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"...the key to every biological problem must finalyy be sought in the cell, for

every living organism is, or at sometime has beean,cell.”

Edmund B. Wilson

The Cell in Development and Heredity



ABSTRACT

Cell-extracellular matrix (ECM) detachment triggexrscell survival mechanism known as
autophagy. A link between attachment and autoplsamgests a form of adhesion-based
regulation, involving mechanotransduction of extétadar-originating signals to the cellular
machinery controlling autophagy induction. This lrap a role for integrin-linked kinase
(ILK), which transmits mechanical stimuli to the maalian target of rapamycin (MTOR)
signalling pathway. Cells with a propensity for amtasis may negate these adhesive signals,
inducing autophagy inappropriately. Metastasis isalmark of transformation frequently
associated with human oesophageal squamous cdaingara (HOSCC). Additionally,
hyperactive mTOR/mTORC1 signalling correlates iasmegly with HOSCC. Therefore, the
protein expression of significant signal transduttpathway intermediates was investigated
in response to both soluble and ECM-originatinghati. Measurements by SDS-PAGE and
western-blotting coupled to semi-quantitative demsetry, during standard tissue culture
conditions, revealed that HOSCC's expressed mogitoahigh levels of mTOR, p-RPS&
235/236) and mMATG-13; indicating elevated levels of autaphanduction despite aberrant
signalling through mTOR/mTORCL1. Additionally, an BDa mTORB isoform was identified

in HOSCC cells with lower mTOR abundance, presugnéblmaintain aberrant mTORCL1
signalling. A canonical role for the PI3K/PKB patiywas also identified; where autophagy
induction accompanied diminished mTORC1 signallimg response to specific PI3K
inhibition with LY294002 and serum withdrawal. Hovee, autophagy induction varied in
response to a dose-dependent decrease in mTOR@Elisig after exposure of HOSCC cells
to rapamycin. Moreover, specific inhibition of p9®R with BI-D1870, suggests that
mTORC1 phosphorylates RP&6 222%®)in the absence of MAPK signals. Furthermore,
ectopic ILK expression indicated an enhanced piterior adhesion-based signalling.
Correspondingly, HOSCC cells commonly increased RE@d p-RPSE® 2*%Fexpression
following growth on fibronectin or collagen. Howeyeco-immunoprecipitation analysis
revealed that signals transduction to mTOR predwddirect interaction with ILK or FAK.
Rather, ECM-modulation of mTOR occurs in a integdriggered, but PI3K-depedant
manner; since specific inhibition of PI3K negat@ordnectin-induced increases of mTOR
concentration and RPS88 23*?%*)phosphorylation. Thus, these data strongly sugnd®R

is a target for adhesion-based signal transductidrere the ECM influences cell survival
through mTORC1. Moreover, exploitation of autophagjuction post cell-ECM detachment

in HOSCC may promote the survival of metastasemdutissemination.
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CHAPTER 1

1. GENERAL INTRODUCTION AND LITERATURE REVIEW

1.1. Regulation of intracellular communication at the cd-ECM interface

During development, highly coordinated signallingerets guide the formation of coherent
epithelial sheets into a functional, adult epithedi (Gumbiner, 1996). When the adult
epithelium is formed properly, developmental signale ‘switched off and morphogenetic
information is no longer supplied (Gumbiner, 199&)e adult epithelium now conforms to a
biologically-relevant structure that experienceffedent types of extracellular signalling
events within all cell layers (Mammoto and Ingb2010). These new signals directly
contribute towards the maintenance of tissue iitieg@nd therefore homeostasis.

Currently, extracellular-originating signals mayfluence tissue homeostasis through two
known mechanisms (Asthagiri and Lauffenbburger,(2®ammoto and Ingber, 2010). The
first mode is biochemical in origin; where signate elicited in response to specialised cell
membrane receptors that associate with solublepategligands; such as amino-acids,
hormones and growth factors (Bruntenal, 2004; Groves and Kuriyan, 2010). The second
mode is mechanically-derived and rather involvegnais elicited in response to a cell
encountering a solid, matrix-like environment (Geoal, 2006; Mammoto and Ingber,
2010). Although these stimuli originate from ditet sources, the appropriate regulation of

both types of signals is essential for the maimesaf healthy epithelial tissue.

A popular approach to addressing the basis to turdewelopment is to view it as a change
in the molecular mechanisms regulating cell prodifien and survival signalling (Graet al,
2010; Hanahan and Weinberg, 2011). These mecharmisgmseen to involve a corruption in
sensing and transmitting the above stimuli. Sihesé signals are both numerous and varied,
of particular interest to us is the influence o timmediate cellular environment on these
signals, i.e. signals elicited from mechanical searin response to cell-extracellular matrix
(ECM) attachment. Adhesion-based signalling in ttmanner has been found to support
inappropriate proliferative events; for example thleerrant activation of cell adhesion
molecules (such as those forming part of the imeggdhesion system) are reported to delay



apoptotic cell death in squamous cell carcinomaQBaf the human oesophagus, allowing
tumours to evade tissue-dependant survival ressréifanucchi and Veale, 2011). However,
what remains to be understood in this regard idrtheence of adhesion-based stimuli on a
cellular process closely related to proliferatiauch as the evolutionary conserved cell
survival pathway known as autophagy (Meijer and @@, 2004).

In response to extensive biochemical and mechamitaduli, epithelial cells may often
utilize autophagy as a rehabilitation strategy @@ecand Levine, 2008; Eisenberg-Lereer
al., 2009; Erol, 2011). Under conditions where autggh# initiated, stressed cells are
extended an opportunity for restoration before gieath signals fully activate programmed
cell death cascades, such as anoikis (Edinger &@ainpson, 2004; Cecconi and Levine,
2008; Funget al, 2008; Lock and Debnath, 2008). In light of thewd we have identified
major players that may contribute to epitheliahgf@rmation by dissecting the most likely
route triggered by adhesion-based stimuli to theoghagy induction machinery. These
include essential components of the integrin celteeellular matrix (ECM) adhesion
system; namely integrin-linked kinase (ILK) - whicha major conduit for the transduction
of adhesion-based signals (Clarke and Brugge, 1385Wwell as the mammalian target of
rapamycin (mTOR) signalling pathway - which is thmain signal transduction pathway
controlling extracellular-originating signals triggng autophagy induction (Schmelzle and
Hall, 2000; Foster and Fingar, 2010). Thereforegroter to equip the reader with the relevant
background and the current understanding of theflalar events, we begin with a brief

discussion of the major players.
1.2. Integrin-mediated Cell-ECM Adhesion

Biochemical signal transduction is controlled bgetor tyrosine kinases (RTK'’s), which
activate an array of intracellular protein kinasedmted cascades. This type of signal
transduction brings about a change in cell behavigunfluencing transcriptional events in
the nucleus (Bruntoat al, 2004; Groves and Kuriyan, 2010). In contrast, meccal signals
are controlled by specialised biochemical entif@msning part of the cell adhesion system
(Gao et al, 2006; Mammoto and Ingber, 2010). These are nptdbk integrins;
transmembrane glycoproteins that adhere to an afraxtracellular matrix (ECM) support
structures and regulate cell-ECM interactions (lHegbr and Calderwood, 2009). Integrins
directly couple mechanical stimuli to biochemicansls through interactions with integrin-

triggered protein kinases, thus influencing celldaour (Aplinet al, 1998; Shwartz, 2001).
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Clearly, both RTK’s and integrin-mediated adhespay an important role during the
maintenance of homeostasis in epithelial tissuave¥er, while much is known concerning
RTK-dependant biochemical signalling, comparativégss is known concerning the
transduction of mechanical stimuli through integramd the downstream effects on important
cellular processes; such as proliferation or aatvisal signalling. Moreover, understanding
the impact of adhesion-based signalling schemesnbes complicated, as cells commonly
integrate biochemical and mechanical signals tohasige a particular behavioural response
(Aplin et al, 1998).

The integrin adhesion system is responsible foititt@ing physical connections between a
cell and ECM, as well as mediating the intracetlydeopagation of ECM-originating signals
(Clark and Brugge, 1995). Structurally, integrinse aheterodimeric, transmembrane
glycoproteins composed ofandp subunits (Hynes, 1992; Rosaktsal, 1992); where each
subunit possesses a protruding extracellular dgnaimembrane spanning domain and a
short cytoplasmic domain (Hynes, 1992; Rosaéesal, 1992). Integrins are capable of
binding a variety of ECM proteins; for example 6bectin, collagen, laminin and vitronectin
(Aplin et al, 1998). This is a consequence of their immensmntigbinding ability, resulting

from the numerous permutations possible betveeandp integrin pairs (Apliret al, 1998).

The short cytoplasmic domains afand B integrins do not possess any innate enzymatic
activity (Harburger and Calderwood, 2009). Rathbey associate with a vast array of
intracellular proteins that include both cytoskaleind structurally-related components, and
catalytic signalling proteins (Clark and Brugge9%9 Structural proteins, such @agatenin,
talin, vinculin and tensin, commonly congregatethese sites, thereby linking integrin
systems to the cytoskeleton. Additionally, co-legation of specific protein kinases occurs;
such as integrin-linked kinase (ILK), focal adheskinase (FAK) and phosphoinositol-3-
kinase (PI3K) (Harburger and Calderwood, 2009),cwiare involved in signal transmission
and will be discussed in more detail later in ttimpter. Therefore, cytoplasmic regions of
integrins are sites of multi-protein assemblies nehstructurally-related proteins play
important roles in the stabilisation of cell adleesiregulation of cell shape, morphology and
mobility (Shwartz, 2001). The current model foregtin activation and focal adhesion
formation was proposed by Legaét al. (2006). Figure 1.1 on the next page visually

demonstrates these important integrin structuretfon relationships.
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Figure 1.1: Model of integrin activation and focal adhesion formation. This schematic
representation by Legate et al. (2006) demonstrates the molecular
mechanisms pertaining to focal adhesion biogenesis upon contact with an
ECM-like substrate. (@) When inactive, naturally occurring integrins within the
cell membrane may be found in a ‘bent’ conformation. However, when
structurally-related proteins, such as talin, are recruited to the plasma
membrane, binding to cytoplasmic integrin tails occurs whereupon integrins
adopt a ‘primed’ conformation (b). Integrin extracellular domains extend and
become unmasked, exposing sites with ligand-binding potential (c). Depending
on the integrin pair, these sites subsequently bind ECM components, inducing
talin to act as a molecular platform for other focal-adhesion proteins; such as
ILK, FAK, paxillin and PINCH. In this way, a fully mature focal adhesion develops
and ultimately involves the clustering of numerous, ligand-interacting integrin
a and B subunit pairs, which both tethers the actin cytoskeleton to the ECM
and facilitates communication with related intracellular signalling pathways.

1.3. Sensing mechanical signals is necessary for the peption of the physical

environment

Now that the role of integrin-mediated adhesion sigdalling has been clarified, the purpose
of mechanically-derived stimuli may be explored @¢ontext of the functional, adult
epithelium. Under ‘normal’ physiological conditigngpithelial tissue functions as a
biological interface protecting the internal milgeefrom environmental stresses (Junqueira
and Carneiro, 2007; Yourgg al, 2007). As a result, the cell layers comprising eépithelium

of the gut and skin, for example, are constantlgosed to various types of physical and



chemical stimuli that may cause damage to the elpitth. Considering that physical and
chemical damage elicit specific forms of mechangighalling (Erol, 2011), the integrin
adhesion system is primarily involved in sensingsth stimuli (Jaalouk and Lammerding,
2009; Shwartz, 2010; Erol, 2011). Therefore, integnediated cell adhesion allows for the
intracellular propagation of these mechanical dggnahich then bring about the appropriate
biological response; such as the initiation of geath signals to destroy irreparably damaged
cells, the initiation of pro-survival pathways tehabilitate cells with reparable damage, or
increase cell growth or proliferation to replacengdycells (Erol, 2011). However, a specific
scheme of adhesion-based signal transduction nueiradn order to trigger the correct

cellular response.

1.3.1. Intracellular signal transduction of extracellular-originating stimuli

A relatively novel and exciting aspect of cell asiba-related research is the concept of
adhesion-based signalling, where conventionalstefiace receptors function to intercept and
relay extracellular-originating stimuli. Thus, extal stimuli that are mechanical in nature
may be sensed by the integrin adhesion systemsuangequently transmitted intracellularly
by means of conformational changes to these rexepitiese changes initiate a series of
integrated signal transduction cascades that r@s@tchange in gene expression, allowing
for a regulated behavioural response (Agliral, 1998; Shwartz, 2001).

In the past decade, an increasing amount of rdsdes focussed on this aspect of integrin-
mediated mechanotransduction. Integrins were shownransmit biochemical signals into the
cell (termed outside-in signalling), thus providisigatial information concerning the external
environment, location and relative adhesive statarljurger and Calderwood, 2009). In
addition, it was discovered that integrins possies ability to self-regulate affinity for
extracellular ligands. This occurs by means of conftional changes in their extracellular
domains in response to signals that impinge oncyteplasmic tail (termed inside-out
signalling) (Harburger and Calderwood, 2009). Hosrewboth outside-in and inside-out
signalling requires spatially and temporally regedi multi-protein assemblies that form
around the cytoplasmic tail of integrins (Apk al, 1998; Shwartz, 2001). Therefore, these
coordinated signalling processes function to detegroellular responses; such as migration,
survival and differentiation, placing inputs reasdvfrom growth factors and G-protein

coupled receptors into context (Harburger and Galded, 2009).



Analysis of the biochemical events triggered byegmin engagement, as well as by the
characterisation of proteins associated with foadhesion complexes, has allowed the
identification of a plethora of signalling eventstimated by the integrin adhesion system
(Clark and Brugge, 1995). Protein phosphorylati@aswne of the earliest events detected in
response to integrin stimulation; where focal adireginase, or FAK Figure 1.2 A), was
identified as a phosphorylation-regulated signglkcaffold important for adhesion turnover,
Rho-family GTPase activation, cell migration andoss-talk between growth-factor

signalling and integrin adhesions (Mitaal, 2005).

Following this pattern of phosphorylation, a simitaotein kinase was discovered, however,
one pivotal in regulating cell adhesion, as wellaashorage-dependant growth (Persad and
Dedhar, 2003). This key node vital to integrin sijing was termed integrin-linked kinase,
or ILK. ILK is a 59 kDa, ubiquitously expressedigsefthreonine protein kinase implicated in
numerous signalling pathways; such as integrirowgn factor- and Whnt signalling (let al,
1999). Through a yeast two-hybrid screen, ILK wasnd to associate with the cytoplasmic
domain of the integriffl subunit (Hannigaet al, 1996). From this position, ILK primarily
functions as a signalling scaffold at sites of gnie adhesion (Harburger and Calderwood,

2009), and ILK may therefore mediate a variety @ivdstream signal transduction cascades.

Structurally, ILK possesses three distinct regicms,seen irFigure 1.2 B. Four ankyrin
(ANK) repeats lie at the N-terminal, a plekstrinnimogy (PH)-like motif and C-terminal
that exhibits significant homology to other prot&inase catalytic domains (Wu and Dedhar,
2001). The ANK repeat domain of ILK allows for ariedy of protein-protein interactions,
where over nine binding partners have been estefuligPersad and Dedhar, 2003). This
region also mediates interactions with Nck-2, a 8Somology SH2 and SH3 domain-
containing adapter protein. Nck-2 binds to a LIMydon-only adapter protein called PINCH
(a cystein-rich motif first identified IrC. elegansLin-11, ISL-1 and mec-3, bridging the
interaction between ILK and receptor tyrosine ke®ag¢RTK’'s) (Wu and Dedhar, 2001;
Persad and Dedhar, 2003).
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Figure 1.2: Comparative domain organization of focal adhesion kinase (FAK) and integrin-
linked kinase (ILK). This schematic representation, adapted from Wu (2005)
and Cox et al. (2006), demonstrates the relative position of functional domains
in the commonly activated integrin-triggered protein kinases. FAK comprises a
FERM and kinase domains towards the N-terminal as well as a FAT (or focal
adhesion targeting) domain towards the C-terminus. ILK comprises an N-
terminal ankyrin repeat domain, a PH-like motif and a C-terminal kinase
domain. Both FAK and ILK are recruited to focal adhesions for the purposes of
mechanotransduction, as well as a molecular scaffold for protein-protein
interactions.

Since the functional plasticity of ILK involves lboa molecular scaffold, as well as a protein
kinase, ILK is capable of coupling signals captubgdintegrins and RTK’s to downstream
signalling pathways (Grashott al, 2004). As such, ILK has been acknowledged as a
component of numerous signalling pathways that robntell survival, differentiation,
proliferation and gene expression in mammaliarsg@u and Dedhar, 2001; Attwaedt al,
2003). A complete analysis of ILK’s influence woulelquire in depth discussion and vast
detail. Therefore, to be as succinct as possibéehighlight the major roles of ILK during

adhesion-based and intracellular signalling events.

1.3.2. ILK functions as a molecular conduit for adhesion-lased signal transduction

ILK activity is regulated negatively by two protephosphatases: namely PTEN and PP2C
(Leung-Hagesteijret al, 2001). As a critical regulator of signal transiiue, PTEN, a lipid
phosphatase that dephosphorylates phosphatidyh@s#4,5-trisphosphate (PI(3,4,5)Rnto
a phosphatidylinositol-3,4-bisphosphate (PI1(3:#fBrm (Morimotoet al, 2000; Persaet



al., 2001). Interestingly, both PI(3,4,5)Binding and ILK auto-phosphorylation are crucial
for complete ILK activation, since mutations in tBel domain (Arg 211) or in the activation
loop (Ser 343) render ILK inactive and unable toogpghorylate PKB; an important

intracellular protein kinase (Persadal, 2001).

ILK may also associate with Raf, inducing MAPK ati in a FAK- and Ras-independant
manner (Aplinet al, 1998), depicted ikigure 1.3 In this way, ILK suppresses transcription
factors required for myogenic differentiation (Hgaet al, 2000). Moreover, ILK interacts
with members of the PI3K/PKB signalling pathway,em ILK phosphorylates PKE" 472
consequently influencing cell growth and prolifesat events (Wu and Dedhar, 2001).
Furthermore, ILK may impinge on the Wnt signallipgthway by phosphorylating and
inhibiting GSK-3**" 9 by a similar mechanism (Persad and Dedhar, 2003jis way, ILK
may influence gene transcriptiorFigure 1.3 by stabilising thep-catenin-Tcf/Lef-1
transcription complex (Seidensticker and Behre®902 Reya and Clevers, 2005). Also, a
consequence of constitutive ILK activation or oegpression is the suppression of apoptosis
and anoikis in mammalian cells (Attwedt al, 2000; Persa@t al, 2000). Both of these
effects involve ILK-mediated PKB activation and pugssion of activated caspase-3 (Persad
et al, 2000). Consequently, ILK is major components efl @dhesion that facilitates

mechanotransduction of extracellular-originatingnsils.

It is evident that signalling through integrin-geyed protein kinases, such as ILK, impacts
cell behaviour. Therefore, one may gain an apptieaidor the role mechanotransduction of
extracellular-originating signals has on esserialogical processes; such as anchorage-
dependent growth, proliferation and pro-survivghnsilling. In light of this, it is conceivable
that other important pro-survival pathways linkex the state of cell adhesion, such as
autophagy (Funegt al, 2008; Lock and Debnath, 2008; Chen and Debn&tQ)2 may also
contain an understated mechanotransduction compaohanhas not, as of yet, been fully
deciphered. Hence, a discussion concerning the anexdl regulation of pro-survival

signalling and related pathways extends this ideér.
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Figure 1.3: Mechanotransduction of extracellular-originating stimuli through integrin-
mediated cell adhesion complexes. This model for mechanotransduction by
Legate et al. (2006) demonstrates how extracellular-originating stimuli, derived
from cell-ECM interactions, elicit intracellular signal transduction cascades that
ultimately bring about a change in cell behaviour. Central to
mechanotransduction is the influence of ILK; a focal adhesion-associated
protein kinases that acts as a molecular conduit linking RTK and integrin
receptor systems to downstream pro-survival pathways. The involvement of
soluble factors eliciting biochemical signals, through RTK’s, is also shown —
since pathway integration is a common occurrence presumably to enhance a
particular biological response.

1.4. Mechanical regulation of pro-survival signalling pahways

Autophagy serves as a catabolic strategy to reeydigents and provide energy for essential
cellular processes during stressful environmentaldiions (Cecconi and Levine, 2008;
Eisenberg-Lerneet al, 2009; Erol, 2011). Briefly, pro-survival signaigluce the assembly

of autophagosomes that sequester cytoplasmic toerss (Edinger and Thompson, 2004).
However, if autophagy is allowed to continue unafatotal cell disassembly may occur (a
‘so called’ programmed cell death type Il) (Edingexd Thompson, 2004). Consequently, if
anoikis (the subset of apoptosis triggered upors lok cell-ECM adhesion (Frisch and

Francis, 1994), as well as autophagy are initiaiedsponse to mechanically-derived stimuli,
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the integrin adhesion system would be involved ensing and relaying these signals (as
discussed previously). Therefore, it follows thamalecular connection may exist between
adhesion-based signalling events and the signataghinery responsible for autophagy

induction. By extension then, it is also conceiealthat this relationship is somehow

exploited in the transformed state to enhance turmpoagression, since autophagy essentially
functions as a cellular survival strategy and mayupregulated in solid tumours (Lock and

Debnath, 2008).

In support of the above, seminal observations hygrai al. (2008) and Lock and Debnath
(2008) report that cell-ECM detachment (which usutaiggers anoikis) may also trigger a
concurrent anti-apoptotic signalling cascade indgaellular autophagy. The activation of
autophagy presumably delays the onset of anoikisaliows an opportunity for cell-ECM
contacts to be re-established, promoting cell leitgeand cell survival. Therefore, it is
conceivable that a link exists between extracalataginating signals and pro-survival
signalling machinery which induces autophagy, aitgvfor cell survival during cell
migration, necessary for migration and wound hea(ilkim et al, 2010). Conversely then,
this link may be exploited in the tumourigenic ssnshere abrogated mechanotransduction
of extracellular-originating signals promotes therveval of transformed cells, thereby

enhancing tumour progression, as well as the natagthenotype.

An example which may provide evidence for abergaitiesion-based signalling promoting
cell survival concerns a scenario where increastahiin signalling was found to promote
cell survival by delaying anoikis. Enhanced acimatof FAK through thepl integrin
subunit delays caspase-8 activation and subseguawotinotes anoikis resistance (Fannuchi
and Veale, 2011). From here we see that it is notigh for tumours to simply evade pro-
death signals after cell detachment. Rather, tumaiso require the co-activation of pro-
survival pathways allowing for cell longevity duginsubstrate-independent growth.
Therefore, autophagy fills the criteria of a caluprocesses allowing enhanced cell survival,

triggered in parallel to cell death signals.

Considering the above, there is a reasonable bagisamine of the effect of extracellular-
originating signals on the signalling machinenytiating cellular autophagy. In addition to
constituting a novel aspect of adhesion-based Kiggaand autophagy-mediated cell

survival research, such an examination would pmvitsight into a poorly understood
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molecular mechanism enabling survival of detachetls cduring substrate-independent
growth. However, it is necessary to stress thatptfirary focus of this investigation now
shifts towards the signalling component of integriadiated cell-ECM interactions
achieving this. Consequently, those initial signgll events (i.e. phosphorylation of
autophagy-related proteins) controlling autophagjjiation — which are indicative of an
activated pro-survival pathway — and not survivalaafunction of a completed autophagic
process (i.e. autophagosome formation) is of sgecdncern. Therefore, it is prudent to
elaborate on the mTOR signalling pathway: the fasimsignal transduction pathway

regulating cellular autophagy induction.

1.5. The mTOR signalling pathway is the main regulator 6 cellular autophagy

The mammalian target of rapamycin, commonly ablated mTOR, is a 220 kDa
serine/threonine protein kinase belonging to thesphatidylinositol 3-kinase (PI3K)-related
kinase family (Houet al, 2007). Included in this family are other larg®tpins; such as
ATM, ATR and DNA-dependant protein kinases, alivfich possess a unique multi-domain
structure (Abraham, 2004). As seenFigure 1.4 towards the N-terminal are HEAT, FAT
and FRB-binding domains, while the kinase, repnessad FATC domains are situated
towards the C-terminal (Abraham, 2002; Fingar addniB, 2004). As a result of its
appreciable length, mTOR exhibits extensive polyipepfolding (demonstrated iRigure
1.5), producing a large surface area enabling manpmppities to bind and phosphorylate
downstream protein targets; such as Raptor, Ripi@S6K and 4EBP-1 (Sturgill and Hall,
2009).

Repressor Domain
HEAT-Repeats and Akt Site ( ser 2448)

‘A_

Kinase
" FAT FF?B\i Domain /FAT’C:

O | 100 0000

2549

Figure 1.4: Schematic demonstrating the position of functional domains within the 220
kDa mTOR protein kinase. HEAT, FAT and FRB-binding (or rapamycin binding)
domains are distributed towards the N-terminal half, while the kinase,
repressor and FATC domains are situated towards the C-terminal half (adapted
from Fingar and Blenis, 2004).

11



Figure 1.5: Predicted three-dimensional structure of mTOR. The three-dimensional
structure of mTOR was generated by Sturgill and Hall (2009) using SWISS-
MODEL software after a manual alignment of TOR with PI3KCy (RCSB, PDB
1e8x). The model shows an inactive mMTORC1 complex with ATP bound at the
active site. From the model, it is evident that a large surface is available for
protein interactions to occur, facilitating the inclusion of mTOR into multi-
protein assemblies; such as mTORC1 and mTORC2.

In Saccharomyceserevisiae anddrosophila melanogastetwo different, but homologous,
versions of theTOR gene are expressed:OR (in yeast anddTOR in Drosophilg.
Subsequently, the expression of TOR forms two ristmulti-protein assemblies, with each
complex possessing unique functions (Schmelzle lalli 2000; Caronret al, 2010). In
mammals however, onr@TORgene has been identified, which assemblies intodistinct
multi-protein complexes; termed mMTORC1 and mTORERdar and Blenis, 2004). The
distinction between mTORC1 and mTORC2 arises frdma different protein binding
partners found in each complex. The mTORC1 comptexains Raptor, mLST8, Deptor,
FKBP38 and PRAS40, whereas the mTORC2 complex ic@nfictor, mLST8, mSIN1,
Deptor and Protor (Abraham, 2002; Zhou and Hua@g0}

Through the action of these two complexes, mTORositioned at the nexus of numerous
important intracellular signal transduction patheand so ultimately controls an array of
essential cellular functions. As a result of itHuantial position, the mTOR protein kinase
has been termed a ‘master signal regulator’, ‘mastéch’ and a ‘conductor of the cellular
signalling symphony’ (Schmelzle and Hall, 2000; @eet al, 2010; Foster and Fingar,
2010; Dobashiet al, 2011). These pseudonyms are an apt descriptioaube, to date,
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mTOR is known to regulate mitochondrial metabolisendocytosis, lipid synthesis,
translation, ribosome biogenesis, nutrient uptagel] survival, as well as autophagy
(reviewed by Schmelzle and Hall, 2000; Foster andd&, 2010; Dobaslat al, 2011).

1.5.1. mTOR regulates autophagy induction through phosphoylation of mMATG-13

MTOR controls cellular autophagy through the actioh mTORC1, which directly
phosphorylates autophagy-related gene-13 (mMATGilB8ammals) (Harat al, 2008; Chan
et al, 2009; Yang and Klionsky, 2010). Phosphorylatidm®ATG-13 directly leads to the
inhibition of autophagy induction (Haget al, 2008; Charet al, 2009). Therefore, mATG-13
is critical during autophagy initiation. When inngplex with FIP200 and ULK-1, mATG-13
assembles into a 3 MDa multi-protein complex, teseably of which signifies one of the
earliest molecular events of autophagy activatiGhaphet al, 2009; Yang and Klionsky,
2010). It is important to note that the phosphdrgta of MATG-13 by mTORCL1 is an
important, initial step in autophagy regulationgfggure 1.9 because only mATG-13, in its
dephosphorylated state, may fully initiate matuteophagosome formation (Meijer and
Codogno, 2004; Haret al, 2008; Charet al, 2009; Yang and Klionsky, 2010).

The autophagic process is frequently deregulatednamy cancers and is consequently
implicated in supporting cancer progression (Bretthal, 2009; Chen and Karantza-
Wadsworth, 2009; Chen and Debnath, 2010). Whilegidated autophagy may result from
ectopic autophagy-related gene (ATG) expression upgiream regulators, such as PI3K,
PTEN, PKB and mTOR (Brea#t al, 2009), aberrant integrin adhesion may also pleylex
considering the involvement of a potential underdymechanical component (Fueg al,
2008).

Indeed any alteration to the norm drastically @affebe normal operating procedure of the
integrin adhesion system. Deregulated cell adhesm@hinappropriate mechanotransduction
have been shown to support phenotypic transformatioepithelial tissue (Pantet al,
2008; Grayet al, 2010; Hanahan and Weinberg, 2011). Thereforesesih has become
increasingly apparent that altered cell-ECM adheswents contribute towards epithelial
transformation, a discussion concerning diseasgression through aberrant regulation of

cell adhesion events is prudent.
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Figure 1.6: Signalling events giving rise to cellular autophagy induction. As the first step of
autophagy, the isolation membrane (or phagophore) elongates and sequesters
cytoplasmic constituents, non-specifically. Union of the phagophore edges
results in the formation of an autophagosome. A lysosome (containing
lysosomal hydrolases) fuses with the autophagosome, forming an
autophagolysosome, which degrades captured components along with the
inner autophagosome membrane. While autophagolysosome formation is
important for the autophagic process, the appropriate temporal and spatial
regulation of autophagy induction is just as vital. The mTOR signalling pathway
is the principal regulator of autophagy initiation signals. mTORC1
phosphorylates and inhibits mATG-13 and ULK of the 3 MDa ATG complex, thus
restraining autophagy induction signals — a process which is iteslf hindered by
rapamycin or nutrient starvation (Adapted from Liang and Jung, 2009 and
Tsuchihara et al., 2009).

1.6. The aberrant regulation of adhesion-related eventaids disease progression

A hallmark of both benign and malignant tumourthis capacity for deregulated cell growth

and proliferative events (Hanahan and WeinberglR(However, the invasive potential of a

cell is exclusively associated with malignancy, andlignancy is directly associated with

alterations in cell-cell and cell-ECM interactiofBehrenset al, 1989). Therefore, the

ectopic expression of cell adhesion molecules besomignificant when considering the
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metastatic ability of transformed cells. Observagiof rat colonic carcinomas induced with
dimethylhydrazine exhibit dissociation of tubuldrustures, as well as the appearance of
single cells at the invasion front (Gabbert, 198%bbertet al, 1985). This indicates that
invasiveness correlates well with the degree ofcwndedifferentiation (Gabbert, 1985;
Gabbertet al, 1985). The release of carcinoma cells from thiéhejia may therefore be a
consequence of a breakdown in intercellular adneswents, implicating oncogenic

transformation as an instigator of metastatic pidén

A well known example epitomizing alterations indrtellular adhesion is squamous cell
carcinoma affecting the human oesophagus, or HOSE¢damous cell carcinomas, like
many other transformed epithelial cell types, digptharacteristic changes, or disease
hallmarks, which underpin progression to the tramséd state (Lam, 2000). One such
change is the ectopic expression of integrin pnsteis demonstrated by Miller and Veale
(2001). Moreover, the inappropriate activation miiegrin-triggered focal adhesion protein
kinases (such as ILK or FAK) also contribute tovgarshcreased cell survival and
tumourigenesis (Driver and Veale 2006; Fanucchi afedhle, 2011). These examples
specifically communicate the ability of extracedluloriginating signals to support cell
survival processes, especially under conditions regheumours exhibit a migratory

phenotype.

1.7. Squamous cell carcinoma affecting the human oesophas

1.7.1. Carcinomas result from the oncogenic transformatiorof epithelial tissue

‘Cancer’ is an umbrella term used to define anyigmant tumour; however the term
carcinoma specifically refers to malignant tumaanising from the epithelium (Yourgt al,
2007). Further classification of carcinomas revelaésexistence of adenocarcinomas, which
arise from glandular epithelium, as well as squasnmell carcinomas, derived from stratified

squamous epithelium (Yourg al, 2007).

Transition from a normal epithelium to the transfed carcinoma phenotype may be
explained as a result of alterations within onc@gertumour suppressor genes and genes
responsible for regulating homeostasis (Vogelsaeith Kinzler, 2004). These alterations may

be triggered by lifestyle, the environment or aheirent genetic predisposition (Scully and
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Bagan, 2009). Therefore, no single genetic defedikely to cause such a dramatic shift in
cellular phenotype; rather it is the cumulativeeetfof multiple mutated genes and defective
protein products that promote transition to thengfarmed state. Consequently, oncogenic
transformation is a multistage process that inwltree cumulative activation, mutation or
loss of different genes (Behrees al, 1989). Thus, affected cells develop morphogenetic
abnormalities that impinge on homeostatic feedibacgs, ultimately affecting the control of
growth and proliferation events (Hanahan and Wempb2011). Furthermore, affected cells
may acquire the potential to invade neighbourirgsue, as well as the potential to
metastasize to distant sites by means of modifeddcell and cell-ECM contacts (Bertram,
2001; Hanahan and Weinberg, 2011).

