt p53 HOSCC cell lines, FAK accumulates in the nuc{€igure 5.3 during

cellular conditions that itiate oligonucleosomal cleava@8ee kgure 3.8A).

114



IP: p53

IBFAK No Ab lysate ~ WHCO6 WHCO1 WHCO3 WHCOS5 SNO

IB:FAK

Figure 5.2: The p53/FAK association is independent of p53
mutational status. p53 was detected in complex with FAK in
the wt p53, mt p53-R175H and mt p53-R273H cell lines. A
whole cell lysate from the WHCOG6 cell line was included for
each immunoblot to demonstrate the specificity of the
immunoprecipitation reaction. A negative control (Lysate +
anti-p53 antibody) was included to demonstrate the specificity
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of the co-immunoprecipitation.
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WHCO6

Figure 5.3: FAK accumulates in the nucleus in both wt and mt p53

116

cell lines post STS treatment. Nuclear localisation of FAK
was observed post STS treatment in both wt and mt p53 cell
lines, following immunofluorescent detection. Scale bar =
10pum; serum-free conditions (SS), 30nM STS (STS).



5.3.3The p53/FAK association is independent of FAK Tyr397
phosphorylation

Sincenuclea FAK has been shown to enhance the e@ssion between p53 and

FAK (Lim et al, 2008) we examined whether p53 remained associated with FAK
in the wt p53 (WHCOG6) and mt p53 (SNO) cell lind3uring STSmediated
apoptotic events, the p53/FAK interactioasumaintained in both wt and mt p53
cell lines Furthermorep53 was detected in complex with the cleavage product
of FAK (Figure 54A). The inhibitory effect of FAK on p53 imdependent of

FAK phosphorylatior(Lim et al, 2008) Accordingly, STSmedided
dephosphorylatiorof FAK did not influence the p53/FAK association

Importantly, corresponding to the absence of FAK cleavage, FAK remained
phosphorylated in the mt p83175H cell line post STS treatmeRigure 5.4B.
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A IP:p53

WHCO6 SNO
IB:FAK AIC  W/C SS STS Lysate A/IC | W/C SS STS NoAb
125 kDa mp-
85 kDa =
B WHCO6 wt p53 SNO mt p53-R175H
mt
Cont W/C SS STS A/IC W/C SS STS
IB:FAK
125 kDa wp-
85 kDa mp
IB:pFAK (Tyr397)
IB:p53
IB:Tubulin

Figure 5.4: p53 associates with FAK independent of STS-mediated
cleavage of FAK and Tyr397 phosphorylation. A) p53 was
detected in complex with FAK in the wt p53 WHCO6 and mt
p53-R175H SNO cells under: normal tissue culture
conditions/ whole cell lysate from WHCOG cell line (W/C),
serum-free conditions (SS) and treated with 30 nM STS (STS).
Notably, p53 was detected in complex with cleaved FAK post
STS treatment in the wt p53 WHCOG cell line B) STS-
treatment results in FAK cleavage and dephosphorylation at
Tyr397 in the wt p53 WHCOG cell line, whilst FAK was not
cleaved and pFAKTyr397 remained unchanged in mt p53-
R175H SNO cell line. Mt cont = W/C control from p53-R175H
cell line, APT cont = STS treated apoptotic control
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5.3.4 Sequence analysis confirmed the integrity of pCMV-Neo-Bam-p53 and
pCMV-Neo-Bam-R175Hp53 plasmids

We clearly demonstrate that the R175H mutation does not interfere with the
ability of mt p53R175H to associate with FAK-{gure 52). However,the
detachmentesistant SNO cell line harbong mt p53R175Hcell line was

resistant to FAK cleavage, casp&sactivation Figure 3.10) and

dephosphorylation of FAKRigure 4.4. In response to stress stimuli, p53
accumulates in the nucleus and represses FAK gene transcription (Golubovskaya
et al, 2005). As the R175H mutation abrogates the DNA binding ability of p53,
mt p53R175H is resistant to the transcriptional regulation of FAK (Golubovskaya
et al, 2008(a)). Hence, one possible way in which the mt f&B75H cell line

might evade caspaskependent apoptosis is by upregulating the expression of the
FAK protein. In this way, the anéipoptotic ability of FAK would be enhanced,
facilitating the evasion of anoikielated death. This possibility was explored in
transient transfection assagsnploying plasmids encoding either wt or mt p53
R175H.

