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ABSTRACT

Identification of Membrane Associated Proteins as Potential Markers for the
DLKP Clonal Subpopulations

Andrew McCann

Lung cancer is one of the major causes of cancer death worldwide, it represents a
heterogeneous group of tumours with distinct morphological, histological and nawlecul
features reflected by varied clinical outcome and response to treabh&R. is a cell

line originating from a lymph node metastasis of a primary lung tumour histologically
descri bpeodordsy adiff ferenti at e dLKRSQuDLKPband ¢ e |
DLKPM are three distinct subpopulations derived from DLKP, whiahe
morphologically and phenotypically different from each other. The research outlined in
this thesis aims to identify membrane associated proteins that could be pseehdisl

markers for the DLKP clones, but also to identify potentially novel proteins associated
with lung cancer.

Cell surface protein isolation and laliete mass spectrometry analysisre performed

on proteins isolated from DLKP and the DLKP cloregiht proteins were successfully
validated in the DLKP clones; AHNAK, HDGF, ROBO2, SLIT2, ALCAM, IQGAP1,
INA and SPR, wusing Western blot analysis, Immunofluorescence and
Immunocytochemistry. Their expression was also investigated in various tumour types
ard representative cell lines. SPR is associated with poor survival of patients with
Luminal A and basdike breast cancers and also shows high expression across triple
negative breast cancer subtypes. siRNA mediated knockdown studies of three candidate
proteins. ALCAM, INA and SPR knockdown led to a significant reduction in the invasion
and migration of DLKPM cells, indicating a potential functional role for these proteins in
lung cancer invasion/migration.

A pilot in vivostudy using severe combined immedeficient (SCID) mice to investigate

the growth of DLKP and its clones resulted in all four cell lines forming tumours
following implantation. Tumours derived from DLKP and DLKPI were the fastest
growing and largest tumours, DLKPM formed smaller soliddurs following an initial

lag phase, while DLKPSQ formed large, highly vascularised tumours.
Immunohistochemical analysis of the xenografts derived from all four cell lines revealed;
strong Ki67 immunoreactivity, negligible CD31 immunoreactivity and stidogudherin
immunoreactivity. Explant culture revealed a significant reduction in migratory capacity
of DLKPSQ cells, but also a significant reduction in invasion/migration of DLKPM cells.
Western blot analysis and immunohistochemical analysis indicasdexipression of
SLIT2, ALCAM, IQGAPL, INA and SPR were maintaingdvivo.

The research presented demonstrates that proteomic analysis of cell surface isolates from
the DLKP variants can lead to the identification of proteins with potential functioeal rol

in cancer. AHNAK, SLIT2, ALCAM, and SPR were identified as potential markers
capable of distinguishing between each of the DLKP clones. In addition, SPR may
represent a novel target for triple negative breast cancer. The DLKP cell line model could
alsoprove to be an invaluable model to study the effects of potential novel therapeutics
in lung cancerin vivo.
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Chapter 1 INTRODUCTION



1.1 Tumour Heterogeneity

Cancer is not one but many diseases and has traditionally been described as a disease
attributed to a stepwiseccumulation of mutations in key oncogenes and tumour
suppressorsTumours are now known to be dynamically evolving entities both
genetically andepigenetically[1]. Primary and metastatic tumours are generally
described as heterogenepm®aning they contain distinct cell populations with differing
heritable alterations. Cell populations within thésterogeneous tumours can display
remarkable variability with distinct characteristics such as cellular morphology,
metabolic activity, motility, proliferation rate, antigen expression, drug response and
metastatic potentigP, 3]. Within the description of tumour heterogeneity existsan
tumour heterogeneity which specifically refers to heterogeneity within a tumour and
inter-tumour heterogeneity which refers to heterogeneity in severatatifftumourg1],

both types arélustrated inFigurel.1-1 below.

Subclone 1

Intertumour heterogeneity Intratumour heterogeneity

Intercellular genetic
and non-genetic heterogeneity

Subclone 2

Clonal heterogeneity

Figure 1.1-1:- Tumour heterogeneity in cancer.

Subclones may intermingle (as shown by subclones 1 and 2) or be spatially separated (as shown
by subclone 3). Tumour subclones may show differential gene expression due to both genetic and
epigenetic heterogeneity. Within a subabpopulation of tumour cellsshown here as a tumour
section, hybridized to two fluorescent probes for the centromeres of two chromosomes
(chromosome 2, red; chromosome 18, green) with DNA (blue) there is intEncghunetic and
nongenetic variation of, for example, chromosome copy number, somatic point mutations or
epigenetic modifications thag¢sultin phenotypic diversity. Intercellular genetic heterogeneity is
exacerbated by genomic instability, and may fodte emergence of tumour subclones. Genomic
instability and tumour subclonal architecture may vary further over time if influengefbroy
example, cancer treatmd#i.



There are two known moddknding toheterogeneity in cancethe cancer stem cell

model and the clonal evolution modBlbth models are illustrated Figurel.2-1.

1.2 The Cancer stem cell model

The cancer stem cell model is not a new idea @aderally assumes hierarchical
organisation within the tumour. It suggests that a subset of cells with stem cell properties
drive tumour initiation and progression, cancer stem cells (CSCs). CSCs have been
defined by the American association for
tumour that possesses the capacity teregléew and to cause heterogeneous lineages of
cancere|l | s t hat c o rfbp/t. A mnabertotcell surfacenqmotemohave been
designated ammarkerof CSCs some of which include CD166, CD133, CD44 (EpCAM)

and CD2718].

1.2.1 The clonal evolution model
The Clonal Evolution modeduggestghat premalignant or maligimt cell populations
accumulaterarious hereditary changes over time that may confer certain advantages or
disadvantages onto the cell. This model is subjected to natural selection. Cargisogene
is initiated by the accumulation of several mutations in a single cell and is driven by the
emergence of further genetic and epigenetic alterations that coofer aggressive,

invasive and potentially drug resistant phenotypés

A. Clonal evolution B. Cancer stem cell
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Figure 1.2-1:- Suggested models of heterogeneity in cancer.
(A) The clonal evolution model: cells are subjectethwDarwinianevolutional trajectory. (B)
The Cancer stem cell model: cells have the abilignafnlimited numbepf divisions.



1.2.2 Sources of heterogeneity
Intratumour heterogeneity can be observed at many different levels and may be
attributable to a number of different fact¢®@$. Varying degrees of clonal heterogeneity
may arise as a result of selective outgrowithroy given clone. Subclones may continue
to expand and evolve in a sequential linear fashion, or else they may continue to diverge,
following a branched evolutionary trajectdd0, 11} Diverse phenotypes can arise as a
result of extrinsic factors such as pH, hypoxia and paracrine signalling interactions with
stroma and other cells. These factors generate phenotypic diversity through modulation
of cellular signalling, but also act as seleatpressures supportirtige clonal expansion

of cells that proliferate efficiently in a particular mieeavironmen{12].

Genetic instability, a feature in a high proportion of solid tumours, generates a high level
of intercellular genetic heterogeneity and has been linked with both drug resistance and
poor prognosis in cancer. For normal cells in tissues, the goal is to accurately duplicate
the genome and evenly divide up the duplicated genome into two daughgeifdbis

does not happererrors (such as amplifications, mutations, deletion, chromosome
rearrangementstc) will be passed ono the next generation of cells. This can have
profound effects on the normal function of the cells (e.g. control of ceth)dddormal

cells control these errors, by preventing DNA replication until any genetic damage has
been prepared. Certain genes are responsible for this, sti€&b3swhich encoded the
checkpoint protein p53 and functions as a tumour suppressor. TP58 gentated in
approximately 70% lung tumours, 50% of these are NS, @3, 14] Regulation of

such proteinshelps protect the cell against tumorigenesis, which fieatively the

accumulation of genetic alterations.

Epigenetic, transcriptomic and proteomic heterogeneity may arise due to underlying
genotypicvariationbut can also reflect cell cycle stage and stochastic variation between
cells or hierarchical orgaraion of cells according to the cancer stem thé4fyyThere

are a number of routes through which a tumoelt may acquire drug resistance:
upregulation of drug efflux pumps, drugs may be inactivated or metatbatigshe cell,

or the drug may not be efficiently taken up by the cells. However, it is possible that
resistance may be pexisting in minor subpopulations of heterogeneous tumours. In the
context of EGFR, mutations in its ATP binding sequence (T790M¢ baen reported

[15].