These changes within the epithelial phenotype nesylt in the formation of carcinomas,
which comprise over 90 % of human malignant tumdBeshrenset al, 1989). Carcinomas
are aggressive epithelial cells capable of breakihmgugh the basement membrane and
invading the underlying mesochyme (Behrehsl, 1989). This, together with a propensity

for malignancy, accounts for the association ofrgognosis.

1.7.2. HOSCC is an appropriate model system

Cancer affecting the oesophagus is considered brikeomost malignant gastrointestinal
cancers affecting humans (Lehrbaathal, 2003; Lam, 2000). Human oesophageal squamous
cell carcinoma, or HOSCC, is currently rated thghth most common cancer in the world
and is responsible for approximately one sixthlb€ancer related deaths worldwide (Scully
and Bagan, 2009; Melhadet al, 2010). Moreover, HOSCC possesses a Vvariable
geographical distribution; where the frequency ofwrence is reportedly high in Southern
Africa and China, as well as Iran, Uruguay, Frarizdy and Puerto Rico (Lam, 2000; Scully
and Bagan, 2009). In South Africa, HOSCC occursli@manantly in the rural regions of the
Transkei and Soweto (Hendricks and Parker, 2002).

Reports indicate a high incidence of HOSCC in iidlials less than 40 years of age, where
risk increases with each subsequent decade ofdifanget al, 2004). Males are found to
have a 3 - 4 times greater risk than females, whidek males have a 5 times greater risk
than their Caucasian counterparts (Walkeral, 1984; Stoneret al, 2007). While the
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prognosis remains poor, a 50 % mortality rate [geeked from all cases. Recent studies also
show this rate to be 3.6 months for males and 42ths for females (Zhareg al, 2004).

HOSCC possesses a multifactorial etiology; withiemmental, dietary and genetic links
(Stoner and Gupta, 2001). Tobacco derived carcimgigsuch as polycyclic aromatic
hydrocarbons, phenol and N-nitroso-containing coumgg, are implicated as major
contributors (Stoner and Gupta, 2001; Stoeerl, 2007). In addition, excessive alcohol
consumption may exacerbate this disease (Ka#b, 2001). Recent studies also suggest salt-
cured, salt-pickled and mouldy foods with N-nitnggae carcinogen contamination or fungal
toxin contamination (fromFusarium verticillioidey of home-brewed sorghum-based beers
(popular in many townships throughout Sub-Saharfit# to play a role (Hendricks and
Parker, 2002; Isaacson, 2005). However, the maecoiechanisms promoting HOSCC

progression remain poorly understood.

1.7.3. Signal transduction through key pathway intermediaes may provide this link

1.7.3.1. Alterations involving ILK

A review of recent proteomic data from 187 HOSCEeafated studies found that a total of
214 proteins were commonly altered in HOSCC (kiral, 2009). Most candidate proteins
commonly exhibited alterations in expression legellular localization or post-translational
modification (Linet al, 2009). Additionally, while approximately 10 penteof aberrations
contributed towards cell migration and cell adheswgents, over 50 percent of those proteins
investigated were involved in signal transductiozell cycle regulation, controlled
transcription or translational processes, as wekpoptosisFigure 1.7shows a breakdown
of these commonly affected biological functionsdaregulated proteins in HOSCC. The
meta-analysis largely concluded that abnormalaigscting these aforementioned processes

play the most vital role in HOSCC development.

At this time, the reader is reminded that ILK afdlays a critical role in the regulation of
these four processes. Consequently, the inapptepegulation of ILK function may lead to
the involvement of ILK in oncogenic transformatifn et al, 1999). Indeed, Wt al.
(1998) have shown that ILK over-expression in egith cells correlates with an increase in
tumour formationin vivo, while studies using human tumour tissue revedldd to be

constitutively over-expressed in Ewing’s sarcoma g@mimitive nueroectodermal tumour
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(Chung et al, 1998). Consequently, ILK is used as a biomarkar these tumours.
Furthermore, a previous member of the Cell Biolagyporatory at the University of the
Witwatersrand established that a relationship sxigtween the integrins, ILK and human
oesophageal squamous cell carcinomas; where ILKatesdintegrin associated processes in
WHCO cell lines which may contribute towards thesincerous phenotypes (Driver Ph.D.
Thesis, 2007).

In antithesis, the contribution of MTOR was notluded in the investigation conducted by
Lin et al. (2009), despite mTOR acting as a critical upstreagulator for the majority of
these biological processes. This is may be a restikte limited information available about
the role played by mTOR within HOSCC-specific peggion. In light of this, a discussion
concerning aberrant mTOR function within other tumeystems may provide insight into
possible roles of deregulated mTOR function witiie@ HOSCC model system.

1.7.3.2. Alterations involving mTOR

The signalling components upstream and downstrdamT®R are frequently altered in a
wide variety of human tumours; for example breestal cell carcinoma and non-small cell
lung cancer (Rosnest al, 2008). The fact that mTOR integrates signals feowariety of
sources makes any point of incoming signal transoluccascades a possible target for
aberration. In fact, this occurs frequently in twuncuppressor genes where mutations of
TSC1, TSC2, LKB1, PTEN, VHL, NF1 and PKD-1 trigggre development of several
diseases; including the hamartoma syndromes TubeBolerosis, Peutz-Jeghers syndrome,
Cowden syndrome, Bannayan-Riley-Ruvalcaba syndrdimesmitte-Duclos disease as well

as von Hippel-Lindau disease (reviewed by Rostheat, 2008).

Considering that mTOR is a major influence during progression of these diseases, mTOR
was recently implicated as an attractive targetctorcer therapy. This lead to the discovery
that the mTOR signalling pathway is frequently atied in carcinomas; including HOSCC
(Hou et al, 2007; Hirashimeet al, 2012) — however these are the only known stutties
demonstrate this in HOSCC specifically. Recenthgré has been much interest in curbing
MTOR-induced proliferation so as to stop tumourggs, as an increase in mTOR
expression has been shown in advanced tumoursafdiivaet al, 2008; Hirashimaet al,
2012). Also, increased levels of p-REEE**®\a direct downstream target of mTORC1) is
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associated with moderately or poorly differentiateanours (Villanuevaet al, 2008;
Hirashimaet al, 2012).

Currently, there is a void in the scientific literee with respect to the influence of ILK on
MTOR activity by way of ECM-signalling events. Thssparticularly appropriate in the case
of HOSCC due to its highly metastatic nature. Trhenediate question therefore becomes: is
MTOR a target of mechanotransduction through ILK#®%r€ is some evidence for the
involvement of mMTORC2 (McDonal@t al, 2008), but not mTORC1. Thus, there is a
reasonable basis to investigate the link betwedraelular-originating signals and their
subsequent mechanotransduction through ILK to mTO®Rrefore, adhesion-based signaling
in this manner may provide a regulatory element ifwappropriate cell survival and
autophagic processes in HOSCC.
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Figure 1.7: Commonly affected biological functions of deregulated proteins in HOSCC. Upon reviewing 187 HOSCC-associated studies, Lin et
al. (2009) found that a total of 214 proteins were commonly altered in HOSCC. Over 50 % of these were found to be involved in
signal transduction (19.09 %), regulation of transcription (12.45 %), cell cycle (11.62 %) or apoptosis (11.20 %), implicating that
abnormalities within these four processes play the most vital role in HOSCC development.
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1.8. Objective and Aims

In addition to its contribution to normal physiologl homeostasis, aberrations involving the
MTOR pathway are known to support tumour progressfm elevated instance of mTOR
protein expression and hyper-activated mTOR sigmpls associated with the transformed
phenotype, as shown by studies using MCF-7 cellso,Ainstances of elevated mTORC1
signalling are increasingly associated with patggjon both metabolic diseases and cancer
progression. Even though alterations within the mRT@athway have been identified in the
literature, a significant gap remains concerning thfluence of extracellular-originating
signals on mTOR signalling. This is particularlyereant considering the mTOR pathway
controls autophagy initiation and a connection leetwvautophagy and substrate dependence
has recently been identified. This gap is what tegearch seeks to fill. Therefore, with the
main objective being to investigate the influendeeatracellular-originating signals on

mMTOR signalling in HOSCC, we sought to:

I Monitor the protein expression of key mTOR signaénsduction pathway
intermediates responsible for autophagy inductiemgi a system of moderately
differentiated HOSCC cell lines.

il. Investigate the response of these signalling nédsviar soluble stimuli.

ii. Determine the effect of extracellular-originatingreals derived from cell-substrate
interactions on the cellular concentration of mT@kl mMTORCL1 signalling.

\2 Characterise the possible route, or routes, of aremtnansduction from sites of cell-
substrate contact to the mTOR/mTORCL1 signallingpway in HOSCC cells.
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CHAPTER 2

2. EXAMINATION OF KEY SIGNAL TRANSDUCTION
INTERMEDIATES REGULATING AUTOPHAGY INDUCTION
IN HOSCC CELLS

2.1. Introduction

Autophagy is an evolutionary conserved cell suhvim@echanism responsible for the
nonspecific bulk degradation of cellular proteimsl @rganelles. Autophagy may be classified
into two subtypes; namely constitutive autophagy amuced autophagy (Klionsky and
Ohsumi, 1999). Constitutive autophagy refers to asab rate of cellular autophagic
processing, typified by the Cvt (cytoplasm-to-vdeutargeting) pathway in yeast, which
mediates transport of aminopeptidase-1 (Ape-1) frihia cytoplasm into the vacuole
(Klionsky and Ohsumi, 1999). Induced autophagy reet® autophagic processing that is
triggered in response to a particular cellularsstyesuch as nutrient starvation or exposure to
rapamycin (He and Klionsky, 2009). In both casestophagy induction requires the
involvement of the mammalian target of rapamyciTQR) signalling pathway, as mTOR
mediates signal transduction to the cellular maatyircontrolling autophagy induction (Jung
et al, 2010; Neufeld, 2010; Yang and Klionsky, 2010)efdfore, monitoring the signalling
potential of the mTOR pathway becomes the maindafuhis investigation.

Transmission of intracellular signals through mT@Buces its translocation into one of two
multi-protein complexes, known as mMTORC1 and mTORGATORC1 (mTOR-containing
multi-protein complex 1) is sensitive to rapamydreatment and is the primary mTOR
complex involved during the regulation of cell gtbwproliferation and autophagy (Juag
al., 2010; Neufeld, 2010; Yang and Klionsky, 2010TORC2 (mTOR-containing multi-
protein complex 2) is relatively rapamycin-insensitand is rather involved during the
regulation of actin cytoskeletal dynamics, surviaad cellular metabolism (Loewitkt al,
2002; Jacintcet al, 2004). Since mTORCL1 is uniquely involved duritg tregulation of
autophagy, we are particularly interested in sigraadsduction through the mTORCL1 node of

the mTOR pathway.
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Signalling through mTORCL1 requires the sequentigtivation of important upstream
regulators, such as PI3K, PKB, Rheb-GTPases, Raptdr Rictor (Caroret al, 2010;
Schmelzle and Hall, 2000; Fingar and Blenis, 20@4)well as the functional inhibition of
PTEN, AMPK, TSC1, TSC2 and Deptor (Schmelzle andl, FH#®00; Fingar and Blenis,
2004). Only once properly activated can mTORC1 legguautophagy through inhibition of
the ~ 3 MDa autophagy induction complex (Hosokastaal, 2009; Junget al., 2009).
However, activated mTORC1 may also serve as a dogam branching point controlling
protein synthesis and translation initiation throyzhosphorylation of p70S6K and 4E-BP1
(Schmelzle and Hall, 2000; Fingar and Blenis, 200®)erefore, the mTOR signalling
pathway is a multifaceted one containing a compleay of pathway intermediates required

for the appropriate activation of mMTORCL1.

In mammalian cells, inhibition of autophagy corteta well with ribosomal protein S6
(RSP6) phosphorylation (Blommaaat al, 1995). Since RPS6 phosphorylation is dependent
on the activation of p-p70S6K by mTORC1, signaihsduction to mTORCL1 is critical
(Brownet al, 1995; Thomas and Hall, 1997). These findings sagthat one can effectively
follow the earliest steps controlling the inductiohautophagy by monitoring the activation
of select signal transduction intermediates holdieg positions within the mTOR pathway.
Based on our understanding of mMTOR/mTORC1 sigraltignamics, we also believe the
MTOR pathway can be successfully reduced to a feyomplayers, although based on two
criteria: significance of activation, and relatipesition within the pathway. In doing so, we
can distil the mTOR pathway into a set of measerasbtein markers comprised of key
pathway intermediates, which represent criticalasoduring the course of mMTOR/mTORCL1
signalling. Our reduction of the mTOR pathway ikgtrated inFigure 2.1 where we

highlight major mTOR pathway intermediates we hadiadequately fulfil this role.

Each molecular marker represents an important eleofehe mTOR signalling pathway and
so conveys specific pathway information. As carséen inFigure 2.1 the 220 kDa mTOR
protein kinase (henceforth referred to as mTOR)dsitioned immediately downstream of
the PI3K/PKB pathway; an important signalling sclkeemmaintaining cell survival and
homeostasis (Fostet al, 2003; Arcaro and Guerreiro, 2007; Duronio, 2008).TOR is
considered the principal conduit through which bemical signals are propagated within the
MTOR signalling pathway; owing to the presencehaf €-terminal kinase domain (Foster

and Fingar, 2010; Dobashkt al, 2011). Therefore, by monitoring the protein esgien of

23



mTOR, one may gain an understanding of how therakeptotein component of the mTOR

signalling pathway responds to extracellular-orgimg stimuli.

Since it is well established that p70S6K is a ddve@sn target of mMTORC1 (Browet al,

1995; Thomas and Hall, 1997), the state of RB56>%2%®) phosphorylation is used
extensively in the literature as a marker for atnTOR signalling (Sturgill and Wu, 1991,
Dazert and Hall, 2011). In light of this, p-RP%6%***?3®js used to convey specific
information pertaining to the signalling potentedlmTORCL1. This is ideal because, as will
be elaborated on below, active signalling throughQRCL1 is directly responsible for
autophagy regulation as mTORCL1 interacts with mAISGef the ~ 3 MDa autophagy

induction complex.

MATG-13 (in its dephosphorylated state) forms atirpibtein autophagy induction complex
together with ULK-1 and FIP200, which is an essdngquirement for the development of
functionally mature autophagosomes (Hataal, 2008; Chanet al, 2009; Yang and
Klionsky, 2010). mTORC1 regulates this processdbgctly phosphorylating mATG-13
during conditions where nutrient concentrations ap¢ constrained, thereby inhibiting
signals initiating autophagy induction (Chanal, 2009; Yang and Klionsky, 2010). Since
the state of mMATG-13 phosphorylation is a crucegjulatory step for autophagy to proceed,
the presence of mATG-13 in its dephosphorylatednfaignifies an important, initial
regulatory step for autophagy induction. For tl@ason, we believe mATG-13 serves as an

informative pathway intermediate signifying mTOR@dpendent autophagy regulation.

It has been demonstrated, however, that extensitogplagy may result in cell death (Brech
et al, 2009; Tsuchiharat al, 2009; Chen and Debnath, 2010). Therefore, ieressary to
differentiate between apoptosis, or programmeddzsath-type | (PCD-Type [), and death as
a result of excessive autophagy, or programmedieelih-type 1l (PCD-Type II), which may
arise during the course of this investigation. 8itite proteolytic cleavage of pro-caspase-3
into functionally-active fragments signifies apaogto activation, the presence of cleaved
caspase-3 is commonly used as a molecular marttizatimg this early step (Thornberry and
Lazebnik, 1998; Chowdhuret al, 2008). Therefore, the presence of cleaved caspase
signifies that any observed cell death was a redwdpoptosis, rather than autophagy, and so

was regarded as an important signal transductiennmediate.
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Lastly, since a component of this investigatiortasexplore the contribution of adhesion-
based signalling to the autophagy induction proae$$OSCC cells, a molecular connection
mediating signal transmission from the ECM to th€QR pathway is still required. Since

ECM-originating signals are propagated in an integrediated manner (Clarke and Brugge,
1995), an integrin-triggered focal adhesion protdémmase, such as ILK, would be the most
likely conduit providing this molecular connectiddonsidering that autophagy occurs in an
FAK-independent manner (Haet al, 2008), and ILK is a promiscuous protein kinase;
functioning as both a molecular scaffold and sigmginode at sites of focal adhesion, ILK

and not FAK was chosen to represent signals arfsimg sites of cell-ECM adhesion.

By monitoring the protein expression of criticafjisal transduction pathway intermediates,
we aim to establish an efficient system to mortit@r mTOR signalling pathway. In selecting
key elements of this pathway to act as moleculakera and monitoring them as a set under
standard tissue culture conditions, we may alsabéish the normal operating procedure for
signal transduction through mTORC1. Consequently,may investigate the influence of
such signalling to the autophagy induction machinar a series of five moderately
differentiated HOSCC cell lines.
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Figure 2.1: lllustration of a reduced mTOR/mTORC1 signalling pathway. By highlighting
major players within the mTOR/mTORC1 signalling pathway, we emphasise the role and
position of those cellular proteins included in the marker set. Consequently, by monitoring
the protein expression of mTOR, p-RPSG(Ser 235/236), MATG-13, cleaved caspase-3 and ILK, we
establish an efficient system conveying specific signalling information. This becomes an
extremely practical method of investigating the mTOR pathway in response to factors
influencing autophagy induction in HOSCC cell lines.
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2.2. Materials and Methodology

2.2.1. Tissue Culture of WHCO, MCF-7 and HEK-293 Cell Lines

Five moderately differentiated human oesophagassgus carcinoma (HOSCC) cell lines,
of South African origin, were obtained from the IC&iology Research Laboratory,
University of the Witwatersrand, Johannesburg. Qeles were designated WHCOL,
WHCO3, WHCO5, WHCOG6 (Veale and Thornley, 1989) &N (Beyet al, 1976). Since
physiologically ‘normal’ oesophageal cell lines amerrently unavailable for comparative
analysis (Jankowsket al, 1995; Underwoocet al, 2010), the MCF-7 and HEK-293 cell
lines were used as comparative controls. The S\&tligen (simian-virus-40 large T-
antigen)-immortalized oesophageal squamous cel] HET-1A, is incorrectly believed to be
representative of truly untransformed oesophagimss s because HET-1A cells do not
display common characteristics of ‘normal’ oesom@gquamous cells; such as E-cadherin,
casein kinase 5/6 (CK 5/6) or the stratified epi#thenarker ANp63 (Underwoodet al,
2010). Therefore, the HET-1A cell line was not uded comparative purposes in this

investigation.

The MCF-7 cell line, derived from a patient pregaptwith mammary adenocarcinoma
pleural effusion (Soulet al, 1973), and the HEK-293 cell line, establishedrfrauman

embryonic kidney cells and first described by Gralet al. (1977), were supplied by the
America Type Culture Collection (ATCC). All cellniés were cultured in 10 cm tissue
culture dishes (Corning) and maintained in 10 mlbBaco’'s Modified Eagles Medium

(DMEM)/Hams F12 (3:1) (Appendix A, 1.2.1) supplertexhwith 10 % Foetal Calf Serum
(FCS) (Highveld Biologicals), penicillin and streptycin. Tissue cultures were incubated in
a humid, 37 °C incubator with an atmosphere of 5C@, in air. Please note that all

procedures for one set of experiments were perfonseng the same batch of FCS.

2.2.2. Sub-culture of WHCO, MCF-7 and HEK-293 Cell Lines

Cell cultures were allowed to proliferate until Ddn dishes reached a confluence of
approximately 80 %. Medium was then aspirated agltl monolayer washed twice with
warm (37 °C) sterile phosphate buffered saline (P@®pendix A, 1.1.1). Subsequently,
Iml Trypsin(Gibco BRL)/Ethylenediaminetetra-acetacid (EDTA) (BDH Laboratory
reagents) (Appendix A, 1.2.2) was added and thsudiculture dish placed into a 37 °C
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incubator for 5 min, to augment cell-cell and &M detachment. Detachment was
confirmed using a Leitz Watzlar Inverted Light Mdscope. Subsequently, a fraction of the
trypsinized cell-EDTA mixture was added to a nesstie culture dish with 10 ml fresh
medium containing 10 % FCS. Tissue culture contirepreviously described in 2.2.1.

2.2.3. Antibodies

Immunochemical analysis utilised an indirect antijpdetection system requiring a range of
specific primary antibodies to detect all proteimsthe marker set. Since all primary
antibodies were reared within rabbit hosts, onlg type of polyclonal, goat-derived anti-
rabbit secondary antibody was necessary. This secgnantibody was conjugated to a
horseradish peroxidase (HRP) (Separations, SA),s tHacilitating detection by

chemiluminescence.

The mammalian target of rapamycin protein kinasgi-@TOR) was detected with rabbit
polyclonal antibodies obtained from Cell Signalliigchnology, USA. Phosphorylated
ribosomal protein subunit 6 around Ser residue$2386(anti-p-RPSE" 222§ was detected
with rabbit monoclonal antibodies obtained from IC8ignalling Technology, USA.
Mammalian autophagy related gene-product-13 (aAfiF&+13) was a gift from Dr Sharon
Tooze from Cancer Research UK (CRUK). Since no ceroral antibodies are available for
MATG-13, Dr Tooze and colleagues generated polgtlantibodies against human Atg-13
(designated KIAA0652) using the peptide sequenc¥ HEKNVREFDAFVETLQ (Chanet
al., 2009). Furthermore, cleavage fragments of add/aaspase-3 (anti-cleaved caspase-3)
were detected using rabbit polyclonal antibodiemioled from Cell Signalling Technolo8y
USA. Integrin-linked kinase (anti-ILK) and anti-act isoform) were detected with rabbit
polyclonal antibodies obtained from Sigma-AldfichUSA.

2.2.5. Triton X-100-based Protein Extraction

The anionic detergent Triton X-100 is known to ehrihe extraction of membrane and
cytoplasmic associated proteins (Giancotti and Rimis 1990). Therefore, a protein
extraction buffer containing Triton X-100 is appriape for the extraction of various cellular
proteins physically linked to integrin glycoprotejnas well as cytoplasmic signal

transduction intermediates.
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Cells were allowed to proliferate until a confluenaf approximately 80 % was reached.
Cells were washed twice with PBS, then 1 ml PBStaiaing a phenyl-methyl-sulphonyl
fluoride (PMSF)/Aprotinin-based (Trasyfgl Bayer S.A.) protease inhibitor solution was
added, into which cells were gently scraped offngsa rubber policeman. The cell
suspension was transferred to a sterile eppenduf eentrifuged in a TOMY HF-120
centrifuge (1 145 x g) for 5 min. The supernataaswemoved and pellets re-suspended in 50
- 200yl of a Tris-based 2 % (v/v) Triton X-100 (pH 7.2pfein extraction buffer (Appendix
A, 1.3.1), then vortexed briefly and incubated 3dnours on ice (with intermittent mixing by
inversion). Thereafter, samples were centrifuged2a000 x g in a PRISM™ Refrigerated
Microcentrifuge for 10 min at 4 °C. The supernataahtaining total cellular protein was
decanted into a sterile eppendorf. Subsequentlgminali double lysis buffer (Appendix A,
1.3.2) was added in a ratio of 1:1 to each sangfler which samples were boiled for 5 min,
then centrifuged at 12 000 x g in a PRISM™ Refiaged Microcentrifuge for 10 min at 4
°C. SDS-PAGE-ready samples were stored at — 20 °C.

2.2.6. Protein Estimation

To ensure that equivalent protein concentrationewaeaded for all HOSCC cell lysates, an
estimate of protein concentration within each samplas performed utilising the
methodology proposed by Bramhat al. (1969). Whatmah filter paper was first hydrated
by washing in distilled water (d#®) for 20 min, then subjected to a series of deduyain
steps; where 95 % ethanol, 100 % ethanol and 1G®&é&tone were applied in succession,
each for 5 min (Appendix A, 1.4). Subsequently, dedydrated filter paper was allowed to
air-dry in a sterile fume hood. Protein standarchcemtrations were then prepared by
solubilising Bovine Serum Albumin (BSA) (BDH Labdoay reagents) in Laemmli double
lysis buffer (ug/ul):2 % (v/v) Triton X-100 (pH 7.2) extraction buffél:1), and spotted onto
the dry filter paper to create a curve possessiegdllowing standards: g, 3ug, 6 ug, 9
ug, 12ug, 16 ug and 20ug. In addition, 2ul duplicates of each SDS-PAGE-ready sample
were spotted onto the filter paper.

After spots were allowed to air-dry, the filter papvas placed in trichloroacetic acid (TCA)
for 40 min (Appendix A, 1.4.2), in order to predgie the proteins onto the filter paper
medium. Excess TCA was removed by the addition.2b @ Coomassie Blue stain for 5
min (Appendix A, 1.4.3), which was then discard&tereafter, fresh 0.25 % Coomassie
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Blue stain was applied for 45 min. The filter papes then placed in a destain solution
(Appendix A, 1.4.4) for approximately 1 hour unblackground stain was completely
removed. Stained circles that remained were indieatf precipitated protein. These were
then removed and placed, individually, into 5 mitiein solution (Appendix A, 1.4.5) in the
dark for approximately 3 hours. Subsequently, thesoebance of each solution was
determined at 596 nm using an Abbota SV1100 Spsuttometer, with elution solution
serving as a blank. A standard curve of absorbg@® at 596 nm) versus protein
concentration ((g/ul) was then constructed using the absorbance frenptotein standards
of known concentration (see Appendix Bgure Blfor sample standard curve). Therefore,
protein concentration present in the unknown sasplas determined using the standard

curve, constructed using MicrosofExcel 2007 (Version 12.0.6).

2.2.7. SDS-PAGE (Sodium Dodecyl Sulphate-Polyacrylamide G&lectrophoresis)

Proteins present in each sample were resolvedtbgrel0 % or 12 % (w/v) discontinuous
SDS-PAGE, following the protocol proposed by Laein(t®70). The Mighty Small SE245

Dual Gel Caster system (Hoefer Scientific) was usedonstruct all gels. Polyacrylamide
gels containing sodium dodecyl sulphate (SDS) vpeepared by pouring a 10 % or 12 %
separating gel (Appendix A, 1.5.3.1) in betweersgland silica plates, which were left to
polymerise for approximately 30 min. Polymerisatiwas augmented by the addition of 200
ul 4 % SDS overlay solution (Appendix A, 1.5.3.3DSoverlay was then removed and a 5
or 8 % stacking gel (Appendix A, 1.5.3.2) was pousebove the separating gel. A comb
possessing either 10 or 20 ul wells was placed into the stacking gel. The stagkel layer

was allowed to polymerise for approximately 20 min.

Once polymerized, the SDS-PAGE gel was placed énNMighty Small” Electrophoresis
Unit containing electrophoresis running buffer (@8) (Appendix A, 1.5.2.1). After the
comb was removed, the appropriate volume of eanfpleawas loaded into the resulting
wells. In addition, 2ul of PageRuler Prestained Protein Ladder (Fermentas Life Scignces
was loaded into the first well of the gel. The bmnd the molecular weight marker
represented 170, 130, 100, 70, 55, 40, 35, 25nid5L8 kDa (clearly seen after separation in
Figure 2.9. Thus, samples were resolved using a constanarduof 25 mA (~ 400 V) per
gel for 1 hour, until the 10 kDa marker was 1 cmonirthe bottom of the separating gel.
Resolved proteins were visualized by placing theig® 0.25 % Coomassie Blue stain
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(Appendix A, 1.5.3.5) for 1.5 hours and then plageda destain solution (Appendix A,
1.5.3.6), overnight. The gel was subsequently idigit using a Hewlett Packard ScanJet
G3110 desktop scanner.

2.2.8. Western Immunoblot Analysis

Western immunoblotting (immunodetection) is consedea reliable technique allowing for
the detection and quantification of numerous pghyjole species. By exploiting the specific
binding capabilities of monoclonal or polyclonaltiandies, specific polypeptides may be
detected from a complex cellular mixture. In tmgastigation, immunodetection proceeded
according to the protocol initially described bywmn et al. (1979), later modified by
Burnette (1981).

Western immunoblotting initially required samplesoition by 10 or 12 % (w/v) SDS-
PAGE, as stated in 2.2.7. Subsequently, polyacidangels were cut within the relevant
range for each protein of interest, using the PatgR Prestained Protein Ladder as a guide.
Resolved proteins were then transferred onto Hybe®d nitrocellulose membrane
(Sartorius) using a Bio-Rad CriterionBlotter for 1.5 — 3 hours (depending on the
requirements of individual proteins) in transfeffbu(pH 8.3; 4 °C) (Appendix A, 1.6.1.1) at
a constant currant of 400 mA. The nitrocellulosembemne was then washed with the

appropriate buffer (see Appendix Bable Blfor specific antibody requirements).

Nitrocellulose membranes were then placed in aimdmesed blocking buffer solution
(Blotto) (Appendix A, 1.6.1.2 or 1.6.1.3) for 1 hoat room temperature in order to block
nonspecific binding sites. Thereafter, the membnaae rinsed with the appropriate buffer
and incubated with the appropriate primary antibsie Appendix BTable Blfor antibody
dilutions and incubation conditions). Unbound aotiy» was removed by washing the
membrane several times with the appropriate b§emin per wash). Next, the membrane
was incubated with a goat-anti-rabbit HRP-conjudaecondary antibody (see Appendix B,
Table Blfor antibody dilutions and incubation conditionsinbound antibody was again
removed by washing the membrane several times thighappropriate buffer (5 min per
wash), after which the membrane was placed in ainlanperoxide mixture (1:1)
(SuperSigndl West Pico) for 5 min in the dark (Appendix A, 26.The membrane was
subsequently wrapped in Versafiim® clear cling-wrapd exposed to clear-blue CL-

XPosure" X-ray film (Pierce) for 10 min in the dark. Immaettly after, the film was placed
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in a developer solution (Appendix A, 1.6.3), rinsedwater, placed in a fixer solution

(Appendix A, 1.6.4) and rinsed in water.

2.2.9. Image Capturing

Images were digitized using a Hewlett Packard S#an33110 desktop scanner.
Magnification, contrast, brightness and cropping alf images were performed using
Microsoft Painf 2007 software (Version 6.1).

2.2.10. Laser Densitometry and Analysis of Relative ProteifExpression

The Labworks Image Acquisition and Analysis software (Versiorb)dwas used for

densitometric analysis. This software allows foseai-quantitative comparison of relative
protein expression levels as determined by westemmunoblotting. Protein expression levels
are determined by analysing immunoblots, calcujatband intensities and subtracting
irrelevant background data, thus forming a calibraicurve. The area under the curve is
indicative of integrated optical density (IOD) ¢retamount of signal produced from HRP-
dependant chemiluminescence. Subsequently, IODused to determine protein expression

levels, described in more detail below.

Levels of relative protein expression were desigaddbw (0 — 45 %), moderate (46 — 75 %)
or high (76 — 100 % or above) based on the classifin system originally set up by Hagr
al. (2011) to analyse mTOR and p-RPS6 proteins in mammcells. This system was used
during this investigation in order to compare piotexpression across WHCO, MCF-7 and
HEK-293 cell lines (see Appendix CTables C1-C53or densitometric data). 10D for each cell
line was represented as a percentage of that redtdodt the WHCO6 or MCF-7 cell line
(unless otherwise indicated) using GraphPad Prisoftware, Version 4.0 (GraphPad
Software, Inc., San Diego, CA, USA).

2.2.11. Statistical Analysis

Results are expressed as the mean = S.E. Stdt@to#icance was determined by Student’s
t-test for comparative analysis (See Appendix8bhle D1landTable D3 using Sigma PI&t
Version 12.0 (SPSS Science, Chicago, lllinois USAhere p < 0.05 indicated statistical

significance. All experiments were repeated attldage times, unless otherwise indicated.
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2.3. Results

2.3.1. Extraction of cellular proteins from HOSCC cells

The successful separation of polypeptides by SD&PAonfirmed the efficacy of the
protein extraction method used to acquire cellptateins from HOSCC cell lysateBigure
2.2). Since a similar banding pattern was also visiblall lanes of the SDS-PAGE gel (after
polypeptides were stained with Coomassie Blue xtdims provided visual evidence
supporting the accuracy of the protein estimatimt@dure. In addition, the clear separation
of the molecular weight marker (MWM) in Lane 1 iodied that the blue-coloured
polypeptide bands in Lanes 2 — 7 were also resdlyesize. Since discreet polypeptide bands
appear at the approximate molecular weight pre\yaeported for proteins in the marker set
(indicated by coloured arrows iRigure 2.3, this banding pattern signifies the potential
presence of relevant mTOR pathway intermediaté$SCC cells. Therefore, the presence
of these bands supported proceeding to the next sefe this investigation, which
encompassed western immunoblot analysis for key Rip&hway intermediates contained
within the marker set.

2.3.2. HOSCC cells express the 220 kDa mTOR protein and ¢80 kDa mTORp

splicing isoform

Analysis of a whole SDS-PAGE gel revealed the presef two mTOR protein variants in
HOSCC cells. Polypeptides corresponding to mTORewdetected at 220 and 80 kDa
(Figure 2.3. Although the same amount of protein was loaded dach cell line (see
Appendix B, Figure Bior standard curve based on the dilution of BSAg, 220 kDa mTOR
isoform was dominantly expressed in WHCO5, WHCO@ &hO cell lines. In comparison,
MTOR (220 kDa) protein expression was visibly restlim WHCO1 and WHCOZ3 cell lines.
However, only the WHCO1 and WHCOZ3 cell lines expegsthe 80kDa mTORsplicing

isoform.