The integrity of the pCMWeo-Bam empty vector, pPCM\Neo-Bamp53 and
pCMV-Neo-BamR175Hp53 plasmids was established by restriction digest
(Figure 5.5, followed by sequence analysiidure 5.9. Restriction digest of the
pCMV-Neo-Bam empty vector generated a linear plasmid (orange), double digest
of the pPCM\:Neo-Bamp53 vector generated a 1.8kb fragment (green), whilst,
double digest of the pCMWeo-BamR175Hp53 vector generated a 1.3kb

fragment (blug Both the integrity of wt p53Higure 5.6A and the R175H

mutation located on exon Bigure 5.6 were confirmed by sequence analysis of

a single colony.
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pCMV vector PCMV-wip53 PCMV-mt R175H
MWM  Uncut BamHl Uncut BamHI Uncut EcoRl

A.

pCMV vector PCMV-wipb3 PCMV-mt R175H
MWM  Uncut BamHl Uncut BamHI Uncut EcoRl

B.

Figure 5.5: Restriction of the purified pCMV-Neo-Bam, pCMV-Neo-
Bam-wtp53 and pCMV-Neo-Bam-R175H vectors. (a) An
agarose gel separation of vectors extracted via (A) mini-prep
and (B) maxi-prep. Single nick generated linear plasmid
(orange); double digest generated 1.8kb fragment (green);
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double digest generated 1.3kb fragment (blue); RNA
degradation products (pink).

Query 427 GGTTGTGAGG!GCTGCCCCCACCATGAGCGCTGCTCAGATAGCGATGGTCTGGCCCCTCC 486
FEEREEEEr e e e et
Sbjct 710 GGTTGTGAGGCGCTGCCCCCACCATGAGCGCTGCTCAGATAGCGATGGTCTGGCCCCTCC 769
‘ 260 270

Query 424 GGAGGTTGTGAGGCACTGCCCCCACCATGAGCGCTGCTCAGATAGCGATGGTCTGGCCCC 483

Frerrrrrreerrr rererrrrerr e e et e e e e e e e

Sbjct 707 GGAGGTTGTGAGGCGCTGCCCCCACCATGAGCGCTGCTCAGATAGCGATGGTCTGGCCCC 766

60 70 &80

TGGGGGCAG TGCC TCACAARCCTCCGTCATGTGCTG'

Aot M i

Figure 5.6: Sequence analysis of the wt p53 and mt p53-R175H
pCMV-Neo-Bam vectors. A) wt p53 and B) the R175H
mutation on exon 5 was confirmed by sequence analysis of a
single colony of the pCMV-Neo-Bam-p53R175H and pCMV-
Neo-Bam-p53 vectors respectively.
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5.3.5 Overexpression of mt p53-R175H increased FAK expression

As all commercially available p53 antibodies recognize both wt and mt p53
(Chene, 1998), the p53ull H1299 cell line Figure 5.7 was used to optimise
transient transfection assays with vectors containing genes encoding wt p53 or mt
p53R175H. Lipofectamine is a cationic liposomic reagent widely used to
introduce DNA encoding therapeutic proteins into cells (Azad and Rojanasakul,
2006). The overall posite charge of the Lipofectamine/DNA complex interacts
with the negative charge of the plasma membrane and facilitates internalization of
the complex into the cells by endocytosis (Azad and Rojanasakul, 2006). The
charge ratio of the cationic species deti@es the cytotoxicity of cationic

lipsomes, with a higher charge ratio being more toxic (Ddatlka, 2000; Lvet

al., 2006). Previous transfection studies in the same series of HOSCC cell lines
indicated that a low charge ratioDNA: Lipofectamine200 was well tolerated

by the HOSCC cellsSeeMaterials and MethodS.2.19. In addition, p53 has
previously been successfully transfected with Lipofectamine 2000 in the H1299
cell line under these conditions (Vikhanskayal., 2007).

