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Abstract

Monoclonal antibodies (MAbs) have emerged as anorapt therapeutic
modality for the treatment of cancer, due to ttegh specificity, low toxicity,
and the ability to activate components of the imenwystem. The research
carried out in this thesis aims to identify novatigens associated with cancer
invasion, that could form the basis of anti-invastherapeutic targets, through
the generation of MAbs directed against the highlxasive MiaPaCa-2 clone 3
pancreatic cell line, and the MDA-MB-435-SF brezetcer cell line.

Two MAbs were identified that could successfullpdk cancer invasiom vitro.
MAb 7B7 G5 (2) significantly reduced invasion inettMiaPaCa-2 clone 3
pancreatic cell line; the SKBR-3 and MDA-MB-231 asé cancer cell lines; the
DLKP-M and H1299 lung cancer cell lines; the SNBgl®ma cell line and the
HCT-116 colon cancer cell line. Inhibition of invas was also observed in the
Lox IMVI melanoma cell line, but not significantlgo. This MAb also
significantly decreased cell motility in the MiaP&€ clone 3 cell line. MAb
9E1 24 (6) significantly decreased cell invasiontlie MiaPaCa-2 clone 3,
MDA-MB-231, DLKP-I, DLKP-M, H1299, C/68 and Lox IMV cell lines.
Invasion was also inhibited in the SKBR-3 cell lin®ut not significantly so.
Surprisingly, invasion wascreasedin the HCT-116 colon cancer cell line,
following incubation with this MAb.

Other invasion-related processes were also dectdalewing incubation with
the MAb 9E1 24 (6) and 7B7 G5 (2); MiaPaCa-2 cl8rahesion to fibronectin,
and MMP-9 activity in the MDA-MB-231 breast cancecell line.
Immunohistochemical analysis of 9E1 24 (6) revedlet its target antigen is
expressed to varying degrees in a wide range ofotuntypes (colon
adenocarcinoma, pancreatic, breast, B-Cell lymphoRetinoblastoma and
Glioma). Weaker staining was observed in normabroliver and prostate
tissues.

MADb 9E1 24 (6) was shown to react with a 75kDa @roband on Western blot
analysis. Immunoprecipitation studies, followed WC-MS/MS analysis,

revealed that its target antigen was Annexin A@5kDa cellular calcium and
phospholipid binding protein. This was further odrorated by decreased
expression of the reactive 9E1 24 (6) band in Ammé%6-silenced cells. siRNA

silencing of Annexin A6 significantly reduced inv@s in the MiaPaCa-2 clone 3
and DLKP-M cell lines, suggesting a role for thistein in the invasion process.

A cross-linked immunoprecipitation approach with MAB7 G5 (2) revealed
two bands at approximately 70 and 80kDa. LC-MS/M8&lysis identified these
as Ku70 and Ku80 respectively, two subunits of Keheterodimer, which is
involved in DNA double strand break repair. siRNAemscing of these two
subunits in the MiaPaCa-2 clone 3 and DLKP-M dek$ significantly reduced
levels of invasiorand motility, indicating that they play a role in bgpinocesses.
Immunofluorescence analysis on Ku70 and Ku80 sddngliaPaCa-2 clone 3
cells revealed a significant decrease in MAb 7B7(85reactivity on Ku80, but

Xl



not Ku70, silenced cells, suggesting that the Kg8Bunit is the main target
antigen for MAb 7B7 G5 (2).

The research presented in this thesis is proofriotiple of how MAbs can be
successfully generated that specifically targetsmn-related proteins, and can
block cancer invasiom vitro. The identified proteins may have the potential to
become useful therapeutic targets for the treatmieintvasive cancers, and could
lead to the development of new drugs that spedlfitarget metastatic cancer
cells.
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CHAPTER 1
INTRODUCTION



1.1 Cancer Metastasis

Metastatic disease — the spread of cells from tiv@goy neoplasm to distant
organs, and their relentless growth - is the prnntause of death for most cancer
patients. The development of invasion, which itésathe metastatic cascade, is
comprised of a series of biological processes mhate tumour cells from the
primary site to a distant location. Each of thesecpsses can potentially be
targeted by therapeutic agents; however, the mialeewvents of metastasis are
highly complex, and not fully understood. This éflected in the fact that there
are currently no effective treatments availabld theget invading tumour cells.
Understanding these molecular mechanisms, and dlee af the numerous
proteins involved, is of crucial importance in tevelopment of novel therapies

for use in the treatment and diagnosis of cancer.

1.1.1 Mechanisms of Invasion/Metastasis

The ability of cancer cells to acquire a metastalienotype represents one of the
most dangerous aspects of tumour progression. Nocelss are anchorage
dependent and are designed to commit "suicide"doptasis if detached from
cells of their own kind. This is a measure thatvprgs cancer and other
abnormal growths from arising in most cases. Howewe tumour cells, this
regulatory process is disrupted, through accunaratdf genetic changes,
allowing for the survival of the tumour cell. Metasis is the spread of these
malignant tumour cells from their primary site taliagtant, secondary site. The
process of metastasis occurs in a series of dessteps, termed the “metastatic

cascade”.

Firstly, the tumour cells undergo a transformatiamown as the epithelial-
mesenchymal transition, or EMT, which is a typidehture of aggressive,
invasive and metastatic cancer cells (de Wete., 2008). This is followed by
invasion, which initiates the metastatic procedss Tonsists of (1) changes in
tumour cell adherence to cells and the extra @lluhatrix (ECM), (2)

proteolytic degradation of the surrounding tissad &) motility to physically



propel a tumour cell through tissue. These metastalls are then transported
around the body, where they can then colonise rdistagans and establish

secondary tumour sites.

a Primary tumsur b Proliteration/ ¢ Detachment/ d Embolism/circulation
angicgenesis imvasion

capillarias Inkeraction with platelets,
Iymphocytes and other
blood components

e Extravasation Adherence to Arrast in organs Transport

e b -
Lung Heart

Metastasis

wessal wall

Profferation/
Angicgenesis

Ezxablishment of a
microanyironmeant

Figure1.1: - The main steps involved in the formation of metsisté-idler,
2003)

EMT is a program of development of biological celtmracterised by loss of cell
adhesion, repression of E-cadherin expression,rardased cell mobilitylt is

normally observed in tissue morphogenesis duringrgamic development and
in fibrosing conditions succeeding tissue injuryuring EMT, non-motile,

polarised epithelial cells, embedded via cell-getictions in a cell collective,
dissolve their cell-cell junctions and acquire atderistics similar to
mesenchymal cells - non-polarised, motile and iiweagYilmaz et al, 2009).

Although the molecular basis of EMT are still notly understood, several
interconnected pathways and signalling moleculeslwed have been identified
(growth factors, receptor tyrosine kinases, GTRaBe&stenin and integrins).

Most of these pathways converge on the down redguladf the epithelial



molecule E-cadherin, an essential event in tumawmadion. (Guarincet al,
2007).

Once a cell undergoes EMT, it now has the abibtghange its position within
the tissueNeoplastic cells are able to enter lymphatic ambdblvessels through
ECM invasion, allowing for the dissemination inteetcirculatory system, and
finally, to undergo metastatic growth in distantesi The process of tumour
spreading within tissues uses migration mechanidms are similar, if not

identical, to those that occur in normal, non-nasfit cells during physiological

processes (Friedlt al, 2003).

In order for migration to occur, the cell body nee alter its shape and
stiffness, thus allowing it to interact with therswnding tissue structures.
Hereby, the ECM is the environment in which tumaetls proliferate and
provides the substrate, along with a partial barwsevards the advancing cell
body. Cell migration through the tissue resultsnfr@ continuous cycle of

interdependent steps:

(1) Polarisation and elongation of the cell body

(2) Formations of a pseudopod, through extensiothefcell’'s
leading edge

(3) Contraction of regions on the leading edgether entire cell
body, thus generating traction force

(4) Cell body and trailing edge glides forward gelliet al., 2003).
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lamainpodium

werntral

Figure 1.1.1: - Side view diagram of retrograde flow in lamillopadin a
motile/locomoting cell (Cramer, 1997)



Cell matility is also mediated by adhesion molesul€ell adhesion molecules
(CAMs) can be divided into 5 major families: thennmanoglobulin superfamily,
the integrins, selectins, cadherins and CD44 (Duyst al, 2008).

Intravasation, or penetration of the basement mangbarrier by tumour cells,
is achieved through the release a variety of pse®a glycosidases, and
collagenases, thus allowing for the degradatiorvasfous components of the
matrix and resulting in tumour cell invasion thrbugssue barriers, blood
vessels, and lymph channel. Matrix metalloprotesa@MPs) are a family of
membrane-anchored proteolytic enzymes that candehtibe ECM by acting on
a relatively broad range of targets including apdia, plasminogen, elastin,
fibronectin and laminin (Dowlinget al, 2008). Tumour cells may also release
polypeptide factors that can modulate the typerofgmglycans produced by host
mesenchymal cells (Kufet al, 2003).

Once the tumour cell has detached from the prinsty, and successfully
invaded through the ECM, it then has several opinases to complete before it

can colonise a second tumour site.

= Survival & Arrest in the Bloodstream

Once the tumour cell invades through the ECM, eintenters the circulatory or
lymphatic system, allowing it to travel to a newcdtion. However, the
bloodstream is a harsh environment for metastagigimour cells because of
velocity-induced shear forces and the presencenwfune cells. Once the tumour
cells have gained access to the blood system,rntitagybe swept away to distant
sites, which they can colonise. Within the bloogstn the tumour cells may
interact with host components such as lymphocytesnocytes and platelets
through heterotypic adhesion. This may lead todaumps incorporating the
tumour cells, lending them protection from mechahstress and immune attack.
Despite this, the chances of a cancer cell surgicinculation and establishing a
new site is fewer than 10,000 to 1 (Zedal, 2010).



= Lodgement at a Distant Site

The circulation of the blood plays a significankeran determining where cancer
cells travel. The cancer cells usually get trappetie first set of capillaries, they
encounter downstream from their point of entry.gaently these are in the
lungs, since returning deoxygenated blood leaviagyrorgans is returned to the
lungs for re-oxygenation. Once in a new site, tdlsanust again penetrate the
basement membrane of the blood vessel and estahkshselves in the new

tissue

= Extravasation

After tumour cells enter the systemic circulatiamd in order for a metastatic
tumour to develop, the cells must extravasate fitwerblood supply, invade local
stroma, and develop their own microenvironment (Ere& al, 2002). The
formation of new blood vessels (angiogenesis)imgated, so that oxygen and

vital nutrients can reach the growing tumour.

= Growth

Proliferation of the cancer cells at their new sg#edependant on a number of
factors including the nature of the environmeriinidls itself in and the nature of
the tumour itself. These factors include resistandeost defence mechanisms of
humoral and cellular nature and response to orinement for specific growth
factors. Failure in any one of these steps resultie death of the cancer cell,
making this process highly inefficient. Millions afmour cells can be shed into
the circulatory system daily, with few secondargpntwrs forming (Kufeet al,
2003).

As has been shown, there are a multitude of factmslved in the metastatic
process. Several key stages in the metastatic ggdtave been shown to be
controlled, directly or indirectly, through the ksurface, so the identification of
these proteins that are preferentially expressethenrmembrane of metastatic
tumour cells is of fundamental importance in canasearch. The following

sections will focus on various cell surface praseirproteoglycans and



proteolipids that play a role in the metastaticcess, including adhesion, ECM-

degradation and cell motility.

1.1.2. Cell Surface Proteins in Invasion/Metastasi

Membrane proteins play a key role in cellular pssas such as migration,
adhesion, and cell survival. However, during transftion from a normal cell
into a tumour cell, specific defects appear in ¢hpsoteins, resulting in the loss
of tumour suppressor genes, and alteration of cgtle control. The cells
become growth-factor independent, losing contatibition and features of
differentiation (Chow, 2010). These transformediscare a pre-requisite for
metastasis, but they still need to acquire a wahge of molecular properties in
order to complete the whole metastatic processt wiowghich are likely to be
mediated by cell-surface proteins. Three differgnbups of molecules are

essential for the metastatic cascade to occur:

1. Proteases. - The proteolytic breakdown of proteins of the EGs an
essential step in the metastatic process. Sevéaates of proteases
contributeto the breakdown and remodelling of the ECM, mdstiaich
are up-regulatedn the course of metastatic cancer progression in
differenttypes of cancers. When invasive cells migrate thindihe ECM,
proteases such as MMPs, serine proteases and siathepe utilised to
proteolytically cleave and remove different ECM stuuéte types at cell-
ECM interface. These proteases can originate from dell surface,

intracellularly or can be secreted (Frietllal, 2008).

2. Cdlular Adhesion Molecules (CAMs): - CAMs are glycoproteins
expressed on the surface of cell membranes. In alocells, they are
involved in numerous cell processes such as celif@ration, migration
and differentiation. In tumourigenic cells, theyvhabeen reported to
function as oncogenes or tumour suppressors, dsawelegulators of
tumour progression and metastasis. CAMs interattt ather CAMs, as
well as with multiple intracellular proteins and ECcomponents
(Kerriganet al, 1998).



The Cadherins, a type-1 transmembrane family ofteprs, play an
important role in cell adhesion, ensuring that cellithin tissues are
bound together. Loss of E-cadherin gene expressiai the E-cadherin
protein, through EMT, is frequently found duringrtour progression in
most epithelial cancers (Vernat al, 2004). Other membrane proteins
involved in cellular adhesion include the immundugltn superfamily,
selectins, and CD44. Integrins are also involveddhesion, binding to a
wide range of ECM molecules (Karmaladral, 2003).

3. Cdl surface and cytoskeletal proteins. - mediate directional cell
movement. This involves regulation of the actinosyeleton; an essential

step for tumour cell migration, adhesion and ineasi

1.1.21 Cadherins

The cadherins are a family of homophilic, cell aag membrane glycoproteins
capable of mediating cell-cell adhesion. Their aogtlular regions consist of
five tandemly repeated domains that requiré" ®inding for their adhesiveness,
rigidity and stability. The three most common catle are E-, N- and R-
cadherins (based on the tissue from which they Jiese derived; epithelial,

neural and retinal tissues respectively) (Barareval., 2009).

E-cadherin, one of the most widely studied of theherins, is a single-span
transmembrane glycoprotein of five repeats andptgtsmmic domain. It mediates
homotypic adhesion in epithelial tissue, bondingthetial cells together and
relaying signals between the cells (Dowligigal., 2008). Down-regulation of E-
cadherin reduces the cell-cell adhesion, faciitatietachment from the primary
tumour and subsequent invasion into the surrountigsgie and environment. It
has been suggested that loss of E-cadherin medcidell adhesion is a
necessity for tumour cell invasion and metastagimétion (Heubergeet al.,
2010).

Loss of E-cadherin function during tumour developtnean be caused by a

variety of genetic or epigenetic mechanisms. Stiedlet al., showed that in a



panel of cancer cell lines, E-cadherin expressisndownregulated at the
transcriptional level through the binding of proti such as Snail and Slug, to
the E2 boxes in the promoter of the E-cadherin g8athdee, 2002). It has also
been shown that engagement of integrigl and a2l by collagen type |
results in a loss of E-cadherin mediated cell-aglhtacts, along with the
activation of the3-catenin/TCF (T cell factor) pathway in pancrea@ncer cells
(Yilmaz et al, 2009). In adheren junctions, the intracellutemain of E-
cadherin binds directly tB-catenin, that, in turassociates witk-catenin, which
links cadherin complexe® the actin cytoskeleton. There are a number of
stimulations, such as growth factor stimulation,ickhresults in E-cadherin-
associated p-catenin tyrosine phosphorylation, and this phosyghaton
destabilizes the E-cadherin complex and actin tekaThis causes loss of
homophilic E-cadherin-dependent adhesion and imnoluctf cell motility (Abeet
al., 2008).

An important molecular event in cancer progress®rthe switching of the
expression of E-cadherin to N-cadherin, a prockas takes place through the
EMT. N-cadherin expression has been shown to premggressive behaviour of
tumour cells, ranging from interacting with recaptgrosine kinases at the cell
surface to encouraging the activation levels of &&idases in the cytosol.
(Baranwalet al, 2009). N-cadherin has also been implicated omuating cell
motility and migration — an opposite effect to tle&tE-cadherin. This switch in
cadherins may provoke the tumour cell to migrate different surroundings. E-
cadherin is expressed by epithelial cells, whemasenchymal cadherins are

found in stromal cells such as fibroblasts (Cavalé al,, 2004).

1.1.2.2 Integrins

Integrins are a diverse family of glycoproteinsttisg@rve as the main link
between a cell and the ECM, forming heterodimergceptors for ECM
molecules. Containing 1&subunits and 8-subunits, integrins are able to form
at least 25 distinct pairings, each of which iscHefor a unique set of ligands.
Each integrin generally consists of a non-covajehilked a- and - subunit,

each of which consists of a large extracellular dmma single membrane-



spanning domain, and a short, non-catalytic cyspla tail (Gergeret al,
2009).

ECM/BM
hinding

f spbunil

[ subumnit

cation binding site N-terminal

globular doman

plasma membrane membrane Spanmning reeion

} C-termanal
cytosol cyvtoplasmic
domiain

cytoplasmic domain of [ subunit

links to cyioskeleton

Figure 1.x: - Structure of integrin (Brookst al, 2010)

Altered expression of integrins in tumour cellsrpotes metastasis through the

following mechanisms:

(1). Integrin-mediated tumour cell de-adhesion to the surrounding ECM, thus
enabling tumour cells to detach from the primary tumour: Integrins function as
both mechanical adhesion and signalling moleciies.example, integriavp3
binds a wide variety of ECM molecules, includindgrénectin, fibrinogen,

vitronectin and proteolysed forms of collagen aihin (Brookset al, 2010).

(2). Tumour cell migration into the ECM and surrounding stroma involving
integrin-mediated adhesion/de-adhesion events:

Integrins are vital for cell migration and invasjgmot only because they directly
mediate cell-ECM adhesion, but also because thegulate intracellular
signalling pathways that control cytoskeletal oigation and force generation

and survival. These pathways typically involve pitawylation of focal
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adhesion kinase (FAK), a cytoplasmic protein kindkat is localised at

structures called focal adhesions (Broeksl, 2010). FAK has been shown to
promote cell migration through direct modulationkely proteins involved in the

remodelling of the actin cytoskeleton, including tRho subfamily of small

GTPases (Hsiaet al, 2003), N-WASP (Wuet al, 2004), and the Arp2/3

complex (Ichikaweet al, 1991).

(3). Release of proteolytic enzymes induced by integrin-mediated intracellular
signalling events:

The integrins not only mediate cell-ECM adhesiagarid binding can also result
in the activation of further intracellular signallj pathway, which then stimulates
proteolysis. Degradation or disorganisation of blasement membrane is a key
feature of a tumour’s transition to a metastaticicemma (Egeblaet al, 2002).
Cancer cells produce, activate and release sediffierient types of proteases that
specifically cleave ECM molecules. One family obi@ases activated by up-
stream stimulation of integrin receptors are the R&There are a number of
reports demonstrating that co-localisationpdfintegrin and MT1-MMP1 is a
requirement for cancer cell invasion into a coltageatrix and that both MT1-
MMP and Bl-integrins have important roles in EMT (Cabal, 2008). Work
done by Brookeset al, have shown that MMP-2 can be localised in a
proteolytically active form on the surface of inwas cells, through its direct
binding of thea, 3 integrin. This allows for facilitation of cell-mé&ded collagen
degradation and directed cellular invasion (Broekal, 1996). Numerous other
studies have also shown increased activation of BIMRBring expression of
integrins (p1and MMP-3;a,$s and MMP-9 in colon carcinoma cells (Wesb
al., 1989)).

1.1.2.3 Regulation of the Actin Cytoskeleton

The formation of protrusive structures is a nedgdsir tumour cell movement
and invasionThis is achieved through regulation of actin polyisegtion. These

protrusions, termed filopodia, lamellipodia and adepodia, are driven by
spatially and temporally-regulated actin polymeimaat the leading edge of the

cell (Yamaguchiet al, 2007). Stabilisation of the protrusive structuris
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achieved through integrin-mediated binding to th&€ME of the actin
cytoskeleton. This serves the additional role ebadinating signal transduction

events that regulate cell movement (Kekgyal, 2008).

Lamellipodia are the major organelles involved @l movement, building upon
highly branched dendritic actin networks. They iat¢ with their surrounding
environment through N-cadheripl-1 integrin or the hyaluronan receptor CD44,
(which is also important for the correct positiapiof the membrane-bound
MT1-MMP) (Yilmaz et al, 2009). Lamellipodia protrusion is initiated by
localised polymerisation of actin, which in turmjuéres the generation of free
barbed ends of actin filaments at the leading eddere are three major

mechanisms for generation of free barbed ends:

(1). de novo nucleation by Arp2/3 complexes and formins
Actin polymerisation occurs by coupling to the aatucleating Arp2/3
complex, an activator of actin filament nucleatand branching (Yamaguchi
et al, 2007), which in turn binds to a multifunctioraaaptor protein, known
as the Wiscott-Aldrich syndrome protein (WASP). SThArp2/3/WASP
complex then connects to the inner leaflet of the@smpa membrane via
clustered phosphoinosites (PIPs) inserted thefep/3 can further interact
laterally with established actin filaments to indumranching of pre-existing

filaments to actin networks (Friedt al, 2003).

(2). severing of pre-existing actin filaments by cofilin:

The severing of existing actin filaments is carr@d by cofilin in response
to epidermal growth factors (EGF) and other growWabtor stimuli. This
severing activity has a dual effect on actin dyrentio promote cortical
actin-based protrusions: the number of availablbdzh ends increase, thus
allowing for rapid actin polymerisation at the celrtex, independent of
Arp2/3 complex activity. It also serves to boosadiin depolymerisation,
therefore utilising G-actin monomers in a furtheumd of polymerisation
(Kelley et al, 2008).
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(3). uncapping of barbed ends on pre-existing actin filaments:
At the trailing edge, focal contact disassembly upscthrough several
mechanisms. Actin binding and severing proteins fil[@p cap actin
filaments and cause actin filament strand breakesgnectively, and focal
contact components are cleaved through the cytmptaprotease calpain
(Friedl et al,, 2003).

Cortactin is an adaptor protein that is presenfamellipodia and invadopodia
that plays a role in stimulating actin nucleatiod subsequent polymerisation by
binding to F-actin and the Arp2/3 complex (Westdal, 2001). In addition to
regulating actin polymerisation within lamellipodortactin also plays a role in
the stabilisation of the actin networks formed byp2(3-driven polymerisation, a
process congruent with the requirement for comatdi maintain lamellipodia
persistence. While not essential for lamellipodienfation, Cortactin is a crucial
requisite for the creation of (matrix degradingyadopodia. Invadopodia consist
of an outer adhesive ring and a central actin-ciale. Cortactin, along with the
non-receptor tyrosine kinase Src, and the memdranad MT1-MMP plays an
essential role in the formation and function ofadwepodia. Integrins, such as
avP3, in conjunction with their cytoplasmic interactipartners, are situated in
the adhesive ring where they can mediate adheKieltef et al, 2008).
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Figure 1.4: - Various proteins involved in lamillopodia/filopodiaand
invadopodia formation (Yilmaet al.,2009).

1.1.3 Proteoglycans

Proteoglycans (PGs) are ubiquitous biomoleculestéatin the ECM, on the cell
surface and within cells that are heavily glycosdaThey consist of a core
protein with one or more covalently attached glyromoglycan (GAG) chain(s)
(Braga, 2008). These chains are long, linear caudiralte polymers, and due to
the occurrence of sulphate and uronic acid grothes; are negatively charged
under physiological conditions.

Located at the cell-tissue-organ interface, PGsthaoeight to govern crucial
regulatory roles in cellular control, including kceinovement in various

physiological and pathological contexts, such as:
¢ binding together ECM components such as hyaluraaid, collagen,

laminin and fibronectin.

« mediating cell-ECM adhesion.
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* acting as a reservoir for growth factors.
* presentation of growth factors to growth factoreqors on cells;
(Cattaruzzaet al, 2006).

PGs also act as cell adhesion factors by encowgabe organisation of actin
filaments in the cells cytoskeleton (Kuét al, 2003). The complex nature of
PGs on the tumour cell surface allows for moduigtidirectly or indirectly, of
several facets of the tumour cell phenotype, inagidgrowth Kkinetics,
invasiveness and metastatic potential (Rossi, 200Bgre are a number of

examples of PGs involved in the metastatic cascade.

1.1.3.1 Heparan Sulphate proteoglycans (HSPG): - Syndecan

HSPGs on the tumour cell surface have been showlayoan important role in
many aspects of tumour phenotype and developmeruding cellular

transformation, tumour growth, invasion and metstaDue to their negative
charge, the heparin sulphate (HS) chains bindvwerg wide variety of proteins,
including the members of the fibroblast growth éactFGF) family and their
receptor tyrosine kinase, transforming growth fesc{@ GFs) (Rossi, 2009).

Over the past 30 years, substantial evidence has fathered pointing to the
role cell surface HSPGs play in inhibiting tumourvasion through the
promotion of tight cell-cell and cell-ECM adhesidrhere are numerous studies
showing weak expression of heparin sulphate (H&pied from tumourigenic
cells, when compared to normal cells. AlterationsHS have been shown to
reduce the adhesive capacity of transformed detdia. levels of cell surface HS
also correlates with high metastatic activity ofnrpaumours (Rossi, 2009). The
most widely studied cell surface HSPG is the Syaddamily. Syndecans are a
family of highly conserved type | transmembrane BSRnd are expressed on
virtually all cell types throughout development aadulthood. Syndecan-1
regulates cell behaviour by binding ECM moleculeshsas growth factors types
[, I, and V collagen, fibronectin, thrombospondiand tenascin, via its HS
chains. It also binds to basic fibroblast growtbtéa (bFGF/FGF-2), a member
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of the heparin-binding growth factor (Anttonen al, 1999). In a range of
epithelial tumours including colon (Lewst al, 1996), mesothelioma (Kumar-
Singh et al, 1998), lung (Anttoneret al, 2001), hepatocellular carcinoma
(Matsumotoet al, 1997), infiltrating ductal carcinoma of the seéStanleyet

al., 1999), and head and neck carcinoma (Anttosteal, 1999), syndecan-1
expression on the tumour cell surface decreasel imitreasing metastatic
potential. Thus, decreased expression of syndecam-fumour cells parallels
with a decrease in overall HS expression (Menneeickal, 2004). This data
suggests that HSPGs and syndecan-1 in particulay, gn important role in

helping to block metastasis.

Syndecan-1 has also been found to play an importdetin supportingu,f1
integrin-mediated adhesion. Work done by Vuoriluet@l., has shown, through
overexpression and knock-down experiments, thatesyan-1 enhances binding
of ayP; to collagen. Moreover, they showed that Syndecao-localises with
azf1 integrin and contributed to proper organisation tbé cortical actin.
Crosstalk between syndecan-1 andp; integrin resulted in enhanced
transcription of MMP-1 in response to collagen lmgd These findings suggest
that theoyBs/syndecan-1 complex is important in regulating @dhesion to
collagen and in triggering integrin downstream aiing (Vuoriluoto et al,
2008).

Syndecan-2, also called fibroglycan, has been gbdeio participate in diverse
biological processes, including matrix assemblyl] adhesion and signalling
(Tkachenkoet al, 2005). In work carried out by Chet al., overexpression of
syndecan-2 was shown to enhance adhesion to cojlaggl migration and
invasion in normal rat intestinal epithelial cellfncreased integrino,f;
expression levels were also observed. Whepy integrin expression was
knocked down in colon cancer cells, levels of syate?2 were also diminished,
resulting in decreased adhesion and migration,esiggy a relationship between
syndecan-2 and,f; integrin in adhesion-mediated cell migration andaision
(Choi et al, 2009). Co-operation between syndecan-2 anddfieintegrin has

also been shown in adhesion of lung carcinoma telfforonectin substratum,
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along with regulation of the actin cytoskeleton anmgation (Kusancet al.,
2004).

1.1.3.2 Melanoma Chondroitin Sulphate Proteoglycan

Melanoma chondroitin sulphate proteoglycan (MCSBpresents a unique
glycoprotein—proteoglycan complex, with a 250 k@aecglycoprotein attached
to a larger, 450 kDa proteoglycan component, vignseresidues. lis a cell
surface proteoglycan expressed relatively earlynglanoma progression, and
has been implicated in the malignant propertiesdvianced melanon(&rfurt et
al., 2009). Work done by lidat al, have shown that MCSP interacts with a
member of the MT-MMP family, allowing for the invaa of melanoma cells
through type | collagen and degradation of typelatine (lidaet al, 2001).

MT3-MMP has been shown to be specifically localiseith MCSP to ECM
adhesion sites on the surface of melanoma cells ifkeraction requires the
expression of an intact chondroitin sulphate proigman (CSPG). Work done by
lida et al., suggests that the invasion of aggressive primamotrs within the
dermis may be facilitated by MCSP enhancing thall@oncentration and/or
activation of specific MMPs at contact sites betweeelanoma cells and the
underlying ECM (lideet al, 2001).

1.1.3.3 Versican

Versican is a CSPG consisting of a core proteitn @&-15 chondroitin sulphate
(CS) side chains covalently attached. It belongsatéamily of extracellular
proteoglycans (hyalectins) that bind to hyalurorfd®) (Ricciardelli et al,
2007). Versican (which possesses four isoforms)laeégs many diverse cellular
processes, including adhesion, proliferation, apgipt migration and invasion
through the highly negatively-charged chondroitoidrmatan sulphate side
chains. High levels of versican expression have lodserved in a wide range of
cancers, including; melanomas, osteosarcomas, lgmab, breast, brain,
prostate, colon, lung, pancreatic, endometrial,|l, oend ovarian cancers

(Ricciardelliet al, 2009), suggesting that it is important in promgtcancer cell
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motility and invasion. Work carried out by Riccakidet al., has shown that
versican-treated cancer cells incorporate versiaeh hyaluronic acid into a
prominent pericellular matrix that promotes theiotility. Following versican
treatment, a pericellular sheath of defined polar# constructed by motile
prostate cancer cells. The ability to construcs tericellular sheath correlated
with the expression of the membranous HA receg@@44. All this suggests
that tumour cells can form a polarised pericellulaheath through
compartmentalised cell surface CD44 expression ensuing assembly of
HA/versican aggregates. The lack of a pericellslaath at the leading edge of
the cell may facilitate the attraction and bindiggECM components such as
fibronectin, whilst at the trailing edge of the Ic¢he presence of a pericellular
sheath inhibits cellular binding to ECM componertas allowing for forward

locomotion of the cell (Ricciardelét al, 2007).

In work done by Kimet al., (2009), the molecular pathways that link tumour
cells, macrophages and metastasis was explorechgUsie Lewis lung
carcinoma cell line, components from the mediaylivich the cells were grown
in, were purified, allowing for the identificatiarf a factor that induced cytokine
production by macrophages. This tumour-derived owaige activator was
ascertained as versican. It was also found thaicaer was recognized by TLR2
and TLR6, two receptor proteins that belong to railia of cellular sensors of
microbially derived molecules and tissue damagéndJsmall interfering RNAS,
they went on to silence versican in tumour celig] ased TNF and TLR-null
mice. On the basis of the evidence obtained, it praposed that in the Lewis
lung carcinoma model, tumour-derived versican actsmacrophages through
TLR2/TLR6, leading to the production of inflammatarytokines which enhance
metastasis (Kinet al, 2009; Mantovanet al, 2009).

1.1.34 HSPG: - Perlecan

Although HS acts as an inhibitor against the matastascade, it may also play
a role in promoting metastasis. HS present in @& Es thought to be involved
in this, although there is some evidence that saefface HSPGs may also

contribute to metastatic behaviour. HSPGs presertheé ECM can originate
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from cellular secretions (Perlecan) or from celifface HSPGs, which are then
proteolytically shed from the cell surface (Synde)gReilancket al, 2004).

Perlecan is a major HSPG that is an important corapb of epithelial and
endothelial basement membranes. Perlecan has Isebeeih shown to support
tumour progression and vascularisation in cologsinama (Sharmat al,, 1998).
Increased Perlecan levels have also been dema@ustiatbreast carcinomas
(lozzo et al., 1994) and in metastatic melanomas (Coherl.et1994) and
correlated with a more aggressive phenotype (Sased, 2005) One way in
which Perlecan and other HSPGs in the ECM may ptemmztastasis is through
the binding of chemokines or growth factors withlase proximity to migrating
tumour cells. Through this, haptotactic-gradientsild be formed, providing
specific stimuli for migrating cells. For examplagpatocyte growth factor
(HGF) binds to HS, and this may be a means to €raeservoir of HGF within
matrices adjacent to tumours. Dateal, have shown that when HGF activity is
interrupted, carcinoma cell invasion is blockedyhtighting the relevance of this
to metastasis (Datet al, 1998).

Along with its role in influencing cytokine actiyit HSPG, when bound to the
ECM, could also regulate cell migration, by prowglian adhesive tract to
facilitate movement. HS interactions with other emlles are usually of a weak
affinity, thus allowing for cells to move along patof HS. Additionally, HSPGs
present in the ECM may bind to other moleculesstmasking them (e.g.
collagen, fibronectin) resulting in a decrease efi adhesion to the ECM. This
possibility is supported by studies analysing tummvasion through type |
collagen gels. Non-invasive cells show substantiaieases in invasion when
heparin or heparan sulphates are added to the gadsthis is likely due to
heparin binding to collagen and blocking adhesnteractions between the cell
surface HSPGs and collagen (Savetel, 2005). However, Perlecan may not
always act to promote invasion, as it suppressesgtowth and invasion of
fibrosarcoma cells. This disparity in results siggjgbat Perlecan has a complex
and wide ranging role in cell-ECM interaction; hawg this may be due to the

fact that Perlecan is part of the extracellularrirah mesenchymal tissue, and
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cells undergoing EMT may up-regulate Perlecan esgpo@ as part of their EMT
programming (Datet al, 1998).

1.1.35 CD44-Related CSPG

Melanoma cells can express the CD44 core protem @l surface Chondroitin
Sulphate Proteoglycan (CSPG) (Faasseal, 1992). The CD44 proteoglycan
forms a ubiquitously expressed family of cell soegaadhesion molecules
involved in cell-cell and cell-matrix interactionSD44 proteins are composed of
single chain molecules, containing an N-terminakraeellular domain, a
membrane proximal region, a transmembrane domaid,aacytoplasmic tail.
The primary ligand of CD44 is hyaluronic acid, aalVicomponent of the
extracellular matrix. Other CD44 ligands includeteagontin, serglycin,

collagens, fibronectin, and laminin (Goodisetral, 1999).

Over expression of CD44 is conventionally beliet@de detrimental for cancer
patients because it may reflect the presence ofe malignant metastatic
tumours. Work done by lidet al.,have shown that CD44, expressed as a CSPG,
acts in unison wit2p1 integrin to support melanoma cell migration opetyV
collagen and invasion for basement membranes. iegrin functions as the
primary adhesion molecule for type IV collagen, iwhhe CD44/CSPG mediates
some aspect of melanoma cell migration that ocesra post adhesion event
(lidaet al, 1996).

Bourguignonet al., have shown that CD44 plays a role in structuring t
lamellopodial membrane extensions of the leadingtfof migrating cells. It was
shown that the interaction of CD44 with Src kinas#fected the cytoskeletal
rearrangements at the filopodial-lamellopodial aeémbrane protrusions by

acting upon the underlying cortactin adaptor pro{8ourguignoret al, 2008).

1.1.4. Proteolipids

The term proteolipid is used to define all proteaositaining covalently bound

lipid moieties, including fatty acids, isoprenoidscholesterol and
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glycosylphosphatidylinositol. Examples of proteda include the tetraspanin

family and GPIl-anchordipidlibrary.aocs.ory

Human tetraspanin proteins are composed of 33 higydrophobic cell surface
proteins that can form complexes in cholesterdi-micro-domains, distinct
from lipid rafts, on the cell surface in a dynameversible way. A core of
several tetraspanin proteins form these complewés;h then organise other
membrane proteins such as integrins, human leugs@mntigen (HLA) antigens
and some growth factor receptors (Lazo, 2007). Tdwsist of four conserved
transmembrane domains, with characteristic exti#eel loops, and short
cytoplasmic domains. With a molecular weight rargfje22-30 kDa, these
relatively small proteins generally do not play tioée of classical cell surface
receptors. Instead, they function as molecular rosgas of multi-protein
membrane complexes, influencing a number of cell@lactions, including
proliferation, fusion, signalling, and migrationtif® et al, 2003). As well as
their role in cellular function, tetraspanins cannfi tetraspanin-enriched-micro-
domains, or TEMs, through associations with eadtemtand other proteins,
including integrins, immunoglobulin (Ig) superfagninembers, proteoglycans,
ligands, and growth factor receptors (Lafleatr al, 2009). The tendency of
different tetraspanins to associate closely withiEMs probably underlies the
ability of distinct tetraspanins to provide functad compensation for each other
(Lazo, 2007).

1.14.1 Tetraspanins and Cell Adhesion: CD82 & CHIL

The tetraspanin protein superfamily member CD82 I(KAkangai, or CD33) is
a member of the 4-span transmembrane super famiMj48F) of type Il

membrane proteins, specifically of the tetraspamibgroup. It is localized on
the cell membrane and functions as a link betwéenaictin cytoskeleton and
membrane raft domains, inducing stable adhesiaeadng and development of
membrane extensions (Lazo, 2007). KAI1/CD82 is aewspectrum tumour
metastasis suppressor associated with proteinsriemdor cell migration, such
as cell adhesion molecules, growth factor receptamsl signalling molecules.

Expression of CD82/KAI-1 in cancer patients coregawith a better prognosis,
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while down-regulation of KAI-1/CD82 is commonly asgated with clinically
advanced cancers (Gebal, 2009).

KAI-1/CD82 has been shown to stabilise E-cadheffin-catenin complexes
through inhibition of B-catenin tyrosine phosphorylation. This results in
induction of homocellular adhesion and preventercell dissemination from
primary cancer sites. A shift in Protein-Localisatiof KAI-1/CD83 from the
membrane in grade 1 ovarian tumours to the cytaplasgrade 3 tumours may
be a mechanism by which tumour cells lose theireamfe properties during

malignant transformation (Houé al,, 2002).

Work done by Goat al, suggested that synergism between wild-type pB a
JunB is involved in regulating the expression of IKACD83. When p53
dysfunction coincides with low expression of Jutii&zy may play an important
role in down-regulating the expression of KAI-1dhgh synergism in human
hepatocellular carcinoma (Gt al, 2009). From all of this, it is apparent that
KAI-1/CD82 is a pivotal molecule in the regulatiohcancer cells behaviour and

has important clinical and therapeutic implicatiamsancer.

CD151 is widely expressed on the surface of nwatiytypes, where it associates
strongly with laminin-bindingintegrins. Whereas other tetraspanins suppress
tumour cell invasion andnetastasis (Wrighet al, 2004), CD151 promotes
tumour malignancy (Testat al, 1999), and its expression correlates \piblor
prognosis, enhanced metastasis, or increased tyatiliseveral cancer types
(Yang et al, 2008). The best-known function of CD151 is itgy@gement of
integrins in basal lateral cell surface complexas;h asa3f1 and a6p4, to
facilitate cell-cell and cell-matrix adhesions (&het al, 2008). Lammerdingt
al., have shown that CD151 plays a key role as alagguof a6p1 integrin
adhesion strengthening. They proposed a “transnamebfinker” model in
which () the integrin contacts lamininj)X CD151 forms an extracellular contact
with the o subunit of laminin-binding integrins, andi ] CD151 uses its short
cytoplasmic tail to engage as yet unidentified meame-proximal elements, thus

strengthening integrin-mediated adhesion (Yangl, 2008).
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1.1.4.2 Tetraspanins and MMP Regulation

Work done by Penast al, have shown that tetraspanins tend to localise in
cellular lamillopodia and filopodia, thus their &imn at the cell surface allows
them to orchestrate events such as pericellulateplgsis by membrane-
anchored proteases (Pergtsal, 2000). Along withpl- integrins and CD44,
tetraspanin proteins such as CD63 and CD81 areiatst with MT1-MMP (in
human embryonic kidney cells, over-expression of68[rorrelates with a
decrease in cell surface levels of MT1-MMP). MT1-MMoinds to the N-
terminal region of CD63, leading to endocytosis dedradation of MT1-MMP
in lysosomes. This suggests that CD63 seems toqteolysosomal degradation
of MT1-MMP (Huanget al, 2006). Work carried out by Jargal, showed that
reduced CD63 expression contributes to the invaaneg metastatic ability of
human melanoma cells, and knockdown in MelJus® ceBulted in an increase
in cell motility and activity of matrix-degradingneymes such as MMP-2/-9
(Janget al, 2003). CD63 has also been shown to associateother tetraspanin
proteins, (CD9 and CD81), and wifii integrins in human melanoma cells (lida
et al, 2001).

CD151 has also been shown to associate with menolbéhee MMP family. In
human lung adenocarcinoma tissues, proMMP-7 isucagitand activated on the
cell membranes through interaction with CD151, whihe activity was
eliminated by their treatment with MMP inhibitonti-MMP-7 or anti-CD151
antibodies. This suggests that MMP-7, mediated ByL%1, is involved in the
pericellular activation mechanism, a crucial steproteolysis on the tumour cell
(Shiomiet al, 2005).

1.1.4.3 Tetraspanins and Cell Motility

Down regulation of the tetraspanin CD82 is a frequeccurrence in advanced
stages of cancer, and has been strongly associathda poor prognosis in

patients with prostate, gastric, colon, cervicalar@an, breast, skin, bladder,
endometrial, lung, pancreatic, liver and thyroicha@a, melanoma and myeloma

(Tonoli et al, 2005). It is known to inhibit migration and irsran by associating
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directly, or through integrins, with a variety oiffdrent molecules. CD82, in
conjunction with thex6 integrin chain and the epidermal growth factaepor

(EGFR), is accompanied by impaired laminin adhesioth migration, due to co-
internalisation with CD82. Furthermore, the assommof CD82 with EWI-2

strengthens the motility-inhibitory activity of EW2 on laminin and fibronectin.
CD82 has also been shown to interfere with hep&toggowth factor receptor
(HGFR) signalling such that when bound by its lidadGF, HGFR induces
proliferation but is unable to stimulate lamellipmdormation and therefore, cell

migration in a non-small-cell lung cancer line (o] 2009).

CD151 has also been shown to play a role in celilityo Overexpression of
CD151 has been shown to result in increased mtiditong with enhanced
expression of MMP-9 and invasiveness (Heh@l, 2006). This has been shown
to activate GTPase mediated pathways, which ineee@J P binding to Cdc-42
and Rac, two proteins involved in the organisatainthe cell cytoskeleton
(Shigetaet al, 2003). As stated previously, CD151 forms comesewith the
major laminin-5 receptorse3Bl and a6p4 integrins, in lateral cell surface
membranes. Its dissociation from laminin-bindingggrins permits the migration
of epithelial cells (Chometoet al, 2006).

CD9 is a 21-24 kDa surface molecule, and its dosguliation is associated with
tumour progression in humerous cancer types. Imiavaarcinoma cells, there
Is a correlation between expression levels of CDB8 &, a2, o3, a5 andab
integrin chains, and down-regulation of CD9 is assted with weaker matrix
adhesion and diminished growith vivo (Furuyaet al, 2005). Work carried out
by Huanget al, have shown that expression of CD9 is accompahiedhe
transcriptional down-regulation of WASF2, a membérthe WASP family of
proteins (Huanget al, 2006). WASF2 serves as a scaffold that linksrepm
signals to the activation of the Arp2/3 complex,ishhin turn mediates actin
polymerisation. WASF2 is also crucial for the fotmoa of filopodia and

lamellipodia (Takenawat al, 2007).
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1.144 GPI-Anchored Proteins

Glycosylphosphatidylinositol (GPl-anchor) is a altpid that can be attached
to the C-terminus of a protein during posttranelz modification. It is
composed of a phosphatidylinositol group linkedotlygh a carbohydrate
containing linker to the C-terminal amino acid ofrature protein. Many cell
surface proteins are attached to the cell membtaneugh GPIl-anchorage
(Mayor et al, 2004). The presence of a GPIl-anchor servesal@ning four
functional roles: (1) the apical targeting of piogein polarised cells, (2) GPI-
anchors mediate the cell surface organisation tdclaéd proteins through
association with specialised cholesterol and sphipigl-rich micro-domains,
commonly known as "lipid rafts”, (3) endocytosis GPl-anchor proteins,
leading to downstream signaling and, (4) cleavade Gd#l-anchors by
phospholipases to release soluble protein for Smmmdfor example, Cripto-1)
(Lakhanet al, 2009).

GPl-anchored proteingsually lack a cytoplasmic domaiwhich results in the
inhibition of direct intracellular protein signaily. In spite of thismany GPI-
anchored proteins have been implicated in sigmallilangumararet al, 2000)
and different models for the underlying mechaniswehbeen suggested (Simons
et al, 2000).

GPI-APs are involved in a diverse range of funcjomcluding cell migration
and wound healing (UPAR) and protease regulati&@CR)

1.1.4.41 Urokinase — Type Plasminogen (UPA)

Urokinase (uUPA) is a serine protease with a mo&cweight of approximately
54 kDa. It is composed of two disulfide-linked aingi A and B, of molecular
weights 18 kDa and 33 kDa, respectively.

The uPA system consists of:
- the plasminogen activator of the urokinase-tyalsq called “urokinase® or
“UPA“);
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- its physiological inhibitor (PAI-1);
- and the uPA-receptor (UPAR), which is over-exgeeson tumour cells (Gondi
et al, 2009).

Vitronectin / | o A Piasmin
Integrins _— :

Figure 1.5: - The uPA systemwww.wilex.com)

When uPA binds to its receptor, UPAR, a seriesrofgolytic processes occur,
facilitating the conversion of plasminogen to plasrtfigure 1.5). This allows

degradation of the ECM and activation of matrix atleproteinases, which aids
in tumour cell invasion into adjacent tissue, amdntually into the bloodstream
(Aznavoorian, et al, 1993). uPAR also interacts functionally with mat

vitronectin, adhesion receptors of the integrin ifgmand G protein-coupled
receptors. Its overexpression has also been reportgeveral types of human
adenocarcinomas, including pancreatic cancer, igasancer, and colorectal
cancer (Hildenbrandgt al.,2010).

1.1.4.4.2 RECK

RECK (REversion-inducing Cysteine rich protein wi{azal motifs) is a GPI-
anchored membrane bound protein involved in medjdissue remodelling. Its
primary role is in suppressing MMP-2, MMP-9 and MWIMP post-

transcriptionally (Zambuzzet al, 2009). RECKs inhibition of MMPs, secreted
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by tumour cells, occurs through a glycosylation haism. In normal cells, four
separate asparagine residues in the RECK protguesee are N-glycosylated.
In work carried out by Simizweet al, (2005) mutated RECK proteins were
produced, where Asn residues were replaced withitGkertain positions. The
effect of absent glycosylation was then observed MMP-2 and MMP-9
expression. It was found that glycosylation of &sn297 was needed to inhibit
MMP-9 secretion, while Asn352 glycosylation wasuiegd to inhibit MMP-2
activation. To confirm these observations, invasaesays were carried out on
HT1080-RECK mutants (no glycosylation of Asn297 &sth 352). This showed
an increase in tumour cell invasion when compaoeHT1080 cells expressing
wild-type RECK (Clarket al, 2007).

1.1.44.3 Glypicans

Glypicans are a family of heparan sulfate protecahg that are linked to the
exocytoplasmic surface of the plasmmembrane by a GPI anchor. They are
involved in cell growth, invasion and adhesion. &embers of the Glypican
family have been identified in mammals, termed GRCGPC6 (Nakatet al,
1995). Glypicans role in tumour progression inesiits ability to regulate the
activity of growth and survival factors. Work cali out by Kleekt al, showed
that expression levels of GPC1 are significantly@ased in a large number of
pancreatic cancers (Kleeét al, 1998). It was also shown that transfection of
antisense GPCL1 inhibited the mitogenic responspgaatreatic cancer cells
vitro, to FGF2 and heparin-binding EGF-like growth facémd decreased the

tumorigenicity of the transfected cells (Kleeffal, 1999).

GPC3 has also been observed in tumour progressiork carried out by Liret
al., showed that GPC3 expression is downregulated majority of ovarian
cancer cell lines. However, in all cases where GR&g&ession was lost, no
mutations were found in the coding region of theegeghe promoter region of
the GPC3 gene was hypermethylated. GPC3 expressms restored by
treatment with a demethylating agent. In addititve, authors demonstrated that
ectopic expression of GPC3 inhibits colony-formmgivity in several ovarian

cancer cell lines (Filmust al, 2001).
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1.15 Non-Cell Surface Proteins Involved in Invasn & Metastasis

1.15.1 Semaphorins

Semaphorins are a large family of conserved, ssdreind transmembrane
proteins that are involved in a variety of tumoeng processes such as cell
adhesion, migration and proliferation. Semaphogneptors, the neurophilins
and the plexins, are expressed by a wide varietycaf types, including

endothelial and cancer cells. It is through thesat tsemaphorins mediate
crosstalk between tumour cells and multiple strocedlitypes in the surrounding
tumour microenvironment (Capparucaé al, 2009). However, semaphorin-
mediatedsignals have been shown to have both an anti-aodupmourigenic

effect on cells. Work done by Barbegt al, have shown that following plexin
activation bysemaphorins, integrin-based focal-adhesive strestare rapidly

disassembled, followed by actin depolymerisatiod aytoskeletatemodelling,

resulting in cellulacollapse. Plexin activatiocan also inhibit the development
of new adhesive complexes, and bldtle formation of lamellipodia, thus
disrupting directional migration, by uncoupliogll-substrate adhesion from the

cytoskeletal dynamics thate essential for cell migration (Barbegisal, 2004).

However, contrary to this, Swiere al., have shown that the sameceptor-
ligand interaction can promote chemotaxis and rmaaininvasive growth,
depending on whether plexin-B1 was associatétl the oncogenic receptor
tyrosine kinases (RTKs), Met and HER2 (Swieetal, 2008). This paradoxical
effect is supported by expression levels in a rasfgeamour cells e.g. plexin-B1
over-expression correlates with increased invagisen and metastatic
progression in prostate cancer (Woetgal, 2007), whereas loss of plexin-B1l
expression was fountb correlate with poor prognosis in estrogen-remept
positivebreast cancer (Rodt al, 2007). This paradoxical effect is probably due
to the multiple signalling cascades semaphorinaudtte in different tumour

cellsand in cells of the tumour microenvironment (Capparaet al, 2009).
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1.15.2 Aquaporins

The aquaporins (AQPs) represent a ubiquitous famoilysmall, integral-
membrane proteins, which selectively transport weadeross cell plasma
membranes (Andrewst al, 2008). A subset of AQPs, the aquaglyceroporins,
also transport glycerol. AQPs are highly expressea variety of tumour cells,
especially those with an aggressive phenotype. Tiagg been proposed to play
an important role in tumour biology, with recentsebrations showing them to
be involved in cell proliferation and migration (dusteet al, 2007; Hara-
Chikuma et al, 2008). In tumour vascular endothelium cells, AQB
universally expressed. Work done using wild type AQP1-null mice showed a
tumour reduction in the AQP1-null mice, due to imnpd endothelial cell
migration. AQP-expressing cancer cells also sholaeoed migration in vitro,
along with greater local tumour invasion, cell extisation, and metastasas
vivo. This may be due to AQP-facilitated water inflita lamellipodia at the
leading front of migrating cells (Hat al, 2006). AQP3 is an aquaglyceroporin
that is expressed in basal cells in human skinrequa cell carcinomas, which
facilitates cell proliferation in different cell pgs. Mice without the AQP3
protein have been shown to be resistant to skirotuigenesis, possibly due to
reduced tumour cell glycerol metabolism and ATPegation. This data suggests
that AQP expression in tumour cells facilitated gebwth and spread, and thus

could be an important target for anti-tumour thgr@gerkmanet al, 2008).