Untransformed or physiologically ‘normal’ oesophalgeell lines are currently unavailable
for comparative analysis with HOSCC cells (expldine Materials and Methodology,
Section 2.2.1). Therefore, the breast adenocaranaell line (MCF-7) and human
embryonic kidney cell line (HEK-293) were used astools in order to establish a relative
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measure for mTOR expression in HOSCC cells. MCIEl& @re known to over-express both
MTOR and p-RPS®" 252%) (Hagneret al, 2009), while HEK-293 cells are known to
produce endogenous levels of mTO@Panasyulet al, 2009). Western blotting confirmed
the expression of mMTOR (220 kDa) polypeptide banddCF-7 and HEK-293 cellsHgure
2.3). Unexpectedly, mTOR (80 kDa) expression was also observed in the MCEH/line.
An in depth analysis of the relevant literatureeaed that this is the first observation of
MTORB in MCF-7 cells.

The specificity of the anti-mTOR antibody was atemfirmed since there was no evidence
of non-specific antibody binding iRigure 2.3 This observation indicates that the western
blotting system used here is able to produce @edrreliable western blots. Therefore, this
type of efficiency justifies trimming subsequentotsl to conserve reagents, especially

antibodies obtained as gifts.
2.3.3. Key mTOR pathway intermediates are expressed diffemtially by HOSCC cells

The expression of all relevant marker set proteias confirmed in HOSCC cells by western
blotting, under standard tissue culture conditioBgigle polypeptides corresponding to
mTOR (220 kDa), p-RP$E" 25%0)(36 kDa), mATG-13 (72 kDa) and ILK (59 kDa) were
detected in all HOSCC cell line&igure 2.4 A). B-actin (46 kDa) was also detected in
HOSCC cells. The detection ffactin was used as a visual demonstration of eoréein
loading between cell lines (se&ppendix B, FigureB1 for standard curve). However,
polypeptide fragments indicative of cleaved casfggEr — 27 kDa) were not detected in any
of the HOSCC cell linesHjgure 2.4, B.

Since cleaved caspase-3 is only expressed undemwtances of programmed cell death
(Thornberry and Lazebnik, 1998; Chowdhwetyal, 2008), an appropriate panel of HOSCC
cell line controls was required to confirm cleawagpase-3 expression. Therefore, HOSCC
cells from the WHCOG6 cell line were used, wherdscefere starved of serum for either O or
24 hours. HOSCC cells serum-starved for 0 hoursewsed as a standard tissue culture
control and designated ‘Serum + (S+)’, whereas HOSE€lIIs serum-starved for 24 hours

were used as a serum-free control (SF/C).
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Cells that became detached from the SF/C tissuerewdubstrate, as a result of apoptotic cell
death, were collected from the media and used agpaptotic control (A/C). Subsequently,
cleaved caspase-3 expression was confirmed in &S, conly Eigure 2.4 B). Further
analysis of the marker set in A/C cells by westdotting revealed a visible reduction in the
polypeptides indicative of mTOR (220 kDa) and p-BB% 2%/2%) (36 kDa) expression
(Figure 2.4 C). However, polypeptides indicative of mMATG-13 (fRa) and ILK (59 kDa)
expression only appeared to be reduced to a segied, while cleaved caspase-3 expression
(17 — 27 kDa) was prominent in A/C cells under ¢hesnditions.

Semi-quantitative densitometric analysis of thekeaset revealed different levels of protein
expression between the WHCO series of cell lineégufe 2.5. When expressed as a
percentage of the MCF-7 control cell line, we ofedr that WHCO cell lines do not
uniformly express all proteins in the marker sedther, protein expression was found to vary
between low to high levels (see Materials and Metthmgy, Section 2.2.10, for a clear
explanation of how we determined levels of pro@upression). Noting this, we established
that HOSCC cells conform to certain protein expomsdrends, that may or may not be
shared by all WHCO cell lines (séleable 2.1for a detailed summary of these protein
expression and cell line trends). This enableddditegorization of WHCO cell lines into
groups, based on trend conformation, allowing theniification of an overriding protein
expression trend for HOSCC cells.

HOSCC cells were therefore found to be high exmmssef mMTOR and low expressers of
MTORB. Analysis of the WHCO series revealed a high cotraéion of mTOR in WHCOL1,
WHCOS5, WHCOG6 and SNO cell lines. The WHCO3 celklitnhowever, was a low mTOR
expresser; expressing significantly lower conceiatna of mMTOR compared to MCF-7 cells
(see Appendix D, Table Oar a complete statistical analysis). Howeverydnlo of the five
WHCO cell lines expressed the mT@Rplicing isoform. mTOR was expressed at low
levels within the WHCO1 and WHCOS3 cell lines, onlg. addition, the level of mTOR
expression was not significantly different to theselogenous levels found in HEK-293 cells
(see Appendix D, Table p2

HOSCC cells were also either moderate (WHCO1 andC@8) or high (WHCO5 and
WHCOB6) expressers of p-RSE% 23523 The SNO cell line, however, was a low expresser

of p-RSPE* 2%5/2%0) expressing significantly lower concentrations wigempared to MCF-7
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cells 6ee Appendix D, Table Odr a complete statistical analysis). Since the \\H&&ries
of cell lines (WHCO1, WHCO3, WHCO6 and SNO) werescalhigh expressers of
dephosphorylated mATG-13 (referred to henceforthnesTG-13), HOSCC cells were
generally high expressers of mMATG-13. However,WHeCO5 cell line was the exception in
this case; expressing significantly lower concerrng of mMATG-13 compared to MCF-7
cells Gee Appendix D, Table R1AIl WHCO cell lines were high expressers of IL&nly,
the WHCOG6 and SNO cell lines were found to expsggsificantly higher levels of ILK than
MCEF-7 cells §ee Appendix D, Table Dar these statistical analyses).

Since cleaved caspase-3 was not detected in attnye MWHCO cell lines, HOSCC cells were
regarded as expressing low levels of cleaved caspasgnder standard tissue culture
conditions. However, analysis under apoptotic comals revealed that HOSCC cells change
these established trends and, not only increasevediecaspase-3 expression, but decrease
MTOR, p-RPSE* 2352%)and mAG-13 protein expression to low levels. Ol protein

expression remained unaltered in HOSCC cells uapeptotic conditions.
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Figure 2.2: Separation of cellular proteins extracted from HOSCC cells. The presence of
multiple polypeptide bands of similar staining intensity demonstrated that the
extraction of cellular proteins from HOSCC cells was successful, and that the
protein estimation was accurate. Staining with Coomassie blue visually
confirmed the presence of discreet polypeptide bands at the approximate
molecular weight expected for key mTOR pathway intermediates in the marker
set. The relative position of these polypeptides is indicated by the coloured
arrows, in relation to the molecular weight marker (MWM) in Lane 1. mTOR
appears in red (220 kDa), mATG-13 in purple (72 kDa), ILK in blue (59 kDa), p-
RS6er 23’5/23’6)) in green (36 kDa) and the cleavage products indicating activated
caspase-3 in black brackets (17 — 28 kDa). (CO1 = WHCO1; CO3 = WHCO3; CO5
= WHCO5 and CO6 = WHCOE6).
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Figure 2.3: Immunodetection of mTOR and mTORP using a full SDS-PAGE gel. Western
blotting using a whole SDS-PAGE gel detected splice variants of the mTOR
protein in HOSCC cells. Both the 220 kDa and 80 kDa version of mTOR is
expressed by HOSCC cells; however visual assessment of polypeptide bands
suggests that mTOR concentrations varies between HOSCC cell lines. WHCOS5,
WHCO6 and SNO cell lines express appreciably higher mTOR than WHCO1 and
WHCO3, whereas WHCO1 and WHCO3 cell lines are the only HOSCC cells to
express mTORB. Immunodetection of discreet mTOR bands at only 220 kDa
and 80 kDa also indicate the specificity of the anti-mTOR antibodies for the
MTOR protein. This justifies the trimming of subsequent blots. (MWM=
Molecular weight marker; CO1 = WHCO1; WHCO3 = WHCO3; CO5 = WHCO5;
CO6 = WHCOS®).
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Figure 2.4: Detection of major protein markers identified for the mTOR/mTORC1 signalling

pathway. A) mTOR, p-RPS6"¢" 22238 iATG-13 and ILK were detected in the
WHCO series, as well as in the MCF-7 control cell line, at 220 kDa, 36 kDa, 72 kDa
and 59 kDa, respectively. Marker set proteins were detected under standard
tissue culture conditions using monoclonal (anti-p-RPSG(Ser 235/236) and  anti-
mMATG-13) or polyclonal (anti-mTOR, anti-ILK) antibodies. B) Cleavage fragments
indicative of activated caspase-3 were only detected in the apoptotic control
(AC) control at 17 and 27 kDa. C) Polypeptides corresponding to mTOR (80 kDa)
and p-RPSG(Ser 235/236) (36 kDa) were not detected under apoptotic conditions,
while mATG-13 (72 kDa), ILK (59 kDa) and cleaved caspase-3 (17 — 27 kDa)
polypeptides were detected in the apoptotic control (A/C). B-actin was used to
demonstrate equal protein loading of HOSCC cell lysates in all blots.
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Figure 2.5: Relative expression of major protein markers identified for the mTOR/mTORC1
signalling pathway under standard tissue culture conditions (Serum +). Protein
expression levels for marker set proteins were determined by semi-quantitative
densitometric analysis, and expressed as a percentage of the MCF-7 cell line. The
WHCO series was found to express differential levels of proteins contained in
the marker set. As a general trend, HOSCC cells were high expressers of mTOR,
MATG-13 and ILK, but either moderate or high expressers of p-RPSG(Ser 235/236),
Under these conditions, HOSCC cells were also low expressers of mTORB and
cleaved caspase-3, but transitioned to high cleaved caspase-3 expressers under
apoptotic conditions (as see in the A/C control). Apoptotic conditions also lead
to a shift in the expression of other marker set proteins, where HOSCC cells
became low expressers of mTOR, p-RPSG(S‘er 235/236) 4ng mMATG-13, or high
expressers of ILK. The presence of any significant difference is indicated
graphically by the “*’ symbol.
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Table 2.1: Summary of protein expression levels and cell line trends for major mTOR pathway intermediates in HOSCC

cells.
Molecular
Protein Weight Cell Line
(kDa)
WHCO1 WHCO3 WHCOS5 WHCO6 SNO MCEF-7
Serum + Serum + Serum + Serum + A/C Serum + Serum +
mTOR 220 High * Low High High Low High High
mTORP 80 Low Low Not Not — Not Not Low
Present Present Present Present
-RPS6
e, 36 Med Med High High  Low  * Low High
mATG-13 72 High High * Low High Low High High
ILK 59 High High High * High  High * High High
Cleaved 17 - 28 Low Low Low Low High Low Low
Caspase-3

Key: Low = 0 — 45 %; Medium (Med) = 46 — 75 %; High = 76 — 100 % (and above). Protein expression levels are based on the Hager et al., (2011)
classification system for analyses of mTOR and p-RPS6 proteins (see Materials and Methodology, Section 2.2.10). The use of a star (*) symbol
and red text represents a statistically significant difference, when compared to MCF-7 using a Student’s t-test, where p < 0.05 (see Appendix D,
Table D1 and D2 for a complete statistical report). (Serum + = standard tissue culture conditions; A/C = Apoptotic control).
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2.4. Discussion

2.4.1. Elevated mTOR expression and enhanced mTORC1 sighialg are common
features of the mTOR pathway in HOSCC cells

The mTOR pathway forms part of a composite signglinetwork regulating essential
cellular processes, such as metabolism, transmniptianslation and autophagy induction, by
integrating signalling information from numeroususmes (Schmelzle and Hall, 2000).
Through the action of mMTORC1, mTOR regulates vaisignal transduction pathway
intermediates controlling these processes (Fosigrangar, 2010; Dobaskt al, 2011). In
order to delineate the route of signal transmissibrough the mTOR pathway and
understand how those signals govern autophagy tieduinn HOSCC cells, it was necessary
to monitor the protein expression of key pathwagnmediates associated with both mTOR
and autophagy induction (ségure 2.1.for an illustration of these pathway intermediates
By monitoring these select cellular proteins, weéalgsshed an information-rich reporter
system conveying specific signalling informatioroabthe mTOR pathway and mTORC1-
dependent autophagy regulation. Henceforth, we teféhis reporter system as a marker set
of proteins.

All protein markers were detected in HOSCC celldarnstandard tissue culture conditions.
This means that HOSCC cells express all relevanDRyTautophagy and integrin-triggered
signal transduction intermediates, as well as thatmarker set can be detected efficiently
under conditions that represent standard cell dro®stablishing the expression of major
pathway intermediates under these conditions wasingrortant prerequisite for later
experiments in this investigation to proceed. Tikidbecause the protein expression levels
detected here serve as a baseline of comparisosufigzequent changes arising from any
manipulation of standard tissue culture conditioRarthermore, by establishing relative
levels of HOSCC protein expression through compariwith the MCF-7 cell line (rather
than to a continuous oesophageal cell line, sudHEaBE-1A), we can find similarities within
the corruption of the mTOR signalling pathway inidg@pithelial carcinomas. We believed
that the HET-1A cell line was not appropriate foongarative analysis during this
investigation. This was because HET-1A cells do tmaty represent untransformed or

physiologically ‘normal’ oesophagus (Jankowskial, 1995; Underwooct al, 2010), and
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most importantly, the status of the mTOR pathway T OR protein expression is currently

unknown in these cells.

The MCF-7 cell line therefore provides a more d@éacomparison as MCF-7 cells are
understood to over-express the mTOR protein kingtegneret al, 2009) and display

elevated signalling through mTORCL1. Alterationghdd mTOR pathway in MCF-7 cells was
found to be a consequence of an amplification m 36K1 gene (Brlund et al, 2000a;

Barlund et al, 2000b), as well as a result of activating mutaaéfecting the p110 subunit of
PI3K (Bachmanet al, 2004; deGraffenriegt al, 2004). Mutation of PI3K leads to a
constitutively active PI3K/PKB signalling pathwayhese alterations enhance mTOR
signalling as the PI3K/PKB pathway is the canoniopbtream regulator of the mTOR
pathway, and p70S6K is a downstream target of mTOR®@erefore, the MCF-7 cell line

represents a more appropriate control cell linectonparative analysis.

Semi-quantitative densitometric analysis of margetr protein expression revealed HOSCC
cells express similarly high levels of mTOR and nRICL signalling compared to MCF-7
cells Figure 2.5. Ectopic mTOR expression and aberrant mTORC1a#ligg has been
reported in poorly- and well-differentiated ESCQIs®f Chinese origin (Hoet al, 2007,
Hirashimaet al, 2012), where atypical functioning of the mTOR/nRQCL signalling
pathway is associated with the progression of dalours. Since HOSCC cells were found
to parallel these findings, it is reasonable togasy that aberrant mMTOR/mMTORC1 signalling
plays a similar role in HOSCC of South African amig

A high instance of mTORC1 signalling does not d#tfeom HOSCC cells exhibiting a high
basal rate of autophagy induction under standasti¢i culture conditions. At first, this seems
incongruous, since mMTORC1 signalling typically ks autophagy; however autophagy is
reported to be upregulated in many solid tumoursluding EC9706 ESCC cells (Koneb

al., 2005; Liuet al, 2011). Enhanced autophagy induction is thoughgrtwide a selective
survival advantage by providing resistance to chteerapeutic agents and increasing tumour
aggressiveness through the provision of esseng#hlmlites and energy under stress (Bursh
et al, 1996; Kanzaweet al, 2004; Longoet al, 2008). Considering that HOSCC cells
display enhanced cell survival and anoikis res#afiFanucchi and Veale, 2009; Fanucchi
and Veale, 2011), increased basal autophagy magnbther component facilitating these

events.
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HOSCC cells also exhibited increased potential fo@chanotransduction through high
expression of the promiscuous, integrin-triggereatgin kinase; ILK. These findings were in
agreement with data previously reported for HOS@{s dy Driver and Veale (2006). ILK
is known to play a central role in numerous intiada signalling pathways affecting
MTOR/MTORCI1 signalling, such as the PI3K/PKB andt\8ignalling pathways (Wu and
Dedhar, 2001). Therefore, an increased propensityLiK-based signalling combined with
ectopic mTOR protein expression may contribute tadwaransformation and tumourigenesis
in HOSCC cells, and provide a rational basis tosater the impact of adhesion-based signal
transduction during mTORC1-dependent autophagyla&go.

2.4.2. Expression of the 80 kDa mTOR splicing isoform in HOSCC may be one
explanation for increased signalling through mTORC1

An 80 kDa splicing variant of mTOR, termed mT@Ry Panasyuket al. (2009), was
discovered in two HOSCC cells, namely WHCO1 and @I3CAfter an extensive search of
the available literature, mTRexpression is currently only confirmed in HEK-268lls
and, to our knowledge; this is the only report &f@RB in HOSCC, as well as MCF-7 cells.
The WHCO1 and WHCO3 cell lines were the only HOSC®@ exhibit the lowest mTOR
protein expression, as well as moderate mTORClaBigg. Since mTOR is expressed in
these cell lines only, mTQRmay compensate for reduced mTOR protein expresanoh
function to maintain elevated mTORCL1 signallingn&syuket al. (2009) do report that
MTORS is capable of interacting with both Raptor (of mRC1L) and Rictor (of mMTORC2i
vitro, and so may readily participate in established RT@athway functions, such as
phosphorylating p70S6K, 4E-BP1 and PKB. Thereftt©SCC cells expressing mT@R
will likely gain an advantage to mTORC1-dependagmalling events.

MTORB is not expressed in the SNO cell line, howeverjctvtpossesses a high mTOR
protein expression, but has a low instance of mTORIGnalling. This discrepancy between
WHCO1, WHCO3 and SNO cell lines may indicate thespnce of functionally crippling
mutations affecting thex\TORgene within the SNO cell line, or hint at the mmese of other
common alterations affecting upstream or downstreadfOR pathway components
(reviewed by Populet al, 2012). Therefore, the expression of mTO@@epicted inFigure
2.6 in HOSCC cells may be a significant discovery taspresence may indicate a further

corruption affecting the mTOR signalling pathwayH@®SCC.

44



Repressor Domain

HEA:fhpeais and Akt Site ( ser 2448)
Kinase
© FAT F;‘B\ Domain /FATC
mTORa  + = JIEEENREI—I0NERannil— e

Kinase
FAT FRB Domain RD FATC

T06

mTORB + ||

Figure 2.6: Schematic representation of the 80 kDa mTORP splicing isoform compared to
the well characterised 220 kDa mTOR protein kinase. mTORP is composed of
706 amino-acids, in antithesis to the larger 220 kDa mTOR protein kinase, which
is composed of 2 549 amino-acids. mTORP retains an intact FRB, RD and FATC
domains with a notable decrease in amino-acids comprising HEAT-repeat and
FAT domains. (Adapted from Fingar and Blenis 2004, and Panasyuk et al., 2009).

In conclusion, monitoring major mTOR pathway intediates is an effective means of
following the mTOR signalling pathway in HOSCC selBy combining mTOR, p-RP&8'
236/238) MATG-13, ILK and cleaved caspase-3 into as @fptotein markers, one establishes
an information-rich reporter system conveying sfiecinformation about the mTOR
pathway, the influence of mMTORC1 on autophagy itida¢c as well as the potential for
adhesion-based signal transduction. Through theolideese key pathway intermediates, we
have established that the mTOR protein is ectdpicpressed, that there is enhanced
MTORCL1 signalling and that an elevated rate of Ibagtgophagy induction are common
features of HOSCC cells. Importantly, by estabfighmarker set protein expression levels
under standard tissue culture conditions, thesdivelprotein concentrations can be used as a
base line for further experimentation. This effeely allows for the comparison of protein
expression levels under different tissue cultureddmns, which forms the basis for the next

chapter of this investigation.
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CHAPTER 3

3. INVESTIGATION OF THE mTOR SIGNALLING NETWORK IN
HOSCC CELLS

3.1. Introduction

A survey of the current literature shows that ecdhalar-originating signals may be either
agonistic or antagonistic towards the mTOR signgllpathway (Sarbassat al, 2005b;
Corradetti and Guan, 2006; Sabatini, 2006; S¥toal, 2009; Caroret al, 2010). Soluble
mitogens, such as growth factors and amino-acictsyade mMTORC1 under conditions of
high abundance (Sarbasset al, 2005b; Corradetti and Guan, 2006; Sabatini, 2006)
However, hypoxia, hyper-osmotic pressure, energyletien, viral infection, as well as
reactive oxygen species (ROS) and DNA damaging taganay cause cellular stress
inhibiting the activation of mMTORCL1 (Corradetti a@dian, 2006; Shaet al, 2009; Caroret

al., 2010). While the influence of each is clearly ortant for the specific regulation of
MTOR within the broader context of mammalian systgseeTable 3.1summarising the
effects of major agonists and antagonists on mTO&ivation), this set of analyses focuses
mainly on those factors influencing the abilityraf ORC1 to regulate autophagy induction
in HOSCC cells.

It is well established that mitogenic stimuli dexivfrom growth factors and amino-acids
influence homeostasis by augmenting cell growth arudiferation, as well as by triggering
autophagy as a cell survival response when abkening and Klionsky, 2004; Zustiak al,
2008; Burman and Ktistakis, 2010; Wang and Leva@4,0). Since mitogenic signalling may
directly affect the intracellular signalling pathygaregulating growth and proliferation
processes, such as the PI3K/PKB, MAPK signallingcade and mTOR signalling pathway
(Seger and Krebs, 1995; Lemmon and Schlessing&f)2€he contribution of these stimuli
becomes a major focus of this investigation. Whipoxia, hyper-osmotic stress, ROS and
energy depletion may also effect the activation mTORC1, our understanding of
MTOR/MTORC1 signalling dynamics leads us to belithat these influences are context-

dependant, and so would be standardized underasthtidsue culture conditions.
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Soluble mitogens therefore elicit biochemical sigrithat affect mTORC1 signalling through
two main modes of regulation, forming what is gaflgraccepted as canonical and non-
canonical mTOR regulation (Memmott and Dennis, 20@anonical mTOR regulation
primarily involves input from the PISK/PKB pathwagnd requires a PKB-dependant
mechanism for mTORC1 activation. Input from theKIBBKB signalling pathway (shown in
red) directly causes mTORCL1 activation as depiateBligure 3.1 Non-canonical mTOR
regulation circumvents biochemical signals trantdithrough the PI3K/PKB pathway, and
so rather utilizes PKB-independent mechanisms @egiin blue) to affect mTORC1
(Memmott and Dennis, 2009).

3.1.1. The canonical mTOR pathway utilizes a PKB-dependentnechanism

In response to mitogenic stimuli elicited by RTKistracellular propagation of biochemical
signals ultimately influences mTOR signalling thgbuPI3K/PKB signalling pathway (see
Figure 3.1, Box A PI3K is a lipid kinase activated by the bindimfiggrowth factors (such as
EGF) to RTK’s (such as EGR — which is over-exprdsaseHOSCC cells) (Osalat al,, 2004;
Driver and Veale, 2006), which phosphorylates phospositides and activates PKB. This
process is itself regulated by the tumour suppreB3&N (Harringtoret al, 2005). PKB is
sequentially phosphorylated on of Thr 308 (by PDkabd Ser 473 (by either ILK or
MTORC?2) resulting in its complete activation (Walke al, 1998; Harringtoret al, 2005).
Since mTORC2 may also phosphorylate BRE"®) demonstrated botim vitro andin vivo
(Sarbasso\et al, 2005b), mTOR may regulate itself at this levethe form of a positive

feedback loop.

When active, PKB physically associates with, anerdhy activates, numerous substrates;
however the phosphorylation of TSC2 and PRAS40 thee most vital for mTORCL1
signalling in this canonical pathway (Inadi al, 2002; Kovacinat al, 2003). TSC2 forms a
heterodimeric complex with TSC1 that actively intsb mTORC1. However, when
phosphorylated by PKB on Ser 939 and Thr 1462,GWé¢> (GTPase-activating protein)
activity of TSC1/TSC2 is inhibited — leading to thetivation of the Rheb-GTPase (Manning
et al, 2002). Consequently, Rheb may directly activalBORC1 leading to downstream
signalling through two main effector kinases: nan@l0S6K and 4E-BP1. When activated,
p70S6K may directly phosphorylate RPS6 at Ser Z&/@hereas phosphorylation of 4E-

BP1 leads to its functional inactivation, thus dimhing its inhibitory affect on elF4E (Bai
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and Jiang, 2010). Moreover, p70S6K may target mTi@BIf creating another positive
feedback loop (Bai and Jiang, 2010).

Clearly, a lack of PI3K and PKB activation, as wedl decreased inhibition of TSC1/TSC2
and PRAS40 leads to a decrease in signalling thron§ORC1, events necessary for the
induction of autophagy. However, these events amicked during non-canonical mTOR
regulation, where the availability of nutrients,ogth factors and chemical inhibition of
MTOR may induce an autophagic response.

3.1.2. The non-canonical MTOR pathway functions independety of PKB

3.1.2.1. Availability of essential nutrients and amino-acids

The mTOR pathway is responsive to the availabdityessential nutrients, such as amino-
acids found in standard tissue culture serum (liled of foetal calf origin); in particular to
levels of the branched chain amino-acids leucireeisoleucine (se€igure 3.1, Box B An
increase in cellular concentrations of leucine ardleucine was shown to induce
phosphorylation of p70S6K and 4E-BP1 (Findktyal, 2007). The molecular mechanisms
responsible are thought to include MAP4K3 (demaitstt in serum deprived HelLa cells),
however the class lll PI3K (hVps34) may also beolagd as hVps34 activates mTOR by a
mechanism dependent on PI(3,4Heneration, but independent of TSC2 or Rheb (BY/fie
et al, 2005; Nobukunet al, 2005).

Despite strong support for these mechanisms acogufdr mTOR activation, the recent
discovery of Rag-GTPases as binding partners ofdRdgave become a popular explanation
for amino-acid-induced mTOR-stimulation (Sanealal, 2008). Sekiguchet al. (2001) used
cells transfected with constitutively active andative Rag mutants, and identified four Rag
proteins (Rag A-D), which function as heterodimergpromote the co-localization of Rheb
with mTORCL1. This demonstrated that Rag proteirgs kaoth necessary and sufficient for
amino-acid activation of mMTOR. Therefore, theser leag proteins (Rag A-D) may provide
the molecular connection responsible for transdpamino-acid-based stimuli to the mTOR

signalling machinery.
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3.1.2.2. Growth factors and other mitogens

The mTOR signalling pathway may also be activatgthke mitogen-activated protein kinase
(MAPK) signal transduction cascade ($egure 3.1, Box & MAPK signalling is stimulated
by known agonists present in tissue culture sersuch as growth factors, hormones and
chemokines, which bind to cognate RTK’s and G-prnotmupled receptors (GPCR’s) or
directly activate protein kinase C (PKC) (McKay al, 2007; Rozengurt, 2007). MAPK
pathways consist of an initial GTPase-regulateds@n(a MAPKKK — such as RAS-GTPase)
that activates a kinase intermediate (a MAPKK —hsas RAF, MEKK) through a
phosphorylation event, which in turn leads actmatiof downstream effector kinases (a
MAPK — such as ERK and p90RSK) (McKay al, 2007; Rozengurt, 2007). ERK and
pP90RSK are noteworthy as they participate in extengathway integration with the mTOR
signalling network. At the upstream level, both ERKJ p9ORSK influence the TSC1/TSC2

complex allowing for increased signalling through@RC1.

ERK and p90RSK may induce phosphorylation of Rajpsodefining protein subunit of
MTORC1) promoting mTORC1 phosphorylation of p70%6K 4E-BP1 (Fostest al, 2010;
Carreireet al, 2011). Moreover, p9ORSK may phosphorylate REFEE%23®)(Roux et al,
2007). This particular function of p90ORSK becomesssue of concern as p-RE%62%°/2%)

is used in this study as a marker for active mTORi@@alling.

3.1.3. Additional aspects of non-canonical mTOR regulation specific inhibition with

rapamycin

Aberrant activation of mTOR signalling contributemvards much pathology, including
tumourigenesis (Foster and Toschi, 2009). In ligihthis, mMTOR has become an attractive
therapeutic target with many clinical trials expeging some success with modern analogues
of its natural inhibitor, the macrolide ester ragam. Rapamycin, first isolated from the
bacteriumStreptomyces hygroscopigus a potent antifungal and immunosuppressive tagen
(Vézinaet al, 1975). When rapamycin binds the intracellulareptor, FKBP12, rapamycin
may inhibit the kinase activity of mTOR throughdrdction with the mTOR FRB domain
(Brown et al, 1994). Rapamycin treatment decreases mTORCIlitgdtiva dose-dependent
manner (Foster and Toschi, 2009) and thereforetitoties an additional level of complexity

regulating mTOR signalling (seeigure 3.1, Box . Hence, it would be irresponsible to
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ignore this aspect of mMTOR regulation as this mgré the opportunity to explore the
implications of mMTOR-specific inhibition as a thpeatic tool for the treatment of SCC

affecting the human oesophagus.

Therefore, with the aim of investigating the mTORBnalling network in HOSCC cells, we
examined the unique contribution of soluble extilata-originating stimuli that effectively
support regulated cell growth and proliferationgenstandard tissue culture conditions. This
provides an opportunity to dissect the impact aforacal- and non-canonical modes of
MTOR regulation in HOSCC cells known to over-expriesy biochemical receptors, such as
EGFR. It also allows us to determine how specifiodes of mMTOR regulation impact
MTORC1-dependant autophagy induction. Thus, thigyabf HOSCC cells to modulate the
signalling machinery inducing autophagy was exanhitierough: i) negating canonical
MTOR pathway regulation by specific inhibition o0f3R; ii) modulation of mTORC1
signalling by withdrawal of essential growth fagtonutrients and amino-acids found in
standard tissue culture serum; iii) specific intidn of mTOR with rapamycin; and iv) the
potential for signal integration between mTOR andiK pathways by specific inhibition of
pP90RSK.
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Table 3.1: Major agonists and antagonistic factor«known to influence the
MTOR signalling network in mammalian systems.

] Affect on . .
Agonist/ Proteins Molecular Major
. mTORC1 .
Antagonist . Involved Mechanism References
Activation
Growth PI3K, Reduces TSC1/TSC2 Potter et al.
Stimulators 1 PKB, inhibition by (2002);
EGF, ERK, phosphorylation of Roux et al.
Insulin RSK PKB, ERK and RSK (2004)
Amino-acid Rheb,
Depleti Rapt M " Hara et al.
epletion aptor, any competin
pie J P Y competing (1998);
Leucine, hVps34, hypotheses
] Gao et al. (2002)
Isoleucine hVPS15
. An unknown osmotic Parrott and
Hyp :lt'osmotlc Not stress-induced Templeton
ress .
Sorbitol, J completely phosphatase disrupts (1999);
NACI elucidated the mitochondrial Desai et al.
protein gradient (2002)
ROS Bae et al. (1999);
Unclear: Raptor, May involve disulfide ( )
Peroxide, . Sarbassov and
. i Mand 4 mTORC1 reduction of mTOR o
Thiol oxidants Sabatini (2005a)
5 HIF-1-induced REDD1 Hudson et al.
Hypoxia :
REDD1, expression enhances (2002);
Decreased J s
: HIF-1 TSC1/TSC2 inhibition Arsham et al.
oxygen su
ygen supply of mTOR (2003)
Inoki et al.
Energ.y Phosphorylation of
Depletion J LKB1, AMPK increases (2003b);
Low ATP:ADP AMPK o Corradetti et al.
. TSC1/TSC2 activity
ratio (2004)
. . Adenovirus; Several virus- Kudchodkar et
Viral Infection :
Adenovirus Unclear: E4-ORF1, dependant al. (2004);
HCMV ! Mand HCMV: mechanisms O’Shea et al.
EGFR proposed (2005)
DNA
damaging Upregulation of p53 Tee and Proud
Agents 53 th h (2000);
Etoposide, J P2, Iroug g - ’ |
Methyl REDD1 several propose Beuvink et al.
mechanisms (2005)
methane-
sulfonate
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Figure 3.1: A simplified visual schematic of the mTOR signalling network. Important signal transduction pathways that influence signalling
through mTORC1, as well as mTORC2, are depicted. Canonical upstream regulators of mTORC1, such as PI3K/PKB (Box A), are
influenced by soluble mitogens like insulin and growth factors. In addition, non-canonical upstream regulators may influence
mTORC1 activity; such as essential nutrients and amino-acids (Box B), MAPK-derived stimuli (Box C), rapamycin (Box D), as well as
hypoxia, Wnt signals and energy status, either directly through physical interactions with mTOR/mTORC1 or indirectly through
critical upstream nodes (Adapted from Soulard and Hall, 2007).
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3.2. Materials and Methodology

3.2.1. Tissue Culture of WHCO, MCF-7 and HEK-293 Cell Lines

All cell lines were cultured as described previguslChapter 2, Section 2.2.1.

3.2.2. Sub-culture of WHCO, MCF-7 and HEK-293 Cell Lines
As previously described (see Chapter 2, Sectior2R.2

3.2.3. Serum-free Tissue Culture

Cell cultures were exposed to an environmentasstsgmulating starvation conditions so as
to bring about a change in cell behaviour, andetioee a particular survival response. Since
the removal of serum is a commonly used method wseachieve this in the literature
(Avruch et al, 2009; Bai and Jiang, 2010), serum withdrawal vessployed here.
Consequently, cell cultures were allowed to prodife under standard tissue culture
conditions until 10 cm dishes reached a conflueriapproximately 80 %. The medium was
then aspirated and cell monolayer washed twice WS (37 °C) (Appendix A, 1.1.1).
Subsequently, 10 ml fresh tissue culture mediunkitgc 10 % FCS was added. Tissue
cultures were then incubated in a humid, 37 °Chator with an atmosphere of 5 % €@

air for 24 hours.