Thus, the H1299 d¢idine was transiently transfected with vectors encoding genes
for either wt p53 or mt p5R175H. As mutant p53 does not activate expression
of its negative regulator, MDM2 (Prives and Hall, 1999; Petrgj., 2001), it is

more stable than wiltlype p53. Consistent with these reports, only mt p53

R175H was detected post transfection in the H1299 cell line at the lower charge
ratio of vector to transfectarfigure 5.9. Although FAK expression decreased
post mt p53R175H transfection at 24hr, there vaasappreciable increase of

FAK expression (1.2 fold relative to empty vector control) post 48hr transfection.
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5.3.6 Overexpression of wt p53 did not influence FAK expression

It is well established that the subset of cell death induced by caiprsomes is
primarily via goptadic death pathway§Aramakiet al, 1999 Aramakiet al,

2000). Accordingly, the volume ofipofectamine used in the previous
transfection assayas sufficient to activate caspa3and therefore, apoptotic
pathways Figure 5.8. Thus, as wt p53 was not detected post transfection with
the low charge ratio of vector to transfectant, the transient transfection assay for
wt p53 was repeated with thréad DNA to transfectant. Wt p53 was only
detected in the H1299 cell Brpost 24hr of transfection. No appreciable change
in FAK expression was evident post wt p53 transfectioguie 5.9.
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WHCO6 WHCOT H1299 SNO
IB:p53

53 kDa mp N —

IB:FAK
125 kD2 mup| qumy s s SN

Figure 5.7: The p53-null H1299 non-small lung carcinoma cell line
expresses FAK. Comparable FAK expression to the WHCO1
cell line was evident in the H1299 cell line. p53 was not
detected by immunoblot in the H1299 cell line.
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24 hr 48hr
IB:FAK WHCO6 H1299 | Vector 5. M Vector 1:13 S
125 kDa
IB:p53
53 kDa wp-
IB:Caspase-3

32 kDa mp-

IB:Cleaved casp-3
19/17 kDa ™=

IB: Tubulin
48 kDa wp-

P |
e
| -

See next page for legend.
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Fold increase
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WHCO86 wic H1299 wic pCMV-empty pCMV-p53 pPCMV-R175H pCMVempty pCMV-wip53  pCMV-mtR175H
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1.0 1 —

0.8 —

0.6 1

0.4 -

0.2

0.0

T T T T T T T T
WHCO06 wic H1299 wic PCMV-empty pCMV-p53  pCMV-R175H  pCMVempty =~ pCMV-wpS3 pCMV-mtR175H

Figure 5.8: Overexpression of mt p53-R175H in the H1299 cell line

126

increased FAK expression. A) Mt p53-R175H was detected
in the H1299 cell line post transfection at the low charge ratio
of DNA:Lipofectamine. Caspase-3 activation was detected in
the pCMV-empty vector control. B&C) Densitometric analysis
revealed that corresponding to the detection of (B) mt p53-
R175H, (C) FAK expression increased 1.2 fold relative to the
empty vector control, post 48hr transfection.



24 hr 48hr
IB.F AK WHCO6 H1299 Vector W?pga Vector W:?D153
IB:p53
53 kDa
IB:Caspase-3
IB:Tubulin

48 kDa wap!

See next page for legend.
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Figure 5.9:
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WHCO6 w/c H1299 wic pCMV-empty pCMV-p53 pCMVempty  pCMV-wtp53

Overexpression of wt p53 does not repress FAK
expression. A) Wt p53 expression was detected in the
H1299 cell line after 24hr post transfection at the higher
charge ratio of DNA to transfectant reagent. B) Densitometric
analysis revealed that overexpression of (B) wt p53 did not
repress (C) FAK expression.