1.1.53 ADAMs

A disintegrin and metalloproteinases (ADAMSs) ardaaily of proteins that
share the metalloproteinase domain with matrix Hugteoteinase’s (MMPS).
They can be divided into two structural groups:rtmbrane-anchored ADAMs
and (2) ADAM with thrombospondin motifs (ADAMTS) &kedaet al, 2006).
Both groups of ADAMSs are involved in diverse roksch as cell adhesion, cell
migration, cell fusion, membrane protein sheddinyl groteolysis. Many
tumourigenic cells have a high expression of ADAM#ich direct activities
such as regulation of growth factor activities (EGfeparin Binding-EGF and

TGF-0, and cytokines e.g. TN&)} and integrin functions, leading to promotion
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of cell growth and invasion (Mochizuldt al, 2007). Work done by Ishikawa
et al, have shown that transfection of ADAMS into lucgncer cells enhanced
their invasive activity (Ishikawaet al, 2004), while Wildeboeret al,
demonstrated that ADAMS is highly regulated in hunpeimary brain tumours
such as astrocytomas, and the expression levela@ity are associated with
invasiveness (Wildeboet al, 2006).

One member of the ADAM family that has been progogeplay a role in the
metastatic cascade is ADAMY, through its modulatérgrowth factor activity
and integrin function. Secreted by activated stiocetls, ADAM9 is known to
induce colon carcinoma cell invasianvitro through binding ta6p4 anda2p1
integrins. It also improvesell adhesion and invasion of non-small cell lung
carcinoma (NSCLC) cells via modulation a8B1 integrin and sensitivity to
growth factors, resulting in promotion of brain aasis of the carcinoma cells
(Mazzocceet al, 2005).

1.1.6 Therapeutic Targeting of Proteins

There are currently no clinically approved, antitaséasis therapies available,
therefore, the identification and validation of ebyroteins involved in cancer
metastasis is an essential first step in developenyy and effective therapies
against this process. Membrane and membrane-assb@eoteins show great
promise as therapeutic targets because of theyr aasessibility. Many of the
new therapies being developed include antibodyetarg of the protein of
interest. Antibodies have the ability to recogmséive proteins expressed on the
tumour cell surface, allowing for receptor bindiramd the blocking of ligand
interaction. They can bind to proteins and recmomplement or immune
effector cells, thus eliciting antibody-dependeetlwdar cytotoxicity (ADCC).
They also have the ability to neutralise growthide or cytokines by binding to
them and forming immune complexes, allowing for¢hemoval (Durrangt al,
2009). These factors make antibodies ideal agemtgargeting cell surface
proteins.
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The a,f3 integrin is an important receptor affecting tumagnowth, local
invasiveness, and metastatic potential. This imeg expressed on various
malignant tumours and mediates adhesion of tumalis ®n a variety of
extracellular matrix proteins, allowing these ceétisnigrate during invasion and
extravasation (Felding-Habermann, 2003). Work edrout by Landoret al,
have shown that etaracizumab, a fully humanised atlonal antibody that
targets theayps integrin, has been successful in decreasing avacencer
proliferation and invasion (Landest al, 2008). Then,f1 integrin is also being
used for the development of targeted antibody thersolociximab, a chimeric
(82% human) antibodyhat specifically binds tooyf; integrin, blocks the
integrins fibronectin binging site, leading to ibited cell migration and the
growth of new blood vessels. Testing is currentlythe Phase | stage (Ricait
al., 2008).

The heparan sulfate proteoglycan syndecan-1 ishhigkpressed bynyeloma
cells and is shed into the myeloma microenvironmgests carried out in animal
models have shown that high levels of shed syndégammmote tumour growth
and invasion, while in myeloma patients, high levate associated with a poor
prognosis. These findings suggest that syndecan-1 has thatmiteo be target
for myelomaherapy (Yanget al, 2007).

There are numerous monoclonal antibodies (MAbs)laha that specifically
target the Syndecan-1 proteoglycan. Furthermordéipady-drug conjugates
(ADCs), cytotoxic drugs chemicalllinked to antibodies, can enhance the
efficiency of chemotherapy drugs. An anti-CD138-taaginoid conjugate has
been shown to target the Syndecan-1 protein, itihgpthe growth of multiple
myeloma (MM) tumour cellg vitro andin vivo (Ikedaet al., 2009).

As discussed, the tetraspanin transmembrane priat®iity have emerged as key
players in the metastatic process, and as suchheased as potential targets for
cancer therapies. Several MAbs that target tetraspehave an agonist effect.
For example, an anti-CD151 antibody has been stiowtimulate cell adhesion,

thereby preventing de-adhesion and immobilisingaumcells (Zijlstraet al,
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2008). In addition, anti-CD9 MAbs amplify the inket tumour suppressor
function of CD9 (Ovalleet al,, 2007).

Cell surface proteins, proteoglycans and proteddigilay an integral part in the
function of many cellular processes. Many of thpesteins play a role in the
different stages of tumour progression, carrying auvariety of complex
functions. The interaction of these proteins witkit environment and each other
are varied, and to a large extent, still unknowom®& even seem to have a
contradictory role in cancer progression. Undedita;m how these pathways
contribute to the metastatic process, and whatepretplay a critical role, is

essential if we are to develop new cancer therapies

The ability of MAbs to target these, and other] salface proteins involved in
the invasion process makes them ideal candidatekeaapeutic tools for the
treatment of metastasis. They possess many clyigalevant properties,
including high specificity, low toxicity, and thdoidity to activate components of
the immune system. For these reasons, MAbs havenrteean integral part in

studies to treat metastatic cancers.
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1.2 Monoclonal Antibodies

Antibodies are proteins called immunoglobulins,duced by a biological host
against the presence of a foreign molecule knowanasantigen”. Antibodies
occur in two forms: a soluble form secreted int® blood and tissue fluids, and a
membrane-bound form attached to the surface otellBhat is called the B cell
receptor (BCR). The BCR allows a B cell to detetiew a specific antigen is
present in the body and triggers B cell activatidativated B cells differentiate
into either antibody generating factories calledspia cells that secrete soluble
antibody, or into memory cells that survive in thedy for years afterwards,
allowing the immune system to remember an antigeh raspond faster upon
future exposureswivw.chemprep.com The antibodies produced recognise the
antigen, and by cross reaction with other immunetgims, initiate an

immunological response, thus destroying the invggiresence.

In mammals, there are five antibody isotypes oss#a, each designated by an
“Ig” prefix (Immunoglobulin), known as IgA, IgD, K, IgG and IgM. These
antibody classes differ in their biological propest functional locations and
their ability to deal with different antigens (Woet al, 2004). The antibody
isotype can undergo changes during developmentipod activation of B cells.
Immature, or naive, B cells that have never be@osed to antigen only express
cell surface bound IgM. These cells begin to exptesth IgM and IgD isotypes
when reaching maturity — the co-expression of lbése isotypes renders the B
cell “mature” and ready to react to antigens. Otiee cell bound antibody
molecule engages with the antigens, the B cellcisvated, leading to cell
division and differentiation into an antibody-prathg plasma cell. In this
activated form, the B cell produces antibody in exrsted, rather than a
membrane-bound, form. A proportion of daughterscell the activated B cells
undergo isotype switching, inducing production loé tother antibody isotypes
(IgE, IgA or, more commonly, IgG), that have defineles in the immune

system yww.immunoportal.com

Antibodies are comprised of two antigen-bindinggfreents (k,9, which are

connected, via a flexible region (the hinge) tooastant, crystallisable fragment
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(Fc). This structure is comprised of two pairs of papgtide chains, each pair
containing a heavy and light chain of dissimilaresi (Charet al, 2009). Both
heavy and light chains are folded into the immuabglin domains. The variable
regions in the amino-terminal part of the moledulecognise and bind antigens;
the remaining part of the molecule consists of taimsdomains that vary among
immunoglobulin classes. The; portion serves to bind a variety of effector
molecules of the immune system, as well as molsctiat establish the
biodistribution of the antibody (Binyamgt al.,2006).

lgG Structure

antigen-

binding
site /

fie
gl
i
il
. variable

light region
chain =
fii
i
heavy | |constant
chain . regions

Figure1.2: - Antibody Structurewww.mhhe.com

1.2.1 Hybridoma Technology

A major milestone in antibody production occurred1i975 when Kohler and
Milstein successfully fused an antibody-producingdl with an immortalised
myeloma cell line resulting in a hybridoma. Thegbridoma cells could then be
cloned and screened for large-scale production eihaolonal antibodies
(MAbs). This work, which was reported katureand eventually earned the two
scientists the Nobel prize in 1980, allowed for teduction of virtually
unlimited quantities of antibody molecules, in whall antibodies were identical

and of the same precise specificity for a givenoga (Kohler & Milstein 1975).
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Figure1.2.1: - Production of Monoclonal Antibodies. (www.uccs.edu)

1.2.2 Development of Therapeutic Antibodies

A major factor limiting the use of mouse MAbs innans is the fact that the F
region of the immunoglobulin structure is murinedngin. After intravenous
administration of these MAbs patients developed dmHantimouse antibodies
(HAMASs) that were shown to complex with murine MAhgon repeat
administration. It has been demonstrated that HAMgponses were detected in
approximately 50% of patients after a single ing@ctof murine MAbs, and
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greater than 90% of patients develop HAMA followitwo or three repeated
injections (Searet al, 1984; Jafferet al, 1986). Therefore, it is desirable to
convert the clinically interesting MAbs of muringigin into those that are
physically or functionally more human Ig alike. Mollar engineering
techniques have achieved this by grafting critssjuences in the human heavy-
chain backbone onto the xenogeneic murine antilstrdyture, allowing for the
retention of the Ag-binding specificities. This @lsmparts other attributes
essential to enhanced clinical utility, such asrel@®ed immunogenicity, longer
serum half-life in humans, and the ability to recreffector functions. Both
chimerised and humanised MADb can be successfultyirastered to patients for
prolonged treatment duration without inducing anicklly meaningful immune

response (Binyamiat al.,2006).

YYYY

xenogeneic chimeric humanized fully human
{0% human) {66% human) (90-95% human) {100% human)

Figure 1.2.2: - Schematic representation of the development ofafieartic
antibodies. www.4-antibodies.com

Chimeric Antibodies- a chimeric antibody (cAb) is constructed byifigsthe

light and heavy chain variable regions, (®¥nd My respectively) of a murine
MAD to the corresponding human constant regionppréximately 70% of the
structure of a cAb is of human origin (@ al., 2005). The anti-CD20 MAb

Rituximab, and the anti-EGFR Cetuximab are exampil@schimeric antibodies.

Humanised Antibodies in a humanised antibody, the ¥nd \{; domains of the

original murine MAb are further engineered so tbaly the complementarity-
determining regions (CDRs), approximately 25% & #sequences, are grafted
onto the scaffolds of corresponding human V redrameworks (termed CDR-
grafting). A humanised MAb has less than 10% anaicid sequences of murine
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origin (Qu et al., 2005). Humanised antibodies are usually denotecthiey
addition of-zumabat the end of their name. Examples of humanis¢itd adies
include the anti-HER2 Trastuzumab (Herceptin), atieé anti-VEGF-A
Bevacizumab (Avastin).

Fully Human Antibodies- the derivation of fully human antibodies can be

accomplishedn vitro using the phage display technique. Amino acid seges
of heavy and light chain variable regions of the M#ust first be elucidated.
This is accomplished by molecular cloning. Secati@, humanised MAb is
designed and the plasmid vector for mammalian eswa of the humanised
MAD is constructed. Third, the humanised MADb is regsed and produced in
cell cultures. Fourth, the immunological and biguoeal characteristics of the
humanised MAb are examined and compared with tlodgbe parent murine
MADb (Qu et al., 2005). The application of phage display technoldwms
permitted the generation of human MAbs which encasspa wide range of
specificities against hitherto refractory antigens.

A second method for producing fully human antibsdie through the use of
xenomouse®© technology. Xenomice are developed wWieavy and light 1gG
chains are inactivated in mouse embryonic stem @&#8% by gene-targeting
technology. These cells are then used to generate mith homozygous
deletions, in which mouse antibody production israpted. Human heavy and
light 1IgG chain loci are introduced into ES celldjich are used to generate mice
containing human Ig loci, thus producing fully humentibodies in the presence
of mouse antibodies. Breeding of these mice witmimoglobulin-inactivated

mice generate xenoMice (Jakobowstsal, 2007).
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Figure 1.2.3: - Creation of Xenomouse strains (Jakobogital, 2007).

The Xenomouse platform has been used for the dpwent of at least 18
human MAbs; Two (the anti-EGFR Panitumumab, and #nti-RANK
Denosumab, used for the treatment of osteoporase)approved, nine are in
clinical study (two at Phase I, five at Phaserdtddawo at Phase Ill) and seven
are discontinued (Nelscet al, 2010).

1.2.3 Monoclonal Antibodies as Cancer Therapeutics

The concept of using antibodies in cancer treatnaexd first proposed over a
century ago by the German scientist Paul Ehrligh hijpothesised that a “magic
bullet” could be developed, based on an antiboolyselectively target disease;
however, it was not until the advent of hybridoreehnology that their use as a
therapeutic agent became fully realised. A varadtynechanisms are thought to
govern the anti-tumourigenic effects of MAbs. Theselude blocking of an
activation signal that is necessary for continuek growth, antibody-dependent
cellular cytotoxicity (ADCC), complement dependegtotoxicity (CDC) and
the ability of MAbs to alter the cytokine milieu enhance development of an
active anti-tumour immune response. AdditionallyAlb4 are also known to
target the tumour microenvironment, which can reisuhhibited tumour growth
throughrestriction of pro-tumourigenic factors producedtie tumour stroma.
(Weineret al.,2010).
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1.2.3.1 ADCC

ADCC occurs when antibodies bind to antigens onomtells, resulting in the
antibody Fc domain engaging with Fc receptors (Fafesent on the surface of
immune effector cells (see figure 1.2.4). FcRs eativate downstream
signalling through immunoreceptor tyrosine-basetivatton motifs (ITAMs) or
deliver inhibitory signals through immunoreceptgrrosine-based inhibitory
motifs (ITIMs) (lvashkivet al, 2010). The main inhibitory FcR is the single
chain CD32, whereas most Fc-dependent stimulaignaks are transduced by
CD64 and CD16A. CD64 is a high-affinity receptopeessed by macrophages,
dendritic cells (DCs), neutrophils and eosinopfiileineret al., 2010).

Trastuzumab (Herceptin) has been shown to actisateADCC response in
multiple breast cancer cell lines. Natural kill&K() cells, a chief immune cell
type involved in ADCC, express the Fc gamma reagpdovhich the Fc domain
of t binds, activating NK-mediated cell lysis. Iniom bearing BT474 HER2
overexpressing xenografts, a tumour regression oht®6% was observed
following treatment with Herceptin. In contrast,amilacking the Fc receptor lost
much of the protective effect of Herceptin, withlyor29% tumour growth

inhibition observed (Clynest al.,2000)

After tumour cell lysis occurs, antigen-presentiogjls can present tumour-
derived peptides on MHC (major histocompatibiligngplex) class Il molecules,
thus promoting CD% T-cell activation. Additionally, tumour-derived jides
can be presented on MHC class | molecules (crasseptation), leading to
CDS8' cytotoxic T cell activation (Flynet al, 2003).

Therefore, binding of MAbs to tumour cells enabtee recognition of these
targets by immune effector populations that expFed? receptors, such as NK
cells, neutrophils, mononuclear phagocytes and ritendells (Weineret al,
2010).

1.2.3.2 CDC: Blocking Ligand Binding & Signal Disuption
CDC is another method antibodies can us to direltkdl (see figure 1.2.4). For

example, the binding of two or more IgG moleculeshte cell surface leads to
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high-affinity binding of complement component 1dL{{} to the Fc domain. This
is followed by the activation of C1r enzymatic &itti and subsequent activation
of downstream complement proteins. The complemastade results in the
formation of pores by the membrane attack compl&Q) on the tumour cell
surface, leading to tumour cell lysis (Weinet,al.,2010). The anti-CD20 MAb
Rituximab has been found to depend in part upon CGi3Qvell as ADCC, for its

in vivo efficacy (Adamset al, 2005).

Many of the most commonly targeted tumour-assodiatetigens are growth
factor receptors, which are frequently over-exprdsgn a number of solid
tumours. Overexpression of these receptors has beked to tumour cell
growth and survival, through desensitising agaat&motherapeutic agents. By
blocking signalling through these receptors, MAbaveh the capability to
decrease growth rates and re-sensitise cells tioxyt agents. Members of the
EGFR family are the target of many therapeutickanaies, and are thus among
the most potent inhibitors of signal transducti@etuximab and Panitumumab
(anti-EGFR MADbs, FDA-approved in 2006 (Nelsehal, 2010)) function by
blocking the interaction between the receptor daadactivating ligand, and by
sterically preventing the receptor from assuming #xtended conformation
required for dimerisation (Let al., 2005). Pertuzumab (anti-HER2, awaiting
FDA approval) allows ligand binding to occur, buercally inhibits the
subsequent receptor heterodimerisation requiredifmral transduction (Franklin
et al, 2004). (Pertuzumab binds to domain Il of HER eveaslrastuzumab
binds to domain IV (deVitat al, 2008)). Almost all unconjugated antibodies
used as therapeutic agents disrupt the signals bsedumour cells for

proliferation and survival (Weinet al.,2010).
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Figure1.2.4: - MAb mediated ADCC and CDC (Carter, 2001)

1.2.3.3 Targeting the Tumour Microenvironment

The targeting of critical steps in the tumour memweironment has shown
therapeutic benefits in both preclinical and clatisettings. For example, many
solid tumours express vascular endothelial growatitors (VEGFs), which bind
to its receptor on the vascular endothelium, ang ttimulating angiogenesis.
Bevacizumab, a VEGF-specific humanized MAb, blobkeling of VEGF to its
receptor, resulting in hypoxia of the tumour. Céteb is also used as an anti-
VEGF MAb (Weineret al.,2010).

The tumour stroma consists of numerous matrix prstealong with blood
vessels, and fibroblasts. These tumour-associatetbfasts express FAP
(fibroblast activation proteins), and are both fimmally and phenotypically
different from normal fibroblasts. FAP is thoughbtglay a crucial role in tumour

formation and metastasis, and is thus an attratanget for MAb therapy. Work
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carried out by Scotet al., have shown that an anti-FAP MAb (Sibrotuzumab)
can successfully target this protein, with theirdst showing excellent tumour
uptake and no localisation to normal tissue (Sebtal., 2003). However, this
MADb has undergone no further development, and macal trials involving its

use are currently taking place.

Generic name (trade name; Target Antibody Cancer Indication
sponsoring companies) Format

Unconjugated antibodies

Rituximab (Rituxan/Mabthera; CDzo Chimeric 1gG1 MNon-Hodgkin lymphoma
Genentech/Roche/Biogen Idec)

Trastuzumab (Herceptin; Genentech/ HER2 Humanized lgG1 Breast cancer

Roche)

Alemtuzumab (Campath/ CDs52 Humanized |gG1 Chronic lymphocytic leukaemia

MabCampath; Genzyme/Bayer)

Cetuximab (Erbitux; ImClone EGFR Chimeric 1gG1 Colorectal cancer

Systems/Bristol-Myers Squibb)

Bevacizumab (Avastin; Genentech) VEGFA Humanized lgG1 Colorectal, breast and lung
cancer

Panitumumab (Vectibix; Amgen) EGFR Human lgG2 Colorectal cancer

Ofatumumab (Arzerra; Genmab/ CcDzo Human IgG1 Chronic lymphocytic leuakemia

GlaxoSmithKlineg)

Immunoconjugates

Gemtuzumab ozogamicin (Mylotarg; CD33 Humanized IgG4 Acute myelogenous leukaemia
Pfizer)

Y- lbritumomab tiuxetan (Zevalin; CcD20 Mouse Lymphoma

Biogen Idec)

Tositumomab and *!|-tositumomab CDz2o Mouse Lymphoma

{Bexxar; GlaxoSmithKline)
Table 1: - Therapeutic monoclonal antibodies approved forimgacology
(Weineret al, 2010)

124 Anti-Invasion/Metastasis MAbs

While current FDA-approved MAbs have greatly entehthe field of cancer
therapeutics, the majority of them are directeda@ls the treatment of primary
and advanced cancers, and not metastatic dise@sastsltic cells pose the most
dangerous threat to patient well-being; howevdective targeting of these cells
remains an underdeveloped strategy when it comesidooclonal antibody
therapy. There are a number of studies taking placeshich MAbs are being
generated against targets involved in the invaprogess; however, none, as yet

have received FDA approval for clinical use.

Gamma secretase (GS) is a unique multi-protein t®mpith activity as a cell
surface protease that directly cleaves a varietyrarismembrane proteins to
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modify their function. Nicastrin is an essentialngmnent of the GS enzyme
complex, required for its synthesis and recognitibrsubstrates for proteolytic
cleavage. (De Strooper, 2005). Work carried outHiipovi¢ et al, (2010)
revealed marked upregulation of nicastrin in hurbegast cancer compared to
normal breast tissue. Nicastrin silencing in invadbreast MDA-MB-231 cells
resulted in a marked reduction in both cell matiland invasion. A rabbit
polyclonal antibody (PcAb) was then produced, iagainst the extracellular
domain of human nicastrin protein. This PcAb sigaifitly reduced invasion
levels in the MDA-MB-231 cell line by 70%. Mouse NdA were also generated
using the same method, and produced results sitoithiose seen with the PcAb.
This proof of principle study suggests that develgpMAbs against nicastrin

could aid in future therapeutic treatments for siva breast cancers.

A MADb generated against uPAR (Bawtral, 2005), was shown to significantly
decrease cell invasion and migration in the prestaincer cell line, PC-B
vitro, and caused a significant decrease in tumour welamivo. A humanised
version of this MAb is expected to enter a Phad@ical study shortly (Rabbani
et al, 2010).

Axl is a member of a family of receptor tyrosina&ses that also includes Tyro3
and Mer (O'Bryaret al, 1991; Lai and Lemke, 1991). Originally identifiad a
transforming gene in haematological malignancieBiyan et al, 1991; Janssen
et al, 1991), its dysregulation (or that of its ligarlas6) is implicated in the
pathogenesis of a variety of human cancers. Itseaypeession has been reported
in a multitude of human cancers (Bercitzal, 2001; Suret al, 2004; Shielet
al., 2005) and is associated with invasiveness andstasis in lung (Shiett al,
2005), prostate (Sainagét al, 2005), breast (Zhargt al, 2008), gastric (Wt
al., 2002) and pancreatic (Koorstea al, 2009) cancers, renal cell carcinoma
(Chunget al, 2003) as well as glioblastoma (Huttee¢rl, 2008). Generation of
an anti-Axl MAb was achieved using phage-displagbardy libraries (Lietal.,
2009). Antibody YW327.6S2 recognizes both human emuline Axl. In vivo
testing with this MAb reduced metastasis of MDA-NB1 breast cancer cells to
distant organs. In NSCLC models, YW327.6S2 alsoapoéd the efficacy of
Erlotinib and chemotherapy in reducing tumour gloge et al,, 2010).
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There are a number of clinical trials taking placeolving MAbs that have
shown show anti-invasive characteristics. Inteturalyma fully human antisv
integrin monoclonal antibody, has been shown tabibtboth migration and
invasion of MDA-MB-231 breast cancer cells (Chatnal, 2008). It underwent
Phase | clinical trials in combination with docethin patients with metastatic,
castration-resistant prostate cancer, and is noRhasse liclinical trials for the
treatment of a variety of malignancies (Niegal, 2010). A fully human, anti-
HGF MAD, designated AMG-102, has shown anti-invasieffects in a
leiomyosarcoma tumour-derived cell line, and is eamgding Phase | trials in
combination with Bevacizumab/Motesanib in patiemigh advanced solid
tumours (Roseeet al, 2010). In addition, the fully human monoclonatibody
AMG-102 was generated against HGF (Burgstsal, 2006). Subsequent testing
of this MAb showed that it decreased invasion IevelSK-LMS-1 cells (a cell
line derived from a leiomyosarcoma tumour). This IMi& undergoing Phase I
clinical trials for patients with recurrent gliostama multiforme (Reardoet al.,
2008), andPhase | trials in combination with Bevacizumab/Nat&b in patients
with advanced solid tumors (Rosenal., 2010).

There are also a number of MAb (and non-MADb themipeagents) in late stage

clinical trials that are targeted against protémvelved in the invasion process:
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Company Target Agent Oncology indications Development stage

Novartis Hydroxyapatite of bone Zometa Bona metastasas in multiple mysloma Markated (Fabruary
matrix and breast-to-bona metastasis 2002)
Amgen RANKL (RANK ligand) Denosumab (humanized mAk) Breast-to-bone metastasis and prostate- Phase 3
to-bone metastasis
Angiopoietin 2 AMG-386 (Fc fragment linked to 20-res- Breast, ovarian and RCC Phase 2
idue peptide that binds angiopoietin-2)
IGF-1R AMG-479 (a fully human mab) Advanced solid tumors Phase 2
c-MET Rilotumumab {a fully human 1gG2 mAb) Metastatic colon cancer Phase 2
Exalixiz pan-RTHKs XL-184 {small-molecule RTK inhibitor) ~ Thyroid cancar Phase 3
pan-RTKs XL-1584 Advanced solid tumors Phase 2
0%] Pharmacauticals IGF-1R 051-2906 (=mall-molecule RTK inhibitor) Metastatic adrenocortical carcinoma Phase 3
Adharex Technologias N-cadherin ADH-1 {a cyclic pentapeptida) Melanoma Phase 2
Antisanse TGFR Trabedersen {a phosphorothioate oli- Glioblastomna Phase 2
Pharmacauticals godeoxynuclactide)
ArQula c-MET ARQ-197 (a small-molecule RTK inhibi- Various advanced solid tumors Phase 2
tor)
Bristol-Myers Squibb SRC-family protein-RTKs  Dasatinib (orally bicavailable small Breast-to-bone metastasis, breast Phase 2
molacule) cancer (tripla negativa),
coloractal cancer and liver
Cantocor {Johnson & avpiow S integrin Intetumumab (fully human mAb) Metastatic melanoma Phase 2
Johnsan)
Genantach c-MET MetMAD (a humanized monovalent NSCLC Phase 2
505 Fab mAb)
SMOD GCD-044% (small-molacule inhibitor) Metastatic basal cell carcinoma, col- Phase 2
orectal cancer and ovarian cancar
Global TransBictach Heparanase PI-88 (phosphomannopantacsa) Malignant melanoma Phasa 2 (completed)
GlaxoSmithKline c-MET, VEGF-R2, AXL Foretinib (small-molecula RTK inhibitor) Matastatic squamous cell carcinoma Phase 2
RTKs and gastric cancer
Facet Bictech aSpl integrin WVolociximab (a chimeric |gG4 mAb) Various solid tumors Phase 2
MeathylGena c-MET, VEGFR 1,2,3, MGCD265 (small-molecula RTK NSCLT Phase 2
Tia 2 and Ron RTKs inhibitor)
Merck 1GF-1 Dalotuzumakb (ME-0846, a humanized  Matastatic colon cancer and others Phase 2
mAb)
Cathepsin K Odanacatib, a [2,2, 2-trifluoro-1- Breast and bone metastases Phase 2

(biphearyl-4-yliathyl]-4-fluoroleucing
derivative of 4-fluoroleucine

Wil uPA WH-LIK1 (sarine protease inhibitor) Braast cancer and other solid tumors Phase 2b
uPA and other saring Mesupron (pro-drug of Wix-UK-1) Pancreatic, breast, and head and neck  Phase 2
proteases cancer
Table 2: - Select agents in late-stage development that ttarge

aggressive/metastatic cancers (Mack & Marshallp201

1.25 Engineering MADbs

As stated previously, MAbs can be engineered ineordo overcome
immunogenicity problems associated with their mairorigin (section 1.8.2).
However, engineering techniques can also be emglayéncrease the efficacy
of MADbs, through increased antigen binding, enhares@ of its natural effector

functions and increasing serum half life.

» Bispecific Antibodies
The ability of tumour cells to appropriate multipteediators, which allow them
to proliferate and spread, is one of the reasong ivis so difficult to treat.
Therefore, simultaneous blocking of several targetauld greatly enhance

therapeutic efficacy. This is the reasoning betbgpecific antibodies (BsAb).
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BsAb are antibody-based molecules that can simettasly bind two separate
and distinct antigens (or different epitopes of shene antigen). This is achieved
through the presence of two distinct binding speitiés, which are combined to
an antibody by (1) chemically cross-linking two iaotdy molecules or antibody
fragments, (2) fusion of two different cell linesform a quadroma or trioma, or
(3) recombinant DNA based approaches (€a@l, 1998). BsAbs are mainly
used to redirect cytotoxic immune effector celtajs enhancing tumour cell kill
through ADCC. One arm of the BsAb binds a tumoweagted antigen, while
the other binds a determinant expressed on effemls, e.g. CD3, which is
expressed on T cell receptors (Willeetsal, 2005). By facilitating this cross-
linking, the BsAD triggers the activation of théeetor cell, while bringing it into
close proximity to the tumour cell, thus leadingetibective tumour cell-killing
(Shenet al, 2006). The first bsAb, Catumaxomab, which bitalboth epithelial
cell adhesion molecule (EPCAM) on tumour cells @i on effector immune
cells, received approval from the European MedgiAgency (EMA) in 2009

for the treatment of malignant ascites (Lirdteal, 2010)

* Single Chain Antibodies

The conventional antibody (150 — 160kDa) is madeiupvo identical variable
heavy chains (M) and two identical variable light chains (Wheld together by
interchain disulfide bonds. To improve the therdjgewalue of antibodies,
protein-engineering endeavours reduced the sig@ecdintigen-binding moiety to
a single-domain unit. Single chain antibodies, imgle-chain Fvs (sFvs) are
antibody fragments (25kDa) produced using phagaajsechnology (Ohshima
et al, 2010), that consist of only one_Vand one ) domain, covalently
connected to one another by a polypeptide linkdneilT advantage over
conventional antibodies lies in their ability totaie the specific, monovalent,
antigen binding affinity of the parent Ab, while csting improved

pharmacokinetics for tissue penetration (Harmetead., 2007).

* Single Domain Antibodies/Nanobodies
Single domain antibodies (sdAb), like sFvs, consisintigen-binding fragments

of the immunoglobulin, however, there are signiiita smaller (11-15kDa).
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Early work by Wardet al, (1988) showed that mouse sdAbs were able to
function successfully, and it was proposed that tutheir smaller size, they
could potentially penetrate tissues more effecitkhn conventional antibodies
(Ward et al., 1989). However, work on them was limited due toirthmoor
solubility, their propensity to aggregate, and lhmseathey rarely retained the
affinity of the parent. Interest in sdAbs was rekad with the discovery of
naturally occurring, single V-like domains in cardsl(dromedary, camel, llama,
and alpaca) (Hamers-Castermah al, 1993). These peculiar heavy chain
antibodies (hcAbs) lack light chains. Therefore, dimtigen-binding site of hcAbs
is formed only by a single domain that is linkecedtly via a hinge region to the
Fc-domain. The variable domain is designatgd 9r nanobody) (Wesolowskit
al., 2009). With this discovery, nanobodies spedtiica given antigen could be
generated though camelid immunisation, and subsgeqeiening of its iy
repertoire in phage display vectors (Arbabi Ghatrai al, 1997; Roodinket
al., 2010)

Conventional antibodies have many advantageousirésgtsuch as their high
affinity and selectivity for a target, their easediscovery and production, and
their low inherent toxicity. With nanobodies, nohly are all this features
present, they have other technological and bioghysadvantages: they are
highly stable to heat, retaining over 80% of thmirding activity after 1 week of
incubation at 37°C, thus indicating that they havegood shelf life; melting
points of Nanobodies are in the range of 67- 78%&y have also been shown to
be stable in the presence of extremes of pH (Reatedd, 2005), allowing for
their survival in harsh conditions such as the stom All these features make
nanobodies as being potentially successful thetapagents for the treatment of

cancer.

1.2.6 Conjugated MAbs

As described previously, MAbs attach to antigensttan cancer cell, inducing
ADCC, CDC, or block ligands and signalling. Thegpets of MAbs are known
as “unconjugated” monoclonal antibodies. In additim these mechanisms,
increasing attention has turned to the possilslitté using antibodies as a

delivery method for other, anti-cancer agents. Bgdively targeting a drug to
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the tumour site, an antibody can induce the deshietbgical effects with

improved therapeutic index (McCarroet al, 2005). These drug-carrying
antibodies are known as “conjugated” antibodies. daie, three antibody
conjugate therapies have received FDA approval;rdatgoimmunoconjugates
Ibritumomab tiuxetan (Zevalin) and*f]-tositumomab (Bexxar) for the
treatment of lymphoma, and the drug conjugate Geumb@b ozogamicin
(Mylotarg) for the treatment of acute myeloid leakaa (FDA approval for this
conjugate was withdrawn by the FDA in 2001, dudaittk of data proving its
efficacy. It is no longer available for use outsafea clinical trial (Ricartet al.,

2007). Conjugation of a drug to an antibody makegdssible to achieve
excellent localization of the drug at the desirgd within the body (Senteat al,

2001). This increases the effective drug concentrawithin this target area,

thereby optimizing the therapeutic effect of therag

Antibody Drug Conjugates (ADCtandard cancer treatment regularly involves

administering a regime of chemotherapeutic drugs thsults in the death of
actively dividing cells within the body, specifiacancer cells, but also healthy
tissue. Selective targeting of these agents byugaion to MAbs can improve
efficacy and reduce side effects. Gemtuzumab ozmyarwas the first FDA-
approved drug immunoconjugate targeting CD33 amdyicg the highly toxic
calicheamicin, a highly potent apoptotic antibiotis use in patients with acute
myeloid leukaemia resulted in a median of 6.8 meméhapse-free survival and a
30% remission rate (Linenberger, 2005). Howeveis tiesult could not be
repeated, and FDA-approval was soon withdrawn. &lage currently no FDA-

approved ADCs on the market.

In July of this year, Genentech submitted a biadigense application to the US
FDA for the ADC Trastuzumab—-DM1 (T-DM1). This amdy conjugate
combines the anti-HER2 Trastuzumab with the cytotoxgent DM1. The
application is based on the results of a Phastallthat assessed the efficacy of
T-DM1 in 110 women with HER2-positive advanced Bteaancer whose
disease had worsened after receiving at least twor pHER2-targeted
treatments: Trastuzumab and lapatinib, as wellnaarghracycline, a taxane and

capecitabine (Hughes, 2010). (DM1 is a semi symthahsamacrolide, and
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belongs to the maytansinoid class of anti-microlabucytotoxic agents

originally defined by the natural compound MaytaesjCassadgt al, 2004)).

Radioimmunotherapy (RAIT)involves the application of radioactive MAbs for

targeted radiotherapy*i-Tositumomab (Bexxar) antfY-Ibritumomab tiuxetan
(Zevalin) are the two FDA-approved radiolabeled-@i220 murine antibodies
that have shown significant overall and complespoase rates in patients with
non-Hodgkin lymphoma, a disease that is quite smhsitive as well as readily

accessible to the antibody conjugates (Goldsmahp®

Antibody-directed enzyme prodrug therapy (ADERmyolves the application of

antibody-enzyme conjugate, which then localises it® tumour-associated
antigen. A suitable, non-toxic prodrug is then austered, which can be
converted to its active cytotoxic form by the antlg-enzyme conjugate. The
activated drug penetrates the tumour cells, deasigay in a localised manner. A
Phase | clinical trial was carried out in 2006,hwain antibody-enzyme conjugate
on patients with nonresectable, locally recurremt,metastatic histologically
proven colorectal or other carcinoembryonic antiggpressing cancer,

however, there are no clinical trials currentlyitakplace at time of writing.

1.2.7 MADb Therapy in Combination with Other Anti-Cancer
Agents
Due to the highly complex nature of cancer, anddleethat a myriad of proteins
are involved in its generation and progressiors inlikely that any single agent
will prove successful in treating it. For this reas combination studies are
carried out in order to investigate the potentiahwilti-drug therapies for the
treatment of cancer. For example, in order to @meeeADCC, Rituximab has
been used in combination with cyclophosphamideodaxcin, vincristine, and
prednisone in the treatment of patients with déflerge B-cell lymphoma (Kim
et al, 2006). Combination studies involving Trastuzumelfith lapatinib
(Blackwell et al, 2010), docetaxel (Sawadi al, 2010), vinorelbine (Heinemann
et al, 2010) and INCB7839, a potent and selective AD#Kibitor (Newtonet
al,. 2010) are also taking place. Current clinicalailable drugs, which have
shown some potential anti-tumourigenic propertiesaso being tested for any
potential synergistic effect with standard canaeigd.
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1.2.7.1 Statins

The statins are a group of drugs commonly usedther treatment of lipid
disorders, including hypercholesterolemia. They cfiom by inhibiting 3-
hydroxy-3-methylglutaryl-coenzyme A reductase (HMIGA reductase). HMG-
CoA reductase catalyses the conversion of HMG-Cat& mevalonate in the

mevalonate biosynthetic pathway (Graaal, 2004; Brown, 2007).

3-Hydroxy-3-methylglutaryl-coenzyme A

Membrane integrity

Cholesterol Squalene

Heme A

Farnesylated proteins
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Figure 1.10: - Overview of the mevalonate pathway and targetsniabition by
statins, farnesyltransferase inhibitors and gegargnyltransferase inhibitors
(Graafet al.,2004).

In addition to the cholesterol lowering effects statins, a number of studies
suggest that cancer incidences may be lower irmstireceiving statins. Trials
carried out by the Air Force/Texas Coronary Athela®sis Prevention Study
(AFCAPS/TexCAPS) examining the use of Lovastatin goeventing coronary
events, found the rates of new melanomas were fisigmily lower in the

Lovastatin arm compared with the placebo arm. Funttore, among the 41
participants who developed melanoma, there was ead{r although not

statistically significant, toward earlier stagedeégnosis in the Lovastatin group
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(Downs et al, 1998). A meta-analysis carried out described itlegdence of
melanoma in 12 qualifying randomised controlledtistarials, with 39,426
participants. They reported that 127 melanomasroedu59 among the 19,872
statin group participants and 68 among the 19,55#ral group participants.
The reported odds ratio for melanoma was in thection of a protective effect,
but did not reach significance. As the number aidant melanoma cases was
low, a specific study to address the role of statmpreventing melanoma would
need to be designed, with the required power teigecanswers (Freemaat al,
2006).

Studies carried out by the Veterans affairs He@lhe System showed that lung
cancer incidences rates in statin users were alswdfto be significantly reduced
(55% risk reduction) (Khuranet al, 2007). Several studies have also suggested
that colorectal cancer rates are reduced amongsinh siisers, including the
Molecular Epidemiology of Colorectal Cancer stuéhpynteret al, 2005), and
in the Rhine-Neckar-Odenwald population case-costualy (Hoffmeisteet al,
2007). Graakt al, (2004) also reported that statin use was assootaca risk
reduction of cancer of 20%. However, other studliage shown no benefit for
statin use with respect to cancer prevention. Jatad, (2006) examined the
association between use of cholesterol-loweringgslrand colorectal cancer
incidence among 132,136 men and women in the CdPirention Study I
Nutrition Cohort. Current or 5 year use of cholesitéowering drugs was not
associated with colorectal cancer incidence. A necmeta-analysis study
including 6662 incident cancers and 2407 cancethdeshowed that statins did
not reduce the incidence of cancer or cancer deaithishere was no reduction in
any individual cancer type (Daé al, 2006). These conflicting reports highlight

the need for further studies on the effects ofrstadn cancer cells.

A number of studies have been carried out investigahe effects of statins on
melanoma cells. Lovastatin was observed to indpoptasis in A375 melanoma
cells (Shellmaret al, 2005), while enhancing responses to chemothelajnys
in the B16 mouse model of melanoma (Felesatkal, 1998, 2002). Atorvastatin
was shown to inhibit invasiom vitro and metastasig vivo in the A375M

melanoma cells (Collissoet al, 2003); and work done by Depasquale and
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Wheatley showed that Lovastatin reduced both met@naell growth and
angiogenesis in aim vitro co-culture model angiogenesis system (Depasaiale
al., 2006). These studies indicate that statins mlay p role in melanoma
prevention or treatment. However, the conflictingyidence from the
chemoprevention studies suggests that further iigag®n is required to
determine if standard cholesterol-lowering dosestatins will inhibit the growth

of melanoma cells.
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1.3 Aims of Thesis:

The aims of this thesis are as follows:

1. To generate monoclonal antibodies (MAbs) dircegainst the highly
invasive MiaPaCa-2 clone 3 pancreatic cancer oe| land the invasive MDA-

MB-435-SF breast cancer cell line.

2. To develop a high throughput invasion assayesysto screen resultant

hybridomadirectly for effects on invasiom vitro.

3. To identify MAbs that can significantly blockre@er invasionin vitro, and to
functionally characterise these MAbs in a rangeirpfasive cancer models
(pancreatic, breast, melanoma, lung, prostatencalod glioma). To investigate
their effect on a number of related cellular preess including motility,
proliferation, MMP activity and adhesiam vitro.

4. To identify the antigens recognised by directd amross-linked

immunoprecipitation and proteomic analysis (magsgspmetry — LC-MS/MS).

5. To establish if the target proteins identified savolved in invasion by siRNA

silencing of their respective genes.

6. To evaluate the expression of MAb targets irarage of human cancer cell
lines, and normal and tumour tissues (breast, gligmncreatic, haematological

malignancies).

7. To investigate the effect of Lovastatin, Mevastand Simvastatin on the
invasion and maotility levels in human melanoma tiefls, and to investigate any
possible synergy between the developed MAbs antinstain relation to

inhibition of invasion in human cancers.
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CHAPTER 2
MATERIALS & METHODS
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2.1 Cell Culture

2.1.1 Cell Culture
Cell culture procedures were strictly adhered towtined in NICB SOP.

2.2. Cell Lines

Details of all cell lines used for the experimenistailed in this thesis are
provided in Table 2.1. Cell lines were maintainedTi25cni (Costar 3056),
T75cn? (Costar 3290) or T175c¢h{Nunc, 156502) tissue culture flasks at 5%
CO,, 37°C and fed every 2-3 days. Cell lines were cultuteugh 7-10
passages before being discarded and replaced bgulgwes grown from frozen

stocks at an earlier passage.
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Cell Line

Details-Histology

Invasion

Status

Basal Medium,
with Additions

BT20 Ductal Carcinoma of the breast  Invasive DMEN% FCS
BT474 Ductal Carcinoma of the breast  Non-Invasive PMR 10% FCS, 1mM Na-
pyruvate
BxPc-3 Pancreas, adenocarcinoma Invasive RPMI; BC%
C/68 Prostate Cancer Invasive Keratinocyte; 25ug/ml B
(Bright et al, 1998) 11 pg/ml EGF, 5% FCS *
DLKP Poorly Differentiated SquamousLow Invasion ATCC; 5% FCS
Cell Lung Carcinoma
DLKP-A Adriamycin Resistant Variant of Invasive ATCC; 5% FCS
(Clyneset al, 1992) DLKP
DLKP-I Intermediate Sub-Population | Highly Invasive | ATCC; 5% FCS
(McBrideet al.,1998) | Cloned from DLKP
DLKP-M Mesenchymal-Like Sub- Highly Invasive | ATCC; 5% FCS
(McBride et al.,1998) Population Cloned from DLKP
DLKP-SQ Squamous Sub-Population Low Invasion ATCC; 5% FCS

(McBride et al.,1998)

Cloned from DLKP

DLKP-SQ-Mitox-6p Mitoxanthane Resistant Variant Invasive ATCC; 5% FCS
(Joyce, H., unpublished)| of DLKP-SQ after & pulse of
drug
HCT-116 Colon Cancer Highly Invasive DMEM; 10% FCS
HT144 Human Melanoma Invasive McCoys 5A Media; 10%
FCS
Lox IVMI Human melanoma Invasive RPMI; 10% FCS
MCF-7 Breast carcinoma (ER +, PR + Non Invasive  MRRL0% FCS
MDA-MB-157 Triple Negative Breast Low Invasion RPMI, 10% FCS
carcinoma
MDA-MB-231 Triple Negative Breast Highly Invasive | RPMI; 10% FCS
Adenocarcinoma
MDA-MB-361 HER?2 positive Breast Invasive RPMI; 10% FCS
Adenocarcinoma
MDA-MB-435-SF Clonal subpopulation of human Invasive RPMI; 10% FCS
(Glynnet al, 2004) melanoma MDA-MB-435S
(HER2 positive)
MDA-MB-435-SF-Taxol- | Taxol Resistant varient of Invasive RPMI; 10% FCS

10p4p

MDA-MB-435-SF
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(Glynnet al, 2004)

(HER2 positive)

MDA-MB-453 HER?2 positive Breast Non-Invasive RPMI; 10% FCS
Carcinoma
MiaPaCa-2 clone 3 Invasive clonal subpopulation ¢finvasive DMEM; 5% FCS

(Walshet al, 2009)

pancreatic cell line MiaPaCa-2

MiaPaCa-2 clone 8
(Walshet al, 2009)

Non-Invasive clonal
subpopulation of pancreatic ce
line MiaPaCa-2

Low Invasion
I

DMEM; 5% FCS

NCI-H1299 Large Cell Lung Carcinoma Highly InvasiyeRPMI, 1mM Na pyruvate,
5% FCS
SK-Mel-28 Human Melanoma Invasive RPMI; 10% FCS
SKBR-3 HER?2 positive Breast Low Invasion RPMI; 10% FCS
Carcinoma
SNB-19 Glioma Highly Invasivg DMEM; 10% FCS

Table 2.2 - Cell lines used during the course of this thesi
ATCC: - American Tissue Culture Collection, RockvilMD, USA.
 BT20, BT474, BxPc-3, HCT-116, MCF-7, MDA-MB-157, M€1299

NICB: - National Institute for Cellular Biotechnology,C.U., Dublin, Ireland.
e DLKP, DLKP-A, DLKP-I, DLKP-M, DLKP-SQ, DLKP-SQ-Mitx-6p,
MDA-MB-435-SF, MDA-MB-435-SF-Taxol-10p4p, MiaPaCaebne 3,
MiaPaCa-2 clone 8

NCI: - National Cancer Institute, Washington, D.C. AUS
e SK-Mel-28

DSMZ: - Deutsche Sammlung von Mikroorganismen und Zdiliken GmbH

(German Collection of Microorganisms and Cell Créd®)

* SNB-19

MDA-MB-157, MDA-MB-361: - Berlex
Lox IMVI: - Radium Hospital, Norway.
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2.3 Monoclonal Antibody Production

231 Immunogen for MAb Generation

The immunogen chosen for the generation of the @ (2) MAb was
MiaPaCa-2 clone 3, an invasive clonal variant of thancreatic cell line
MiaPaCa-2. The immunogen chosen for the generatidhe 9E1 24 (6) MAb
was MDA-MB-435-SF, an invasive clonal variant oktimelanoma cell line
MDA-MB-435-S. Cells were detached from flasks usagon-enzymatic, cell
dissociation solution (Sigma, C5914) to ensure tedit surface proteins remain

undamaged.

2.3.2 Immunisation Regime

Using three BALB/c mice per immunisation, a primamymunisation with 2 X
10° cells (5Qu volume), plus an equal volume of lipopeptide adjuts,
Pam3Cys-SKKKK (EMC microcollectors), Germany; L20@@as administered
intraperitoneal; four booster immunisations werilsirly administered at three
weekly intervals. Polyclonal serum was obtainedrfrtail bleeds of animals
following the third and fourth booster injectiorthjs was tested for reactivity
against each respective target immunogen by imnwm@lscence analysis.
Serum from the tail bleed of a non-immunised mowss used as a negative

control.

* All experiments on animals were carried out unemise and in compliance
with the rules of The Cruelty to Animals Act, 18EC. Directive 86/609EC

2.3.3 Fusion Procedure

The fusion procedure used for the production of oetonal antibodies was a
modification of the protocol outlined by Kohler aMilstein (1975). Prior to the
removal of the spleen from the sacrificed mousd2&RPAg 14myeloma cells
(Shulmanet al., 1978) were prepared for cell fusion by harvestnhg 75cnf
flasks and centrifuging at 1000 rpm for 5 minutasHEPES Buffered Saline
Solution-serum free medium (Lonza, CC-5022). Thép svas repeated twice. A

cell count was then performed and the cells keB7aE.
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A BALB/C mouse was then sacrificed by cervical ddsltion. The animal was
swabbed with 70% IMS and the spleen removed inmaniar flow cabinet with

sterile instruments. Single cells were obtainedfdrging the spleen through a
sterile Falcon cell strainer (BD Falcdh 352360) using the plunger from a
sterile 10ml syringe into serum free DMEM (the DMEM(ferred to in this

section is DMEM with Glutamax | (high glucose contation — 4.5mg Gibco

61965-026)) containing pyridoxine and without sodipyruvate or HEPES. This
cell suspension was placed in a universal and tleme adjusted to 10mls.
Large clumps of cells were allowed to pellet byndiag at room temperature for
2-3 minutes. The supernatant was then transfeoedftesh centrifuge tube and

centrifuged at 1000 rpm for 5 minutes. A cell cowass performed as before.

Splenocyte and SP/2/0-Ag myeloma cells were mixea uiniversal at a ratio of
10:1 (a minimum of 1 x 108P/2 are required for this procedure), centrifuged
12,000 rpm for 5 minutes and resuspended in sereenrhedium. This step was
repeated twice. Following the final washing steml bf PEG (polyethylene
glycol, Roche Diagnostics GmbH, Germany, 1078364)10(@re-warmed to
37°C) was added to the cell pellet with a Pasteurt@pgsing a gentle swirling
and aspirating action for 30 seconds. After 30 sdsothe aspiration was
discontinued. 75 seconds after the start, 0.5nplariting medium (DMEM with
Glutamax I, 10% heat inactivated FCS (Gibco, 1088315% Briclone (NICB
Ltd., Ireland) and 1% HAT (Hypoxanthine, AminopteriThymidine) (Gibco,
21060) was added slowly down the side of the usalewhile continuing to
swirl gently. 5mls of planting medium was addedrote next 5 minutes (at 1
minute intervals followed by the addition of 5Smigpllowing this step, the cell
suspension was centrifuged at 500 rpm for 5 minuié®e supernatant was
removed and the cells were resuspended in 10mllating medium and

incubated at room temperature for 15 minutes.

Immunisation regimes and fusion procedures werellkicarried out by Dr.

Anne-Marie Larkin.
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2.3.4 Screening of Hybridomas

Generated hybridomas were screemgbctly for function on cell invasion
against their parent immunogen. This was done usif@-well invasion assay
(see section 2.5.2). Hybridomas that produced fattebn cell invasion, either

an increase or decrease, where chosen for furtibeuiuring.

2.35 Subculture of Hybridomas

Positive clones were further sub-cultured to 6 vptites (Costar, 3335) and
gradually transferred (fed 2x in HAT medium (Gib24,060-017), followed by a
gradual change into HT (Hypoxanthine, Thymidine)dimen (Gibco, 41065) —

50:50 HAT:HT. Eventually (within 2 weeks) hybridombones were weaned off
HT (by decreasing HT gradually in feeds every trdags) and fed with DMEM

medium supplemented with 5% Briclone (NICB., Irelanand 10% heat
inactivated FCS (Invitrogen, BD Biosciences, 100821

2.3.6 Single Cell Cloning by Limiting Dilution

Using a multi-channel pipette (eppendorf), po6f DMEM growth medium was
pipetted into each well of a sterile 96 well tisqlate. 10QI of cell suspension
from the rapidly growing hybridomas at a conceirapf 1 X 1¢ cells/ml was
added to the top left hand well and mixed by pipgttl in 2 doubling dilutions
were performed down the left hand row of the pl@evells, 7 dilution steps)
and mixed by pipetting, ensuring to change the tppep each time. 1 in 2
dilutions were also performed across the plate gusinmulti-channel pipette.
Plates were then incubated for 7-10 days 8C35% CQ. Wells with 1 or 2
cells were chosen. Hybridomas were cultured in W#5tasks and the procedure
repeated. The selected clones were screened bgidnvassays (section 2.5.2)
and immunofluorescence (section 2.9.2 & 2.9.2), fmoden stocks made of

positive clones.
2.3.7 Isotype Analysis

Isotyping was carried out using The Isostrip Moudenoclonal Antibody
Isotyping Kit (Roche Diagnostics GmbH, 1493027).
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2.3.8 Purification of MAbs

Purified MAbs are required for cross linked immureappitations (section
2.11.2), due to the presence of gelatin/carriertgome in unpurified MAbs
competing for coupling sites on the gel. Purificatiof MAbs was carried out
using the Pierce NAB' Spin Purification Kit (Pierce, 20530). 200 of
ImmunoPure® Immobilised Protein-L Plus gel slurrasvdispensed into a
Handeé" Spin Cup Column, along with 30D of Binding Buffer, and
centrifuged at 5000 x g for 1 minute (all subsequeantrifuges were at this
speed and duration). Excess solution was discatdading the gel in the spin
cup. This was washed twice with 0.4ml of Bindingfieu centrifuged and
excess solution discarded. 26Mf antibody was dispensed into the spin cup,
along with 25@l Binding Buffer, and incubated af@ overnight on a rocking
platform. The following day, the solution was cénoged, and the non-bound
sample was retained, to analysis the efficiencyaapdhcity of the binding. 0.4ml
Binding Buffer was added to the spin cup, followeg centrifugation and
discarding of the excess solution. This step wagseated twice. 0.4ml of
IgM/IgG Elution Buffer was added to the solutiorgliéwed by 5 minute
incubation at room temperature. This was repeatgzetmore, with each 0.4ml
fraction being retained (the purified MAb should ekited within the first 3
fractions). The high pH of the fractions were nalised with the addition of
10ul of a Tris-HCI, pH 8.8, solution. The gel was thegenerated by washing in
0.4ml PBS, 3 times, centrifuging between every waskl stored at°€ in 0.5ml
PBS. The immobilised protein can be re-used upOttirhes without significant

loss in binding capacity.