3.2.4. Antibodies
As previously described (see Chapter 2, Sectior3R.2

3.2.5. Pathway Inhibition Studies

3.2.5.1. Specific inhibition of PI3K with LY294002

Vlahos et al. (1994) showed that LY294002, or 2-(4-morpholingdphenyl-4H-1-
benzopyran-4-one, completely and specifically atad Bovine brain phosphatidylinositol
3-kinase activity (IGo = 0.43ug/ml; 1.40uM). However, previous studies in the Cell biology
Research Laboratory, University of the Witwatergraiohannesburg, observed thaty 0
LY294002 was the appropriate concentration requicecshduce PI3K-specific inhibition in
HOSCC cells (Shaw Ph.D. Thesis, 2011).
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Therefore, cell cultures were allowed to proliferantil 6 cm dishes reached a confluence of
approximately 80 %. The medium was then aspirateddcall monolayer washed twice with
PBS. Subsequently, 3 ml fresh tissue culture meduitin 10 % FCS was added, containing a
final concentration of 2QuM LY294002 (Sigma-AldricA, USA) (Appendix A, 1.8.1).
HOSCC cells treated with 20M LY294002 were designated ‘L+’, while an untreated
control (designated ‘L-‘) was simultaneously pregmhr Tissue cultures were subsequently
incubated in a humid, 37 °C incubator with an atphese of 5 % C@in air for 1 hour.
Please note that all procedures for one set ofrempats were performed using the same
batch of FCS.

3.2.5.2. Specific inhibition of MTOR with rapamycin

Since very few studies have specifically lookedha&t affect of rapamycin treatment on the
MTOR/MTORC1 signalling pathway in moderately difetiated HOSCC, the appropriate
tissue culture conditions were chosen after comnisigehe study performed by Haet al.
(2007). Houet al. (2007) investigated the effects of rapamycin aRiN& against mTOR in
poorly- (EC9706) and well-differentiated (Eca 1M$CC cells. Here, changes in both
MTOR and p70S6K mMRNA and protein expression lewelse detected in response to 20, 50
and 100 nM concentrations of rapamycin for 6 and@drs, as these conditions were found
to induce mTOR-specific changes to cell proliferatisurvival and apoptosis in squamous

cell carcinomas, specifically.

Therefore, since a similar response in South Afrdarived HOSCC was expected, cell
cultures were allowed to proliferate until 6 cmkais (Nunc) reached a confluence of
approximately 80 %. The medium was then aspiratedcall monolayer washed twice with
PBS (37 °C). Subsequently, 3 ml fresh tissue celtaedium with 10 % FCS was added,
containing a final concentration of 0, 20, 50 a®® hM rapamycin (Sigma-Aldri¢h USA)
(Appendix A, 1.9.1). Tissue cultures were incubated humid, 37 °C incubator with an
atmosphere of 5 % COn air for 6 or 24 hours. Please note that alcpdures for one set of

experiments were performed using the same batElC 6t

3.2.5.3.  Specific inhibition of p90RSK with BI-D1870

Cell cultures were allowed to proliferate until &ncdishes reached a confluence of
approximately 80 %. The medium was then aspirateddcall monolayer washed twice with
PBS (37 °C). Subsequently, 3 ml fresh tissue celtaedium with 10 % FCS was added,
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containing a final concentration of LM as described by Sapkataal. (2007) (Appendix A,
1.10.1). BI-D1870 was obtained from the Division 8fgnal Transduction Therapy,
University of Dundee. Simultaneously, controls &ach cell line containing 0.1 % DMSO
were prepared. Tissue cultures were then incubiatedd humid, 37 °C incubator with an
atmosphere of 5 % CQn air for 30 min. Please note that all procedumsone set of

experiments were performed using the same batElC 6t

3.2.6. Triton X-100-based Protein Extraction
As previously described (see Chapter 2, SectiobR.2

3.2.7. Protein Estimation
As previously described (see Chapter 2, SectiobR.2

3.2.8. SDS-PAGE (Sodium Dodecyl Sulphate-Polyacrylamide G&lectrophoresis)
As previously described (see Chapter 2, Sectiorr.2

3.2.9. Western Immunoblot Analysis

As previously described (see Chapter 2, Sectioi8R.2

3.2.10. Image Capturing
As previously described (see Chapter 2, Sectio®R.2

3.2.11. Laser Densitometry and Analysis of Relative ProteifExpression

Semi-quantitative densitometric analysis was usedktermine protein expression across the
WHCO series, as well as MCF-7 and HEK-293 celldines previously described in Chapter
2, Section 2.2.10. Additionally, both raw and watkdensitometric data is available in
Appendix C,Tables C6-C13

3.2.12. Statistical Analysis

Results are expressed as the mean = S.E. Stdt@to#icance was determined by Student’s
t-test for comparative analysis (see AppendixTBhle D3 using Sigma PI&t Version 12.0
(SPSS Science, Chicago, lllinois USA), where p @50ndicates statistical significance. All

experiments were repeated at least three timesssiotherwise indicated.
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3.3. Results

3.3.1. Specific inhibition of PI3K with LY294002 increasedmTOR and ILK protein
expression, but decreased p-RPSE8" 2°23¢)and mATG-13 in HOSCC cells

Specific inhibition of PI3K with LY294002 did notisibly modulate the concentration of
polypeptide bands indicative of mTOR (220 kDa), 1(39 kDa) and cleaved caspase-3 (17 —
27 kDa) Figure 3.2 A and B. However, clearly visible changes in the concaian of
polypeptides indicative of p-RPS8 2°2%)(36 kDa) and mATG-13 (72 kDa) were detected.
In addition, multiple bands were observed in pragmo mATG-13 fFigure 3.2 A), while
cleaved caspase-3 (17 — 27 kDa) was only visibtaenWHCOG6 apoptotic cell (A/C) control
(Figure 4.5 B).

Semi-quantitative densitometric analysis of singédypeptide bands revealed a change in
relative protein expression levels across all WHEHD lines in response to PI3K-specific
inhibition with LY294002 Figure 3.3. Levels of marker set protein expression were
expressed as a percentage of the WHCOG6 cell limbqut LY294002 treatment; L-), since
WHCOG cells consistently expressed high levelsllahajor pathway intermediates detected
under standard tissue culture conditions (estaddiskarlier in Chapter 2, Section 2.4). For
this reason, the WHCOG cell line was also usedlaading control enabling the comparison
of protein expression between individual westemtdyland is used as such throughout the

rest of this investigation.

By organising all signal transduction pathway intediates into a table summarising changes
in the levels of protein expression (such as teahsnTable 3.2, we observed that specific
trends in protein expression emerged between theC@/Kderies of cell lines. In general,
MTOR protein abundance was increased upon inhibitib PI3K; where HOSCC cells
became high mTOR protein expressers. Only the WH@@$ the exception to this trend.
Similarly, WHCO1, WHCO3, WHCO5 and MCF-7 cells texddto increase ILK protein
expression (with the exception of the WHCO6 and SMDlines); consequently maintaining
elevated ILK in HOSCC cells.
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In response to specific inhibition of PI3K, HOSCE@Ills became low p-RP&8" 235/2%)
protein expressers; where WHCO1, WHCO5, WHCO6, S0 MCF-7 cells commonly
decreased p-RPS88 2%%2%®)yrotein expression. However, this excluded the V@3@ell line,

as p-RPS8® 2°2)protein expression increased. Following this tremdTG-13 protein
expression remained moderate-to-high, despite HOSIE commonly decreasing cellular
concentrations of dephosphorylated mATG-13. Onlg YWHCO5 cell line exhibited an
increase for MATG-13 protein expression. Moreow&secific inhibition of PI3K with
LY294002 was insufficient to induce an increaselgaved caspase-3 protein expression in
HOSCC cells.
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WHCO1 WHCO3 WHCO5 WHCO6 SNO MCF-7 CO06
20pm L- L+ L- L+ L- L+ L- L+ L- L+ L- L+ L-

IB:mTOR 220kDa —»
IB: p-RPS6
(8=r2357236) 36kDa —»

IB:mATG-13 72kDa —

IB:ILK 39kDa —»

IB:p-actin  46kDa —»

‘WHCO1 WHCO03 WHCO05 WHCO6 SNO MCF-7 CO6
20pm L- L+ L- L+ L- L+ L- L+ AC L- L+ L- L+ L- a/iC

IB: Cleaved Caspase-3
27kDa —»
19kDa —*
17kDa —»

IB: B-actin
46kDa —»

Figure 3.2: Immunodetection of significant signal transduction intermediates in HOSCC cells
after specific inhibition of PI3K with LY294002. A) Visible changes in polypeptide
abundance were detected for mTOR (220 kDa), p-RPS6¢" 23%/2%9) (36 kDa), but not
for ILK (59 kDa) and mATG-13 (72 kDa), in HOSCC cells. B) Specific inhibition of PI3K
was insufficient to induce cleavage of pro-caspase-3, as cleaved caspase-3 (17 - 27)
was only detected in apoptotic cell (A/C control). In both A) and B), B-actin was used
to demonstrate equal protein loading of HOSCC cell lysates. (L+/L- = With or without
20 uM LY294002; A/C = Apoptotic Cell control; CO6 = WHCO6).
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Figure 3.3: Specific inhibition of PI3K alters the expression of key mTOR pathway
intermediates in HOSCC cells. Semi-quantitative densitometric analysis of
protein expression was determined relative to the WHCOG6 (L) cell line. As a
common trend, HOSCC cells increased mTOR and ILK protein abundance, but
decreased p—RPS6(Ser 235/236) and mATG-13 expression. Cleaved caspase-3
remained undetectable under these tissue culture conditions, and was only
detectable in apoptotic control cells. Since not all western blots were repeated
more than once, the significance of these data could not be calculated. (L- =
Without PI3K-specific inhibition with LY294002; L+ = Including PI3K-specific
inhibition with LY294002; A/C = Apoptotic Cell control).
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Table 3.2: Summary of the protein expression levels obtained for significant mTOR signal transduction intermediates after
specific inhibition of PI3K with LY294002.

Protein Cell Line
WHCO 1 WHCO 3 WHCO 5 WHCO 6 SNO MCEF-7
I B T B A L !
mTOR |1 High 360 |1 Low 2286 |1~ High 50.8| | High 16;.0 Med 17.1 | 1 High 68.0
SRPE |4 Low o0 | T tow 1800 |4 low o 4 low 4 low (4 low
mATG-13 | |, High 2j4 J  High 14j40 AN High 56.5| 1 High 14.0 J  High 35'.0 J Med 65'5
ILK N High 47 |1 Med 0.010 |1 Med 36.5|d High 21'.0 J  High 36.7 A~ Med 20.7
Cleaved
Caspase- |/ low NA. |/ Llow NA |/ Low NA |/ Low NA. |/ Low NA. |/ Low NA,
3

Key: Low = 0 — 45 %; Medium (Med) = 46 — 75 %; High = 76 — 100 % (and above). Protein expression levels are based on the Hager et al., (2011)
classification system for analyses of mTOR and p-RPS6 proteins (see Materials and Methodology, Section 3.2.11). Change in relative marker set protein
expression is expressed as percent change (% A), designated by either positive (1) or negative ({/) arrows. For the calculation of percent change, see
Appendix B, Equation B1. The forward slash (/) symbol indicates that no change has occurred.
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3.3.2. Serum withdrawal modulates the mTOR/mTORC1 pathwayin HOSCC cells

Removal of the growth stimulatory effects of seruisibly altered the protein expression of
key mTOR pathway intermediates in HOSCC cells. Bipglypeptide bands corresponding
to mTOR (220 kDa), p-RP$8" 252936 kDa), mATG-13 (72 kDa) and ILK (59 kDa) were
detected, however the concentrations of mMTOR aR®P§6>*" *°2*®\yas visibly diminished
(Figure 3.4 A). Clear changes in the concentrations of mMATGi8 [&K polypeptide bands
were not apparent. In addition, single polypepbdeds corresponding to cleaved caspase-3
(17 — 27 kDa) were not detected in HOSCC cells usdeum-free conditions, but were only
present in WHCOG6 apoptotic control (A/C) cellidure 3.4 B). p-actin (46 kDa) was also
detected by western blot, where its uniform expoessepresented equal protein loading

between the WHCO series of cell lines.

Semi-quantitative densitometric analysis of singtdypeptide bands revealed a change in
relative protein expression levels across the WH@fes of cell lines in response to serum
withdrawal after 24 hoursF{gure 3.95. Levels of marker set protein expression were
expressed as a percentage of the WHCOG6 cell lingefustandard tissue culture conditions;
serum +), where protein expression between WHCOIlioels was determined to be low,
moderate or high (see Materials and Methodologgti&e 3.2.11 for an explanation of the
Hageret al. (2011) classification system for protein expresgsicAfter organizing major
signalling intermediates into a table summarisegels of protein expression, we noticed that
specific trends emerged, both within the level mftpin expression and between the WHCO

series of cell linesTable 3.3.

In general, serum withdrawal induced HOSCC cellddorease mTOR protein expression. A
decrease in mMTOR expression was observed in WH@O3CO5, WHCO6 and MCF-7
cells, which became moderate or low mTOR expresd&tably, cells of the WHCO3 cell
line significantly decreased mTOR protein exprassi@ee Appendix D, Table Dfor a
complete statistical analysis). In antithesis,ceff WHCO1 and SNO cell lines increased
MTOR protein expression, where the increase in 888 was considered to be a significant

change (a report of this statistical analysis $® @vailable ilAppendix D, Table D3
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All HOSCC cells experienced a decrease in RES8>**vhosphorylation (clearly observed
in Figure 3.5andTable 3.3, where p-RPS&* 2%?*)expression changed to either moderate
or low. Serum withdrawal significantly decrease®PS6°" 23%23®)expression in WHCO3,
WHCOG6 and SNO cells (se¥ppendix D, Table D®r a complete statistical analysis). As a
result of this decrease for RP%52%%9phosphorylation in all HOSCC cells, mATG-13
protein expression was generally increasédure 3.5andTable 3.3. There was an increase
in MATG-13 abundance in WHCO1, WHCOG6 and SNO @e#id; however not in cells of the
WHCO3 or WHCOS lines. The change exhibited by mAT&in the WHCO3 cell line was
considered to be a significant decrease (a refothis statistical analysis is available in
Appendix D, Table D3

It was also apparent that HOSCC cells generallyredsed ILK protein expression in
response to serum withdrawal (seerfrigure 3.5andTable 3.3. A significant decrease was
observed in WHCO3 and WHCOG6 cell linese¢ Appendix D, Table Ddr all statistical
analyses), however despite this trend, ILK progxpression remained high in HOSCC cells.
Only SNO cells increased ILK protein abundancetifarmore, cleaved caspase-3 remained
undetectable in the WHCO series of cell lines spoase to serum withdrawal. Therefore,
HOSCC cells were classified as low cleaved caspasepressers under serum-free tissue

culture conditions.

Besides for these trends in marker set proteinesgon, we noticed common behavioural
responses regarding the mTOR pathway between WHild@nes. Cell lines were observed
to behave in a similar manner in response to semithdrawal, although there were some
outliers. The first type of behavioural response whown by the WHCO3 and WHCO5 cell
lines because they decreased the expression pfaadins monitored in the marker set. The
second type of behavioural response was displayadebWHCO1, WHCO6 and SNO cell
lines as they followed the same trends in p-RBS8°*%and mATG-13 expression, but
only differed by one protein trend (either mTORIbK expression) in response to serum
withdrawal. Consequently, HOSCC cells conformedlifterent types of protein expression
trends, as well as displayed different behaviotggponses, when growth stimulatory signals

from serum were removed.
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Figure 3.4: Immunodetection of critical signal transduction intermediates in HOSCC cells in
response to the withdrawal of serum. A) Single polypeptide bands signifying
marker set proteins were detected after serum-free tissue culture for 24 hours.
mTOR, p-RPS6" 2%/238) mATG-13 and ILK were detected in HOSCC cells, as well as
the MCF-7 cell line, at 220, 36, 72 and 59 kDa, respectively. B) The cleavage
fragments indicative of activated caspase-3 were only detected in the apoptotic
cell (A/C) control at 17, 19 and 28 kDa. In both A) and B), B-actin was used to
demonstrate equal protein loading of HOSCC cell lysates. (S+ = Standard tissue
culture conditions; S- = serum-free tissue culture conditions for 24 hours; A/C =
Apoptotic Cell control).
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Figure 3.5: Serum withdrawal modulates the protein expression of key signal transduction
intermediates of the mTOR pathway in HOSCC cells. Semi-quantitative
densitometric analysis of protein expression for each signalling intermediate
contained within the marker set is expressed as a percentage of the WHCO6 cell
line. A visible change in protein expression can be seen for marker set proteins
when each is detected under serum-free tissue culture conditions after 24 hours.
As a general trend, HOSCC cells decreased mTOR, p-RPS6®¢" 23%/230) 5nq LK
protein expression, but increased mATG-13 protein expression. The cleavage
fragments indicating activated caspase-3 were not detected under these
conditions, indicating that serum withdrawal for this time period is insufficient to
induce an apoptotic response. Since all western blots were repeated more than
once, the significance of these data could be determined. Significant difference is
therefore indicated graphically through the use of the star (*) symbol. (S+ =
Standard tissue culture conditions; S- = serum-free tissue culture conditions for
24 hours; A/C = Apoptotic Cell control).
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Table 3.3: Summary of the protein expression levels for key mTOR signal transduction intermediates in HOSCC cells after serum
withdrawal for 24 hours.

Protein Cell Line
WHCO1 WHCO3 WHCO 5 WHCO6 SNO MCF-7
DWWy RN TR R
%k E 3 E 3 * X *
mTOR | 1 High 286 | oo Med 462y Med 450 . .. .| High -391
p-RPS6 * * * * * * * * *
serzsfze) | b Low 381y ggg [V Med 2700 0w 600 | L Low 300 |V Med 238
MATG- | A Med 447 | " |0 low -458| 1 High 260 | 1 Med 000 | High 1535
13 d Llow -79.5
* * * * * *
|y High 18s | oo & High 53| o | High 202 |1 Med 239
Cleaved
Caspase- | / Low N.A. / low NA.|/ Low NA. |/ Low NA. |/ Low NA. |/ Low N.A.
3

Key: Low = 0 — 45 %; Medium (Med) = 46 — 75 %; High = 76 — 100 % (and above). Protein expression levels are based on the Hager et al., (2011)
classification system for analyses of mTOR and p-RPS6 proteins (see Materials and Methodology, Section 3.2.11). Change in relative marker set protein
expression is expressed as percent change (% A), designated by either positive (") or negative ({/) arrows. For the calculation of percent change, see
Appendix B, Equation B1. The use of a star (*) symbol, as well as red text, represents a statistically significant difference when compared to WHCO6 cell
line, determined using a Student’s t-test; where p < 0.05 (see Appendix D, Table D3 for a statistical report). The forward slash (/) symbol indicates that no
change has occurred.
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3.3.3. Rapamycin treatment differentially modulates mTOR, mATG-13 and ILK
expression, but abolishes RPS$E" **23¢)phosphorylation in HOSCC cells

Since the PI3K/PKB pathway is the most commonlyepted route for biochemical signals
affecting the mTOR pathway (Hay, 2005; Bhasker Hag, 2007; Bai and Jiang, 2010), we
believed it was first necessary to assess theeinfle of soluble mitogenic signals transmitted
from PI3K to mTOR/mTORCL1. Only after these mechasi®f canonical mTOR regulation
were established in HOSCC cells did we think it rappate to examine the effects of
relevant non-canonical modes of mTOR regulationchsas nutrient deprivation and
rapamycin treatment. For these reasons we nowrzentvith the second part of this analysis

- specific inhibition of the mTOR signalling pathyvaith rapamycin.

After exposing HOSCC cells to rapamycin, we momtbrthe same set of key protein
markers by western blottingrigure 3.9. However, only cells of the WHCOGEigure 3.6, A

and SNO linesKigure 3.6 B) were selected for rapamycin treatment. This wexsabse the
WHCOSG6 cell line is currently used as an importarteiinal control (the reader is reminded
that the WHCOG cell line is standard carried thtoagparate experiments providing a means
to compare protein expression between differentemeslots). Additionally, WHCOG6 and
SNO cell lines conform to unigue behavioural andtgn expression trends (see Section
3.3.1) and so characterise the diversity presethmimvihe HOSCC model system. Since these
cell lines are an appropriate representation oM€CO series, we monitored the marker set

in response to rapamycin within these HOSCC celik;.

Exposure to rapamycin, for either 6 or 24 hoursticeably altered polypeptides
corresponding to mTOR (220 kDa), p-RE€E*29and mATG-13 (72 kDa), but not ILK
(59 kDa) Figure 3.6 A - O. The uniformity off-actin polypeptide bands (46 kDa) suggest
that an equal amount of protein was loaded foH&ISCC cell lysates. Furthermore, since
the concentration of-actin did not change, this seems to indicate tapamycin does not

affectp-actin gene expression in HOSCC cells.

Semi-quantitative densitometric analysis confirntieat rapamycin altered marker set protein
expression levels within HOSCC cells, at both 6 2&dhours Figure 3.7 A - D). Changes in
protein expression were expressed as percentagee AVHCOG6 cell line not treated with

rapamycin (0 nM). These data show that specifiabitibn of mTOR resulted in the
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differential modulation of mMTOR protein expressiotHOSCC cells Figure 3.7 A). As the
concentration of rapamycin increased, so too dellével of mMTOR protein expression in
WHCO6 and MCF-7 cell lines. This trend was not obsé in the SNO cell line, however.
We could not identify any definitive protein expses trend for mTOR in the SNO cell line
as the expression of mTOR varied greatly in respaasapamycin treatment. Despite this,
MTOR protein expression was generally higher in BOells treated for 6 hours than
HOSCC cells treated for 24 hours, but generallyelowfter treatment in comparison to
HOSCC cells not exposed to rapamycin.

Semi-quantitative densitometric analysis also slibthat rapamycin treatment decreased p-
RPS6" 25230 hrotein expression in all HOSCC cellsFigure 3.7 B). These changes
occurred in a dose-dependent manner for eachinell producing an identical decreasing
trend in RPSE®" 2352%)phosphorylation at both 6 and 24 hours. Normadlysteep rise in

mATG-13 concentration would accompany decreasingSeRp 23523

phosphorylation
(Loewith et al, 2002). However, with an increase in rapamycinceotration, the protein
expression of mMATG-13 protein expression genemddigreased in HOSCC cells, somewhat
resembling a dose-dependent decrease for mATG-fession in WHCO6 and SNO cell
lines Figure 3.7 . A steep change in mATG-13 protein expression wlaserved at 24
hours for WHCOG cells, whereas this trend occuateldoth 6 and 24 hours for the SNO cell

line.

Furthermore, inhibition of mMTOR with rapamycin didt modulate ILK protein expression
(Figure 3.7 D). As the concentration of rapamycin increased, Ipkotein expression
remained relatively constant in both WHCOG6 and Si¢d lines, as well as MCF-7 cells. A
noticeable change was only observed in cells of \WACell line at 6 hours post treatment,
where ILK seemed to experience a dose-dependergagerin protein expression. However,
since not all western blots were performed mora thiace, an accurate statistical analysis
could not be performed. Consequently, this affeci@dreporting of significant alterations in
marker set protein expression. However, we dideetdn showing that specific inhibition of
mTOR modulates key mTOR pathway intermediates, asiye abolishing RPSE®" 23°/236)
phosphorylation in HOSCC cells (shownTiable 3.3.
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Immunodetection of important signal transduction
intermediates in HOSCC cells after exposure to
rapamycin. Increasing concentrations of rapamycin
induced visible changes in polypeptides corresponding
to mTOR (220 kDa), p-RPS6*" 35/2%) (36 kDa), mATG-13
(72 kDa), but not ILK (59 kDa). This was observed in
WHCOG6 (A), SNO (B) and MCF-7 (C) lines, where B-actin
(46 kDa) demonstrated equal protein loading of HOSCC
cell lysates. HOSCC cells are clearly susceptible to
rapamycin treatment as exposure modulated mTOR and
p-RPSE 23%/238)  nratein  concentrations, even at
concentrations as low as 20 nM. However, an increase in
mMATG-13 polypeptides did not accompany this decrease
in mTORC1 signalling and ILK expression appeared to be
unaffected by rapamycin treatment. (hr = time, in hours,
cells were treated with rapamycin; nM = nanomolar
concentration of rapamycin used; CO6 = WHCO®6).
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Figure 3.7: Effects of rapamycin on the protein expression of key signal transduction
pathway intermediates. A) mTOR protein expression increased in a dose-
dependent manner in cells of the WHCO6 line, however this trend was not
evident in SNO or MCF-7 cells. B) RPSeSer 236/236) phosphorylation was also
completely abolished in all HOSCC cells, occurring in a dose-dependent
manner. C) A trend increase in mATG-13 protein expression was observed only
in the SNO cell line, while there was no clear pattern for mATG-13 expression
in the WHCOG cell line 6 or 24 hours post rapamycin treatment. D) ILK protein
expression was generally unaffected after rapamycin treatment and remained
high in cells of the SNO line. However, a dose-dependent decrease for ILK
expression was observed 6 hours post treatment in WHCOG6 cells. Since not all
western blots were repeated more than once, the significance of these data
could not be determined. (hr = indicates the amount of hours cells were
treated with rapamycin; nM = the specific nanomolar concentration of
rapamycin used).
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Table 3.4: Summary of protein expression levels obtained after specific inhibition of mTOR with rapamycin.

Rapamycin Treatment

Protein - Cell Line
Conditions
WHCO6 SNO MCF-7
Time Concentration MY H/M/L %A A H/M/L % A ML H/M/L % A
(hr) (nM)
20 ™ High 35.00 N Med -19.23 N High 15.91
6 50 ™ High 63.00 J Low -43.59 ™ High  10.61
100 ™ High 98.00 J Med -14.10 T High 4.55
mTOR 8 8
20 J High -20.00 T High 26.92 T High 4.55
24 50 J High -5.00 J Med -26.92 T High 2.27
100 NK High -2.00 N) Low -70.51 N High -7.58
20 7 Low -61.00 J Low -55.29 J Low 91.67
6 50 J Low -70.00 J Low -62.35 J Low 98.81
p'RPSG 100 \l/ Low -81.00 \l/ Low -68.24 \l/ Low 98.81
(Ser 235/236) i
20 J Low -86.00 J Low -98.82 J Low 97.62
24 50 J Low -93.00 J Low -98.82 J Low 97.62
100 J Low -98.00 Np Low -96.47 J Low 96.43
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Table 3.4 continued

Protein Rapa"c“;:gi:i';e::me"t Cell Line
WHCO6 SNO MCF-7
T(':r‘)e C°"°(en"“tﬂr)""“°" MY WML %A | ML HML %A | ML HML %A

20 \ Med -35.00 P High 29.03 g Low 56.00

6 50 N Low -74.00 ™ High 49.68 ™ Low 12.00

mATG-13 100 0 High 19.00 N’ High -15.48 ™ Low 72.00

20 ™ High 69.00 ™ High 18.71 ™ Low 8.00
24 50 d Low -84.00 N High 40.65 J Low -24.00
100 J Low -80.00 J High -38.06 0 High  300.00

20 N High -13.00 gp High 10.28 2 High 81.93

6 50 J Med -34.00 0 High 3.74 2 High 42.17

ILK 100 \ Low -56.00 \ High -15.89 g High 53.01

20 J High -4.00 J High -15.89 ™ High 51.81

24 50 d High -14.00 0 High 18.69 ™ High 25.30
100 0 High 27.00 d High -1.87 ™ High  181.93

Key: Low = 0 — 45 %; Medium (Med) = 46 — 75 %; High = 76 — 100 % (and above). Protein expression levels are based on the Hager et al., (2011)
classification system for analyses of mTOR and p-RPS6 proteins (see Materials and Methodology, Section 3.2.11). Change in relative marker set
protein expression is expressed as percent change (% A), designated by either positive (") or negative (\/) arrows. For the calculation of percent

change, see Appendix B, Equation B1. The use of a forward slash (/) symbol indicates that no change has occurred.
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3.3.4. RPSE° 23%23) s phosphorylated by mMTORC1 in the absence of
MAPK/p90RSK signals in HOSCC cells

Although recent reports suggest that BI-D1870 iseffiective and specific inhibitor of
pP90RSK signalling (Kangt al, 2007; Chen and MacKintosh, 2009; Xianhal, 2009), we
needed to establish that BI-D1870 could producelservable decrease in REE62°2%¢)
phosphorylation. Therefore, we specifically inhdoitp90RSK in HEK-293 cells with BI-
D1870 according to the manufacturer’s instructi(eee Materials and Methodology, Section
3.2.5.3). Through western blotting we observed tmy the abundance of p-RP&%2%5/2%9
(36 kDa) polypeptides, and not mTOR (220 kDa), wadfected Figure 3.8, A. B-actin (46
kDa) was also detected, where its expression wasdfdo be uniform, thus representing

equal protein loading of the HEK-293 cell lysates.

Once we established that this concentration of B8TD could effectively reduce p-RPZ6
235/238) hrotein expression in commonly used substrateshag cells of mammalian origin,
we used BI-D1870 to inhibit p90RSK signalling iretd/HCO series of cell lines. Here, the
WHCO5, WHO6, and SNO cell lines were used as remtasves of HOSCC.
Immunodetection of mTOR (200 kDa) and p-RE%€6%°%%)(36 kDa) polypeptides revealed
that inhibition of p9ORSK with the same concentmatiof BI-D1870 produced no clear
change in mTOR or p-RP88 #**%®)protein abundancéigure 3.8 B). This lack of change
was corroborated by the detection of identigactin polypeptide bands (46 kDa), which
indicate consistency during protein loading of H@SE&Il lysates.

Semi-quantitative densitometric analysis of mTORd gmRPSE®" 235/230)

polypeptide
revealed that only RP&8' 2%2*)phosphorylation, and not mTOR protein expressawels,
were decreased in HEK-293 cells following specifibibition of p90RSK with BI-1870
(Figure 3.9. However, similar modulation of mTOR and p-RE€6°>?*protein expression
levels was not observed in HOSCC cells. mTOR aRP6>%" 2°%%protein expression did
not decrease appreciably in HOSCC cells. In fagsjdes these minimal changes, p-RE%6
235238 protein expression increased in the SNO cell Fagthermore, no noteworthy changes
to mTOR or p-RPS&" %) protein expression were observed in the MCF-7 Iied.
Consequently, when p90RSK signalling was inhibiath BI-D1870, HOSCC cells were
observed to generally decrease both mTOR and p-&P&8*®protein expression (see

Table 3.5for a summary of these trends).
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HEK-293 CO6
10 uM U DMSO BI U

IB: mTOR 220 kDa —»

[B:p-RPS6 36 kDa —
(Ser 235/236)

IB: p-actin 46 kDa —»

WHCO5 WHCO6 SNO MCF-7 C06
10w U DMSO BI U DMSO BI U DMSO  BI U DMSO BI U

IB: mTOR 220 kDa —

IB:p-RPS6 36kDa —
(Ser235/236)

IB: f-actin 46kDa —»

Figure 3.8: Immunodetection of critical signal transduction intermediates after inhibition of
p90RSK with BI-D1870. A) Specific inhibition of p90RSK with BI-D1870 visibly
reduced the concentration of p-RPS6"" 235/236) (36 kDa) polypeptide band in the
HEK-293 cell line. However, no clear change in mTOR (220 kDa) was observed. B)
Similarly, specific inhibition of p90RSK with BI-D1870 did not visibly reduce the
concentration of mTOR (220 kDa) or p-RPS6®" 2°/%3¢) (36 kDa) polypeptides in
HOSCC cells. By including the detection of B-actin (46 kDa), we demonstrate that
equal amounts of protein were loaded for all HOSCC cell lysates. (U = Untreated
cells; DMSO = cells treated with 0.1 % dimethyl sulphoxide; Bl = cells treated with
the p90RSK-sepcific inhibitor BI-D1870; CO6 = WHCO6).