However, the existence of geireind epigenetic differences in differezdancer cells

within tumours may explain why some tumour cells remain present after cancer treatment.
4



Since genetic inshality plays important roles in both cancer initiation and progression,

it is hugely important to consider genetic instability during treatment regimens as it may
ultimately be responsible for patient relapse. It is possible teanital treatment may
selectout more aggressive or drug resistant cells which might be more ditficiitat

potentiallyresulting ina poorer patient prognosj46].

Clonal heterogeneity of celis tumourshas the potential foroducemany different types

of tumours Cells within the tumours may have certain characteristics which allow them
to evolve down a number of different trajectories which may result varying genetic and
phenotypic characteristics. Some of these charaitsrisay confer the ability of cells to
evade therapeutic treatments leadinghe developmentof tumours which are more
resistant to therapyeterogeneitypresens hugechallengedor clinicians in classifying

the disease anmtbnsidering the most effeee treatment for patien{a 7].



1.3 Lung Cancer

Lung cancer is beterogeneous group of lesions with differences in clinical presentation,
pathological features and biological behavidung cancelaccounts for about 27% of

all cancer related deaths and is by far the leading cause of cancer death in both men and
women[18]. The American Cancer Society has estimated that there will be apateky

221,200 new casesf cancer in 201of which 158,040 as a result of lung cancer
(www.cancer.ory) In Ireland, between 2011 and 2013 an average of 2,279 lung cancer
cases was diagnosed, 1,005 were females and 1,274 were mwvamsngri.ie).
Traditionally, lung cancer had been most common in men. However, it is nearly as
common in women due to an increase in the number of women taking up smoking.
Statistics folung cancer in Europmr 2012 show that Huragy has the highest overall
incidence in both men and women (51.6 cases per 100,000). For Ireland during the period
between 1994 to 2013 lung cancer has been decreasing in men from 71 to 54 cases per
100,000, but increasing in women from 26 to 41 cased@@000. According to the
National Cancer Registry IrelarflCRI), these trends are comparable to those seen in
other northern and western European couniti@k While, according to the world health
organisation, he lowest incidence of lung cancer is eastern, middle and western Africa
(1.7- 2.0 cases per 100,000).

Ireland is currently ranked $1in the world for deaths related to lung cancer with 27.67
deaths per 100,000, irrespective of s€Re net Byear survival of patients with lung
cancer in Ireland has been steadily increasing from 9.3% between 1994 and 1999 to
15.3% between 2008 to 2012 (www.ncri.ie). Similarly, the rates in the UK have also been
increasing from 4.6% between 1971 and729to 9.7% in 2010to 2011
(www.cancerresearchuk.orghlowever, éta from the National Cancer InstitufedCl)

also show that there is an increase in the number of people survivingeto &urvival,

for patients diagnosed betwe&8751977 the rate was 126 compared to 18.7% in
20062012 irrespective of sex and race. Overall, Ireland is performing well when it comes
to patients with lung cancer with the increases in tyeds survival rates potentially
owing to improvements in lung cancer awareness, esarg and treatments
(www.hse.i@. However, sirvival is dependent on the relative staging and time of
diagnosis. In England and Wales, statistics presented by cancer research UK indicate that
the oneyear survival rate fopatients was 71% with stage |, 48% for stage I, 35% for

stage Il and 14% for stage IV. The survival rates drop dramatically after this period; 35%


http://www.cancer.org/
http://www.ncri.ie/
http://www.hse.ie/

for stage I, 21% for stage Il and 6% for stage Ill. Therefore, further improvements in

screening and tre@eent in order to improve patient outcome and survival.

1.3.1 Risk factors associated withLung Cancer
There are a number of different risk factors associated with developing lung cancer.
Smoking cigarettearethe main risk factor attributing to someone deveigpung cancer
over the course of their lif&moking and exposure to secemahd smokéavelong been
accepted as the primary cause of lung cancer, accounting-@5%6of cases in the UK
andlreland each yeawww.cancerresearchuk.grgVNith an estimated cost to the Irish
public healthcare system of 04506 million
major public health concern. Smoking is not the only risk factor, others include exposure
to radiaton (including radiation therapy, radon gas), exposure to asbestos, chromium,
arsenic, soot or tar, exposure to environmental pollutants, poagjklyetic susceptibility

and ae is also considered a risk factor many cancers, including lung cancer.

1.3.2 Tobacco control initiatives
It is well established that smoking is the major cause of lung cancer in Ireland and indeed
worldwide and is, therefore,one of the most preventable cancefsbacco control
measures are required tmmpletely eliminate smokingfrom society and increase
smoking cessation among smokers. Ireland has led the way with a number of initiatives
with a view to Ireland being tobacco free by 2025. Some of those initiatives include;
introducing standardised plain packaging of cigaretteseasing the price of cigarettes
through taxationprotecting people from seco#dind smokemaking it illegal to smoke
in cars where children are present, introduction of the workplace smokingrfarcing
bans on advertising, promotion and sponsorsinig helpingpeoplewho want to quit
(http://www.hse.ie/eng/about/Who/TobaccoControl/TC8imilar initiatives introduced
in United states have markedly decreased smoking rates and tbhermaintung cancer
occurrencg19] and it is hoped thdahrough these programs that Ireland will see similar

reductions irtheuptakeof smoking and lung cancer diagnosis.


http://www.cancerresearchuk.org/
http://www.hse.ie/eng/about/Who/TobaccoControl/TCP/

1.4 Lung Cancer Classification
Lung cancecan be histologically classified into two main groupsnsmall cell lung
cancer (NSCLC) andmall cell lung cancer (SCLQ20, 21]

1.4.1 Non-Small Cell Lung Cancer

NSCLC accounts foapproximately 80% of lung cancers asdubdivided into 3 main

subtypes{i) adenocarcinoma (AD), (ii) squamous cell carcinoma (SCC) ig@hdafge

cell carcinoma (LCC).

i. Adenocarcinoma is the most common form of lung cancer, accounting for
approximatelyd0% of casedt develops from mucus making cells in the lining of
the airways and is often found in the outer, or peripheral, areas of the lungs. One of
the subtypes of adenocarcinoma is bronchioloalveolar carciiBm@) and have
been associated with ndl® aged women. While smoking remains an important
factor for most lung cancerBAC is postulated to develop fronrgviously scarred
tissue such asflammation or scar tissue as a result of tubercu[@2s23]

ii.  Squamous cell carcinomaccounts fo25% to 30% of lung cancers. These cancers
start in early versions of squamous cells, which are flat cells that line the inside of
the airways in the lungs. They are often linked to a history of smgaind tend to be
found in the middle of the lungs, near a bronchus.

iii. Large cell carcinomaaccounts for 1415% of lung cancer and can appear anywhere
in the lung. Treatment of this type of lung cancer can be challenging as it tends to
grow and spread quibk Large cell neuroendocrine carcinoma is a subtype; it is
similar to small cell lung cancer.

iv. Mesotheliomais also a subtype of NSCLC but is a much rarer type of cancer that
affects the covering of the lung (the pleurB)agnosis of mesthelioma can be
difficult and caused by exposure to asbestasich isan occupational risk in some
professions[24, 25]

Genetic landscape of NSCLC

Lung cancer genomes and signalling pathways have futdigred NSCLCs as a group

of distinct diseases with genetic and cellular heterogeneity. Modern treatment strategies
focus on the pathological classification of NSCLC, including the assessment of protein
expression by immunohistochemistry to assess cédrdiftiation markers such as TIF1

and p63. A onmber of drugs haveow been identified to specifically target molecular
pathways that lead to lung cancer. Some of the most common genetic alterations targeted
in NSCLC includeBRAF, EGFR, ALK, ROS1, RET, MEAGFR], PTEN and PIK
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oncogene and their prevalence, among others, in NSCLC are illustr&gpiie1.4-1.
Activating EGFR mutations were the first biomarkers to discriminate a molecular
subpopulation in NSCLC patients. Patients with activating EGFR mutations then to show
good prognostic value drbenefit from treatment with EGFR tyrosine kinase inhibitors
[26]

Smal molecule inhibitors that target theyrosine kinase activity of EGFRnclude
erlotinib and gefitinib, were the first teebmade clinically avadlble.Tablel1.4-1 indicates
the current numbeof targeted therapies available for treatmentofy adenocarcinoma
[20] some of which may prove to be importaag the geetic landscape of NSCLC
evolves A study indicated differences mutations identified in never smokeEEGFR
mutations andROSlandALK fusions) and smoker&KRAS TP53 BRAF, JAK2 JAKYJ),

indicating that the genomic landscape is markedly distinct in these two ¢g3ijps

PD-L1 is a checkpoint protein in cells calledc€lls. s interaction with PEL andthe