2.3.9 Dialysis of MAbs

Dialysed MAbs are required for cross linked immumajpitations, due to the
presence of amines in unpurified MAbs competingdaupling sites on the gel.
Dialysis of MAbs was carried out using the PiertideSA-Lyzer MINI Dialysis
Units (Pierce, 69576). 1p0of MADb was dispensed into the Dialysis cup which,
was placed in a floatation device, in PBS for aimum of 15 minutes, allowing

for buffer exchange to take place.
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2.4 In Vitro Proliferation Assay

Cells were harvested at a concentration of 2 Xclls/ml in media. Volumes of
10Qul/well of these cell suspensions were added to wébplate (Costar, 3596)
using a multichannel pipette. Plates were gentljategl to ensure an even
dispersion of cells over a given plate. Cells weraubated at 3T, 5% CQ
overnight. Following this, 1Q@ of antibody was added to each well. Control
wells were those with 1Q0 hybridoma media added to cell suspension. Plates
were gently agitated, as above, and incubated°&,®P6 CQ for 6/7 days, until

the control wells have reached 80-90% confluencgse&sment of cell survival

in the presence of the antibodies was determindtidwgcid phosphatase assay.

2.4.1 Acid Phosphatase Assay

Following the incubation period of 6-7 days, med&s removed from the plates.
Each well on the plate was washed twice with (lIOBBS. This was then
removed and 1Q0 of freshly prepared phosphatase substrate (10mM
nitrophenol phosphate (Sigma 104-0) in 0.1M sodagrtate (Sigma, S8625),
0.1% triton X-100 (Sigma, X100), pH 5.5) was addedach well. The plates
were then incubated in the dark at@7or 2 hours. Colour development was
monitored during this time. The enzymatic reacticas stopped by the addition
of 50ul of 1IN NaOH. The plate was read in a dual beaatepteader at 405nm

with a reference wavelength of 620nm

25 Extracellular Matrix Studies

2.5.1 Reconstitution of ECM proteins
Matrigel (Sigma, E-1270) was diluted to a workirtgck of 1 mg/ml in serum
free DMEM. Fibronectin (Sigma, F-2006) was recdn$#d in PBS to a stock

concentration of 50Qlg/ml. Aliquoted stocks were stored at 220
2.5.2 Invasion Assays

This assay was set up using a Costar 24 well g@bstar, 3524), containing

8.0um pore sized inserts (BD Biosciences, 353097). iRwasion (but not
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motility) assays, a layer of Matrigel (BD Bioscies¢ 354234) was dispensed
into the insert. Matrigel was diluted to 1mg/miserum-free DMEM medium. A
volume of 10Ql of this Matrigel was dispensed into each insand the plate
was incubated overnight af@. The following day, any excess Matrigel was
removed from the inserts. Cells were harvested edraentration of 1 X 10
cells/ml in media, and 1@0 was added to each insert, along with 06f
antibody/media (cells invading in the presence ydridoma media were taken
as 100%). A volume of 5@0 media was added to each insert well. Cells were

incubated at 3T for 24 - 48hrs, depending on the cell line used.

Cell Line Seeding Density Incubation Time
MDA-MB-157 1x 10 A8hr

MDA-MD-231 1x 10 24hrs
SKBR-3 1x16 48hrs
DLKP-| 1x10 48hrs
DLKP-M 1x10 24hrs
H1299 5x 10 24hrs
MiaPaCa-2 clone 3 1x 10 48hrs
BxPc-3 1x 18 48hrs

Lox IMVI 1x10° 24hrs

SNB-19 1x18 24hrs
C/68 1x16 48hrs
HCT-116 1x16 24hrs

Following this, the inner area of each insert w@sed with a cotton bud soaked
in PBS, to remove any cells, while the outside ld insert was stained with
0.25% crystal violet. Staining of the inserts wastained for a period of 10
minutes, followed by a gentle rinse, done in toate, in UHP and then allowed
to dry. Quantification of the cells was achieveddayng a cell count per area per
view at 20X magnification using a light microscodd fields of view were
counted per insert. A minimum of 2 inserts weredyser sample tested.
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For 96 well invasion assays, a Millipore 96 wellvasion plate (Millipore,
MAMIC8S10) was used. An identical procedure waslofeed, with the
exceptions that 30 Matrigel was dispensed into each insert, a aepgnsion of
2.5 X 10 cells/ml was used, 50u! of antibody/media was dddeeach insert,

and 15@I media was added to each insert well.

2.5.3 Motility Assays
Motility assays were carried out in an identicalnmer to invasion assays, as
described in section 2.5.2, with the exception thatinserts were not coated in

Matrigel.

2.5.4 Adhesion assay

Adhesion assays were performed using an adapteldothetf Torimuraet al.,
(1999). 25@l aliquots of ECM proteins were placed into welfad®24-well plate.
The plates were gently mixed to ensure the baseaohh well was completely
covered with the solution. The plates were themlated overnight at°€. The
excess solution was then removed from the wellsveashed twice with sterile
PBS. To reduce nonspecific binding, 0.5 ml of &ed.1% BSA/PBS solution
was dispensed into each well. The plates were ategbat 37C for 20 minutes

and then rinsed twice again with sterile PBS.

Cells were harvested and resuspended in mediaaneentration of 2.5 X f0
cells/ml. 1ml of cells were plated onto 24 wellatgk in triplicate and incubated
for 60 minutes. Wells that had been coated with E@bteins but contained no
cells were used as blanks. Wells containing cells ot coated with ECM
proteins were used as positive controls. After 6@utes, the medium was
removed from the wells and rinsed gently with &ePBS. Cell number attached

was assessed using the acid phosphatase assagn(2etil).

2.5.5 Pre-incubation of cells with Matrigel coate flasks
Matrigel was coated onto flasks (1 ml/T25%mat a concentration of 1 mg/ml.
Flasks were shaken gently to ensure complete cgeesh the bottom of the

flask. The coated flasks were then placed’a dvernight to allow the Matrigel
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to settle. Before seeding flasks with cells, thasks were placed into an
incubator at 37C for approximately 1 hours to allow the Matrigalymerise.

The excess media in the flasks was then removedfrasti complete media
containing the cell suspension was added. Celielad to the Matrigel on the
bottom of the flask and after 70-90% confluency \aabkieved, were removed
with 0.5ml/T25 cm Dispase (BD Biosciences, 354235). Dispase is #llmc

derived neutral metalo protease that recovers celtared on Matrigel.
2.6 Anoikis assay

Poly- (2-hydroxyethyl methacrylate) (poly-HEMA, $ig, P3932) was dissolved
at 12 mg/ml in 95% ethanol. To coat 24-well plat&6Qul of poly-HEMA
solution was added and allowed to dry in a lamifhaw cabinet. After full
evaporation, the coating step was repeated. Onapoeation was complete,
wells were washed twice with sterile PBS. CellX(10°cells/ml/well) were then
plated onto standard 24-well tissue plates (adherentrols) or poly-HEMA-
coated plates (non-adherent) and incubated for24th37C in 5% CO2. After
this time, 10Ql of alamar blue vital dye (Serotec, BUF012B) wdsled to the
24-well plates to quantitatively measure cell sumli The plate was read in a
dual beam plate reader at 570 nm with a referereeel@ngth of 600 nm. The
level of anoikis was assessed as the percentabelezh relative to adherent

controls over 24 hours.
2.7 Zymography Assay

2.7.1 Collection of Conditioned Media

Cells were cultured until 50-60% confluent. Cellsrerwashed x3 in serum-free
(SF) media. Cells were incubated in SF media (Y218l cm2 flask) for 60 min.
After this time, cells were washed again x3 in SEdm. 12mls of 1:1 SF
media/MAb/Hybridoma media was added to the celld imcubated for 72 hrs.
After such time, conditioned media was collecteshtafuged for 5 min at 1000
rpm, filtered through 0.232n filter and stored at —8C.
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2.7.2 Zymography of Matrix Metalloproteinases

Conditioned media supernatants were prepared iX aagh-reducing loading
buffer (Invitrogen, NP0007) before being separated a 10% zymogram
(gelatin) gel (Invitrogen, EC61752BOX). This geloals for the visualisation of
MMP-2 and MMP-9. The gels were run at a constaftage of 125V, 45mA for
90 minutes, or until the bromophenol blue dye fr@aiched the end of the gel, in
a 1X Tris-Glycine SDS running buffer (Biorad, 16132). After electrophoresis,
the gel is incubated with a 1X Zymogram Renaturidgffer (Invitrogen
Developing buffer (LC2671) containing 2.5% Triton200 (BDH, 30632), for
30 minutes at room temperature. The RenaturingdBuff decanted, and 1X
Zymogram Developing Buffer is added, followed by addition 30 minute
incubation at room temperature. Fresh DevelopinfjeBuis added, and the gel is
incubated at 3T overnight. The gel is then stained with Brilliablue G
Colloidal Coomassie (Sigma, B2025).

2.8 Morphology Studies

Cells were grown to 70-80% confluency in a T75°cat which point a total
volume of 12mls, 1:1 ratio fresh media:MAb is add€ells are incubated for

24hrs at 37C, and cell morphology is assessed visually.

2.9 Immunocytochemical Analysis

29.1 Immunofluorescence Studies on Live Cells

Viable MiaPaCa-2 clone 3 & clone 8 cells were tester reactivity with
antibodies by indirect immunofluorescence studéen immunofluorescence
studies are performed on viable cells only celfae antigens are recognised
(Schachneet al., 1977). Cells were suspended to a concentratiop Xf10°
cells/ml in DMEM. 3@l of this cell suspension was added to a 10 welm7
microscope slide (Erie Scientific Company, 465-68Xnhd was incubated
overnight at 37C. After 24hrs, excess supernatant was tappedaoff, the
microscope slides were rinsed gently with warm PB@&nary antibodies were
added to each well (PBS was added to one wellreegative control), and were

incubated overnight at°@. Primary antibodies were removed by washing in
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PBS 3 times, at 3-minute intervals. [ B0of secondary antibody, fluorescein
isothicyanate-linked (FITC) rabbit anti-mouse IgBako, F0261), diluted 1/40,
was added to each well, followed by a 30-minuteuldation at room
temperature. Secondary antibody was removed by W&$ing as mentioned
above. Excess PBS was drained of with filter paped, each slide was mounted
using vectashield mounting medium (Vector, H-108) aoverslips, and sealed
with nail varnish. Slides were viewed using a Nikgmse contrast microscope
fitted with an FITC filter.

2.9.2 Immunofluorescence Studies on Fixed Cells

Cell suspension, volume added to slides and incubad as described (2.9.1).
After 24hrs, excess supernatant was tapped off tla@anicroscope slides were
rinsed gently with PBS. Slides were then air dogdrnight, wrapped in tin foil,
and stored at -8C. Slides are then removed from 280D freezers, and left for 15

minutes prior to immunstaining. Cells were fixedige-cold acetone for 2-4

minutes.
2.10 Western Blot Analysis
2.10.1 Preparation of Whole Cell Lysates

Cells were grown to 80-90% confluency in culturasis (T175cr flask),
media was removed, cells were trypsinised, pellatedl washed three times in
ice cold PBS. Cells were resuspended in 1.5mlIsTf@bcnf flask) NP/40 lysis
buffer (Appendix I, Table 1), RIPA lysis buffer ¢(Bna, R0278) or Lysis buffer
C (Appendix |, Table 2) containing 1X protease bitur (Complete Mini™,
04693124001, Roche Diagnostics, GmbH). Cell suspessvere homogenised
by passing through a 21 G syringe. Sample lysatgs wonicated for 5 minutes
and centrifuged at 14000 rpm for 10 minutes &E.4Supernatants containing
extracted protein were transferred to fresh chilggpendorf tubes in 250
aliquots, and stored at -80°C. Protein concentnatias quantified using the Bio-
Rad or BCA assay as detailed in Section 2.10.2.
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2.10.2 Protein Concentration Determination
Protein-Levels were determined using the Bio-Radllffsis buffer C cell lysates
- Bio-Rad, 5000006) or BCA (for RIPA buffer cellsigtes — Bio-Rad, 500-0001)

protein assay Kkit.

2.10.3 Gel Electrophoresis

Proteins for Western blotting were separated by -BBG&E gel electrophoresis
(Laemmli et al.,, 1970), using 4-12% gradient gels (NP0335, NP0321).
Approximately 15-30 ug of protein was applied to each well of the
polyacrylamide gel. Pre-stained molecular weightkeis (Invitrogen, LC5800)
were also loaded onto the gel for the determinatibthe molecular weight of
the unknown protein samples. Gels were run at 208 and 250 milliamps for
1-1.5 hours with 1X MOPS, Tris/ Glycine/ SDS rummpibuffer (Invitrogen,
NPO0001). When the dye front of the molecular weigiatrkers had reached the

end of the gel, electrophoresis was stopped.

2.10.4 Western Blotting

Following separation on SDS gels, protein sampteslinoprecipitated sample
were transferred to PVDF membranes (Roche Diagn&tnbH, 03-010-040-
001) using a semi-dry apparatus (Trans-Blot SD demiTransfer Cell, Bio-

Rad, USA). Proteins were transferred at 15V, 34iamips, for 45 minutes

2.10.5 Development  of  Western Blots by Enhanced
Chemiluminescence (ECL)
Following Western blotting, the filter paper wasneved and the membrane
blocked for non-specific binding by incubation f&r4 hours on a rocking
platform with Starting BlocR" (TBS) Blocking Buffer (Pierce, 37542). After the
blocking step was complete, the blot was rinsed&ond BS, and incubated with
the primary antibody optimally diluted in TBS/0.184v) Tween 20 overnight at
4°C or 2 hours at R.T. on a rocking platform (MAbsigeated in this study were
used neat). The following day blots were washeidh2g within 90 minutes with
TBS/0.5% (v/v) Tween 20. Blots were then incubategith an anti-mouse HRP-
conjugated secondary antibody diluted in TBS/0.4%6)(Tween 20 for 1 hour at
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room temperature on a rocking platform (See Appehdiable 4, for full list of
secondary Abs used and the dilutions). The blote weashed as before, laid on
a glass plate covered in parafilm and incubateti WL reagents (Amersham,
RPN 2105) for 1 minute at room temperature. FoligmMhis, the solution was
tapped off, the blot laid between two sheets ofglfilm, and exposed to
Amersham Hyperfilf”, chemiluminescence film (GE Healthcare, 28906837)
for various time periods and processed using stdndaray developing
procedures. Dried film was aligned with pre-staimedlecular weight markers

for molecular weight determination.

2.11 Immunoprecipitation Studies

2.11.1 Direct Immunoprecipitation

Protein was isolated from a number of cell linesdascribed in section 2.10.1.
250ul test aliquots of supernatant were pre-clearethbybation with protein-L
(P3351, Sigma, UK), or Protein G (Pierce, 22852l ®f which was added to
all test samples. All samples were incubated with thanges (2 x 2 hours) of
protein-L/G agarose beads &C4on a rocking platform. Beads were removed by
spinning at 2500rpm for 10 minutes &C4 Supernatants were removed to clean
eppendorf tubes and @b of antibody (concentrated 5X supernatant, using
Millipore Ultrafree-15 centrifuge filter units (Mipore, Z-36436-0) was added to
250ul lysate samples. %0 of control mouse IgM (Chemicon, PP50) or control
mouse 1gG (Sigma, 15381) (used at a concentratfob2pg/ml) was added to
250ul negative control lysates. Antibody/lysate mixsimgere incubated at’@
overnight on a rocking platform. The following dawg, order to precipitate the
antibody-antigen complex, protein-L/G agarose wdded to the antibody-
antigen complex samples as before and incubatétCafior 4 hours on a rocking
platform. Beads were removed by spinning at 2500fpn1.0 minutes at A,
and the supernatant discarded. The beads werewthgimed for 3 x 15 minute
periods with buffers as described in Appendix Hiaelleted at 2500rpm for 10
minutes. Following the final wash and spin, as milighid as possible was

removed from all samples. [ibof 2X laemmili sample buffer was added to
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original 25Ql lysates and control sample beads. All sample®weiled for 10

minutes and stored at -8D until required for SDS-PAGE/Western blot analysis

2.11.2 Cross Linked Immunoprecipitation

Cross Linked I.P.s were carried out using the Sei®e Primary
Immunoprecipitation Kit (Pierce, 45335). 20f AminoLink® gel slurry was
added to a Hand&8 Spin cup Column, and spun down at 5000 x g for Auei
(all subsequent centrifuges were at this speeddamation). Excess slurry was
discarded, leaving the gel in the spin cup. This washed twice with 0.4ml of
Coupling Buffer, centrifuged and excess solutioscdirded. 20a of affinity-
purified antibody (section 2.3.8, 2.3.9) was adttethe gel, along with 2Q0 of
Coupling Buffer. 4l of Reducing Agent (Sodium Cyanoborohydride) wddeal
to the mixture (ul/100ul diluted antibody), which was then incubategr night
at £C. This step is to facilitate cross-linking of taetibody to the gel. The gel
was then centrifuged and washed with 0.4ml Coupbhgfer, followed by
another centrifugation step. Excess solution wasadded. Following this, 0.4
ml of Quenching Buffer was added to the suspensienjrifuged, and excess
solution discarded. 0.4ml of Quenching Buffer wadsent added to the
gel/antibody complex, along withu#tof Reducing Agent. This suspension was
incubated with end-over-end mixing, for 30 minutas room temperature,
followed by centrifugation and discarding of anycess solution. The gel was
then washed 6 times with 0.4ml Wash Buffer, followey 4 washes in 0.4mi

Binding Buffer, with centrifugation following eackash.

The antigen (protein) sample was pre-cleared withtefh-L/G as described in
section 2.11.1. 250 was added to the gel/antibody complex, along \2&6ul

of Binding Buffer. This solution was incubated avight at £4C on a rocking
platform. The following day, the sample was ceogéd, and excess solution
discarded. The gel/antibody-antigen complex waa thashed 3 times in 0.4ml
Immunoprecipitation Buffer, with centrifugation efteach wash. The antigen-
antibody complex was then cleaved with the additér20Qul of an IgM/IgG
Elution Buffer to the solution, followed by 5 mirutincubation at room

temperature. This was repeated twice more, withh é2@Qul fraction being
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retained (the antigen should be eluted within tist 8 fractions). The high pH of
the fractions was neutralised with the addition5pf of a Tris-HCI, pH 8.8,

solution. The gel was then regenerated by washmdriplicate, with 0.4ml

Immunoprecipitation Buffer, centrifuging and disdiaig excess solution,
between every wash. The gel was then stored@tid 0.5ml Binding Buffer.

The gel-antibody complex can be re-used up torh@giwithout significant loss
in binding capacity.

Eluted fractions were prepared for Gel Electrophisreising NUPAGE® LDS
Sample Buffer (4X) (Invitrogen, NP0O0O7), containih@X NuPAGE® Sample
Reducing Agent (Invitrogen, NP0009). All samplesrevanade up to 1X

concentration.
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Figure 2: - Direct (Traditional) and Cross Linked Immunopretagipn
(www.piercenet.com

2.11.3 Gel Electrophoresis of Immunoprecipitated Proteins
Immunoprecipitated proteins, along with unstainedlenular weight markers
(Invitrogen, LC5801), were separated on 4-12%, Bis; SDS-PAGE
electrophoresis as described in section 2.10.3oWwlg gel electrophoresis, the
gel was either stained using Brilliant blue G Cuolad Coomassie, or Western

blot analysis was carried out as outlined in secid0.4.
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2.11.4 Staining- Brilliant blue G Colloidal Coomasie and silver
staining of gels for LC-MS Identification
After electrophoresis, the gels were placed in aasg petri dish (Sigma,

Z617679) containing fixing solution (7% glacial &ceacid in 40% (v/v)

methanol (ROMIL, HL109)) for at least 1 hour. Dugithis step a 1X working

solution of Brilliant Blue G colloidal Coomassie svarepared by adding 800ml
UHP to the stock bottle. When the fixing step haghrty elapsed a solution
containing 4 parts of 1X working colloidal Coomasssolution and 1 part
methanol was made, mixed by vortexing for 30 sesantl then placed on top
of the gels. The gels were left to stain for 2 Isoufo destain, a solution
containing 10% acetic acid in 25% methanol was @odwver the shaking gels
for 60 seconds. The gels were then rinsed with g&¥thanol for 30 seconds and

then destained with 25% methanol for 24 hours.

Alternatively, gels were stained using a silverirsfarotocol. All buffers were

prepared as outlined in Appendix |, Table 3:

Gels were fixed for a minimum of 2 hours, followley three 20 minute washes
in 35% Ethanol. Gels were then sensitised for 2uteis, and washed in UHP for
5 minutes, in triplicate. Staining was then carraad, for 20 minutes with the

Silver Nitrate solution, followed by two 1 minuteashes in UHP. Gels were then
developed until bands were visible to the naked &yaining was then stopped

through a 5 minute wash with the stop solution.

2.12 Protein Identification Using LC-MS/MS

LC-MS/MS was performed on an Ultimate 3000 nanolLy@tem (Dionex),
interfaced to an LTQ Orbitrap XL (Thermo Fisherestific).
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4. MS/MS ANALYSIS
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Figure 2.1: - Standard workflow for protein identification basaa tandem mass
spectrometry. (1) and (2), protein sample compjergduced using separation
techniques; (3), proteins are enzymatically digést@l), resulting peptides
undergo tandem mass spectrometric analysis yieldirgpllection of MS/MS
spectra; (5) Identification of peptides is achiewbdough correlation of the
MS/MS spectra with theoretical peptides; (6), @ b$ identified proteins is
produced (6) (Hernandex al.,2005).

Protein bands were excised from the Coomassieestajal and destained with a
solution containing 50% methanol and 50 mM JNIEO;. Samples were then
dehydrated by the addition of 70% acetonitrile (ACHENnd swelled by
rehydration in a digestion buffer containing 40 M,;HCOsand 12.5 ngiL of
trypsin (Promega, sequencing grade) at 37 °C ogletnPeptides were extracted
with three changes of 50% ACN/ 0.1% formic aciduid) and dried down in a
vacuum centrifuge. Tryptic peptides were re-dissdlin 1QL of 0.1% formic
acid. quL of sample was loaded onto a trapping column péckéh C18,
PepMAP100 (Dionex) at a flow rate of 0min in 0.1% formic acid. After 5
minutes of washing, peptides were eluted into a ¢MAP100 nanocolumn
(15 cmx7@um ID, 3um particles) (Dionex) at a flow rate of 350 nL/miteptides
were separated using the mobile phase gradiemt frdo 50% of solvent B in

30 min, and from 50 to 90% B in 5 min. Solvent Asw@8:2 HO:ACN (v/v)
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containing 0.1% formic acid; solvent B was 2:980HACN (v/v) containing

0.1% formic acid.

LC-MS/MS data was acquired in data-dependent aitiquis(DDA) mode
controlled by Xcalibur 2.0.7 software (Thermo Fisl&cientific). A typical
DDA cycle consisted of an MS scan withimz 300—-2000 performed under the
target mass resolution of 60,000 (full width atfhadaximum) followed by
MS/MS fragmentation of the six most intense preasuisns under normalised

collision energy of 35% in the linear trap.

2.12.1 Bioinformatic Interpretation of Mass Spectometry Data

Bioinformatics is the application of computer scenand statistics to the
management of biological data such as genomicspastgomics. It allows for
the determination of proteomic signatures respdasior important clinical-
pathological features, and the identification obtpms/antigens that may be

significant candidates as biomarkers and therapéarjets in a host of diseases.

Database searches were performed using TurboSEQUBEBFare (Bioworks
Browser version 3.3.1) (Thermo Fisher Scientifisjng the human subset from
the SWISS-PROT database. SWISS-PROT is a protquresee database which
provides a high level of annotations (such as #sedption of the function of a
protein, its domains structure, post-translatiamaldifications, variants, etc.), a
minimal level of redundancy and high level of ir&gpn with other databases. It
was established in 1986 by Amos Bairoch in the Dtepent of Medical
Biochemistry at the University of Geneva (Per KiguR001). The following
filters were applied: for charge state Ig%1.5; for charge state 2,c%>2.5;
for charge state 3, 6+>3.5.

LC-MS/MS analysis and bioinformatic interpretatioindata was carried out with

the help of Michael Henry and Dr. Paul Dowling.
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2.13 Immunohistochemical Analysis

All immunohistochemical studies on formalin-fixedrpffin-embedded tissue
sections were performed following the method of Hs$uwal., (1981) using an
avidin-biotin horseradish peroxidase (HRP) conjadakit (ABC) plus an
appropriate secondary antibody. Formalin-fixed ffer@mbedded tissue was
kindly provided by Tallaght Hospital (AMNCH), MounCarmel Hospital,
Beaumont Hospital, Royal Victoria Eye & Ear Hospitnd St. Vincent's
Hospital, Dublin. am sections of tissue blocks were cut using a nmicnet,
mounted onto poly-I-lysine coated slides. Slidesenstored at room temperature

until required.

All immunohistochemical staining was performed gsthe Dako Autostainer
(Dako, S3800). Deparaffinisation and antigen retdiewas performed using
Epitope Retrieval 3-in-1 Solution (pH 9) (Dako, 383 and the PT Link system
(Dako, PT101), whereby slides are heated t&90r 20 minutes, then cooled to
65°C. The slides are then immersed in Wash buffer ¢D&3006). On the

Autostainer, slides were blocked for 10 minuteshvd®Oul HRP Block (Dako,

S2023). Cells were washed with Wash buffer, andu2@ MAb was added to

the slides for 20 minutes. Slides were washed agdmWash buffer, and then
incubated with 200ul Real EnVision DAB (Dako, K4066r 30 minutes. Each

slide was also run with Negative Control Reagent{BS/0.05% Tween-20), to
allow evaluation of non-specific staining and alldwetter interpretation of
specific staining at the antigen site. Staining weesformed using MAbs

generated in this study. All slides were counténsth with haematoxylin for 5

minutes, and rinsed with deionised water, follovdwash buffer. All slides

were then dehydrated in graded alcohols (2 x 3 tagheach in 70% IMS, 90%
IMS and 100% IMS), and cleared in xylene (2 x 5 ut&s), and mounted with
coverslips using DPX mountant (Sigma, 44581).
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2.14 RNA interference (RNAI)

RNAI using small interfering RNA's (siRNAs) was gad out to silence specific
genes. The siRNAs used were chemically synthesigasbion Inc). These
siRNAs were 21-23 bps in length and were introduttethe cells via reverse
transfection with the transfection agent siPORMNed=X™ (Ambion Inc.,
4511).

2.14.1 Transfection optimisation

In order to determine the optimal conditions f&RISA transfection, optimisation
with kinesin siRNA (Ambion Inc., 16704) was carriedt for each cell line.
There were a number of different parameters thak twabe determined to
establish an optimised protocol for the siRNA tfangon of MiaPaCa-2 and its

single cell population clones.

Cell suspensions were prepared at 1 X, BOX 1¢ and 5 X 18 cells per ml.

Solutions of negative control and kinesin siRNAsaafinal concentration of

30nM were prepared in optiMEM (Gibt%, 31985047). NeoFX solutions at a
range of concentrations were prepared in optiMEMuplicate and incubated at
room temperature for 10 minutes. After incubatierther negative control or
kinesin siRNA solution was added to each neoFX entration. These solutions
were mixed well and incubated for a further 10 nwsuat room temperature.
10Qul of the siRNA/neoFX solutions were added to eaell of a 6-well plate. 1

ml of the relevant cell concentrations were addeddch well. The plates were
mixed gently and incubated at 37°C for 24 hourgeA24 hours, the transfection
mixture was removed from the cells and the platesevied with fresh medium.
The plates were assayed for changes in proliferato72 hours using the acid
phosphatase assay (Section 2.4.1). Optimal conditfor siRNA transfection

were determined as the combination of conditionkjciv gave the greatest
reduction in cell number after kinesin siRNA traetdfon and also the least cell
kill in the presence of transfection reagent. Wiestaot analysis was used to
establish the optimum conditions for a siRNA tractibn. The optimised

conditions for the cell lines are shown in Tabl&a2.
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Cell Line Seeding Seeding Density Volume Volume

. NeoFX NeoFX
Density per  per 6-Well Plate per 96 well  per 6 well (ul)
96-Well Plate (ul)
MiaPaCa-2 clone 3 2.5x10 3x10 0.2 2
DLKP-M 2.5x10 3x10° 0.2 2

Table 2.14:- Optimised conditions for siRNA transfection

2.14.2 siRNA functional analysis of targets iderfied in MiaPaCa-2
clone 3 and DLKP-M
Two - three pre-designed siRNAs were chosen foh ezfcthe protein/gene

targets and transfected into cells. Two siRNAs wesed if a validated siRNA
was available. Validated siRNAs have been veritigdreal-time RT-PCR to
reduce gene expression of >70% 48 hours post-geinsh. For each set of
siRNA transfections carried out, control, non-tfeoted cells and a scrambled
(SCR) siRNA transfected control were used. ScrathBIRNA are sequences
that do not have homology to any genomic sequembe. scrambled non-
targeting siRNA used in this study is commerciglpduced, and guarantees
siRNA with a sequence that does not target any geoéuct. It has also been
functionally proven to have no significant effectsn cell proliferation,
morphology and viability. For each set of experitsanvestigating the effect of
SiRNA, the cells transfected with target-specifiRdAs were compared to cells
transfected with scrambled siRNA. This took accooinany effects due to the
siRNA transfection procedure, reagents, and alsp random effects of the
scrambled siRNA. Kinesin was used as a controlsgess the efficiency of the
SiRNA transfection. Kinesin plays an important rolecell division; facilitating
cellular mitosis. Therefore, transfection of siR&esin resulted in cell cycle
arrest and confirmed efficient transfection. Westblots (section 2.10.4) were
used to determine if SIRNA had an efficient knodwth effect at a Protein-
Level. (Appendix I, Table 5 outlines the list oR&As and IDs used in this

thesis)
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2.14.3 Proliferation assays on siRNA transfectecells

As described in table 2.12, cells were seeded u8iAg NeoFX to transfect
30nM siRNA in a cell density of 2.5 X 103 per wefla 96-well plate. After 24
hrs, transfection medium was replaced with fresldienand cells were allowed
to grow until they reached 80-90% confluency, altaf 5 days. Cell number
was assessed using the acid phosphatase assagn(sedtl). All experiments

were carried out independently at least three times

2.14.4 Invasion assays on siRNA transfected cells

Using the optimised conditions in Table 2.16, eatkthe siRNAs was tested to
see changes in invasion of the cells after tratisfec Two-three separate
siRNAs were used for each target gene (Appendbakhle 5). All SIRNAs were

purchased from Ambion Inc.

To assay for changes in invasive capacity, SiRNpeexents in 6-well plates
were set up usingu® NeoFX to transfect 30nM siRNA at a cell density3oX
10° per well of a 6-well plate. Transfection mediumswamoved after 24 hours
and replaced with fresh growth medium. The transtkcells were assayed for
changes in invasion capacity at 48 hours usingith@itro invasion assay
described in Section 2.5.2. All experiments wergied out independently at

least three times.

2.14.5 Motility assays on siRNA transfected cells
Motility assays were carried out as described atise 2.5.3
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2.15 Statistical analysis

Analysis of the difference of comparisons, as veslluntreated versus siRNA

treated mean invasion and motility counts, adhereatzsorbance, Anoikis and

percentage survival calculated, were performedguaistudent t-test (two-tailed

with equal variance), on Microsoft Excel. This ¢ttenethod was used because
the 2 sample sizes are equal, and it is assumeththwvo distributions have the

same variance, e.g. SNB-19 invasion assay:

Control (Hybridoma Media) MAb 7B7 G5 (2)

31.5 28.9
53.1 27.3 n=1
37.2 27.4
34.2 23.6
21.2 15 n=2
29 17.3
25.9 16.9
23.1 22.9 n=3
25 22.3

Table 2.15:- Mean cell counts from invasion assay of SNB-1%igma cells n
the presence of hybridoma media (control) and MAb B7 G5(2). Counts of
inserts over biological triplicates. 3 inserts pebiological experiment

Using Microsoft Excels T Test function with the a&bofigures, a p value of
0.029 is achieved, making it significant. The Pueameasures the probability
that the differences between the control and @sipées would be observed by

chance
*, A pvalue of< 0.05 was deemed significant

** A pvalue< 0.01 was deemed more significant

** A pvalue< 0.005 was deemed highly significant
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Error bars were plotted using plus and minus thedsdrd deviation on triplicate

inserts interexperimentally.

In the siRNA experiments, siRNA scrambled transdctells were used as
control compared to siRNA treated samples. This twasnsure no ‘off-target’
effects of the siRNA transfection procedure. Naated controls were used to

ensure scrambled siRNA was having no effect ambtmalise data.

Effects of less than 20% are taken as ‘“little todafi@ct”, however, statistical
analyses are still carried out, and therefore greement that shows little to no

effect can still be significant or non-significant.
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CHAPTER 3

GENERATION OF MONOCLONAL ANTIBODIES
DIRECTED AGAINST M IAPACA-2 CLONE 3
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3.1 Background

An initial primary immunisation, and 4 booster imnmations were carried out
with the pancreatic cell line, MiaPaCa-2 clonea8, invasive variant of the
MiaPaCa-2 parent cell line (Walsh al, 2008), A final boost was carried out 3
days prior to fusion.

3.2 Fusion Results

Following fusion with MiaPaCa-2 clone 3 cells, asscribed in section 2.3.3,
335 hybridoma supernatants (77.5% fusion effici¢nayre screened directly for
any effect on the invasive capacity on MiaPaCaeel3 cells, and by live and

fixed cell immunofluorescence.

3.3 Preliminary Characterisation of Hybridoma Supenatants

3.3.1 Screening Directly for Effects on Invasion

All resulting hybridomas were screened using a gedéveloped 96-well
invasion assay method (section 2.5.2.) againstptrent cell line, MiaPaCa-2
clone 3. Supernatants showing an increase or dexiieainvasion levels were
identified by three independent witnesses througicraacopic evaluation.
Controls comprised of cells with no antibody supg¢ant (hybridoma media
added in place), with invasion levels in all casesng compared to this

hybridoma medium control.

25 supernatants (duplicate samples) were re-satetmiee (96-well invasion
assay). MAbs 8B3, 7B7, 1E5, 7C3, 7B7, 9D6, 5B1 & 6®&hich all exhibited a
decrease in invasion, and MAbs 7C7 & 7B6, whichhigliowed an increase in
invasion, were then re-screened, in triplicatengs?4 well invasion assays,
again on the invasive MiaPaCa-2 clone 3 and theilmasive MiaPaCa-2 clone
8 cells. MAbs 7B7 and 6E2 appeared to have the iwmssistent inhibition of
invasion, and were chosen for further characteosaAs can be seen in Figure

3.3.1, MAb 7B7 supernatants harvested at varioue points, from T25cm and
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T75cm flasks, show a consistent inhibitive effestiovasion levels in invasive
MiaPaCa-2 clone 3 cells. Preliminary results aledidated that MAb 7B7
marginally decreased invasion (by observation ombf;quantified) in MiaPaCa-
2 clone 8 cells, which exhibit very low levels af/asion (results not shown).

MADbs 7B7 & 6E2 were then cloned out by limitingudibns (section 2.3.6), and
re-screened using both 96 and 24 well invasionyas¢iggure 3.3.2). Using
invasive MiaPaCa-2 clone 3 pancreatic cells, claBbsand G5 (2) exhibited a
consistent inhibitive effect on invasion (figuré.3). It was decided at this point
that MAb 7B7 G5 (2) would be chosen for further reederisation. Significant
inhibition of the 7B7 G5 (2) supernatant was obedr{in triplicate, independent
experiments) following the freezing down, and thayvback, of the hybridoma,
indicating the stability of this MAD. Isotyping &iAb 7B7 G5 (2) determined it
to be an IgM antibody (Figure 3.3). Isostrip analysas carried out as described

in section 2.3.7
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Figure 3.3: - Isostrip analysis of MAb 7B7 G5 (2), indicating tltas an IgM
subclass antibody (Isostrip, Roche Diagnostics, Bnil#93027)
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Figure 3.3.1: - Representative histogram showing inhibitory effeatsMAbs
6E2 and 7B7, harvested from T25tand T75cm flasks over different dates, on
MiaPaCa-2 clone 3 invasion after 48 hours. MAb &Git@cessfully inhibits
invasion by 40%, while MAb 7B7 inhibits invasion loyp to 86%. Error bars
calculated using * standard deviation.
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Figure 3.3.2: - Representative histogram showing inhibitory effeatsMAbs
6E2 and 7B7 clones, on MiaPaCa-2 clone 3 invasitar 48 hours. Clone 6E2
E7 successfully inhibits invasion by 39%, while 78% (2) inhibits invasion by
up to 77%. Error bars calculated using * standaexdation.
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Figure 3.3.3: - Representative photomicrographs showing invasiodiaPaCa-
2 clone 3 cells after 48 hours with addition of (&)bridoma media (Control —
no MADb), (B) MAb 6E5 E7, (C) MAb 7B7 G5 (2) and (DJAb 7B7 F5. A
decrease in invasion can be observed followingteatdof (B) MAb 6E5 clone
E7 and (C) MAb 7B7 clone G5 (2) when compared wdbantrol insert (A). No
inhibition of invasion is observed with MAb 7B7 dle F5 (D).Magnification,
100X. Scale Bar, 2Q0n
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3.3.2 Immunofluorescence Assay

Following 2 preliminary screenings, 22 hybridomgesunatants showing strong
reactivity by immunofluorescence with MiaPaCa-2neo3 were chosen for
repeat screenings. The cellular staining observeaded between strong
membrane-like staining to more intracellular-lik¢aising; some nuclear
reactivity was also observed with a small numbergbridomas. Following

repeated screenings, hybridomas 8F4, 3E2, 5B5, 9B6,& 7B7 were chosen
for further characterisation. Preliminary resultsing immunofluorescence
indicated that MAbs 9D6 & 3E2 exhibited strongeaativity with MiaPaCa-2

clone 8 cells (low level invasive variant). MAbs 7B. 8F4 appeared to show
stronger reactivity with clone 3 compared to clédheMAb 8F4 showed very
strong membrane positivity, not observed with aryttee other antibodies,
indicating that this MAb was recognising a membrapé&ope. Representative
photomicrographs showing MAbs 3E2, 7B7, 8F4 & 9B&ativity in MiaPaCa-2

clone 3 and clone 8 cells can be observed in FiguBel. Immunofluorescence

assays were carried out as described in sectioh 2rf@l 2.9.2
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Figure 3.3.4: - Immunofluorescence analysis of MiaPaCa-2 clone 8GAE &
G) and MiaPaCa-2 clone 3 (B, D, F & H) stained wiiAbs 3E2 (A, B), 7B7
(C, D), 8F4 (E, F) and 9D6 (G, H). MagnificatiodlOX. Scale bar, 2im.
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3.4 Investigation of Functional Effect of MAb 7B7 G (2) in
Invasive CancerModels|In Vitro.

MAb 7B7 G5 (2) underwent further testing to obseitgesffects on a number of

cellular processes, including:

» Proliferation: to observe what effect the MAb has the cancer cells
ability to grow.

* Invasion & Motility: to assess the MADb's effect omellular
invasion/motility

* Adhesion: to assess the MAb’s impact on the adbkeabilities of a
number of cell lines to ECM proteins

* Anoikis: Anoikis is a specific form of apoptosisdunced by the loss or
alteration of cell-cell or cell-matrix anchoragen A& vitro anoikis assay
was used to assess any impact this MAb has oniaresistance.

* MMP activity: to observe what effect, if any, tiNAb has on the activity
of MMP-2 and MMP-9n vitro.

» Cell Morphology: to observe if incubation with thMAb affects the
morphology of invasive cancer cells. Highly invasicells usually
display a spindle shaped elongated morphology.
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3.4.1 MAb 7B7 G5 (2) Effect on Proliferation on thelnvasive
Pancreatic Cell Line MiaPaCa-2 clone 3

The primary goal of this work was to examine thiees of MAb 7B7 G5 (2) on
invasion and motility. To ensure that any changeseoved in the assays were
not secondary to effects on cell proliferation orvéval, initial experiments were
carried out to determine the effects MAb 7B7 G5 (Bad on
proliferation/survival of the MiaPaCa-2 clone 3Icihe. Proliferation assays

were carried out as described in section 2.4.

Figure 3.4 shows that MAb 7B7 G5 (2) had no immacMiaPaCa-2 clone 3 cell

proliferation/survival after a 5 day growth assakis suggests that the MAb has
no toxic, growth inhibitory or stimulatory effechdhis cell line over the course
of the assay.

Statistical analyses were carried out on the aeeedggorbancy readings of the

control Vs test wells, over biological triplicates.
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Figure 3.4: - Histogram of MAb 7B7 G5 (2) showing negligible ibtion of
proliferation compared to control hybridoma medigno MADb) representing
100% proliferation, after 96 hours. Statistics; ¥[©.05, ** p< 0.01, ** p <
0.005, Student’s t-test. n = 3. Error bars caladatsing + standard deviation.
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3.4.2 MADb 7B7 G5 (2) Effect on Invasion on Invasiv€ancer Cell
Lines

In order to ascertain what effect MAb 7B7 G5 (2s han cell invasion and
motility, Invasion and Motility assays were carriedt (as described in section
2.5.2 & 2.5.3.) on a range of invasive cancer lgadis. Cells were incubated with
the MADb, and after 24-48 hrs, depending on the led, levels of cellular

invasion/motility were quantified.

Figure 3.4.2 shows that MAb 7B7 G5 (2) significgntihibited invasion in the
MiaPaCa-2 clone 3 cell line. A dose response wss abserved (MAb diluted
1:2). However, no such inhibition was noted withe tBxPc-3 cell line.
Significant inhibition of invasion was also obseaiva the H1299 and DLKP-M
lung cancer cell lines, the MiaPaCa-2 clone 3 peatar cell line, the MDA-231
and SKBR-3 cell lines, the SNB-19 glioma cell liawed the HCT-116 colon cell
line. Inhibition of invasion was also observed Ire tLox IMVI melanoma cell
line, and the DLKP-I lung cancer cell line. No ibition was observed in the
MDA-MB-157 breast cell line, the BxPc-3 pancreatell line or the C/68
prostate cell line. These results indicate that MY G5 (2) can successfully

inhibit the invasion process in a number of celdy.

Figure 3.4.3 shows that MAb 7B7 G5 (2) significgntéduces cell motility in
the MiaPaCa-2 clone 3 cell line, by levels similarthose seen the invasion
assay. A dose response is also observed in thay.agetility assays carried out
on the SNB-19 glioma cell line (Figure 3.4.8) shthat MAb 7B7 G5 (2) does
not significantly reduce motility in this cell lin€This may indicate that the
inhibition of invasion observed with this MAD is netated to inhibition of cell

motility.

Statistical analyses were carried out with the agercell counts of control Vs

sample inserts over biological triplicates (secobb).
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Figure 3.4.1: - Histogram of MAb 7B7 G5 (2) showing inhibition mivasion in
MiaPaCa-2 clone 3, but little/no inhibition in BxBccompared to control
hybridoma medium (no MAb) representing 100% invasadter 48 hours.

A dose response inhibitive effect is also obselneithe MiaPaCa-2 clone 3 cell
line, with 1:2 dilutions of MAb inhibiting invasioby up to 28.7% compared to
control hybridoma medium (no MADb). Statistics; ¥X®.05, ** p<0.01, *** p <
0.005, Student’s t-tesh. = 3. Error bars calculated using + standard deviation.
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Figure 3.4.2: - Representative photomicrograpklowing invasion status of
MiaPaCa-2 clone 3 cells following incubation withAlll 7B7 G5 (2). A decrease
in invasion can be observed following addition cAM7B7 G5 (2) (b) compared
to control insert (a) (no antibody supernatant) gMfcation, 100X. Scale Barr,

200um
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3.4.3 MAb 7B7 G5 (2) Effect on Motility on the Paareatic Cell
Line MiaPaCa-2 clone 3
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Figure 3.4.3 - Histogram and representative photomicrographs AbMB7 G5
(2) showing significant inhibition of motility congped to control hybridoma
medium (no MADb) representing 100% motility, aftdr 2ours.

A significant dose response inhibitive effect iscabbserved on all dates with 1:2
dilutions of the MAb showing less inhibition compdrto control hybridoma
medium (no MAb). Statistics; * g 0.05, ** p< 0.01, *** p < 0.005, Student’s t-
test. n = 3. Error bars calculated using = standard deviatidiagnification,
200X. Scale Bar, 2Q0m.
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3.4.4 MADb 7B7 G5 (2) Effect on Invasion on the Larg-Cell Lung
Cancer Cell Line H1299 and Invasive Variants of NSCC
DLKP, DLKP-I & DLKP-M
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Figure 3.4.4: - Histogram of MAb 7B7 G5 (2) showing inhibition afvasion in

DLKP-I, DLKP-M and H1299 compared to control hyloida medium (no
MAD) representing 100% invasion after 24 hours.ildition of invasion

observed in the DLKP-I cell line did not reach istatal significance. Statistics;
*p < 0.05 ** p<0.01, * p < 0.005, Student’s t-tesh = 3. Error bars

calculated using + standard deviation.
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Figure 3.4.5. - Representative photomicrographs showing invasiatus of
DLKP-I, DLKP-M and H1299 cells following incubatiomnith MAb 7B7 G5 (2).
A decrease in invasion can be observed followindjtah of MAb 7B7 G5 (2)
(b) compared to control insert (a) (no antibodyesunptant) in all three cell lines.
Magnification, 100X. Scale Bar, 20t.
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3.4.5 MADb 7B7 G5 (2) Effect on Invasion on the NSGC DLKP-M:
- Dose Response
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Figure 3.4.6: - Histogram of MAb 7B7 G5 (2) showing significant ibhion of
invasion compared to control hybridoma medium (nabyirepresenting 100%
invasion) after 24 hours. Statistics; *<0.05, ** p < 0.01, ** p < 0.005,
Student’s t-testn = 3. Error bars calculated using * standard deviation.

A dose response inhibitive effect is also obsemvél 1:2 and 1:10 dilutions of
the MADb showing less inhibition compared to MAb 7Bb (2). A slight dose
response with concentrated MADb (concentrated 2mguillipore Ultrafree-15

centrifuge filter units) is also observed on oneedé&3.2% inhibition of invasion
compared to control hybridoma medium (no MAD) reprging 100% invasion).
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3.4.6 MADb 7B7 G5 (2) Effect on Invasion on the Inwgve, Triple
Negative Breast cancer Cell Lines MDA-MB-231, MDA-MB-
157 and the HER-2 Over Expressing Breast Cell LinéSKBR-
3
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Figure 3.4.7: - Histogram of MAb 7B7 G5 (2) showing inhibition mivasion in
MDA-MB-231, SKBR-3, but an increase in invasion MDA-MB-157,
compared to control hybridoma medium (no MADb) reprging 100% invasion,
after 24 hours. Statistics; *90.05, ** p< 0.01, *** p < 0.005, Student’s t-test.
n = 3. Error bars calculated using + standard deviation.
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Figure 3.4.8: - Representative photomicrographs showing invasiatust of
MDA-MDA-231 MDA-MB-157 and SKBR-3 cells followingncubation with
MADb 7B7 G5 (2). A decrease in invasion can be oles#ifollowing addition of
MAb 7B7 G5 (2) (b) compared to control insert (ad @ntibody supernatant) in
the MDA-MB-231 and SKBR-3 cell lines. However, aht increase in invasion
is observed in the MDA-MB-157 cell line. Magnifiean, 100X. Scale Bar,

200um.
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3.4.7 MAb 7B7 G5 (2) Effect on Invasion on the Invasive GGoma
Cell Line SNB-19.
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Figure 3.4.9: - Histogram and representative photomicrographs obMB7 G5
(2) showing significant inhibition of invasion commed to control hybridoma
medium (no MAD) representing 100% invasion, aférdurs. Statistics; * g
0.05, * p< 0.01, *** p < 0.005, Student’s t-tesh = 3. Error bars calculated
using * standard deviation. Magnification, 100XaedBar, 20Qm.
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3.4.8 MAb 7B7 G5 (2) Inhibition of Matility on Invasive Glioma
Cell Line SNB-19
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Figure 3.4.10 - Histogram and representative photomicrographs obMB7 G5

(2) showing inhibition of motility compared to coolt hybridoma medium (no
MAD) representing 100% motility, after 24 hourshilmtive effect did not reach
statistical significance. Statistics; * p 0.05, ** p < 0.01, *** p < 0.005,
Student’'s t-testn = 3. Error bars calculated using + standard deviation.
Magpnification, 100X. Scale Bar, 2Q60.
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3.4.9 MAb 7B7 G5 (2) Effect on Invasion on the Invgive Melanoma
Cell Line Lox IMVI
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Figure 3.4.11: - Histogram and and representative photomicrographdAb
7B7 G5 (2) showing inhibition of invasion comparéal control hybridoma
medium (no MADb) representing 100% invasion, aft&rhdurs. Inhibitive effect
did not reach statistical significance. Statistitg; < 0.05, ** p< 0.01, ** p <
0.005, Student’s t-tesh = 3. Error bars calculated using + standard deviation.

Magpnification, 100X. Scale Bar, 2Q60.
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3.4.10 MAb 7B7 G5 (2) Effect on Invasion on the Irasive Prostate
Cell line C/68
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Figure 3.4.12: - Histogram and representative photomicrographs obbMA&7

G5 (2) showing inhibition of invasion compared tantrol hybridoma medium
(no MADb) representing 100% invasion, after 24 houmbibitive effect did not
reach statistical significance. Statistics; ¥®.05, ** p< 0.01, *** p < 0.005,
Student’'s t-testn = 3. Error bars calculated using + standard deviation.

Magpnification, 100X. Scale Bar, 2Q60.
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3.4.11 MAb 7B7 G5 (2) Effect on Invasion on the Irasive Colorectal
Cell line HCT-116
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Figure 3.4.13: - Histogram and representative photomicrographs obbMA&7
G5 (2) showing inhibition of invasion compared tantrol hybridoma medium
(no MAD) representing 100% invasion, after 24 ho@itstistics; * p< 0.05, ** p

< 0.01, *** p < 0.005, Student’s t-tesh = 3. Error bars calculated using *
standard deviation. Magnification, 100X. Scale B&Qum.
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Cancer Type Cell Line Mean Inhibition Levels P value
MDA-MB-157 11.4%increase 0.67
Breast MDA-MD-231 23% 0.16
SKBR-3 25.6% 0.22
DLKP-I 12.9% 0.57
Lung DLKP-M 32.2% 0.22
H1299 30.6% 0.08
Pancreatic MiaPaCa-2 clone 3 45.4% 0.33
BxPc-3 3.4%ncrease 0.64
Melanoma Lox IMVI 18.47% 0.71
Glioma SNB-19 27% 0.02
Prostate C/68 11% 0.7
Colon HCT-116 24.2% 0.11

Table 3.4: - Effect of MAb 7B7 G5 (2) on invasion levels in arel of cell lines.
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3.4.12 MAb 7B7 G5 (2) Effect on Adhesion to Fibronectin &
Matrigel on the Invasive Pancreatic Cancer Cell Lire
MiaPaCa-2 clone 3

Adhesion assays were carried out in order to inyatst what effect MAb 7B7
G5 (2) had on the ability of cancer cells to attaxliECM proteins. Adhesion to
ECM proteins, especially fibronectin representsraportant step in metastasis
(Shawet al, 1996). The effect of the MADb on the ability ofid®aCa-2 clone 3
cells to adhere to fibronectin was investigatedwas the ability of DLKP-M
cells to adhere to matrigel in the presence ofNt#&. Adhesion assays were

performed as described in section 2.5.4

In Figure 3.4.12, MAb 7B7 G5 (2) reduced adhesibM@PaCa-2 clone 3 cells
to fibronectinin vitro was observed. A significant decrease in adhereiice o
DLKP-M cells to matrigel was also observed (Figd.13). These results
indicate that MAb 7B7 G5 (2) can interfere with talkility of cancer cells to
attach to components of the ECM.