74



200

B

ﬁ

125- B

S B b

B "a" o = B

754 i - S OB OB B

P :l:| = ﬁ'\-'\.:': B oo Bl ol -:-a-o:':' e b e Py

= o E B e EE Ep R b - B

S ] pretee Fret beeeee] e B Fee S beeeee] o

b Rl R B B B B BE RN B B
N EN ER R ER ER ER ER ER ER E
i ;“-:?,:l: “..;.,.\H:' B2 e B ﬂ = % ] %" el = ] e
25 ﬁ ' E:::: %.. % L ] ﬁll ﬁ:::: @ll @ﬁ %ll I\%:I:::: ﬁ::::
;“-:':'. o e B el e ] B Lm | "':”:.:l o Lm | e el B D el m o)

] e, ] et b= pee b= p=o] 'w\.':.:| e poeeee] peeed
B = B el e s e

B ] moml Bl mom b= e B Eee] [ Fa=iei e L) e B
:-:-:-:-.-. e = e B e el = e 2 L s o 2

mTOR 0-RPS6(Ser 235/236)

Figure 3.9: Relative protein expression levels for mTOR and p-RPS6'¢" 2%/2%) 4fter specific
inhibition of p90RSK with BI-D1870. Semi-quantitative densitometric analysis
revealed that HOSCC cells decrease mTOR protein expression minimally after
inhibiting p90RSK signalling with BI-D1870, in comparison to an empty vector
containing only 0.1 % DMSO. p—RPSG(Ser 235/236) protein expression was simiarly
affected in HOSCC cells, however an increase in RPS6*" 235/238) \yas apparent in
the SNO cell line. Since treatment with BI-D1870 clearly decreased p—RPS6(Ser
235/236) protein expression in the HEK-293 cell line, these data show that the
action of BI-D1870 could be reproduced as reported in the literature. Since not
all western blots were repeated more than once, the significance of these
changes in protein expression was not determined. (U = Untreated cells; DMSO
= cells treated with 0.1 % dimethyl sulphoxide; Bl = cells treated with the
pP90RSK-sepcific inhibitor BI-D1870).
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Table 3.5: Summary of mTOR and p-RPS6'" 22¢2%¢) protein expression levels obtained after specific inhibition of p9ORSK

with BI-D1870.
Protein Cell Line
WHCO 5 WHCO6 SNO MCF-7 HEK-293
T/ H/M/ o Tt H/M/ ™/ H/M/ 1+ H/WM ™/ H/M
. ) %a | L) %8 || ) % | ) %a | ) % A
mTOR ¢ Med 2000 | & Med -2941 |l Med -2273 | © High 122 | ™ High 9.52
p-RPSEer25/236) | | Med 563 |l Med -1333 | N High 2687 | M Med 204 | | Llow -66.67

Key: Low = 0 — 45 %; Medium (Med) = 46 — 75 %; High = 76 — 100 % (and above). Protein expression levels are based on the Hager et al., (2011)
classification system for analyses of mTOR and p-RPS6 proteins (see Materials and Methodology, Section 3.2.11). Change in relative marker set
protein expression is expressed as percent change (% A), designated by either positive (") or negative ({ ) arrows. For the calculation of percent

change, see Appendix B, Equation B1.
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3.4. Discussion

3.4.1. The PI3K/PKB signalling pathway is an upstream reglator of the mTOR
signalling pathway in HOSCC cells

Having demonstrated that key signal transductiderimediates may function as a set of
protein markers providing specific mTOR pathwayomnfiation (see Chapter 2); we
monitored these same protein intermediates during iavestigation of mechanisms
influencing canonical and non-canonical mMTOR sigmgl in HOSCC cells. Although
numerous factors are known to affect signallingptigh the mTOR pathway, we believed
biochemical signals elicited by soluble stimuli lhe the most relevant, as these types of
signals are reported to have the greatest effeanglunTORC1-dependant autophagy
induction (Yan and Lamb, 2012). Therefore, by degyHOSCC cells the appropriate means
to regulate mMTOR and mMTORC1, we are able to deterrhow HOSCC cells affect cell
survival by altering the mTOR signalling pathwawn. this way, it becomes possible to
delineate the circumstances, as well as the siggabequences, regulating mTORC1-

dependant autophagy induction in HOSCC cells.

The first form of mTOR regulation we examined wagnal transduction through the
PISK/PKB signalling pathway, since this pathwaywsdely accepted as the canonical
regulator of mMTOR signalling. Indeed, previous sgdprobing the relationship between
PI3K and mTOR show that PI3K and PKB are situatpdtream of mTOR (Hay, 2005;
Bhaskar and Hay, 2007), and actively regulatesasittansmission through mTORC1 (Hay,
2005; Bai and Jiang, 2010). Thus, we believed i wacessary to confirm this signalling
paradigm in HOSCC cells. Since inhibition of PI3Entmonly decreases PKB activation,
and consequently mTORC1 signalling (Martati al, 2010), we perturbed the activity of
PI3K with a commonly used inhibiter, commerciallyden as LY294002 (Blommaaet al,
1997).

Inhibition of PI3K with LY294002 specifically affés signalling through the PI3K/PKB
pathway in HOSCC cells. PI3K-specific inhibition svahown to decrease PRE *’®
phosphorylation (seAppendix B Table B3, thus directly affecting the activation of

downstream signal transduction pathways reliantP&iB-dependant signals (Shaw Ph.D.
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Thesis, 2011). Since inhibition of PI3K reduced nRr@nd mTORC1 signalling, this
confirmed a direct relationship between the PI3KBP#ignalling pathway and the mTOR
signalling pathway in HOSCC cells. Having shownttbpecific inhibition of PI3K with
LY294002 effectively inhibits mTORC1 signalling, wexpected that reduced mTORC1-
dependant regulation of the ~ 3 MDa autophagy itidnccomplex would follow.
Consequently, we believed that HOSCC cells wouldspss an elevated potential for
autophagy. However, the potential for autophagy uatidn (conveyed through
dephosphorylated mATG-13 in the protein marker seemed to abate when we obstructed
PI3K signalling. Therefore, this may indicate tmTOR-dependent autophagy induction
may not be critically influenced by the PI3K/PKRysalling pathway in HOSCC cells.

MATG-13 has only recently become an important gy marker because its
dephosphorylation directly precedes the initiatddrautophagy induction (Haret al, 2008;
Chanet al, 2009; Hosokawat al, 2009; Junget al, 2009). However, the phosphorylation
status of MATG-13 may be difficult to decipher bynnunoblot (Haraet al, 2008; Hosokawa
et al, 2009; Junget al, 2009), since multiple mMATG-13 bands are commohafCet al,
2009), a phenomenon we also observed. The mainonegisen for this occurrence is the
different states of mMATG-13 phosphorylation whictisg bothin vitro andin vivo, resulting
from subsequent interactions with ULK — which mdgogphosphorylate mATG-13 (Haet
al., 2008; Hosokawat al, 2009; Junget al, 2009). Nevertheless, we believe that these
polypeptide bands do represent different statesAT G-13 phosphorylation, and may be a
consequence of negating PI3K-dependant survivahatsg through the application of
LY294002. Therefore, depletion of PISK/PKB survivalgnalling may modulate the
behaviour of other autophagy-regulatory elemenishsas Bim and Beclin-1 (Luet al,
2012). Since there is a lack of comparable dathimvithe current literature, showing this
influence on autophagy induction by way of mMATGedpression, we believe these findings

to be unique, but in need of further corroboration.

Inhibition of PI3K signalling was also insufficietd induce an apoptotic response in HOSCC
cells. Moreover, since negating these types of igalrvsignals did not affect integrin-
triggered focal adhesion protein kinases, suchLEs it may be concluded that ILK protein
expression is not transcriptionally regulated bgKPIsignalling. Rather, ILK is situated
upstream of the PI3SK/PKB pathway in HOSCC cells.
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3.4.2. Excluding essential nutrients alters mTORC1 signaihg to autophagy induction
in HOSCC cells

The removal of growth stimulants (such as esseati@ho-acids, growth factors and other
soluble mitogens) ultimately affects the activatioh those signal transduction cascades
regulated by RTK’s and MAPK’s (Tsujimoto and Shimiz2005; Avruchet al, 2009;
Takaharaet al, 2006; Mason and Rathmell, 2010). Therefore, bgluehng serum from
standard tissue culture conditions, we negate theseval signals and isolate non-canonical
mechanisms regulating mTOR signalling. In the absef serum, HOSCC cells were forced
to alter the concentration of mTOR and signallihnpptigh mTORC1. This means that even
though HOSCC cells possess an aberrantly activalEOR pathway under standard tissue
culture conditions (established in Chapter 2),upstream regulators of mTOR signalling in
HOSCC maintain susceptibility to typical agonistaurid in serum, which impinge on

MTORC1 activity during conditions of nutrient de@iion.

We believed that HOSCC cells would undergo autohpigpocessing as a result of reduced
signalling through mTORC1, because autophagy iertegly triggered through the removal
of essential nutrients and soluble mitogens (Firegaal, 2002: Fingar and Blenis, 2004;
Fingaret al, 2004). By inhibiting mTORC1 signalling throughetlexclusion of serum, we
confirmed that autophagy was induced in HOSCC ¢bfisugh a similar nutrient-dependant
mechanism. HOSCC cells maintained a moderate to fogential for autophagic processing
(as shown by increasing concentrations of dephagf#ted mATG-13). An increase in the
potential for autophagy under these tissue cultoralitions indicates that signals initiating
autophagy induction remain under control of the /RIM@TORC1 pathway in HOSCC cells.

Autophagy induction is a very rapid response (axipnately 8 minutes), occurring very soon
after excluding these types of mTOR pathway agsr(isabeyaet al, 2000). Fully mature
autophagolysosomes are readily observed after 36 minutes (Kabeyat al, 2000). The
rapid onset of autophagy in response to a lackobfb$e extracellular-originating signals
suggests that autophagy serves an important surelaensuring cell longevity in response
to nutrient limiting conditions, until pro-survivaignals are re-attained. Since those initial
signalling events signalling apoptosis did not odewident from a lack of detectable cleaved
caspase-3), this suggests that the induction afphagy precedes the initiation of pro-death

signals.
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3.4.3. Rapamycin inhibits mMTORC1 signalling in HOSCC cells

We have established that a biochemical signal rsttstimulate PI3K signalling before
reaching the mTOR signalling pathway. This indisatlkeat the most commonly accepted
mechanism of mMTORC1 regulation is canonical regaathrough the PI3K/PKB signalling
pathway in HOSCC cells. Additionally, we have ebsiied that the mTOR pathway is
susceptible to nutrient deprivation triggering amophagic response in HOSCC cells,
suggesting that mTOR maintains the ability to sergdellar abundance of essential nutrients
and amino-acids. Therefore, in the general scheinetracellular cellular signalling, these
conclusions represent key findings contributingto understanding of the mTOR signalling
network in HOSCC. Since we have now gained botlsitipnal and functional context for
the mTOR signalling pathway in HOSCC cells, it waspropriate that these discoveries
precede an investigation into the susceptibility tbE mTOR pathway to rapamycin

inhibition.

The susceptibility of the mTOR pathway to rapamyan HOSCC was investigated,
assuming that rapamycin could bind to mTOR and mag3pits kinase activity in a similar
manner as described by Foster and Toschi (2009e, Hapamycin sterically hinders the
ATP binding pocket, disallowing ATP to associatethwimTOR. In support of this
assumption, a detailed survey of the literatureeaéad no missense mutations affecting
rapamycin binding in HOSCC (Haat al, 2007; Karbowiniczelet al, 2008; Molinoloet al,
2007; Chantaravisoot and Tamanoi, 2010; Hirashenal, 2012).

In response to different nanomolar concentratiohsrapamycin (where HOSCC cells
exposed to rapamycin for either 6 or 24 hoursjead increase in mTOR protein expression
was observed in HOSCC cells of South African origim contrast, this trend was not
observed in a study by Hoet al. (2007), where the authors investigated the effefts
rapamycin and siRNA against mTOR in poorly- (EC97&6d well-differentiated (Eca 109)
HOSCC cells of Chinese origin (otherwise known &CE cells). Here, both mTOR and
p70S6K mRNA and protein expression levels decreasadsponse to 20 nM and 50 nM
rapamycin. This apparent disparity between squarelisarcinomas of South African and
Chinese origin may signify a particularly insightfdifference into HOSCC aetiology.
Despite this difference in mTOR abundance, the aligyg potential of MTORC1 was
completely diminished in HOSCC cells of the WHCQieg as well as MCF-7 breast
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carcinoma cells. This trend was also reported iIRESells according to Hoet al. (2007).
Therefore, HOSCC cells exhibited a dose-dependeatedse in mTORC1 signalling,
observed in part through mTOR inhibition, as wedl @ rapamycin-induced decrease in
p70S6K protein expression — also observed by étal. (2007).

Decreasing mTORCL1 signalling should produce areese in dephosphorylated mATG-13,
signifying autophagy induction. This trend increasas not always observed in HOSCC,
where mATG-13 protein expression steadily decreasedesponse to 20 and 50 nM
rapamycin (6 hours post treatment) and 50 and M@apamycin (24 hours post treatment).
This was an unexpected result since signallinguiinonTORCL1 is reported to be the main
regulator triggering autophagy (Tsuchiha&taal, 2009). An evaluation of current literature
revealed that while mTOR is considered the pridcapgulator of autophagy, other cellular
mechanisms may also play a role in autophagy imgucEor example the tumour suppresser
p53, as well as Beclinl, Bifl and UVRAG pathwaynedmts may also regulate autophagy
induction, and importantly, are unaffected by rapeim treatment (Breclet al, 2009; Chen
and Debnath, 2010). Therefore, these other autgphagulating mechanisms may

compensate for the loss in mMTORCL1 signalling assalt of rapamycin treatment.

The protein abundance of ILK is not especially etiée by rapamycin treatment; however
rapamycin may affect the recruitment of ILK to fbeahesions (Foster and Toschi, 2009).
However, the impact of this influence of rapamyicitHOSCC cells would perhaps form the
basis of another investigation, and would ratheofb@eutstanding interest to studies focussing
on adhesion-based signal transduction if an agsatiaetween ILK and mTOR (or other

MTOR pathway components) was determined.

3.4.4. The mTOR/MTORC1 signalling pathway leads to RPS&" 235/2%)
phosphorylation in HOSCC cells

Upon forming a multi-protein complex with Raptor .88 and PRAS40, mTOR forms a
functional, rapamycin-sensitive signalling complexown as mTORC1 (Abraham, 2002;
Zhou and Huang, 2010). mTORC1 directly phosphoeglaand activates p70S6K, a well
characterised downstream target of mTOR, whichesylesntly phosphorylates and activates
RPS6% 235238 Apraham, 2002; Zhou and Huang, 2010). p-RESE>**)plays a key role

in cap-dependant translation initiation ofT®wp MRNA'’s, and is therefore fundamental
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during cell growth and proliferation processes (@aset al, 2001; Rowet al, 2007; Zhou
and Huang, 2010). Hence, the phosphorylation stafuRPS&® 23%23®)and p70S6K is
regarded as a molecular marker indicating actigaeaiing through mTORC1 (Dazert and
Hall, 2011). For these reasons, p-RP%6°%?%®)was selected as a relevant signalling
intermediate. However, phosphorylation of REE6>*2*®may also occur through another
cellular pathway component, namely p90RSK; an &ffekinase of the MAPK signalling
cascade (Dazert and Hall, 2011; Ramal, 2007).

Both MAPK/p90RSK and mTOR/mTORCL1 signalling pathaaxperience extensive signal
integration (or pathway crosstalk) (Carrieteal, 2008; Mendozat al, 2011). p9ORSK may
bind to and activate Raptor of mMTORC1, as well agate the inhibitory action of the
TSC1/TSC2 complex, a critical upstream regulataygienof the mTOR signalling pathway,
(Carriereet al, 2008; Mendozat al, 2011). In light of the above, we ascertaineduhigue
contribution of MAPK/p90RSK- and mTOR/mTORC1-depent signalling on RPS$E"
235/238) phosphorylation in WHCO and MCF-7 cell lines. Téfere, the ability of mTORCL1 to
phosphorylate RP$8" 2%2%)in the absence of MAPK/p90RSK was assessed usireyvly
developed p90RSK-specific inhibitor, BI-D1870, wini¢argets all four RSK isoforms
(Sapkoteet al, 2007). Before assessing the action BI-D1870@8E&C cells, we confirmed
that BI-D1870 could specifically inhibit p9ORSK-demlant RPS8* 2*5%*®)phosphorylation
in the HEK-293 cell line. HEK-293 cells were useechuse Sapkotet al (2007) initially
demonstrated a BI-D1870-dependent reduction in BaE 22°2®Ysing this cell line.

Sapkotaet al. (2007) also demonstrated that concentrations ofd4 BI-D1870 was
sufficient to inhibit p90RSK-dependent signalling vitro. However, ten times this
concentration was necessary to achieve the samectefi vivo. Therefore, after
demonstrating that 10M BI-D1870 was sufficient to decrease p-REFE6>%23%in HEK-293
cells, it was shown that p9ORSK-specific inhibitidid not appreciably change p-RPE6
235/230)in HOSCC cells. This indicates that while MAPK/|F8K signalling is responsible for

a small component of RPSE 235/230)

phosphorylation, mMTORC1-dependant signalling & th
major upstream regulator responsible for a largestion of RPSE® 22°2*¢)phosphorylation.
This would further corroborate our using p-RE86>°2%%)in the protein marker set to

indicate mTORC1 signalling.
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Since p90RSK-specific inhibition differentially alsaltered mTOR protein expression in
HOSCC cells, these data indicate that, the MAPKRSK signalling pathway may play an
uncharacterised role in the regulation of mTOR dcaiptional events. However, this
observation may only apply to squamous cells camas affecting the human oesophagus.
Since not all western blots were repeated more dinae, however, a better indication of this
would be given through statistical analysis of R®%6***®phosphorylation. Nevertheless,
the design of this investigation served our purpdaseshow that the majority of RP&®
236/238)is phosphorylated by mTORC1 in HOSCC cells.

In conclusion, an investigation of the mTOR signagllnetwork in HOSCC cells revealed
that soluble extracellular-originating stimuli azapable of regulating the concentration of
mTOR, and signalling through mTORC1 by way of caocah and non-canonical

mechanisms. In the absence of PI3K-dependent sigma established that the mTOR
pathway generally reduces signalling through mTORIiD#licating a canonical form of

MTOR pathway regulation, as well as that mTOR tigaseéd downstream of the PI3K/PKB
pathway in HOSCC cells. We also established thaDRTmaintains the ability to sense
cellular abundance of essential nutrients and araaids, thereby triggering an autophagic
response in HOSCC cells. However, while rapamycias véhown to potently inhibit

MTORCL1 in HOSCC cells, the same effect on autophagyction was not observed. This
was found to be unique to HOSCC and may indicaeitiduction of the autophagic process
is more tightly regulated by other signalling inguivhich may supersede mTORC1, in
HOSCC cells in comparison to other squamous cetlimamas. Lastly, we established that
while the MAPK/p90RSK pathway contributes to RFE6°***®)phosphorylation, signalling

through mTOR/mTORCL is the major player in HOSC@erEfore, all of the above analyses
forms the necessary foundation to investigate wdrethechanical extracellular-originating
stimuli (derived from adhesion-based signal trantdun) influences the mTOR/mTORC1

signalling pathway in HOSCC cells.
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CHAPTER 4

4. ECM MODULATION OF THE mTOR/mTORC1 SIGNALLING
PATHWAY IN HOSCC CELLS

4.1. Introduction

Epithelial cells require stable connections betweea another, as well as with a supporting
extracellular matrix (ECM), in order to create agamized three-dimensional tissue structure
(Gumbiner, 1996). Specialised components of the amiesion machinery facilitate these
cell-cell and cell-ECM connections, ultimately alilog the assembly of different tissue types
(Juliano, 2002). While cell-cell interconnectivity mediated by cadherins and adherens
junctions, forming intercalated epithelial shee®uihbiner, 1996), adhesion to the ECM
arises through different permutations ofand B integrin heterodimers that bind specific
extracellular matrix components (Gumbiner, 1996n \er Flier and Sonenberg, 2001).
Integrin-mediated cell-ECM adhesion, in particulatays an important role during the
regulation of numerous cellular processes; suchrakferation, differentiation, migration,
cell survival and even tumour progression (Julia?@)2; Brakebusch andigsler, 2003;
Bruntonet al, 2004). Therefore, attachment to the ECM is aerdsd cellular requirement
in order to maintain cellular homeostasis and titegrity of epithelial tissue (Gumbiner,
1996; Juliano, 2002).

The extracellular matrix is secreted and thus farime surrounding epithelial cells (Shwartz,
2010). The ECM is composed of several differenesypf glycoproteins, such as fibronectin
and laminin, proteoglycans, such as heparin sudphatd collagens that together form an
integrated three-dimensional extracellular netwtwkwhich cells adhere (Boudreau and
Bissell, 1998). Collagen is reported to be the nabsindant ECM molecule, where more than
20 different types are known to exist (Boudreau Bissell, 1998; Rozario and DeSimone,
2010). Of these present within mammalian ECM nekw/oiType | collagen is the most
ubiquitous and well described structural collagemereas Type IV collagen is mainly
present within the basal lamina or basement mermsbfaoskelleyet al, 1995; Rozario and
DeSimone, 2010). Similarly, fibronectin is also emportant ECM constituent; however
fibronectin is present in appreciably lower quaesitto collagen, but remains an important
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ligand for cell adhesion and during adhesion-basigdal transduction (Roskellest al,
1995; Shwartz, 2010).

When collagen and fibronectin physically interadgthwspecific o/p integrin heterodimers,
these associations stimulate adhesion-based signakvents in substrate-dependant
epithelial cells (Brakebusch anddsler, 2003). This type of integrin-mediated signglis
currently understood to be bi-directional, wheriscemay influence their microenvironment
through a process known as inside-out signallin@ripbdrger and Calderwood, 2009).
However, outside-in signalling may also occur thated inFigure 4.1); whereby the
microenvironment rather influences numerous callgeocesses. For example substrate
composition, stiffness and geometry may function gasdance cues during stem-cell
differentiation and development (Englet al, 2006). Additionally, mechanical stress in
muscle, bone, cartilage and blood vessels playstiaat role in the maintenance of tissue

homeostasis (Jaalouk and Lammerding, 2009).

The process of ECM-originating signalling (depicted Figure 4.) shows how focal
adhesions become enriched with activated integensh asuf; andazfi, in response to
collagen (van Der Flier and Sonnenberg, 2001). Hewefocal adhesions may become
enriched with a,f3 and asp: integrins in response to fibronectin (van Der Flend
Sonnenberg, 2001). These cell-ECM binding everdsiaa conformational changes within
integrin extracellular and cytoplasmic domains @tdmger and Calderwood, 2009).
Subsequently, structural proteins are recruitedhsas Nck2, PINCH, Parvin and Paxillin,
which serve as molecular platforms supporting pngpeotein interactions around the
cytoplasmic tails of activated integrin heterodimméBaker and Zaman, 2010). In addition,
the phosphorylation (and activation) of proteinddas involved in intracellular signalling
cascades occurs, in particular ILK (Brakatkal, 2004; Subaustet al, 2004). Since protein
recruitment and phosphorylation occurred mainlgitds of focal adhesion, focal adhesions
rather than the actin cytoskeleton are considenedotigin of mechanotransduction events
(Goldmann, 2012).

85



The intracellular transmission of extracellulargimating stimuli may also have far reaching
affects on context-dependent cell survival procgsseach as the induction of autophagy,
which is triggered when cell-ECM contacts are I@sting et al, 2008). These findings

suggest that cell-ECM interactions are essentiahfechanotransduction to occur, providing
a rationale for the importance of attachment duadbesion-based signalling. Furthermore,
these observations demonstrate a functional linkxgets between ECM-originating signals,
integrin-triggered protein kinases and specifid satvival processes. Therefore, we believe
that autophagy may share a similar functional lg&kavith components of integrin-mediated

cell adhesion, such as ILK.

It is therefore increasingly apparent that cellscewe biophysical information, such as
traction forces, matrix geometry and substratetielfs in addition to biochemical cues (Lim
et al, 2010). Considering the exact molecular mechanisorgrolling the induction of
autophagy by ECM-originating signals are still ingaetely delineated, by investigating this
aspect we may uncover a role for ILK as a conduiindy ECM regulation of autophagy
induction. Moreover, since autophagy induction egulated by the mTOR signalling
pathway, we believe that ILK achieves this by iating with components of the mTOR
pathway. Therefore, with the aim of delineating tbete of mechanotransduction from sites
of cell-substrate contact to the cellular machinémtiating autophagy induction, we
examined the influence of mechanically-derived apetiular-originating on the
MTOR/MTORCI1 signalling pathway in HOSCC cells.
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Figure 4.1: Mechanotransduction of extracellular-originating stimuli through ILK. After
unmasking of integrin extracellular domains, specific pairs of a/B integrins bind
components of the extracellular matrix, such as collagen and fibronectin. Cell-
ECM interactions recruit focal adhesion proteins that tether integrins to the
actin cytoskeleton, and signal to important pathway intermediates. ILK is the
main example of an integrin-triggered focal adhesion protein kinase that in fact
functions as both a molecular scaffold for multi-protein assemblies, as well as a
molecular conduit for mechanotransduction. Since ILK directly phosphorylates
numerous key pathway intermediates (such as Akt/PKB and GSK-3B),
mechanically-derived extracellular-originating signals may be propagated
intracellular to bring about a change in gene expression, consequently
influencing cell behaviour and survival processes. Consequently, we believe
that autophagy is a cell survival pathway affected by adhesion-based signalling.
(Figure adapted from Brakebusch and Fassler, 2003).
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4.2. Materials and Methodology

42.1. Tissue Culture of WHCO and MCF-7 Cell Lines

All cell lines were cultured as described previguslChapter 2, Section 2.2.1.

4.2.2. Sub-culture of WHCO and MCF-7 Cell Lines
As previously described (see Chapter 2, Sectior2R.2

4.2.3. Provision of Extracellular matrix (ECM)-originating Stimuli

4.2.3.1. Growth of WHCO and MCF-7 Cell Lines on a Fibronectin-coated Substrate

Cell cultures were supplied with mechanical stimuolithe form of sterile 6 cm standard
tissue culture dishes (Nunc) pre-coated withp@@ml fibronectin (Roche) (Appendix A,
1.11.1). Fibronectin was left to polymerize for duh under a sterile laminar flow cabinet.
Before use, the supernatant was carefully removetveashed twice with PBS. Standard
tissue culture then continued as previously desdrilPlease note that all procedures for one

set of experiments were performed using the saroh loé FCS.

4.2.3.2. Growth of WHCO and MCF-7 Cell Lines on a Collagen-oated Substrate

Cell cultures were supplied with mechanical stimuolithe form of sterile 6 cm standard
tissue culture dishes pre-coated with 1@@ml collagen. Collagen was purified from rat-tail
tendon, as described by Tergal. (2006) (Appendix A, 1.12.1). Subsequently, collage
coated substrates were left to polymerize for 226r& under a sterile laminar flow cabinet.
Before use, the supernatant was carefully removedveashed twice with PBS. Standard
tissue culture then continued as previously desdrilPlease note that all procedures for one

set of experiments were performed using the saroh loé FCS.

4.2.4. Antibodies

Immunochemical analysis of all key protein intermaées was performed using an indirect
antibody detection system. However, in addition th@ primary and HRP-conjugated
secondary antibodies listed in Chapter 2 (Secti@3®, focal adhesion kinase (anti-FAK)
was detected with rabbit polyclonal antibodies bied from Santa Cruz Technoldyy
whereas the regulatory associated protein of mT@R-Raptor) was detected with rabbit
monoclonal antibodies obtained from Cell Signalfifechnology, USA.
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4.2.5. Combinatorial Tissue Culture with an ECM-originatin g Stimulus and Specific
Inhibition of PI3K

4.25.1. Growth of WHCO and MCF-7 cells on a Fibronectin-codéed Substrate with
the concurrent inhibition of PI3K with LY294002

Sterile 6 cm standard tissue culture dishes weeecpated with 1Qug/ml fibronectin as
described above (see Section 4.2.3.1). Subsequeallycultures were allowed to proliferate
until 6 cm dishes reached a confluence of approtaipa80 %. The medium was then
aspirated and cell monolayer washed twice with PBfsequently, 3 ml fresh tissue culture
medium with 10 % FCS was added, containing a fawacentration of 2M LY294002
(Appendix A, 1.8.1). Henceforth, these samples weferred to as ‘FN & L+'. Tissue
cultures were then incubated in a humid, 37 °Chator with an atmosphere of 5 % €@

air for 1 hour. Simultaneously, untreated (U), i@/ml fibronectin (FN) and 2QuM
LY294002 (L+) controls were prepared for compamiurposes. It is important to note that

all procedures for one set of experiments wereoperdd using the same batch of FCS.

4.2.6. 2 % Triton-X-100-based Protein Extraction
As previously described (see Chapter 2, SectiobR.2

4.2.7. Protein Estimation
As previously described (see Chapter 2, Sectio®R.2

4.2.8. Co-Immunoprecipitation Assay

Co-Immunoprecipitation (Co-IP) is a sensitive immassay allowing for the determination

of a physical association between proteins of @siefrom a complex mixture of cellular

extracts (Wang and Malbon, 2011). By exploiting #pecific nature of antibody-antigen

interactions, this molecular method conveys infdroma pertaining to the presence, or
absence, of specific protein-protein interactiohat toccur under standard tissue culture

conditions.

In order to ascertain if mechanically-derived esgétbular-originating signals are transmitted
directly to mTORC1, we investigated whether a ptglsiassociation occurred between
MTOR and key integrin-triggered protein kinase nmediates, such as ILK and FAK. Cells
were lysed in RIPA buffer (Appendix A, 1.7.1) fopmoximately 3 hours at 4 °C.
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Afterwards, lysates containing 4Q@y of protein (determined by Protein Estimation as
described in 4.2.7) were incubated witlldundiluted anti-mTOR antibody (Cell Signalling
Technolog¥, USA), overnight at 4 °C in IP buffer (pH 8.0; Aglix A, 1.7.4). This allows
the anti-mTOR antibody to bind to the mTOR protdimase by means of the Fab-region. The
above was performed on WHCO and MCF-7 cell lined mcluded a negative control, to

which no anti-mTOR antibody was added.

The following day, immune complexes were precipilatvith 20ul protein G Sepharose
beads (overnight at 4 °C) allowing Protein G Sepsarbeads to bind the Fc-region of the
antibody, bound to mTOR. Beads were initially wakti@ice with 1 ml IP buffer in order to
remove any ethanol in which beads were stored. fidlewing day, samples were
centrifuged in a SORVAR MC (12V) centrifuge (12 000 x g; 30 sec) and thpesnatant
removed. The pellet was then washed thrice with dd@ buffer, the last wash being 0.1%
IP buffer.

IP samples were prepared for SDS-PAGE by centrifoigg12 000 x g; 30 sec; 4 °C), by

discarding the supernatant and adding 40 #l=ngle Laemmli lysis buffer. Samples were

then boiled for 5 min in a boiling water bath, eénged (12 000 x g; 10 min; 4 °C) and

stored at — 20 °C. This preparation releases tbteipr of interest and associated protein. IP
samples consisting of Protein G Sepharose beatisn@®R antibodies, the 220 kDa mTOR

protein kinase, as well as any proteins physiasiyociated with mTOR, were resolved by 10
% SDS-PAGE (Section 4.2.9). Subsequently, the presef mTOR-associated proteins,

such as Raptor, as well as focal adhesion proteasks thought to interact with mTOR, such
as ILK and FAK, were detected by western immundisigtanalysis (Section 4.2.10).

4.2.9. SDS-PAGE (Sodium Dodecyl Sulphate-Polyacrylamide GE&lectrophoresis)
As previously described (see Chapter 2, SectiorrR.2

4.2.10. Western Immunoblot Analysis

Immunodetection of key protein intermediates presethin WHCO and MCF-7 cell lysates
was performed as previously described (see ChahtS8ection 2.2.8). Additionally, see
Appendix B, Table B1lfor commonly used primary and secondary antibodytidns,

including incubation conditions for FAK and Raptor.
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4.2.11. Image Capturing
As previously described (see Chapter 2, Sectio®R.2

4.2.12. Laser Densitometry and Analysis of Relative Proteifexpression

Semi-quantitative densitometric analysis was usedidtermine protein expression across
WHCO and MCF-7 cell lines, performed as previoudgscribed (see Chapter 2, Section
2.2.10). Additionally, raw and worked densitomettata is available in Appendix Cables
Cl4 - C17

4.2.13. Statistical Analysis

Results are expressed as the mean = S.E. Stdt@go#dicance was determined by Student’s
t-test for comparative analysis (see AppendixtBhle D4andTable DY using Sigma PI6t
Version 12.0 (SPSS Science, Chicago, lllinois USAhere p < 0.05 indicates statistical

significance. All experiments were repeated attldage times, unless otherwise indicated.
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4.3. Results

4.3.1. ECM-originating signals modulate mTOR abundance and RPS@®" 235230

phosphorylation in HOSCC cells

Appreciable changes in the concentration of bottORTand p-RP S8 235/23¢)

polypeptides
were observed when HOSCC cells were grown on satbstcoated with either fibronectin or
collagen Figure 4.2. Immunodetection revealed that the concentratigpolypeptide bands
indicative of mTOR (220 kDa) increased after the @@Hseries of cell lines were grown on
fibronectin. However, noticeable decreases in mTabendance occurred within WHCO5
and SNO cell lines. Furthermore, the concentratiopolypeptide bands at 36 kDa were also
absent in the WHCOS cell line, indicating a deceeiasp-RPSE®" 2¥23%) Immunodetection
also revealed that HOSCC cells grown in the present collagen decreased the
concentration of both mTOR (220 kDa) and p-R$%6*/*%(36 kDa) polypeptides within
WHCO5 and WHCO6 cells. These obvious changes in RiTahd p-RPSE" 235/2%)
polypeptide abundance were not observed in MCFH& geown in the presence of either

fibronectin or collagen.

Since we were unable to detect mTOR and p-Ki#$8”%*%in the WHCOS5 cell line (after
growth on fibronectin- or collagen-coated subsghtas well as in the WHCOG6 cell line
(after exposure to collagen), we repeated immumatien for these proteins. By doubling
the amount of protein for each cell lysate, we wadvke to detect polypeptides indicative of
mTOR (220 kDa) and p-RPS8 23°23%)(36 kDa) (see Appendix Bfigure B2 for these

repeated western blots).