B7.1 receptor on activated T cells plays an important role in tumour evasion of the host
immune systeni28]. PD-L1 was a significant poor prognostic factor in a 5 year follow

up with patients with NSCLC, with PD1 positve patients having a poorerygar
overall survival than PL1 negative patients. A numer ofMAb based immune therapies
targeting either PEL or PDL1 can boost the immune response against cancerarells
have shown great promise, Pembrolizumab arndIiNmab. There are othBtAbs being

used for the treatment of ICRC; Bevacizumab (Avastin) andaRucirumab (Cyramza),

they are humanised monoclonal antibodies used to treat advanced N@@itChoth

target vascular endothelial growth factor (VEGE), 30]
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Figure 1.4-1:- Evolving genomic classification of NSCLC
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Target Prevalence (%) Therapeutic agents
EGFR Asians ~40%; Erlotinib, Gefitinib, Afatinib
Caucasians ~10
ALK <5 Crizotinib
Her2 <3 Afatinib, Neratinib, Cacomitinib
PIK3CA <5 GDC-0941, XL-147, BKM120
BRAF <5 Vemurafenib, GSK2118436
MEK <1l AZD6244
ROS1 ~1 Crizotinib
RET ~2 Sunitinib, Sorafenib, VandetanibaBozantinib
— et Onartuzumab, Rilotumumab, Cabozantinib
Tivantinib, Crizotinib
FGFR1 ~3 AZD4547, S49076, Ponatinib rBanib
PTEN <10 Vandetanib
PD-1/PD-L1 ~30 Nivolumab, MPDL3280A
NaPi2b ~70 DNIBO600A (early development)

Table 1.4-1:- Current molecular targets and treatments for adenocarcinoma.

Anaplastic lymphoma kinasALK); Epidermal Gowth Factor Rceptor(EGFR), Fibroblast
Growth Factor Rceptor 1(FGFR1) Interaction of Programmed Deatligand 1 (PD-L1),
Phosphatidylinositol &kinase, catalytic subunit alpli@lIK3CA) [20].
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1.4.2 Small Cell Lung Cancer

Small cell lung canceiSCLC) is the lung neoplasia with the poorest outcome, due to its
high metastatic potential and chemesistant phenotypapon relapselt accounts for
15% to 20% of all lung canceend exhibits rapid growth, aggressivehaviour and a
tendency for early metastasis to distant 4i8d$. SCLC occursexclusively in smokets
espeially heavy smokers bug alsocommon in former smokef82]. If left untreated,

the aggressive nature of SCLC usually results in the death of patients withmoBths
[20].

A feature of the cells in SCLC is the dense neurosecretory granules, which give this
tumour type an endocrine/paraneoplastic syndrome association. These neurosecretory
granules are believed to contain a variety of secretory products (including neurasmdocri
hormones), cell surface antigens and enzy3@k Incidence rates have increased more
rapidly in women than meepending on the presence of metastasis diagnosis of SCLC

is described adimited stage or extensivetage disease. Sixty to seventy peraoant
patientshave extensivedisease (which cannot be targeted within a single radiation
therapy field) at presentation. Late stage disease cannot usually be targeted with single

field radiation therapy

Although SCLCis a highly aggressive form of lung cancer it is responsive to
chemotherapy and radiation, improving bqttality of life and survival duration. Despite

this good response to chemotherapy, patients with S@L@llyrelapse within one to

two years. Patients who experience a relapse tend to be more resistant to subsequent
therapiesat which point different types ofhemotherapies can be considetedcelp

relieve symptoms and generally offer only a modest improveoientrvival. A number

of platinum based agents may be administered to patients at this point including;
topotecan, cyclophosphamide and doxorubi84]. Combination therapies for the
treatment of relapsed SCLC leleen inveggated involvingplatinumbased agent@snd
etoposide, vincristine, paclitaxel amotecan, their efficacies did not appear to lghhi

enough compared to other standanpiotecan therapjB5].

Alternative names for SCLC areat cell cancerpat cell carcinomaandsmall cell
undifferentiated carcinom@&6]. SCLC is defined as a tumour with cells that are small in
size, a roundo-fusiform shape, scant cytoplasm, finekagular nuclear chromatin and
absent or inconspicuous nucleoli, nuclear moulding is frequent. Necrosis is frequent and

often extensivg37].
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There are two main types of SCLC;

I. SCLC (pure-SCLC) is primarily a neuroadocrine carcinoma. There are four main
types of lung neuroendocrine tumounrypical carcinoid tumour (low grade
malignancy) aypical carcinoid tumour (medium grade malignancy) large cell
neuroendocrinearcinomaandsmallcell lung cancer(high grademalignancy)[38].

ii. Combined small cell lung carcinoma (eSCLC) is currently the only recognised
subtype of SCLC. It is small cell carcinoma combined with an additional component
consisting of any ndrsmall cell histologictype, including adenearcinoma,
squamous cell carcinoma and large cell neuroendocrine carcinoma. Approximately
30% of small cell lung carcinoma contain a hemall cell lung carcioma
component. Patients wittS€LC have a better overall survivawever they are

believed to hava poorerresponse to chemotheraj3g].

Genetic landscape of SCLC

NSCLC has been widely researched to identify oncogenic drivers responsible for this type
of lung cances. However,researchingoncogenic drivers in SCLC is lagging behind
mainly due to the scarcity of patient material available for research use. Some genomic
studiesto dateindicate high mutation rates in SCLC, possibly linked to mutagens in
tobacco smoke. Loss of fation of TP53 and RB1 tumour suppressors are the most
striking alterations found in SCLC. THé&>53gene encodes a transcription factor which

is activated in response to several forms of cellular stress, including hypoxia and other
anti-proliferative effecs. The presence pb3andHIF-1Uappears to be necessary for the
hypoxiainduced cell death. The importanceT@53gene in SCLC is indicated by its
reported mutation frequency af5 and 90%][40, 41]. Implications for MYC and
phosphatidylinositeB-kinase PI13K) protooncogene have also been identified in SCLC.
MY C are transcriptional activators that contribute to cell cycle progression but have an
association with control of pluripotency, seffnewal and Epithelial to mesenchymal
transition (EMT).PTEN (phosphatase and tension homolog) an inhibitor ofP#3K
pathway was found to be lost in SCLC. Other genetic alterations in SCLC include
mutations INCREBBR EEP300(histone acetyltransferases) avitdL, MLL2 andEZH2
(histone methyltransferases). There are a number of targeted therapies in clinical trials for

thetreatmenbf SCLC some of which are outlined Tiable1.4-2 below:
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Mechanism of
action

Targets

Inducers of
apoptosis

Kinase inhibitors

NE targeting

Anti -
angiogenesis

Immunotherapy

BCL2, BCL-W, BCL-XL, cl-1 AT-101, blimersen

AURKA, CDK, EGFR, FGFR,
IGF1R, KIT, PDGFR, FLTS3,
MET, mTOR, PI3K, PLK1

Ali sertib, Roniciclib,
Erlotinib, Gefitinib

GD2, GD3, NCAM, NTS1 BIW-8962, BEC2,

Lorvotuzumab
Matrix metalloproteinases, BAY12-9566,
VEGFA, VEGFB BevacuzumabAfliberept

Ipilimumab, Nivolumab,

CTLA-4, PD1, TLR Pembrolizumab, MGN1702

Table 1.4-2:- Examples of targeted therajes for SCLC in clinical trials.
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1.5 Heterogeneity in Breast Cancer

Like lung cancer, breast cancer is also a complex and heterogeneous dsease.
cancer ighe secondmost comma cause of cancer related deattrldwide, after lung
cancer and will account for approximately 72,330 deaths in the United $tajetn
Ireland, thdrish Cancer Societguggest that there are 2600 women diagnosed each year
with breast cancer of which approx. 660 women die from the disease
(www.irishcancersociety.)e

Heterogeneity in cancer cell phenotypes and dynamistipky of the tumour
microenvironoment make tumour categorizati@lemanding in relation to therapeutic
responses and disease progression. Molecular profiling and immunohistochemical
expression of ERU, progest er on eificatiendneopt or
atleast five molecular subtypes Luminal Ayrhinal B, HER2, basal and normal. Luminal

A and Luminal B due to their expression of ER nieytreated with hormone therapy
[43]. The histological and thmolecularsubtypesdentified in breast cancareillustrated

in Figure1.5-1 below.