5.3.7 mt p53-R175H does not protect wt p53 HOSCC cell line from STS-

dependent FAK cleavage

As overexpression of mt p8B75H increased FAK expression in the H1299 cell
line (Figure 5.9, we examined whether the previously described dominant
negative effect of mt p5B175H (Ko and Prives, 1996; Willet al, 2004) was
evident post STS treatment in the representative wt p53 WHCOG6 cell line.
WHCOG6 cells were transiently transted with mt p53R175H for 24 hr,

following treatment with STS for 24hr. Corresponding to previous transfection
assaysKigure 5.8, the introduction of mt p58175H into the wt p53 WHCOG6
cell line increased p53 expression 1.2 fold relative to the engtprcontrol
(Figure 5.10. Although the mt p5&R175H did not oppose STiSediated FAK
cleavage, FAK expression in the mt pR275H/STS transfected cells was
elevated 1.4 fold relative to the STS contkibre 5.10.
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See next page for legend.
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Figure 5.10:
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T T 1 T T
WHCO6 wic pCMV-empty pCMV +STS  pCMV-R175H pCMV-R175H + STS

Mt p53-R175H does not protect wt p53 WHCOG6 cell line
from STS-mediated FAK cleavage. A) p53 expression
increased post transfection with the pCMV-Neo-Bam-
p53R175H vector in the mt p53-R175H cell line. FAK
cleavage was not reduced by the overexpression of mt p53-
R175H in the wt p53 cell line. B&C) Densitometric analysis
revealed that increased (B) p53 expression corresponded to
increased (C) FAK expression.



5.4 Discussion

An alternatve survival role of FAK has recently been shown that involves its

nuclear translocation and repression ofqd&pendent apoptosis (Golubovskaya

al., 2005; Limet al, 2008). However, this regulation has been exclusively

demonstrated in cell linesharlur i ng wt pb53. -Rln5elisihot spo
proposed to confer resistance to apoptosis by repressing the FAK promoter
(Golubovskayat al,, 2008(a)). In addition, we have shown that the mt 53

R175H cell line displays altered FAK regulatidgfigure 310 & 4.4). Thus in

order to establish the role of mt pB375H on FAK regulatiom oesophageal

carcinomawe compared interplay between p53 and FAK, in HOSCC cell lines

expressing either wt or mt p&3175H.

The p53/FAK association is mediated via ratgions between the-términal of
(amino acids 208422) and seven amino acids located in the pralcteregion of
p53 (Golubovskayat al, 2008(b)). Due to impaired flexibility, the
conformational mt p5R175Hhas reduce®NA-binding capacitfAylon and

Oren, 2007). However, tHe175Hdid not influence the ability of p53 to
associate with FAKKigure 5.9. Furthermorethe prolinerich region of p53 that
interacts with p53 contains the Pro/Arg72 polymorphism, which frequently
changed to an arginimesidue in different tumours. Hence, in addition to the
R175H mutation, the Pro/Arg72 polymorphism, in the mt-pA35H cell line did
not affect the p53/FAK associatioMoreover, during ST$nediated apoptotic
events, the p53/FAK interaction was main&nn both wt and mt p53 cell lines
(Figure 5.3. Consistent with previous reports, nuclear accumulation of FAK was
detected in both wt and mt pB3L75H cell lines post STS treatmehigure 5.2;
Golubovskayaet al, 2008(a); Ossovskayat al, 2008). Since caspas8

activation was not detected in the mt g8B75H cell line, these results suggest
that caspas8 dependent events do not influence stiredaced FAK nuclear
translocation.Although the association has been demonstrated to be enhanced
post axorubicin/staurosporine treatment (Lahal, 2008), this is the first study

to show that the association is maintained post caspasgvation and
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independent of p53 mutational status. Importantly, these data reveal that the
altered regulation of FAlKand resistance to caspase activation in the mt p53
R175H cell line Figure 3.9 & 3.1} is not due to the inability of mt p&3175H

to associate with FAK.