Semi-quantitative densitometric analysis revealet exposure to fibronectin and collagen
altered mTOR (220 kDa) and p-RP%6%°%%(36 kDa) protein expression in all HOSCC
cells Figure 4.3. Relative protein expression was calculated apeecentage of that
determined for untreated (U) cells of the WHCOG6I digle (see Chapter 3 for a clear
explanation regarding the continued use of thig)lifhis enabled us to determine the levels
of MTOR and p-RPSE" 232%)protein expression (see Materials and MethodolSggtion
4.2.12 for an explanation of this analysis). Congedly, this allowed the identification of
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trends in protein expression and HOSCC cell behavioresponse to substrates coated with

fibronectin or collagen.

When fibronectin was provided as a substrate, HOS€IIS commonly increased mTOR and
p-RPSE>® 23523 rotein expressionF{gure 4.3. Summarising these data clearly identified
these trends (sekable 4.). WHCO1, WHCO3, WHCO6, SNO, as well as MCF-7 cells
responded by increasing mTOR protein expressigmifgiantly in the SNO cell line (see
Appendix D, Table D4or a complete statistical analysis). The WHCOB loee, however,
responded by decreasing mTOR protein expressiaislekFurthermore, WHCO3, WHCO6,
SNO and MCF-7 cells showed an increase for p-Ri¥SE%2%®) The WHCOL1 cell line
showed a decrease in p-RE86***)protein expression, however this was found to be a
minimal change. Thus RPS8 2**®phosphorylation remained high in the WHCO1 cell

line.

When collagen was provided as a substrate, HOSO€ ganerally increased mTOR and p-
RPS6° 2%5/2%)gr0tein expression (sédgure 4.3andTable 4.). WHCO1, WHCO3, SNO,
as well as MCF-7 cells, responded by increasing RT@hereas the WHCO5 and WHCO6
cell lines decreased mTOR expression to low le\&ignificant changes were determined in
the WHCO1 and WHCOG cell lines (sAppendix D, Table Dfor these statistical analyses).
Additionally, WHCO3, SNO and MCF-7 cells showed iacrease for p-RPSE" 235/23¢)
(Table 4.). The WHCO1, WHCO5 and WHCOG6 cell lines were founddecrease p-
RPS6%" 25230)protein expression to low levels. However, thismdge in p-RPSE 235/2%0)
was minimal in the WHCOL1 cell line. Thus RF86*3*?*)bhosphorylation remained high in
the WHCOL cell line.
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WHCO1 WHCO3 Cco6 WHCO5 WHCO6 SNO
pg/ml U FN CN U FN CN U U FN CN U FN CN U FN CN

IB: mTOR

220kDa mmp

IB: p-RPS6
Ser 235/236

36 kDa mmp
IB:g-actin

46 kDa

MCF-7 co6
mg/ml U FN CN U

IB: mTOR

220 kDa mmp

IB: p-RPS6
Ser 235/236

36 kDa mmp
IB:p-actin

46 kD2

Figure 4.2: mTOR and p-RPS6"®" 225/23%) yere visibly altered after HOSCC cells were grown
on fibronectin or collagen. A) Clearly visible changes in polypeptide abundance,
corresponding to mTOR (220 kDa) and p-RPS6"°* 23230 (36 kDa), were detected
in WHCO5, WHCO6 and SNO cell lines in response to fibronectin and collagen. B)
However, the same alterations were not observed in mTOR (220 kDa), but were
seen in p-RPS6®" 2238 (36 kDa) polypeptide bands in MCF-7cells. B-actin (46
kDa) was used to demonstrate equal protein loading of HOSCC cell lysates. Since
polypeptide bands indicative of mTOR were not detected within WHCOS5 (FN and
CN) and WHCO6 (CN) cell lines, western immunoblots were repeated to confirm
mTOR (220 kDa) and p-RPS61°*" 23>/%3¢) (36 kDa) protein expression in response to
treatment (see Appendix B, Figure B2 for these repeated western blots showing
that mTOR and p-RPSG(Ser 235/238) \yere indeed detected in response to tissue
culture substrates coated with either fibronectin or collagen). (U = Untreated;
FN = Fibronectin; CN = Collagen).
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Figure 4.3: Relative mTOR and p-RPSG(Ser 235/236) protein expression changed in response to

substrates coated with fibronectin or collagen. Changes in protein expression
were calculated as a percentage of that determined for the untreated (U)
WHCOG cell line. Treatment with either fibronectin or collagen resulted in the
modulation of mTOR and p—RPS6(Ser 235/236) protein expression in all HOSCC cells.
As a general trend, fibronectin and collagen increased mTOR and p—RPSG(Ser
235/236) protein expression. In addition, Fibronectin induced a significant increase
in p—RPSG(Ser 235/236) protein expression in the SNO cell line. Collagen, however,
induced a significant increase in mTOR expression in WHCO1 cells, but also
induced a significant decrease in mTOR expression in WHCOG6 cells. Since all
western blots were repeated more than once, the significance of these data
could be determined. Significant difference is therefore indicated graphically
through the use of joined star (*) symbols.
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Table 4.1: Summary of mTOR and p-RPS6"" 26/2%6) hrotein expression levels after growth HOSCC cells were grown on either

fibronectin or collagen.

Cell Line
WHCO 1 WHCO 3 WHCO 5 WHCO 6 SNO MCF-7

™ H/M/ ™/ H/M/ ™/ H/M/ ™/ H/M ™/ H/M/ ™/ H/M/

J L % QA ¢ L % QA J L % QA J L % QA J L % QA J L % QA
z| & : : 600.
w | = ™~ Med 892 | 1 low 333 | ¢ Low N  High 50 | M low 345 | 1 Low
- | E 88.5 0
=
O
E|wg !
o vl 313. - - * * 150.
[l Q. un : q
'_._% it J  High 5 ™ Med 666 | ¢ Low 820 N High 950 | 1~  High 203. | Low 0

a 5

E g * * * _ * * * ) ]
S E A High -5.45 ™ low 111 | { Low 59.6 | & low 27.0 ™ High 787 | 1 High  3.06
o=
% | 98
S S8 |4 Hgh 0011 Med 333| ¢ Low 57' 5| v Low 79' o| T High 747 | 1 High 112
O las : .

Key: Low = 0 — 45 %; Medium (Med) = 46 — 75 %; High = 76 — 100 % (and above). Protein expression levels are based on the Hager et al., (2011)
classification system for analyses of mTOR and p-RPS6 proteins (see Materials and Methodology, Section 4.2.12). Change in relative marker set
protein expression is expressed as percent change (% A), designated by either positive (") or negative (J ) arrows. For the calculation of percent
change, see Appendix B, Equation B1l. The use of a star (*) symbol, as well as red text, represents a statistically significant difference when
compared to WHCO6 (U) cell line, determined using a Student’s t-test; where p < 0.05 (see Appendix D, Table D4 for a statistical report).
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4.3.2. Neither ILK nor FAK influence the transduction of E CM-originating signals to
mTOR

Having determined that exposure to fibronectin esithgen influence the cellular abundance
of mTOR and p-RSPE'" 220 jn HOSCC cells, we considered the possibility that
mechanotransduction to the mTOR pathway may odetough a direct protein-protein
interaction with an integrin-triggered focal adloesprotein kinase intermediate, such as ILK.
Moreover, since autophagy was demonstrated to aocum FAK-independent manner (Hara
et al, 2008), we believed it was also necessary to ganfhis in HOSCC. We therefore
examined whether ILK acted as a relay for mechangttuction linking adhesion-based
signals to mTOR and mTORC1.

Co-immunoprecipitation analysis revealed that megithLK nor FAK participated in a
physical protein-protein interaction with mTOR inOBCC cells Figure 4.4 A). The
inclusion of both positive and negative controlsraborated these results. Subsequently,
polypeptide bands indicative of ILK (59 kDa) andk£&L25 kDa) were only detected in the
positive control. The positive control constitutedWHCOG6 cell lysate obtained under
standard tissue culture conditions, whereas theativeg control comprised a co-

immunoprecipitation sample lacking anti-mTOR andites.

The co-immunoprecipitation analysis was repeatedetect an mTOR-Raptor interaction in
HOSCC cells to ensure that the lack of detectable and FAK polypeptides was not a
technique-based error. Raptor is known to intevatlt the 220 kDa mTOR protein and is
generally considered the defining protein bindirgrtper associated with the mTORC1
complex (Kimet al, 2002; Haraet al, 2002; Zhou and Huang, 2010). Essentially, thétgbi

to detect an mTOR-Raptor interaction would repreaeproof of principle’ control verifying

that mTOR does not interact with ILK or FAK in HOECells. Polypeptides indicative of
the Raptor protein were detected at 150 kDa in HO$€lls, as well as the MCF-7 cell line
(Figure 4.4 B). Raptor was not detected in the negative cors@ohple lacking anti-Raptor
antibodies, but was clearly present at 150 kDaégdositive control comprising a WHCOG6
cell lysate obtained under standard tissue cuttarglitions Table 4.3. Therefore, a physical

protein-protein interaction between mTOR and Raptaes observed in all HOSCC cells,

validating the negative result between mTOR, arildihd FAK.
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IP: mTOR

CO1 CO3 CO5 CO6 SNO MCF-7 NoAb S+

IB:-ILK

59 kDa ‘

IB:FAK

125 kDa ”

IP: mTOR
CO1 CO3 CO5 C0O6 SNO MCF-7 NoAb S+
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Figure 4.4: mTOR does not physically associate with common integrin-triggered protein
kinase intermediates, such as ILK or FAK. A) Polypeptide bands indicative of ILK
(59 kDa) and FAK (125 kDa) were not observed after co-immunoprecipitation
analysis using mTOR (220 kDa) as a bait protein. B) The lack of a physical protein
interaction between mTOR and ILK, as well as mTOR and FAK, was corroborated
through the detection of a physical protein-protein interaction between mTOR
and Raptor (150 kDa), providing an additional ‘proof of principle’ control.

Table 4.2: Protein-protein interaction profile established between mTOR and
common integrin-triggered focal adhesion proteins in HOSCC cells.

Molecular
Protein | Weight Cell Line
(kDa)
WHCO1 WHCO3 WHCO5 WHCO6 SNO MCF-7
ILK 59 No No No No No No
FAK 125 No No No No No No
Raptor 150 Yes Yes Yes Yes Yes Yes
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4.3.3. ECM-modulation of mTOR and p-RPSE%" 2352%)is disrupted after specific
inhibition of PI3K in HOSCC cells

Thus far we established that integrin stimulatioftiuences the mTOR signalling pathway in
HOSCC cells, and that the intracellular propagatibBCM-based signals to mTOR does not
involve a direct interaction with ILK or FAK. Congeently, we believe these data point
towards the involvement of a critical upstream algng node which is both intimately

involved during the regulation of mMTOR/mTORC1, aadffected by adhesion-based
signalling. We are of the opinion that the PI3K/PKBRthway constitutes the signalling
machinery responsible for relaying mechanotransoinicinformation to mTOR for three

main reasons: 1) PI3K is positioned upstream ofifi®©R pathway (established in Chapter
3); 2) PI3K regulates mTORC1 signalling (also conéd in Chapter 3); and 3) PI3K

signalling is influenced by mechanical stimuli (@eibault, 1995). Considering the above,
adhesion-based signalling through PI3K may alsdueénice the induction of cellular

autophagy through its regulation of mTORC1. Thamfave investigated adhesion-based
regulation of mMTOR/MTORCL1 signalling in HOSCC cdilg providing mechanical stimuli,

while simultaneously disrupting signals propagatedugh the PISK/PKB pathway.

By specifically blocking the kinase ability of PI3Kith LY294002, we effectively inhibited
the transduction of adhesion-based stimuli to tHEOR/MTORC1 signalling pathway in
HOSCC cells. Immunodetection revealed that HOSAIS peoduced clearly visible changes
in MTOR and p-RPSE" 2°%®)nolypeptide abundance, at 200 kDa and 36 kDa ctisply

in both the WHCO series, as well as the MCF-7 dak (Figure 4.5. The WHCO5,
WHCO6, SNO and MCF-7 cell lines were chosen inipaldr because they represent lines
that modulate the mTOR pathway in a unigue manneemwexposed to either canonical
stimuli (such as PI3K-specific inhibition with LYZ2902), or non-canonical stimuli (for
example nutrient deprivation, inhibition of mTOR tlwirapamycin, as well as when
mechanical signals are provided in the form obgoinectin-coated substrate).

Semi-quantitative densitometric analysis of mTORypeptide bands revealed that the
WHCO series of cell lines commonly increased mTQRression in response to fibronectin
(Figure 4.6 A). The WHCO series also increased mTOR expressten specific inhibition
of PI3K with LY294002 Figure 4.6 A). Only the WHCOG6 cell line responded differently
and rather significantly decreased mTOR expressidow levels (seéppendix D, Table D5
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for a complete statistical analysis). Interestinghe combination effect of fibronectin and
PI3K-specific inhibition mimicked the changes seanmTOR expression reported after
inhibition of PI3K with LY294002 Table 4.3). Here, mTOR protein expression was
generally increased in HOSCC cells, but decreasduei WHCOG6 cell line.

Furthermore, densitometric analysis of p-R$%6>2*®)polypeptides revealed that HOSCC
cells generally exhibited high RP&® #**23®) phosphorylation in response to fibronectin
(Figure 4.6 B). However, specific inhibition of PI3K with LY29402 commonly reduced the
phosphorylation of RPSE" 2352%)n the WHCO series of cell lines. This modulatizaused

a significant change in the WHCOG6 cell line (s&gpendix D, Table D%or a complete
statistical report). Combination treatment withrdéibectin and PI3K-specific inhibition
reproduced the trend reported for PI3K-specifighitton with LY294002 Table 4.3). Here,
p-RPSE°® 2%23¢)axpression was reduced in all HOSCC cells, butsigmificantly altered in
the WHCOG6 and even MCF-7 cell lines (Sggpendix D, Table Dfor a complete statistical
report). Therefore, blocking PI3K with LY294002 dipts the mechanotransduction of
fibronectin-derived adhesion-based stimuli to mT&@®R mMTORC1 in HOSCC cells.
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WHCO5 WHCO6
U FN L+ FN&L+ U FN L+ FN&L+

IB: mTOR =)

220 kDa

IB: p-RPS6 mmm)p
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IB: p-actin mmp

B.
CO6 SNO MCEF-7
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IB: mTOR =)
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(Ser 235/236)
IB: p-actin mmmp

Figure 4.5: mTOR and RPS6®" 2%/2%) ghosphorylation were altered after combination
treatment with fibronectin and specific inhibition of PI3K. Western blotting
confirmed visible changes in polypeptide abundance for mTOR (220 kDa) and p-
RPS6e" 235/238) (36 KkDa). WHCO5, WHCO6 and SNO cell lines were chosen to
represent the diverse behavioural and protein expression trends present within
the HOSCC model system. B-actin demonstrated equal protein loading of HOSCC
and MCF-7 cell lysates. (U = Untreated HOSCC cells; FN = Substrate coated with
Fibronectin; L+ = specific inhibition of PI3K with LY294002).
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E=20 uM LY294002 (L+) [IDFN & L+ E=20 pM LY294002 (L+) [MIFN & L+

Untreated (U) £ 10 pg/ml Fibronectin (FN)

(Ser 235/236) protein expression after HOSCC cells were treated with a combination of

fibronectin and specific inhibition of PI3K with LY294002. Semi-quantitative densitometric analysis of mTOR and p-RSP6(Ser
235/236) protein expression was determined relative to the untreated (U) WHCOG6 cell line. A) HOSCC cells generally increased
mTOR protein expression in response to fibronectin and after specific inhibition of PI3K. This trend was also observed in response
to combined treatments. B) HOSCC cells generally increased RPSGSer 235/236) phosphorylation in response to fibronectin treatment.
However, in response to PI3K-specific inhibition, HOSCC cells decreased p-RPSG(Ser 235/236) protein expression as a common trend.
Similarly, this effect was observed in response to the combined treatment with fibronectin and PI3K-specific inhibition; where
HOSCC cells decreased RPS6Se" 235/230) phosphorylation. Since all western blots were repeated more than once, the significance of
these data could be determined. Significant difference is therefore indicated graphically through the use of lines connecting star
(*) symbols. ((U = Untreated HOSCC cells; FN = Substrate coated with Fibronectin; L+ = specific inhibition of PI3K with LY294002).
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Table 4.3: Summary of mTOR p-RPS6" %2 protein expression levels after combination treatment with fibronectin
and specific inhibition of PI3K with LY294002.

Protein | Treatment Cell Line
WHCO5 WHCO6 SNO MCF-7
MY H/M/L %A [NV H/M/L %A | DN H/M/L %A | MY H/M/L %A
Fib’(cl’:':\f)“i" N High 4000 | 4 High 1400 | 1 High 130.77| 4 Med  1.56
LY294002 . * * * .
mTOR ) A High 3500 | ow  msool M High 189.74 | Med  -1.56
FN & L+ A Med 3500 | ow  gsool 1 Med 189.74| low  -1.56
Fibr("F':\le)Cti" N High 5070 | 1 High 400 | ¢ High -27.10| 4 High  28.21
p-RPS6 LY294002 & * * * * *
(Ser 235/236) (L+) v low 3803\ | Meq -s000| Y0 Med A2 W 6667
FN & L+ ¢ Med 986 | ved a0 ¥ High 2804 | w6026

Key: Low = 0 — 45 %; Medium (Med) = 46 — 75 %; High = 76 — 100 % (and above). Protein expression levels are based on the Hager et al., (2011)
classification system for analyses of mTOR and p-RPS6 proteins (see Materials and Methodology, Section 4.2.12). Change in relative marker set
protein expression is expressed as percent change (% A), designated by either positive (1%) or negative (J/) arrows. For the calculation of
percent change, see Appendix B, Equation B1. The use of a star (*) symbol, as well as red text, represents a statistically significant difference
when compared to the WHCOG6 (U) cell line, determined using a Student’s t-test; where p < 0.05 (see Appendix D, Table D5 for a statistical
report).
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4.4. Discussion

4.4.1. Mechanical stimuli influence the mTOR/mMTORC1 signding pathway in
HOSCC cells

Observations of cell spreading on fibronectin-cdagabstrates demonstrate that mechanical
signalling induces the phosphorylation and actoratof integrin-triggered focal adhesion
protein kinases, such as FAK (Wu and Dedhar, 26fahikset al, 2003). This presumably
allows for the induction of matrix-derived surviva@gnalling through FAK/c-Jun interactions
(Almeida et al, 2000), as well as Rac and Rho signalling everdtsvéneers and Danen,
2009). Fibronectin treatment also stimulates cgmeddant translation initiation, an mTOR-
dependant process (Gorrinet al, 2005). Therefore, fibronectin-induced FAK
phosphorylation provides a regulatory link betwasechanical stimuli originating from the
ECM and mTOR/mTORC1 activation, as activated FAKises TSC2 inactivation (Gaat
al., 2006), which is a negative regulator of p-p70S@His allows FAK to activate
MTOR/MTORCL1 signalling on this level. The possibilbf this form of mMTOR regulation
was observed in HOSCC cells as fibronectin commamtyeased both mTOR abundance
and RPSB® 2%2%)phosphorylation. Since mTORC1 may be activated B\ -originating
stimuli through focal adhesion protein kinasesg IKAK, this provided a rationale to further

examine the molecular mechanisms achieving this.

When oesophageal cells attached to collagen, $igmahrough mTOR/MTORC1 increased.
Consequently, exposure of HOSCC to this type of E€&ivhponent may affect the mTOR
signalling machinery in a manner akin to fibronedgtiduced mechanotransduction. Collagen
positively regulates PKB phosphorylation througle taction of ILK, allowing for the
survival of substrate-dependant cells like fibragbl@Nhoet al, 2005). In addition, both ILK
and PKB may phosphorylate and inhibit GSK-3vhich normally regulates TSC1/TSC2,
leading to increased mMTORC1 signalling (Metkal, 2005; Volkeret al, 2007). Increased
collagen-dependant signalling in this manner ingiés signalling through ILK, which is
suggested as an instigator of epithelial morphogisn€schock and Perrimon, 2002), as
architectural changes in fibrillar collagen, andseguently ILK activation, may contribute

towards cancer progression (Egebktdal, 2010). Therefore, this form of ILK-dependent
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MTOR regulation may contribute to tumourigenesiH@SCC, given that HOSCC cells

commonly over-express ILK (Driver and Veale, 2006).

Mechanically-derived extracellular-originating stilin clearly impinge on the mTOR
pathway. Mechanotransduction subsequently influenbeth cellular concentrations of
MTOR, as well as signalling through mTORC1, whichynexplain seminal observation by
Fung e al. (2008) regarding autophagy induction in substdspendant cells. Fung and
colleagues (2008) observed that the induction edghagy followed cell detachment from
the ECM. Therefore, since it is apparent that EG3ahdant mechanotransduction enhances
MTORC1 signalling, and considering the mTOR pathvsyesponsible for autophagy
inhibition, the lack of adhesion-based signalliongthe mTOR pathway (arising when cells
become detached from a substrate) may accountefoedsed signalling through mTORCL1.
Consequently, decreased signalling through mTORG®Uuldvallow for increased cellular
concentrations of dephosphorylated mATG-13. Theegfdncreased mATG-13 would
enhance pro-autophagy signalling and the potefaticdutophagy induction.

4.4.2. ILK, an integrin-triggered focal adhesion protein kinase, does not physically

associate with mTOR

The realisation that mechanically-derived stimudedtly impinge upon the mTOR/mTORC1
pathway calls into question the exact route of aigransmission from sites of cell-ECM
contact to the mTOR signalling machinery. The icetlular propagation of adhesion-based
signals is known to involve the activation of inteetriggered protein kinases, such as ILK
and FAK (Wu and Dedhar, 2001; Han&s al, 2003), which cluster around sites of focal
contact. When activated, these protein kinasestassfocal adhesion biogenesis, as well as
mechanotransduction events influencing gene expresand ultimately cell behaviour
(Brakebusch and dssler, 2003; Legatet al, 2006; Hannigaret al, 2011). Therefore, the
involvement of an integrin-triggered focal adhespwatein kinase may provide the molecular
connection required between the integrin adhesymtesmn and mTOR. Consequently, we
hypothesised a direct protein-protein interactieieen mTOR and ILK, since autophagy
induction was found to be FAK-independent (Hatal, 2008). However, we also included
FAK considering the integral involvement of FAK thg anoikis resistance in HOSCC cells
(Fanucchi and Veale, 2011).
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Proteins require a means of physical interactiailifating the transmission of biochemical

information (Ubbink, 2009). Intracellular signalseeaherefore conveyed by creating a short
lived (nanosecond) encounter complex, formed lgradting protein species (Ubbink, 2009).
By exploiting protein-protein complex formation,eomay detect the protein components of
the so-called ‘signalsomes’ through molecular témples, such as fluorescently-tagged

fusion proteins, as well as co-immunoprecipitaaolysis (Wang and Malbon, 2011).

Co-immunoprecipitation revealed that mTOR does footn a signalsome complex with
either ILK or FAK. This means that neither ILK nBAK functions as direct conduit for
mechanotransduction to the mTOR/mTORC1 pathway.refbee, autophagy regulation
presumably involves an indirect mechanism using ohehese focal adhesion protein
kinases. The lack of involvement of FAK was expdctnce a recent study observed that
abnormalities were not encountered by FAKnockout mouse embryonic fibroblasts
(MEF’s) to induce autophagy (Haet al, 2008). This suggests that FAK does not play a
critical role in autophagy through mTOR regulati@unsequently, it follows that ILK is the
focal adhesion protein kinases involved, howevearty not through a direct protein-protein

interaction with mTOR.

We initially hypothesised that the transmissiorE@M-originating signals occurs by means
of a direct ILK/mTOR protein interaction. An assatoon between ILK and the main protein
component of mMTORC2; Rictor (McDonakt al, 2008), was thought to allude to this
possibility. However, exclusion of an ILK-mTOR peat complex rather suggests potential
for an indirect functional relationship between Iakd mTORCL1. This was determined to be
a valid observation, and not a product of the me#shagy, because a true mTOR-Raptor
interaction was detected. This means that the delixdar propagation of adhesion-based
stimuli may only occur through a common signallipgthway downstream of ILK, but

upstream of mTOR. Since canonical regulation of IRT@rough PI3K suits these criteria
(determined previously in Chapter 3), the involvemef the PISK/PKB pathway was

thought to provide this indirect, molecular conmatbetween ILK and mTOR/mTORCL.
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4.4.3. ECM-modulation of mTOR/mTORC1 signalling occurs in an integrin-
triggered, but PI3K-dependent manner

While there is considerable information availablkertgining to the regulation of mTOR
signalling in response to soluble stimuli (Soulamid Hall, 2007; Memmot and Dennis,
2009), comparatively less is known concerning thietribution of ECM-originating signals.
Therefore, to understand how attachment to an &{trdar matrix may influence the mTOR
signalling pathway in HOSCC, we provided ECM comgrais normally encountered by
oesophageal cells, while simultaneously negatiggaditransduction through channels used
by soluble mitogenic stimuli. In this way, we prdei evidence for a PI3K-dependant
mechanism during the ECM modulation of mTOR/mTORTA..our knowledge, this is also

the first report of such regulation of mMTOR in S6Ghe human oesophagus.

One of the few studies demonstrating ECM modulatbthe mTOR/mTORCL1 signalling
pathway found that fibronectin influences cap-dejaen translation initiation by activating
mainly B1 integrins (Gorriniet al, 2005). Importantly, this process was highly seévesito
the inhibition of PI3K, suggesting this pathway nmay a role during adhesion-based signal
transduction. Furthermore, only one other analysigstigated the importance of common
ECM components, like fibronectin, on the mTOR patlhwn non—small cell lung carcinoma
(NSCLC) cells (Haret al, 2006). During this investigation, the authors daestrated that
attachment to fibronectin increased p-PKB, p-p70%6id p-4EBP-1 protein expression in
NSCLC. Moreover, growth on fibronectin reduced PT&MN p-AMPKu activity, which are
both negative regulators of mMTOR/mMTORCL1 signallifdnerefore, these data strongly
suggests that fibronectin activates the PISK/PKBORIMTORC1 pathway, at least in
NSCLC cells. However, one aspect of adhesion-basgudalling these findings do not
adequately explore is the molecular mechanismseuaitty this type of pathway activation.
This is because the sequence of activated pathvtegmediates, from a cell signalling point

of view, is not clearly delineated.

In comparison to the above, we showed that the mPpa@fRway in HOSCC cells is also
activated in response to fibronectin. By usingdiiectin in combination with specific PI3K
inhibition, we demonstrated that fibronectin stiatek mMTORC1 through a mechanism
dependent on the activation of PI3K. Here, whenKP¥&as blocked, mechanical stimuli

elicited by fibronectin were diminished. Conseqlienive believe this would also directly
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impinge on the ability of mMTORCL1 to regulate autagyinduction, resulting in an increased
autophagy potential in HOSCC cells when mecharsiggdals are not transduced through the
PI3K/PKB pathway.

Based on our understanding of ECM modulation of RI@TORCL1 signalling in HOSCC
cells, we believe these findings indicate thatutatl attachment to the ECM enhances the
ability of mTOR to regulate autophagy. Indeed tH@éMEis capable of directing intricate
cellular process, such as gene expression, egithmbrphogenesis, as well as cell survival
(Ramirez and Rifkin, 2003; Berrier and Yamada, 20B6zario and DeSimone, 2010).
However when HOSCC cells lose cell-ECM attachmtms, diminishes signal transduction
to mMTORC1, subsequently affecting mTOR-dependetupduagy regulation, thus increasing
autophagic processing. In highly tumourigenic egith phenotypes with an increased
propensity for metastasis, like HOSCC (Lam, 200&hrbachet al, 2003; Linet al, 2009),
the induction of autophagy in this manner may atutsta cell survival strategy augmenting

dissemination to distant sites.

In conclusion, it is evident that extracellular mabriginating stimuli are capable of
influencing the mTOR signalling pathway in HOSCG &posing HOSCC cells to major
ECM components naturally encountered by oesophagetidelial cells (such as fibronectin
and collagen), we demonstrate that biophysical dtimodulate cellular concentrations of
MTOR and enhance signalling through mTORC1. We algablish that the intracellular
propagation of ECM-based signals to mTOR doesmative a direct interaction with ILK or
FAK. Rather, adhesion-based stimuli influencesti®OR/mTORC1 signalling pathway in
an integrin-triggered, but PI3K-dependant mannesiace specifically blocking PI3K
perturbed transmission of adhesion-based stimihéanTOR/MTORCL1 signalling pathway.
Moreover, since signalling through mTORCL1 increasedhe presence of adhesion-based
stimuli, but was diminished when PI3K/PKB signallins blocked, we believe that
MTORC1-dependent autophagy induction is affectedtiay state of cellular attachment.
Importantly, these findings indicate that the ptisdrfor autophagy induction increases as
cell-ECM interactions dissipate. Therefore, thea@dtrongly suggest mTOR is a target for

adhesion-based signal transduction, which influsred survival through mTORC1.
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CHAPTER 5

5. GENERAL DISCUSSION AND CONCLUSION

5.1. The mTOR/mTORCL1 signalling pathway is activated inmoderately differentiated
HOSCC cells

The mammalian target of rapamycin (mTOR) is a 228 Ker/Thr protein kinase comprising
the main signal transduction intermediate of theQRTsignalling pathway (Schmelzle and
Hall, 2000; Caronet al, 2010; Foster and Fingar, 2010; Dobashial, 2011). mTOR
functions as a master regulator of intracellulgnals and so combines nutrient, energy and
mechanical stimuli to maintain homeostasis in apigh tissue (Schmelzle and Hall, 2000;
Foster and Fingar, 2010; Dobagtti al, 2011). Aberrant signalling through the mTOR
pathway is associated with numerous human patredpguch as melanoma, Tuberous
Sclerosis complex, Cowden’s disease, Proteus syrm@rand Peutz-Jeghers syndrome
(reviewed by Vivanco and Sawyers, 2002; GuertenSaduhtini, 2005; Inoket al, 2005). In
addition, inappropriate signalling through the mT@&hway is reported to be transforming
within solid epithelial tumours affecting the prat (Li et al, 1997; Dreheet al, 2004),
breast (Liet al, 1997; Vivanco and Sawyers, 2002) and lungs (Mieaand Sawyers, 2002;
Barnes and Kumar, 2003). Therefore, any alterataime normal operating procedure of the
MTOR signalling pathway may result in aberrant mTORction, and consequently mTOR-

based disease progression.

Despite a history of mTOR-specific analyses of ds@pithelial tumours, very few studies
have focussed on characterising the mTOR pathway @m®lecular mechanism promoting
progression of human oesophageal squamous celhcara (HOSCC). HOSCC is a highly
metastatic epithelial cancer with great tumourigepbotential (Tewet al 2005; Bird-
Lieberman and Fitzgerald, 2009), currently rated #ighth most common cancer in the
world, and is responsible for approximately ondtsiof all cancer related deaths worldwide
(Scully and Bagan, 2009; Melhadbal, 2010). HOSCC presents symptomatically late, with
a poor prognosis, and so any measurable molecttguiarities would be useful to improve
diagnosis. Currently, elevated mTOR protein abundaas well as increased expression of
mTOR downstream targets (such as p-p70S6K, 4E-BBIpeRSPE® 229 are used with
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increasing frequency as biomarkers indicating fansation (Linet al, 2009; Hageet al,

2011; Pal and Figlin, 2011). This suggests that ifitations to the mMTOR/mMTORC1
signalling pathway may serve as a central instigdtwr tumourigenesis. Therefore,
significant changes to mMTOR and mTORC1 are notdwaahd may improve diagnosis of

HOSCC at even earlier stages.

In this study, moderately differentiated HOSCC s@&lkere used as a cellular model in which
to investigate major signal transduction intermesiaassociated with the mTOR pathway.
We determined that these intermediates conveyelwpatspecific information, such as

signalling through mTORC1, regulation of autophagguction and mechanotransduction
through integrin-adhesion systems. Additionally,ntcolled tissue culture conditions

permitted the manipulation of appropriate growtiastatory signals. These parameters
allowed essential growth and proliferation to oc@s well as the establishment of important

baseline data to which further manipulations cdddompared.

Inherently, the MCF-7 cell line served as a usefidmparison to analyse the
MTOR/MTORC1 signalling pathway in HOSCC. The masasons for this included: a)
MCF-7 cells over-express the mTOR protein kinasagft¢ret al, 2009); b) MCF-7 cells
display elevated signalling through mTORC1 (Hageeéral, 2009), thought to be a
consequence of a constitutively active PI3K/PKBnalling pathway (deGraffenrieet al,
2004). Activating mutations affecting the p110 swmibwf PI3K (Bachmanet al, 2004)
directly affect mTOR signalling as the PI3K/PKB Ipatiy is an upstream regulator of mTOR
(Sekulicet al, 2000); c) Theés6K1gene is amplified in MCF-7 cells §Bund et al, 2000a,;
Barlund et al, 2000b).

Similar to MCF-7 cells, we determined that the miyoof HOSCC cells expressed elevated
cellular concentrations of mTOR, as well as enhdnsmgnalling through mTORC1 —

observed through high instances of R%6%/23

phosphorylation. Surprisingly, we also
discovered that HOSCC cells exhibited an elevatatbpdnagy induction potential, a
characteristic of transformation providing a distirsurvival advantage to solid epithelial
tumours (Chen and Debnath, 2010). Elevated autgpheggprtedly supports cellular fithess
and survival of established tumour cells, suchBAdK and HeLa cells, in response to stress
(Degenhardet al, 2006). Moreover, we also discovered that ILK wapressed ectopically

in both HOSCC and MCF-7 cells, suggesting an irsgdatransduction potential for
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adhesion-based stimuli. Ultimately, we do find thE®SCC cells exhibit similar trends to
transformed MCF-7 cells; such as an activated mB@Ralling pathway, where increased
MTOR abundance and mTORC1 signalling are commoaplaenust be noted that we do
not mean to suggest that the molecular mechanisnfschw underpin aberrant

MTOR/MTORCI1 signalling are the same for HOSCC ar@FM cells. We only highlight

the fact that the mTOR pathway manifest in HOSCI® ¢g analogous to a cellular system
known to possess a corrupt mTOR signalling pathwsych as MCF-7. Therefore,
aberrations such as these may contribute towardsiptmn of mTOR-dependant cellular
processes, such as proliferation and autophagyitiresin tumourigenesis and inappropriate

survival signalling in HOSCC cells.