Statistical analyse were carried out on the aveadigerbancy reading of control

Vs sample wells over biological triplicates.
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Figure 3.4.14. - Adhesion of MiaPaCa-2 clone 3 to ECM protein, filotin.
Results are expressed as percentage adhesionrdaeidin in the presence of
MADb 7B7 G5 (2), compared to adhesion to fibroneatitthe presence of control
hybridoma medium (no MAD). Cells grown in the prese of MAb 7B7 G5 (2)
for 24 hrs, showed a decrease in adhesion to fdmton Statistical significance
was not achieved. Statistics; *<p0.05, ** p< 0.01, *** p < 0.005, Student’s t-
test.n = 3. Error bars calculated using * standard deviation.
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Figure 3.4.15: - Adhesion of DLKP-M to extracellular matrix proteimatrigel.
Results are expressed as percentage adhesionrigehiat the presence of MAb
7B7 G5 (2), compared to adhesion to matrigel in fpinesence of control
hybridoma medium (no MAD). Cells grown in the prese of MAb 7B7 G5 (2)
for 24 hrs, showed a significant decrease in adhesi matrigel. Statistics; *
0.05, * p< 0.01, *** p < 0.005, Student’s t-tesh = 3. Error bars calculated
using + standard deviation.
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3.4.13 MAb 7B7 G5 (2) Effect on Anoikis on the Invasive Pacreatic
Cancer Cell Line MiaPaCa-2 clone 3 and on the Invase
NSCLC DLKP-M Cell Line

To determine whether MAb 7B7 G5 (2) effects anoikesistancein vitro,
Anoikis assays were carried out on the MiaPaCasRecl3 and DLKP-M cell
lines. Anoikis is a specific form of apoptosis icéd by the loss or alteration of
cell-cell or cell-matrix anchorage. MiaPaCa-2 clébas been shown to have a
high level of anoikis resistance (Walsh al, 2009), while DLKP-M has been
shown to be 50% resistant to anoikis (Dr. Keend@,BY unpublished results). In
this study, the effect of MAb 7B7 G5 (2) on the abaell lines growing in
anoikis-inducing conditions was investigated. Ampikssays were carried out as
described in section 2.6.

Figure 3.4.14 shows that MAb 7B7 G5 (2) has lititeeffect on the cells when
there are growing in Anoikis-inducing conditionshelcells do not display any
increased or decreased levels of anoikis resistandeating that MAb 7B7 G5

(2) does not effect this cellular process.

Statistical analyse were carried out on the aveadigerbancy reading of control
Vs sample wells over biological triplicates.
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Figure 3.4.16: - Representative histogram showing percentage suirgfvaon-
adherent cells (24 hrs poly-HEMA treated plastie presence of MAb 7B7
G5 (2) has a slight effect on cell survivability @hcompared to cells growing in
the presence of hybridoma medium (no MAb). Staitsignificance was not
achieved in this experimeridata shown is mean * standard deviatior @).

111



3.4.14 Morphological Change of MiaPaCa-2 clone 3 @g Incubated
with MAb 7B7 G5 (2)

MiaPaCa-2 clone 3 cells display an elongated, df@iike morphology, which

Is associated with an invasive phenotype. To ingatt whether MAb 7B7 G5
(2) effects cell morphology, MiaPaCa-2 clone 3 seallere incubated with the
MADb for 24hrs, after which, cell morphology was ebsd. This assay was

carried out as described in section 2.8.

Figure 3.4.15 shows the effect MAb 7B7 G5 (2) hagle MiaPaCa-2 clone 3
cells, compared to cells grown in the absence efMA\b. It is quite clear that
the cells have lost their elongated, spindle-likape, and exhibit a more rounded
appearance, similar to the less invasive MiaPaCla2e 8 cell morphology. As
a spindle-like cell morphology has been linked &l mwvasion (Yilmazet al,
2007), this change may indicate that the invasagabilities of the MiaPaca-2
clone 3 cells have been diminished following indidawith MAb 7B7 G5 (2).
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Figure 3.4.17: - Representative photomicrographs showing morpholofy
MiaPaCa-2 clone 3 cells following incubation withAll 7B7 G5 (2). Cells
incubated with MAb 7B7 G5 (2) (B) have lost theioregated, splindle-like
morphology, which is associated with an invasivergitype, and have become
more rounded. Cells incubated with hybridoma méddéinretain their normal
morphology. Magnification, 100X. Scale Bar, 200.
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3.4.15 MAb 7B7 G5 (2) Effect on MMP Activity in the Invasive
Breast Cancer Cell Line MDA-MB-231

Zymography assays were carried out in order todtigate the effect of MAb
7B7 G5 (2) has on MMP-9 expression. MMP-9 is inealin the degradation of
proteins in the extracellular matrix and plays aca@l role in localised
degradation of the basement membrane, and subdezglletar invasion. MDA-
MB-231 was chosen for this study, as it is knowexpress MMP-9 (Hegedes
al., 2008). Conditioned media from cells incubatethwihe MAb was collected,
as described in section 2.7.1. This was then stgzhian a zymography gel,
which was then subsequently stained. The zymogragbgy was carried out as

described in section 2.7.2.

Figure 3.4.16 shows that MAb 7B7 G5 (2) greatlyrdases the activity of active
MMP-9 in the MDA-MB-231 cell line, when compared ¢ells grown in the
absence of the MAD. This is also clearly observethe zymography gel. This
preliminary result indicates that MAb 7B7 G5 (2hiipits the activity of MMP-9
in vitro (see Appendix VI for complete zymograpgy gel).
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Figure 3.4.18: - Graph and zymography gel showing effect of MAb &Y (2)
on MMP-9 activity in the MDA-MB-231 breast cell Bn Cells incubated with
MADb 7B7 G5 (2) show a decrease in the activity dfiIRt9 when compared to
control hybridoma medium (no MAD) representing nariMMP-9 activity.
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3.5 Immunofluorescence Studies of MAb 7B7 G5 (2) la Panel of
Cancer Cell Lines

C. D.

Figure 3.5: - Immunofluorescence analysis of MAb 7B7 G5 (2) oraRACa-2
clone 3, clone 8 pancreatic cancer cells, and DIKP-and a Mitoxantrone
resistant variant, DLKP-Mitox-6p cancer cell liné®oyce, H., unpublished).
Cytoplasmic/membrane reactivity is observed initivasive MiaPaCa-2 clone 3
cells (A), while less intense positivity is obsetvim MiaPaCa-2 clone 8 cells
(B), which exhibit low levels of invasion. Intenseactivity with MAb 7B7 G5
(2) is observed in the invasive DLKP-Mitox-6p cklie (D), compared to the
parental DLKP-SQ cell line (C), which exhibits lovevels of invasion.

Magnification, 630X (A & B), 400X (C & D). Scale BalQum , 2Qum. (D
counter stained with Propidium lodide).
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3.6 Western Blotting Analysis

Western blotting analysis of whole cell lysates MiaPaCa-2 clone 3 cells,
followed by probing with MAb 7B7 G5 (2) did not mtace any specific reactive

bands.

3.7 Immunoprecipitation Studies

In order to try and identify the target antigemsiiunoprecipitation studies were
carried out on a variety of cell lines. MiaPaCaléhe 3 was the primary cell line
used, due to the initial invasion/motility assaysried out with that cell line.
Protein-L agarose beads were used to pull out ¢hetive antigens from cell
lysates of MiaPaCa-2 clone 3 cells for MAb 7B7 @k Following separation on
4-12% Bis-Tris SDS-PAGE, a number of bands weratiled (Figure 3.1.12).
These were compared to bands pulled out using aomouse IgM, and those
bands only present with the 7B7 G5 (2) MAb werentdeed through liquid
chromatography mass spectrometry (LC-MS) analyBisnex Ultimate 3000
LC system, LTQ-Orbitrap mass spectrometer), LC-M&ugncing using
LCMS/LTQ mass spectrometry and TurboSEQUEST softwesing the human
subset from the SWISS-PROT database.

Two different methods of immunoprecipitation werarreed out in order to
facilitate identification of the antigen of intete$he first method, termed Direct
IP (section 2.11.1.), involves incubating the amdip/cell lysates complex with
Protein-L agarose beads, then separating the @ojutontaining both antigen
and antibody fragments, on SDS-PAGE. In the seooethod, known as Cross-
Linked IP (section 2.11.2.), a purified form of thAb (section 2.3.8) is
covalently bound to the agarose beads, which ia theubated with the cell
lysate. The antibody-antigen complex is then elléading the antibody bound
to the agarose beads, resulting in an antigen-salytion (i.e. no antibody
interference). When separated on SDS-PAGE, anytirggbands will be free of
antibody fragments, allowing for easier antigenntd&ation through mass
spectrometry. Controls for both immunoprecipitatiomethods consisted of

control mouse IgG/IgM antibodies.
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3.7.1 MAb 7B7 G5 (2) — Direct Immunoprecipitation Method

M.W 1 2 3 4

26C

16C prey <+<— Band:
' ' Band :

11C &

8C ; IgM Heavy

] Chain

60 ' <«—— Band:

50 - <«— Band
i 4 <— Band*

4C

3C — ]
IgM Light
Chain

IgM  7B7 7B7

Figure 3.7: - Direct Immunoprecipitation of cell lysates with 7B7 G5 (2)
MADb and control mouse IgM.

A representative SDS-PAGE gel of MiaPaCa-2 clonan8 Lox IMVI cells
immunoprecipitated with MAb 7B7 G5 (2) and sepatate SDS-PAGE, and
stained with 0.25% Coomassie Blue. Lanenblecular weight markers. Lane 2
MiaPaCa-2 clone 3 immunoprecipitated using contrmluse IgM._Lane :3
MiaPaCa-2 clone 3 immunoprecipitated with MAb 7B3 @). Lane 4 Lox
IMVI immunoprecipitated with MAb 7B7 G5 (2). Fiveahds of MAb 7B7 G5
(2) target proteins are observed; at approx. 208, KIBO kDa, 65 kDa, 45 kDa
and 35 kDa. These 5 bands were not present inottteot IgM, were observed in
triplicate experiments, and in 3 different cellds Each band was excised,
digested with trypsin and run through an LCMS/LT@@ap Mass
Spectrometer for identification (section 2.12).
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3.7.2 Purification of MAb 7B7 G5 (2)
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Figure 3.7.1: - Representative SDS-PAGE gel showing successfufigation
of 7B7 G5 (2) MADb, using the Pierce NApin Purification Kit (section 2.3.8).
Lane 1 Molecular Weight marker. Lane Pnpurified MAb 7B7 G5 (2). Lane:3
Concentrated, unpurified MAb 7B7 G5 (2). LaneParrified MAb 7B7 G5 (2).
Purified MAD is required for cross-linked immunogiggtation.
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3.7.3 MADb 7B7 G5 (2) - Cross Linked Immunoprecipitdon Method

26(
16¢
11C 1,

80 |
60 &
50 |

40
* Absence of

30 || heavy & light Ab

20 14

15
10

Figure 3.7.2: - Immunoprecipitates of MiaPaCa-2 clone 3 cells sapdr by
SDS-PAGE, and stained with 0.25% Coomassie Blueellamolecular weight
markers._Lane :2Unbound MAb 7B7 G5 (2). Lane: MiaPaCa-2 clone 3
immunoprecipitated with MAb 7B7 G5 (2). Three bamdsantigen recognition
and/or interacting proteins are observed; at appt®® kDa, 80 kDa, and 70
kDa. No antibody heavy and light chains are predemth band was excised and
run through an LCMS/LTQ Mass Spectrometer for ideation (section 2.12).
Non-binding agarose beads were used as a control.
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3.8 Western Blot Analysis of MAb 7B7 G5 (2)
Immunoprecipitates

Western blotting analysis was then carried with MAMB7 G5 (2)
iImmunoprecipitates, in order to establish MAb reagt if any, with the
antigens pulled out through the immunoprecipitapoocess. No reactive bands

were observed.
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3.9 Mass Spectrometry Identification of MAb 7B7 GH2) Target

Proteins

Following separation of immunoprecipitates on 4-1B¥%-Tris SDS-PAGE, the
gels were stained with 0.25% Coomassie Blue anthitesl accordingly. Bands
of interest were excised from the gel, digestedh wigpsin, and subjected to LC-
MS analysis. Identification was achieved using 8WISS-PROT SEQUEST
database (section 2.12.1).

Positive identification was deemed valid if:

» proteins were observed in duplicate or more, froan ghore independent
experiments

* a minimum of 2 peptide sequences was obtained

* molecular weight of protein matched molecular weigfhband on gel

» proteins achieved a high XC score, indicating dgog¢lconfidence in the
identification (the minimum acceptable Xcorr foerdified peptides was
1.5 for 1+ peptides, 2.5 for 2+ peptides and 3r3fopeptides).

» proteins were unique to MAb 7B7 G5 (2) (i.e. noturid with other
MADbS)

Criteria for a valid identification is describedfirl in section 2.12.1
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Protein Name Band Gene SWISSPROT MW
Symbol Protein AC Number (kDa)

ATP-dependent DNA helicase |2 2 XRCC5 P13010 82.65
subunit 2 (Cross Linked I.P.)

ATP-dependent DNA helicase |2 3 XRCC6 P32807 69.79
subunit 1 Cross Linked 1.P.)

Table 3.9: - Proteins identified using the above criteria, frexcised bands
immunoprecipitated with MAb 7B7 G5 (2), through maspectrometry. Band
number refers to highlighted bands on gel represemt figures 3.7 and 3.7.2.

Direct immunoprecipitation of MAb 7B7 G5 (2) onlyge two positive results.
The band at approx. 36 kDa was identified as ElbogaFactor 1-Alpha 1.

However, this protein was also immunoprecipitated! with another antibody
(MAb 9E1 24 (6)). All other bands were identifiad Mouse IgM. In order to
obtain a clear identification, it was necessarydmove the IgM components
from the immunoprecipitates. This was achieved qudime cross linked IP

method, as described in section 2.11.2. A reprateatgel can be observed in
Figure 3.7.2. From this, three bands of interestew@bserved. The top band
(approx. 110 kDa), identified as Nucleolin, wasoaddserved in a control IP, so
was disregarded. The band at approx. 80 kDa wadifiéel as ATP-dependent
DNA helicase 2 subunit 2. The band at approx. 68 kias identified as ATP-
dependent DNA helicase 2 subunit 1. All proteonatads included in Appendix
1 & I).

All other bands observed were either identifiedViasise IgM, or were present in

the control mouse IgM immunoprecipitates, and wieos disregarded.
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3.9.1 Identification of MAb 7B7 G5 (2) Target Protéens by LC-MS
Analysis of 7B7 G5 (2) Immunoprecipitates.

ATP-dependent DNA helicase 2 subunit 1

P (pro) Score

Scan(s) Peptide MH+ z Type P (pep) XC
KU70_HUMAN RecName: FullATP-dependent DNA helicase 2 subunit;1 1.24E-09| 50.24
AltName: Full=ATP-dependent DNA helicase Il 70 kBibunit; AltName:
Full=Lupus Ku autoantigen protein p70; Short=KuA@Name: Full=70 kDa
subunit of Ku antigen; AltName: Full=Thyroid-lupu

976 R.QIILEKEETEELKR.F 1757.9643¢ 2 CID 4.76E-Q7 8B.
1017 R.IM*LFTNEDNPHGNDSAK.A 1918.85997| 2 CID 1.24E-09 4.71
1244 R.TENTSTGGLLLPSDTKR.S 1807.95483 |2 CID 440CED 3.71
1540 K.KPGGFDISLFYR.D 1399.73682 2 CID 1.99E-06 B.g
1650 R.DSLIFLVDASK.A 1207.65689 2 CID 3.27E-0p 3.0p

Table 3.9.1: - Identification of Protein ATP-dependent DNA heliea® subunit
1, obtained using SEQUEST Human protein database

Peptides were identified using Bioworks 3.3.1 safev A representative results
(experiments were carried out at least 3 timesh@vn above, where 5 peptides
corresponding to Human ATP-dependent DNA helicassuBunit 1 were
identified. All 5 peptides showed high XC scoregi@ating excellent confidence
in this identification. (Note: the minimum acceg&ahbXcorr for identified
peptides was 1.5 for 1+ peptides, 2.5 for 2+ pegtahd 3.5 for 3+ peptides).

MSGWESYYKTEGDEEAEEEQEENLEASGDYKYSGRDSLIFLVDASKAMFESREDELTPFDMSIQCI
QSVYISKIISSDRDLLAVVFYGTEKDKNSVNFKNIYVLQELDNPGAKRILELD QFKGQQGQKRFQD
MMGHGSDYSLSEVLWVCANLFSDVQFKMSHKRIMLFTNEDNPHGN DSAKASRARTKAGDLRDT
GIFLDLMHLKKPGGFDISLFYRDIISIAEDEDLRVHFEESSKLEDLLRKVRAKETRKRALSRLKLKLN
KDIVISVGIYNLVQKALKPPPIKLYRETNEPVKTKTRTFNTSTGGLLLPSDTKRSQIYGSRQIILEKEET
EELKRFDDPGLMLMGFKPLVLLKKHHYLRPSLFVYPEESLVIGSSTLFSALLKCLEKEVAALCRYT
PRRNIPPYFVALVPQEEELDDQKIQVTPPGFQLVFLPFADDKRKMPFTEKIMAFREQVGKMKAIVEK
LRFTYRSDSFENPVLQQHFRNLEALALDLMEPEQAVDLTLPKVEAMNKRLGSLVIEFKELVYPPDY
NPEGKVTKRKHDNEGSGSKRPKVEYSEEELKTHISKGTLGKFTVPMLKEACRXGLKSGLKKQEL
LEALTKHFQD

Figure 3.9: - Total amino acid sequence of Human ATP-dependenA DN
helicase 2 subunit 1 protein presented above. $td®17 peptide sequence,
which shows the highest XC score (4.77) is highiegh
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Figure3.9.1: - The MS-MS spectrum for scan 1017 showing b (ineéidah red) & y (indicated in blue) fragment ionissroverlay.
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ATP-dependent DNA helicase 2 subunit 2

P (pro) Score
Scan(s) Peptide MH+ z Type P (pep) XC
KU86_HUMAN RecName: FullATP-dependent DNA helicase 2 2.08E-07 30.21
subunit 2; AltName: Full=ATP-dependent DNA helic&s80 kDa
subunit; AltName: Full=Lupus Ku autoantigen protpB6; AltName:
Full=86 kDa subunit of Ku antigen; AltName: Full=86; AltName:

Full=Ku80

1257 R.YGSDIVPFSK.V 1112.56226 ? CID 9.87E-Q7 3.08
1390 R.HIEIFTDLSSR.F 1317.67969 2 CID 2.08E-07 3.16|
1605 K.SQLDIIHSLK.K 1266.74158 2 CID 5.48E-0¢ 3.11

Table 3.9.2: - Identification of Protein ATP-dependent DNA heliea® subunit
2, obtained using SEQUEST Human protein database

Peptides were identified using Bioworks 3.3.1 safev A representative result
(experiments were carried out at least 3 timesh@wvn above, where 3 peptides
corresponding to Human ATP-dependent DNA helicassuBunit 2 were
identified. All 3 peptides showed high XC scoregigating excellent confidence
in this identification.

MVRSGNKAAVVLCMDVGFTMSNSIPGIESPFEQAKKVITMFVQRQVFAENKDEALVLFGTDGTDN
PLSGGDQYQNITVHRHLMLPDFDLLEDIESKIQPGSQQADFLDALIVSMDVQHETIGKKFEKRHIEI
FTDLSSRFSKSQLDIIHSLKKCDISLQFFLPFSLGKEDGSGDRGDGPFRLGGHGPSFPLREQQKE
GLEIVKMVMISLEGEDGLDEIYSFSESLRKLCVFKKIERHSIHWPCRLTIGSNLSRIAAYKSILQERYV
KKTWTVVDAKTLKKEDIQKETVYCLNDDDETEVLKEDIQGFRYGSDIVPFSK VDEEQMKYKSEG
KCFSVLGFCKSSQVQRRFFMGNQVLKVFAARDDEAAAVALSSLIHALDDLDMVAIV RYAYDKRA
NPQVGVAFPHIKHNYECLVYVQLPFMEDLRQYMFSSLKNSKKYAPTEAQLNAVDALIDSMSLAKK
DEKTDTLEDLFPTTKIPNPRFQRLFQCLLHRALHPREPLPPIQQHIWNMLNPHRA/TTKSQIPLSKIKT
LFPLIEAKKKDQVTAQEIFQDNHEDGPTAKKLKTEQGGAHFSVSSLAEGSV SVGSVNPAENFRVL
VKQKKASFEEASNQLINHIEQFLDTNETPYFMKSIDCIR

Figure 3.9.2: - Total amino acid sequence of Human ATP-dependenA DN
helicase 2 subunit 2 protein presented above. StdB90 peptide sequence,
which shows the highest XC score (3.16) is highiégh

126



4
(0677
3
p j
]
ul
; y
H 1y
¢ | ik
E ?255 i
% ; " 110
b #
m E S i
i e
L | T | I|\I|.l|||.|. ’. .\I 1 TR
'"I"'|"'I"'I"'I"'I‘"'"\"'I"‘I"'I"'|"‘I'"'"I"'I"'|"'\"'I"‘I"I"'|"‘I"'I"'I"'I"

!
il Bl a0 100 il

Figure 3.9.3: - The MS-MS spectrum for scan 1390 showing b (ineéidah red) & y (indicated in blue) fragment ionissroverlay.
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3.10 Western Blot Validation of MAb 7B7 G5 (2) Taget Proteins

A. B

o e e - 80kDa Ku80
C. D

Wi 70kDa Ku70

Figure 3.10: - Western Blot analysis of (A) DLKP-A Cross LinkedPl.sample,

and (B) MiaPaCa-2 clone 3 Cross Linked I.P. samga#parated by SDS-PAGE
and probed with an ATP dependent DNA helicase 2isiild antibody (Ku80).

A reactive band at the expected weight of 80 kDadetected in all

immunoprecipitates, confirming this protein band ASP dependent DNA

helicase 2 subunit In = 3.

(C & D): Western Blot analysis of DLKP-A Cross Lt I.P. sample and
MiaPaCa-2 clone 3 Cross Linked I.P. samples prondd ATP dependent DNA

helicase 2 subunit 2 antibody (Ku70). A reactivadat the expected weight of
70 kDa is detected in both immunoprecipitates, icomifig this protein band as
ATP dependent DNA helicase 2 subunit2= 3.
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3.11 siRNA Functional Analysis of MAb 7B7 G5 (2) Teget

Proteins

To investigate any functional role of the identfiMAb 7B7 G5 (2) target
proteins in cancer cell invasion, siRNA silencingtloe respective targets was
carried out using Ambion Inc. Silen€eBelect siRNAs. Two or three (where

available) siRNAs specific to each target were stigated.

The conditions for siRNA transfection were optintise 96- and 6-well plates
using kinesin as a positive control, and scramb&ENA as a SiRNA
transfection control (section 2.14.1). For eachodetiRNA transfections carried
out, a non-transfected cell line and a scrambl€&R)SsiRNA transfected control
were used. Kinesin (Kin) was used as a controkfticient transfection as Kin

siRNA reduces proliferation in the cells.

* 48hrs post-transfection, cells were lysed (RIPA)algsed by SDS-
PAGE, and probed with specific antibodies to repedargets to test
effect of knockdown on Protein-Levels.

* Proliferation assays (section 2.14.3) were caroiedon transfected cells
to assess the impact of knockdown on proliferatlemels in the cells, to
ensure that any inhibition in invasion was not jisé to a decrease in the

cell number.

* Invasion assays (section 2.14.4) were carried autransfected cells to

confirm whether or not these targets were involiveidvasion.

* Motility assays (section 2.14.5) were carried onttmansfected cells to

confirm whether or not these targets were involveahotility.
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3.11.1 Investigation of Ku70 in Cancer Cell Invasio

Ku70 knockdown was carried out in the MiaPaCa-2el8 and DLKP-M cell

lines.

Silencing of the Ku70 gene by two different siRNgignificantly reduced the

invasive capacity of MiaPaCa-2 clone 3 and DLKP-@i<c

» MiaPaCa-2 clone 3 invasion was significantly intedj by an average of
37.4%, following siRNA transfection with Ku70A, arah average of
24.9% following siRNA transfection by Ku70B.

 DLKP-M invasion was inhibited by an average of 24.2Zollowing
siRNA transfection with Ku70A, and significantly hibited by an
average of 38.6% following siRNA transfection wikih70B.

Motility was also significantly inhibited in the MPaCa-2 clone 3 cell line

following siRNA transfection with Ku70B, by an aage of 35.7%

No significant affect on proliferation in eitherettMiaPaCa-2 clone 3 or DLKP-
M cell lines was observed following transfectionsiRNASs, indicating that the
observed inhibition of invasion was not due to eeguced proliferative capacity
of the cells. Protein knockdown was confirmed by stéen Blot analysis
(Figures 3.11 & 3.11.6).

Statistical analyses for proliferation assays weaeried out on the average

absorbancy readings of the control Vs test wellsy diological triplicates.

Statistical analyses for invasion assays were ezhrout with the average cell

counts of control Vs sample inserts over biologtaalicates (section 2.15).
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Figure 3.11: - Western Blot analysis of whole cell (RIPA) lysatddMiaPaCa-2
clone 3 transfected cells, separated on SDS-PAG#&,paobed with an ATP-
dependent DNA helicase 2 subunit 2 antibody. A céda in the levels of Ku70
can be seen when compared to the control MiaPaCla® 3 cell lysate
(untransfected)a-Tubulin was used as a loading control.(@%rotein per lane
loaded)n = 3.
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+ Effect of SIRNA Ku70 on MiaPaCa-2 clone 3 Prolifertion
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Figure 3.11.1: - Histogram showing proliferation assay of MiaPaCalé@e 3
scrambled, kinesin and transfected with siRNAs AB &argeting Ku70. Results
graphed as % survival relative to scrambled transecells (control)Loss of
Ku70 did not affect proliferation in this cell lingherefore any inhibition of
invasion is not due to cell kill. Statistics perfoed using student t-test compared
to scrambled control; * g 0.05, ** p< 0.01, ** p <0.005,n = 3.
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Knockdown of Ku70 reduces invasion in MiaPaCa 2-cloe 3
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Figure 3.11.2: - Histogram showing effect of Ku70 knockdown on inivas

behaviour of MiaPaCa-2 clone 3 celRorty-eight hours post-transfection with
Ku70 siRNAs, invasion assays on MiaPaCa-2 clonel® avere performed.

Ku70-A siRNA transfected cells show a significaetccease in invasion levels,
while Ku70-B siRNA transfected cells also show ardase in invasion levels,
but not significantly so. Statistics performed gsistudent t-test compared to
scrambled control; * g 0.05, ** p< 0.01, *** p < 0.005,n = 3.
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Scrambled

Figure 3.11.3. - Representative photomicrographs showing invasiatustof
MiaPaCa-2 clone 3 cells after 48hrs, untreated (DNEtransfected with
scrambled siRNA (Control), transfected with Ku70siRNA and Ku70-B. A
decrease in invasion can be observed followingstesntion with Ku70 siRNAs
when compared to the control insert (scrambled). agification, 100X, scale
bar, 200um.
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* Knockdown of Ku70 reduces motility in MiaPaCa 2-clme 3
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Figure 3.11.4: - Histogram showing effect of Ku70 knockdown on nw®til
behaviour of MiaPaCa-2 clone 3 cells. Forty-eigbtis post-transfection with
Ku70 siRNAs, motility assays on MiaPaCa-2 clone éllscwere performed.
Ku70 B siRNA transfected cells show a decrease atility levels. Statistics
performed using student t-test compared to scraintdetrol; * p< 0.05, ** p<
0.01, *** p <0.005,n = 3.
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DMEM Scrambled
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Figure 3.11.5: - Representative photomicrographs showing motiligtust of
MiaPaCa-2 clone 3 cells after 48hrs, untreated (DVEtransfected with
scrambled siRNA (Control), transfected with Ku70s/iRNA and Ku70-B. A
decrease in motility can be observed following $fantion with Ku70 siRNA B,
but not A, when compared to the control insert §8drled). Magnification,
100X, scale bar, 200m.
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+ Effect of Ku70 siRNA transfection in DLKP-M

DLKP-M Scramble!

DLKP-M Control
DLKP-M Ku70 A
DLKP-M Ku70 B
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Figure 3.11.6: - Western Blot analysis of whole cell (RIPA) lysatd<DLKP-M
transfected cells, separated on SDS-PAGE, and groiith an ATP-dependent
DNA helicase 2 subunit 2 antibody. A reduction lre tevels of Ku70 can be
seen when compared to the control DLKP-M cell lgs@intransfectedB-Actin
was used as a loading control. ((@5protein per lane loaded)= 3.
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Effect of sSIRNA Ku70 on DLKP-M Proliferation
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Figure 3.11.7: - Histogram showing proliferation assay of DLKP-Maubled,

kinesin and transfected with siRNAs A, & B targetiku70. Results graphed as
% survival relative to scrambled transfected c@mtrol). Loss of Ku70 did not
affect proliferation in this cell line; thereforeyinhibition of invasion is not due
to cell kill. Statistics performed using studente$t compared to scrambled
control; * p<0.05, * p<0.01, ** p<0.005,n = 3.
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Knockdown of Ku70 reduces invasion in DLKP-M
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Figure 3.11.8: - Histogram showing effect of Ku70 knockdown on inivas
behaviour of DLKP-M cells.Forty-eight hours post-transfection with Ku70
siRNAs, invasion assays on DLKP-M cells were penied. Ku70-A and Ku70-
B siRNA transfected cells show a decrease in imwvadevels. Statistics
performed using student t-test compared to scraintdatrol; * p< 0.05, ** p<
0.01, ** p <0.005,n = 3.
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Scrambled

Figure 3.11.9: - Representative photomicrographs showing invasiatustof
DLKP-M cells after 48hrs, untreated (DMEM), trangBd with scrambled
siRNA (Control), transfected with Ku70-A siRNA ami70-B. A decrease in
invasion can be observed following transfectiorhviku70 siRNA B, but not A,
when compared to the control insert (Scrambled)gmfacation, 100X, scale
bar, 200um.
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3.11.2 Investigation of Ku80 in Cancer Cell Invasio

Ku80 knockdown was successfully carried out in M@PaCa-2 clone and
DLKP-M cell lines.

Silencing of the Ku80 gene by two different siRNgignificantly reduced the

invasive capacity of the MiaPaCa-2 clone 3 and DiM[eells:

* MiaPaCa-2 clone 3 invasion was significantly intedi by an average of
31.7% following siRNA transfection with Ku80A, arah average of
50.8% following siRNA transfection by Ku80C

* DLKP-M invasion was inhibited by an average of 1&$fowing siRNA
transfection with Ku70A, and an average of 38.4%owing SiRNA

transfection with Ku80C

Motility was also inhibited in the MiaPaCa-2 cloBecell line following siRNA
transfection with KuB0A by an average of 21%, aigmhiicantly inhibited with
Ku80C, by an average of 53.7%.

No significant affect on proliferation in eitherettMiaPaCa-2 clone 3 or DLKP-
M cell lines was observed following transfectionboftth siRNAs, indicating that
the observed inhibition of invasion was not dueatty reduced proliferative
capacity of the cells. Protein knockdown was conéid by Western blot analysis
(Figures 3.11.10 & 3.11.16)
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+ [Effect of Ku80 siRNA transfection in MiaPaCa-2 clor 3

MiaPaC«3 Contro
MiaPaC«3 Scramble
MiaPaC«~3 Ku80 A
MiaPaC«~3 Ku80 C

Ku80

SR | a-Tubulin

Figure 3.11.10: - Western Blot analysis of whole cell (RIPA) lysate$
MiaPaCa-2 clone 3 transfected cells, separatedDfBAGE, and probed with
an ATP-dependent DNA helicase 2 subunit 1 antibédseduction in the levels
of Ku80 can be seen when compared to the contraPBiCa-2 clone 3 cell lysate
(untransfected)a-Tubulin was used as a loading control. (@ %rotein per lane
loaded)n = 3.
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Effect of sSIRNA Ku80 on MiaPaCa-2 clone 3 Proliferion
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Figure 3.11.11: - Histogram showing proliferation assay of MiaPaCeldéhe 3

cells, scrambled, kinesin and transfected with g\®M\, & B targeting Ku80.
Results graphed as % survival relative to scrambisalsfected cells (control).
Loss of Ku80 did not affect proliferation in thislcline; therefore any inhibition
of invasion is not due to cell kill. Statistics fiemed using student t-test
compared to scrambled control; *0.05, ** p< 0.01, *** p < 0.005,n = 3.
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« Knockdown of Ku80 reduces invasion in MiaPaCa-2 cloe 3
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Figure 3.11.12 - Histogram showing effect of Ku80 knockdown on isive
behaviour of MiaPaCa-2 clone 3 celRorty-eight hours post-transfection with
Ku80 siRNAs, invasion assays on MiaPaCa-2 clonel®& avere performed.
Both Ku80-A and Ku80-C siRNA transfected cells shegignificant decrease in
invasion levels. Statistics performed using studdest compared to scrambled
control; * p<0.05, * p<0.01, ** p<0.005,n = 3.
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Scrambled

Figure 3.11.13: - Representative photomicrographs showing invasiatustof
MiaPaCa-2 clone 3 cells after 48hrs untreated (DNElansfected with
scrambled siRNA (Control), transfected with Ku80sARNA, transfected with
Ku80-C siRNA.A decrease in invasion can be observed followiagdfection
with Ku80 siRNAs when compared to the control mhg8crambled).
Magpnification, 100X, scale bar, 2Q0n.
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* Knockdown of Ku80 reduces Motility in MiaPaCa-2 cloe 3
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Figure 3.11.14: - Histogram showing effect of Ku80 knockdown on neotil
behaviour of MiaPaCa-2 clone 3 celRorty-eight hours post-transfection with
Ku80 siRNAs, motility assays on MiaPaCa-2 clone eédlscwere performed.
Ku80-A siRNA transfected cells show a decrease atility levels while Ku80-
C siRNA transfected cells also show a significaatrdase in motility levels.
Statistics performed using student t-test compaoesicrambled control; * g
0.05, * p< 0.01, *** p<0.005,n = 3.
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Figure 3.11.15: - Representative photomicrographs showing motiligtust of
MiaPaCa-2 clone 3 cells after 24hrs, untreated (DNEtransfected with
scrambled siRNA (Control), transfected with Ku80sRNA, transfected with
Ku80-C siRNA.A decrease in motility can be observed followingnsfection
with Ku80 siRNAs when compared to the control mhg¢8crambled).

Magnification, 100X, scale bar, 2@Qon.
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+ [Effect of Ku80 siRNA transfection in DLKP-M

DLKP-M Scramble:

DLKP-M Control
DLKP-M Ku70 A
DLKP-M Ku70 B

Ku80

!

B-Actin

R T ——y ———89

Figure 3.11.16: - Western Blot analysis of whole cell (RIPA) lysatdsDLKP-
M transfected cells, separated on SDS-PAGE, andegrowith an ATP-
dependent DNA helicase 2 subunit 1 antibody. A céda in the levels of Ku80
can be seen when compared to the control MiaPaCla® 3 cell lysate
(untransfected)B-Actin was used as a loading control. |i@j5protein per lane
loaded)n = 3.
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+ [Effect of SIRNA Ku80 on DLKP-M Proliferation
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Figure 3.11.17: - Histogram showing proliferation assay of DLKP-Matibled,
kinesin and transfected with siRNAs A, & B targetiku80. Results graphed as
% survival relative to scrambled transfected c@mtrol). Loss of Ku80 did not
affect proliferation in this cell line; thereforayinhibition of invasion is not due
to cell kill. Statistics performed using studente$t compared to scrambled
control; * p< 0.05, * p< 0.01, *** p< 0.005,n = 3.
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Knockdown of Ku80 reduces invasion in DLKP-M
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Figure 3.11.18: - Histogram showing effect of Ku80 knockdown on isive

behaviour of DLKP-M cells.Forty-eight hours post-transfection with Ku80
siRNAs, invasion assays on DLKP-M cells were pemied. Ku80-A siRNA
transfected cells show a small decrease in invdsiels, while Ku80-C siRNA
transfected cells show a larger decrease in inmdgieels. Statistics performed
using student t-test compared to scrambled cortk 0.05, ** p< 0.01, ** p
<0.005,n = 3.
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DMEM Scrambled

Figure 3.11.19: - Representative photomicrographs showing invasiatustof

DLKP-M cells after 48hrs, untreated (DMEM), trangéd with scrambled
siRNA (Control), transfected with Ku80-A siRNA ami80-C. A decrease in
invasion can be observed following transfectiorhviKu80 siRNA C, but not A,
when compared to the control insert (B). Magnifimat 100X, scale bar, 200
pm.
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« Effect of Ku70 siRNA transfection on Ku80 Expressia in MiaPaCa-2

clone 3

MiaPaC«3 Cantrol
MiaPaC«~3 Scramble
MiaPaC«~3 Ku80 A
MiaPaC«3 Ku80 C

Ku70

a-Tubulin

Figure 3.11.20: - Western Blot analysis of whole cell (RIPA) lysate§
MiaPaCa-2 clone 3 transfected cells, separatedfy-BAGE, probed with an
ATP-dependent DNA helicase 2 subunit 2 antibody7®u A reduction in the
levels of Ku70 can be seen in cells transfectedh WiRNAs targeting Ku80,
when compared to the control MiaPaCa-2 clone 3lgs#ite (untransfectedj-
Tubulin was used as a loading control./(@%rotein per lane loaded)= 3.
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« Effect of Ku80 siRNA transfection on Ku70 Expressia in MiaPaCa-2

clone 3

MiaPaC«3 Contro
MiaPaC«~3 Scramble
MiaPaC«~3 Ku70 A
MiaPaC«~3 Ku70 E

Ku80

a-Tubulin

Figure 3.11.21: - Western Blot analysis of whole cell (RIPA) lysate§
MiaPaCa-2 clone 3 transfected cells, separatedfy-BAGE, probed with an
ATP-dependent DNA helicase 2 subunit 1 antibody8®u A reduction in the
levels of Ku80 can be seen in cells transfectedh WiRNAs targeting Ku80,
when compared to the control MiaPaCa-2 clone 3lgs#ite (untransfectedj-
Tubulin was used as a loading control./(@%rotein per lane loaded)= 3.
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3.11.3 Expression of MAb 7B7 G5 (2) in MiaPaCa-2 clone 3
Transfected with Ku70 & Ku80 siRNAs

B.

Figure 3.11.22: - Immunofluorescence analysis of MAb 7B7 G5 (2) of
MiaPaCa-2 clone 3 pancreatic cancer cells (A) wmsfexted, (B) transfected
with scrambled control, (C) transfected with Ku78iRNA, (D) transfected with
Ku70B siRNA, (E). transfected with Ku80A siRNA, (Eansfected with Ku80C
siRNA. Reactivity is observed in the untransfeatells, scrambled control, and
in cells transfected with Ku70 A and B (A, B, C &,0while little/no staining is
observed in Ku80 transfected MiaPaCa-2 clone 3 ¢&ll& F). Magnification,
630X, A & B, 400X C & D. Scale Bar, 20n
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3.12 Western Blot Validation of MAb 7B7 G5 (2) Tar@t Proteins
in a Panel of Cell Lines

Pancreati Melanom: Gliome

MiaPaCa-2 clone 3
MiaPaCa-2 clone 3
Matrigel
MiaPaCa-2 clone 8
Lox IMVI
WM-266-4
SNB-19

S —— Ku80
Ku70

Figure 3.12: - Western blot analysis of pancreatic cancer cefidjiMiaPaCa-2
clone 3, MiaPaCa-2 clone 3 grown on Matrigel*, MagRa-2 clone 8; Melanoma
cell lines Lox IMVI, WM-115 (primary cancer), itsetastatic counterpart, WM-
266-4, and SNB-19 glioma cell line probed with batlies specific for Ku80 and
Ku70. Ku80 shows strong expression in all cell dinexcept for SNB-19 and
WM-115, which show reduced levels of expression7&has lower expression
in the MiaPaCa-2 clone 8 cell line, compared tdbdtaPaCa-2 clone 3 lines. In
the melanoma cell lines, Ku70 shows strong exposassi Lox IMVI, while
expression is stronger in the metastatic WM-266MH llne, compared to the
WM-115 primary tumour cell line. No reactive barsdabserved in the SNB-19
glioma cell line.n = 3. (See Appendix IV for representative coomassienstii
gel showing equal loading). Cell lines imold represent highly invasive
phenotype.

* MiaPaCa-2 clone 3 cells were grown on Matrigebrder to increae the
expression of proteins involved in the invasiongess.
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Figure 3.12.1: - Western Blot analysis of lung cancer cell lines LHOLKP-A,
DLKP-I, DLKP-M, DLKP-SQ and H1299; C/68 Prostatencar cell line and
HCT-116 Colon cancer cell line probed with antilesdspecific for Ku80 and
Ku70. Ku80 is expressed to a lesser degree in ttePEM and DLKP-SQ cell
lines compared to DLKP-I and H1299. C/68 also shimss expression of Ku80,
while HCT-116 shows strong expression for Ku80. dlevof Ku70 expression
are high in all cell lines, apart from C/68, whéris expressed to a lesser degree.
n = 3. (See Appendix IV for representative coomassiensthgel showing equal
loading). Cell lines irbold represent highly invasive phenotype.
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Figure 3.12.2: - Western blot analysis of HER-2 over-expressing teks
SKBR-3, BT474, MDA-MB-453, MDA-MB-361, probed withantibodies
specific for Ku80 and Ku70. Ku80 shows strong espren in all cell lines. The
triple negative MDA-MB-231 cell line shows highexpgession of Ku70
compared to HER2 positive cell linexn = 3. (See Appendix IV for
representative coomassie stained gel showing dgading). Cell lines irbold
represent highly invasive phenotype.
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CHAPTER 4

GENERATION OF MONOCLONAL ANTIBODIES
DIRECTED AGAINST MDA-MB-435-SF
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4.1. Background

An initial primary immunisation, and 4 booster imnmations were carried out
with MDA-MB-435-SF-Taxol10p4p-Sl, a Taxol resistavariant of the parent
cell line (Glynn,et al., 2004), followed by a further 2 immunisations witre
parent MDA-MB-435-SF cell line.

4.2 Fusion Results

Following fusion with both MDA-MB-435-SF and the X@ variant MDA-MB-
435-SF-Taxol10p4p-SI cells, as described in secfdh3, 436 supernatants
(90.8% fusion efficiency) were screened directly &my effect on the invasive

capacity on MDA-MB-435-SF cells by live and fixedllimmunofluorescence.

4.3 Preliminary Characterisation Hybridoma Supernaants

4.3.1 Screening Directly for Effects on Invasion

All resulting antibodies were screened by 96 waliision assay method (section
2.5.2) against the parent cell line, MDA-MB-435-Supernatants showing an
increase or decrease in invasion levels were ifigstby three independent
witnesses through microscopic evaluation. Conteolsiprised of cells with no
antibody supernatant (hybridoma media added ineplagith invasion levels in

all cases being compared to this hybridoma mediomtrol.

Six supernatants were chosen on the basis of &tsigrease in invasion
observed in relation to invasion observed with ¢batrol cells (no supernatant
added) (i.e. MDA-MB-435 SF), and six supernatahigt tappeared to have a
slight reduction in invasion were also chosen. [Evels of invasion observed in
MDA-MB-435-SF cells were overall very low, which geit very difficult to
observe any real reduction in invasion. 24 welbsion assays were then carried
out on Lox-IMVI melanoma cells. An incubation stégntibody supernatant
incubated with the cell suspension &C4or at least 20 minutes prior to addition

to invasion insert) was included in all screenings;ept for the initial assays
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carried out with 96-well plates. Quantification iohibition levels of invasion
was carried out through staining and counting, escidbed in section 2.5.2. Six
antibodies that produced an inhibitory effect otl tevasion, MAbs 4ES5, 3EZ2,
9E1, 102C, 1D2 and 104D, were chosen for furthereestng and

characterisation.

Antibodies 4E5 & 9E1 were shown to have a consigéfiact on invasion in the
invasive Lox IMVI melanoma cell line (figures 4.3814.3.2). Effects observed
with MAbs 102C and 104D were not as consistenttHemranalysis with MAb
9E1 indicated that this MAb consistently inhibiiesdasion levels in a number of
in vitro models (the invasive LOX-IMVI melanoma cell line the highly
invasive MiaPaCa-2 clone 3 pancreatic cell linehisTMAb was chosen for

further characterisation.

MADb 9E1 was then cloned out by limiting dilutionse¢tion 2.3.6), and re-
screened using both 96 and 24 well invasion asBagBminary results with
MiaPaCa-2 clone 3 cells showed that clone 24 (B)béed consistent inhibitive
effects on invasion after 48 hours, and so waseshés further characterisation.
Isotyping of MAb 9E1 24 (6) determined it to be BG1 antibody. Isostrip
analysis was carried out as described in secti®s7 2.

“'“"“‘"“""Ir:"ﬂﬁ i
Mouse ing Kit |

| N

Figure 4.3: - Isostrip analysis of MAb 9E1 24 (26), indicatingtht is an 1gG1
subclass antibody (Isostrip, Roche Diagnostics, Bi#93027)
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Figure 4.3.1: - Representative photomicrographs showing invasiatus of

LOX-IMVI melanoma cells following incubation with Kb 9E1. A decrease in
invasion can be observed following incubation dfsceith MAb (B) compared

to control insert (A) (no MADb). A decrease in ini@sis also observed following
pre-incubation of cells for 5 hrs at@ with MAb 9E1 (C). Magnification, 100X.
Scale Bar, 200m
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Figure 4.3.2: - Representative photomicrographs invasion statusQx-IMVI
melanoma cells following pre-incubation of cell® (@ins, 4C) with test MAbs
7F4 (B), 7E4 (C) & 4E5 (D). A decrease in invasaan be observed following
incubation with MAb 4E5 (D) compared to control ens(A) (no MADb). MAb
7F4 (B) did not appear to have any effect on irmasvhile there was possibly
an increase in invasion following incubation withAbl 7E4 (C). Magnification,
100X. Scale Bar, 2Q0n.
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4.3.2 Immunofluorescence Assays

Fifteen supernatants were selected on the basikeaf reactivity with MDA-
MB-435 SF cells using live cell immunofluorescen@prox 50% of test
supernatants showed some reactivity, chosen supatsavere representative of
all observed staining patterns). This staining edrbetween intense staining
localised to the membrane of cells to more intlatal like staining. A number
of supernatants resulted in a “punctuation” typatafning associated with cells.
From these 15 supernatants, 4 were chosen forefudiaracterisation. MAbs
4E5 & 7E4 showed positive staining to the innespla membrane on both live
and fixed MDA-MB-435 SF cells. An intracellular &kstaining was observed,
along with some inner plasma membrane positivitythee same fixed cells with
MAb 9E1, while MAb 104D showed intense membrane ctigdly on
preparations of live cells. Immunofluorescence ysial was carried out as
described in section 2.9.1 & 2.9.2.
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Figure 4.3.3: - Immunofluorescence analyses MAb 4E5 reactivity on fixed
(A) and live (B) MDA-MB-435-SF cells showing a ptige staining localised to
the inner plasma membrane. MAb 9E1 reactivity soabbserved with MDA-
MB-435-SF (C) and MDA-MB-435-SF clone 10 (highly ti® variant of the
MDA-MB-435-SF cell line, Joyce, H., unpublished)alyhification, 40X, scale
bar = 5Qum.
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4.4 Investigation of Functional Effect of MAb 9E1 2 (6) in
Invasive CancerModels|In Vitro.

MADb 9E1 24 (6) underwent further testing to obseatsesffects on a number of

cellular processes, including:

» Proliferation: to observe what effect the MAb has the cancer cells
ability to grow.

* Invasion & Motility: to assess the MADb's effect omellular
invasion/motility

« Adhesion: to assess the MAb’s impact on the adbkeabilities of a
number of cell lines to ECM proteins

e Anoikis: Anoikis is a specific form of apoptosisdunced by the loss or
alteration of cell-cell or cell-matrix anchoragen A vitro anoikis assay
was used to assess any impact this MAb has oniamesistance.

* MMP activity: to observe what effect, if any, tiNAb has on the activity
of MMP-2 and MMP-9n vitro.

* Cell Morphology: to observe if incubation with thMAb affects the
morphology of invasive cancer cells. Highly invasicells usually
display a spindle shaped elongated morphology.
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4.4.1 MAb 9E1 24 (6) Effect on Proliferation on thelnvasive
Pancreatic Cell Line MiaPaCa-2 clone 3

The primary goal of this work was to examine thieas of MAb 9E1 24 (6) on
invasion and motility. To ensure that any changeseoved in the assays were
not secondary to effects on cell proliferation orvéval, initial experiments were
carried out to determine the effects MAb 9E1 24h@&) on proliferation/survival
of the MiaPaCa-2 clone 3 cell line. Proliferatiossays were carried out as

described in section 2.4.

Figure 4.4 shows that MAb 9E1 24 (6) had no impecMiaPaCa-2 clone 3 cell

proliferation/survival after a 5 day growth assakis suggests that the MAb has
no toxic, growth inhibitory or stimulatory effechdhis cell line over the course
of the assay.

Statistical analyses were carried out on the aeeedggorbancy readings of the

control Vs test wells, over biological triplicates.
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Figure 4.4: - Histogram of MAb 9E1 24 (6) showing little inhilmib of
proliferation in MiaPaCa-2 clone 3 compared to oonftybridoma medium (no
MAD) representing 100% proliferation after 96 hoBtatistics; * p< 0.05, ** p

< 0.01, ** p < 0.005, Student’s t-tesh = 3. Error bars calculated using *
standard deviation.
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4.4.2 MADb 9E1 24 (6) Effect on Invasion on Invasiv€ancer Cell
Lines

In order to ascertain what effect MAb 9E1 24 (6 lan cell invasion and
motility, Invasion and Motility assays were carriedt (as described in section
2.5.2 & 2.5.3.) on a range of invasive cancer lgadis. Cells were incubated with
the MADb, and after 24-48 hrs, depending on the led, levels of cellular

invasion/motility were quantified.

Figure 4.4.2 shows that MAb 9E1 24 (6) significgntihibited invasion in the
MiaPaCa-2 clone 3 cell line. However, no such iittah was noted with the
BxPc-3 cell line. Significant inhibition of invasiowas also observed in the
DLKP-I, DLKP-M and H1299 lung cancer cell linesetMDA-MD-231 breast
cancer cell line, the Lox IMVI melanoma cell linecathe c/68 prostate cell line.
Inhibition of invasion was also observed in the $&B breast cancer cell line.
No inhibition was observed in the SNB-19 gliomal dele or the BxPc-3
pancreatic cell line. In the HCT-116 colon canadt Ine, a significanincrease
in cell invasion was observed upon exposure to MER 24 (6). An increase in
invasion was also observed in the MDA-MB-157 brezsicer cell line. These
results indicate that MAb 9E1 24 (6) can succebsimhibit the invasion process

in a number of cell types, but can also increafiersasion in others.

Figure 4.4.3 shows that MAb 9E1 24 (6) significamduces cell motility in the
MiaPaCa-2 clone 3 cell line, by but to a lessereixthan those seen in the

invasion assay.