Mt p53-R175H is resistant to the transcriptional regulation of FAK
(Golubovskayeaet al., 2008(a)). Emphasizing the importance of this LOF effect,
we have established that the mt #%B75H cell line was resistant to STS
mediated FAK cleavagé-igure 3.9 and dephosphorylatioffrigure 44).
Moreover, airect correlation between overexpression of FAK anutant p53
has been demonstrated in breast caf@elubovskayaet al, 2009). In
agreement with this data, overexpression of mtiRB35H in the p53ull H1299
cell line increased FAK expression post 48hr transfectayu(e 5.9.
Furthermore, overgxession of wt p53 had no appreciable effect on FAK
expressionKigure 5.9. Therefore, in addition to loss of transcriptional
regulation of FAK, these data demonstrate that mtpb535H may enhamrd-AK

expressionand as a consequence FAEpendent sighiang.

Several studies, in both mice and humans, have discovered cells expressing
mutant p53 possess a carcinogenic advantage (Dighadr 1993; Hsiaaet al,
1994; Liuet al, 2000). These studies demonstrate that the p53 mutants disrupt
normal p53unction, by reducing the activity of p53 tetramers. Importantly, the
tetramerization of mt p53 with wt p53 reduces the ability of the p53 tetramer to
bind the FAK promoter (Williet al, 2004). Thus, as mt pd3175H increased
FAK expression in the p58ull H1299 cell line Figure 5.8, we investigated
whether the introduction of the mt pB&L75H into the wt p53 cell line was
sufficient to abrogate FAKlependent regulation. Notably, although
overexpression of mt peR175H did not protect the wt p53 WH®Qell line

from STSmediated FAK cleavage, the introduction of mt #&B75H increased
FAK expressionkigure 5.10. Hence, these dagamphasize that the mt p53
R175H exets a dominant negative effect on endogenous wt p53.
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Applicable to FAK activity, ve show that FAK expression is related to Tyr397
phosphorylationKigure 2.4. Thus, it is evident that by increasing the expression
of FAK, the mt p53R175H may have a profound influence on the regulation of
anchoragendependent death, through enhancé& Flependent signalling.
Moreover, the altered regulation of FAKrected events in the mt p53L75H

cell line was not due to the inability of mt pR375H to associate with FAKSge
Figure 5.3. However, the mt p58175H cell line was resistant to FAK
dephosphorylationKigure 4.4 & 5.3. Constitutive activation of FAK protects
cells from anoikismediated activation of caspa8dKurenoveet al, 2004).

Hence, the persistent activation of FAK observed in mtR535H cell line may
be facilitating resince to detachment and caspase activation, through the
suppression of the Fasediated death cascade. Therefore, to ascertain the full
impact of mt p53R175H in anoikiselated regulatiorthe investigation of the
influence of FAKkdependent signalling drasmediated death is detailed in the

next chapter.
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Chapter 6

Role of FAK activation in the suppression of Fas-mediated

apoptosis in HOSCC cell lines

6.1 Introduction

In addition to repressing p&Bependent anoikis (Fris@t d., 1998;

Golubovskayaet al, 2005), constitutive activation of FAK has also been reported
to suppress Fasediated apoptosi&Kurenovaet al, 2004;Kamarajarand

Kapila, 2007) Substratedeprived death was demonstrated to be accompanied by
increased leels of Fas, FasL and enhanced formation of the DISC, whilst Fas
attenuation by siRNA treatment rescues aneaikésliated DISC formation (Ishida
et al, 2003; Kamarajaet al, 2010). Moreovern indirect link betweefkas and
FAK-mediated signalingia receptor interacting kinase (RIRas been
demonstrate¢Kamarajaret al, 2010). Hence the suppression of Fasediated
apoptosis by FAKdependent sigiing representan important component of the