1.5.1 Luminal breast cancers
This group represents the majority of diagnosed breast cancers accounting for
approximately 60% of breast cancer cases. They typically comprise of tumours
expressing estrogen receptor (ERs) and are generally broken down into two main
subtypesLuminal A isER positive, HER2 negative, ¥G7 low, and PR high. Luminal B
(HERZ2 negative) ER positive, HER2 negative, and eithertd high or PR low; Luminal
B-like (HER2 positive) ER positive, HER2 overexpressed or amplified, aryKji and
any PR; HER2 positiveHER?2 overexpressed or amplified, ER and PR absent; and triple
negative- ER and PR absentand HER2 negafid. Two ERs ar e known
and ERD. More than 70% of thedetcapationaBR cer s
status has proved to be successful therapeutic target for treddber8ome of the
standard hormone therapies used to treat luminal breast cancers include tamoxifen
displays antioestrogen activity upon binding which ultimately inhibits the oestrogen
receptor. Aromatase inhibitors (e.g. anastrozole) wipotvent the conversin of
androgens to oestrogens resulting in a reduction in the amount of estrogen available to
the oestrogen receptor. Fulvestrant (also known as Faslodex) prevents dimerization and

nuclear localization by binding to the oestrogen recdgtir
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Figure 1.5-1:- Histological and molecular subtypes in breast cancer.
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1.5.2 Her2+ Breast Cancer
Human epidermal growth factoeceptor 2 ler?2) is a transmembrane protein that
belongs to the ErbB/HER family of tyrosine kinases. The HER2 gene is amplified in up
to 30% of breast cancers leading to an overexpression of HER2 receptor. This type of
breast cancer is generally a morg@gsive disease with higher recurrencesratel a
poorer patient prognosis. Trastuzumab has become the standard treatment for patients
with HER2 positive breast cancer. Patients receiving trastuzumab therapy have shown
improved disease free and overaihgval in a metastatic settingdowever, resistance to
therapy is a problem with the useratiltiple anttHer2 antibodies, dual tyrosine kinase
inhibitors, and antibodyrug conjugates, alone or in combination as some of theoggeth
used to overcome resance[46, 47] One of the newer treatments for HER2+ breast
cancer is an antibody drug conjugate (ADC}YDM1 which was approved by the
European Medicines Agency and the Food and Drug Administration (FDA). It is a
compound developed by conjugation of trastuzumab and a potent maytdesusel
cytotoxic drug (DM1), using a stable thiolinkgd8]. T-DM1 was shown to have
antitumor effects by inhibiting cell division and inducing cell death. It is also very specific

as an ADGshowingminimal effect on norcancerous cellgl9, 50]

1.5.3 Triple Negative Breast Cancer
Heterogeneity also exists inple negative breast cancer (TNBC) one of the subtgpes
breast cancdb1]. Within breast cancer, 120%areTNBC of which 85% are athebasal
phenotype. TNBC are characterised ER"®, PRY® & HER2"'® and are biologically
aggressiveand tend metastasize earli¢s2]. Within TNBC, 6 additional molecular
subtypedave beendentified 2 basalike (BL1 and BL:-2), an immunomodulatory (IM),
a mesenchymal (M), a mesenchymal stié@ (MSL) and a luminal androgen receptor
(LAR) [43]. Despite advances in treatment resistance to conventibeepy and
metastasis remain the major causes of death in patients with TNBC. It is thought that the
onset of metastasis may arise as a result of cells within a tumour with an ability to self
renewal and tumour initiating abilities. These cells are aftrred to as CSCE3].
Currently, there is no targeted therapy available for the treatment of patients with TNBC.
Therefore, TNBC represents a challenge to patients and clinicians due to the poor
prognesis and fewer treatment options. In terms of mana@NBC, there are several
agents being developed including some associatedBGiRR (CetuximabHKrbitux)),
FGFR2 (FGFR inhibitors) in addition to VEGF inhibition, and mTOR (combination of
cisplatin and mTOR inhibitorgb4, 55]
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1.6 Metastatic Process

Patients presenting with lung cancer generally datsolate stage, when metastasis has
already occurred and therefore beyond the realm of treatment by surgery or ragyothera
Ninety percent of deaths from sotgimours can be attributed tioe metastaticspread of

cancer celld56]. Invason andmigration thereforeplay crucial roles in lung cancer
metastasis, which ultimately allothe majority of lung cancers to develop-nticed.

While progress has been made in understanding cancer biology and the process of how
cancer spreads, our understanding of the molecular mechanisms remains poor. Metastasis
is the spread of malignant tumour cells from their primary site to a distant site or

secondary site, via a multistep process known as the metastatic cascade

1.6.1 Epithelial to Mesenchymal Transition
In the 1980s, Elizabeth Hay made initial observations which described epithelial to
mesenchymal phenotypic chasge primitive streak of chick embryosEpithelial to
mesenchymal transiton (EMTWwas i nitially known as A er
t r ansf ois @adllilao mechanism recognised as a central feature of normal
developmenf57, 58]
EMT is a biologi@al process that allows a pola epithelial cell, which normally
interacs with its basement membrane via its basal surface, to undergo multiple
biochemical changes that enable it to assume a mesenchymdiasedtype59]. Cells
with a mesenchymal phenotype have distinctive characteristics including enhanced
migratory and invasive capacity, elevated resistance to apoptosis, greatly increased
production of ECM componentsad in some cases stdike properties. A number of
distinct molecular processes are engaged in order to initiate an EMT and enable it to reach
completion. These include activation of transcription factors,-expression of specific
cell-surface proteinsreorganization and expression of cytoskeletal proteins and
production of ECMdegrading enzymes. The plasticity of EMT is revealed by the
ocaurrence of the reverse process cattegsechymatepithelial transition (MET), which
involves the conversion of menchymal cells to epithelial cellsutlittle is known about
this process.
There are three classes of EMT: Typel (associated with implantation, embryo formation,
and organ development), Type2 (associated with wound healing, tissue regeneration, and
organ fibrosis) and Type3 (associated with tumour growth and cancer progrd&8pn)
One hallmark of EMT is the downregulation or even los&-@tadherin which is an

essential component of adherence junctidigadhemn binds with its extracellular
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domainof an E-cadherinmolecule of the neighbouring epithelial cell which stabilizes
cell-to-cell contacts. IntracellularhE-cadherinbinds tob-catenin,U-catenin and p120
catenin which mediates intracellular signallengd links adherence jutens to the actin
cytoskeletonThe keginning of the metastatic procesdelieved to start with EMTThe

basic process of an EMT is illustratedrigure1.6-1 below.

Epithelial phenotype Intermediate phenotypes Mesenchymal phenotype
as cells transition
TN AR PRI AT o -
i ' ' i ) [ R - =
Epithelial — — G g Masenchymal
cells - - - 7 == - O o p— = cells

-

Progressive loss of epithelial markers
and gain of mesenchymal markers

Figure 1.6-1:- Process of epitheliaimesenchymal transition.

An EMT involves a functional transition of polarized epithelial cell® imobile and ECM
componeritsecreting mesenchymal cells. The epithelial and mesenchymal cell markers
commonly used by EMT researchers are listedild€alization of these two sets of distinct
markers defines an intermediate phenotype of EMT, indicating tbelt have passed only partly
through an EMT.

Primary and secondary microenvironments are known to promote metastasis by gene
products of metastatic cells and/or by direct-cell and paracrine interactions between
cancer cells and stromal cellslowever, very few of the tumour cells raged from a
primary tumour leadb thedevelopmenbf metastasis, therefore the process of metastasis

is said to be highly inefficienf.he main steps involved in the development of metastasis
are illustrated irFigure1.6-2 [60]. However, these steps are briefly described below. To

set up secondary tumours at a distatet, Bimour initiating cells must

1. Dissociate and leave the primary tumour, through loss of expression -cklktell
adhesion molecules such@as d h &e.g.Erc@dberinN-cadherin, selectins (e.qg.
PECAM, ALCAM, LICAM)andi nt e ¢ei g6s U3, U5, U6, Uv

2. Infiltrate the surrounding stroma, invade and migrate through the basement
membrane othe endotheliumof blood or lymphatic vessels using a plethora of
proteases (e.g. MMPs, serine proteases, cathepsin D, cysteine cathepsin).