Statistical analyses were carried out with the agercell counts of control Vs

sample inserts over biological triplicates (sectolb).
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Figure 4.4.1: - Histogram of MAb 9E1 24 (6) showing significant ibition of
invasion in MiaPaCa-2 clone 3, but no inhibitiorBrPc-3, compared to control
hybridoma medium (no MAD) representing 100% invasiafter 48 hours.
Statistics; * p< 0.05, ** p< 0.01, *** p < 0.005, Student’s t-tesh = 3. Error
bars calculated using + standard deviation.
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Hybridoma Medium Control MADb 9E1 24 (6)
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Figure 4.4.2: - Representative photomicrographs showing invasiatus of
MiaPaCa-2 clone 3 and BxPc-3 cells following indidrawith MAb 9E1 24 (6)
for 48 hours. A decrease in invasion can be obdemeMiaPaCa-2 clone 3
following addition of MAb 9E1 24 (6) (b) compared tontrol insert (a) (no
antibody supernatant). No inhibitory effect is saenBxPc-3. Magnification,

100X. Scale Bar, 2Q0n.
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4.4.3 MAb 9E1 24 (6) Inhibition of Motility on the Pancreatic Cell
Line MiaPaCa-2 clone 3
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Figure 4.4.3: - Histogram of MAb 9E1 24 (6) showing inhibition wfotility in
MiaPaCa-2 clone 3 compared to control hybridoma iomd(no MAD)
representing 100% motility after 24 hours. Statsst p< 0.05, ** p< 0.01, ***
p < 0.005, Student’s t-tesn = 3. Error bars calculated using * standard

deviation.
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4.4.4 MADb 9E1 24 (6) Effect on Invasion on the LamgCell Lung
Cancer Cell Line H1299 and Invasive Variants of theNSCLC
DLKP Cell Line DLKP-I & DLKP-M
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M

Figure 4.4.4. - Histogram of MAb 9E1 24 (6) showing significantihition of
invasion in DLKP-I and DLKP-M compared to controfdnidoma medium (no
MAD) representing 100% invasion after 24 hours.ildition of invasion
observed in the H1299 cell line did not reach stiatl significance. Statistics; *
p<0.05, * p<0.01, *** p <0.005, Student’s t-test.= 3. Error bars calculated
using * standard deviation.
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Figure 4.4.5. - Representative photomicrographs showing invasiatust of
DLKP-I, DLKP-M and H1299 cells following 24hr incabon with MAb 9E1
G5 (2). A decrease in invasion can be observedviatiy addition of MAb 9E1
24 (6) (b) compared to control insert (a) (no MA) all three cell lines.
Magnification, DLKP-I & DLKP-M, 100X; H1299, 200XScale Bar, 200m.
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4.4.5 MAb 9E1 24 (6) Effect on Invasion on the DLKMM Lung
Cancer Cell Line: - Dose Response
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Figure 4.4.6: - Histogram of MAb 9E1 24 (6) showing significant ibition of
invasion in DLKP-M compared to control hybridoma dnen (no MAD)
representing 100% invasion after 24 hours. Stesisti p< 0.05, Student’s t-test.
n = 3. Error bars calculated using + standard deviation.

A dose response inhibitive effect is also obsemt 1:2 and 1:5 dilutions of
MADb showing less inhibition compared to neat MADb.
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4.4.6 MADb 9E1 24 (6) Effect on Invasion on the Inwave, Triple
Negative Breast cancer Cell Lines MDA-MB-231, MDA-MB-
157 and the HER-2 Over Expressing Breast Cell LinéSKBR-
3
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Figure 4.4.7: - Histogram of MAb 9E1 24 (6) showing inhibition afvasion in
MDA-MB-231, but an increase in invasion in MDA-MB5Z, and inhibition of
invasion in SKBR-3, compared to control hybridomadwmm (no MADb)
representing 100% invasion after 24 hours. Stasisti p< 0.05, ** p < 0.01,
*** p < 0.005, Student’s t-tesh = 3. Error bars calculated using = standard

deviation.
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Figure 4.4.8. - Representative photomicrographs showing invasiatust of
MDA-MDA-231 and MDA-MB-157 cells following incubatn with MAb 9E1
24 (6). A decrease in invasion can be observedviatig addition of MAb 9E1
24 (6) (b) compared to control insert (a) (ho MAb)the MDA-MB-231 and
SKBR-3 cell lines. However, a slight increase iwvasion is observed in the
MDA-MB-157 cell line. Magnification, 100X. Scaleas, 20Qum.
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4.4.7 MAb 9E1 24 (6) Effect of Invasion in the Invasive Gliora Cell
Line SNB-19
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Figure 4.4.9: - Histogram and representative photomicrographs obNE1 24
(6) showing no inhibition of invasion in SNB-19 cpared to control hybridoma
medium (no MAD) representing 100% invasion aftern®dirs. Statistics; * g
0.05, ** p< 0.01, *** p < 0.005, Student’s t-tesh = 3. Magnification, 100X.

Scale Bar, 200m. Error bars calculated using + standard deviation
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4.4.8 MAb 9E1 24 (6) Effect of Invasion on the Invasive Melaama
Cell Line Lox IMVI
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Figure 4.4.10: - Histogram and representative photomicrographs AbME1 24
(6) showing inhibition of invasion in Lox IMVI congped to control hybridoma
medium (no MAD) representing 100% motility aftehsl Statistics; * < 0.05,
** p <0.01, ** p <0.005, Student’s t-test. = 3. Error bars calculated using £

standard deviation. Magnification, 100X. Scale,E2&Qum.
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4.4.9 MAb 9E1 24 (6) Effect on Invasion on the Invave Prostate
Cell line C/68
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Figure4.4.11: - Histogram and representative photomicrographs obME1 24
(6) showing inhibition of invasion in C/68 compar¢al control hybridoma
medium (no MAD) representing 100% invasion afterhddirs. Statistics; * g
0.05, * p< 0.01, *** p < 0.005, Student’s t-tesh = 3. Error bars calculated
using + standard deviation. Magnification, 100Xafe Bar, 20Qm.
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4.4.10 MAb 9E1 24 (6) Effect on Invasion on the Irasive Colorectal
Cell line HCT-116 — Dose Response
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Figure 4.4.12: - Representative representative histogram and photographs
of MAb 9E1 24 (6) showing a significant increaseimvasion in HCT-116
compared to control hybridoma medium (no MAb) reperging 100% invasion
after 24 hours. Statistics; *$0.05, ** p< 0.01, *** p < 0.005, Student’s t-test.
n = 3. Error bars calculated using + standard deviation.

A dose response inhibitive effect is also obsemedall dates with 1:2 dilutions
of the MAb showing less inhibition compared to né&&fb. Magnification,

100X. Scale Bar, 2Q0n.
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Cancer Type Cell Line Mean Inhibition Levels P value
MDA-MB-157 22.6%increase 0.6
Breast MDA-MD-231 33% 0.19
SKBR-3 33% 0.22
DLKP-I 50.8% 0.001
Lung DLKP-M 64% 0.02
H1299 24.6% 0.18
Pancreatic MiaPaCa-2 clone 3 66% 0.01
BxPc-3 6.7%ncrease 0.64
Melanoma Lox IMVI 36.9% 0.13
Glioma SNB-19 0.7% 0.9
Prostate C/68 39.3% 0.07
Colon HCT-116 91.8%ncrease 0.0014

Table 4.4. - Effect of MAb 9E1 24 (6) on invasion levels in anel of cell lines.
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4.4.12 MAb 9E1 24 (6) Effect on Adhesion to Matrigel on tle
Invasive Pancreatic Cancer Cell Line MiaPaCa-2 cloa 3 and
the Invasive NSCLC DLKP-M Cell Line

Adhesion assays were carried out in order to inyats what effect MAb 9E1 24
(6) had on the ability of cancer cells to attacte@M proteins. The effect of the
MADb on the ability of MiaPaCa-2 clone 3 and DLKP-&&lls to adhere to
matrigel was investigated. Adhesion assays weréomeed as described in
section 2.5.4.

In figure 4.4.13, MADb 9E1 24 (6) slightly reducedhasion of MiaPaCa-2 clone
3 cells to matrigein vitro. A significant decrease in adherence of DLKP-Mscel
to matrigel was also observed (figure 4.4.14). €hessults indicate that MAb
9E1 24 (6) can interfere with the ability of canceils to attach to components
of the ECM.

Statistical analyse were carried out on the aveagerbancy reading of control

Vs sample wells over biological triplicates.
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Figure 4.4.13: - Adhesion of MiaPaCa-2 clone 3 to ECM protein, diectin.
Results are expressed as percentage adhesionrdaeidin in the presence of
MADb 9E1 24 (6), compared to adhesion to fibronestithe presence of control
hybridoma medium (no MAb). Cells grown in the prese of MAb 9E1 24 (6)
for 24 hrs, showed a decrease in adhesion to f#atom when compared to the
control. Statistics; * g< 0.05, ** p< 0.01, *** p < 0.005, Student’s t-tesh. = 3.
Error bars calculated using + standard deviation.
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Figure 4.4.14: - Adhesion of DLKP-M to ECM protein, matrigel. Resubre
expressed as percentage adhesion to matrigel prélsence of MAb 9E1 24 (6),
compared to adhesion to matrigel in the presena®iatrol hybridoma medium
(no MAD). Cells grown in the presence of MAb 9E1 (B for 24 hrs, showed a
significant decrease in adhesion to matrigel whemmared to the control.
Statistics; * p< 0.05, ** p< 0.01, *** p < 0.005, Student’s t-test.= 3. Error
bars calculated using + standard deviation.
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4.4.13 MAb 9E1 24 (6) Effect on Anoikis on the Invasive Racreatic
Cancer Cell Line MiaPaCa-2 clone 3 and on the Invase
NSCLC DLKP-M Cell Line

To determine whether MAb 9E1 24 (6) effects anoikesistancein vitro,
Anoikis assays were carried out, on the MiaPaC&fec3 and DLKP-M cell
lines. Anoikis is a specific form of apoptosis icéd by the loss or alteration of
cell-cell or cell-matrix anchorage. MiaPaCa-2 clébas been shown to have a
high level of anoikis resistance (Walsh al, 2007), while DLKP-M has been
shown to be 50% resistant to anoikis (Dr. Keend@,BY unpublished results). In
this study, the effect of MAb 9E1 24 (6) on the abaell lines growing in
anoikis-inducing conditions was investigated. Ampilkissays were carried out as
described in section 2.6.

Figure 4.4.15 shows that MAb 9E1 24 (6) has noiagmt effect on the cells
when there are growing in Anoikis-inducing condio The cells do not display
any increased or decreased levels of anoikis aesist indicating that MAb 9E1

24 (6) does not effect this cellular process.

Statistical analyse were carried out on the aveadigerbancy reading of control
Vs sample wells over biological triplicates.
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Figure 4.4.15: - Representative histogram showipgrcentage survival of non-
adherent cells (24 hrs poly-HEMA treated plastr@ubated in the presence of
MADb 9E1 24 (6). No effect on cell survivability abserved when compared to
cells growing in the presence of no MAb. Statidtisgnificance was not
achieved in this experiment. Data shown is meataadard deviationnE 3).
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4.4.14 Morphological Change of MiaPaCa-2 clone 3 @g Incubated
with MAb 9E1 24 (6)

MiaPaCa-2 clone 3 cells display an elongated, df@iike morphology, which

Is associated with an invasive phenotype. To ingatd whether MAb 9E1 24
(6) effects cell morphology, MiaPaCa-2 clone 3 <@allere incubated with the
MADb for 24hrs, after which, cell morphology was ebsd. This assay was

carried out as described in section 2.8.

Figure 4.4.16 shows the effect MAb 9E1 24 (6) hadle MiaPaCa-2 clone 3
cells, compared to cells grown in the absence efMA\b. It is quite clear that
the cells have lost their elongated, spindle-likape, and exhibit a more rounded
appearance, similar to the less invasive MiaPaCla2e 8 cell morphology. As
a spindle-like cell morphology has been linked &l mwvasion (Yilmazet al,
2007), this change may indicate that the invasagabilities of the MiaPaca-2
clone 3 cells have been diminished following indidrawith MAb 9E1 24 (6).
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Figure 4.4.16. - Representative photomicrographs showing morpholofy
MiaPaCa-2 clone 3 cells following incubation withpgrnatant 91 24 (6) for 24
hours. Cells incubated with MAb 9E1 24 (6) (B) hawest their elongated,
spindle-like morphology, and have become more redn€ells incubated with
hybridoma media (A) retain their normal morpholodyagnification, 100X.

Scale Bar, 200m.

188



4.4.15 MADb 9E1 24 (6) Effect on MMP-9 Activity in he Invasive
Breast Cancer Cell Line MDA-MB-231

Zymography assays were carried out in order togtigate the effect of MAb
9E1 24 (6) has on MMP-9 expression. MMP-9 is inedlvn the degradation of
proteins in the ECM and plays a crucial role inaleed degradation of the
basement membrane, and subsequent cellular invab@A-MB-231 was

chosen for this study, as it is known to express fM81(Hegedu®t al, 2008).

Conditioned media from cells incubated with the MAere collected, as
described in section 2.7.1. This was then sepa@teal zymography gel, which
was then subsequently stained. The zymography assey carried out as

described in section 2.7.2.

Figure 4.4.17 shows that MAb 9E1 24 (6) decredsesttivity of active MMP-
9 in the MDA-MB-231 cell line, when compared tolsedrown in the absence of
the MAD. This is also observed in the zymographly §Ris preliminary result
indicates that MAb 9E1 24 (6) inhibits the activily MMP-9 in vitro (see
Appendix VI for complete zymograpgy gel).
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Figure 4.4.17: - Graph and zymography gel showing effect of MAb ZH#1(6)
on MMP-9 activity in the MDA-MB-231 breast cell Bn Cells incubated with
MADb 9E1 24 (6) show a decrease in the activity dfiIR*9 when compared to
control hybridoma medium (no MAD) representing narMMP-9 activity.
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4.5 Immunofluorescence Studies of MAb 9E1 24 (6) ia Panel of
Cancer Cell Lines

Figure 4.5: - Immunofluorescence analysis of MAb 9E1 24 (6) oraRaCa-2
clone 3 and clone 8 pancreatic cells. Positivenstgj localised to the membrane,
with some cytoplasmic reactivity, is observed ia thvasive MiaPaCa-2 clone 3
cells (A & C), Staining in the poorly invasive MlaCa-2 clone 8 cells is slightly
stronger compared to the invasive clone 3 (B & @agnification 400X, scale
bar = 2Qum. (A & B counter stained with Propidium lodide).
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Figure 4.5.1: - Immunofluorescence analysis of (A) SKBR-3 and (Blj4B4
HER-2 over expressing breast cancer cell lines;CKP-SQ and (D), DLPK-
SQ-Mitox 6p lung carcinoma cells. MAb 9E1 24 (6)osls punctuate type
membrane, reactivity in SKBR-3, BT474 and DLKP-S@aM-6p cells. Weak
reactivity is observed in DLKP-SQ cells. Magnificat, 630X, scale bar 10um.
(C counter stained with Propidium lodide).
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4.6 Western Blotting Analysis with MAb 9E1 24 (6)

Western blotting analysis was carried out on thaR4iCa-2 clone 3 cell line (in
which MAb 9E1 24 (6) showed a decrease in invasiorgrder to establish the
reactive antigen and its molecular weight. A sébectof invasive and non-
invasive cell lines, of differing cancer cell typesas also included in the
analysis. Immunoblotting with MAb 9E1 24 (6) MAb @npanel of cell lines
identified a very strong reactive band at apprdxkba (Figures 4.6 & 4.6.1).
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Figure 4.6: - A. Western blot analysis of pancreatic cancer cedldiMiaPaCa-2

clone 3, MiaPaCa-2 clone 3 grown on Matrigel, Mi@B& clone 8; Melanoma
cell lines Lox IMVI, WM-115 tumour and its metastatounterpart, WM-266-4;

and SNB-19 glioma cell line probed MAb 9E1 24 @)eactive band at approx.
76.5 kDa can be observed in all cell lines. Redgtim the MiaPaCa-2 clone 3
cell line is slightly stronger than in the clone V&riant (agreeing with

immunofluorescence results), while the strongeattreity is observed in the
SK-MEL-28 cell line. Very weak reactivity is obsex in the WM-115, WM-

266-4 and SNB-19 cell lines.

B. Western Blot analysis of lung cancer cell lineskPl, DLKP-A, DLKP-I,
DLKP-M, DLKP-SQ and H1299; C/68 Prostate cancel lteé and HCT-116
Colon cancer cell line probed MAb 9E1 24 (6). Aatdze band is observed at
approx. 75 kDa in all cell lines. Strong reactivdgn be seen in the DLKP-SQ
cell line.n = 3. (See Appendix IV for representative coomassie sthigel
showing equal loading). Cell lines loold represent highly invasive phenotype.
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Figure 4.6.1: - Western blot analysis of HER-2 over-expressing lgeds MDA-
MB-453, MDA-MB-361, SKBR-3 and BT474, and the Tephegative breast
cancer cell line, MDA-MB-231; probed with MAb 9E# Z6). A strong reactive
band can be observed at approx. 75 kDa in alllices, except for MDA-MB-
453, where no reactive band was visibie.= 3. (See Appendix IV for
representative coomassie stained gel showing dgading). Cell lines irbold
represent highly invasive phenotype.
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4.7 Immunoprecipitation Studies

In order to try to identify the target antigensnimoprecipitation studies were
carried out on a panel of cell lines. MiaPaCa-2el8 was the primary cell line
used, due to the initial invasion/motility assaysnly carried out with that cell

line. Protein-G agarose beads were used to pultlmitreactive antigens from
whole cell lysates of MiaPaCa-2 clone 3 cells fex 9E1 24 (6) MADb. Following

separation on 4-12% Bis-Tris SDS-PAGE, a numbdramids were identified out
with this antibody (Figure 4.7). These were comgadcebands pulled out using a
control mouse IgG, and those bands only presefit tivé 9E1 24 (6) MAb were

identified through liquid chromatography mass speuetry (LC-MS) analysis

(Dionex Ultimate 3000 LC system, LTQ-Orbitrap magectrometer), LC-MS

sequencing using LCMS/LTQ mass spectrometry an@dREQUEST software

using the human subset from the SWISS-PROT database

The direct method of immunoprecipitation was carroeit in order to facilitate
identification of the antigen of interest. This med (section 2.11.1.) involves
incubating the antibody/cell lysate complex withe tlagarose beads, then
separating the solution, containing both the antiged antibody fragments, on
SDS-PAGE gels.

196



4.7.1 MADb9E1 24 (6) — Direct Immunoprecipitation Method

26(
< Band :

16C
— — Band :

110
8C

+— Band:

1
R
50 - I . - . ] S heavy
- '
b
4
.

4—
40 Band ¢

] <+ [
30 Band ¢

20

Chains

6 —— ‘ j IgG Light

9E1 lgG 9E1

Figure4.7: - Direct Immunoprecipitation of cell lysates with 9EL 24 (6) MAb
and control mouse IgG.

A representative SDS-PAGE gel of MiaPaCa-2 clonear@l H1299 cells
immunoprecipitated with MAb 9E1 24 (6) and sepatate 4-12% Bis-Tris
SDS-PAGE, and stained with 0.25% Coomassie Blueellamolecular weight
markers. Lane :2MiaPaCa-2 clone 3 immunoprecipitated with MAb 921 (6).
Five bands of MAb 9E1 24 (6) target proteins arseobed; at approx. 170 kDa,
155 kDa, 65 kDa, 42 kDa and 30 kDa. These 5 banglsnaet present in the
control mouse 1gG, have been observed in tripliGatgeeriments, and in a
number of cell lines. Each band was excised andtmmwugh an LCMS/LTQ
mass spectrometer for identification. Lane: MiaPaCa-2 clone 3
immunoprecipitated with control mouse IgG. Landéi4299 immunoprecipitated
with MAb 9E1 24 (6).
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4.7.2 Purification of MAb 9E1 24 (6)
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Figure 4.7.1: - Representative SDS-PAGE gel showing successfufigation
of 9E1 24 (6) MAD, using the Pierce NApin Purification Kit (section 2.3.8).
Lane 1 Molecular Weight marker. Lane PInpurified MAb 9E1 24 (6). Lane:3
Concentrated, unpurified MAb 9E1 24 (6). LaneParrified MAb 9E1 24 (6).
Purified MAD is required for cross linked immunogigatation.
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4.8 Mass Spectrometry Identification of MAb 9el 246) Target

Proteins

Following separation of immunoprecipitates on 4-1B¥%-Tris SDS-PAGE, the
gel was stained with 0.25% Coomassie Blue and iestaccordingly. Bands of
interest were excised from the gel, digested wigpdin, and subjected to LC-
MS analysis. Identification was achieved using 8WISS-PROT SEQUEST
database (section 2.12.1).

Positive identification was deemed valid if:

» protein was observed in duplicate or more, front 2nore independent
experiments

* a minimum of 2 peptide sequences was obtained

* molecular weight of protein matched molecular weigfhband on gel

* molecular weight of protein matched the moleculagight of band
excised from gel

» protein achieved a high XC score, indicating exatliconfidence in the
identification

* Proteins were unique to MAb 9E1 24 (6) (i.e. nourfd with other
MADbS)

Criteria for a valid identification is describedfinl in section 2.12.1.
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Protein Name

Gene Symbol

SWISSPROT
Protein AC

Number

MW (kDa)

Annexin A6 ANXA6 P08133 75.87
Prohibitin PHB P35232 29.8
Protein 14-3-3 epsilon 5 YWHAE P62258 29.1
ADP/ATP Translocase 1 5 SLC25A4 P12235 33
ADP/ATP Translocase 2 5 SLC25A5 P05141 32.87
ADP/ATP Translocase 3 5 SLC25A6 P12236 32.84
40S Ribosomal Protein 3 5 RS3 P23396 26.67
40S Ribosomal Protein S4, Y isoform 1 RS4Y1 PB209 29.43
40S Ribosomal Protein S4, Y isoform 2 RS4Y2 Q8TD4 29.27
40S Ribosomal Protein S4, X isoform 5 RPS4X P62701 29.59

Table 4.8: - Proteins identified using above criteria, from eed bands
immunoprecipitated with MAb 9E1 24 (6), through mapectrometry. Band
number refers to highlighted bands on gel represkeint figure 4.7.

For MAb 9E1 24 (6), the band at approx. 75 kDa wlasitified as Annexin A6.
The band at approx. 32 kDa was revealed to haveixéum@ of peptides;
identified as Prohibitin, Protein 14-3-3 epsilondaADP-ATP Translocase 1, 2

and 3. 40S Ribosomal proteins were not studiethéurdue to budget constraints.

All other bands observed in MAb 9E1 24 (6) werdh@itidentified as Mouse

IgG, or were present in the control immunoprecimta and were thus

disregarded.
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Protein Name Gene Symbol SWISSPROT MW (kDa)
Protein AC

Number

NAD(P)H dehydrogenase NQO1 P15559
Glyceraldehyde-3-phosphate G3P P04406 36
dehydrogenase (GAPDH)

Heat Shock Protein 90 kDa beta membef 1 HSP90B1 GQLb 92.41
Fructose-bisphosphate aldolase A ALDOA P04075 39.39
Table 4.8.1: - Proteins identified only once, from excised bands

immunoprecipitated with MAb 9E1 24 (6), through mapectrometry.
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4.8.1 Identification of MAb 9E1 24 (6) Target Protens by LC-MS

Analysis of 9E1 24 (6) Immunoprecipitates.

* Annexin A6

P (pro) Score
Scan(s) Peptide MH+ z Type P (pep) XC
ANXA6_HUMAN RecName: Full;Annexin A6; AltName: Full=Annexin-6; | 4.79E-06| 60.17
AltName: Full=Annexin VI; AltName: Full=LipocortiVI; AltName:
Full=p68; AltName: Full=p70; AltName: Full=ProteiH; AltName:
Full=Chromobindin-20; AltName: Full=67 kDa calelgnt AltName
319 K.GAGTDEKTLTR.I 1148.59058| 2 CID 4.97E-0p 3.4p
408 R.AINEAYKEDYHK.S 1480.70667 2 CID 4.22E-0% 3.01L
463 K.TTGKPIEASIR.G 1172.66333 2 CID 1.95E-Q2 2.1
523 K.GTVRPANDFNPDADAK.A 1687.80347 2 CID 6.12E-03 3.44
571 -.SEISGDLAR.- 947.47925 2 CID 1.77E-Q2 2.11
1289 K.ALLALCGGED.- 1018.48743 1 CID 4.79E-0p 2.06

Table 4.9.2: - Identification of Protein Annexin A6, obtained ugiSEQUEST

Human protein database

Peptides were identified using Bioworks 3.3.1 safev A representative result

(experiments were carried out at least 3 timesh@wvn above, where 6 peptides

corresponding to Human Annexin A6 were identifiéddl. 6 peptides showed

high XC scores indicating excellent confidencehrs tidentification. (Note: the

minimum acceptable Xcorr for identified peptidesswia5 for 1+ peptides, 2.5

for 2+ peptides and 3.5 for 3+ peptides).

QLVAAYKDAYERDLEADIIGDTSGHFQKMLVVLLQGTREEDDVVSEDLVQQDV QDLYEAGELKW
GTDEAQFIYILGNRSKQHLRLVFDEYLKTTGKPIEASIRGELSGDFEKLMLAYVKCIRSTPEYFAERL
FKAMKGLGTRDNTLIRIMVSRSELDMLDIREIFRTKYEKSLYSMIKNDTSGEYKKTLLKLSGGDDD

AAGQFFPEAAQVAYQMWELSAVARVELKGTVRPANDFNPDADAKA LRKAMKGLGTDEDTIIDII

THRSNVOQRQQIRQTFKSHFGRDLMTDLKSEISGDLARLILGLMMPPAHYDAKQLKAMEGAGTDE
KALIEILATRTNAEIRAINEAYKEDYHKSLEDALSSDTSGHFRRILISLATGHREEGGENLDQAREDA
QVAAEILEIADTPSGDKTSLETRFMTILCTRSYPHLRRVFQEFIKMTNYDKGAGDEKTLTRIMVSRS

EIDLLNIRREFIEKYDKSLHQAIEGDTSGDFLKALLALCGGED

Figure 4.8. - Total amino acid sequence of Human Annexin A6 [pmote
presented above. Scan of 523 peptide sequenceh whmws the highest XC

score (3.46) is highlighted.

202



==

Iy
fid
i I )
I 1046 Iy
- 1407
Ly
o]
c ]
i
5 i
ﬂ -
¢ ]
3 4
1] i
@ ] 4 15414
g g ’
' 1
I QQT*L.‘ll.rM. 1 Ll
TT T T[T T T T[T TTT 11T | ||\|||\||||||||||

0 moom

Figure4.8.1: - The MS-MS spectrum for scan 319 showing b (indit@tered) & y (indicated in blue) fragment ion ssrioverlay.
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* Prohibitin

P (pro) Score

Scan(s) Peptide MH+ z Type P (pep) XC
PHB_HUMAN RecName: FullBrohibitin 1.76E-04| 40.18
583 K.AAIISAEGDSK.A 1061.54734 2 CID 1.00E-(03 2.43
1242 R.IFTSIGEDYDER.V | 144465906 (2 CIO 7.83E-DP4 B2
1275 K.DLQNVNITLR.I 1185.65857% 4 CID 1.91E-04 2.90
1313 R.FDAGELITQR.E 1149.58984 2 CID 1.76E-04 3.7

Table 4.8.3: - Identification of Protein Prohibitin, obtained ugiSEQUEST
Human protein database.

Peptides were identified using Bioworks 3.3.1 safev A representative result
(experiments were carried out at least 3 timesh@wvn above, where 4 peptides
corresponding to Human Prohibitin were identifiédl. 4 peptides showed high

XC scores indicating excellent confidence in tdisntification.

MAAKVFESIGKFGLALAVAGGVVNSALYNVDAGHRAVIFDRFRGVQDIVVG EGTHFLIP
WVQKPIIFDCRSRPRNVPVITGSKDLQNVNITLRILFRPVASQLPRIFTS@EDYDERVLPSI
TTEILKSVVA RFDAGELITQRE LVSRQVSDDLTERAATFGLILDDVSLTHLTFGKEFTEA
VEAKQVAQQEAERARFVVEKAEQQKKAAIISAEGDSKAAELIANSLATAGD GLIELRKL
EAAEDIAYQLSRSRNITYLPAGQSVLLQLPQ

Figure 4.8.2: - Total amino acid sequence of Human Prohibitin pngpeesented
above. Scan of 1313 peptide sequence, which shHwwvsighest XC score (3.57)

is highlighted.
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Figure4.8.3: - The MS-MS spectrum for scan 1313 showing b (ineéidah red) & y (indicated in blue) fragment ionissroverlay.
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« 14-3-3 protein epsilon

P (pro) Score

Scan(s) Peptide MH+ z Type P (pep) XC

1433E_ HUMAN RecName: Fullk4-3-3 protein epsilon Short=14-3-3E| 1.27E-09  30.20
774 R.IISSIEQKEENK.G 1417.75330 P CID 5.05E-05 3.44
1138 K.VAGM*DVELTVEER.N 1463.70464( 2 CID 1.27E-09 4.1]

1219 R.YLAEFATGNDR.K 1256.59058 7 CID 1.38E-05 2.75

Table 4.8.4: - Identification of 14-3-3 protein epsilon, obtainesing SEQUEST
Human protein database.

Peptides were identified using Bioworks 3.31 sofewaA representative result
(experiments were carried out at least 3 timesh@wvn above, where 3 peptides
corresponding to Human 14-3-3 protein epsilon wdentified. All 3 peptides

showed high XC scores indicating excellent confageim this identification.

MDDREDLVYQAKLAEQAERYDEMVESMK KVAGMDVELTVEERN LLSVAYKNVIGAR
RASWRIISSIEQKEENKGGEDKLKMIREYRQMVETELKLICCDILDVLDKHLIPAANTGES
KVFYYKMKGDYHRYLAEFATGNDRKEAAENSLVAYKAASDIAMTELPPTHP IRLGLAL

NFSVFYYEILNSPDRACRLAKAAFDDAIAELDTLSEESYKDSTLIMQLLRDNLTLWTSDM
QGDGEEQNKEALQDVEDENQ

Figure 4.8.4: - Total amino acid sequence of Human 14-3-3 epsilmiem
presented above. Scan of 1138 peptide sequenceh whows the highest XC
score (4.11) is highlighted.
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Figure4.8.5: - The MS-MS spectrum for scan 1219 showing b (inéidah red) & y (indicated in blue) fragment ionissroverlay.



4.9 Western Blot Validation of MAb 9E1 24 (6) TargeProteins

75kDa (Annexin A6)

29kDa (Protein 14-3-3)

Figure 4.9: - Western Blot analysis of MiaPaCa-2 clone 3 I.P. @as)
separated on SDS-PAGE, and probed with commercgiaeRin A6 and Protein
14-3-3e-specific antibodies. Reactive bands at the expestights of 75 kDa
(Annexin A6) and 29 kDa (14-3¢B are detected in all immunoprecipitates,
confirming these protein bands as Annexin A6 aratdin 14-3-%. n = 3.
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= Prohibitin.

Figure 4.9.5: - Western Blot Analysis of MiaPaCa-2 clone 3 I.P. pln
separated on SDS-PAGE, and probed with an Prahibiitibody. A reactive
band at the expected weight of 35 kDa is detectedhle antibody in the
immunoprecipitate, confirming this protein bandPaishibitin. n = 2.
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= Annexin A6 & MAb 9E1 24 (6).
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MADb 9E1 24 (6) Annexin A6

Figure 4.9.5: - Western Blot Analysis of MiaPaCa-2 clone 3 and SKBBancer
cell lines, separated on SDS-PAGE, and probed Wi#b 9E1 24 (6) and an
Annexin A6 antibody. Reactive bands at approx. D& lare detected by MADb
9E1 24 (6), while reactive bands at the expectekbcntar weight of 75kDa are
detected by the Annexin A6 antibody. LanegviiaPaCa-2 clone 3 probed with
MADb 9E1 24 (6). Lane 2SKBR-3 probed with MAb 9E1 24 (6). Lane 3:
Molecular weight markers. Lane MliaPaCa-2 clone 3 probed with an Annexin
A6 antibody. Lane 5SKBR-3 probed with an Annexin A6 antibody. These
results suggest that the reactive antigen of MAh 2& (6) is Annexin A6.n =

3.
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4.10 siRNA Functional Analysis of Targets Identifid Through
Immunoprecipitation

After the targets for MAb 9E1 24 (6) were ideniifjesiRNAs specific for the
genes of interest were obtained, in order to seslahcing of the genes gave
comparable inhibition in invasion levels to whatswabserved with the MAD.
This would show whether the genes of interest @ayole in the invasion
process. The conditions for siRNA transfection wapémised in 96- and 6-well
plates using kinesin as a positive control, ancrebied siRNA as a SiRNA
transfection control. Three siRNAs were selectadefach of the targets chosen
and transfected into cells (section 2.14.2). Faheset of siRNA transfections
carried out, a non-transfected cell line and ambtad (SCR) siRNA transfected
control were used. Kinesin (Kin) was used as arobidr efficient transfection

as Kin siRNA reduces proliferation in the cells.

Three siRNAs were chosen for Annexin A6, each angeting a different region
of the gene. This was in order to maximise the chaof seeing an effect on

invasion and proliferation levels.

Proliferation assays (section 2.14.3) were caroet on transfected cells to
assess the impact of gene silencing on prolifandgweels in the cells, to ensure

that any inhibition in invasion was not just dueatdecrease in the cell number.

Invasion assays (section 2.14.4) were carried nutansfected cells to confirm
whether or not these targets played an importdatinanvasion, as suggested by

proteomic analysis.
Motility assays (section 2.14.5) were carried onitti@nsfected cells to confirm

whether or not these targets played an importdatinomotility, as suggested by

proteomic analysis.
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4.10.1 Investigation of the Possible Role of AnnexiA6 in Cancer

Cell Invasion

Annexin A6 knockdown was successfully carried outhe MiaPaCa-2 clone 3
and DLKP-M cell lines.

Silencing of the Annexin A6 gene by two differeilRNAs significantly reduced
the invasive capacity of the MiaPaCa-2 clone 3 &dkP-M cells (the &
siRNA did not produce an effective knockdown of &rm A6, and as such,

invasion assays were not carried out on cells fieatesd with this SIRNA):

* MiaPaCa-2 clone 3 invasion was significantly intelj by an average of
40% following siRNA transfection with Anx6A, and aswverage of
28.2% following siRNA transfection by Anx6B.

* DLKP-M invasion was inhibited by an average of 2&towing siRNA
transfection with Anx6A, and significantly inhibdeby an average of
36.6% following siRNA transfection with Anx6B.

No significant affect on motility was observed hretMiaPaCa-2 clone 3 cell line

following transfection with both siRNAs.

No significant affect on proliferation in eitherettMiaPaCa-2 clone 3 or DLKP-
M cell lines was observed following transfectionbotth siRNAs, indicating that
the observed inhibition of invasion was not dueatty reduced proliferative
capacity of the cells. Protein knockdown was conéid by Western blot analysis
(Figures 4.10 & 4.10.7).

Statistical analyses for proliferation assays weaeried out on the average

absorbancy readings of the control Vs test wellsy diological triplicates.

Statistical analyses for invasion assays were ezhrout with the average cell
counts of control Vs sample inserts over biologtaalicates (section 2.15).
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Effect of Annexin A6 siRNA transfection in MiaPaCaz2 clone 3
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Figure 4.10: - Western Blot analysis of whole cell (RIPA) lysatddMiaPaCa-2
clone 3 transfected cells, separated on SDS-PAGHE peobed with an Annexin
A6 antibody. A reduction in the levels of Annexi® AM.W. 75kDa) can be seen
when compared to the control MiaPaCa-2 clone 3lgsdite (untransfected[-
actin was used as a loading control..(d protein per lane loaded)= 3.
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+ [Effect of SIRNA Annexin A6 on MiaPaCa-2 clone 3 Priferation
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Figure 4.10.1: - Histogram showing proliferation assay of MiaPaCalé@e 3
scrambled, kinesin and transfected with siRNAs AB&argeting Annexin A6.
Results graphed as % survival relative to scrambisalsfected cells (control).
Loss of Annexin A6 did not affect proliferation this cell line; therefore any
inhibition of invasion is not due to cell kill. Sistics performed using student t-
test compared to scrambled control; £ .05, ** p< 0.01, ** p<0.005,n = 3.
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* Knockdown of Annexin A6 reduces invasion in MiaPaC# clone 3
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Figure 4.10.2: - Histogram showing effect of Annexin A6 knockdown on
invasive behaviour of MiaPaCa-2 clone 3 celRorty-eight hours post-

transfection with Annexin A6 siRNAs, invasion assayn MiaPaCa-2 clone 3
cells were performed. Annexin A6 siRNA A and B stetted cells show a

significant decrease in invasion levels. Statispesformed using student t-test
compared to scrambled control; *30.05, ** p< 0.01, *** p < 0.005,n = 3.
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Figure 4.10.3: - Representative photomicrographs showing invasiatustof

MiaPaCa-2 clone 3 cells after 48hrs, untreated (DVEtransfected with

scrambled siRNA (Control), transfected with Anx6sfRNA and Anx6-B. A

decrease in invasion can be observed followingstesntion with both siRNAs
when compared to the control insert (B). Magnifimat 100X, scale bar, 200
pm.
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» Effect of SIRNA Annexin A6 on MiaPaCa-2 clone 3 Mality
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Figure 4.10.4: - Histogram showing effect of Annexin A6 knockdown rootile
behaviour of MiaPaCa-2 clone 3 celRorty-eight hours post-transfection with
Annexin A6 siRNAs, motility assays on MiaPaCa-2 ndo3 cells were
performed. Annexin A6 siRNA A and B transfectedsshow little decrease in
motility levels. Statistics performed using studétgst compared to scrambled
control; * p<0.05, * p<0.01, ** p<0.005,n = 3.
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Figure 4.10.6: - Representative photomicrographs showing motiligtust of
MiaPaCa-2 clone 3 cells after 24hrs, untreated (DNEtransfected with
scrambled siRNA (Control), transfected with Anx6siRNA and Anx6-B. No
significant decrease in motility can be observdbbfang transfection with both
siRNAs when compared to the control insert (B). Kfgation, 100X, scale bar,
200pum.
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+ [Effect of Annexin A6 siRNA transfection in DLKP-M

DLKP-M Scramble!

DLKP-M Control
DLKP-M Anx6 A
DLKP-M Anx6 B

Annexin A6

— — — — | (7

|

Figure 4.10.7: - Western Blot analysis of whole cell (RIPA) lysatd<DLKP-M
transfected cells, separated on SDS-PAGE, and grebéh an Annexin A6
antibody. A reduction in the levels of Annexin ABL.W. 75kDa) can be seen
when compared to the control DLKP-M cell lysatetfansfected)B-actin was

used as a loading control. {idp protein per lane loaded)= 3.
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+ [Effect of SIRNA Annexin A6 on DLKP-M Proliferation
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Figure 4.10.8: - Histogram showing proliferation assay of MiaPaCeléhe 3
scrambled, kinesin and transfected with siRNAs AB&argeting Annexin A6.
Results graphed as % survival relative to scrambigasfected cells (control).
Loss of Annexin A6 did not affect proliferation this cell line; therefore any
inhibition of invasion is not due to cell kill. Sistics performed using student t-
test compared to scrambled control; £0.05, ** p< 0.01, *** p < 0.005,n = 3.
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+ Knockdown of Annexin A6 reduces invasion in DLKP-M
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Figure 4.10.9: - Histogram showing effect of Annexin A6 knockdowm o
invasive behaviour of DLKP-M cellg-orty-eight hours post-transfection with
Annexin A6 siRNAs, invasion assays on DLKP-M celleere performed.
Annexin A6 siRNA A shows a decrease in invasionelsy while Anx6B
transfected cells show a significant decrease wasion levels. Statistics
performed using student t-test compared to scraintdatrol; * p< 0.05, ** p<
0.01, *** p <0.005,n = 3.
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Scrambled

Figure 4.10.10: - Representative photomicrographs showing invasiatustof

DLKP-M cells after 48hrs, untreated (DMEM), trangsl with scrambled
siRNA (Control), transfected with Anx6-A siRNA amhx6-B. A decrease in
invasion can be observed following transfectiorhviioth Anx6 siRNA A and B,
when compared to the control insert (B). Magnifimat 100X, scale bar, 200
pm.
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« Effect of Annexin A6 siRNA transfection on the expession of MAb 9E1
24 (6) reactive antigen in MiaPaCa-2 clone 3
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Figure 4.10.11: - Western Blot analysis of whole cell (RIPA) lysate§
MiaPaCa-2 clone 3 transfected cells, separateddf-BAGE, and probed with
MADb 9E1 24 (6). A reduction in the levels of theacgve antigen of MAb 9E1
24 (6) (M.W. 75kDa) can be seen when compared ¢octimtrol MiaPaCa-2
clone 3 cell lysate (untransfected), indicatingtttitee reactive antigen is the
Annexin A6 proteina-tubulin was used as a loading control. (@5rotein per
lane loadedh = 3.
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» Effect of Annexin A6 siRNA transfection on the expession of Protein 14-
3-3e in DLKP-M

DLMP-M Scramble:

DLKP-M Control
DLKP-M Anx6 A
DLKP-M Anx6 B

— — - | — B-Actin

————  — E— e Protein 14-3-%

Figure 4.10.12: - Western Blot analysis of whole cell (RIPA) lysatdsDLKP-
M transfected cells, separated by SDS-PAGE, antygotawith a commercial
Protein 14-3-8 antibody. No reduction in expression of Protein3t& can be
seen when compared to the control DLKP-M cell lgs@aintransfected3-actin
was used as a loading control. [(@5protein per lane loaded)= 3.
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411 Western Blot Validation of MAb 9E1 24 (6) Targt Proteins in
a Panel of Cell Lines

Pancreati Melanom: Gliome

MiaPaCa-2 clone 3
MiaPaCa-2 clone 3
MiaPaCa-2 clone 8
Lox IMVI
WM-266-4

SNB-19

Matrigel
WM-115

. _ A p— Annexin A6

T — R, — v— 14'3'38

Figure 4.11: - Western blot analysis of pancreatic cancer celidiMiaPaCa-2
clone 3, MiaPaCa-2 clone 3 grown on Matrigel, Mi@B& clone 8; Melanoma
cell lines Lox IMVI, WM-115 primary cancer, and itaetastatic counterpart
WM-266-4 and SNB-19 glioma cell line probed withtibadies specific for
Annexin A6 and Protein 14-3s3Annexin A6 shows strong expression in both
the MiaPaCa-2 clone 3 and MiaPaCa-2 clone 8 cedisli Lox IMVI shows
strong expression, but WM-115 and WM-266-4 show Imweaker expression,
while no expression is observed in SNB-19. All d¢ieles appear to show strong
expression of Protein 14-%3n = 3. (See Appendix IV for representative
coomassie stained gel showing equal loading). IDek inbold represent highly
invasive phenotype.
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Figure4.11.1: - Western Blot analysis of lung cancer cell lines LHOLKP-A,
DLKP-I, DLKP-M, DLKP-SQ and H1299; C/68 Prostatencar cell line and
HCT-116 Colon cancer cell line probed with antilesdspecific for Annexin A6
and Protein 14-3€3 Annexin A6 expression is observed in all celkebnapart
from C/68. DLKP-SQ shows the strongest expressi@rotein 14-3-8 is
expressed in all cell lines, with the strongestregpion showing in the DLKP-
SQ and H1299 cell linesn = 3. (See representative coomassie stained gel
showing equal loading). (See Appendix IV for reprdative coomassie stained
gel showing equal loading). Cell lines imold represent highly invasive
phenotype.
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Figure 4.11.2: - Western blot analysis of HER-2 over expressing tabks
MDA-MB-453, MDA-MB-361, SKBR-3 and BT474, and theriple negative
breast cancer cell line, MDA-MB-231; probed withtibodies specific for
Annexin A6 and Protein 14-3e3 Both Annexin A6 and Protein 14-%are
weakly expressed in the MDA-MB-453 cell line, whis¢rong expression is
observed in all other cell lines =3. (See Appendix IV for representative
coomassie stained gel showing equal loading). IDek inbold represent highly
invasive phenotype.
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4.12

Normal Tissue Type

MADb 9E1 24 (6) Expression in Normal and Maligant Tissues

Reactivity (membrane, with some

cytoplasmic positivity)

Colon 2 +
Prostate 1 +/-
Liver 1 +/-
Breast 2 ++

Cancer Tissue Type

Reactivity (membrane, with some

cytoplasmic positivity)

Squamous Cell Carcinoma 2 +
Glioma 8 +/-
Colon Adenocarcinoma 1 ++ +
Pancreatic Adenocarcinoma 12 +4+/+++
Breast Carcinoma 424 +/-L +++
Retinoblastoma 1 + 4+
Hodgkins Lymphoma 1 ++
Malt Lymphoma (orbital tissue 1 +++
B Cell Mantle Lymphoma ++ +
(lacrimal gland)
Basal Cell Carcinoma (eyelid 1 +/-
Parotid Tumour (Warthins 1 + +
[benign] tumour)

Table 4.12: - Reactivity of MAb 9E1 24 (6) in a panel of nornaald cancerous

tissue sections.

+++ Very intense staining; ++ Intense staining; €ak staining; +/- Some very

weak positivity.

* A range of breast tumours, representing differsnb-groups of disease —
HER2 positive, Triple Negative, estrogen-recepteR) +/- and progesterone
receptor (PR) +/-, were studied. MAb 9E1 24 (6)ctizity was observed in all

tumour types studied, however, negative reactivityarious subtypes was also

observed.
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Figure 4.12: - A panel of normal, non-malignant tumour, and caritesues
stained with MAb 9E1 24 (6). MAb shows membranectigdy (some low level
cytoplasmic reactivity also) in Hodgkins Lymphonisstie (B), Retinoblastoma
(F) and in a Warthins tumour (benign tumour of pidrgland) (E). Intense 9E1
positivity is observed in benign colon adenomadum(D) with weak positive
staining observed in normal colon (C) and normabstate tissue (A).

Magnification, 200X, scale bar = 206 (B) and (C). 400X, scale bar = 100
(A), (D), (E) and (F).
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Figure 4.23.1: - A panel of normal and cancer tissues stained wigbME1 24
(6). MADb positive staining is observed in pancrealenocarcinoma (A), B cell
mantle lymphoma (C) and Malt lymphoma (orbital) tum tissue (D). Very
weak reactivity is observed in glioma (B). Normakd#st tissue showing 9E1
reactivity is observed in (E) and a HER2 over egpireg breast tumour showing
9E1 positivity (F). Magnification, 400X, scale baQ0um, (A — E); 200X, scale
bar, 200um (F).
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413 Combination Studies Between MAb 7B7 G5 (2) & Wb 9E1
24 (6)
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Hybridoma Media MAb 7B7 G5 (2) MADb 9E1 24 (6) MAb's 7B7 G5 (2) & 9E1
(Control) 24 (6)

Figure 4.13: - Representative histogram showing inhibitory effexftdéAb 7B7
G5 (2) and MAb 9E1 24 (6) individually, and in sygg, on MiaPaCa-2 clone 3
invasion after 48 hours. Both 7B7 G5 (2) and 9E1 (@)% hybridoma neat
supernatant inhibits invasion compared to the obritybridoma medium (no
MAD) representing 100% invasion. However, when comd, there is no
increase in inhibition levels, indicating no synelgetween the two MAbs = 3.
Error bars calculated using + standard deviation.
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4.14. Combination Studies with MAb 9E1 24 (6) & 7BTG5 (2) and
a Panel of Statins

Although MAbs have greatly enhanced cancer treatnweny a few are able to
kill a sufficient number of malignant cells and sautumour regression.
Therefore, it is often necessary to use a combiretment regime in order to

enhance the efficacy of the anti-tumour activity.

A number of recent studies have suggested thatecancidence rates may be
lower in patients receiving statin treatment for péscholesterolemia.
Examination of the effects of statin druisvitro, on migration and invasion
levels of melanoma cells was carried out. The tgbdf Lovastatin, Mevastatin
and Simvastatin to inhibit the melanoma migratiod avasion were assessed
using invasion and migration assays. These compouwmere then used in
combination with both MAb 7B7 G5 (2) and 9E1 24, (@)order to determine if

any synergistic effect occurs in relation to inhidn of invasion.
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4.14.1 Effect of Statins on the Invasion & MotilityLevels on a Panel
of Melanoma Cell Lines: - Lovastatin
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Figure 4.14: - Representative histogram of Lovastatin showing iBaamt
inhibition of HT144 cell motility at three differérconcentrations, compared to
control (no Lovastatin) representing 100% motilagter 48hrs. Statistics; * 9
0.05, ** p< 0.01, *** p < 0.005, Student’s t-tesh = 3. Error bars calculated
using + standard deviation.
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Figure 4.14.1: - Representative histogram of Lovastatin showing iBaamt
inhibition of HT144 cell invasion at three diffeteconcentrations, compared to
control (no Lovastatin) representing 100% motilagter 48hrs. Statistics; * 9
0.05, * p< 0.01, *** p < 0.005, Student’s t-tesh = 3. Error bars calculated
using * standard deviation.
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Figure 4.14.2: - Representative histogram of Lovastatin showing iBaant
inhibition of SK-MEL-28 cell motility at two diffegnt concentrations, compared
to control (no Lovastatin) representing 100% miytilafter 48hrs. No effect on
motility was observed with 1.3uM Lovastatin. Stadis, * p< 0.05, ** p< 0.01,
*** p < 0.005, Student’s t-tesh = 3. Error bars calculated using + standard
deviation.
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Figure 4.14.3: - Representative histogram of Lovastatin showing iBaamt
inhibition of SK-MEL-28 cell invasion at two diffent concentrations, compared
to control (no Lovastatin) representing 100% migytilafter 48hrs. No effect on
invasion was observed with 1.3uM Lovastatin. Stiags* p< 0.05, ** p< 0.01,
*** p < 0.005, Student’s t-tesh = 3. Error bars calculated using + standard
deviation.
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4.14.2 Mevastatin
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Figure 4.14.4: - Representative histogram of Mevastatin showing iogmt
inhibition of HT144 cell motility at three differérconcentrations, compared to
control (no Mevastatin) representing 100% motiléfter 48hrs. Statistics; * ¢
0.05, ** p< 0.01, *** p < 0.005, Student’s t-tesh = 3. Error bars calculated
using + standard deviation.
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Figure 4.14.5: - Representative histogram of Mevastatin showing iogmt
inhibition of HT144 cell invasion at two differebncentrations, compared to
control (no Mevastatin) representing 100% invasgfter 48hrs. Invasion was
only slightly inhibited with 2uM Mevastatin. Stdiis; * p < 0.05, ** p< 0.01,
*** p < 0.005, Student’s t-tesh = 3. Error bars calculated using = standard
deviation.
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Figure 4.14.6: - Representative histogram of Mevastatin showing iggmt
inhibition of SK-MEL-28 cell motility at three di#frent concentrations,
compared to control (no Mevastatin) representin@%d0motility, after 48hrs.
Statistics; * p< 0.05, ** p< 0.01, *** p < 0.005, Student’s t-tesh = 3. Error
bars calculated using + standard deviation.
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Figure 4.14.7: - Representative histogram of Mevastatin showing iBggmt
inhibition of SK-MEL-28 cell invasion at three d#ifent concentrations,
compared to control (no Mevastatin) representin@%.dnvasion, after 48hrs.
Statistics; * p< 0.05, ** p< 0.01, *** p < 0.005, Student’s t-tesh = 3. Error
bars calculated using + standard deviation.
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4.14.3 Simvastatin
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Figure 4.14.8: - Representative histogram of Simvastatin showingpition of
HT144 cell motility at 1.6pM concentration, andrsfgcant inhibition at 2.4uM
concentration, compared to control (no Simvastagpyesenting 100% motility,
after 48hrs. No effect on motility was observedhwD.8uM Simvastatin.
Statistics; * p< 0.05, ** p< 0.01, *** p < 0.005, Student’s t-tesh = 3. Error
bars calculated using + standard deviation.
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Figure 4.14.9: - Representative histogram of Simvastatin showimggpicant
inhibition of HT144 cell invasion at two differesbncentrations, compared to
control (no Simvastatin) representing 100% invasaifter 48hrs. Significance
was not achieved with 2uM Mevastatin. Statisticp;<0.05, ** p< 0.01, *** p

< 0.005, Student’s t-test. = 3. Error bars calculated using = standard deviation.
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Figure 4.14.10: - Representative histogram of Simvastatin showingisaant
inhibition of SK-MEL-28 cell motility at two diffegnt concentrations, compared
to control (no Lovastatin) representing 100% miytiliafter 48hrs. 0.8uM
Simvastatin shows little decrease in motility levebtatistics; * p< 0.05, ** p<
0.01, *** p < 0.005, Student’s t-tesh = 3. Error bars calculated using *
standard deviation.
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Figure 4.14.11: - Representative histogram of Simvastatin showingisaant
inhibition of SK-MEL-28 cell invasion at 2.4 uM coentration, compared to
control (no Lovastatin) representing 100% invasiaifter 48hrs. 0.8uM
Simvastatin shows no decrease in invasion levelslewnvasion is decreased
with 1.6uM Simvastatin, but not significantly saafstics; * p< 0.05, ** p<
0.01, ** p < 0.005, Student’s t-tesh = 3. Error bars calculated using *
standard deviation.
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4.14.4 Effect of Statins and MAbs on Cell Invasion

4.14.4.1 MADb 7B7 G5 (2)
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Figure4.14.12: - Representative histogram showing significant irtbilyi effects
on MiaPaCa-2 clone 3 invasion by a panel of statind MAb 7B7 G5 (2),
working independently and synergistically of onetaer, compared to control
hybridoma medium (no MADb or statins) representif@% invasion after 48
hours. No synergistic effect was observed. Erros balculated using + standard
deviation.
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4.14.4.2 MADb 9E1 24 (6)
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Figure4.14.13: - Representative histogram showing significant irtbityi effects
on MiaPaCa-2 clone 3 invasion by a panel of staiind MAb 9E1 24 (6),
working independently and synergistically of oneother. Independently,
Simvastatin inhibits invasion by 75-80%, Lovastdiin48-50%, and Mevastatin
by 50-60%. When used in synergy with MAb 9E1 24 (6Bgre appears to be
some synergy between the statins and MAb 9E1 24n(63 2. Error bars
calculated using + standard deviation.
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CHAPTER 5
DISCUSSION
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The majority of deaths from cancer are due to ntatiasdisease. Metastasis is
defined as the development of secondary tumouesdistance from a primary
site of cancer. A critical step in metastatic pssgion is “invasion” — when
cancer cells break through the ECM and enter thedsitream/lymphatic system.
While the malignant primary and secondary tumowas often be surgically
removed, it is the invading cells circulating thadlp that cause the most harmful
effects and prove to be the most difficult to tartieerapeutically. Successfully
blocking or inhibiting these invading cells wouldegtly improve cancer
treatment and patient prognosis. However, thereamently limited therapeutic

treatments available that can successfully inlwibjirevent the invasion process.