regulation ofanoikisrelatedevents

Fas expressionas originally believed to be restricted to cells of the immune
system, however, Fas is expressed in most adult tissues including liver, thymus,
heart and ovar{Papoffet al, 1999; Siegett al, 2000) Importantly, Fas and its
associated ligand, FasLave been shown to be constitutively expressed by
normal human oesophageal mucosal cells (Grdtak, 1998). Unlike Fawhich

is ubiquitously expresseéasLis expression mainlgestricted to activated
lymphocytes and natural killer cells (Krueggtal., 2003). In this way, the

immune system utilises FasL as a powerful means to eliminate compromised
cells. Consequently, transformed and infected cells are identified bylasing
cells of the immune system and destrofi€diegeret al, 2003. Clearly, this
immune attack is dependent on the inherent capability of the target cell to enter
apoptosis.Thus, he loss of control of these death pathways has dire

consequences as compromised cells are permitting to continue proliferating.
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In previous bapters we have shown,timHOSCC cell line harbouringnt p53
R175H, FAK remained phosphorylated at Tyr397 under the spm@otic
conditions that fouwt p53 cell lines displayed FAKleavageand caspasa
activation(Figure 3.9 & 4.4. The resultantell death that accompanies reduced
FAK activity has been attriied to reduced survival signaj via the PI3K
dependent ghaing cascad¢Sonodeet al, 1999) However, FNmediated

signals were independent of PKIBpendent signallind-(gure 4.4. Inaddition,

t h e -sfiphoott 0 -RbhI5H @xért3 a dominant negative effect on wt p53, and
enhances FAK expression (Golubovskayal, 2005). Consistent with these
studies, overexpression of mt pB375H increased FAK expressidfigure 5.9.
Therefore, asbrogation ofFAK expression has been shown to be associated with
enhanced caspas$eactivationand the induction of anoikis (Kurenoeaal.,

2004), we explored whether the persistent activation of FAK in the mt p53
R175H cell line was accompanied by 8uppression Fasiediated apoptosis.
Uniquely,the novel complex between Fas and FAK identified in wt and mt p53
R175H cell lines provides unique insight into the association between sustained
FAK activity and delayed Famediated apoptosiddence, thalata presented in
thischaptes t r ongl y supports our earli-er conter
R175H may have a significant impact on the survival of tumor cells post cell
detachment, by opposing the induction of FA&pendent anoikis.
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6.2 Materials and Methods

6.2.1 Cell lines
As previously documented, see Chapter 2, Section 2.2.1

6.2.2 RNA extraction
As previously documented, see Chapter 2, Section 2.2.2

6.2.3 Reverse transcription

As previously documented, see Chapter 2, Section 2.2.3

6.2.4 Antibodies

Fas and FasL were specifically detected with a rabbit polyclonal antibody
obtained from SantaCruz Technology. Monoclonal mousep&ftK(Tyr397)
(Millipore) and anticaspase8 (Cell Signalling Technology) was used to detect
autophosphatation of FAK and activation of caspa8aespectively. Polyclonal
horseradish peroxidase (HRByund antirabbit secondary antibody was used in
(Separations, SA) and fluoroscine isothiocyanate (Fd@jugated artrabbit
secondary antibody (ChappelSH) were used in the immunoblot and

immunofluorescence experiments respectively.

6.2.5 Protein estimation assay

As previously documents, see Chapter 2, Section 2.2.6

6.2.6 Immunoblot analysis

20ug of proteinper lane was resolved on a%GDSPAGE andelectroblotted
onto a nitrocellulose membrane (Sartorius). $pmtific binding sites on the
membrane were piiglocked in blocking buffer for 1 hr. Bis were incubated
with antiFas (1:650), antiFasL (1:500For 1hr orovernight with pFAK(Tyr397)
(1:500 or caspas® (1:500) in 1% BSA Following incubation in HRP
conjugated seconda(¥:5000) membranes were washed 6 times at 5 min
intervals with PBS before being exposedhe SuperSignal West Pico

Chemiluminescentorking solution for 5 min. Blots wersealed in polyethylene
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wrap and exposed to hyperfilmE MP autor ad

10 min.