5.2. Expression of the 80 kDa mTOR splicing isoform is variable in HOSCC cells

We established an association between cellularesdrations of mTOR and the degree of
RPS6%" 235238 phosphorylation in HOSCC, where a high occurreotenTOR generally
indicated a high degree of RP%6%*%®phosphorylation. This type of association wasrclea
in the MCF-7 cell line, and has also been repoiteghatients with advanced renal cell
carcinoma (Cheet al, 2007). In fact, the link between the expressibrmdOR and p-
RSP6° 2523635 proved invaluable as a predictive tool focearas during targeted mTOR
therapy (lwenofuet al, 2008). However, in certain HOSCC cell lines (WHC@nd
WHCO3) where this relationship did not occur, weedothat high mTORCL1 signalling did
not necessitate high concentrations of mTOR. Istergly, only these WHCO cell lines
expressed the 80 kDa mTOR splicing isoform, term@®R3 (Panasyulet al, 2009).

mTORB was found to be neither a cleavage product, rerdghlult of protein degradation and
possesses the required potential to affect sigaasmission through mTORC1 (Panaswytk
al., 2009). The mTOR splice variant is capable of interacting with kmowpstream
regulators of the 220 kDa version of mTOR, namegpt@r and Rictor (Panasyw al,
2009). In addition, mTOR readily phosphorylates p70S6K, 4EBP-1 and PikBvitro.
Panasyulet al. (2009) report further that mT@Rover-expression transforms immortalized
cells, is tumourigenic in nude mice models and i§cantly reduces the G1 phase of the cell
cycle. Since mTOR retains intact FRB, RD and FATC domains, remairsngject to all

MTOR-like regulation, and assuming mT@IRossess the above qualities in HOSCC, the
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expression of mMTORIn WHCO1 and WHCOS3 cells may be a plausible exgtian for the

maintenance of elevated RPE6>***hosphorylation levels in these lines only.

In the SNO cell line, where the opposite was true. high mTOR expression, but low
RPS6% 2352%)nhosphorylation), we considered that activatingations affecting mTOR
gene expression or the mTOR kinase domain werelppesxplanations for this disparity, in
light of no mTORS expression. Significant differences in gene exgogs are reported to
result from ectopic mTOR-related tumour suppresaes oncogenes in ovarian and breast
cancer (Heinoneret al, 2008; Laudaski et al, 2011). Furthermore, single amino acid
changes have been identified with regard to mTOR famman cancer. Satt al. (2010)
recently examined the Sanger Centre Cancer Genatab&se (COSMIC) for changes such
as these, identifying ten functional amino acidnges relating to thenTORgene in tumours
affecting skin, breast, intestine and the digestiaet. Only four mutations involving the
kinase domain, M2011V (mucinous carcinoma of thergy S2215Y (adenocarcinoma
affecting the large intestine), P2476L (glioma e tbrain) and R2505P (kidney clear cell
renal carcinoma), was examined for mutant exprasaiad constitutive mTOR activation.
Interestingly, only S2215Y and R2505P conferred stitutive activation to mTOR.
Therefore, it is conceivable that WHCO1, WHCO3, Wb&E_and WHCO 6 cell lines contain
mutations akin to either S2215Y and R2505P, wiiee$NO cell line may contain M2011V
and/or P2476L — possible kinase inactivating marteti

Frequent activation of mTOR-dependant signallinghiitman cancer may also arise from
constitutive activation of upstream regulators,isas PKB, TSC1, TSC2 and Rheb, leading
to the activation of mMTOR (Yuan and Cantley, 2008)s important to remember that PKB
negates the inhibitory affect of TSC1/TSC2 whiclpinges on the mTOR-activating Rheb-
GTPase. Therefore, one would need to investigale1Té&nd TSC2, as well as the Rheb-
GTPase, for functional mutations to ascertain ap@rounderstanding. Moreover,
experimental evidence from human colorectal cafdezawaet al, 2007) and malignant
melanoma (Karbowinicze&t al, 2008) implicate a role for hyperphosphorylatidmal OR,
p70S6K and RPS6. Moreover, genetic disorders iaguitom the activation of TSC1/TSC2
(Inoki et al, 2005), or decreased expression of negative w@gmtreegulators, such as
PRAS40 and DEPTOR, may lead to the activation oORTSancalet al, 2007; Petersoat
al., 2009). Consequently, while single amino acid ¢gesnaffecting the mTOR kinase

domain may play a role, the contribution of thetlpdea of other upstream possibilities

112



activating mTOR cannot be discounted and could X@oeed further as component of
another investigation. However, the fact that SN¥@sdnot express mT@Reinforces the
notion that one (or more) of these common funcligraippling mutations may be present
within the mTOR protein kinase expressed speclfidal the SNO cell line.

5.3. The PI3K/PKB signalling pathway functions as a canoical regulator of
MTOR/MTORC1

The PI3K/PKB signalling pathway is now known to €tion as a critical, upstream
regulatory system controlling essential cellulangasses; such as growth, proliferation and
cell survival (Cantley, 2002). Specific inhibitoo$ this pathway (such as Wortmannin and
LY294002) are used to target phosphatidylinositdlirgases, ultimately showing that the
lipid products generated by PI3K’s are essentialH&B activation (Vlahost al, 1994,
Nicholsonet al, 2003). As a result, PI3K-dependant PKB activatweas identified as a
ubiquitous intracellular signalling scheme, since importance of PI3K/PKB signalling was
also observed in KB-3-1 and KB-v1 cells (Nicholsgral, 2003), as well as in HeLa, HEK-
293T, A549 and BEL-7404 cell lines (human liver cancells) (Crabbe, 2007; Liet al,
2011). Deregulated signalling through PI3K and PisBknown to contribute towards
malignant transformation in epithelial tissues @ir@kov, 2000). This indicates that PI3K-
dependant PKB activation is a key regulatory evesgessary for growth, proliferation and

cell survival, and even tumourigenesis.

Inhibition of PI3K was shown to decrease PKB adiorg and thus mTORCL1 signalling
(Martelli et al, 2010). We demonstrate this also occurs in HOSEIE,cwhere mTORC1
signalling commonly decreased in response to dpeitihibition of PI3K. These results
convey specific positional information pertaining the PI3K and mTOR pathways in
HOSCC cells; where PI3K is situated upstream of RAIORC1. Furthermore, these
findings indicate that the PI3K/PKB signalling patty indeed functions as a canonical,
upstream regulator of mMTORC1 signalling in the WHG&ies of cell lines. In addition,
these results signify that PI3K signalling may ically influence mTORC1-dependent
survival signalling. This was observed through rerease in autophagy induction potential,
demonstrated by the increase in dephosphorylate@i®23 protein expression in HOSCC
cells.
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Interestingly, this potential increase in autophagyiation was not observed in earlier
studies using thrombin-activated platelets, whepecsic inhibition of PI3K (also by
LY294002) negated complete autophagosome formg@Bdommaartet al, 1997). These
finding are therefore unique in this respect, amshtptowards the involvement of the
PI3K/PKB pathway during the regulation of autophagguction signals — perhaps through
those cellular proteins that play important roles autophagosome formation; such as
ULK1/2, Bif and Beclin 1 (Brunret al, 1996; Blommaarét al, 1997). Specific inhibition of
PI3K and mTORC1, was in fact was found to contebdirectly to autophagy induction and
promote autophagosome formation (Xie and Kliong07; Jungget al, 2009). Currently,
the use of tailored multi-kinase inhibitors (sushRd-103) is a novel means of targeting both
PI3K and mTOR (Hayakawat al, 2007), compounding decreased signalling througth b
pathways. Such strategies have proved useful enalf aggressive glioma cell lines, both
in vitro and in vivo (Fan et al, 2006), and so may hold similar promise in HOSCC

considering the efficacy of hindering PI3K and mT&Bnalling through PI3K inhibition.

5.4. Removal of proliferative signals triggers an autophgic response in HOSCC cells

Tissue culture in the absence of serum constitateseful method to investigate the cellular
responses reliant on these growth-promoting factush as the induction of autophagy,
demonstrated by modulation of both mTOR and mTOR{@halling in HOSCC upon the
removal of serum (Langdon, 2004; O’Conner and Gs€wll, 2006). During standard tissue
culture conditions, serum supplies the agonistictoid necessary for the appropriate
regulation of mMTOR signalling through canonical awh-canonical mechanisms. Therefore,
the withdrawal of serum was shown to affect normatacellular signal transduction from
pathways such as PI3K/PKB, hsVP34 and Rag GTPasas €t al, 2010), since these
signalling mechanisms transduce growth factor ansh@-acid stimuli to the mTOR pathway
(Avruch et al, 2009; Foster and Fingar, 2010). In Chapter 3ph&erved serum-dependant
modulation of the mTOR signalling pathway in HOSGlls (i.e. altered cellular
concentrations of mMTOR and decreased signallingotigh mTORCL1), a cellular response
also documented in human neuroblastoma (Edelsteat, 2011), as well as human U20S
osteosarcoma cells (Fingat al, 2004). As a consequence of nutrient depletiooredesed

MTOR/MTORC1 signalling slows cell growth by arregtiihe G1 phase of the cell cycle
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(Fingar et al, 2002; Fingar and Blenis, 2004; Fingatr al, 2004), supporting the role of

MTOR as a sensor of nutrient availability in HOSCC.

While growth factor-dependant signalling to mTORp(slied by serum) involves canonical
regulation through PI3K/PKB, the mechanism for awrétid-dependant regulation of mTOR
by RagGTPases remained incompletely understood. eMemny the recent discovery that
glutamine, in combination with the branched chamire-acids leucine and isoleucine,
positively regulate mTORC1 signalling through Ragixd RagC-GTPases (Dur&n al,
2012), constitutes a major breakthrough in undedstey the mechanism of mTOR regulation
by amino-acids. Duraet al. (2012) recently demonstrated that inhibition aftgiminolysis
(the conversion of glutamine inta-ketoglutarate) prevents RagB- and RagC-GTPase
activity, and as a result, signalling through mTARConversely, enhanced glutaminolysis
increased signalling through mTORCL1. Thereforese¢hand future discoveries in this regard
may provide a basis to understanding the contobutdf nutrients in disease; such as

glutamine addiction prevalent in many cancers (&irand Blenis, 2004; Dur&t al, 2012).

5.5. The mTOR signalling pathway in HOSCC is susceptibléo rapamycin

MTOR was first identified as a biologically relevaarget of rapamycin by Browat al.
(1994) when two structural variants of rapamycirb-kKeto-rapamycin and 25,26-iso-
rapamycin) were used to classify targets of the FKBpamycin complex. Soon after, it was
discovered that treatment with rapamycin (at pHggigally relevant concentrations as low
as 1 nanomolar (Sabees al, 1995; Zhou and Huang, 2010) could specificallppass the
phosphorylation of common mTOR substrates (sugh/8$6K and 4E-BP1) in transformed
epithelial cell lines; including Human breast cancells MCF-7 and MCF-7R (Chest al,
2003). Investigations focussing on the specifigbiton of mTOR within these rapamycin-
sensitive cells in comparison to rapamycin-resistati lines, such as MDA-MB-231 cells,
revealed that mTOR functions as a ‘master signgulegor’ directing essential cellular
processes; such as cell growth, cell cycle, meistnohnd autophagy (Fingar and Blenis,
2004; Zhou and Huang, 2010).

In Chapter 3 we explored the impact of the mTOR/IROQ signalling pathway on cell
proliferation (the extent of RPS8 %**>3*hhosphorylation) and autophagy induction (cellular
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concentration of mMATG-13) by inhibiting the kinaaleility of mTOR. We demonstrated that
while mTOR inhibition does not affect the protekpeession of focal adhesion kinases (such
as ILK), rapamycin potently perturbs elevated sligmg through mTORC1 in HOSCC of
South African origin. In fact, RPE8" 2*2*¢)phosphorylation, and thus mTORC1 signalling,
may be completely abolished through exposure to [oanomolar) concentrations of
rapamycin. These findings may indicate promise tfowse diagnosed with HOSCC in
Southern Africa, since those affected experientgedatection resulting from poor diagnostic
methodologies for screening high-risk populatiokaghala, 2010). Decreasing signalling
through the mTOR/mTORC1pathway through exposumapamycin may therefore provide
a form of control for this disease, other than igis@al option (Bancewicz, 1990). Moreover,
aberrant mTOR signalling is implicated in the pexgion of other human cancers; such as
breast and ovarian (Campbel al, 2004), melanoma (Madhunapantefaal, 2009), and
renal cell carcinomas (Kondet al, 2001). In addition, deregulated mMTOR/mTORC1
pathway activities have been observed in severaratuman diseases; such as diabetes,
Cowden’s disease (Inolat al, 2005), Tuberous Sclerosis complex (TSC) (Keneetoal,
2002), Lymphangioleiomyomatosis (LAM) (Johnson arattersfield, 2002). Therefore, we
strongly contend that these findings provide supjar rapamycin and its derivatives as

viable therapeutic agents to curb aberrant mTORewl@g@nt signalling events.

5.6. RPSE> 235235 phosphorylated by mTORC1 in the absence of MAPK90RSK-
dependent signal transduction in HOSCC

Initially, we considered the activation state ofcleanTOR multi-protein complex (i.e.
MTORC1 or mTORC2) as a possibly more informativeamseto monitor the signalling
potential of mMTOR. This was a viable option sineelemTOR complex displays mTOR-
specific phosphorylation patterns. Comd al. (2009) established that mTORC1 is
predominantly phosphorylated at S2448, by both R p70S6K, whereas mTORC?2 is
predominantly phosphorylated at S2481. Commerdimspho-mTOR antibodies for these
sites are also available, allowing for immunodeatecof each active complex. However, this
line of reasoning was abandoned after considerimg propensity for carcinomas to
hyperphosphorylate mTOR at these sites (Karbowahkiez al, 2008; Satcet al., 2010). In
addition, since the mutational status of mTOR igently unknown in these HOSCC cell

lines, detecting phosphorylated mTOR may conveynmct information concerning the
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activation of mTORC1 — the complex responsible REPE® 220 and mATG-13
phosphorylation.

Since the anti-mATG-13 antibody was used to detéephosphorylated mATG-13,
specifically (Chanet al, 2009), we used the extent of REF€6>*23®)phosphorylation as
downstream marker for active mTORC1 signalling. ldeer, p90ORSK (an effector kinase of
the MAPK signalling cascade) may also phosphoryRRS6E™" 235238 (Nguyen, 2008).
Therefore, we assessed the ability of mTORC1 in BOSells to phosphorylate RP&%
235/236) in the absence of MAPK/p90ORSK signals by usingesvlyp developed p90RSK-
specific inhibitor, BI-D1870, designed to targdtfaur RSK isoforms (Sapkotat al, 2007).

As specific p90RSK inhibition with BI-D1870 decreasp-PKB™ 3%®) but not the degree of
PKB®" 73 phosphorylation — a downstream target of mTORCBe(Cand MacKintosh,
2009), we expected that mTORC1 activity would bmailsirly unaffected by BI-D1870.
Indeed we demonstrated, for the first time, thatikition of p9ORSK decreased the
phosphorylation of RP$E" 2°%%in HOSCC cells between 5.0 and 13.0 % only, where
appreciable levels of p-RPS8 2% ®remained. This indicates that mTOR/mTORC1-based

[235/236)

signals are responsible for RFS phosphorylation in the absence of active p90RSK

in the WHCO cell lines investigated here.

In contrast to other small molecule inhibitors RSK (such as FMK and SL0101), BI-
D1870 has shown remarkable affinity for all fourkk§plice variants, especially in HEK-293
cells, while not significantly affecting the impart cellular kinases; such as GSK-PKB,
MTOR, AGC-like kinases and PDK1 (Sapkah al, 2007; Nguyen, 2008). For these
reasons, BI-D1870 (an amino-terminal kinase domairor NTKD - ATP-binding
dihydropteridinone) was a superior choice over tN&KD ATP-binding inhibiter
kaemperfol-glycoside SL0101, as well as the pyrplomidine FMK (which binds
irreversibly to the CTKD ATP-binding region of RSK@Nguyen, 2008). However, since Bl-
D1870 is both a novel and expensive inhibitor,uke of BI-D1870 is poorly reported in the
literature. Other than Sapkogh al (2007), the publications of Kareg al. (2007), Chen and
MacKintosh (2009) and Xiaat al. (2009) are the only examples in the primary liem to
specifically inhibit p9ORSK with BI-D1870. Therefgrthese findings are unique in that, to
our knowledge, the inhibition of MAPK/p90RSK siglmad) has never been attempted in SCC
of the oesophagus. Furthermore, this is the fixsfyscomparing differential RSE§" 22230
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phosphorylation by mTORC1 and p90RSK to gain anewstdnding of those initial

signalling events indicating proliferative cellukwents.

Considering the influence of the MAPK pathway in @RC1 signalling (seen through some
HOSCC cells increasing p-RP&62°2%% a5 well as p90RSK-sepcific inhibition modulating
the concentration of cellular mTOR), it would béeesting to determine the concentration of
BI-D1870 necessary for p9ORSK-specific inhibitionarder to critically decrease p-RP%6
235/236) |n addition, it would also be interesting to istigate the combined effect of
rapamycin and BI-D1870 on both mTOR and mTORC1almg in HOSCC, as these data
may have therapeutic implications for curbing hgotive p-p38 induced MAPK/p90RSK
signalling, recently shown to play a key role inligreant transformation in ESCC’s (Zheng
et al, 2012). Therefore, through the use of this p9OR&MKbitor, we determined that an
activated mTOR signalling pathway leads to RE%6%%2%) phosphorylation in HOSCC

cells, of which an essential requirement for thisignalling through mTORCL1.

5.7. ECM-modulation of the mTOR signalling pathway utilizes PI3K to regulate
autophagy induction in HOSCC

Cells require stable cell-cell and cell-ECM conmats to create an organized tissue structure
(Gumbiner, 1996). Components of the cell adhesi@achmery facilitate these types of
connections and allow individual cells to assemini® diverse and distinctive three-
dimensional structures (Juliano, 2002). While, emufis and adherens junctions facilitate
cell-cell interconnectivity, allowing formation ohtercalated, epithelial sheets (Gumbiner,
1996), adhesion to a supporting substrate is fawlil by different permutations afandp
integrin heterodimers (Gumbiner, 1996; van DerrFdied Sonnenberg, 2001). Consequently,
integrin-mediated cell-ECM adhesion is implicated the regulation of cell survival,
migration, proliferation, differentiation and evetwmour progression (Juliano, 2002;
Brakebusch and&ssler, 2003; Bruntoat al, 2004). Thus, ECM-attachment to a collagen- or
fibronectin-rich interstitial matrix (ECM) is an sntial requirement for tissue integrity and

homeostasis in epithelial cells (Gumbiner, 1996).

This importance of cell-ECM attachment during cellrvival is demonstrated through
adhesion-based signals (originating from cell-ECMteliactions) supporting tumour

progression by promoting anoikis resistance (Famuend Veale, 2011) and autophagy
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induction (Funget al, 2008; Lock and Debnath, 2008; Chen and Debn#@h0)}2 Previous
studies involving skeletal muscle cells often ssgge a form of MTOR regulation via
mechanotransduction-based events. Here, the ECVsla@sn to play a role in cell growth
signals propagated through the mTOR signalling wash which occurred in a PI3K-
dependent manner (Baar and Esser, 1999; Hornb&@gt,). Three main observations lead
to this conclusion. Firstly, mechanical stimulatimluces signalling through the integrin-
triggered focal adhesion protein kinase, ILK (Leget al, 2006; Hannigaret al, 2011).
Secondly, mechanical stimulation in this manneo &ads to the activation of both PI3K and
PKB (Bolsteret al, 2003; Hornbergeet al, 2003). Thirdly, constitutive signalling through
PI3K/PKB promotes skeletal muscle growth in a rapeimsensitive manner (Bodiret al,
2001; Varma and Khandelwal, 2007). Thus, mechdsgicirived stimuli could, in theory,
activate mTORCL1 through the PI3K/PKB signalling imaery.

In confirmation of the above, the data presentedChapter 4 provide evidence for the
activation mTORC1 signalling in HOSCC cells in respe to mechanically-derived
extracellular-originating stimuli. Although p-PKB' *"® were not measured here, it was
observed that mechanical signals commonly incrdeh mTOR and p-RPS8" 25230

protein expression levels in HOSCC cells — indigata novel, non-canonical mode of
MTOR/MTORC1 regulation through adhesion to the jglaysnvironment. With regard to
the route of signal transmission, the lack of aedeible protein-protein interaction between
MTOR and both ILK and FAK in the WHCO series ofldeles highlights an indirect

mechanism of signal transduction from mechanigalidus to mTORC1. Thus, we strongly
believe that since specific inhibition of the kirasability of PI3K perturbs this

mechanotransduction effect on mTORC1, these regidtmonstrate unequivocally that
intracellular signal transduction of adhesion-baseaghals 1) modulate mMTOR/mTORC1

signalling, and 2) occurs in a PI3K-mediated manmétOSCC cells.

Combined, these observations provide a solid rateorio support our hypothesis that
mechanical stimuli activate mTORC1 signalling tlgbua mechanism involving the
activation of ILK, thereby regulating autophagy uietion and consequently supporting
HOSCC cell survival. To provide further support four contention, we illustrate these
findings inFigure 5.1and highlight the response of a substrate-depé¢regathelial cellular

system to this form of adhesion-based signal tnactsmh. Under standard tissue culture

condition, HOSCC’s maintain an enhanced rate ok ftbrough the mTOR signalling
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pathway (denoted by the elevated blue squaresgiGtate 1 “Homeostasis” ihigure 5.1 A
versus B. Here, we demonstrated that soluble stimuli; saclgrowth factor, amino-acids and
rapamycin treatment, impinge on this flux, therefaffecting homeostasis of HOSCC cells.
Interestingly, autophagy seems to play an imporgantival role in HOSCC as we observed
elevated expression of markers for autophagy indmigiotential (i.e. dephospho-mATG-13)
under these conditions. Therefore, HOSCC cells tenghaintain an elevated basal rate of
autophagy (represented as elevated red triangles)versely, pro-death signals mediated
through apoptotic regulators, such as cleaved saspaare completely down-regulated

(indicated by purple circles touching the X-axis).

Crucially, we demonstrated that mMTOR/mTORC1 signglmay be increased by growth in
the presence of fibronectin- or collagen-coatedssates (signified by the increase in blue
squares over and above elevated signalling levEls}. cell-substrate dependant increase in
MTORCL1 signalling may provide a rationale for therease in autophagy observed when
cell-substrate connections are abolished (denoye8itate 2 “Transition” irFigure 5.1 B).
Since we showed that a direct mTOR-ILK proteinatéion does not account for this signal
transduction, cell-substrate connections may sigmahTOR/mTORC1 through an integrin-
triggered medium, but one utilizing PI3K-mediatedahninery to inhibit autophagy induction.
Consequently, when these integrin-activating stiratg lost, positive regulation of cellular
concentrations of mMTOR and mTORC1 signalling isidigihed, allowing for the initiation of
autophagy induction — as previously reported by dg-en al. (2008). Interestingly, we
discovered that these autophagy induction signa&seole pro-death signals in HOSCC cells
(See Chapter 2 and Chapter 3 where autophagy induacreased while cleaved caspase-3
was not detected under autophagy-promoting comdifisuch as nutrient withdrawal for 24
hours and PI3K-specific inhibition with LY294002)ogether, this provides a rationale for

autophagy to promote cell survival before cell eagnals are properly initiated.

In transformed epithelial phenotypes, exemplified HOSCC, where anoikic-based pro-
death signals are delayed (Fanucchi and Veale, ;2B8Aucchi and Veale, 2011), this
mechanism of autophagy induction may be exploited enhance survival during
dissemination before cell-ECM connections can bestablished. We illustrate this as
apoptotic ‘pro-death’ signals (purple circles) dot mut-compete autophagic pro-survival
signals (red triangles) during State 3 “Pro-deatin&s” in Figure 5.1, B Supporting this

contention is the tendency for HOSCC to displayildaaesistance, as shown by Fanucchi
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and Veale, (2011). Therefore, the adhesion-basddplaagy induction occurs through
substrate-dependant regulation of the mTOR/mTOR@haking pathway, which is
facilitated by the integrin-triggered focal adhesjrotein kinase, ILK, positively regulating
PI3K/PKB signalling and therefore mMTOR/mTORC1 padlhw
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A: Physiologically ‘normal’ epithelial cells B: Trends observed within HOSCC cells
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Figure 5.1: Cellular response to changes in the state of cell-ECM adhesion. Comparison of the influence of essential signalling machinery on
cell behaviour between a physiologically normal epithelial cell systems and the transformed HOSCC phenotype. The signalling
response for mTOR/mTORC1 (blue squares), autophagy induction (red triangles) and apoptosis (purple circles) are described as a
function of the state of cell adhesion, which transitions from cell-ECM attachment to cell-ECM detachment.
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5.8. Conclusion

Aberrant integrin-mediated adhesion and enhancedivaill signalling are hallmarks of
transformation associated with metastasis (Hanarah Weinberg, 2011). These events
oppose anoikic death programmes and induce autgplaag evolutionary conserved cell
survival mechanism, inappropriately (Fueg al, 2008; Lock and Debnath, 2008). Since
detachment-induced autophagy indicates a form diesidn-based regulation, ECM-
originating signals may be transmitted to the datlumachinery controlling autophagy
induction — a form of regulation which is subsedlyetost when epithelial cells become
detached from a substrate. This type of controllitafes crosstalk between an integrin-
triggered focal adhesion protein kinases (such.E3 the mTOR signalling pathway, which
is a critical regulator of autophagy induction (fessand Fingar, 2010; Dobastti al, 2011).
Consequently, molecular analysis of the most sicamit cell adhesion, mTOR and autophagy
signal transduction pathway intermediates consstwan information-rich reporter system,

enabling the examination of such crosstalk.

Pivotal to this investigation was the use of aesenf highly tumourigenic epithelial cell
lines, with a propensity for metastasis, inapprterisurvival signalling and anoikis evasion
potential; human oesophageal squamous cell carand®SCC) (Miller and Veale, 2001;
Driver and Veale, 2006; Fanucchi and Veale, 20Up.until now, very few studies have
focussed on characterising the mTOR pathway as Becodar mechanism promoting
progression of HOSCC. Only the work by Hetal. (2007) and Hirashimat al. (2012)
demonstrate that poorly- and well-differentiatedXScells of Chinese origin display ectopic
MTOR expression and aberrant mMTORCL1 signalling¢clvig associated with the progression
of solid epithelial tumours. In this study, we rakthat HOSCC cells parallel ESCC cells in
this regard, providing a reasonable basis to sudhgasaberrant mMTOR/mTORCL1 signalling
plays a similar role in HOSCC of South African amig

Most importantly however, these data highlight thafORC1-dependent autophagy
induction is affected by the state of cellular etment, which is advantageous for
disseminating cells capable of evading anoikic dedith. Moreover, this type of regulation is
not by way of a direct interaction with an integtilggered protein kinase, such as ILK, as
first thought. Rather, ECM-modulation of mTOR attieough the PI3K signalling pathway.

Therefore, these findings support our contenti@t the mTOR protein kinase is a target for

adhesion-based signal transduction, which influsred survival through mTORC1.
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APPENDICES

APPENDIX A

1.1. Commonly Used Solutions

111

1.1.2

1.1.3

Phosphate Buffered Saline (PBS) (1X)

136.9 mM Sodium Chloride

2.680 mM Potassium Chloride

10.10 mM Disodium Hydrogen Phosphate Dodecahydrate
1.769 mM Potassium Dihydrogen Phosphate

Adjust to a pH between 7.2 - 7.3
Make up to final volume with d}©
Autoclave to sterilize

Store at 4 °C

Tris Buffered Saline (TBS) (1X)

50.00 mM Tris-HCI (pH 7.8)
147.0 mM Sodium Chloride
2.000 mM Anhydrous Calcium Chloride

Make up to final volume with d}©
Autoclave to sterilize.
Store at 4 °C

Tris Buffered Saline with Tween (TBS-T)

50.00 mM Tris-HCI (pH 7.8)

147.0 mM Sodium Chloride

2.000 mM Anhydrous Calcium Chloride
0.100 % Tween

Make up to final volume with d}©
Store at4 °C
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1.1.4 10 % Sodium dodecyl Sulphate (SDS)

10 % SDS

Make up to final volume with d}©
Heat to assist dissolution

Adjust to pH 7.2

Store at room temperature

1.2. Tissue Culture

1.2.1. DMEM/Hams F12 Medium Solution
Mix DMEM/Hams F12 Medium Solutions in a 3:1 ratio

Filter sterilize
Store at 4 °C

1.2.1.1. Dulbecco’s Modified Eagles Medium (DMEM)

1.370 % DMEM
0.370 % Sodium Bicarbonate
2.000 % Penicillin (500 U/ml)/Streptomycin (0.5 &jlution

1.2.1.2. Hams F12 Medium Solution

1.070 % Hams F12 Medium
0.118 % Sodium Bicarbonate
2.000 % Penicillin (500 U/ml)/Streptomycin (0.5 %olution

1.2.2. Trypsin/Ethylenediaminetetra-acetic Acid (EDTA)
Mix Trypsin Solution/EDTA in a 1:1 ratio
Store at 4 °C

1.2.2.1. Trypsin Solution
0.010 % Trypsin in PBS

1.2.2.2. Ethylenediaminetetra-acetic Acid (EDTA)
0.004 % EDTA in PBS
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1.3.

1.3.1.

1.3.2.

1.3.3.

1.4.

1.4.1.

1.4.2.

Protein Extraction

2 % (v/v) Triton X-100 Protein Extraction Buffer

50 mM Tris-HCI (pH 7.2)

150 mM NaCl

1mM Magnesium Chloride

0.5 mM Ethylene Glycol Tetraacetic Acid

5 pl/ml Phenyl-methyl-sulphonyl Fluoride (PMSF)
10 pl/ml Trasylol

20% Triton-X-100

Make up to 10 ml with dpO

Laemmli Double Lysis Buffer (2X)

123.8 mM Tris-HCI (pH 6.8)
4.000 % SDS

20.00 % Glycerol

10.00 % B-mercaptoethanol

Make up to final volume with d}®
Store at 4 °C

Laemmli Single Lysis Buffer (1X)

50 % Laemmli Double Lysis Buffer (2X)
50 % dHO

Store at 4 °C

Protein Estimation

95 % Ethanol
95 % Ethanol

Make up to final volume with d}D

7.5 % Trichloroacetic Acid (TCA)

7.5% TCA

Make up to final volume with d}©
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1.4.3. 0.25 % Coomassie Brilliant Blue Stain

0.25% Coomassie Brilliant Blue Powder
50.0 % Methanol

Dissolve, and then add:

10.0 % Glacial Acetic Acid

Make up to final volume with d}©

1.4.4. Destain Solution
12 % Glacial Acetic Acid
10 % Methanol

Make up to final volume with d}©

1.4.5. Elution Solution

66 % Methanol
33% dHO
1.0% Concentrated Ammonia

1.5. Sodium dodecyl Sulphate — Polyacrylamide Gel Eleabtphoresis
(SDS-PAGE)

1.5.1. Sample Preparation

1.5.1.1. Laemmli Lysis Buffer (1X)
As previously described

1.5.2. Buffers

1.5.2.1. Running Buffer

25.00 mM Tris-HCI (pH 8.3)
192.5 mM Glycine
3.740 mM SDS

Adjust solution to pH 8.3 using 5 N HCI
Make up to final volume with d}D
Store at 4 °C
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1.5.2.2.

1.5.2.3.

Separating Buffer

18.12 g Tris

Adjust solution to pH 8.8 using 5 N HCI
Make up to final volume with d}®

Stacking Buffer
6.04 g Tris
Adjust solution to pH 6.8 using 5 N HCI

Make up to final volume with d}D

1.5.3. Working Solutions

1.5.3.1.

1.5.3.2.

1.5.3.3.

Separating Gel

375 mM Tris-HCI (pH 6.8)

10-12% Acrylamide

0.100 % N,N’—methylenebisacrylamide
0.200 % SDS

Make up to final volume with d}D

Just prior to use add:

1.000 % Ammonium Persulphate Solution (APS)

0.250 N’,N’,N’,N'—tetramethylethylene-diamene (THED)
Stacking Gel

125 mM Tris-HCI (pH 6.8)

5-8 % Acrylamide

0.100 % N,N’—methylenebisacrylamide

0.200 % SDS

Make up to final volume with d}®

Just prior to use add:

1.000 % Ammonium Persulphate Solution (APS)

0.250 % N’,N’,N’,N'—tetramethylethylene-diameneEVIED)
SDS Overlay

400ul of 50mg/ml SDS

Make up to 10 ml with dpO
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1.5.3.4. Tracking Dye
0.001 % Bromophenol Blue

50.00 % Glycerol
Make up to final volume with d}®
Store at—4 °C

1.5.3.5. 0.25 % Coomassie Brilliant Blue Stain
As previously described (see Appendix A, Sectiagh3).