3. Enterinto the bloodstream by a process of intravasation, cells survive in the
bloodstream by evading apoptosis (and ancikistachment mediated apoptdsis

and elements of the immune system (macrophages, neutrophils).
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4. By a process of extravasation, cells mingn leave the vasculature, invade local
stroma and develop their own microenvironment. Newly formed tunreqgrsre
an oxygen supply, sthe developmentf new blood vessels is stimulated through
angiogenesis (e.g. VEGF, FDGBL, 62]

a Primary tumour b Proliferation/ ¢ Detachment/ d Embolism/circulation
angiogenesis invasion

Lymphatics,

venules,
capillaries Interaction with platelets,
lymphocytes and other
blood components
e Extravasation Adherence to Arrest in organs Transport

vessel wall

Establishment of 2 | Proliferaticn/
microenvironment angiogenesis

Nature Reviews | Cancer

Figure 1.6-2;- The main steps involved in the formation of metastases

Disseminated metastatic tumour cells present in these organs often undergo a period of
dormancy, whereby cells (and tumours) can remain asymptomatic for Peansancy

is becoming a recognised step in cancer progression as it may lgefdomation of
tumours years later. Clinical dormancy is frequently observed in many types of tumours
such as Ecell lymphoma, melanoma, breast cancer and prostate d@&3¢eifumours

which areclinically dormanttypically show no signs of active disease and are said to be

asymptomatic tumours

Dormant cells may be the source of disease recurréarece dormancy is poorly
understood buthere are mechanisms that can potentiedglain this characteristic of
tumours[64]. Tumour cells might exhibit a slowdown ihe proliferationof the tumour
cell population, this is known as tumour mass dormancy. In this mechanism, tumour cells
are usually dividing but due to limitations blood supply (or presence of an active
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immunesystem) the tumour does not expand beyond a certain size. Other mechanisms
of tumour dormancy result in the arrest of tumour cell growth, this is known as tumour
cell dormancy or cellular dormancy. During tlyge of dormancy, tumour cells may
enter a state of quiescence or senesdéac&6] Senescence is said to be an irreversible
state of cellular growth arrest, while quiescent cellsrmia state ofresband can resume

growth when more favourable environmental conditiamnse[67].

Cellular dormancy appears to be an active process that eativegedthrough a variety

of signalling mechanisms that ultimately downregulate the RAS/MAPK and PI(3)K/AKT
pathways. Cancer cells rely on these pathways for their growth and su68y.arhese
pathways are the subject afitensive research in human canc@9, 70] Other
mechanisms may also play a role in tumour dormancy; including genetic and epigenetic
changes, cancer stem cells, tumour microenvironment, epithedsgnchymal transition

and norcoding RNA manipulatiof63].
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1.7 Development of animal models to study heterogeneity

Traditionally, the mechanisms of cancer invasion and metastasis have been investigated
in vitro, through the use of human tumour derived cell limegaluableinformationcan

be gained from cell line based studieswever it does not represent the tumour
environmen{71]. While animal models do no¢present the ideal model to study human
cances, they dooffer the best method to studyetgrowth andoehaviour of cancer cells

in vivo[72], butalsoto studythe effect opotential drug treatments xenograft tumours

This is one of the main advantages animal studies have in comparison to cell line based

studies.

Some examples of animal used for research include; mice, hamsters, rats, rabbits,
zebrafish,Mouse models more than any other model system hawautionisedour

ability to study gene function vivoand to understand the molecular mechagignving

cancer. There are several advantages when choosing mice as a model to study cancer,
they are; (j smallin size(ii) inexpensive to matain, (iii) produceapidly andhave large

litters; and(v) are amenable to genetic manipulatjé8]. Genetically engineered mouse
models (GEMMs) have enabled numerous studfesonsmaltcell-lung cancer that

woul dndt nor mal pagentimagerighossi bl e usi ng

There are a number of criteria which shibbe considered when choosing genetically
engineered micdGEM) to study human tumours; (1) the mice must carry the same
mutation that occurs in human tumours; (2) mutations should be engineered within the
endogenous locus, and not expressed as a transgene (a transgene is a gene/genetic materie
that has been transferred from one organism to another either naturally grdgnatic
engineering techniques); (3) mutated genes should be silent during embryogenesis and
early postnatal development, (4) Mutations should be within the specific target tissues in
selected cell types and (5) mutations must occur in a limited nurhtelio Reproducing

the tumour microenvironment is difficult to achieve in th@souse modeldfut should

also be considered his will help us to understand the interactions of tumour cells and
cells of the tumour microenvironment, but also the impachiofoenvironment has on

tumour progressiofv4].

The discovery of thérkdc® (protein kinase, DNA activated, catalytic polypeptide)
mutation wane of the turning points for animal based researhls mutation was first
identified by Bosmaet al., in BALB/c-Igh® (CB-17/Icr) mice[75] and it results in the
absence dPrkdcexpression. Animal models are widely used to study cancer, and decades

of breeding led tdhe identification and developmeat numerous strains for use by
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resarchers. Nude and SCID (Severentbinedlmmune [eficient) mice are immune
compromised, by their inability to generate enough T lymphocytes, in the case of nudes
for the inability to prodce any B or T lymphocytes, which are vital in mounting an
immune responsig’6]. This is due to the absenceRikdc expression that results in the

failure of the VDJ (Variable, Diversity, Joining) rearrangement of lynogteoantigen

receptor genedVhen considering Nude or SCID mice for animal studies, due to their
immune deficient status they should be housed in sterile environmevits@ements free

from pathoges). A phenomenorknownas fAl eaki nesso, was o0bs
bearing the SCID mutation which resultedtive developmenof functional T and B
lymphocyteq75]. However, leakinessasmainly observed in aging mice that housed in

non-sterle environments (www.thejax.org).

Genetically engineered mouse models (GEMMs) have enabled numerous studies of non
smallcel-l ung cancer that woul dpalehtmatepat.Tinesé | vy b
immune alterations also allow foreign cancer cellgrow and develop in the xenograft
models. Many studies have been carried outnt@stigate the factors involved in
malignant transformation, invasion and metastasis, as well as to examiasponsdo

therapy. GEMMs for the most common driver mutations in NSCLC have been generated
e.g. KRASand EGFR (epidermal growth factor receptgfj7]. Some of these mouse
models have been developed to study various canadusling colon cancdi78], renal

adenocarcinomp/9], Prostate cancg¢80] and lung cancgBl, 82]

1.7.1 KRASG®'?P mouse model
KRAS (also known as Ki-ras2 Kirsten rat sarcomas) a guanine nucleotide transferase
that can link cell surface receptors to intracellular signalling pathways including kinase
cascades such as the MARI&thway, lipid kinases such as phosphoinositidéndse
(PI13K), and other small molecular weight GTPases including Ral, Rac, antKRAS.
is known to regulatea number of processes such as cell proliferation, survival,
differentiation, migration, and eséicellular communicatiorit is an oncogene in approx.
30% of human cancers, including the majority of lung adenocarcinomas, but are
uncommon in lung squamous carcinomas. Mutational activation of KRAS generally
results in aggressive cancers, which confergr prognosis on patients harbouring the
mutation. Patients with the KRASutationgenerally show a poaesponse to current
therapie$83]. A number of attempts tiarget KRAS activity, but all@pear to have failed
clinically, for thisreasonKRAS has been considereddmggablg84].
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Mousemodelshavebeen developed to investigate the growth of tumours harbouring the
KRAS mutationOne example ishe conditional oncogenic KRAS?P mouse model has
been used to elucidate the steps from early to late tumorigenesig, tovthe temporal
controls itaffords, and it is easy to combine with mice bearing conditional null alleles for
other genes of interestn Ithese mice, RAS®?P tumours only reach a full
adenocarcinoma stage with a very long latency bIRAS?C-expression and
transformation related protein 53 (Trp&8)Il (p53) tumours are more advanced and
show a decreased response to certain treatmatggit's when compared tdRIASEL2P

tumours[85-87].
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1.8  Characteristics of DLKP and its clonal subpopulations

It is well established that primary and metastatic tumours are heterogeneous in nature and
are home to subpopulations of cancer cells that differ in their genetic, phenotypic and
behaviour characteristics. Two theories have been described to explaitablislamnent

and maintenance of tumour heterogeneity; the cancer stem cell (CSC) theory and the
clonal evolution/selection model. Both had been thought to be exclusive from each other,
howeverthe processes are now believed to be potentially complemedttarogeneity

in tumours has its implications for the approach taken to personalised medicine as it can
limit therapeutic efficacy, lead to resistance to therapies, impact the strategy taken for
tumour biopsies and also interfere with the regimes asedcwith treatment planning
[88-90].