6.2.7 Indirect immunofluorescence

Thevisual determination of Fas and Fashs determined by indirec
immunofluorescenceCultured cellsvere fixed with 4% paraformaldehyde for 30
min and washeduice with PBS. Followingpermeabilisation with 0.25% Triton
X-100 for 10min, cells were rinsed twice with PBS and allowed to dry partially.
Fixed cells weréncubated withanti-Fas(1:100 or antiFasL (1:100antibodes
respectivelyfor 1hr. Following incubation with the antabbit fluoroscine
isothiocyanateconjugated secondary antiboly250) for 1hy Elvanol mounting
agent was added to the wells aeds were viewed at 400 X magnification under

a Zeiss LSM 410 confocal microscope (FITC excitation 490, emission 525).

6.2.8 Co-immunoprecipitation

Cells were lysed in RIPA buffer containing 8 Tris-HCI (pH 7.5), 150mM
NacCl, 0.5% deoxycholate, 0.5% Tt X-100, 0.05% STS, thM PMSF and
aprotinin, for 30 mirat 4°C. The lysates containing 35Q protein were
incubated with %I of antrintegrin FagSanta Cruz Technology) at'€ for 6hr.
Then 20l of protein GSepharose beaggere added to each lysate atCHor
overnight.The suspension was boiled for 5 min and centrifuged for 10 min at
12000 r.p.m. in a Sorvall® MC 12 V centrifug8amples wereesolved by SDS
PAGEand blotted onto nitrocellulose membraKaes above) Blotswere
incubated in amFAK and antiFasLto determinetlie relative association with

Fas

6.2.9 Densitometry
LabworksTM Image Acquisition and Analysis software (Labworks version 4.5)
was used for densitometric analysis to quantitatively determinstieentration

level of FasL Fasand caspas8 in the Western blots.
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6.3 Results

6.3.1 HOSCC cell lines harbouring wt or mt p53-R175H express FasL

Fasmediated apoptosis initiated by thenteraction of membrankoundFasL,

with its corresponding death receptor, F@® R e et 4l,12909. We have

already established that the HOSCC cell lines expres@-iase 2.9.

Therefore, in order to fully characterise the Fas death cascade we assessed
whether the HOSCC series of cell lines express FasL. The 40kDa membrane
bound counterpart of FasL was detected in the HOSCC, HT29 and MCF7 cell
lines Figure 6.17A). Under standard tissue culture conditions, the WHCOL1 cell
line had the highest FasL expressidrhe lowest FasL expression was observed

in the WHCO3 and WHCOG6 cell lines, on average approximately 2 fold less than
the WHCO1 cell lindFigure 6.1B.

6.3.2 Peri-nuclear localisation of FasL was observed in HOSCC cell lines

Consistent with previous reports in glycosylated proteins, distinchpelear

localisation of FasL was observed in HOSCC cell lines, as well as the c8spase

null MCF7 and mt p53R273HHT29 control cell linesKigure 6.9. Increased
membrane expression of FasL has been proposed to enable oesophageal tumors to
evade immune surveillance (Kozowskial, 2007). Contrary to this observation,

no distinct membrane localisation of FasL waserved in the HOSCC cell lines
(Figure 6.2.
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FasL is differentially expressed by the HOSCC, MCF-7 and
HT29 cell lines under standard tissue culture conditions.
(A) Western blot analysis of the cell lysates using a polyclonal
antibody against FasL. The membrane-associated counterpart
of FasL was detected at 40 kDa. (B) Densitometric analysis of
the i mmunobl ot was perfor med
Acquisition and Analysis software. The relative difference
FasL was assessed across all of the HOSCC cell lines.
Expression levels are relative to the maximum per 20ug of
protein in the WHCOG cell line. Note: the whole cell samples
used to detect FAK in Figure 2.3A we were the same samples
used to detect FasL, and therefore, the tubulin immunoblot
also represents the loading control for the above immunoblot.
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