A number of early studies involving anti-metastatigents were carried out,
however these failed to produce any clinically valg therapeutic treatments.
Early investigations involving tumour-invasion-ibiting-factor 2 (lIF-2), a
polypeptide of 21 amino acids isolated from boMimer, successfully inhibited
invasion of rat mesothelial monolayensvitro (Isoaiet al, 1990). An albumin-
[IF-2 conjugate was then developed to increase fawtor's half-life, and
subsequenin vivo testing successfully inhibited colonisation of igas highly
metastatic tumour cells, including murine melanormalon adenocarcinoma,
squamous cell carcinoma, forestomach carcinoma, randan fibrosarcoma
(Isoai et al, 1994). Its anti-invasive effects appeared torddated only to an
impairment of cell motility, as no inhibition of lbélar adhesion or degradation
of the ECM was noted. While this agent showed psomgi anti-invasive

potential, no further studies or clinical trialsrgursued.

Anti-invasion trials involving the use of MMP-inhibrs also failed to produce
viable therapeutic strategies. A number of themndake it into Phase Il trials,
but were subsequently withdrawn. Tanamostat, an MMB and 9 inhibitor,
was removed from Phase Il trials due to patienith wmall cell lung cancer
(SCLC) doing significantly worse than placebo-colied patients. Prinomastat
(MMP-2, 9, 13, & 14) failed to demonstrate any &fty in any of the Phase IlI
trials it was tested in (Fingleton, 2008). vivo work carried out by Hoffmaet
al., on a new MMP inhibitor calledisACCP has shown good anti-invasion

efficacy; however, it only targets MMP-2, and astsuwill not be viable for a
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wide range of tumour types e.g. NSCLC overexprebgPM. 1 and 14 (Hoffman
et al, 2008).

MAD therapy has emerged as an important therapeutitality for cancer, due
to the high specificity, low systemic toxicity, plietable pharmacology, ability
to recruit the body’s immune system and longer raenalf-life of MAbs (Yanet
al., 2008). There are a number of FDA-approved MAlnsently available for
anti-tumour therapy, including Trastuzumab (Hercgptthe anti-HER2 MADb
used in the treatment of HER2-overexpressing naiasbreast cancer (see
Introduction — Table 1 for a full list of MAbs amed for the treatment of
cancer). While these MAbs have constituted a treloes success story for
cancer treatment, they do not directly target tummlls undergoing invasion.
Some, like Trastuzumab, can limit cellular invasighlocking of HER2 by
Trastuzumab reduced invasionvitro, in the MDA-MB-435 breast cancer cell
line (Sideraet al., 2008)); however, this is often only a sideeeffof their
primary activity (e.q. promoting apoptosis, inhitbogg cell
proliferation/angiogenesis) - no MAbs are curremtlailable that directly target

the invasion process.

A number of studies are now taking place, whichestigate the possibility of
increasing the limited anti-invasive effects thatrent clinical MAbs possess.
Recent work carried out by Fischgradteal, (2010) used a combination therapy
of Trastuzumab and atrasentan to study the efi@etSKBR-3 cell invasion.
Atrasentan is an endothelin receptor antagonigéctee for subtype A (EA).
Endothelin (ET) is a peptide containing 21 aminmscand is involved in many
normal physiological processes. They have also Beewn to have a role in the
growth and progression of several tumour type&r@ast cancer, overexpression
of ETAR and its ligand, ET-1, correlates with decreasedigal and resistance to
chemotherapy (Wulfingt al, 2003, 2004). The authors found that dual HER2-
ETAR targeting, utilising Trastuzumab and atrasentaas superior to either
agent alone in inhibiting invasion in the SKBR-3%#&st cancer cell line. Apart
from enhancing the anti-invasion effects of Tragtnab, it was also found that
atrasentan enhances its anti-proliferative effettgese results suggest that the

anti-tumourigenic properties of Trastuzumab, inglgdits limited inhibitive
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effects on cellular invasion, can be increasedutjnocombination therapy with

other anti-cancer agents (Fischgr&bal, 2010).

Another method for increasing the efficacy of catrEDA-approved MADbs is to
enhance their pharmacokinetic properties. Rituxinisbgenerated in CHO
(Chinese Hamster Ovary) cells, which express higlvels of al,6-
fucosyltransferase (FUT8). Reduction of fucose eontin Rituximab
oligosaccharides, achieved through gene knockddwrJd 8 in the host CHO
cells, or by generating the antibodies in otheklgeds with reduced fucosylation
activity (e.g. rat YB2/0 cells), results in >100edoenhancement of ADCC
activity (Shinkaweet al, 2003). Furthermore, engineering of the Fc regibthe
antibody, to increase the efficacy of binding te tieonatal Fc receptor (FCRn)
(which prevents IgG degradation), increases thensdralf-life of MAbs (Beck
et al, 2010).

Studies have shown that targeting invasion-relggesteins with MAbs (and
other anti-cancer agents) can result in decreasétheasion. A number of these
MADbs are undergoing clinical trials (see sectio®.q for a comprehensive list),

but as yet, none have received FDA approval.

The research carried out in this study focused odiferent approach in
developing MAbs. Rather than pursuing a specifidemdar target known to be
involved in cancer invasion, generating MAbs agathss target and checking
whether they can block/inhibit invasiamvitro, the approach used here involved
the screening of MADbs directed against highly imasancer cellslirectly for
function. Using a 96-well Boyden chamber assayweee able to assess large
numbers of MADs for their effect on cell invasidrose of interest were cloned
and re-tested, to ensure that their activity agac®dl invasion was stable.
Following this, the target antigens of the MAbs ev@mmunoprecipitated, and
identified through mass spectrometry analysis. @amition of their role in the
invasion process was obtained through siRNA silenaf the antigens. Using
this method, we discovered two MAbs, designated GB72) [7B7] and 9E1 24
(6) [9E1], that directly target invasion-relatedofgins, and can successfully

inhibit cell invasion in a number of cancer types.
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5.1 Identification of MAbs That Can Block Cancer Invasion In
Vitro
MAb 7B7 was generated against the highly invasiancpeatic cell line

MiaPaCa-2 clone 3 (Walsket al., 2008). This cell line was chosen for
immunisation because it is much more invasive thtanparental cell line,

displaying many differentially changed proteinsthhap-regulated and down-
regulated. By using this cell line as an immunogeémnwas hoped that MAbs
would be generated that recognise novel proteisscésted with the invasion
process. A second clonal variant of MiaPaCa-2 @I8)) has significantly lower
invasion levels compared to its parent cell linavidg both an invasive and non-
invasive cell model available, MAbs produced cobidtested to check for any

increases or decreases in cell invasion.

MADb 9E1 was generated against the highly invasiveast cancer cell line,
MDA-MB-435S. This is a spindle shaped variant & tharental cell line MDA-
MB-435, which was isolated by Cailleat al., (1978), from the pleural effusion
of a 31-year old female with metastatic ductal adancinoma of the breast. A
clonal population of this variant named MDA-MB-48% was established here
in the N.I.C.B (Glynnet al.,2004), which exhibited high levels of invasion. A
Taxol resistant variant was then produced from ¢hegal variant through pulse
selections, designated MDA-MB-435-SF-Taxol10p4p-Biese two cell lines
were chosen as immunogens due to their high lesklgivasion and novel
nature. It was hoped that any MAbs generated flusftision would recognise
new and unique proteins involved in the invasionocpss. However,
characterisation work was not carried out with MDIMB-435-SF, due to
variations in invasion levels observed, and douddisut the origins of the

parental cell line.

In 2000, gene expression analysis carried out erNitional Cancer Institute’s
Developmental Therapeutics Program 60 (NCI60) be# panel, found that
MDA-MB-435 expressed a large number of melanoma@ated genes, and
clustered with melanoma cell lines. It was propoted the MDA-MB-435 cell

line is of melanocyte origin and suggested thaptgent, from whom the MDA-

MB-435 cell line was derived from a pleural effusiomay have had an
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undiagnosed melanoma (Ros$ al. 2000). While credible, a more likely
explanation is that the MDA-MB-435 cells were inadently lost due to
switching with, or contamination by, another catlel, an occurance not limited
to the above cell line (Masters, 200FRae and colleagues subsequently
presented evidence that both the MDA-MB-435 cek land the M14 melanoma
cell line were essentially identical, and that I“aurrently available stocks of
MDA-MB-435 cells are derived from the M14 melanowk#ll line and can no
longer be considered a model of breast cancer'e @aal, 2007). Due to the
uncertainty surrounding the cell line, it was deddto characterise the
hybridoma supernatants on different cell lines. éddly, however, Chambers
(2009) has suggested that MDA-MB-435 and M14 aeatidal cell lines, but are
both breastcancer cell lines. Although identical, M14 cellsvke been shown to
express two X chromosomes, despite the fact they there derived from a
biopsy specimen from a male patient (Waatgal, 1988). This has also been
suggested by Hollestel al., (2009).

5.2 Functional Effects of MAbs

Following on from the discovery of the two MAbswas decided to characterise
their effects on a number of cellular processegliferation assays carried out on
invasive MiaPaCa-2 clone 3 cells showed that bokb#&had no effect on cell
survival or growth, suggesting that their targetigens are not involved in cell
growth/survival (sections 3.4.1 & 4.4.3). Theseulssalso suggest that the
decreases observed in invasion levels were a dnesult of inhibition of
invasion. Invasion and motility assays were alsoi@ad out on MiaPaCa-2 clone
3, resulting in significant inhibition of both presses following incubation with
the MADbs. While MAb 9E1 reduced invasion levelghis cell line by up to 80%
(section 4.4.2), inhibition of motility, while sigircant, was not as pronounced,
with an average decrease of 23% observed (secdoB)4This suggests that the
target antigen of 9E1 is playing a significant risléhe invasion process, but less
so in cell motility. 7B7 significantly reduced iasion, by up to 49% (section
3.4.2), while similar levels of inhibition were a@ged in relation to motility
(section 3.4.3), suggesting that this MADb’s targetigen is involved in both the
invasion and motility process. However, at thigetat was unclear whether the

decrease in invasion levels observed in this ¢edl ivas due to a decline in
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cellular motility. At this point, it was decided &xpand the investigation of the

functional effect of both MAbs to cover a wider gagnof human cancer cell lines.

A panel of invasive breast cancer, lung cancer, metanoma cell lines was
investigated with 9E1 and 7B7, as were prostaiepng and colon cancer cell
lines. The levels of inhibition observed followingcubation with the MAbs
varied between the cell lines, with some showintelito no knockdown of
invasion levels, while in some cell lines an unetpdincreasein the levels of

invasion was observed following MAb 9E1 incubation.

Motility assays were also carried out on the glioogll line SNB-19 in the
presence of 7B7 (section 3.4.8). Results show eedse in motility levels, by up
to 14.3%, while invasion is inhibited, by up to 8&. This suggests that the

inhibition of invasion is not completely due to ecdease in motility in this cell

line.

Cancer Type Cell Line MAb 7B7 MADb 9E1
% Inhibition (up to..) % Inhibition (up to..)
MDA-MB-157 No Inhibition 50.9% Increase
Breast MDA-MD-231 32.9%* 37.4%*
SKBR-3 30.2%* 55.6%
DLKP-I 35% 53.3%*
Lung DLKP-M 50%* 76.2%*
H1299 30.5%* 34.5%*
Pancreatic | MiaPaCa-2 clone 3 51.7%* 79.6%
BxPc-3 16% No Inhibition
Melanoma Lox 29.6% 50.6%*
Glioma SNB-19 33.8%* No Inhibition
Prostate C/68 20% 50.9%*
Colon HCT-116 32%* 125.3% Increase*

Table 5: - Effect of MAb 7B7 G5 (2) and 9E1 24 (6) on invasiplevels in a
panel of cell lines. * Significant result.
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From the results obtained, it can be stated thatl#s a greater inhibitory effect
on cell invasion than 7B7. However, no increasesniasion were observed
following incubation with 7B7. Dose response stadiere also carried out with
both MAbs. With regard to 7B7, a corresponding diopnhibition levels was
observed in the MiaPaCa-2 clone 3 cell line, whenNIAb was diluted (section
3.4.2). Dose-response experiments with 9E1 in th&MM cell line (section
4.4.5) also showed that there was a corresponddagedse in invasion levels.
However, surprisingly, at low levels of the MADb i1 5 dilution), invasion in
DLKP-M wasincreased by up to 62%.

These results suggest that the target antigen@gbimay be playing a dual role
in the invasion process of a number of cell lireeting as both a pro- and anti-
invasive protein(s). It would also appear thatost toncentration, this MAb can
stimulate invasion in a cell line where higher lsvef the MAb decrease cell

invasion.

Cell invasion into the blood/lymph vessels dependsthe interaction of the
invading cells with components of the ECM and basgnmembrane, as does
the penetration of the tumour cell into an orgara atecondary site. Adhesion
assays were therefore carried out in order to ebsehether the MAbs had any
effect on the ability of cancer cells to adherenatrigel and fibronectin (sections
3.4.12 & 4.4.12). Adherence of MiaPaCa-2 clone 3iimonectin was reduced
following incubation with 7B7 (up to 29%). A sigigént decrease in adhesion of
DLKP-M lung cancer cells to matrigel (up to 35%)swalso observed. 9E1
slightly reduced adherence of MiaPaCa-2 clone 3filboonectin, while a
significant decrease in adhesion of DLKP-M cellsnatrigel (up to 42%) was

observed.

Anoikis assays were carried out to determine whethe MAbs affected the
ability of cancer cells to survive in suspensioec{ons 3.4.13 & 4.4.13). When
normal cells lose contact with the ECM, and becofueanchored”, they
undergo a form of programmed cell death termed itasio Cancer cells often
display a resistance to this form of cell deatlgvéihg for their survival during

systemic circulation, thereby facilitating secondarmour formation in distant
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organs (Doumat al, 2004). Both MiaPaCa-2 clone 3 and DLKP-M cellsrev
incubated with 7B7 and 9E1 in conditions that irelanoikis (i.e. anchorage
independent growth); however, no change in surwas$ observed, indicating
that the MADbs do not affect anoikis.

The effects of 7B7 and 9E1 on MMP activity wereoaisvestigated (sections
3.4.15 & 4.4.15). MMPs are regarded as essentidécutes for tumour cells
undergoing metastasis. Early studies have shownirtheancer cells, there is a
clear relationship between MMPs, ECM degradatiod eancer cell invasion.
Inhibition of MMPs corresponds to inhibition of téhvasion; conversely, up-
regulation of MMPs usually leads to increases mdur cell invasion. These
studies concluded that enhanced MMP levels resuihcreased tumour cell
invasion (Liottaet al, 1980, 1986). The MDA-MB-231 breast cell linekisown
to have high expression levels of MMP-9 (Hegedusal, 2008) and was
therefore chosen for this study. We found that MMB-231 cells incubated
with 7B7 and 9E1 for 24hrs showed a marked decrgaddMP-9 activity,
compared to MADb-free cells, suggesting tbath MAbs can negatively affect
MMP activity. However, it is still unclear if theedrease in MMP-9 activity is
due to direct interaction of the MAb with MMP-9, arhether it is indirectly
inactivated through inhibition of downstream sidimgl events. Western blot
analysis of cell lysates incubated with the MApherd with an MMP-9 specific
antibody will determine whether MMP activity is éatly or indirectly affected.

Incubation of MiaPaCa-2 clone 3 cells with the MAdlso produced a definite
change in cell morphology (sections 3.4.14 & 4.4.Uhder normal conditions,

MiaPaCa-2 clone 3 cells exhibit a fibroblast-likeepotype, with spindle shaped
elongated cells, typical of highly invasive and ieoftcells. However, when

grown in the presence of 7B7 and 9E1, the celle ltss spindle-shaped
morphology, and start to display a more roundedeammce, similar to the
morphology of the low invasive variant of the Mi&Ra2 cell line, clone 8

(Walshet al, 2008). Loss of the spindle-shaped morphologyhinip expected

in cells that have had their invasive capacity segged.
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Preliminary immunofluorescence studies were initiadarried out with both
MADbs on the MiaPaCa-2 variants. Staining in thelR&Ca-2 clone 8 cell line
with 7B7 was weaker than that observed in the cBwmariant, suggesting that its
target antigen is up-regulated in the highly invasclone 3 cell line. This
staining pattern was further demonstrated in therlgoinvasive DLKP-SQ
compared to the highly invasive DLKP-Mitox-6p variaWith regards to any
association with invasion, conflicitng results weybserved with MAb 9E1.
MiaPaCa-2 clone 8 appeared to show stronger régdinan that observed in the
more invasive MiaPaCa-2 clone 3 variant, whilersitej in the DLKP-Mitox-6p
variant was slightly stronger than the DLKP-SQ. MAB7 showed membrane
and cytoplasmic reactivity on MiaPaCa-2 clone 3sciigure 3.3.2), while MAb
9E1 (figure 4.5) showed puntuated type, membraamisgy on the same cell
line. Some cytoplasmic reactivity was also obsertedould be likely to expect

both MAbs to be reacting with a cell surface pnotei

Cell surface proteins are known to be involved ®vesal key stages of
metastasis, so their expression is of fundamentpbrtance in cancer research,
and may serve as potential therapeutic targets. &@mple, HER2 is
overexpressed at the cell surface in a range @sbtemours, and its discovery
led to the development of Trastuzumab (Slanednal, 2001). Furthermore,
growth factor receptors expressed on the cell sarfaave been linked to
signalling and uncontrolled cell proliferation inarmy cancer types, (e.g. EGFR).
This has led to the development of anticancer fhesathat target specific
components of the EGFR signal transduction pathsvgyCetuximab (Raymond
et al, 2000).

Western blot analyses were carried out in ordedeatify the molecular weights
of the target antigens; however, 7B7 probing ofaagb of cell lines did not
produce any reactive bands. Therefore, we werelenmnalestablish the molecular
weights of 7B7’s potential reactive antigen(s). Ases of 9E1 did reveal a
strong reactive band of approximately 75 kDa irumher of cell lines, including
MiaPaCa-2 clone 3, MiaPaCa-2 clone 8 and SKBR-8ti(s® 4.6), indicating
that this MAb was recognising a target antigenpgraximately 75kDa:
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Cancer Type Cell Line Reactivity
MiaPaCa-2 clone 3 +++
Pancreatic MiaPaCa-2 clone 3+ + +
(Matrigel)
MiaPaCa-2 clone § ++ +
Lox IMVI +++
Melanoma SK-MEL-28 +++
WM-115 +/-
WM-226-4 +/-
Glioma SNB-19 +/-
Lung DLKP ++
DLKP-A +
DLKP-I ++
DLKP-M ++
DLKP-SQ +++
H1299 ++
Prostate C/68 +++
Colon HCT-116 +++
Breast MDA-MB-231 ++
(Triple Negative)
Breast MDA-MB-453 -
(HER2-Positive) | MDA-MB-361 ++
SKBR-3 ++
BT474 ++
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Table 5.1: - Western blot analysis of MAb 9E1 in a panel of cazer cell lines.

+++ Very Strong; ++ Strong; + Intermediate; +/- Wea

Analyzing the levels of 9E1 expression in varioasaaer cell lines, it was found
that expression in the metastatic WM-266-4 metiastatl line was stronger than
that observed in the WM-115 primary tumour. Thigtgra was also observed in
the DLKP variants, with expression in the invasivand M cell lines being

stronger than that observed in the poorly invadMeKP and less invasive




DLKP-A. However, the low invasive DLKP-SQ exhibitexfrong expression
levels. (Immunofluorescence analysis showed mdenge 9E1 reactivity in the
DLKP-Mitox-6p cell line, compared to DLKP-SQ, howary no Western blot
data is available for this cell line). SNB-19 showigtle expression of the
reactive antigen, which corresponds to the ladklmbition of invasion observed
in this cell line when incubated with 9E1. SKBR-BIDA-MB-231, C/68,

H1299, DLKP | and M, Lox IMVI and MiaPaCa-2 clonedl showed strong to
very strong expression of the reactive antigen, andhsion in each was
significantly inhibited following incubation with B1. HCT-116 also showed
very strong expression. This assay shows that e target antigen of 9E1 is
expressed, to varying degrees, in a broad rangarafer cell types, both invasive

and non-invasive.

5.3 Proteomic Identification of MAb Target Antigens
Immunoprecipitation studies were carried out ineordo try to identify the
reactive antigens of both MADbs. Immunoprecipitatisna technique which
allows for the identification of a protein/antigémat reacts specifically with an
antibody from a mixture of proteins so that its ity or physical characteristics
can be examined. In immunoprecipitation, the prg&ifrom the cell or tissue
homogenate is precipitated in an appropriate lgaféer prior to addition of the
antibody. An immune complex is then formed with #uglition of the antibody
to the cell lysate (which includes the antigen(§nce this antibody-antigen
complex is formed, a protein A-, G-, or L-agaros@jagate (depending on the
isoform of the antibody) is added, capturing thenptex. Proteins that are bound
to the antibody are precipitated, while those #y& not are washed away; in
order to ensure that the protein has not been pecHtally bound, an
immunoprecipitation with a control antibody - moug®l/IgG, or an antibody
with a known target protein - is run in parallelor@ponents of the bound
immune complex are eluted from the beads, and imentinoprecipitate” is
separated according to molecular weight, using BB&E. Visualisation is
achieved through colloidal blue or silver stainiofyjthe SDS-PAGE gel. The
visible protein can now be excised and identifiesing mass spectrometry

analysis.
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As the MiaPaCa-2 clone 3 cell line showed the gstainhibition of invasion
following incubation with both MAbs, it was chosém immunoprecipitate out
the reactive antigens. However, subsequent immecqptations were carried
out on other cell lines (H1299, Lox IMVI, DLKP-I).

Immunoprecipitations were carried out using Proteigarose beads to pull out
the reactive antigens. Protein-L was chosen dugs tability to bind onto both
the IgM and IgG antibody chains, through kappatligiain interactions without
interfering with the antibody's antigen-bindingesiiNilsonet al, 1996). This
approach was also used in a previous study by haeki al, (2005) to
iImmunoprecipitate the target antigen of MAb 5C3uder cell lysates of the cells
were prepared using three lysis buffers. Lysatepamed with NP/40 resulted in
gels with numerous protein bands. RIPA, and finglgis buffer C (see section
2.10.1) produced gels with much sharper proteirdbamd low level background
bands. (NP/40 buffer has a low denaturing leveljeMRIPA and lysis buffer C
give lower backgrounds in immunoprecipitation, bcén denature some

proteins.)

Following incubation of 9E1 with the cell lysatehet antigen was

immunoprecipitated using Protein-L agarose beadd, separated on a 4-12%
Bis tris SDS-PAGE gel. The gel was subsequentinatawith Coomassie Blue,
allowing for visualisation of the bands (sectiorr.4). Five bands of interest
were observed following immunoprecipitation with 199Eeach of which were

excised for mass spectrometry analysis. A numb#rasfe bands were identified,
but subsequently disregarded, as the same prdiathsiso been identified with

the control IgG antibody.

Mass spectrometry (MS) is an analytical chemistghhique used for measuring
mass-to-charge ration(2 of gas-phase ions. It is the standard method unstk
identification of proteins, by comparing MS datagene and sequence databases.
Basic MS instruments are comprised of three commsnen ion source that
confers electrical charge to the molecules, a masslyser that separates
resulting ions according to thei/zratio, and a detector. In MS/MS, singly or

multiply charged ions are selected according tarth@z in an initial mass
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spectrometric stage. The selected precursor ioasthen fragmented through
collisions with an inert gas (such as helium oroa)g in a process known as
collisionally induced dissociation (CID). The fragnted ions formed are then
mass analysed in a second mass spectrometric @ageeret al., 2002). An

MS/MS spectrum is then produced, which represemigstigies as readable
entities, allowing for their interpretation and @ation with theoretical peptide

sequences found in protein or genomic databases.

Extensive online searching of the peptide sequenbé&sned through MS/MS
(section 4.9), using the SWISS-PROT database, ateticthat the band excised
at approx. 75 kDa was Annexin A6, with a molecwiaight of 75.87 kDa. The
lower band, excised at approx. 35 kDa consistec alomplex of proteins,
identified as Prohibitin (M.W. = 29.8 kDa), proteld-3-F (M.W. = 29.1 kDa)
and 3 variants of ADP/ATP Translocase (1 — 3; Ma\33, 32.87, 32.84 kDa
respectively). Variants of 40S Ribosomal proteinrevelso identified. All
identifications were obtained with multiple peptidequences, matching the
theoretical sequences in the protein database, X{@hscores, and matching
molecular weights (section 4.9.1). These critetiawaed us to accept that the
identified proteins were immunoprecipitated outthg 9E1 MAb with a high
degree of certainty. From this, it would appeat tha MADb’s target antigen is
Annexin A6, as the molecular weight of this proteatches that of the reactive
band seen in the Western blot analysis on a pdredliolines probed with MAb
9E1, including MiaPaCa-2 clone 3, MiaPaCa-2 clonBB474 and SKBR-3 (see
figure 4.10.5). It is likely then that the otheremdified proteins may be
interacting with this target protein.

Western blot analysis of immunoprecipitated samplexed with commercial
antibodies specific for Annexin A6, Prohibitin, atite 14-3-3 protein (section
4.10) showed a reactive band at the expected maleagights, validating the

identifications obtained through mass spectromatiglysis.

Following immunoprecipitation studies with 7B7, dbands of interest were

observed which were all excised for mass spectmynagtalysis (section 3.7.1).
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A number of these bands were identified, but desrégd, as the same proteins
were immunoprecipitated out with the control IgMtibady. All of the other
bands failed to produce a positive identificatias, the IgM heavy chain was
contaminating the proteins. Numerous methods weygayed to overcome this,
including varying the cell lysate concentration,tilaody concentration,
MADb/lysate incubation time, antibody/antigen/Protei complex, Protein-L
volume, and varying the incubation and washing sin#dl this failed to produce
a positive identification. In order to obtain a e identification, the
interfering IgM heavy chain would have to be renthvié was therefore decided

to carry out a cross-linked immunoprecipitation.

With cross-linked immunoprecipitation, the antibadycovalently immobilised
to the agarose beads by cross-linking with disunagl suberate (DSS). The
antibody/agarose complex is then added to the saowgitaining the antigen of
interest, forming an antibody-antigen complex. &fobe, the bound antigens are
precipitated, while those that are not are washedya The antigen is then
dissociated from the antibody, allowing the purégam sample to be separated
on SDS-PAGE. With this method, the antigen candmntified through mass

spectrometry without any interference from antibfrdgments.

Prior to cross-linked immunoprecipitation, the botly needs to be purified and
dialysed. This is due to the fact that any amimeg. (Tris or glycine), gelatine or
carrier proteins will compete for binding sites tioe agarose beads, thus
decreasing antigen binding (section 3.7.2).

Following cross-linked immunoprecipitation (secti@7.3), the antigen-only
sample was separated on SDS-PAGE and bands weisesl with Coomassie
Blue. This time, 3 bands were visible, at apprd@8 kDa, 80 kDa and 70 kDa.
The 108 kDa band, identified as Nucleolin, was efjarded, as it was also
identified with the control IgM antibody. The twemaining bands were excised,
and analysed using a liquid chromatography- tandesass spectrometer (LC-
MS/MS).

255



Database searching of the peptide sequences abthirceigh mass spectrometry
(section 3.9), using the SWISS-PROT database,ateticthat the protein excised
at approx. 80 kDa was ATP-dependent DNA helicasalfinit 2 (Ku80), with a
molecular weight of 82.65 kDa. The lower band wdentified as ATP-
dependent DNA helicase 2 subunit 1 (Ku70), with @eoular weight of 69.79
kDa. Both identifications were obtained, in triglie, with multiple peptide
sequences, matching the theoretical sequence® iprtitein database, high XC
scores, and matching molecular weights. Theserierisdlowed us to accept that
the identified proteins were immunoprecipitatedhoy 7B7 with a high degree of
certainty. As no other proteins were identifiedwibuld appear that the MAbs
target antigen is the Ku heterodimer. It was traeetlecided to carry out further
investigations on the Ku70 and Ku80 proteins, ideolg siRNA silencing.

Western blot analysis of the immunoprecipitated @as with commercial
antibodies targeting the Ku70 and Ku80 proteinsagtba strong reactive band
in both immunoprecipitates when probed with theiresponding antibody, thus
validating the identifications obtained through maspectrometry analysis
(section 3.10).

5.4 Investigation of Target Antigens of MAb 9E1 246)

Following identification of Annexin A6, and the ghyg indications that it is the
target antigen of 9E1, the next step was to detexmihat role, if any, it plays in
the invasion process. This was achieved by silgnttia Annexin A6 gene using
RNA interference (section 4.11). MiaPaCa-2 clorem@ DLKP-M were chosen
for this study. No other protein was chosen foMs#Rsilencing, due to the fact
that only one reactive band was observed in Wedtohanalyses with 9E1,

corresponding to the molecular weight of Annexin A6

Annexin A6 is a major cellular calcium and phospbidl binding protein, and
has been suggested to have tumour suppressivdseftaoough its ability to
cause the down-regulation of the cell proliferatipathways initiated by
activated Ras (Monastyrskayd al, 2009). However, limited information is

available with regard to its specific role, if amythe invasion process.
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Annexin A6 was successfully knocked down in botill tees as shown by
Western blot analysis. In both MiaPaCa-2 clone 8 BbKP-M, Annexin A6
silencing did not affect cell proliferation, in @gment with proliferation results
obtained with 9E1-incubated cells. (Kinesin transdd cells did however show a
dramatic decrease in cell number, indicating th&N# transfection was
successful.) In relation to invasion, Annexin A6okkdown by two siRNAs
targeting the protein, significantly inhibited irsran in the MiaPaCa-2 clone 3
cell line, while siRNA-B significantly inhibited DKP-M invasion levels. In
relation to motility, no significant reduction wabserved in any of the cell lines.
These results indicate that Annexin A6 is involvadthe invasion process of

both these cell lines.

Western blot analysis on the same panel of cadklipreviously probed with 9E1
was carried out with a commercial Annexin A6 antiiydsection 4.12). The
expression pattern observed was almost identicddabseen with 9E1 (with no
expression in the SNB-19 cell line observed). Waestdot analysis of 9E1 on
Annexin A6 silenced MiaPaCa-2 clone 3 cells shoaesignificant decrease in
the expression of the reactive antigen. These teegide further corroboration
that the main target antigen of the MAb is indeethéxin A6. Expression levels
of Protein 14-3-8 in the same panel of cell lines were also lookedAl cell
lines showed strong expression of this proteinuoiag the WM-114, WM-266-
4 and SNB-19 cell lines. Expression levels were eghat stronger in the
MiaPaCa-2 clone 8 and DLKP-SQ cell lines. Westdot hnalyses of Protein
14-3-F on Annexin A6 silenced cells were also carried botvever, expression
levels remained unchanged, indicating that thiggamois unaffected by the loss

of Annexin AG6.
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Cell Line Reactivity Cell Line Reactivity

MiaPaCa-2 clone 3 + + + DLKP-M ++
MiaPaCa-2 clone 3+ + + DLKP-SQ +++
(Matrigel)

MiaPaCa-2 clone § + + + H1299 +
Lox IMVI ++ + C/68 ++
WM-115 +/- HCT-116 +++
WM-226-4 + MDA-MB-231 +++
SNB-19 - MDA-MB-453 +
DLKP + MDA-MB-361 +++
DLKP-A ++ SKBR-3 +++
DLKP-I + + BT474 +++

Table 5.2: - Western blot analysis of Annexin A6 in a panel aancer cell
lines.

+++ Very Strong; ++ Strong; + Intermediate; +/- Wea

The levels of Annexin A6 expression observed irs thiudy are similar to
previously published results. de Mugé al, (2009) carried out Western blot
analyses of Annexin A6 expression on a range ofmabland cancerous breast
cell lines. Annexin A6 was highly expressed in HiER2 elevated breast cancer
cell lines, BT474, SKBR-3 and MDA-MD-361, corresplamg to results obtained
in this study. However, MDA-MB-453 also showed sgoexpression of
Annexin A6, contrary to our results. All ER-poséivbreast cancer cell lines
tested also expressed high levels of Annexin AG|entnalf of ER-negative cell
lines tested displayed reduced Annexin A6 expressicluding MDA-MB-231
and -157 (contrary to our observation with MDA-MB1). Expression of
Annexin A6 appeared to be lower in cell lines wlHGFR amplification.
However, it has also been suggested to play a tusgopressor role in these
cells, by reducing the activity of Ras (de Mwgaal, 2009).

In addition to Western blot analysis of the AnnexiA6, further
immunofluorescence assays (section 4.5) were daoig in order to further

investigate 9E1 reactivity in various cancer cgles.
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Cell Line Reactivity Cell Line Reactivity

MiaPaCa-2 clone 3 ++ C/68 +/-
MiaPaCa-2 clone 8 + + HCT-116 ++
Lox IMVI + MDA-MB-231 ++
SNB-19 +/- MDA-MB-435 + +
DLKP-SQ ++ + SKBR-3 ++ +
DLKP-Mitox-4p +/- BT474 ++
(Matrigel)

DLKP-Mitox-6p ++ + MDA-MB-157 ++
(Matrigel)

H1299 ++

Table 5.3: - Immunofluorescence studies of MAb 9E1 24 (6) in agmel of
cancer cell lines.

+++ Very Strong; ++ Strong; + Intermediate; +/- Wea

Levels of positive staining observed with 9E1 adréeoadly with expression
levels as shown by Western blot analysis of botll 3hd Annexin A6
antibodies; strong staining and expression leuvelshe HER2-overexpressing
breast cancer cell lines, SKBR-3, BT474; low reafgtiand expression in the
SNB-19 glioma cell line. Staining in the Lox and68/ while detectable, was
lower than expected, compared to the expressiaidmbserved in Western blot
analyses. Levels of expression did correspond imitiibition of invasion with
9E1 in some cases: low reactivity and expressiddNB-19 cells correlates with
the lack of inhibition of invasion observed in tlgll line; strong reactivity and
expression observed in MiaPaCa-2 clone 3, H1299-#H5, MDA-MB-231 all
correlate with significant decreases (or increagespvasion levels following
incubation with 9E1.

Immunohistochemical analysis was also carried oilh WE1 on a range of
normal and tumour tissue types. In general, theanabitissues analysed with
MAb 9E1 showed low levels of expression; howeverms reactivity was

observed in normal colon tissue, but this was nmecluced compared to colon
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tumour tissue. The normal breast tumour tissueyaadlshowed strong staining
with 9E1.

9E1 reactivity in tumour tissue sections variedassn the tissue types. Glioma
tissue samples were very weakly positive, in agesgnwith results obtained
with the investigation of inhibition of invasion, &$tern blot and
immunofluorescence studies. Very intense stainiag wbserved in the colon
adenocarcinoma, retinoblastoma, Malt lymphoma ancdeB lymphoma tissue
samples, while the basal cell carcinoma only showeche weak positivity.
Staining was also observed in a Warthins tumoberagn tumour of the parotid
gland. These results indicate that Annexin A6 soamted with both invasive
and non-invasive cancer phenotypes. A large nurabéreast cancer samples
were also tested, including HER2, ER positive, ERgjative, PR positive, PR
negative and Triple negative samples, with 9E1 tnac ranging from very
weak positivity to very intense staining. Althougese are only preliminary
results, a number of HER2 positive tumours showedl &activity, which does
reflect Western blot and immunofluorescence resalitained in this study.
However, in order to confirm this pattern, a muaitgér study would have to be

carried out.

In summary, immunoprecipitation, and mass spectimdentification of the
Annexin A6 protein, its matching molecular weigbtthe 9E1 reactive antigen,
and the subsequent decrease of this reactive antigénnexin A6-silenced
cells, strongly indicates that this protein is thain target antigen of MAb 9E1
24 (6). This is further corroborated by the simegapression levels observed in a
panel of cell lines, probed with both the 9E1 MAInd a commercial Annexin
A6 antibody. Immunofluorescence assays, and immistadhemical analysis
indicate that it is found in a variety of tumoumpés, both invasive, and non-
invasive, while invasion assay results suggestithaay act as both a pro- and

anti-invasive protein.

541 Annexin A6
The Annexins are a family of calcium-and membrameling proteins

characterised by their unique architecture of'@énding sites, which facilitates

260



their peripheral docking onto negatively chargedmiene surfaces through
their C&*-bound conformation, thus playing a critical ratelinking the plasma
membrane to the cytoskeleton (Boekal., 2008). Annexins are described as
ubiquitous proteins; that is, any single cell tyggapears to express a range of
Annexins; however, no single Annexin is expresseallicell types (Gerketal.,
2002). Several of the Annexin genes are locatedhiomosomal regions that
show high frequency of loss in specific types ohas, indicating that these
Annexins could have tumour suppressor capabilitiEsyvever, it has also been
suggested that changes in the expression of someex#s during
tumourigenesis may be linked to resistance to clieenapeutic agents
(Mussunooret al, 2008). Annexin A2 has been linked to the supposs of
prostate cancer cell migration (Lat al, 2003), while its inhibition is linked to a
decrease in the invasive capacity of prostate cacels (Hastieet al, 2008).
Proteomic and immunohistochemical analysis showerexpression of
Annexin Al, A2, A4 and All in colorectal cancer qmared to normal colon,
while decreased expression of Annexin A7 and Al een linked to prostate
cancer and hepatocellular carcinoma respectiveiyd§avaet al, 2001; Liuet

al., 2002). These findings highlight the dichotomoals of Annexins in cancer.

Annexin A6 is highly expressed in most mammaliasues, including skeletal
muscle, liver, heart, spleen and lymph nodes. Heylels are also found in
endothelial and endocrine cells, secretory celts macrophages (Grewet al,
2010). Annexin A6 has the ability to interact sitankeously with membranes,
proteins of the EGFR/Ras/mitogen-activated proteimase (MAPK) pathway,
endocytic machinery and the actin cytoskeleton.sTénables it to provide a
scaffold to (A) form membrane-bound multifactosaynalling complexes, (B) to
regulate transient membrane-actin cytoskeletorrant®ns during endocytosis
and (C) to stabilise the protein/lipid compositduring membrane microdomain

formation such as caveolae/membrane rafts (GremehEarich, 2006, 2009).

Expression of Annexin A6 at the cell surface hasnbesported in numerous
studies; as a receptor for chondroitin sulfate hgiTakagiet al, 2001), in

association with S100A8/A9 in the cytoplasm (Bedal., 2008) and the serum
adhesive protein, fetuin-A (Sakwet al, 2010). This is in agreement with the
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both immunofluorescence and immunohistochemistsulte obtained in this

study, showing strong 9E1 reactivity to the celhnbeane.

5.4.2 Annexin and Cell Proliferation

It has been shown that Annexin A6 inhibits Ras aligmy in breast cancer cells.
The activated Ras protein significantly enhance®rs facets of the malignant
phenotype, including the deregulation of tumouf-gglowth (Shieldet al,
2000). At the cell surface, binding of EGF to EGHRds to Ras activation,
which in turn engages Raf and MAPK to propagatestgeal. Ras inactivation is
regulated by GTPase-activating proteins (GAPs).aVide Muga and her
colleagues have shown that in a panel of breastecasell lines, Annexin A6
stimulates membrane recruitment of the pl20GAPaircalcium-dependent
manner. By targeting p120GAP to the membrane, Amé&6 stabilises the
formation of Ras-p120GAP complexes at the plasmalmane, leading to a
reduction of Ras in the cytoplasm, and therefodeaease in activity of the Ras
signalling pathway. Knockdown of Annexin A6 in MDWB-436 breast cancer
cells resulted in increased Ras activity and aelliferation (Vila de Mugeet al,
2009). This is contrary to results obtained in thiady, where blocking of
Annexin A6 with MAb 9E1, and silencing of its furmb through sSiRNA
knockdown, did not produce any decreases in cellfpration. This may be due
to the fact that proliferation studies were onlyrigal out with the MiaPaCa-2
clone 3 pancreatic cell line, where Ras, and theeeAnnexin A6, may not play
a major in cell proliferation. Proliferation assayaried out on cancer cell lines
that overexpress EGFR, in the presence of MAb 9&dy help to shed more

light on the role of Annexin A6 in this process.

5.4.3 Annexin A6 and Cell Invasion

Annexin A6 has been reported to be downregulatethentransition of a non-
metastatic to a metastatic phenotype in B16F10 mowsanoma (Francigt al,
1996); expressed in uveal melanoma, but absenbimal uveal melanocytes
(van Ginkel et al, 1998) and absent in transformed human B lymplescyt
compared to normal B lymphocytes (Bastlal, 1991). In a prostate cancer
model, downregulation of Annexin A6 was observedrdyuprogression from a

benign to a malignant state (Koppetr al, 2006). These findings suggest a
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tumour suppressor role for Annexin A6 in malignpamgression. Some results
from this study do highlight the anti-tumourigemitects of Annexin A6, as can
be observed from the increases in cell invasiothéncolorectal cancer cell line
HCT-116, and the breast cancer cell line MDA-MB-1&pon incubation with
MAb 9E1.

However, it would appear that Annexin A6 can alsbas a pro-invasive protein.
In this study, inhibition of Annexin A6 using MAbEA resulted in significant
decreases in invasion levels in a number of cacekfines. siRNA knockdown
experiments in the MiaPaCa-2 clone 3 pancreaticlioel, and in the DLKP-M
lung cancer cell line, also showed a decreasevision levels upon silencing of
the Annexin A6 gene, with motility levels remaininqaffected. This pro-
invasive role of Annexin A6 has not been previowgcribed, and as such, its

method of action remains undefined.

One hypothetical mechanism for the role of AnneXéhas a pro-invasive gene
would be through the compartmentalisation of Cawebl High levels of
Annexin-A6 result in an accumulation of cholesteml the late endocytic
compartment, leading to reduced amounts of chol@dstethe Golgi and plasma
membrane. This overall imbalance of cellular chiglles is accompanied by an
inhibition of Caveolin-1 export from the Golgi cofeg (Cubellset al, 2007,
2008); therefore, inhibiting the function of AnnexA6 could result in the release
of Caveolin-1 to the plasma membrane. Caveolinslideen linked to inhibition
of invasion in a number of breast cancers. Cellpressing high levels of
Caveolin-1 showed reduced capacity to invade nefrdjminished response to
laminin-1 stimulation and decreased metastasisiig Bnd bone, but no major
changes in proliferative capacity (Sloat al, 2004; Fiucciet al, 2002).
Caveolin-1 is also integral to various cellular ggsses, including the formation
of caveolae at the cell surface. A reduction inecdae at the cell surface has
been shown to enhance anchorage-independent grimetbase tumorigenicity,
stimulate mitogen-activated protein kinase (MAPKnalling, and drive cells to
enter the cell cycle and become transforr(tgdlbiati et al, 1998; Linet al,
2005). Although in vitro data indicate that low Caveolin-1 expression

corresponds to an increase in tumour growth, Cavdois highly expressed in
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some solid-tumour typas vivo. Contrary to then vitro findings, its expression
has even been associated with increased tumousgellval, aggressiveness,
metastatic potential and suppression of apoptdsikifet al, 2001; Katcet al,
2002) (although Bendeet al, (2000), and Felley-Boscet al, (2000) have
published results disputing this).

Furthermore, Caveolin-1 has been shown to faalisgcretion of the serine
protease Kallikrein 6 (KLK6) in the colon cancell dme HCT-116. KLK6 has
been linked to ECM degradation and increased tummell invasiveness
(Henkhauset al, 2008), and above-average expression of it aigglwith a
poor prognosis in ovarian and uterine cancers (@raiiset al, 2003; Santiret
al., 2005). This may explain the significant increaseell invasion observed in
the HCT-116 cell line upon exposure to 9E1. Theaagput dual role of Caveolin-
1 as an anti- and pro-invasion protein reflectskibbaviour of 9E1 observed in

this study.

Another mechanism that may further clarify the rofeAnnexin A6 as a pro-
invasive protein is through the development ofhriatcoated pits. Liret al,
(1992) used am vitro system to demonstrate that Annexin A6 is requicedhe
Cd&*, and ATP-dependent budding of clathrin-coated gitsm the cell
membrane. It was also demonstrated that AnnexinsA&quired for regulating
the formation of coated vesicles. Furthermore,radtenulating endocytosis at
the cell surface, Annexin VI remains bound to emtiocvesicles to regulate
entry of ligands into the prelysosomal compartn{@rewalet al, 2000; Kamal
et al, 1998). Inhibition of Annexin A6, and of ATP, tugh ADP/ATP
translocase proteins, which was also identifiec g®ssible interacting protein,
(ATP/ADP translocases catalyse the highly spedifansport of ATP across a
membrane in an exchange mode with ADP (Schmitzfketsa, 2004)), by 9E1
may impede clathrin-coated pit budding. One resiltthis would be the
degradation of clathrin-mediated endocytosis (CMEME regulates cell
transduction, as well as morphogenetic aspectsoohal physiology (e.g. cell
adhesion). Receptor clustering in clathrin-coatisd ig followed by membrane
invagination and vesicle scission (Goldstenal, 1979). Thereafter, cargos

undergo sorting in the multi-vesicular body, eitf@rdegradation in lysosomes,
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or for recycling. However, in tumour cells, thistipaay presents multiple
abnormalities. Tumour cells gain self-sufficiencygrowth signals by delaying
endocytosis-mediated inactivation of growth factareptors (Ortlet al, 2006),
and adhesion molecules undergo enhanced recyalohgeadistribution to propel
invading protrusions (Balklavet al, 2007). However, this endocytic pathway is
initiated at clathrin-coated invaginations of tHagma membrane (Mosessen
al., 2008). Disruption of the formation of clathrinated vesicles through
inhibition of Annexin A6 may inhibit pro-tumourigen signals further
downstream. It must be stated however, that CMé&nlg one pathway through
which aberrant signalling can take place; endocyt@sin be mediated by
caveolae, and by clathrin and caveolae-indepengeathways. Therefore
inhibiting CME may not affect all endocytic tumoawvents.

Although no previous studies have related Annex@é) ADP/ATP translocase
and 14-3-3 (another protein identified along withnnéxin A6, through
immunoprecipitation assays in this study) proteiosthe same process, it is
plausible that all three are involved in CME. Assclibed, Annexin A6 and
ADP/ATP translocase could function together to falathrin-coated pits. 14-3-
3s were the first proteins to be identified thatdbspecifically to phosphorylated
substrates. As endocytosis is regulated by phoglatom, activity of these
proteins at the membrane could have important fonst(Shikancet al, 2006).
Furthermore, 14-3-3 proteins form dimers that pieviwo binding sites for
phosphoserine motifs in ligand proteins. They dardfore function as adaptor
proteins, bringing two proteins that would not othiee associate into close
proximity (Hermeking, 2003). Inhibition of AnnexiA6 as the main target
antigen of 9E1 may be affecting these interactimggins simultaneously.

The increase in invasion levels observed in the PiM cell line upon
incubation with diluted 9E1 presents an intriguisituation. This result may
indicate that a necessary concentration of the MAlequired in order to inhibit
invasion. Lower levels may inhibit the functionAfnexin A6 in relation to Ras
signalling, thereby increasing invasion, while lolat-coated vesicle driven
invasion remains unperturbed. Further studies inmgl known concentration
levels of 9E1 will need to be carried out, in orderdetermine the optimal

concentration of MAb needed for inhibition of invas.
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54.4 Annexin A6 and Cellular Adhesion

MiaPaCa-2 clone 3 pancreatic cells grown in thesgmee of MAb 9E1 showed
significant decreases in adhesion to both fibraneastd matrigel, suggesting that
Annexin A6 plays a role in cellular adhesion tostagroteins. But what might
this role be? Chondroitin sulfate proteoglycans RGS) participate in the
modulation of various cellular functions, includiaglhesion. Work carried out
by Fthenouet al, (2009) showed that cleavage of cell-associat&dc@ains
severely impaired Fibrosarcoma cell adhesion. AimAx% is known to facilitate
attachment of cells to chondroitin sulphate chéirekagietal., 2002 — although
in this study, they show that CSPGs are involvedami-adhesive activity).
Therefore, inhibiting the facilitory action of Anxia A6 may reduce cellular

attachment to CS chains, and therefore reducetted df cell adhesion.

Additionally, Annexin A6 has been shown to facti#aadhesion of breast
carcinoma cells to Fetuin-A in a calcium dependeanner, further illustrating
the role of Annexin A6 in cell adhesion (Madapegal, 2004). This may
therefore explain the significant decreases obskerveancer cell adhesion in the
presence of MAb 9E1.

From the results obtained in this study, it woupgphear that Annexin A6 does
have a hither-to unknown role to play as a prome protein, and that by
blocking its function, it is possible to signifidinreduce invasion levels in a
number of cancer cell lines. However, further watk need to be carried out in

order to fully elucidate its role in the invasioropess.

5.5 Investigation of MAb 7B7 Target Antigens

Following identification of the target proteins @B7, the next step was to
determine what role, if any, they play in the ineasprocess. This was achieved
by carrying out siRNA knockdown of these proteiMiaPaCa-2 clone 3 and

DLKP-M were chosen for this study (section 3.11).

The Ku heterodimer has been implicated in DNA deustrand break repair,

telomere maintenance and apoptosis, and as sutiought to play a crucial role
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in cell survival. Its overexpression has been lthi@the promotion of oncogenic
phenotypes, while low expression leads to genomistability and
tumourigenesis. These observations suggest thatut@otein may act as either

a tumour suppressor or an oncoprotein (Getlal, 2006).