1.8.1 History of DLKP
DLKP is a human lung cancer cell line which was establishedrberaldine Grant.
The DLKP cell line was established from lymph node metastasis of a primary lung tumour
which was initially described as a O6poor
tumour was takerirom a 52year old patient who was believed have smoked 40
cigarettes per day for most of his adult life. The karyotyp®IoKP was previously
determined [91] to consist of a hyperdiploid subpopulation (65% of cells with 56
chromosomes) and hypertetraploid sumation (35% of cells with 9815

chromosomes).

DLKP was found to contain at least three morphologically distinct subpopulations,
DLKPSQ, DLKPI and DLKPM. DLKPSQ resembled a squamous like morphology, with
distinct cell boundaries and a cobble stone appe®. DLKPM resembled mesenchymal
appearance with a fibroblalke morphology, while DLKPI grew in tightly packed
colonies with indistinct cell boundaridsigurel.8-1). The karyotype of the DLKP clones
was also established; examination of the chromosome distribution found that DLKPM
was near diploid having between-58 chromosomes in 60% of its population avek
therefore the most homogenous. DLKPI was near tetraploid with 36% of its population
containing 9699 chromosomes and the remaining population containing 180
chromosoms. DLKPSQ was found to contain 3 large chromosomal populations with 90
99, 100110, and 89 ciromosomes. The morphological diversity seemed to be
reflected in their respective chromosonmeimbers however, the chromosomal
distribution of the clones was not substantially found in the parental popU@2io®3]
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The ratio of clones present within the DLKP parental cell line seems to be tightly
controlled through a model of interconversion proposquterious studies performed by
McBride, 1995 The model proposed that DLKPSQ may interconweth DLKPI and

DLKPI may interconvert with DLKPM. However, interconversion was not observed
between DLKPSQ and DLKPM. It was therefore suggested that DLKPI resembled a
potential stem celike population in DLKP with its ability to interconvert and ginise

to both DLKPSQ and DLKPMike cells.

A core property of a stem cell is one with a geliewal capacity. These initial studies
also indicated that DLKP should be classified as either a variant small cell lung carcinoma
or nonsmall cell lung carcinom with neuroendocrine differentiation. Keratins are the
first intermediate filament proteins detectable during foetal development and are among
the most differentiatiorspecific proteins synthesidin epithelial cells. DLKP contains
neurofilament and vinrdin markers, but no keratin proteins were detected during early
Immunohistochemical analysis. BrdU is a thymidine analogue capable of inducing
epitheloid morphology and altering expression of neuroendocrine markers in SCC. Upon
treatment with BrdU kerati® andkeratin 18 appeared to be synthesised, and it was
postulated that a posttranslational block on keratin can be reversed using agents such as
BrdU [94].

DLKPSQ

FRw ?

DLKPM

s .;' P i f}v""‘~"’

Figure 1.8-1:- Growth and invasion characteristics of the DLKP clones in vitro.
Morphology of DLKP clones on plastic (A, C and E) and visual analysis of the level of invasion
of the DLKP clones (B, D and)Koriginal magnification = 100x%, scale bare0).
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In addition, later studies carried out on DLKP and its clones indicated that they displayed
differences in the levels ah vitro invasion (Figure 1.8-1), migration and anoikis
resistance The DLKPSQ clone displays a poor invasive and migratory capacity, is
anoikis resistant and displays Idewvel expression of integri v The DLKPM clone
displays a high invasive and migratory capacity but is ano#éasigve. DLKPI clone
displaysanintermediate level of invasive and migratory capacity, with an intermediate
ability to resist anoiki$95]. Both DLKPI and DLKPM display high adherence capacity
to bind fibronectinand vitronectin, potentially explained by its increasepression of
integrinU v There was also differences in expression of matralloproteinases
(MMPs) which appear to correlate the invasive profile of the cldfégure 1.8-1).
DLKPSQ was previously found to express MMP2 and MMP10 at low levels, while
MMP2 is expressed in DLKPI and MMP2 is expressed in DLKBH 96}

The DLKP parental cell line was previously used as a model to investigate the mechanism
of resistance to adriamyadimvitro. Adriamycin is a drug commonly used to treat a variety

of malignancies including lung anddast cancer. A proteomic comparison between
DLKP parentalvs. DLKPA (adriamycin resistant variant) identified 80 differentially
regulated proteins including NDPK, RPA2, CCT2, HSP70 and Annexin. Many of the
other proteins identified correlated with known targets of adriamycin resistance including

DNA damage repair,mptosis and RO®7].

Previous attempts were made to identify specific markers for the DLKP clones, for which
immunocytochemical methods were employé@tiese methods were qualitatiaad
therefore did not allow fothe quantitative analysis @xpressed proteins. To date, no
markers have emerged that can allow for the differentiation of individual DLKP clones
in DLKP. Ideally, a good marker woultle one that is expressed in 1 or 2 of the clones,
but not in all 3 cloneuantitativeproteomic analysis could allow for the identification

of proteins that are differentially expressed between the clonal variants and could
potentially act as markers for the clon@é¢so, identification of such protein markers
could provide he means to study the model of interconversion between the clones, as
well as their potential involvement in cell invasion and migration. Identification of
markers specific to the DLKP clones is also hugely important in the context of tumour
heterogeneitpecause if cells within a givéamourhave the ability to regenerate through

a model of interconversion this could have implications for the effectiveness of
treatments, (i.e. leading to renewed tumour growth after cessation of therapy). Therefore,

any markers identified to differentiate each of the clonal subpopulations in DLKP, with
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further investigationcould have the potential to be used in the development of more
targeted or combination therapies allowiiog more personalisetteatment of patients
with lung cancerThe phenotypic differencelisplayedwithin theDLKP cell line model
presentsan opportunity to explore both differences in expression of potentially

biologically relevant proteins but also is a unique modelineestigate tumour
heterogeneity in lung cancer.
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1.9 Aims of Thesis
The aims of this thesis are as follows:

1.

To isolate and identify membrane associated proteins from DLKP, DLKPSQ, DLKPI
and DLKPM and to carry out proteomic profiling to identify differentiagkpressed
proteins that could be used as potential markers of the individual clones, but also to

identify potentially novel proteins associated with lung cancer.

To investigate the functional roles {itro) of selected proteins in lung cancer, using

SiRNA silencing.

To examine the expssion of selected proteine human tumours and in
representative cell lines (lung, pancreatic and breast canasisy, Western blot

analysis and immunohistochemistry

To investigate the growth and potential tumour depelent of DLKP, DLKPSQ,
DLKPI and DLKPMin vivo, using SCID mice.

To investigate the expression of established markers associated with cancer
progressionificluding;Ki-67, CD31, Ecadherin and Madherin) and the expression
of the candidatgrotein markes in explanted tumour cells and xenograft tissues,

from thein vivo study.
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Chapter 2 MATERIALS AND METHODS
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2.1 Celllines and cell culture

All cell culture work was carried out classll laminar airflow cabines (NUAIR). Before

and after use the laminar flavabinet was cleaned with 70% industrial methylated spirits
(IMS). Any items brought into the cabinet were also swabbed down with IMS. At any
time onlyone cell line was used in the laminar floabinet and uporoenpletion of work

with any given cell line, 13nins clearance was given to eliminate any possibilities of
crosscontamination between the various cell lines. The cabinet was cleaned routinely
with Virkon (Antech International, P0O550) and IMS. Details peitay to the cell lines
used for the experiments are provided in Tablel2 All cells were incubated at 3¢

and where required, in an atmosphere of 5% .2l lines were maintained in their
appr@riate complete mediurfTable2.1-1) andsubcultured, as per secti@ril.], every

2-3 days or as required in order to maintain active cell growth.