1.5.3.6. Destain Solution
10 % Acetic Acid
10 % Methanol
Make up to final volume with d}®

1.6. Western Immunoblot Analysis
1.6.1. Buffers

1.6.1.1. Transfer Buffer

25 mM Tris-HCI (pH 8.3)
20.0 % Methanol
1.41 % Glycine

Make up to final volume with d}O

1.6.1.2. TBS—for—Blotto Blocking Buffer

50 mM Tris-HCI (pH 7.8)

2.0 mM Anhydrous Calcium Chloride
5.00 % Non-fat Milk Powder

0.01 % Anti-foam

0.05 % TritonX-100

Make up to final volume with d}®

1.6.1.3. 5 % Non-fat Milk Powder Blocking Solution
50 % Non-fat Milk Powder

Make up to final volume with appropriate buffer
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1.6.1.4.

1.6.1.5.

1.6.1.6.

1.6.2.

1.6.3.

1.6.4.

Phosphate Buffered Saline (PBS) (1X)

As previously described (see Section 1.1.1)

Tris Buffered Saline (PBS) (1X)

As previously described (see Section 1.1.2)

Tris Buffered Saline with Tween (1X)

As previously described (see Section 1.1.3)

SuperSignal® West Pico Chemiluminescent Substrdte K

Before use mix in a 1:1 ratio:

50 %
50 %

Developer
6.400 M

0.600 M
80.0 mM
0.45 mM
34.0 mM

Luminol Enhancer Solution
Stable Peroxide Buffer

Methanol

Anhydrous Sodium Sulphate
Hydroquinone (Quinol)
Anhydrous Sodium Carbonate

Potassium Bromide

Make up to final volume with d}®

Store at room temperature in the dark

Fixer
0.8 M
0.2 M

Sodium Thiosulphate
Sodium Metasulphite

Make up to final volume with d}D

Store at room temperature in the dark
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1.7. Co-Immunoprecipitation Analysis

1.7.1.

1.7.2.

1.7.3.

1.7.4.

Radio-immunoprecipitation Assay (RIPA) Buffer

50 mM Tris-HCI (pH 7.5)
150 mM NacCl

0.5% Deoxycholate
0.5% Triton X-100
0.05 % SDS

1mM PMSF/Aprotinin

Make up to final volume with d}O
Store at 4 °C

Phenylmethanesulphonylfluoride (PMSF) Stock Sohutio
34.8 mg PMSF
Make up to 10 ml with Methanol

PMSF/Aprotinin Solution

0.1 mM PMSF Stock Solution
1.00 mi Trasylol

Make up to 100 ml with PBS (1X)

Immunoprecipitation (IP) Buffer

20 mM Tris (pH 8.0)
0.50 % Nonidet P-40 (NP-40)
0.90 % Sodium Chloride

Make up to final volume with d}®
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1.8. Specific Inhibition of PI3K with LY294002

1.8.1. LY294002 Working Dilution
20 uM LY294002 in 100 % DMSO

1.8.1.1. LY294002 Stock
1 mg/ml
Make up to final volume with 100 % DMSO

1.9. Specific Inhibition of MTOR with Rapamycin

1.9.1. Rapamycin Working Dilutions

20 nM Rapamycin in 100 % DMSO
50 nM Rapamycin in 100 % DMSO
100 nM Rapamycin in 100 % DMSO

1.9.1.1. Rapamycin Stock

1 mg/ml
Make up to final volume with 100 % DMSO

1.10. Specific Inhibition of pP90RSK with BI-D1870

1.10.1.BI-D1870 Working Dilution
10 uM BI-D1870 in 100 % DMSO

1.10.1.1. BI-D1870 Stock
1 mg/ml
Make up to final volume with 100 % DMSO
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1.11. Growth on Fibronectin

1.11.1.Fibronectin Working Dilution
10 ug/ml Fibronectin in PBS

1.11.1.1. Fibronectin Stock
1 mg/ml

Make up to final volume with PBS
1.12. Growth on Collagen
1.12.1.Collagen Working Dilution

100 pug/ml Collagen in 0.02 N Acetic Acid
Made up to volume with diD

1.12.1.1. Collagen Stock
3 ug/ul Rat Tail Collagen in 0.5 M Acetic Acid

Made up to volume with diD
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APPENDIX B

2.1. Sample standard curve
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Figure B1: Sample standard curve for the estimation of protein concentration from HOSCC
cells lysates. BSA standards of a known and varying concentration (1, 3, 6, 9, 12,
16 and 20 pg/ul; x-axis), together with their respective absorbance values
determined at 596 nm (y-axis), were used to create the standard curve. The
equation of the curve was used to calculate the amount of unknown protein in
HOSCC cell lysates. R? is indicative of linear regression.

2.2. Calculation of percent change (%) in protein expression levels after
semi-quantitative densitometric analysis

Measures of relative difference may be expressashdkess ratios. One approach to obtain
percent change between two semi-quantitative meammts of % IOD is the difference
between the final and initial value, divided by timitial value (Loyd, 2008). Therefore,

percent change (%) may be expressed as:

_ A%IOD
% IODinitiul

% I0Dfingr — % 10D 401

L0 A=
’ % 10D initial

x 100 % ; where positive % A = increase in protein

expression.

; Where negative % A = decrease in protein
expression.
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2.3. Repeated western immunoblot analysis of mTOR and -RPS6
polypeptides, in response to growth on either fibmectin or collagen

WHCO3 WHCO5 WHCO6 SNO
pg/mi u FN CN u FN CN U FN CN U FN CN

IB: mTOR

220 kDa mmp

IB: p-RPS6
Ser 235/236

36 kDa mmp
IB:p-actin

46 kDa =)

Figure B2: Repeated immunodetection of mTOR and p-RPS6¢" 25/%) jn HOSCC cells after
growth on substrates coated with either fibronectin or collagen. Polypeptides
indicative of mTOR (220 kDa) and p-RPS6®" 23%/23¢) (36 kDa) were weakly
detected in WHCO 3 cells (U, FN and CN), not detected in WHCO 5 cells (FN and
CN), not detected in WHCO 6 cells (FN) and weakly in SNO cells (U and FN).
Therefore, these western immunoblots were repeated. Initially, 15 ug of protein
was loaded from each sample in order to detect mTOR and p-RPSG(S‘er 235/236).
however this value was now doubled to 30 pg of protein from each sample.
Consequently, appropriate polypeptide bands indicative of mTOR (220 kDa) and
p-RPSG(Ser 235/236) (36 kDa) were detected by immunoblot, relative to B-actin (46
kDa) which was used to demonstrate equal protein loading of HOSCC cell
lysates.
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2.4. Commonly used antibodies and incubation conditionduring western immunoblot analysis

Table B1: Commonly used antibody dilutions and incubation times.

. Transfer I Incubation Buffer and I Incubation Buffer and
Primary Time Dilution Time Temperature Secondary Dilution Time Temperature
Antibod Ab:Buffer .. Antibod Ab:Buffer ..
y (hr) ( ) (hr) Conditions* y ( ) (hr) Conditions*
2.5 % BSA in o _ _
mTOR 3 1:1 000 2 TBS-T:TBS (1:1) | o3t antirabbit o h5, 1 TBS: TBS-T (1:1)
HRP-conjugate at RT in the dark
at RT
. . . 5 % milk powder
p-RPS6 ) 5 % BSA in TBS- | Goat anti-rabbit .
1. 1:2 1:2 1 BS-T PB
(Ser 235/236) 5 000 Overnight Tata°C HRP-conjugate 000 in T S TPBSat30
Cinthedark
1 % milk : : 5 % milk powder
MATG- -
12 15 1:1 750 Overnight  powder in TBS-T ?55-322-33255 1:5 000 1 in TBS-T at 30 °C
at4°C Jug in the dark
Goat anti-rabbit 1XPBSat30°Cin
ILK 15 1:1 500 1 1 X PBS at RT HRP-conjugate 1:30 000 1 the dark
2.5 % milk . . 5 % milk powder
cCc-3 15 1:500 Overnight  powder in TBs-T | S03tanti-rabbit =, , 55, 1 in TBS-T at 30 °C
o HRP-conjugate .
at4°C in the dark
. Goat anti-rabbit 1XPBSat30°Cin
B-actln 15 1:1000 2 1 XPBS at RT HRP-conjugate 1:35 000 1 the dark
Goat anti-rabbit 1 X PBS at RT in
FAK 2 1:500 2 1 X PBS at RT R 1:5000 1 the dark
2.5%BSA in
. ) ) Goat anti-rabbit _ TBS: TBS-T (1:1)
Raptor 2.5 1:500 2 TBS—Ta.;Tii(l.l) HRP-conjugate 1:5 000 1 at RT in the dark

Key: The star (*) symbol indicate conditions performed at room temperature (RT).
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2.5. PI3K pathway information for the WHCO series of cel lines obtained from Shaw Ph.D. Thesis (2011)

Table B2: Summary of complimentary PI3K/PKB pathway information obtained from specific inhibition of PI3K with

LY294002.
Protein Cell Line
WHCO1 WHCO3 WHCO 5 WHCO6 SNO MCF-7
™y H/MLL ) /Y H/M/L | /Y H/M/L N H/ML N H /ML L HIM/L
PTEN N Low J Low ™ Med ™ High N Low N Med
Zﬂg,; ¢ Low ¢ Low N Low N Low N Low N High

Key: Low = 0 — 45 %; Medium (Med) = 46 — 75 %; High = 76 — 100 % (and above). Protein expression levels are based on the Hager et al., (2011)
classification system for analyses of mTOR and p-RPS6 proteins (Materials and Methodology, Laser densitometry and analysis of relative protein
expression). Change in relative marker set protein expression is designated by either positive (") or negative ({,) arrows. These data were obtained

from the Ph.D. Thesis of Shaw (2011).
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Appendix C

3.1. Raw IOD and % IOD data obtained from semi-quantitative densitometric

analysis

Table C1: Levels of marker set protein expression during standard tissue culture

conditions (Serum +).

Protein Cell Line
WHCO1 WHCO03 WHCO5 WHCO6 SNO MCEF-7
% % % % % .
IOD 10D 10D 10D 10D 10D IOD 10D 10D 10D IOD % 10D
mTOR 3294 88 | 1171 31 |3310 88 |4387 117 3971 106 | 3727 100
(S':,' 53':,5;?6, 2714 69 |2226 56 | 4882 124 | 4894 124 | 362 9 |3926 100
mATG-13 | 1095 142 | 852 110 | 191 24 | 623 80 | 936 121 | 770 100
ILK 3815 87 | 3772 86 | 4472 101 | 5638 128 | 5665 129 | 4385 100

Table C2: Standard error for levels of marker set protein expression expressed as

% 10D) during standard tissue culture conditions (Serum +).

Protein Cell Line
WHCO1 WHCO3 WHCOS5 WHCO6 SNO MCF-7
mTOR 1.70 3.77 1.03 4.80 7.75 0.00
(5'3,'535,522,., 41.21 41.35 15.91 17.50 3.41 0.00
mATG-13 27.54 29.40 22.85 34.92 22.29 0.00
ILK 3.41 3.41 23.45 2.24 5.07 0.00

Table C3: Comparison of mTOR and mTORP protein expression levels during

standard tissue culture conditions (Serum +).

Protein Cell Line
WHCO1 WHCO3 WHCO5 WHCO6 SNO MCEF-7 HEK-293
% % % % % % %
10D 10D 10D 10D 10D 10D 10D 10D 10D I0D 10D 10D 10D I0D
mTOR 81 1.3 | 112 1.8 | 3430 53 3664 56 3226 50 5373 83 | 6445 100
m1|-30R 272 28 | 949 100 0.0 0.00 0.0 0.0 0.0 0.0 176 18 190 20
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Table C4: Standard error for mTORB protein expression (expressed as % 10D)

during standard tissue culture conditions (Serum +).

Protein Cell Line
WHCO1 WHCO3 WHCO5 WHCO6 SNO MCF-7 HEK-293
mTOR 0.01 0.59 5.22 0.63 7.83 1.70 0.00
mTORB 51.17 29.10 0.00 0.00 0.00 30.69 0.00

Table C5: Marker set protein expression from the apoptotic cell (A/C) control.

Ti |
Protein Issue Cu ture Cell Line
Condition
WHCO6
10D % 10D
S+ 2159 100
mTOR A/C 651 30
p-RPS6 S+ 7914 100
(Ser 235/236) A/C 0 0

S+ 5996 100
mATG-13 A/C 1427 24
S+ 4629 100
ILK A/C 3586 77

Table C6: Protein expression levels of marker set proteins after specific inhibition

of PI3K with LY294002.

Protein Cell Line
WHCO1 WHCO3 WHCO5 WHCO6 SNO MCF-7
% % % % % .
oo o |wp S |wp So|tep  Soliop S| 10D %10D

TOR L- (1609 75 | 155 7 |1366 63 |2159 100 | 877 41 | 3232 150
m L+ | 2212 102 | 499 23 | 2053 95 | 1806 84 |1046 48 | 5445 252
p-RPSG | L~ [ 453 6 | 196 2 |3751 47 |7914 100 | 3457 44 |2755 35

(Ser235/236) | 4 | 225 3 2397 30 | 856 11 |3039 38 | 212 3 184 2
L- | 5062 84 |7513 125 |4153 69 |5996 100 | 7385 123 | 10277 171

MATG-13 | || | /518 82 |6408 107 | 6453 108 | 5138 86 |4792 80 | 3537 59
L- |3991 86 |2541 55 |2410 52 |4629 100 | 7091 153 | 2667 58

ILK L+ | 4151 90 |2561 55 |3284 71 |3642 79 |4895 106 | 3245 70
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Table C7: Standard error of marker set protein expression (expressed as % 10D)
specific inhibition of PI3K with LY294002.

Protein | Treatment Cell Line
WHCO1 | WHCO3 | WHCO5 | WHCO6 | SNO MCF-7
p-RPS6 L- 0.92 0.22 1.32 0.00 0.00 0.00
(Ser 235/236) L+ 1.48 3.90 8.57 14.00 0.00 0.00
mATG-13 L- 4.50 0.00 22.66 0.00 18.82 25.16
L+ 1.34 34.45 13.58 3.59 8.63 19.07

Table C8: Protein expression levels of marker set proteins during conditions of
serum-free tissue culture (Serum -).

Protein Cell Line
WHCO1 WHCO03 WHCO5 WHCO6 SNO MCF-7
% % % % % .
10D 10D 10D 10D 10D 10D 10D 10D 10D 10D IOD % I0D

mTOR | S* | 3156 98 3546 110 | 4222 130 |3237 100 | 3993 123 | 4146 128

S- | 4070 126 | 680 21 |2272 70 | 1765 55 |4492 139 |2515 78
p-RPS6 | S+ | 1818 36 |4336 85 |4528 89 [5075 100 (3032 60 |3934 78
(Ser235/236) |\ g | 1176 23 | 35 1 |3304 65 [2050 40 |2154 42 |2957 58
S+ | 523 38 [3048 224 | 649 48 | 1359 100 | 1003 74 | 1374 101
S- | 747 55 | 631 46 | 353 26 |1710 126 | 1010 74 |3484 256
S+ [ 8103 108 | 5812 77 | 7323 98 | 7508 100 | 7448 99 |6900 92
S- | 6582 88 | 4170 56 |6221 83 |6528 87 |7583 101 | 5267 70

mATG-13

ILK

Table C9: Standard error for protein expression levels expressed as % 10D) of
marker set proteins during serum-free tissue culture (Serum -).

Tissue
Protein Culture Cell Line
Condition
WHCO1 | WHCO3 | WHCO5 | WHCO6 SNO MCF-7
S+ 8.36 18.21 17.01 0.00 7.24 0.84
mTOR

S- 20.73 19.33 14.07 17.28 6.27 2.63
p-RPS6 S+ 1.74 5.82 6.10 0.00 3.44 2.48
(Ser 235/236) S- 0.25 0.18 3.28 6.01 1.96 5.20
S+ 20.44 191.97 17.52 0.00 29.58 0.00
mATG-13 S- 30.15 20.70 6.20 15.31 30.33 0.00
LK S+ 18.57 8.26 3.81 0.00 2.42 17.86
S- 8.79 7.38 15.97 2.23 13.94 7.05
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Table C10: Expression levels of marker set proteins after specific inhibition of mTOR

with rapamycin.

Rapamycin
Protein Treatment Cell Line
Conditions
WHCO6 SNO MCEF-7
T('::;e C°"°(en"“tﬂr;'t'°" IOD %I0D | IOD  %IOD | IOD  %IOD

0 0 2167 100 | 1694 78 2852 132

20 2924 135 | 1376 63 2410 111

6 50 3543 163 950 44 3173 146

mTOR 100 4298 198 | 1445 67 2983 138
20 1733 80 2141 99 2994 138

24 50 2055 95 1227 57 2919 135

100 2124 98 493 23 2641 122

0 0 9768 100 | 8331 85 8197 84
20 3853 39 3722 38 693  7.00
6 50 2898 30 3119 32 115 1.00
- 2‘:,52365, 100 1864 19 2593 27 87  1.00
20 1405  14.0 100 1.00 195 2.0
24 50 731 7.00 142 1.00 168 2.00
100 189 200 | 324 3.00 320 3.00

0 0 601 100 934 155 151 25

20 393 65 1200 200 234 39

6 50 154 26 1394 232 167 28

mATG-13 100 717 119 787 131 260 43
20 1018 169 | 1109 184 161 27

24 50 94 16 1309 218 117 19

100 121 20 575 96 602 100

0 0 3279 100 | 3511 107 2734 83

20 2855 87 3883 118 4962 151

6 50 2148 66 3653 111 3871 118

ILK 100 1444 44 2936 90 4147 127
20 3143 96 2942 90 4145 126

24 50 2812 86 4155 127 3421 104

100 4173 127 | 3442 105 7672 234
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Table C11: Standard error for mTOR protein expression expressed as % I0D) after
specific inhibition of mTOR with rapamycin.

Rapamycin
Protein Treatment Cell Line
Conditions
Time | Concentration WHCO6 SNO MCE-7
(hr) (nM)
0 0 0.00 7.23 0.00
20 4.23 22.77 0.00
6 50 3.92 7.37 0.00
mTOR 100 9.62 9.58 0.00
20 1.20 6.84 0.00
24 50 8.58 14.48 0.00
100 9.05 7.60 0.00

Table C12: Protein expression levels of marker set proteins after specific p90RSK
inhibition with BI-D1870

Protein | Treatment Cell Line
WHCO5 WHCO6 SNO MCF-7 HEK-293
% % % % %
oo 10D oo | 00 op | o0 O 10D oD
u 970 54 | 1808 100 | 1595 88 | 1342 74 3699 205
mTOR DMSO 1167 65 1850 102 | 1584 88 | 1489 82 2270 126
BI 948 52 1301 72 | 1237 68 | 1509 83 2501 138
RPSE U 3919 46 | 8439 100 | 59 58 64 64 5276 84
(E;, 235/236) DMSO 5997 71 75 75 67 67 50 49 6730 108
BI 5712 67 65 65 85 85 50 50 2264 36

Table C13: Standard error for key protein intermediates (expressed as % I0D) after
specific p90RSK inhibition with BI-D1870

Protein Treatment Cell Line
WHCO5 HEK-293
U 11.21 47.79
mTOR DMSO 2.59 21.70
BI 23.48 55.43
U 5.81 0.00
p-RPS6
(Ser 235/236) DMSO 1379 000
2] 6.28 0.00
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Table C14: Protein expression levels of marker set proteins after growth of HOSCC
cells on fibronectin (FN) or collagen (CN).

Protein Cell Line
WHCO1 | WHCO3 | WHCO5 | WHCO06 SNO MCF-7
% % % % % %
oo o |Mwp S |t ol wep o) oD oolloD S
U | 541 37 | 91 6 | 902 61 | 1471 100 | 427 29 | 105 4
mTOR | FN | 1032 70 | 125 8 | 110 7 | 1539 105| 578 39 | 817 28
CN | 2251 153 | 148 10 | 159 11 81 5 1291 88 | 288 10
RPsg | U | 9195 1103726 45 | 3933 47 | 8353 100 | 6263 75 | 8194 98
(SE, 235723 | FN | 8706 104 | 4189 50 | 1580 19 | 10584 127 | 11156 134 | 8423 101
CN | 9149 110 | 5034 60 | 1646 20 | 1761 21 | 10967 131 | 9118 109
Table C15: Standard error for marker set proteins (expressed as % 10D) after growth
of HOSCC cells on fibronectin (FN) or collagen (CN).
Protein Cell Line
WHCO1 | WHCO3 | WHCO5 | WHCO®6 SNO MCEF-7
U 8.46 0.48 13.43 0.00 0.71 1.19
mTOR FN 18.45 0.67 0.71 7.86 8.87 9.26
CN 16.31 0.58 0.31 0.86 6.98 3.27
p-RPSG U 7.59 1.21 13.22 0.00 3.09 18.37
(er 235/236) FN 8.57 3.10 5.48 2.36 0.90 9.59
CN 3.02 4.16 5.47 6.19 11.53 2.83

Table C16: Protein expression levels for marker set proteins after combination
treatment with fibronectin (FN) and PI3K-specific inhibition LY294002.

Protein Treatment Cell Line
WHCO 5 WHCO6 SNO MCF-7
0,
IOD  %IOD| 10D %IOD | 10D é’D 10D % 10D

U 509 60 849 100 | 334 39 542 64
o FN 713 84 967 114 | 768 90 553 65
m L+ 687 81 129 15 962 113 | 536 63
FN & L+ 526 62 202 24 | 489 58 367 43
U 2346 71 3319 100 | 3551 107 | 2578 78
p-RPS6 FN 3564 107 | 3454 104 | 2588 78 | 3330 100
(Ser 235/236) L+ 1466 44 1644 50 | 2035 61 876 26
FN & L+ 2134 64 1873 56 | 2564 77 | 1018 31
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Table C17: Standard error of marker set protein expression (expressed as % 10D)
after combination treatment with fibronectin (FN) and PI3K-specific
inhibition LY294002.

Protein Treatment Cell Line
WHCO 5 WHCO 6 SNO MCF-7

1] 0.32 0.00 9.36 13.61
FN 8.91 35.38 23.19 12.18
mTOR L+ 25.47 1.98 20.47 12.48
FN & L+ 13.12 2.51 8.55 7.45
1] 2.95 0.00 15.80 7.38
p-RPS6 FN 15.62 3.77 11.13 13.75
(Ser 235/236) L+ 7.54 2.43 8.55 3.45
FN & L+ 12.51 5.27 10.97 4.51
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APPENDIX D

4.1. Statistical analysis of protein expression leveldtained from semi-quantitative densitometry.

Table D1: Student’s t-test analysis of the difference in protein expression between cells of the WHCO series and the MCF-7
cell line obtained under standard tissue culture conditions (Serum +).

i) WHCO1 WHCO3 WHCO5 WHCO6 SNO MCF-7
Protein | Mean SD SEM | Mean SD SEM | Mean SD SEM | Mean SD SEM | Mean SD SEM | Mean SD SEM
mTOR | 32945 727.5 420.0 | 1171.6 262.2 151.4 | 33109 121.0 69.9 | 4387.0 0.0 0.0 | 3971.2 1468.0 8475 | 37275 899.9 519.6
p-RPS6
(Ser 27144 2774.0 19615 | 2226.2 2686.4 1899.5 | 4882.0 845 59.7 | 48942 0.0 0.0 362.1 256.0 181.0 | 3926.5 764.9 540.8
235/236)
mATG-

13 1095.4 1374.1 9716 | 8525 1097.1 775.7 | 52.853 314 22.2 623.5 0.0 0.0 936.0 1012.2 715.7 | 770.8 899.5 636.1
ILK 3815.5 3449 199.1 | 37723 2579.2 1489.1 | 4472.1 2215.8 1279.2 | 5638.7 0.0 0.0 | 5665.9 507.4 292.9 | 4385.8 130.2 75.1
ii) WHCO1 WHCO3 WHCO5 WHCO6 SNO MCF-7
Protein - value t- value t- value t- value t- value t- value

statistic P statistic P statistic P statistic P statistic P statistic P

mTOR -0.648 0.552 -4.723 0.009 -0.794 0.471 1.269 0.273 0.245 0.818 N.A. N.A.
p-RPS6
(Ser -0.596 0.612 -0.861 0.480 1.756 0.221 1.789 0.215 -6.249 0.0247 N.A. N.A.
235/236)
mATG-

13 0.279 0.806 0.0814 0.943 -8.832 0.0126 -0.232 0.838 0.172 0.879 N.A. N.A.
ILK 2.679 0.0553 -0.411 0.702 0.0673 0.950 16.660 <0.001 4.232 0.0133 N.A. N.A.

* Indicates significant difference (p < 0.05).
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Table D2: Student’s t-test analysis comparing mTORP protein expression under standard tissue culture conditions (Serum +).

i) WHCO1 WHCO3 MCF-7 HEK-293
Protein Mean SD SEM Mean SD SEM Mean SD SEM Mean SD SEM
mTORB 272.1 63.1 44.6 949.0 701.09 495.7 176.1 30.5 21.5 190.8 107.9 76.3
i) WHCO1 WHCO3 MCF-7 HEK-293
Protein t-statistic p value t-statistic p value t-statistic p value t-statistic p value
mTORB 0.919 0.455 1.512 0.135 -0.185 0.435 N.A. N.A.

* Indicates significant difference (p < 0.05).
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Table D3: Paired t-test analysis on the difference in marker set protein expression during conditions of serum withdrawal
for 24 hours (Serum -).

i) mTOR WHCO1 WHCO3 WHCO5 WHCO6 SNO MCF-7
S+ S- S+ S- S+ S- S+ S- S+ S- S+ S-
Mean 3156.8 4070.3 3546.0 53.167 4222.7 2272.7 3237.4 1765.6 3993.0 4492.4 4146.4 2515.4
SD 468.8 1445.4 4373.0 3.650 2102.5 788.7 0.0 1220.0 405.6 351.5 1582.2 1922.9
SEM 270.6 834.5 2524.8 2.107 1213.8 455.3 0.0 704.3 234.2 202.9 913.5 1110.1
ii) p-RPS6 WHCO1 WHCO3 WHCO5 WHCO6 SNO MCF-7
(Ser 235/236)
S+ S- S+ S- S+ S- S+ S- S+ S- S+ S-
Mean 1818.1 1176.3 4335.7 34.7 4527.5 3303.7 5075.0 2050.4 3031.7 2154.3 3933.6 2957.1
SD 2670.0 1887.9 974.0 15.8 1056.2 288.7 0.0 394.3 1924.5 1836.8 157.6 678.0
SEM 1541.5 1090.0 562.3 9.1 609.8 166.7 0.0 227.6 1111.1 1060.5 91.0 391.4
i) ";:TG WHCO1 WHCO3 WHCO5 WHCO6 SNO MCF-7
S+ S- S+ S- S+ S- S+ S- S- S+ S- S+
Mean 522.5 746.6 5048.1 630.7 649.0 352.9 1358.7 1709.8 1002.5 1010.4 6976.9 180.7
SD 392.8 579.3 860.3 397.7 336.5 119.1 0.0 294.1 568.3 582.8 340.6 72.7
SEM 277.7 409.6 608.3 281.2 237.9 84.2 0.0 207.9 401.9 412.1 240.8 51.4
iv) ILK WHCO1 WHCO3 WHCO5 WHCO6 SNO MCF-7
S+ S- S+ S- S+ S- S+ S- S+ S- S+ S-
Mean 8102.7 6581.5 5812.3 4170.1 7322.9 6221.2 7507.8 6528.3 7448.4 7583.4 6899.9 5267.2
SD 2768.0 1072.3 854.0 779.9 2945.9 1971.6 312.3 471.3 0.0 1764.2 3767.3 2898.4
SEM 1598.1 619.1 493.0 450.2 1700.8 1138.3 180.3 272.1 0.0 1018.5 2175.0 1673.4
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v) Table D3 continued

WHCO1 WHCO3 WHCO5 WHCO6 SNO MCF-7
mTOR -0.960  0.438 | 11382  0.030 1.214 0.349 2.090 0.172 -7.159  0.0190 | 0.936 0.448

-1.700 0.339 13.505 0.0471 1.925 0.305 -1.689 0.340 -0.766 0.584 23.252 0.0274

* Indicates significant difference (p < 0.05).
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Table D4: Paired t-test analysis on the extent fibronectin (FN)- or collagen (CN)-coated substrates effect marker set protein

expression.
i) WHCO1 WHCO3 WHCO5 WHCO6 SNO MCEF-7
mTOR U FN CN U FN CN V) FN CN V) FN CN V) FN CN U FN CN
Mean 541 1032 2970 91.2 124 147 902.3 109 158 1470 1538 80.6 427.1 578.4 1291.4 N.A.  N.A. N.A.
SD 528 1150 0.0 29.7 41.7 36.1 837.6 44,5 193 0.0 490.5 53.6 44.3 553.4 435.3 N.A. N.A. N.A.
SEM 373 813 0.0 21.0 29.4 255 592.2 31.4 13.6 0.0 346.8 37.9 31.3 391.3 307.8 N.A.  N.A. N.A.
i) WHCO1 WHCO3 WHCO5 WHCO6 SNO MCEF-7
p-RPS6
(Ser U FN CN ) FN CN ) FN CN U FN CN V) FN CN U FN CN
235/236)
Mean 9195 8705 9148 3725.8 4188 5034 3933.0 1580 1645 | 8353.2 10584 1760 | 6263.2 11155 10967.2 | 8194 8423 9117
SD 2689 3035 1071 427.1 1098 1473 4685.4 1943 1937 0.0 835.5 2193 | 1095.6 317.2 4086.7 6511 3399 1001
SEM 1902 2146 757.5 302.0 776 1042 3313.1 1373 1370 0.0 590.8 1550 774.7 224.3 2889.7 4604 2403 708.0
iii) WHCO1 WHCO3 WHCO5 WHCO6 SNO MCF-7
FN t-statistic pvalue | t-statistic pvalue | t-statistic pvalue | t-statistic p value t-statistic p value t-statistic p value
mTOR -1.115 0.466 -3.991 0.156 1.413 0.392 -0.197 0.876 -0.420 0.747 N.A. N.A.
p-RPS6 2.005 0.295 -0.975 0.508 1.213 0.439 -3.776 0.165 -8.889 0.0357 -0.104 0.934
iv) WHCO1 WHCO3 WHCO5 WHCO6 SNO MCF-7
CN t-statistic p value | t-statistic pvalue | t-statistic pvalue | t-statistic p value t-statistic p value t-statistic p value
mTOR -6.507 0.0485 -1.213 0.439 1.227 0.435 -6.507 0.0485 -1.213 0.439 1.227 0.435
p-RPS6 0.0407 0.974 -1.768 0.328 1.177 0.448 0.0407 0.974 -1.768 0.328 1.177 0.448

* Indicates significant difference (p < 0.05).
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Table D5: Paired t-test analysis of mTOR and p-RPS6®" 2*2%6) grotein expression in response to combined Fibronectin (FN)
stimulation and PI3K-specific inhibition with LY294002.

1) WHCOS5 WHCO6 SNO MCF-7
mTOR U FN L+ it U FN L+ D U FN L+ A U FN L+ A
L+ L+ L+ L+
Mean 509.0 712.8 188.9 270.6 | 849.2 967.4 1285 201.6 | 3339 767.8 961.7 488.6 |542.3 552.8 535.6 366.7
SD 109 302.8 102.3 82.7 0.0 1201.8 67.4 85.1 | 318.0 787.7 695.2 290.5 |462.4 413.7 424.0 253.2
SEM 7.7 2141 723 584 0.0 849.8 47.6 60.1 | 159.0 393.8 347.6 145.2 | 266.9 2389 244.8 146.1
i) WHCOS5 WHCO6 SNO MCF-7
p-(lzel:’rs6 U FN L+ AN U FN L+ AN U FN L+ AU U FN L+ AN
235/236) L+ L+ L+ L+
Mean | 23459 24322 1034.9 1439.5| 3318.5 8073.8 1644.0 1872.9 | 2393.9 2587.5 13829 1741.4| 25779 22933 613.8 698.2
SD 391.9 2073.2 1000.5 1659.9 0.0 8010.4 322.0 699.2 | 2097.7 1477.2 11355 1456.3 | 979.4 1825.4 458.1 598.2
SEM 226.2 1196.9 577.6 9583 0.0 4624.8 1859 403.7 | 1211.1 8529 655.6 840.8 | 565.4 10539 264.4 3453
iii) WHCO5 WHCO6 SNO MCEF-7
t-statistic p value t-statistic p value t-statistic p value t-statistic p value
FN -0.919 0.527 -0.139 0.912 -1.181 0.323 -0.0826 0.942
L+ 3.998 0.156 15.121 0.0420 -1.815 0.167 0.0493 0.965
FN & L+ 3.601 0.172 10.759 0.0295 -0.662 0.555 1.402 0.296
iv) WHCO5 WHCO6 SNO MCF-7
t-statistic p value t-statistic p value t-statistic p value t-statistic p value
FN -0.0862 0.939 -1.028 0.412 -0.518 0.656 0.485 0.676
L+ 2.808 0.107 9.004 0.0121 1.735 0.225 5.581 0.0306
FN & L+ 1.080 0.393 3.581 0.0350 1.037 0.409 7.824 0.0159

* Indicates significant difference (p < 0.05).
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