Ku70 was successfully knocked down in both cekdinand reduction in protein
levels was confirmed, as shown by Western blotysmal In both MiaPaCa-2
clone 3 and DLKP-M, Ku70 silencing did not affeellgroliferation. (Kinesin

transfected cells did however show a dramatic @serein cell number,
indicating that siRNA transfection was successflihjs result corresponds with
the proliferation assay results observed with 7IB7relation to invasion, Ku70
knockdown by both siRNAs significantly inhibitedvesion in the MiaPaCa-2
clone 3 cell line, while siRNA-B significantly inbited DLKP-M invasion

levels. In relation to motility, MiaPaCa-2 cloneslRNA-B transfected cells

showed a significant decrease in levels.

Ku80 silencing also gave similar results to thosensin Ku70-silenced cells.
Both cell lines showed successful knockdown of Ku&@ll proliferation was
unaffected, while invasion and motility was sigegintly decreased in the
MiaPaCa-2 clone 3 cell line. Meanwhile, DLKP-M siRNC transfected cells

showed a reduction in invasion levels.

Furthermore, Ku70 expression was reduced in Ku8thsed cells, andice

versg suggesting that the two subunits of the Ku heliener work in tandem.
This is in agreement with previous studies (Beniadt al, 2007; Mayeuet al,

2005). However, simultaneous silencing of both Kaid Ku80 did not produce
a greater inhibitive effect on cell invasion - iact, inhibition of invasion was
greatly reduced. This may be due to the lack ofmapation for dual siRNA
transfection: in order to maintain overall siRNAncentration levels, only half of
the volume of each siRNA was used during transsactihis could explain the

reduced inhibition levels observed.
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From the results obtained above, it would appearttie two subunits of the Ku
protein play a role in cell invasioand motility, and that by blocking their

function, both processes can be successfully itddbi

Due to the fact that Western blot analysis doeswmk with the 7B7 MADb,
immunofluorescence assays were carried out on Ka@@® Ku80 silenced
MiaPaCa-2 clone 3 cells. Strong staining was olegkion both untransfected
cells, and scrambled-siRNA transfected cells, whias taken as the control.
Ku70 silenced cells did not display any reducedtreity with 7B7, while Ku80
silenced cells displayed a marked decrease inistaiNVhile these results are
only preliminary, it may suggest that the Ku80 suibis the main target antigen
for the 7B7 MAD, and that the Ku70 subunit is mgieimunoprecipitated along
with it.

Western blot analysis was carried out in orderltseove the expression levels of
Ku70 and Ku80 in a panel of cancer cell lines. KgsBbwed strong expression in
most of the cell lines tested; however, expressi@s weaker in the C/68
prostate cell line, corresponding to the low intidn of invasion observed
following incubation with 7B7, while Ku70 expressios low in the SNB-19
glioma cell line (possibly corresponding to the Iamhibition of motility
observed following incubation with 7B7). Expressiovas stronger in the
MiaPaCa-2 clone 3 compared to the clone 8 varighile expression was also
stronger in the WM-266-4 metastatic cell line conmegato the WM-115 primary

cell line.
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Cell Line Reactivity Cell Line Reactivity
Ku70 Ku80 Ku70  Ku80

MiaPaCa-2 clone3 ++ + +++ DLKP-M ++ + + 4
MiaPaCa-2 clone 3+ ++ | ++ + DLKP-SQ + + + +
(Matrigel)
MiaPaCa-2 clone § + + ++ H1299 ++ ++
Lox IMVI ++ + | +++ C/68 + +
WM-115 ++ - HCT-116 +++ | +++
WM-226-4 +++ | +/- MDA-MB-231 + + ++ +
SNB-19 + + /- MDA-MB-453 ++ ++
DLKP ++ + MDA-MB-361 ++ ++
DLKP-A + + + + SKBR-3 + + +
DLKP-I + + + + BT474 + + +

Table 5.4: - Levels of expression of Ku70 and Ku80 in a panef aancer cell
lines.

+++ Very Strong; ++ Intermediate; + Weak; +/- V&keak

Ku70 expression levels were similar to those seetth Wu80 — stronger
expression in the MiaPaCa-2 clone 3 compared to dlome 8 variant
(corresponding to preliminary immunofluorescencesags results); stronger
expression in the WM-266-4 metastatic tumour compato the WM-115
primary tumour. However, some differences are oleskerKu70 expression in
the SNB-19 glioma cell line is negligible, thereslgghtly stronger expression in
the DLKP-M cell line, compared to the other vargniwhile expression in the
triple negative MDA-MB-231 breast cell line showtte strongest expression
out of all the breast cancer cell lines. No datdgieing to expression levels in
the triple negative MDA-MB-157 breast cancer celelis available; therefore,
any association of expression with triple negatgk lines cannot be confirmed.
The differences between the expression of bothepretn the invasive and non-
invasive variants of cell lines correspond to rssulobserved in
immunofluorescence studies, with 7B7 giving strangi@ining on invasive cell
lines, compared to low/non-invasive cell lines. tRarmore, the weaker

expression levels in the C/68 cell line may explhia relative lack of inhibition
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observed in this cell line; however, as 7B7 did wotk on Western blotting, no
direct comparisons can be made with Ku70 and Ku@®nunohistochemical

analyses were also carried out, but 7B7 did nadlyoze any staining.

In work carried out by Nolens and his colleaguessW#'rn blot analysis of
nuclear and cytoplasmic Ku70 and Ku80 expressios eearied out in a number
of breast cell lines. Although our results only whwhole cell expression of the
Ku subunits, some results do correspond to Nolehal., e.g. Ku70 expression
is weaker than Ku80 in the HER2 positive BT474 8kdBR-3 breast cancer cell
lines. However, these authors reported that theesspn of Ku80 versus Ku70
is weaker in the MDA-MB-231 cell line, contrary tbhe result obtained in this
study. This discrepancy may be down to the fadt dinéy whole cell expression
of the subunits was looked at in our study (Nolenal, 2009).

Results observed in immunofluorescence assaysedaout on a range of cell
lines stained with 7B7, are in agreement with tkgression levels of Ku70 and
Ku80 obtained through Western blot analysis. Steorsgaining was observed in
the MiaPaCa-2 clone 3 cell line, when comparedh&done 8 variant; C/68 and
SNB-19 reactivity was low, while low level stainimgas observed in the SKBR-
3 and BT474 cell lines, corresponding to the expoeslevels of Ku80. These
results also correlate with 7B7 inhibition of ini@sg with significant decreases
observed in MiaPaCa-2 clone 3 and SKBR-3, no saamt inhibition of
invasion in the C/68 prostate cell line, and nabitton of SNB-19 maotility.
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Cell Line Reactivity Cell Line Reactivity

MiaPaCa-2 clone 3 ++ + H1299 ++
MiaPaCa-2 clone § + + C/68 +/-
Lox IMVI MDA-MB-231 ++
SNB-19 +/- MDA-MB-435 +
DLKP-SQ + MDA-MB-157 + +
DLKP-Mitox-4p +/- SKBR-3 ++
(Matrigel)

DLKP-Mitox-6p ++ [ +++ BT474 ++
(Matrigel)

Table 5.5: - Levels of immunofluorescence staining of MAb 9E142(6) in a
panel of cancer cell lines.

+++ Very Strong; ++ Strong; + Intermediate; +/- Wea

Positive identification and validation of the 7Bi@munoprecipitates as Ku70 and
Ku80, along with the absence of any other idemtifieoteins, indicates that the
target antigens of this MAb are the subunits of ke heterodimer protein.
Furthermore, reduced 7B7 reactivity on Ku80 siRN&nsfected cells observed
in immunofluorescence assays suggests that thisnguis the main target

antigen.

551 Ku Heterodimer

The Ku heterodimer consists of the two tightly assted sub-units, Ku70 and
Ku80 (in S. cerevisiagor Ku86 (in higher eukaryotes — the Ku80 desigmais
used in this study, due to the molecular weighthaf identified band being
80kDa). Located mainly in the nucleus, it is anratant protein that plays a key
role in the non-homologous end joining process, cwhis responsible for
repairing a high percentage of DNA double strarehks (DSBs) in somatic cells
of all multicellular eukaryotes (Koiket al, 2008). Ku also recruits a 465-kDa
DNA-dependent protein kinase catalytic subunit (DRK.) to the DNA
double-strand break sites stimulating the DNA:Pnase activity. DNA-PI

interacts with and phosphorylates a nuclear prpt€RCC4, which associates
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with DNA ligase IV. DNA ligase IV is thought to @yze DNA-end joining
(Costantiniet al,, 2007).

The Ku80 subunit of the heterodimer also exista dasuncated 69kDa protein
variant in several human cell lines including Bled€Muller et al, 1998), the
leukaemia cell line, HL60 (Haet al, 1996) and multiple myeloma cells (Tedi
al., 2000). This variant differs from the full-lengtku80 protein through a
truncated C terminus (Sallmwt al, 2002). It is suggested that this variant is
formed through post translational modification aft€u80 re-entry to the
nucleus, where it is proteolytically cleaved intcsmaller form (Gulloet al,
2006).

Apart from its essential role in DNA repair, Ku halso been implicated in a
number of other cellular processes, including amtigeceptor gene arrangements
(e.g., Variable (Diversity) Joining {V(D)J} recomimtion), telomere
maintenance and regulation of heat shock-inducesporeses. It has been
observed to play a role in regulation of the G2 &hgbhases of the cell cycle
(Gullo et al., 2006), and its binding to an apolipoprotein C-IVomoter
stimulates the expression of the gene, facilitathng transport of lipids through
the lymphatic and circulatory systems (K&nal,, 2008).

Ku’s ability to regulate numerous intracellular &tions suggests that it may be
active at multiple locations within the cell. Kugbeins are primarily localised to
the transcriptionally active regions of the nucledrthermore, they are
components of the nuclear matrix, and are diffusdigtributed in the
nucleoplasm (Yiet al, 1998). However, they have also been shown trag
to extranuclear sites in the cells e.g. subcellgampartments including the
cytoplasm and cell membranes of numerous cell typeske et al, 2008).
Structurally, Ku does not contain a known plasmanim@ne localisation signal,
but does contain a hydrophobic region, thus fatihg cell surface expression.
(Zhanget al, 2001) As immunofluorescence studies have shdil 7B7 has
cytoplasmic and membrane reactivity in numerouseagell lines, suggesting
that the MAD is binding to this subcellular Ku hreidimer.
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Previous studies suggest that a delicate balanégsexn Ku expression;
overexpression of Ku proteins promotes oncogenienptypes, while low
expression has been linked to genomic instabilitgd &umourigenesis. Such
studies indicate that the Ku proteins may havdeas either tumour suppressors
or oncoproteins (Pucei al.,2001; Gulloet al.,2006).

5.5.2 Ku and Cell Proliferation

The Ku heterodimer has been well documented asnglaycrucial role in DNA
double strand break repair (DSBR)herefore, the presence of functional Ku
proteins in the cell is necessary for the mainteeaof genomic stability, and
consequently, the survival and proliferation of @ancells. It was shown that the
hyperproliferation of cancerous gastric cells coédassociated with both high

expression and high nuclear levels of Ku70 and Kl et al.,2002).

However, Uegaket al., have shown that the Ku heterodimer is not esdefotia
cell growth. They showed that inactivation of erthk@70 or Ku80 did not cause
any defects in cellular proliferation (Uegadd al., 2006). This agrees with the
results seen in this study: the lack of inhibitieh MiaPaCa-2 clone 3
proliferation when incubated with 7B7 may be du¢h® fact that the MAb only
targets cell surface Ku70 and 80, and that it esrtbclear Ku heterodimer that
controls cell proliferation. Work carried out bymaniet al., (1995) showed that
proliferating lymphocytes do not express cell stefaKu. However, SiRNA
silencing of both targets did not affect cell pieiation either, thus corroborating

the results obtained by Uegaki and his colleagues.

5.5.3 Ku and Cell Invasion/Motility

From the results obtained in this study, targeththe Ku70 and Ku80 proteins
by 7B7 results in the inhibition of invasion andtihity in a number of cell lines.
The low levels of inhibition observed in the C/6G®state cell line correspond to
the low level of expression of both subunits of K heterodimer observed in
this cell line. Furthermore, inhibition of invasiavas significantly decreased in
the SNB-19 glioma cell line, while motility levelsere relatively unchanged.
Western blot analysis of this cell line showed t#a80 was strongly expressed,

while levels of Ku70 were greatly diminished. Thisay indicate that the
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inhibitory effect 7B7 has on motility may depend ka70 having a role to play
in the motility process, either individually or iconcert with Ku80. In the
MiaPaCa-2 clone 3 cell line, Ku70 expression isrgff which may correspond
to the highly significant decrease in motility lé&v@bserved upon exposure to
7B7. In the case of SNB-19, Ku70 may not be invdlwe cell motility, and
therefore, 7B7 has no inhibitory effect. No datakary0/80 expression levels in
the BxPc-3 pancreatic cell line, or the MDA-MB-16ieast cancer cell line is
available, so it is unknown if the lack of inhiloiti of invasion observed in these

cell lines is due to the absence of these proteins.

Both Ku70 and Ku80 have been shown previously &y jal role in cell invasion
and motility. HER2 overexpression in breast candgsrsorrelated with poor
patient outcome due to extensive metastatic pregnesNolenset al, (2009)
have shown that the Ku heterodimer, through intevaevith Activator protein-2
(AP-2) o and AP-2Z transcription factors, contribute to HERBene
overexpression in breast cancer (No&tral, 2009). Furthermore, upregulation
of the Ku protein has been shown to increase thigyabf Kelly neuroblastoma
and MCF-7 breast carcinoma cells to invade endatheionolayers, and to
enhance levels of cellular locomotion (Gires al., 2000). This is achieved
through a specific interaction with MMP-9.

MMP-9 is a Zi? dependent endopeptidase, synthesised and secieted
monomeric form as a zymogen. Its primary funct®aegradation of proteins in
the extracellular matrix, proteolytically digestindecorin, elastin, fibrillin,
laminin, gelatin (denatured collagen), and types W XI and XVI collagen. It
also activates growth factors such as proTGFb andoTNFa
(atlasgeneticsoncology.grgHigh serum levels of MMP-9 have been related to
rapid progression, poor overall survival and seeoypdmetastasis in cancer
patients with melanoma (Nikkolat al, 2005). In an experimental model for
spontaneous metastasis of rat mammary carcinomansand plasma levels of
MMP-9 were associated with the development of nasas in the lung and
lymph nodes (Nakajimat al.,1993).
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A number of studies have shown that secreted MMdPslacalise at the cell
surface through interactions with “docking” molezsil (Stamenkovic, 2003),
thereby allowing cells to concentrate, and actividtese MMPs at the close
interface between their plasma membrane and ECIthge essential for tumour
cell invasion. In the case of cancer cells, thia iy event in promoting tumour
invasion. The decrease in levels of activated MMilBwing incubation with
7B7 observed in this study suggests that the MAfdasking the binding of this
MMP to its “docking” molecule. Both forms of the Kuweterodimer have been
shown to interact with MMP-9 at the cell surfaceofMerranet al., 2004), thus
suggesting that the Ku protein acts as the “do¢kinglecule for MMP-9. The
presence of these MMP-binding proteins allows dellsoncentrate and activate
MMPs at the close interface between their plasmmlonane and ECM and, in
cancer cells, may be a key event in promoting tuneasion and angiogenesis
(Toth et al, 1997; Bourguignonet al, 1998; Olsonet al, 1998; Yu and
Stamenkovic, 1999, 2000). Therefore, the inhibiteffigct seen with 7B7 could
possibly be due to its blocking of the Ku proteand its function as a docking
molecule for MMP-9. MMP-9 remains inactive, anduisable to carry out its
proteolytic activities. SIRNA silencing of both Kd&and Ku80 proteins resulted
in inhibited levels of invasion similar to that se@ith 7B7; however, whether
this is due to the inability of the cells to bind MMP-9 is unknown.
Zymography assays carried out on the conditionedianef Ku70 and Ku80

silenced cells would clarify this.

Ku80 has also been implicated in cancer cell irraghrough involvement with
the tyrosine kinase receptor, TrkA. TrkA overexpies has been associated
with increased breast cancer cell growth and irmrgsas well as survival
(Lagadecet al, 2009). In work carried out by Lagadetal, (2010), they found
an increase in membrane Ku80 and Ku70 levels irAdokerexpressing cells.
Furthermore, inhibition of Ku80 through siRNA sitgng, or antibody blocking,
strongly reduced TrkA-stimulated invasion, thusidating that Ku80 was
involved in this process. Suppression of Ku70, hewehad no effect on cell
invasion. Interestingly, simultaneous inhibitionladth Ku80 and Ku70 reduced

cell invasion to a similar degree of that obserwath Ku80 inhibition alone.
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This would suggest that the Ku80 subunit, and na7(® mediates TrkA-
stimulated invasion (Lagadet al, 2010).

554 Ku and Cellular Adhesion

Both Ku70 and Ku80 have also been shown to plateain cell adhesion. Work
carried out by Lynchet al., and Teohet al., showed that a surface molecule
induced by hypoxia and exposure to CD40 ligand idastified as Ku80. The
role of Ku in both homotypic (same cell type) anetdnotypic (different cell
types) adhesion was further demonstrated by thesegtoups using functional
antibodies directed against both subunits of thepkutein. It was shown that Ku
is involved in heterotypic adhesion of leukocytesendothelial cells and of
myeloma cells to bone marrow stroma; in the homotgahesion of myeloma
cells and in the adhesion of fibroblasts and myelarells on fibronectin and
collagen IV; all these phenomena are mediated byipan CD40L stimulation
(Lynchet al.,2001; Teotet al.,1998).

So how might Ku contribute to increase cell adhesio Fibronectin? Monferran
and her colleagues showed that both Ku70 and Ku&B3ept a structural
relationship with Integrin | domains, and the AldaA3 domains of von
Willebrand factor (VWA), domains known to be invety in cell adhesion to
ECM proteins, including Fibronectin (Monferra al, 2004). Results obtained
in this study show that 7B7 MADb reduces cellulanesgion to both Fibronectin
and Matrigel by around 30%. The possibility exigteit this MAb may be
blocking this Ku/VWA interaction, thus reducing lcatihesion to Fibronectin.

555 Ku and Anoikis Resistance

From the Greek word meaning “homelessness”, anakan apoptotic process
induced by the absence of a surface for cell adhesiells that have undergone
anoikis usually display nuclear fragmentation arehrhrane blebbing, resulting
from the activation of caspase proteases, all featobserved during anoikis.
Caspase activation in most cells requires permeabdn of the outer
mitochondrial membrane. This releases into thespfta host of factors, whose
combined effect is caspase activation (Valergijral.,2004). One such factor in

this caspase activation pathway is Bax. Bax is anbe# of the pro-apoptotic
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Bcl-2 family of proteins and is localised in a pioysgically inactive form in the
cytoplasm (Faret al, 2005). After apoptotic stimuli, Bax is transltea into the
mitochondria and promotes the release of cytochram&ading to protein
degradation, nuclear fragmentation, and eventudll agoptosis. However,
association between the C-terminus of Ku70 and\therminus of Bax in the
cytoplasm results in the inactivation of Bax, tsugppressing Bax translocation
to the mitochondria and eventual cell death (Saveadd, 2003). This mediation
between Ku70 and Bax does not require the co-aperatffects of Ku80.
Therefore, inhibiting Ku70 should increase the ledfeanoikis seen in cells, and
this has been observed in numerous studies. Sagtaala (2003) showed that
overexpression of Ku70 suppressed the mitochonttaaklocation of Bax, and
increased the relative proportion of Bax in theosgl. Ku70 deficient mouse

embryonic fibroblasts also showed increased seitgitd apoptotic stimuli.

Anoikis assays set up with 7B7 did not show andase in cell death, or a
decrease in the number of anoikis-resistant cEliere are a number of possible
reasons for this. One could be that the conceatratif antibody was not
sufficient in order to produce an observable eff@etother possibility was that
Ku70 was successfully blocked, but that Bax trareion to the mitochondria
did not take place. Sawadsaal, (2003) have shown that even in Ku70-deficient
cells, a substantial amount of Bax remained indy®@sol. This suggests that
there is a multitude of steps involved in Bax aatiion, in addition to the
dissociation of Ku70. The presence of a Bax inbibgrotein (e.g. Bax Inhibitor
I) may also be acting as an anti-apoptotic agém.dlso possible that the pool of
Ku70/80 available to 7B7 (primarily on the outsidkethe plasma membrane)
does not play a role in intracellular events legdio apoptosis. One final
possibility for the lack of any effect observedrefation to anoikis with 7B7 is
that the Ku70-Bax association is not involved iroi&is in the DLKP-M and
MiaPaCa-2 clone 3 cell lines. Other signalling patiis may be involved in
Anoikis resistance in these cells, which are umadfé by 7B7, therefore no
changes (within errors) would be seen in cell numbken compared to the

hybridoma media control.
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5.5.6 Anti-Ku MADbs

There have been a number of studies carried ourtg MAbs that specifically
target the subunits of the Ku heterodimer. Wanhal, (1994) used an MAD,
designated 162, to investigate the assembly of Kami@ Ku80, and their
interaction with DNA. Immunofluorescence assaysiedrout with this MAb

indicated that it interacted with both subunitgle# Ku heterodimer, but not with
each individual subunit. MAb 162 also immunopreeifed the Ku heterodimer
from cells infected with a Ku70 & 80 vaccine, bud dot immunoprecipitate the
individual subunits from cells coinfected with ondy single subunit vaccine.
Furthermore, the MADb stabilised the Ku heterodineder conditions that
normally dissociate Ku70 from Ku80 (Waegal., 1994).

Luk et al, (2005) generated a MAD, designated CLD3, thraughunisation of
BALB/c mice with cancerous tissue lysates from hepallular carcinoma
(HCC) patients. Hybridomas were subsequently seweragainst the
homologous antigens by ELISA, producing MAb CLD&nhunofluorescence
and immunohistochemistry assays were carried ochaoacterise the location of
reactivity of the MAb in tumourigenic HCC cell lise Immunoprecipitation
assays indicated that the target antigen was thieekerodimer, and this was then
confirmed through Western blot analysis. This asdjpwas able to react with
the Ku70 and Ku80 subunits individually, as welltas heterodimer as a whole
(Luk et al, 2005).

A MAD generated against multiple myeloma (MM) cellas found to recognise
the Ku80 subunit only. Designated 5E2, this MADb vi@sd to inhibit MM cell
adhesion to bone marrow stromal cells. Immunopittipns carried out with
this MAb showed that the Ku70 subunit was co-imnpreoipitated out along
with the Ku80 subunit, even though the MAb did redct specifically with Ku-
70 protein, as shown by Western blot. This studseaés that it is possible to
immunoprecipitate out the Ku heterodimer as a whai¢h a MAb that only
targets one specific subunit (Teehal, 1997).

Immunofluorescence assays carried out on Ku trateste cells with 7B7
suggests that this MAb is targeting the Ku80 subuwii the heterodimer.
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Simultaneous siRNA transfection with the two diéiet subunits did not produce
levels of inhibition greater than those observeenvbach subunit was targeted
individually, but this may be due to lack of optgaiion of dual siRNA
transfection. However, previous studies have sstggethat each subunit of Ku
protein is required to stabilize the other. Therefaargeting one subunit should
be sufficient to block the activity of the compldteterodimer at the membrane
(Monferranet al, 2004; Satolet al, 1995; Liet al, 2002).

5.6 Combination Studies of MAb 7B7 & 9E1

The Ku heterodimer and Annexin A6 share common etargn different
signalling pathways, leading to potential co-opgeaeffects. For example, Ku70
and 80 form a complex with poly (ADP-ribose) polyase (PARP-1), driving
expression of the stress-specific S100A9 gene @&toal, 2006); expression of
this gene has been associated to inflammation,itangp-regulation in various
types of tumours suggests that it has a possilkdeimonflammation-associated
cancer (Gebhardet al, 2006). S100A8/A9 is also connected to Annexin A6
since both proteins are exposed on the cell suda&&KBR-3 cells upon calcium
influx (Bodeet al, 2008). Therefore, both of the MAbs generatethia study
could have a possible synergistic effect. In orteinvestigate this, invasion
assays were carried out on the MiaPaCa-2 clondl 3ree with a combination
of the two MADs.

Initially, there did not appear to be any furthaecrease in the inhibition of
invasion above that observed with each MAb actmdjvidually. However, it
should be noted that only half the volume of eadiibady was used in the assay,
(i.e. 5Qul of each MAD, giving a total volume of 100ul). VMlave seen that our
MADbs present a dose-dependent response; 9E1 atna2ldilution gave an
average inhibition of 22% in the DLKP-M cell linehile the same dilution of
MADb 7B7 gave an average of 20% inhibition in thensecell line. When used in
combination in the MiaPaCa-2 clone 3 cell line,aswn was inhibited by an
average of 42%, suggesting that an additive effadtbeen achieved, rather than

a synergistic one.
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While invasion was significantly inhibited by bokthAbs in various cancer cell
lines, the effects observed differed between tiewn.example, 9E1 significantly
inhibited invasion in the C/68 prostate cancer tiek, while 7B7 had little
effect. Conversely, SNB-19 invasion was signifitanéduced in the presence of
7B7, while 9E1 had no impact on invasion levels. nrany cases, these
differences between the MAbs can be attributed hi® éxpression of their
respective target antigens in the given cell lindse effects of both MAbs on
HCT-116 invasion highlight their differing mechamis of actions. MAb 7B7’s
significant decrease in invasion levels may pogsidd due to its disruption of
the proteolytic action of MMP-9, while the increasabserved upon incubation
with MAb 9E1 may be due to the action of caveolifatilitating KLK6
secretion, and thus increased ECM degradation atdneasion. Interestingly,

both MAbs had no effect on the BxPc-3 pancreaticeacell line.

Significant inhibition of cell motility was obsergtewith both MAbs; however,
7B7 gave a much more pronounced decrease, withisl@anparable to that
observed in inhibition of invasion. Again, this mbhg as a result of its target
antigens having a more central role in cellular ilitpt than Annexin A6.
Cellular adhesion to matrigel was significantly &sed upon incubation with
the MADbs, while adhesion to fibronectin was alsbiliited. However, 7B7 gave
more consistent results in relation to the formeCME protein. Similar
morphological changes were observed following expmdo the MAbs, and
MMP-9 activity was also decreased. The similarityrésults obtained in these
experiments is not unexpected, as inhibition olutal invasion is likely to affect
these cellular processes. Therefore, two sepanateliatinct anti-invasive agents
can elicit similar responses. The absence of effeanoikis observed with both
MADs is likely due to the complex nature of thidla@ar process. It is highly
unlikely that a single pathway regulates anoikisanyl signals are affected
depending on whether or not cells commit to an agapfate, and it is an

accumulation of all these pathways that decides¢tidate.
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5.7 Combination Studies with MAb 9E1 24 (6) & 7BTG5 (2)

and Lovastatin, Mevastatin and Simvastatin
Although both MADs significantly inhibited invasion numerous cancer cell
types, neither one gave complete inhibition. Thisat unexpected, as it is highly
unlikely that only one protein would control cefivasion. One of the reasons
why cancer is such a difficult disease to treaus to the multiple mechanisms it
employs in order to continue with proliferation armlonisation. Therefore, any
successful therapeutic treatments will likely inkolvarious anti-cancer agents,
working in synergy, against a myriad of targetsr Bos reason, combination
studies were carried out in order to investigate gbssibility of increasing the
inhibitive effects of both MAbs. As mentioned earli(section 1.2.7.1) statin
drugs have shown some anti-tumourigenic propertie€lation to melanoma,
therefore it was decided to test Simvastatin, Ltatas and Mevastatin to
observe their effects on melanoma cell invasionraigtationin vitro. All three
statins were found to inhibit melanoma cell invasamd cell motility,in vitro, in
the two melanoma cell lines tested, at non-toxiaceatrations, in a dose-
dependant manner (section 4.14). These resultectefesults obtained by
Collissonet al, (2003), who described atorvastatin inhibition ofasion of the
melanoma cell lines A375M, CHL, SK-MEL-28, and WMNbGE4 in a dose-
dependant manner, with A375M invasion being inkihitat non-toxic
concentrations. Farinet al, (2003) described the metastatic inhibition of F311
mammary carcinoma cells in BALB/c mice followingegireatment with a non-

cytotoxic concentration of Lovastatin.

The results observed suggest that the standards dosed for cholesterol
treatment may not be sufficient to directly inhibielanoma cell invasion (the
peak plasma concentration of Simvastatin achiemgghtients receiving a 40mg
per day does is approximately 3ng/ml (7.2nM) (Nagtbal, 2003). Therefore,
statins are unlikely to be beneficial for preventaf melanoma. However, statin
treatment at higher doses may be beneficial asdgrvant therapy to inhibit
melanoma cell invasion and metastasis. Synergistieractions have been
observed between statins and several chemotheggtsan vitro (Sleijfer et
al., 2005).
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Once the anti-invasion and anti-motility effectstbé statins were established,
synergy studies were conducted between the 9E1 @id MAbs, and
Simvastatin, Lovastatin and Mevastatin. However,imwease in inhibition of
invasion in the MiaPaCa-2 clone 3 cell line wasenbed. Incubation of both
MADbs with Lovastatin and Mevastatin did not prodacg noticeable synergistic
effect, with inhibition of invasion remaining atviels achieved with the statins
alone. Incubation of MAb 7B7 G5 (2) with Simvastatid increase inhibition
levels slightly; however, these decreases remawdtin experimental error.
Although no apparent synergy was observed betweemMiAbs and the statins
tested, further studies should be carried outonbt on a wider range of statins,
but also on other anti-cancer agents, such as Mhhibitors. Future cancer
therapies will inevitably involve multi-drug treaémts, targeting different
processes, including metastasis, and as suchmafmn on compatibility and

synergy will be essential.

5.8 MADb 9E1 & 7B7: From Bench to Bedside

The research presented in this thesis is proofriotiple of how MAbs can be
successfully generated that specifically targetsmn-related proteins, and can
block cancer invasiom vitro. Both 9E1 and 7B7 have shown significant anti-
invasion activityin vitro in a number of cancer models; however, if theytarge
considered as future therapeutic agents for thetnrent of cancer, a lengthy
development process has to be initiated to pro@dutieal product suitable for
testing in humans. Whilen vitro systems of testing can offer a wide range of
data pertaining to the mechanisms of action of khabs, they are not
sufficiently complex to study the entire metastafipocess: metastasis, as
discussed in section 1.1, is much more than inmagidhesion, and growth rate
(Mendozaet al, 2010). The use of animal modeis yivo) allows for the testing

of MADbs in a highly complex environment.

In order to investigate the effects our MAbs wohble on the invasion process
in vivo, an orthotopic mouse model would have to be ugéith this model,
tumour cells are implanted in their original tissadowing for the development

of tumours that are comparable to human tumous Jeading to the emergence
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of metastasis in a few weeks. In these modelsutimlescence imaging allows
for the characterisation of tumour burden, and equently, determination of the
effect of the MAbs on the metastatic process (Rastaset al, 2010;
Engebraateet al, 2009).

Another method of animal testing involves vivo modelling. This involves
experimenting on animal tissues outside of the msga under controlled
conditions, but with minimal changes to its natuesvironment. Recently,
Mendozeet al., have developed ax vivopulmonary metastasis assay (PuMa) in
which GFP-expressing cancer cells proliferate anogness in lung tissue,
allowing for the assessment of metastatic progoessp to, and beyond, a 21-
day observation period. Furthermore, this assaglatdin vivo behaviour of
high- and low-metastatic human and mouse cancédices (Mendozeet al,
2010). This method offers a simple way to study finecess of metastatic
progression at a secondary site, while recapturithg cellular and
microenvironmental complexity oh vivo systems. If the MAbs show the same
anti-invasion effectn vivo, or ex vivo,as was observed vitro, then they could
be considered for possible testing in pre-clinicals. However, a number of

factors must be considered before testing commences

As with the MAbs developed during this study, theajonity of clinically
interesting antibodies were raised in mice and gmegp from hybridoma cells.
This gave rise to the problem of immunogenicitynairine MADbs in humans,
and the inevitable generation of HAMA (Human-Antelke-Antibodies).
Therefore, murine-origin MAbs must undergo re-eegiing to enhance their
clinical utility i.e. to increase their immunogeityc The most commonly used
re-engineering techniques are chimerisation andamisation (see section 1.8.2 -
Qu et al, 2005). (However, murine MAbs can still be usedclinical settings
e.g. lymphoma patients who are immunosuppressezyraevelop HAMAS,
which interfere with repeated therapeutic MAb adstmation (Leonardet al,
2005).) Furthermore, a fully human antibody cannhb@de against a specific
target, in this case Annexin A6 and the Ku hetermti
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Another point of consideration involves the IgMurat of 7B7. Historically, IgM
monoclonal antibodies have been underrepresentechuman therapeutic
development due to problems with low affinity andss reactivity (Brandleiet
al., 2002), and their large size means they haveiéelil utility for therapeutics
(Reichert et al, 2006). Although IgM is the most effective isotydor
complement activation, it does not readily extrat@drom vascular structures
(Adamset al, 2005). Therefore, when choosing MADs for clihiesting, many
companies tend to shy away from those with an Iglkickass. However, Iriet
al., (2004) have hypothesized that IgM MAbs may beaneffective against
cancer cellsn vivo, due to the correlation between prolonged survaral high
serum levels of IgM, but not IgG, anti-tumour aotiies in patients with
metastatic melanoma, and the complete or parggéssion of skin metastases of
melanoma following intra-tumoural injection of humalgM antibodies.
Furthermore, a number of IgM MAbs have undergomaical trials (Azumaet
al., 2007; Irieet al, 2004), highlighting the therapeutic potential IgM-type
MADs.

There is also a hierarchy among IgG MAbs when &figcADCC; IgG1l and
IgG3 have high ADCC effector function, while IgGadalgG4 have low
function (Lin, M.Z., et al, 2005). This is probably due to their differehtia

affinities for Fc receptors (Nimmerjatat al, 2005).

If it is decided to either make chimeric or humadisintibodies from our MAbs,
or to make fully human antibodies against theigéss, these will then have to
undergo rigorous testing before they can obtain FDAMA approval. Pre-
clinical in vivo characterisation must take place, in order to stigate the
pharmaceutical properties, pharmacokinetics andrnpieodynamics of the
administered drug. Distribution studies provideliptmary data on routes of
metabolism and excretion, target organs for toxiciind drug sanctuary sites
(DeVita et al, 2008). Animal models for cancer drug developmshould
include features relevant to human cancer, suchthas representation of
molecular targets, microenvironment, tumour nattiatory, angiogenesis, and
metastasis (Gitleet al, 2004). Mice are the most commonly used vertebrat

species forin vivo testing, due to their size, low cost, ease of hagdfast
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reproduction rate, and similarity to human physigidthey share 99% of their
genes with humans) (Rosentlealal, 2007).

Dosing studies will be essential when testing (tiemeric/humanised/fully
human) 9E1 and 7Bifh vivo, both in animal models and in clinical trials. As
observed in the DLKP-M cell line, incubation of tlells with diluted 9E1
resulted in an increase in invasion levels. Comeged 7B7 was also observed to
increase invasion levels in the MiaPaCa-2 clonelBlime (results not shown).
Varying dilutions of the MAbs will need to be adnsitered in order to determine

the optimal antibody concentration required forcassful inhibition of invasion.

Side effects of the MADbs, both positive and negatiwill also be a critical
feature to investigate when conductingvivo trials. The proposed target antigen
of 9E1 is Annexin A6. This protein is the most atbant Annexin in the heart,
and has been localised in various cell types, dholy muscle cells (myocytes).
Overexpression of Annexin A6 has resulted in pHggical alterations in
contractile mechanics, leading to dilation and vesekg of the heart, whereas its
absence has been found to induce faster changes ‘imemoval from myocytes
and increased contractility, suggesting a negable for Annexin A6 in cardio-
muscle contraction (Camoet al, 2005). Annexin A6 has also been implicated
in regulation of the secretory process in plasniia ¢Bodeet al.,2008; Tiacciet
al., 2005). This presents a situation where the adtnatisn of 9E1 could affect
other physiological functions, unrelated to cancehere Annexin A6 is

involved.

Cell surface Ku proteins has been implicated initivasion processes of cancer
cells in this, and many other studies, but theyase involved in invasion of
normal cells such as monocytes during recruitmentigsues, a crucial event
during inflammatory responses. Inflammation is knaw play a decisive role at
different stages of tumour development, includingtiation, promotion,
malignant conversion, invasion, and metastasisv@arnikov et al, 2010).
Therefore, an anti-Ku antibody may have furthei-eancer effects than those

identified in this study. However, the Ku heterodmis involved in many other
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cellular processes, and its inhibition could haegative side effects that could

greatly influence regular physiological activities.

As undesired as they are, any negative side eftdigsrved with either MAIn
vivo may not necessarily result in the abandonmentinical trials. Although
animal models are designed to represent eventsrougin humans, sometimes
metabolic and physiological differences resulthe appearance of side effects in
animals which later do not materialize in humangerEso, most therapeutic
drugs available to clinicians elicit unwanted si@éfects. For example,
Trastuzumab is linked with cardiac toxicity. In lancal trial of Trastuzumab in
HER2-positive metastatic cancer patients, an isg@aincidence of serious
cardiac events was observed, notably when Trastazwvas administered in
combination with anthracyclines. In addition toetgoression in tumour cells, the
HER2 receptor is also expressed on cardiomyocwilsrte it exerts a protective
effect on cardiac function; therefore, interfereneh HERZ2-signaling may
block this protective effect (Perez, 2008). Howewért is deemed that any
beneficial effects observed with a new drug outiveitge negative side effects, or
if the side effects can be managed or even revevigbdstandard therapy, then it

may be decided that clinical trials can begin.

Clinical trials of prospective agents for canceratment undergo 5 phases of
testing: phase 0, which establishes whether thg driagent behaves in human
subjects as was expected from preclinical studiesdet, 2009), through to
phase IV, which involves the safety surveillancd gathnical support of a drug
after it has been granted a license (Ebbeseh, 2008). However, clinical trials
involving anti-metastatic agents present a numberablems. These include the
high numbers of patients required, due to the rsftyetd assess recurrence of
metastatic disease. Measuring response rates besyabl@ disease will further

increase the number of patients needed.

Over the past 20 years, there has been a drantaticirs MAbs undergoing
clinical development. From the period 1990-1991mhanised MAbs accounted
for 45% of all MAbs in clinical development; 30% rgemurine, 13.5% were

chimeric while 11.5% were fully human. However, nfro2000-2008, these
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figures changed dramatically, with 45% of MAbs imical development being
fully human, 39% humanised, 9% chimeric, and 7% ineuNelsonet al,
2010). This trend highlights the growing developmehfully human MADs in
clinical trials. Furthermore, between 1997 and 2008L human MAbs entered
clinical trials. Of these, 30 were in Phase |, ®8Phase Il and 7 in Phase IlIl, and
a total of 7 were approved for marketing by the F[38 were discontinued).
Among the FDA approved MAbs were Panitumumab, anEB@FR antibody
approved for the treatment of metastatic colorez@atinoma, and Ofatumumab,
a CD20-specific MAb approved for the treatment dironic lymphocytic
leukaemia (Nelsoet al., 2010).

In 2009, MAb-mediated cancer therapy generated| togsenues of over
US$18bn worldwide. From 2010, that sector will féneom new drugs, new
targets and expanding indications for existing patsl. With cancer incidence
and prevalence rising worldwide (studies reveal theidence rates will rise by
up to 40% by 2025) the treatment of cancer willaeriority for healthcare
providers, with high demand for effective and welerated therapies
(Visiongain, 2010). The lack of MAbs directed agdimvading cancer cells is a
major market niche that is waiting to be exploitadd with the current trends in
revenues generated by MAb based therapy, the rewanel there for anyone

willing to commit resources into the developmenanfi-metastatic MAbs.
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By screening directly for function, two Mabs wedentified that can

significantly block cancer invasidn vitro.

MADb 7B7 was generated against the highly inv@geancreatic cell line
MiaPaCa-2 clone 3. Incubation with this MAb sigo#ntly reduced
invasion in the MDA-MB-231 and SKBR-3 breast cancell lines; the
DLKP-M NSCLC and H1299 ling cancer cell lines; t88IB-19 glioma
cell line and the HCT-116 colon cell line. Inhilori of invasion was also
observed in the Lox IMVI melanoma cell line, bugrsficance was not
reached. Invasion levels in the pancreatic celé |BxPc-3 and the
prostate cell line C/68 were only slightly inhiteMAb 7B7 also
significantly inhibited motility in the MiaPaCa-2lone 3 cell line
following incubation with MAb 7B7, but not SNB-19atility. This MAb
also decreased MiaPaCa-2 clone 3 adhesion to &bton and DLKP-M
adhesion to matrigel. MMP-9 activity in the MDA-MB31 breast cancer
cell line was also decreased following incubatiothwiAb 7B7.

Immunofluorescence analysis of MAb 7B7 on MiaR&Cclone 3 cells

revealed membrane and cytoplasmic reactivity. $gomeactivity was

observed in cells exhibiting a more invasive phgpetcompared to less
invasive cells (MiaPaCa clone 3 versus clone 8; BtMitox-6p versus

DLKP-SQ).

Cross-linked immunoprecipitation studies, folemv by LC-MS/MS
analysis, revealed the Ku70 and Ku80 subunits @fih heterodimer as
the target proteins of 7B7. These identificatiorerevvalidated through
Western blot analysis using commercial antibodiescted against Ku70
and Ku80.

Confirmation of the role of Ku70 and Ku80 in &sion and motility was

confirmed through siRNA silencing of both subunitghich resulted in
significant inhibition of both of these processes.
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Western blot analysis of Ku70 and Ku80 produaesimilar pattern of
expression to that observed in the immunofluoreseerstudies.
Expression was stronger in the invasive (MiaPaci@e 3, WM-266-4)
versus non-invasive (MiaPaCa-2 clone 8, WM-115)) log¢s. Expression
levels also corresponded to invasion assay resugjtdow expression and
inhibtion was observed in the SNB-19 glioma and8CfBostate cell

lines.

Immunofluorescence assays carried out on Ku7d kn80 siRNA-

transfected cells revealed that 7B7 reactivity wiasreased in Ku80
silenced cells, while reactivity was unchanged vth70 silenced cells.
This suggests that the Ku80 subunit is the maigetaantigen of MAb
7B7.

MADb 9E1 was generated against the highly invasnelanoma cell line
MDA-MB-435-SF. This MAb was shown to significantinhibit cell
invasion in the MiaPaCa-2 clone 3 pancreatic canekiine; the MDA-
MB-231 breast cancer cell line; the DLKP-I, DLKP-lsind H1299
NSCLC cell lines; the Lox IMVI melanoma cell linench the C/68
prostate cancer cell line. Inhibition of invasiomsvalso observed in the
SKBR-3 breast cancer cell line, but significanceswaot reached.
Surprisingly, invasion wamcreasedin the MDA-MB-157 breast cancer
cell line, and in the HCT-116 colon cancer celélifhese results suggest
that the target antigen(s) of this MAb can act athka pro- and anti-
invasive protein. MAb 9E1 also significantly inhied cell motility in the
MiaPaCa-2 clone 3 cell line, but to a lesser extéther invasion-related
processes, including MiaPaCa-2 clone 3 adhesidibtonectin, DLKP-
M adhesion to matrigel, and MMP-9 activity in theD-MB-231, were

also decreased following incubation with 9E1.

Immunofluorescence analysis of MAb 9E1 showed mbrane
“punctuate” type staining, along with some cytopias reactivity, in
MiaPaCa-2 clone 3 cells. Reactivity was observethwasive and anon-

invasive cancer cell types. Western blot analysicated that the target
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10.

11.

12.

13.

antigen of 9E1 is expressed in a wide variety oficea cell types
(melanoma, lung, pancreatic, breast, and colon)imdth non-invasive

and invasive tumour cell lines.

Immunohistochemical analysis showed that thegeta antigen was
expresssed, to varying degrees, in a range of toczascer sub-types
(HER-2 overexpressing, triple negative, ER +/-,#8, strong reactivity
was observed in a number of HER-2 overexpressimgotws. 9E1
reactivity was also observed in normal breast ésswormal liver &
prostate tissue. 9E1 reactivity was also observedMalt lymphoma
(orbital tissue), Retinoblastoma, Hodgkins LymphorBaCell Mantle
lymphoma and B-Cell lymphoma tumour tissues andainumber of
pancreatic tumours. Very weak expression was bdenv&lioma tumour
tissues; 9E1 expression was also observed in ahWarfTumour, a

benign parotid tumour.

Western blot analysis indicated that the taeggigen of MAb 9E1 is a
75kDa protein. This matches the molecular weighAmfiexin A6, which

was identified through immunoprecipitation and magsectrometry
analysis. This indicates that Annexin A6 is thegé&arantigen of MAb
9E1. A number of possible interacting proteins waiso identified
through immunoprecipitation studies, namely, Protet-3-Z, Prohibitin

and ADP/ATP translocase 1, 2 and 3.

SiRNA silencing of Annexin A6 in MiaPaCa-2 céofl and DLKP-M cell
lines, resulted in significant reduction of invasin these cell lines.
These results confirmed the role of Annexin A6 mllwdar invasion.
However, the increases in invasion observed in H@T-116 colon
cancer cell line indicate that Annexin A6 may ahswve an anti-invasive
effect.

Western blot analysis of a commercial Annexéaktibody produced a

similar pattern of expression to that observed wMAb 9EL.
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14.

15.

Furthermore, Western blot analysis on Annexin Aérgied cells with
the 9E1 MADb revealed strongly reduced expressival$eof the reactive
band. These results further supports that the ttangggen of 9E1 is the

Annexin A6 protein.

Lovastatin, Mevastatin and Simvastatin all gigantly decreased
invasion and motility in the HT144 and SK-MEL-28Idaes, indicating
that they do have therapeutic effects against mebas. Although the
concentrations used in this study were at higheesldhat those currently
used for statin treatment, higher doses may befic&leas an adjuvant

therapy to inhibit melanoma cell invasion and migisis.

Synergy studies carried out between the MAbsl admvastatin,

Mevastatin and Simvastain, did not produce anyeaee in inhibition.
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Future Work Suggested

1.

In order to gather more information on the MApsarticularly MAb 7B7)
effects on cancer cell motility, motility assaydlwiave to be carried out on a
wider range of cell types. This will help to detemmif the inhibitory effects
on invasion of the MADbs are a result of reducetutaa motility, or if the two

processes are inhibited by differing mechanisms.

Investigate the effects of both MAbs on normellscthat are invasive e.g.
HUVEC, melanocytes.

siRNA functional analysis studies of ProhibitiRrotein 14-3-8 ADP/ATP

translocase 1-3 and the 40S ribosomal proteinsnegld to be carried out in
order to investigate their role in the invasiongass. If they are found to
play a role in the invasion process, their expoessn invasive versus non-
invasive cancer cell lines will be looked at. Thalte as interacting proteins
will also need to be established. This will be iear out through

Immunoprecipitation studies using a commercialkbady targeting Annexin

AB, to see if the same interacting proteins aratifled.

More detailed localisation studies could beiedriout through labelling of
the MADs.

The role of the identified target antigens cookdlooked at in other cellular
processes e.g. adhesion, anoikis, MMP activity, angiogenesis, through

SiRNA silencing of the identified proteins.
In order to further investigate if the Ku hewiroer in involved in activating
MMP-9, zymography assays will be carried on Ku7@ &u80 silenced

cells.

While both MAbs significantly inhibit cancer iasion and motility, they do

not fully inhibit both processes. Therefore, a widevestigation of any
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10.

11.

possible synergistic effect between the MAbs anthrage of anti-cancer
agents, including MMP inhibitors, on invasion andtitity, will be carried

out.

Further confirmation that Annexin A6 is the meanget antigen of MAb 9E1
can be determined though a competition assay. \Webtets of cell lysates
would be initially probed with MAb 9E1. Followingdatment with this
MADb, the blots would then be washed, and treateth va commercial
Annexin A6 antibody. In theory, if the antibodiee aecognising the same
binding site (i.e. Annexin A6), this site will havweeen occupied following
incubation of the blot with MAb 9E1. An appropridgeantibody against the
commercial Annexin A6 antibody, (which does notcteda MAb 9E1 24 (6))
theoretically should have little/no primary antilyjodto bind onto.
Development of the blots should therefore reveahwch-reduced reactive
band, if any, thus confirming that Annexin A6 iettarget antigen of MAb
9E1 24.

Immunofluorescence assays involving MAb 7B7 cetimg with commercial
anti-Ku antibodies for binding sites may also confif the Ku subunits are

the target antigens for this MAb.

To obtain a more complete understanding ofntleehanisms of actions of
each MADb (and exactly how they are blocking invagi@nd their interacting
proteins, it will be necessary to carry out a hurphaspho-kinase assay. This
involves analysing the phosphorylation profileskafases and their protein
substrates of cells, following treatment with 7BP&1. A Human Phospho-
Kinase Array Kit is available from R&D systems (GatARY003), which
can detect the relative site-specific phosphorytatf 46 proteins.

Immunoprecipitation assays using a commercndeXin A6 antibody would

determine if the prohibitin, Protein 14-3;3ADT/ATP Translocases and 40S

Ribosomal proteins are interacting with Annexin A6.
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12. A wider immunohistochemical study of triple aége, HER2 positive, ER
positive, ER negative, invasive and non-invasiveabt tumours, should be
carried out, in order to fully ascertain the expres pattern of Annexin A6
in breast cancers, and to investigate any asouiatith particular subsets of
breast tumours (preliminary findings presentedhis study in relation to
HER?2). The strong expression in colon and panardathours will need to
be further investigated; the range of tumour typwdshave to be extended,
and more extensive testing will need to be cardetion a range of normal

tissues.

13. Immunohistochemical studies and antigen ratigachniques, with 7B7 will
need to be optimised in order to investigate th@ression levels of its target

antigens in a panel of normal and tumour tissues.

14. Levels of nuclear, versus cytoplasmic, Caveblim Annexin A6-silenced
cells could be investigated, in order to test tiygdthesis that incubation with
MADb 9E1 results in de-compartmentalisation of cdived from the golgi
complex. If this is found to be the case, then shwa assays on Caveolin-1
silenced cells, in the presence of this MAb, calldw us to determine if the

anti-invasive effects of 9E1 are a result of tHease of caveolin-1.

15.In vitro angiogenesis assays should be carried out in tod@scertain what
effect, if any, both 7B7 and 9E1 have on the abitit cells to form new
capillary blood vessels. HUVEC endothelial cells atandard model to use

for this assay.

16. The effects of both MAbs will need to be invgsted inin vivo mouse
models. Implanted tumours will be established wifluorescent tag, and an
in vivo fluorescent imager will follow the growth and mstic spread of the
cells. Otherin vivo processes will be observed, such as angiogenebig,
and ADCC.
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17. MAbs that expressed strong reactivity with @nccells in
immunofluorescence assays, but gave no inhibitibnweasion, could be

investigated further as to any potential diagnassie.

18. As MAb 9E1 can inhibit the pro-invasive cap#ypilof Annexin A6 in
numerous cell lines, it should prove useful in tiert defining its role in the
invasion process. This MAb may also be useful ioedsaining if certain
cancer types contain a pro- or anti-invasive cdph® Annexin A6 protein.
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Appendix |

1. Ultrapure water

Ultrapure water (UHP) was used in the preparatiballomedia and solutions.
This water was purified to a standard of 12-18/®m resistance by a reverse
osmosis system (Millipore Mill-RO 10 Plus, Elast&tP).

2. Glassware

The solutions used in the various stages of cétili@iwere stored in sterile glass
bottles. All sterile bottles and other glasswargumneed for cell culture related
applications were prepared as follows: glasswarckliais were soaked in a 2%
RBS- 25 (AGB Scientific) for 1 hour. After this temthey were cleansed and
washed in an industrial dishwasher, using Neodigleéergent and rinsed twice

with UHP. The resulting materials were sterilisgdaltoclaving.

3. Sterilisation procedures

All thermostable solutions, water and glasswareevegerilised by autoclaving at
121°C for 20 minutes at 15 p.s.i. Thermolabile solusiomere filtered through
0.22um sterile filters (Millipore, Millex-GV SLGV025BS)Larger volumes (up
to 10 litres) of thermolabile solutions were filtsterilised through a micro-
culture bell filter (Gelman, 12158).