2.1.1 Sub-culturing of adherent cell lines
Waste cell culture medium was removed from the tissue culture flask and discarded into
a sterile glass bottle. The flask was then rinsed out wBmB trypsidEDTA solution
(0.25% trypsin (Gibco, 0485090), 0.01% w/v EDTA (Sigma, E9884) solution in PBS
(Oxoid, BRI4a)) to ensure the removal of any residual media. Depending on the size of
the flask, 25ml of trypsin was then added to the flask, which was theubiated at 3C,
for approximately Bninsuntil all of the cells detached from the inside surface of the flask
monitored by microscopic observation. Adding an equal volume of complete media
(described inTable2.1-1) to the flask deactivated the trypsin. The cell suspension was
removed from the flask and placedarsterile universal containertégilin, 128A) and
centrifuged( Be c k man , Al | etrifuge) atE1000peKdR 5 miesn The
supernatant was then discarded from the universal and the pellet was suspended gently in
complete medium. A cell count was performed and an aliquot of cells was used to seed a
flask at the required density. All cell wasind media exposed to cells were autoclaved

before disposal.
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Cell line

DLKP parent
DLKPSQ

Details

lung carcinoma
Squamousdike subpopulation

Source

NICB

Complete Media

Human poorly differentiated

DMEM-HAMS-F12,5% FCS

- - 0,
(McBride et al.,1998) cloneof DLKP NICB DMEM-HAMS-F12,5% FCS

Intermediate suPopulation 8
DLKPI cloned from DLKP NICB DMEM-HAMS-F12,5% FCS
DLKPM Mesemhé”ﬂi'g‘e cloneof ' \icg DMEM-HAMS-F12,5% FCS
SQMitox-BCRP-6p | Mitoxantrone selected variantq \;~p DMEM-HAMS-F12,5% FCS

DLKPSQ
DLRP Human poorly (_jlfferentlated NICB DMEM-HAMS-F12,5% FCS
(Law et al.,1992) lung carcinoma

NCI-H69 Small cell lung carcinoma NICB RPMI 1640 10% FCS

NCI-H82 Small cell lung carcinoma NICB RPMI 1640 10% FCS

DMS-53 Small celllung carcinoma NICB RPMI 164Q 10% FCS

NCI-H460 Lung large cell carcinoma NICB RPMI 164Q 10% FCS

. RPMI 164Q 5% FCS, 1mM Na
NCI-H1229 Lung large cell carcinoma NICB Pyruvate
A549 Lung adenocarcinoma NICB DMEM-HAMS- F12, % FCS
. MEM, 5% FCS, 1% NEAA, 1mM

SK-LU-1 Lungadenocarcinoma NICB Na Pyruvate

SK-MES-1 Squamous cell lung carcinomg NICB DMEM-HAMS-F12, 5% FCS

HCC-1937 Triple Negative Breastancer = ATCC RPMI 164Q 10% FCS

HCC1143 Triple Negative Breastancer | ATCC RPMI 164Q5-10% FCS
MDA -MB -468 Triple Negative Breastancer = ATCC RPMI 164Q 10% FCS

0,

CAL-851 Triple Negative Breastancer = ATCC DMEM, 10% FCS, 2mM LGIut,

1mM Na pyruvate

HDQP-1 Triple Negative Breastancer = ATCC DMEM, 10% FCS

. . DMEM, 5-10% FCS, 1% Na

CAL-51 Triple Negative Breastancer | ATCC pyruvate, 2mML-Glut

0,

Hs-578T Triple Negative Breastancer = ATCC A1, 0 ﬁsll:ﬁns gl
MDA -MB-231 Triple Negative Breastancer | ATCC RPMI 164Q 10% FCS
MDA -MB-157 Triple Negative Breastancer = ATCC RPMI 1640,10% FCS

BxPc-1 Pancreas adenocarcinoma = ATCC RPMI 1640 5% FCS, 1mM Na
pyruvate

HPAC Pancreas adenocarcinoma ATCC RPMI 1640,10% FCS

Pancl Pancreas adenocarcinoma | ATCC DMEM, 10% FCS 2mM L-Glut

MiaPaca2 Pancreas adenocarcinoma ECACC DMEM, 5% FCS

) Pancreas adenocarcinoma clol 0
MiaPaca2 clone3 of MiaPaca2 NICB DMEM, 5% FCS
AsPcl Pancreatic ader]ocarqlnoma fro ATCC RPMI 1640 10% FCS
metastatic ascites
Capan-1 Liver metastasis of pancreas \roc pvEM, 209% FCS, 2mM.-Glut
adenocarcinoma

SW480 Dukes o cooegtaé | \ycc RPMI 1640, 10% FCS
adenocarcinoma

SW620 Dukeso type ( \rcc RPMI 1640, 10% FCS
adenocarcinoma

SNB-19 Glioma DSMZ DMEM, 5% FCS

Lox IVMI Human melanoma NICB RPMI 164Q 10% FCS

SK-N-SH Neuroblastoma NICB DMEM-HAMS-F12, 5% FCS

Table 2.1-1:- Description of cell lines used in during this project.

ATCC: - American Type Culture Collection, Rockville, MD, USA

DSMZ: - Deutsche Sammlung von Mikroorganismen und Zellkulturen Gnfldérman
Collection of Microorganisms and Cell Cultures)

ECACC:- European Collection of Animal Cell Cultures, Salisbury, Wiltshire, UK

NICB: - National Institute for Cellular Biotechnology, DCU, Dublin, Ireland
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2.1.2 Sub-culturing of suspension/aggregate cell lines
The cell suspension was removed from the flask and placed in a sterile universal container
and centrifuged at 1000rpm forrbins The supernatant was then discarded from the
universalcontainerand the pellet was-suspended inomplete mediumThe aggregas
were broken up by gently pipetting the suspension up and down using a 10ml pipette.

aliquotof the cell suspensionas used to seed a flask.

2.1.3 Assessment of cell number
Prior to cell counts, cells were prepared for-suliuring as detailed isection2.1.1and
section2.1.2 An aliquot was then applied to the chamber of a glass coverstipsed
haemocytometer. For each of the four grids, cells in the 16 squares were counted. The
average of the four gridgasmultiplied by a factor of 1H(volume of the grid) and the
relevant dilution factor to determine the average cell number per ml in the origihal c
suspension. On this basis, tledl aumber per ml could be calculated. The cell pellet was

then resuspended an appropriate volume to obtain a cell suspension of°t&l&/ml.

2.1.4 Cryopreservation of cells
Cells for cryopreservation were harvested in the log phase of gemabscribed in
section2.1.1andsection2.1.2 Cell pellets werge-suspended in a saible volume of
serum. Arequal volume of a 1020 % DMSQO(Sigma,D2438)serum solution was added
dropwise with mixing, to the cell suspension. el suspension was then aliquoted in
1ml volumes to cryovials (Greiner, 122278) and immediately place2DAE for up to
four hous. After four hoursthe crywials were transferred t80°C for short term storage,
after whichthevials weregraduallytransferred to the liquighase of liquid nitrogefor

long term storage 196°C).

2.1.5 Thawing of cryopreserved cells
A volume of 5ml of fesh growth mediuntontaining serunwas added to a sterile
universal. The cryopreserved cells were removed from the liquid nitrogen and thawed at
37°C quickly. The cells were removed from the vials and transferred to the aliquoted
media (also at 3C). Theresulting cell suspension was centrifuged at 1000rpm for 5
mins The supernatant was removed and the pelstispended in fresh culture medium.
Cell viability of thawed cells was noted. Thawed cells were then added to an appropriately
sized tissue culre flask with a suitable volume of growth medium and allowed to attach
overnight. The following day, flasks were-fied with fresh media to remove any

remaining DMSO and newiable cells.
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2.1.6 Monitoring of sterility of cell culture solutions
Sterility testingwas performed in the case of all cell culture media and cell culture related
solutions. Samples of prepared basal media were incubatetCatod a period of seven
days. This ensured that no bacterial or fungal contamination was present in the media or

the solutions.

2.1.7 Serum batch testing
To prevent batch to batch variation in foetal calf serum (F@®&)h isa common problem
in cell culture a range of FCS batches were screened and the miastiswerechosen
for a block of work (HyClone€®, ThermoFisher ScientificSV30143.03) Screening
involved growing cells in 98vell plates and growth was recorded as a percentage of

growth of a serum with known acceyle growth rate.