4. Preparation of cell culture media

Basal media used during cell culture was prepasedodowed: 10X media
(DMEM (Sigma, D5648) was added to sterile UHP waberffered with HEPES
and NaHCQ as required and adjusted to a pH of 7.45-7.55gustarile 1.5M
HCI. The medium was then filtered through a stebiAum bell filters (Gelman,
12158) and stored in sterile 500ml bottles&./8Basal media were stored &C4
for up to three months. The HEPES buffer was pexpéy dissolving 23.8g of
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HEPES in 80ml UHP water and this solution was tstenilised by autoclaving.
Then 5ml sterile 5M NaOH was added to give a fimalume autoclaving.
Complete media was then prepared as described ferigla & Methods, Table
2.2: supplements of 2mM I-glutamine (Gibco, 111483@ and 100mM sodium
pyruvate (Gibco, 11360-035) were added as requi@anplete media was

stored for a maximum of one month.

Sources of other types of media
e DMEM/Ham’s F12 1:1 = represented by ATCC in thiojpct and

produced in house
* RPMI-1640 (made in house)
e McCoy5A (Lonza; 12-688F)
» Keratinocyte (Gibco, 17005) and supplements:
o EGF (Epidermal Growth Factor supplement supplied2asug
stock (Gibco, 10450-013)
o BPE (Bovine Pituitary Extract) supplement suppliasl 25mg
stock (Gibco, 13028-014)

Hybridoma and SP2/0-Ag14 myeloma cells were grawa basic basal medium
of commercially available DMEM, DMEM with Glutamalx(Glutamax is L-
Amyl-L-Glutamine, high glucose concentration — 4¢gbrGibco, 61965-026)
supplemented with 10% heat inactivated FCS (Myazld@ibco, 10082-147).
This was further supplemented for hybridoma groatid hybridoma cloning
with 1% penicillin streptomycin and 5% briclone ¢hport Ltd.). Briclone is a
conditioned medium collected from a human cell life use in post fusion
stages of hybridoma production and cloning, replgdhe function of feeder
cells. Sterility checks were performed on all msttbf media by inoculation of
media samples on to Colombia blood agar (Oxoid, CH2Sabauraud dextrose
(Oxoid, CM217) and Thioglycolate broth (Oxoid, CM&)7 All sterility checks
were then incubated at both°25and 37C. These tests facilitated the detection

of bacterial, yeast and fungal contamination.
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5. Monitoring of sterility of cell culture solutions

Sterility testing was performed on all cell cultureedia and related culturing
solutions. Samples of prepared basal media wergated at 37C for a period
of seven days. This ensured that no bacterialmgdlcontamination was present

in the media.

6. Indirect staining procedure for Mycoplasma anaysis.

Mycoplasmanegative NRK (Normal rat kidney fibroblast) cellgere used as
indicator cells for this analysis. The cells weneubated with a sample volume
of supernatant from the cell lines in question #me examined fomycoplasma
contamination. A fluorescent Hoechst stain was ugseithe analysis. The stain
binds specifically to DNA and so stains the nuclelighe cells in addition to any
mycoplasmaresentMycoplasmanfection was indicated by fluorescent bodies

in the cytoplasm of the NRK cells.
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Table 1: - NP/40 Lysis Buffer for immunopecipitation studies
(Total Volume, 500mis; pH 8.5):

Components Final Conc.

425ml UHP -
0.5% NP/40 2.5ml NP-40
150mM NacCl 15ml 5M NaCl

50mM Tris-HCI 25ml 1M Tris-HCL

Table 2: - Lysis Buffer C for immunoprecipitation studies
(Total Volume, 40mis; pH 8.5):

Components Quantity

7M Urea 16.8ml
2M Thiourea 69
4% CHAPS 1.69
30mM Tris 0.1g
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Table 3: - Buffers used for Silver Staining Procedure

Buffer Component Volume
Fixer (100ml) MeOH 50ml
24ml Glacial Acetic Acid 12ml
Formalin 50ul
UHP 38ml
Wash (100ml) EtOH 36ml
UHP 64ml
Sensitising (100ml) NaS,03 0.02g
UHP 100ml
Silver Nitrate (100ml) | AQNO3 0.29
Formalin 76l
UHP 100ml
Developer (200ml) NaCOs 12g
Formalin 100ul
Sensitising Buffer 4ml
UHP 196ml
Stop Solution MeOH 50ml
Glacial Acetic Acid 12ml
UHP 38ml
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Table 4.: - Antibodies used during the course of this work

Primary Antibody Dilution

B-actin (Monoclonal) 1:10,000 A5441, Sigma
a-Tubulin (Monoclonal) 1/1000 T6199, Sigma
Annexin A6 (Polyclonal) 1/5000 ab52221, Abcam
Ku70 (Polyclonal) 1/5000 ab10878, Abcam
Ku80 (Monoclonal) 1/12,000 ab80592, Abcam

Prohibitin (Monoclonal)

1/400 - 1/800

CP34, Calltiem

Protein 14-3-%

NBP1-32695, Novis Biologicals

(Polyclonal)

Secondary Antibody Dilution
Swine Anti-Rabbit HRP 1/2000 P0399, Dako
Goat Anti-Mouse HRP 1/2000 P0447, Dako
Goat Anti-Rabbit HRP 1/2000 P0448, Dako
Swine Anti-Rabbit FITC 1/40 F0054, Dako
Rabbit Anti-Mouse FITC 1/40 F0261, Dako

Table 5: - List of sSiRNAs used during the course of this wi

Target Name

Scrambled

Ambion Product I.D.
4390843

Kinesin

AM4639

Annexin A6 #1

s1397

Annexin A6 #2

s1396

Annexin A6 #3

s1395

ATP dependent DNA Helicase 2 subunit 2 #1

$5455

ATP dependent DNA Helicase 2 subunit 2 #2

s$52594

ATP dependent DNA Helicase 2 subunit 1 #1

14952

ATP dependent DNA Helicase 2 subunit 1 #2

s14953

ATP dependent DNA Helicase 2 subunit 1 #3

14954
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Appendix Il

Protein Identification Results obtained with MAb7B5 (2)
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P (pro) | Score | Peptide (Hits) MW
Scan(s) | Peptide MH+ DeltaM | z Type P (pep) XC lons Sp
KU70_HUMAN RecName: Full=ATP-dependent DNA helicase 2 subunit 1;
AltName: Full=ATP-dependent DNA helicase Il 70 kDa subunit;
AltName: Full=Lupus Ku autoantigen protein p70; Short=Ku70; AltName: Full=70 kDa subunit
of Ku antigen; AltName: Full=Thyroid-lupu 1.23526E-09 | 50.23 5 (50000) 69799.2
976 R.QILEKEETEELKR.F 1757.964355 0.002733136 | 2 | CID 4.75974E-07 3.80 20/26 438.5
1017 R.IM*LFTNEDNPHGNDSAK.A 1918.859967 0.001774869 | 2 | CID 1.23526E-09 4.77 23/32 886.2
1244 R.TENTSTGGLLLPSDTKR.S 1807.954834 0.001512432 | 2| CID 4.40144E-08 3.71 18/32 620.9
1540 K.KPGGFDISLFYR.D 1399.736816 4.75888E-05 | 2 | CID 1.98974E-06 3.38 17/22 767.7
1650 R.DSLIFLVDASK.A 1207.65686 | -0.000318622 | 2 | CID 3.27486E-05 3.02 17/20 1130.4
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P (pro) Score | Peptide (Hits) MW
Scan(s) | Peptide MH+ DeltaM | z Type P (pep) XC lons Sp
KU70_HUMAN RecName: Full=ATP-dependent DNA helicase 2 subunit 1; 2.33E-14 200.26 | 20(200000) 69799.2
AltName: Full=ATP-dependent DNA helicase Il 70 kDa subunit;
AltName: Full=Lupus Ku autoantigen protein p70; Short=Ku70; AltName: Full=70 kDa
subunit of Ku antigen; AltName: Full=Thyroid-lupu
893 K.VEYSEEELKTHISK.G 1691.84863 0.00139 | 2 CID 3.00E-05 3.43 18/26 874.0
1005 K.TEGDEEAEEEQEENLEASGDYK. 2500.99585 0.00273 | 2 CID 5.27E-12 4.10 23/42 473.2

Y

1011 R.QIILEKEETEELKR.F 1757.96436 -0.00192 | 3 CID 7.71E-09 3.11 23/52 704.4
1038 R.IM*LFTNEDNPHGNDSAK.A 1918.85997 -0.00018 | 2 CID 1.37E-11 4.87 24/32 1119.8
1249 R.TENTSTGGLLLPSDTKR.S 1807.95483 -0.00020 | 2 CID 3.37E-09 4.14 18/32 651.6
1282 R.SDSFENPVLQQHFR.N 1703.81360 0.00017 | 2 CID 1.23E-06 3.78 17/26 940.8
1385 R.TENTSTGGLLLPSDTK.R 1651.85376 -0.00081 | 2 CID 2.16E-07 4.06 24/30 1533.6
1551 K.NIYVLQELDNPGAK.R 1573.82202 -0.00068 | 2 CID 1.22E-07 4.24 20/26 2294.1
1576 R.DIISIAEDEDLR.V 1388.69031 -0.00142 | 2 CID 3.14E-07 3.36 19/22 1381.8
1627 K.KPGGFDISLFYR.D 1399.73682 -0.00032 | 2 CID 3.01E-07 3.46 20/22 1649.4
1651 R.DTGIFLDLM*HLK.K 1418.73481 -0.00039 | 2 CID 4.04E-06 3.25 18/22 1133.2
1783 K.ISSDRDLLAVVFYGTEKDK.N 2269.20752 -0.00033 | 3 CID 5.96E-09 5.26 33/76 1804.4
1836 R.NIPPYFVALVPQEEELDDQK.I 2344.17065 0.00151 | 2 CID 8.98E-07 2.77 20/38 339.4
1844 R.DLLAVVFYGTEKDK.N 1597.84717 -0.00007 | 2 CID 1.02E-09 3.62 18/26 926.8
1858 R.FDDPGLM*LM*GFKPLVLLK.K 2066.10647 0.00124 | 2 CID 1.53E-06 2.95 17/34 301.1
1880 K.IISSDRDLLAVVFYGTEK.D 2026.08557 0.00078 | 2 CID 1.03E-09 4.43 24/34 2031.6
1990 R.DLLAVVFYGTEK.D 1354.72534 -0.00056 | 2 CID 1.85E-07 3.09 18/22 1392.7
1998 K.IQVTPPGFQLVFLPFADDKR.K 2288.24365 0.00273 | 2 CID 2.33E-14 4.55 23/38 919.0
2003 R.NLEALALDLM*EPEQAVDLTLPK.V | 2439.26872 0.00428 | 2 CID 2.01E-12 4.92 27142 1185.2
2133 K.IQVTPPGFQLVFLPFADDK.R 2132.14258 0.00249 | 2 CID 1.27E-13 4.71 28/36 1997.8
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P (pro) Score | Peptide (Hits) MW
Scan(s) | Peptide MH+ DeltaM | z Type P (pep) XC lons Sp
KU70_HUMAN RecName: Full=ATP-dependent DNA helicase 2 subunit 1; AltName: Full=ATP- 3.33E-10 130.21 ( 13(130000) | 69799.2
dependent DNA helicase Il 70 kDa subunit; AltName: Full=Lupus Ku autoantigen protein p70;
Short=Ku70; AltName: Full=70 kDa subunit of Ku antigen; AltName: Full=Thyroid-lupu
275 KIM*ATPEQVGK.M 1089.56087 | -0.00016 | 2 CID 1.70E-04 2.64 14/18 698.9
452 K.VEYSEEELKTHISK.G 1691.84863 | 0.00127 | 2 CID 6.30E-07 3.90 19/26 1433.5
518 R.QIILEKEETEELKR.F 1757.96436 | 0.00151 | 2 CID 6.87E-08 3.69 16/26 394.4
607 R.IM*LFTNEDNPHGNDSAK.A 1918.85997 | -0.00019 | 3 CID 4.87E-05 3.83 27164 607.5
700 R.ILELDQFKGQQGQK.R 1631.87512 | 0.00249 | 2 CID 2.84E-06 3.54 19/26 1141.8
738 K.KQELLEALTK.H 1172.68848 | -0.00020 | 2 CID 3.82E-03 2.58 14/18 931.2
772 R.TEFNTSTGGLLLPSDTKR.S 1807.95483 | 0.00188 | 2 CID 2.71E-08 4.20 19/32 752.4
783 R.SDSFENPVLQQHFR.N 1703.81360 | 0.00078 | 2 CID 3.33E-10 3.96 17126 875.1
961 R.ILELDQFK.G 1005.56152 | -0.00056 | 2 CID 4.55E-04 2.47 12/14 502.7
1039 K.NIYVLQELDNPGAK.R 1573.82202 | 0.00139 | 2 CID 1.33E-03 2.74 17/26 712.0
1085 K.KPGGFDISLFYR.D 1399.73682 | 0.00066 | 2 CID 5.20E-06 3.01 17122 744.6
1120 R.DTGIFLDLM*HLK.K 1418.73481 | 0.00144 | 2 CID 8.57E-05 2.84 15/22 713.0
1213 R.DSLIFLVDASK.A 1207.65686 | 0.00029 | 2 CID 8.85E-08 3.13 16/20 812.6
527 R.YGSDIVPFSK.V 1112.56226 | 0.00005 | 2 CID 1.30E-05 2.27 15/18 781.7
543 - LTIGSNLSIR.- 1073.63135 | -0.00020 | 2 CID 6.99E-05 2.18 13/18 357.0
553 R.HIEIFTDLSSR.F 1317.67969 | 0.00078 | 2 CID 9.96E-05 3.56 17/20 980.2
561 K.KDEKTDTLEDLFPTTK.I 1880.94873 | 0.00162 | 3 CID 2.07E-05 4.73 29/60 1671.5
703 K.CFSVLGFCK.S 1117.51697 | -0.00081 | 2 CID 2.10E-04 2.13 12/16 565.9
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P (pro) | Score | Peptide (Hits) MW
Scan(s) | Peptide MH+ DeltaM z Type P (pep) XC lons Sp
KU86_HUMAN RecName: Full=ATP-dependent DNA helicase 2 subunit 2; 2.08E-07 | 30.21 3(30000) 82652.4
AltName: Full=ATP-dependent DNA helicase Il 80 kDa subunit;
AltName: Full=Lupus Ku autoantigen protein p86; AltName: Full=86 kDa subunit of Ku
antigen; AltName: Full=Ku86; AltName: Full=Ku80
1257 R.YGSDIVPFSK.V 1112.56226 0.00017 | 2 CID 9.87E-07 3.03 15/18 995.1
1390 R.HIEIFTDLSSR.F 1317.67969 0.00066 | 2 CID 2.08E-07 3.16 17/20 1220.9
1605 K.SQLDIIIHSLK.K 1266.74158 0.00066 | 2 CID 5.48E-06 3.11 16/20 1158.0
P (pro) Score | Peptide (Hits) MW
Scan(s) | Peptide MH+ DeltaM | z | Type P (pep) XC lons Sp
KU86_HUMAN RecName: Full=ATP-dependent DNA helicase 2 subunit 2; 4.31E-12 90.25 9(90000) | 125731
AltName: Full=ATP-dependent DNA helicase Il 80 kDa subunit;
AltName: Full=Lupus Ku autoantigen protein p86;
AltName: Full=86 kDa subunit of Ku antigen; AltName: Full=Ku86; AltName: Full=Ku80
445 K.EEASGSSVTAEEAKK.F 1522.72314 0.00102 | 2| CID 2.75E-08 3.84 19/28 1
504 K.EEASGSSVTAEEAK.K 1394.62817 0.00041| 2| CID 3.10E-08 3.53 23/26 1
992 K.KKDQVTAQEIFQDNHEDGPTAK.K 2499.21094 0.00107 | 3| CID 4.31E-12 4.39 35/84 1
1155 K.DQVTAQEIFQDNHEDGPTAK.K 2243.02100 0.00151| 2| CID 5.76E-09 4.93 22/38 1
1394 R.HIEIFTDLSSR.F 1317.67969 -0.00142 | 2| CID 3.13E-08 3.27 18/20 1
1596 K.SQLDIIIHSLK.K 1266.74158 -0.00105| 2| CID 1.14E-05 3.43 17/20 1
1604 K.TDTLEDLFPTTK.I 1380.68933 -0.00044 | 2| CID 8.20E-07 3.37 18/22 1
1694 K.KYAPTEAQLNAVDALIDSM*SLAK.K 2465.25922 -0.00265 | 3| CID 3.78E-07 4.04 30/88 1
1816 K.YAPTEAQLNAVDALIDSM*SLAK.K 2337.16425 0.00132 | 2| CID 3.30E-11 4.54 25/42 1
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P (pro) Score MW | Peptide (Hits)
Scan(s) | Peptide MH+ DeltaM | z Type P (pep) XC Sp lons
KU86_HUMAN ATP-dependent DNA helicase 2 subunit 2 (ATP-dependent DNA helicase 1.11E-15 180.26 | 82652.4 | 18(180000)
I 80 kDa subunit) (Lupus Ku autoantigen protein p86) (86 kDa subunit of Ku antigen)
(Ku86) (Ku80) (Thyroid-lupus autoantigen) (TLAA) (CTC box-binding factor 85 kDa
subunit) (CT
215 - AFREEAIK.- 963.52582 | -0.00014 | 2 CID 7.19E-03 2.60 617.6 12/14
249 K.ALQEKVEIK.Q 1057.62524 | -0.00068 | 2 CID 3.42E-03 2.89 780.5 13/16
250 -.SQIPLSK.- 772.45636 | 0.00079 | 1 CID 9.09E-03 1.87 342.2 9/12
263 R.HSIHWPCR.L 1092.51563 | 0.00005 | 2 CID 8.50E-06 2.55 606.5 13/14
313 K.KVITM@FVQR.Q 1137.64488 | 0.00129 | 2 CID 9.30E-05 2.72 786.2 14/16
318 K.KKDQVTAQEIFQDNHEDGPTAK.K 2499.21094 | 0.00455 | 3 CID 1.11E-15 5.20 1824.1 37/84
324 -.KKDQVTAQEIFQDNHEDGPTAK.- 2499.21094 | 0.00112 | 4 CID 3.20E-05 4.10 750.2 41/126
379 K.GITEQQKEGLEIVK.M 1571.86389 | 0.00188 | 2 CID 9.71E-07 3.96 1311.0 18/26
396 R.LGGHGPSFPLK.G 1109.61023 | -0.00020 | 2 CID 4.08E-05 2.85 693.7 15/20
403 -VITM@FVQR.- 1009.54991 | -0.00061 | 2 CID 7.65E-04 2.23 468.1 12/14
440 - TWTVVDAK.- 919.48834 | 0.00092 | 1 CID 9.36E-03 191 337.6 10/14
477 R.ANPQVGVAFPHIK.H 1377.76379 | -0.00056 | 2 CID 8.46E-07 3.33 583.3 15/24
523 R.LFQCLLHR.A 1086.58777 | 0.00005 | 2 CID 4.62E-03 2.45 911.8 12/14
527 R.YGSDIVPFSK.V 1112.56226 | 0.00005 | 2 CID 1.30E-05 2.27 781.7 15/18
543 - LTIGSNLSIR.- 1073.63135 | -0.00020 | 2 CID 6.99E-05 2.18 357.0 13/18
553 R.HIEIFTDLSSR.F 1317.67969 | 0.00078 | 2 CID 9.96E-05 3.56 980.2 17/20
561 K.KDEKTDTLEDLFPTTK.I 1880.94873 | 0.00162 | 3 CID 2.07E-05 4.73 1671.5 29/60
703 K.CFSVLGFCK.S 1117.51697 | -0.00081 | 2 CID 2.10E-04 2.13 565.9 12/16
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Appendix Il

Protein Identification Results obtained with MAbOE4 (6)
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P (pro) Score MW | Peptide (Hits)
Scan(s) Peptide MH+ DeltaM z Type P (pep) XC Sp lons
ANXA6_HUMAN Annexin A6 (Annexin-6) (Annexin VI) (Lipocortin VI) (P68) (P70) (Protein IlI) 3.41E-12 70.26 | 75825.7 7(70000)
(Chromobindin-20) (67 kDa calelectrin) (Calphobindin-Il) (CPB-II) [MA
807 R.TNEQMHQLVAAYK.D 1532.75256 | 0.26384 2 CID 1.52E-08 4,11 1520.8 20/24
1283 K.SLEDALSSDTSGHFR.R 1621.74524 | 1.40398 2 CID 4.16E-10 3.87 1413.0 21/28
1623 -.SEIDLLNIR.- 1072.59973 | -0.16138 1 CID 5.73E-04 1.83 230.5 9/16
1627 R.DAFVAIVQSVK.N 1176.66235 | 1.24712 2 CID 3.50E-05 4.15 1849.3 17/20
1667 R.DLEADIIGDTSGHFQK.M 1745.83411 | 0.36785 2 CID 3.41E-12 4.41 1629.3 23/30
1874 - 1875 | R.EDAQVAAEILEIADTPSGDK.T 2072.00293 | 0.49822 2 CID 1.28E-11 5.16 1648.1 23/38
2055 K.WGTDEAQFIYILGNR.S 1782.88098 | 1.11882 2 CID 9.23E-10 4.66 2842.8 24/28

P (pro) Score MW | Peptide (Hits)

Scan(s) | Peptide MH+ | DeltaM z Type P (pep) XC Sp lons
ANXA6_HUMAN RecName: Full=Annexin A6; AltName: Full=Annexin-6; AltName: Full=Annexin 4.79E-06 40.17 | 75825.7 4(40000)
VI; AltName: Full=Lipocortin VI; AltName: Full=p68; AltName: Full=p70; AltName: Full=Protein
IIl; AltName: Full=Chromobindin-20; AltName: Full=67 kDa calelectrin; AltName
319 K.GAGTDEKTLTR.I 1148.59058 | 0.00066 2 CID 4.97E-05 3.40 755.1 16/20
408 R.AINEAYKEDYHK.S 1480.70667 | 0.00176 2 CID 4.22E-05 3.01 499.6 14/22
523 K.GTVRPANDFNPDADAK.A 1687.80347 | 0.00237 2 CID 6.12E-03 3.46 1099.6 19/30
1289 K.ALLALCGGED.- 1018.48743 | 0.00079 1 CID 4.79E-06 2.06 386.0 10/18
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P (pro) Score MW Peptide (Hits)
Scan(s) Peptide MH+ DeltaM z Type P (pep) XC Sp lons
ANXA6_HUMAN RecName: Full=Annexin A6; AltName: Full=Annexin-6; AltName: Full=Annexin 1.10E-09 | 200.22 | 75825.7 20(200000)
VI; AltName: Full=Lipocortin VI; AltName: Full=p68; AltName: Full=p70; AltName: Full=Protein I,
AltName: Full=Chromobindin-20; AltName: Full=67 kDa calelectrin; AltName
344 R.QRQEVCQSYK.S 1325.62671 0.00005 2 CID 6.62E-06 3.07 353.0 15/18
358 K.GAGTDEKTLTR.I 1148.59058 0.00005 2 CID 6.28E-03 2.86 520.4 15/20
495 R.AINEAYKEDYHK.S 1480.70667 0.00115 2 CID 1.04E-04 3.04 861.0 16/22
544 K.M*TNYDVEHTIKK.E 1494.72571 0.00115 2 CID 1.76E-04 3.46 919.1 18/22
579 K.TTGKPIEASIR.G 1172.66333 | -0.00044 2 CID 6.05E-04 2.37 377.2 15/20
629 K.MTNYDVEHTIKK.E 1478.73083 0.00090 2 CID 7.91E-04 3.39 1264.9 18/22
669 K.M*TNYDVEHTIK.K 1366.63074 0.00090 2 CID 1.87E-05 3.32 561.2 15/20
672 R.TNEQM*HQLVAAYK.D 1548.74750 0.00071 2 CID 9.82E-05 3.39 741.0 18/24
676 K.GTVRPANDFNPDADAK.A 1687.80347 0.00115 2 CID 4.25E-07 3.95 1199.9 20/30
889 K.EIKDAISGIGTDEK.C 1475.75879 0.00090 2 CID 2.14E-06 2.64 378.2 16/26
1141 R.LIVGLM*RPPAYCDAK.E 1719.89210 0.00175 2 CID 3.91E-04 2.66 163.8 13/28
1196 K.SLHQAIEGDTSGDFLK.A 1717.83911 0.00078 2 CID 5.52E-07 4.44 1614.1 21/30
1213 K.SLEDALSSDTSGHFR.R 1621.74524 0.00090 2 CID 1.10E-09 3.72 1378.0 21/28
1282 R.SELDM*LDIR.E 1107.53505 | -0.00034 2 CID 4.81E-03 3.23 1173.3 14/16
1409 K.DLIADLK.Y 787.45599 0.00031 1 CID 2.30E-03 2.42 584.9 10/12
1559 K.ALLALCGGED.- 1018.48743 0.00079 1 CID 5.33E-07 3.09 550.0 12/18
1605 -.LVFDEYLK.- 1026.55066 0.00110 1 CID 2.44E-03 2.10 803.8 10/14
1629 -.SEIDLLNIR.- 1072.59973 | -0.00068 2 CID 9.03E-03 2.58 514.2 13/16
1670 R.DAFVAIVQSVK.N 1176.66235 0.00017 2 CID 9.89E-06 3.48 1540.5 16/20
1698 K.ALIEILATR.T 999.61969 | -0.00081 2 CID 1.96E-03 2.75 850.5 14/16
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P (pro) Score | Peptide (Hits) MW
Scan(s) | Peptide MH+ DeltaM [ z | Type P (pep) XC lons Sp
1433E_HUMAN RecName: Full=14-3-3 protein epsilon; Short=14-3- 3.80E-07 20.17 2(20000) 291554
3E
1198 R.YLAEFATGNDRK.E 1384.68555 -0.00020 | 2| CID 3.80E-07 3.13 17/22 1095.8
1300 K.VAGM*DVELTVEER.N 1463.70464 0.00073 | 2| CID 1.67E-05 3.39 19/24 1194.0
P (pro) Score | Peptide (Hits) MW
Scan(s) | Peptide MH+ DeltaM | z | Type P (pep) XC lons Sp
1433B_PONAB 14-3-3 protein beta/alpha 1.14E-08 28.21 3(21000) 28064.8
450 K. AVTEQGHELSNEER.N 1598.74048 -0.00020 | 2| CID 1.14E-08 4.24 19/26 1464.2
517 -.VISSIEQK.- 903.51459 -0.00024| 1| CID 2.48E-04 1.74 10/14 423.0
621 R.YLSEVASGDNK.Q 1182.56372 -0.00166 | 2| CID 3.19E-04 2.93 16/20 770.8
P (pro) Score | Peptide (Hits) MW
Scan(s) | Peptide MH+ DeltaM [ z | Type P (pep) XC lons Sp
gi|52000883|sp|P63102.1|1433Z_RAT RecName: Full=14-3-3 protein zeta/delta; 3.68E-06 20.17 2(20000) 27753.7
AltName: Full=Protein kinase C inhibitor protein 1; Short=KCIP-1; AltName:
Full=Mitochondrial import stimulation factor S1 subunit
984 R.YLAEVAAGDDKK.G 1279.65283 -0.00068 | 2| CID 8.11E-06 3.33 18/22 1408.6
1006 K.SVTEQGAELSNEER.N 1548.71362 0.00041| 2| CID 3.68E-06 3.22 18/26 1104.1
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P (pro) Score | Peptide (Hits) MW
Scan(s) | Peptide MH+ DeltaM | z | Type P (pep) XC lons Sp
1433E_ HUMAN RecName: Full=14-3-3 protein epsilon; Short=14-3- 1.27E-09 30.21 3(30000) 29155.4
3E
774 R.IISSIEQKEENK.G 1417.75330 0.00054 | 2| CID 5.05E-05 3.44 18/22 1146.8
1138 K.VAGM*DVELTVEER.N 1463.70464 -0.00085 | 2| CID 1.27E-09 4.11 18/24 1397.6
1219 R.YLAEFATGNDR.K 1256.59058 -0.00081 | 2| CID 1.38E-05 2.75 15/20 896.4

P (pro) Score | Peptide (Hits) MW
Scan(s) | Peptide MH+ DeltaM [ z | Type P (pep) XC lons Sp
1433E_HUMAN 14-3-3 protein epsilon (14-3-3E) 1.15E-06 10.19 1(10000) 29155.4
1390 K.VAGM*DVELTVEER.N | 1463.70464 0.00147 | 2| CID 1.15E-06 3.87 20/24 1797.9
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P (pro) Score Peptide (Hits) MW
Scan(s) | Peptide MH+ DeltaM z Type P (pep) XC lons Sp
ADT1 HUMAN ADP/ATP translocase 1 (Adenine nucleotide translocator 1) (ANT 1) 4.21E-07 20.14 2(20000) 33043.2
(ADP,ATP carrier protein 1) (Solute carrier family 25 member 4) (ADP,ATP carrier protein,
heart/skeletal muscle isoform T1)
1246 K.LLLQVQHASK.Q 1136.67859 -0.00032 2 CID 9.33E-04 2.80 15/18 1134.7
1597 R.AAYFGVYDTAK.G 1205.58374 -0.00154 2 CID 4.21E-07 2.63 16/20 1040.1
ADT2_HUMAN RecName: Full=ADP/ATP translocase 2; AltName: 8.53E-07 30.21 3(30000) 32874.2
Full=Adenine nucleotide translocator 2;
Short=ANT 2; AltName: Full=ADP,ATP carrier protein 2;
AltName: Full=Solute carrier family 25 member 5;
AltName: Full=ADP,ATP carrier protein, fibroblast isofo
1246 K.LLLQVQHASK.Q 1136.67859 -0.00032 2 CID 9.33E-04 2.80 15/18 1134.7
1691 R.AAYFGIYDTAK.G 1219.59937 -0.00056 2 CID 1.55E-04 2.66 16/20 1124.9
1897 K.DFLAGGVAAAISK.T 1219.66809 -0.00032 2 CID 8.53E-07 4.14 21/24 2681.7
ADT3_HUMAN RecName: Full=ADP/ATP translocase 3; AltName: 4.21E-07 20.14 2(20000) 32845.2
Full=Adenine nucleotide translocator 2;
AltName: Full=ANT 3; AltName: Full=ADP,ATP carrier protein 3;
AltName: Full=Solute carrier family 25 member 6;
AltName: Full=ADP,ATP carrier protein, isoform
1246 K.LLLQVQHASK.Q 1136.67859 -0.00032 2 CID 9.33E-04 2.80 15/18 1134.7
1597 R.AAYFGVYDTAK.G 1205.58374 -0.00154 2 CID 4.21E-07 2.63 16/20 1040.1
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P (pro) Score | Peptide (Hits) MW
Scan(s) | Peptide MH+ DeltaM z Type P (pep) XC lons Sp
ADT1 HUMAN ADP/ATP translocase 1 (Adenine nucleotide translocator 1) (ANT 1) 6.20E-09 20.16 2(20000) 33043.2
(ADP,ATP carrier protein 1) (Solute carrier family 25 member 4) (ADP,ATP carrier protein,
heart/skeletal muscle isoform T1)
868 K.LLLQVQHASK.Q 1136.67859 -0.00068 2 CID 1.79E-04 2.66 13/18 695.0
1769 R.YFPTQALNFAFK.D 1446.74158 0.00005 2 CID 6.20E-09 3.29 19/22 842.7
ADT2_HUMAN RecName: Full=ADP/ATP translocase 2; AltName: Full=Adenine nucleotide 6.20E-09 20.16 2(20000) 32874.2
translocator 2; Short=ANT 2; AltName: Full=ADP,ATP carrier protein 2; AltName:
Full=Solute carrier family 25 member 5; AltName: Full=ADP,ATP carrier protein, fibroblast
isofo
868 K.LLLQVQHASK.Q 1136.67859 -0.00068 2 CID 1.79E-04 2.66 13/18 695.0
1769 R.YFPTQALNFAFK.D 1446.74158 0.00005 2 CID 6.20E-09 3.29 19/22 842.7
ADT3 _HUMAN RecName: Full=ADP/ATP translocase 3; AltName: Full=Adenine nucleotide 6.20E-09 20.16 2(20000) 32845.2
translocator 2; AltName: Full=ANT 3; AltName: Full=ADP,ATP carrier protein 3; AltName:
Full=Solute carrier family 25 member 6; AltName: Full=ADP,ATP carrier protein, isoform
868 K.LLLQVQHASK.Q 1136.67859 -0.00068 2 CID 1.79E-04 2.66 13/18 695.0
1769 R.YFPTQALNFAFK.D 1446.74158 0.00005 2 CID 6.20E-09 3.29 19/22 842.7
P (pro) Score | Peptide (Hits) MW
Scan(s) | Peptide MH+ DeltaM z Type P (pep) XC lons Sp
gi|113459|sp|P05141.6|ADT2_HUMAN RecName: Full=ADP/ATP translocase 2; AltName: 8.53E-07 30.21 3(30000) 32874.2
Full=Adenine nucleotide translocator 2
1246 K.LLLQVQHASK.Q 1136.67859 -0.00032 2 CID 9.33E-04 2.80 15/18 1134.7
1691 R.AAYFGIYDTAK.G 1219.59937 -0.00056 2 CID 1.55E-04 2.66 16/20 1124.9
1897 K.DFLAGGVAAAISK.T 1219.66809 -0.00032 2 CID 8.53E-07 4.14 21/24 2681.7
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P (pro) Score | Peptide (Hits) MW
Scan(s) | Peptide MH+ DeltaM z Type P (pep) XC lons Sp
ADT1_HUMAN RecName: Full=ADP/ATP translocase 1; AltName: Full=Adenine nucleotide 4.74E-09 28.19 3(21000) 33043.2
translocator 1; Short=ANT 1; AltName: Full=ADP,ATP carrier protein 1; AltName:
Full=Solute carrier family 25 member 4; AltName: Full=ADP,ATP carrier protein,
heart/skeletal m
1467 R.AAYFGVYDTAK.G 1205.58374 -0.00178 2 CID 2.64E-06 2.58 16/20 1155.2
2017 R.YFPTQALNFAFK.D 1446.74158 -0.00056 2 CID 4.74E-09 2.93 18/22 740.2
2111 -.GM*GGAFVLVLYDEIKK.- 1755.93497 0.00001 2 CID 3.64E-07 3.74 18/30 855.5
ADT3 _HUMAN RecName: Full=ADP/ATP translocase 3; AltName: Full=Adenine nucleotide 3.64E-07 20.19 2(20000) 32845.2
translocator 2; AltName: Full=ANT 3; AltName: Full=ADP,ATP carrier protein 3; AltName:
Full=Solute carrier family 25 member 6; AltName: Full=ADP,ATP carrier protein, isoform
1932 K.DFLAGGIAAAISK.T 1233.68372 -0.00056 2 CID 1.41E-05 3.45 20/24 2304.9
2111 R.GM*GGAFVLVLYDELKK.V 1755.93497 0.00001 2 CID 3.64E-07 3.74 18/30 855.5

347




P (pro) Score | Peptide (Hits) MW
Scan(s) | Peptide MH+ DeltaM | z | Type P (pep) XC lons Sp
0i|464371|sp|P35232|PHB_HUMAN Prohibitin 5.12E-10 70.25 7(70000) 29785.9
1053 R.NVPVITGSK.D 914.53058 0.00067 | 1| CID 5.35E-04 1.82 11/16 401.6
1601 R.IFTSIGEDYDER.V 1444.65906 -0.00020 | 2| CID 2.72E-08 3.11 19/22 1095.5
1609 K.DLQNVNITLR.I 1185.65857 -0.00081| 2| CID 6.93E-05 3.31 16/18 1429.0
1662 R.FDAGELITQR.E 1149.58984 -0.00239 | 2| CID 1.44E-06 3.36 17/18 1993.8
1704 R.ILFRPVASQLPR.I 1396.84229 -0.00100 | 3| CID 5.41E-04 3.11 21/44 382.3
1785 R.KLEAAEDIAYQLSR.S 1606.84351 -0.00166 | 2| CID 5.12E-10 5.10 23/26 3017.1
2349 K.FGLALAVAGGVVNSALYN 2371.25171 0.00107 | 3| CID 9.54E-08 4.84 34/92 982.0

VDAGHR.A

P (pro) Score | Peptide (Hits) MW
Scan(s) | Peptide MH+ DeltaM [ z | Type P (pep) XC lons Sp
gi|464371|sp|P35232.1|PHB_HUMAN RecName: Full=Prohibitin 3.01E-11 60.28 6(60000) 29785.9
944 K.AAIISAEGDSK.A 1061.54736 0.95806 | 2| CID 1.29E-06 2.73 15/20 661.4
1027 R.NVPVITGSK.D 914.53058 0.00061 | 1| CID 4.92E-04 2.10 12/16 472.6
1581 K.DLQNVNITLR.I 1185.65857 -0.00081| 2| CID 1.22E-04 3.11 15/18 11135
1614 R.FDAGELITQR.E 1149.58984 -0.00252 | 2| CID 4.16E-07 3.30 16/18 1550.6
1752 R.KLEAAEDIAYQLSR.S 1606.84351 0.00054 | 2| CID 5.86E-08 5.56 24/26 3424.7
2191 K.FGLALAVAGGVVNSALYN 2371.25171 0.00016 | 3| CID 3.01E-11 4.68 35/92 1251.8

VDAGHR.A
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P (pro) Score | Peptide (Hits) MW
Scan(s) | Peptide MH+ DeltaM | z | Type P (pep) XC lons Sp
PHB_HUMAN RecName: Full=Prohibitin 2.27E-07 20.18 2(20000) 29785.9
846 K.AAIISAEGDSK.A 1061.54736 -0.00012| 1| CID 2.27E-07 2.00 11/20 176.7
1551 R.FDAGELITQR.E 1149.58984 -0.00130| 2| CID 4.59E-06 3.51 17/18 1764.5
P (pro) Score | Peptide (Hits) MW
Scan(s) | Peptide MH+ DeltaM | z | Type P (pep) XC lons Sp
PHB_HUMAN Prohibitin 5.12E-10 70.25 7(70000) 29785.9
1053, R.NVPVITGSK.D 914.53058 0.00067 | 1| CID 5.35E-04 1.82 11/16 401.6
1601, R.IFTSIGEDYDER.V 1444.65906 -0.00020 | 2| CID 2.72E-08 3.11 19/22 1095.5
1609, K.DLQNVNITLR.I 1185.65857 -0.00081 | 2| CID 6.93E-05 3.31 16/18 1429.0
1662, R.FDAGELITQR.E 1149.58984 -0.00239 | 2| CID 1.44E-06 3.36 17/18 1993.8
1704, R.ILFRPVASQLPR.I 1396.84229 -0.00100 | 3| CID 5.41E-04 3.11 21/44 382.3
1785, R.KLEAAEDIAYQLSR.S 1606.84351 -0.00166 | 2| CID 5.12E-10 5.10 23/26 3017.1
2349, K.FGLALAVAGGVVNSALYNV | 2371.25171 0.00107 | 3| CID 9.54E-08 4.84 34/92 982.0
DAGHR.A
P (pro) Score | Peptide (Hits) MW
Scan(s) | Peptide MH+ DeltaM | z | Type P (pep) XC lons Sp
PHB_HUMAN RecName: Full=Prohibitin 1.27E-10 60.26 6(60000) 29785.9
892 R.NVPVITGSK.D 914.53058 0.00012| 1| CID 8.56E-05 2.22 12/16 522.2
1466 R.IFTSIGEDYDER.V 1444.65906 -0.00191 | 2| CID 6.82E-09 3.14 19/22 1123.3
1525 R.FDAGELITQR.E 1149.58984 -0.00154 | 2| CID 8.86E-06 3.21 16/18 1634.3
1659 R.KLEAAEDIAYQLSR.S 1606.84351 -0.00252 | 2| CID 1.27E-10 5.10 23/26 3066.7
2089 K.AAELIANSLATAGDGLIELR.K 1998.08655 0.00054 | 2| CID 7.58E-09 5.03 27/38 2354.4
2149 R.NITYLPAGQSVLLQLPQ.- 1855.03235 0.00041| 2| CID 9.63E-05 3.33 17/32 688.4
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P (pro) Score | Peptide (Hits) MW
Scan(s) | Peptide MH+ DeltaM | z Type P (pep) XC lons Sp
gi|50401474|sp|Q76MY1|RS4X_MACFU 40S ribosomal protein S4, X isoform 1.29E-12 70.20 7(70000) [ 29579.1
827 K.DANGNSFATR.L 1052.47559 | 0.98406 | 2 CID 2.80E-05 2.21 15/18 853.7
968 K.YALTGDEVKK.I 1123.59937 | -0.00130 | 2 CID 1.03E-05 2.69 15/18 1086.0
1130 K.GIPHLVTHDAR.T 1215.65930 | -0.00032 | 2 CID 8.27E-07 251 15/20 648.4
1203 R.ERHPGSFDVVHVK.D 1506.78113 | 0.00139 | 2 CID 3.73E-06 2.95 15/24 377.7
1620 K.VNDTIQIDLETGK.I 1445.74817 | -0.00056 | 2 CID 2.85E-06 4.00 19/24 1638.1
1838 R.LSNIFVIGK.G 990.59827 | -0.00026 | 2 CID 2.15E-05 3.36 14/16 1340.0
1974 R.TDITYPAGFM*DVISIDK.T 1901.92011 [ 0.00133| 2 CID 1.29E-12 3.63 22/32 740.8
0i|133948|sp|P22090|RS4Y1_HUMAN 40S ribosomal protein S4, Y isoform 1 8.27E-07 40.20 4(40000) | 29437.0
827 K.DANGNSFATR.L 1052.47559 | 0.98406 | 2 CID 2.80E-05 2.21 15/18 853.7
968 K.YALTGDEVKK.I 1123.59937 | -0.00130 | 2 CID 1.03E-05 2.69 15/18 1086.0
1130 K.GIPHLVTHDAR.T 1215.65930 | -0.00032 | 2 CID 8.27E-07 251 15/20 648.4
1203 R.ERHPGSFDVVHVK.D 1506.78113 | 0.00139 | 2 CID 3.73E-06 2.95 15/24 377.7
gi|27805713|sp|Q8TD47|RS4Y2_HUMAN 40S ribosomal protein S4, Y isoform 2 8.27E-07 30.13 3(30000) | 29276.9
827 K.DANGNSFATR.L 1052.47559 | 0.98406 | 2 CID 2.80E-05 2.21 15/18 853.7
968 K.YALTGDEVKK.I 1123.59937 | -0.00130 | 2 CID 1.03E-05 2.69 15/18 1086.0
1130 K.GIPHLVTHDAR.T 1215.65930 | -0.00032 | 2 CID 8.27E-07 251 15/20 648.4
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P (pro) Score | Peptide (Hits) MW
Scan(s) | Peptide MH+ DeltaM | z Type P (pep) XC lons Sp
gil417719|sp|P23396.2|RS3_HUMAN RecName: Full=40S ribosomal protein S3 1.75E-07 30.16 3(30000) | 26671.4
1062 K.GGKPEPPAM*PQPVPTA.- 1589.79920 | 0.00004 | 2 CID 7.45E-04 3.09 15/30 358.4
1231 K.KPLPDHVSIVEPK.D 1458.83154 | 0.00005 | 2 CID 6.03E-06 3.19 19/24 1101.0
1518 K.DEILPTTPISEQK.G 1470.76868 | -0.00044 | 2 CID 1.75E-07 2.75 19/24 684.8

P (pro) Score | Peptide (Hits) MW
Scan(s) Peptide MH+ DeltaM | z Type P (pep) XC lons Sp
RS4Y1_HUMAN 40S ribosomal protein S4, Y isoform 1 8.27E-07 40.20 4(40000) | 29437.0
827, K.DANGNSFATR.L 1052.47559 0.98406 | 2 CID 2.80E-05 2.21 15/18 853.7
968, K.YALTGDEVKK.I 1123.59937 | -0.00130 | 2 CID 1.03E-05 2.69 15/18 1086.0
1130, K.GIPHLVTHDAR.T 1215.65930 [ -0.00032 | 2 CID 8.27E-07 251 15/20 648.4
1203, R.ERHPGSFDVVHVK.D 1506.78113 0.00139 | 2 CID 3.73E-06 2.95 15/24 377.7
RS4Y2_ _HUMAN 40S ribosomal protein S4, Y isoform 2 8.27E-07 30.13 3(30000) | 29276.9
827, K.DANGNSFATR.L 1052.47559 0.98406 | 2 CID 2.80E-05 2.21 15/18 853.7
968, K.YALTGDEVKK.I 1123.59937 | -0.00130 | 2 CID 1.03E-05 2.69 15/18 1086.0
1130, K.GIPHLVTHDAR.T 1215.65930 [ -0.00032 | 2 CID 8.27E-07 2,51 15/20 648.4
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P (pro) Score | Peptide (Hits) MW
Scan(s) | Peptide MH+ DeltaM | z Type P (pep) XC lons Sp
RS3 HUMAN RecName: Full=40S ribosomal protein S3 4,96E-13 60.26 6(60000) | 26671.4
1077 K.KPLPDHVSIVEPK.D 1458.83154 | -0.00178 | 2 CID 3.03E-07 3.40 19/24 1029.1
1215 R.ELAEDGYSGVEVR.V 1423.66992 [ 0.00005 | 2 CID 1.24E-08 3.41 20/24 2014.6
1396 K.DEILPTTPISEQK.G 1470.76868 | -0.00203 | 2 CID 6.85E-06 2.73 20/24 839.3
1495 K.KPLPDHVSIVEPKDEILPTTPISEQK.G 2910.58228 | -0.00076 | 3 CID 2.41E-11 4.84 30/100 786.2
1790 K.FVDGLM*IHSGDPVNYYVDTAVR.H 2484.18639 | -0.00093 | 3 CID 4.96E-13 5.13 36/84 1552.0
1799 R.FGFPEGSVELYAEK.V 1572.75806 | -0.00142 | 2 CID 6.32E-12 3.07 20/26 860.0
RS4X_MACFU RecName: Full=40S ribosomal protein S4, X isoform 3.16E-12 20.18 2(20000) | 29579.1
1041 R.ERHPGSFDVVHVK.D 1506.78113 | -0.00093 | 2 CID 1.58E-07 3.13 16/24 435.0
1862 R.TDITYPAGFM*DVISIDK.T 1901.92011 [ 0.00157 | 2 CID 3.16E-12 3.67 24/32 947.5
P (pro) Score | Peptide (Hits) MW
Scan(s) Peptide MH+ DeltaM | z Type P (pep) XC lons Sp
RS4X_MACFU RecName: Full=40S ribosomal protein S4, X isoform 4.56E-05 20.14 2(20000) | 29579.1
800 K.YALTGDEVKK.I 1123.59937 | -0.00130 | 2 CID 3.12E-04 2.19 16/18 1098.4
1691 R.TDITYPAGFM*DVISIDK.T 1901.92011 0.00084 | 2 CID 4.56E-05 2.87 17/32 385.2

352



Protein Name Gene Protein AC

Symbol Number

Myosin 10 MYH10 gi| 215274129| | 228.9
Myosin 11 MYH11 gi| 13432177| 228

Myosin 9 MYH9 gi| 6166599 226.5
Heat Shock 90, Beta HSP90ABL gi| 39644662| 83.26
Lamin A/C LMNA gi| 55957499 79.39
Heat Shock 70, Protein 5 HSPAS5 gi| 86577744| 72.33
Heat Shock 70, Protein 8 HSPA8| (gi| 48257068 70.89
Annexin Al ANXA1 gi| 197692503| 69.97
HNRP Q SYNCRIP gi| 56204904 | 69.63
Elongation factor 1-alpha 1 EF1A1 gi| 55584035 50.1
Annexin A2 ANXA2 gi| 62202495 50.1
HNRP G RBMX gi| 14279350 42.33
Actin - o ACTA1 gi| 49456549 42

B - Actin ACTB gi| 4501885 41.73
HNRP Al HNRPA1L3| gi| 190360152] 38.74
HNRP A2/B1 HNRPA2B1  gi| 14043072 37.43
60S Ribosomal Protein-L7 RPL7 0i|133021] 29.22
Filaggrin-2 FLG2 gi| 62122917 24.8
Histone H1.5 HIST1H1B| gi| 19856407| 22.58
Histone H1.3 HIST1H1D gi| 121925 22.35
Histone H1.1 HIST1H1A| gi| 18202479| 21.84
S100-A9 S100A9 gi| 49457442| 13.24

Table 6: - Proteins identified from excised bands immunopreipitated with
MAb 7B7 G5 (2), MAb 9E1 24 (6), and the IgG and IgiVnegative controls,
through mass spectrometry. The above proteins weras such disregarded

for further characterisation.
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Appendix IV

Densitometry Histograms of Western Blot Analysisi®NA transfected Cells

._.:‘!_:. “-:-r-,.' E .-l \
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Figure 1. - A representative SDS-PAGE gel showing equal loadifigcell
lysates (10ug loaded per lane).

A. MiaPaCa-2 clone 3; B. MiaPaCa-2 clone 3 Matrigel,
C. MiaPaCa-2 clone 3 Membrane; D. MiaPaCa-2 clone 8;

E. MiaPaCa-2 clone 8 Membrane; F. Lox IMVI;

G. MDA-MB-435 Membrane; H. SK-Mel 28 Membrane;

. WM-115; J. WM-266-4;
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Figure 2: - A representative SDS-PAGE gel showing equal loadinzell
lysates (10ug loaded per lane).

P Q R S T

K. DLKP; L. DLKP-A;

M. DLKP-SQ; N. DLKP-I;

O. DLKP-M; P. H1299;

Q. SNB-19; R. C/68;

S. HCT-116; T. HCT-116 (20ug)

355



Appendix V

Densitometry Histograms of Western Blot Analysisi&NA transfected Cells
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Figure 3: - Representative histogram showing the level of Amme&6
knockdown in MiaPaCa-2 clone 3 cells following s&ettion by a nonsense
control siRNA (Scrambled), and 2 siRNAs targetiig tAnnexin A6 protein
(Anx6 A & Anx6 B). Expression levels were normatiseiith a-tubulin (not
shown). Data shown is mean * standard deviation ).
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Figure 4: - Representative histogram showing the level of Amme&6
knockdown in DLKP-M cells following transfection bg nonsense control
SiRNA (Scrambled), and 2 siRNAs targeting the AnneX6 protein (Anx6 A &
Anx6 B). Expression levels were normalised wattiubulin (not shown). Data
shown is mean + standard deviation=(3).

357



1.2 1

0.8 4

0.6 1

Fold Change

0.4 1

0.2 4

Untransfected scrambled Ku70 A Ku70 B

Figure 5: - Representative histogram showing the level of Kkid@ckdown in
MiaPaCa-2 clone 3 cells following transfection &yonsense control siRNA
(Scrambled), and 2 siRNAs targeting the Ku70 prof@gu70 A & Ku70 B).
Expression levels were normalised wadkubulin (not shown). Data shown is
mean + standard deviation € 3).
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Figure 6: - Representative histogram showing the level of Kkii@ckdown in
DLKP-M cells following transfection by a nonsensmtol SiRNA (Scrambled),
and 2 siRNAs targeting the Ku70 protein (Ku70 A &#0 B). Expression levels
were normalised witlo-tubulin (not shown). Data shown is mean + standard
deviation ( = 3).
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Figure 7: - Representative histogram showing the level of KkB0ckdown in
MiaPaCa-2 clone 3 cells following transfection &yonsense control siRNA
(Scrambled), and 2 siRNAs targeting the Ku80 pro{gu80 A & Ku80 C).
Expression levels were normalised wikubulin (not shown). Data shown is
mean + standard deviation € 3).
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Untransfected Scrambled Ku80 A Ku80 C

Figure 8: - Representative histogram showing the level of KkB6ckdown in
DLKP-M  cells following transfection by a nonsensmontrol sSiRNA
(Scrambled), and 2 siRNAs targeting the Ku80 pro{@u80 A & Ku80 C).
Expression levels were normalised widkubulin (not shown). Data shown is
mean * standard deviation £ 3).
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Appendix VI

Complete Zymograpgy Gel showing effect of MAbs oMRF9 activity in the
MDA-MB-231 breast cell line.

Hyb.
Media 97  7B7

Figure 9: - Graph and zymography gel showing effect of MAb B85 (2) and
MADb 9E1 24 (6) on MMP-9 activity in the MDA-MB-23fireast cell line. Cells
incubated with both MAbs show a decrease in théviactof MMP-9 when

compared to control hybridoma medium (no MAb) reprging normal MMP-9
activity.
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