More specific screening involved performing invasion assays to detetime effects of
different batche®f serum on the ability oparticularcell lines to invadethrough an
extracellular matrixin vitro. Invasion assays were performed and evaluated as per section
24.1

2.1.8 Indirectmycoplasma analysis of cell lines
Mycoplasma testing was carried ayarterly, using thandirect method Mycoplasma
negative NRK (normal rat kidney fibroblast) cells were useahdisator cells for this
analysis. NRK cells were seeded onto 35mm petri dishes (Sigma) in DMEM
supplemented with 10% FCS. A 1ml volume of conditioned medium (from test cell lines)
was inoculated onto the pettishes containing NRK celland incubated fod days at
37°C in a 5% CQatmospherePrior to inoculationtestcell lines must be in log phase of
growth, passaged a minimum of 3 times, free from antibiaio$ the conditioned
medium collected from cell lingaust be at least 3 days oldells werefixed in Carnoys
Fixative (1 part of glacial acetic acid to 3 parts of methane2@&C) at a ratio of 50:50
Carnoys: PBSA fluorescent Hoechst stain was used in for analysis. The stain binds
specifically to DNA and so stains the nucleus of the celgldition to any mycoplasma
present. Mycoplasma infection was indicated by fluorescent bodies in the cytoplasm of
the NRK cells.The amalysiswas per formed by Michael OO0 D«

Cell lines used throughout this thesis were mycoplasma negativ
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2.2 Proteomic analysis
Proteomic analysis detailed in this thesis was carried out with thexhdlguidancef
Dr. Paul Dowling andMr. Michael Henry.

2.2.1 Cell surface membrane protein Isolation
Isolation of cell surface proteins was carried usthg Cell Surface Isolation kit
(ThermoFisheiScientific 8988). This kit used a biotinylation approach to efficiently
label proteins with accessible lysine residues and sufficient extracellular exposure. The
process uses a cell impermeable, cleavable biotinylegagent to label exposed primary
amines of proteins on the cell surface of éhizells.Biotinylation is a rapid and specific
proces®f covalently attaching biotito a proteinBiotin has a high affiity to streptavidin

and avidin so proteins can bes#arecovered for examination.

DLKP, DLKPSQ, DLKPI and DLKPM cell lines were obtained from NICB culture
collection. Cell lines were maintained in75cn? flasks in DMEM/HamsF12
supplemented with 5% FCS at°87in an atmosphere &% CQ. Cells werecultured

until they wereapproximately 9-95% confluency before treated apdocesseds per
manufacturerés instructions. Triplicate |
isolated from all four cell lines. Briefly, for labelling and lysis, cells evereated using
Sulfo-NHS-SSBiotin on a rocking platform for 30mins at £C, followed bylysis and
multiple sonication steps. To isolate labelled proteims clarified supernatant wadded

to washed NeutrAvidin agarose slurry and incubated fomB® atroom temperature

with end over end mixing on a rotator, after which agarose beads were washed using wash
buffers. Protein elution was performed during a 60 min incubation at room temperature

with end over end mixing using 50 mM DTT in PBS.

2.2.2 In-solution tryptic digestion
Initial preparation of individual protein fractions for H@C/MS analysis was carried out
by buffer exchange overnight by acetone precipitation. Prpedlets were resuspended
in LabelFree buffesolubilisation buffer containing urea, 2 M thiourea, 10 mM Tris,
pH 8.0 in LCMS grade water. Reuspended protein samples were then carefully
vortexed, sonicated and centrifuged to ensure pellets were fully resuspended. For label
free MS analysis, volumes were initially equalised videl free buffer and kept to a
minimum. Protein was rquantified using the Quick Start Bifadd assay kit (BieRad,
5000201) and 5 pg afach sample were reduced for 30 mins 4€56ith 10 mM DTT

in 50 mM ammonium bicarbonate. The samples were dligated for 20 mins in the
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dark with 25 mM iodoacetamide in 50 mM ammonium bicarbonate. A final volume of
0.1% ProteaseMAX (v/v) was added to each fraction and protein digestion was carried
out using sequencingrade trypsin at a ratio of 1:2fprbtease: mtein) overnight at 37C.

Ahead of mass spectrometry, digestion was stopped by addifigoroacetic Acid

(TFA) to a final concentration of 0.5% (v/v). Peptide suspensions were purified using
Pierce C18 Spin ColumngliermoFisher Scientific, 898Y@nd tle resulting peptide
samples were dried through vacuum centrifugation and suspended in 25pl of loading
buffer consisting of 2%acetonitrile (ACN)and 0.05% TFA in LEMS grade water.

Protein suspensions were vortexed and sonicated again to ensure an peRsiGIS

2.2.3 Label-Free Liquid chromatography mass spectrometry Analysis
An Ultimate 3000 nanoLC system (Dionex Corporation, Sunnyvale, CA, USA) coupled
to an LTQ Orbitrap XL mass spectrometer from ThermoFisher Scientific (Dublin,
Ireland) was used for the ma.C-MS/MS analysis of differentially expressed proteins
from cell surface protein preparations of DLKP, SQ, | and M, as previously described.
Digested peptide mixtures @ volume) were loaded onto a C18 trap column (C18
PepMap, 300m id x 5 mm, 5mm particle size, 100 A pore size; Dionex). Desalting was
carried out at a flow rate of 28/min in 0.1% TFA and 2% ACN for 5 min. Theap
column was switched elne with an analytical PepMap C18 column @& id x 500
mm, 3 nm particle, and 100 A pordze; Dionex). Peptides generated from skeletal
muscle proteins were eluted with the following binary gradients: solvent A (2% ACN and
0.1% formic acid in LEMS grade water) and 0%5% solvent B (80% ACN and 0.08%
formic acid in LGMS grade water) for 240imand 25%50% solvent B for a further 60
min. The column flow rate was set to 350 nL/min. Data was acquired with Xcalibur
software, version 2.0.7 (Therisher Scientific). The MS apparatus was operated in
datadependent mode and externally calibratedv®&uMS scans were acquired in the
Orbitrap in the 4001800 m/z range with the resolution set to a value of 30,000 at m/z
400 and lock mass set to 445.120025 u. CID fragmentation was carried out in the linear
ion trap with up to three of the most intenssi (1+, 2+ and 3+) per scawithin 40 s, a
dynamic exclusion window was applied. A normalised collision energy of 35%, an
isolation window of 3 m/z, and one microscan were used to celiéetbletandem mass

spectra.
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2.2.4 Quantitative Profiling of Label -Free LC-MS/MS Analysis
Progenesis labdtee LGMS software version 3.1 from Nddnear Dynamics
(Newcastle upon Tyne, UK) was used to process the raw data generated #dB8/MS
analysis. Data alignment was based on the LC retention time of each sample, allowing
for any driftin retention time given and adjusted retention time for all runs in the analysis.
A reference run was established with the sample run that yielded most features (i.e.,
peptide ions). The retention times of all of the other runs were aligned to this ceferen
run and peak intensities were then normalized. Prior to exporting the MS/MS output files
to MASCOT (www.matrixscience.com) for protein identification, a number of criteria
were employed to filter the data. O00OBi s i
between experimental groups, (ii) mass peaks (features with charge states of +1, +2 and
+3, and (iii) greater than one isotope per peptide. A MASCOT generic file was used for
peptide identification using proteome discoverer 2.0 (ThermoFisher Sicieatiainst
MASCOT (version 2.2) and Sequest HT (SEQUEST HT algorithm, licence
ThermoScientific, registered trademark University of Washington, USA) \aasl
searched against the UniProtk®BvissProt database (downloaded January 2015,
taxonomy: Homo Sapiens)he following search parameters wereedidor protein
identification.(i) peptide mass tolerance set to 20ppm, (ii) fragment mass tolerance set to
0.02 Da, (iv) up to two missed cleavages were allowed, (v) carboxymethylation set as a
fixed modification, (vi) methionine oxidation set as a variable modification. Fer re
importation back into Progenesis i{MIS software, further analysis on only peptides with
ion score set to minimum of 40.00 mibre (from Mascot) and Sequé$t XCorr set to
minimum of >1.9 forsingly charged ions, >2.2 for doubly charged ions and >3.75 for
triply charged ions or more (from SEQUEST HT) were selected. Target FDR for PSMs
and peptide validation, peptide and protein filtering, protein scoring, protein FDR
validation, protein groupg and ProteinCenter annotation was carried out. The
ProteinCenter annotation node retrieves from the ProteinCenter information from Gene
Ontology (GO) database, protein annotations from the Ensembl database and PTM
modifications from the UniProt databasd. protein identifications for each sample were
exported to Microsoft Excgf8, 99]
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2.3 Western blot analysis

2.3.1 Preparation of whole cell lysates
Cells were grown to 8090% confluency in culturlasks (T75cm2 flask), media was
removed, cells were washed 3 x in ice cold PBS and then renf&s@el. (per T75cm
flask) or 1 ml (per T175cAflask) of RIPA lysis buffer (Sigma, R0278) containing 1X
Halt protease/phosphatase inhibitor cocktail (ThermoScieniBi#40) and incubated on
ice for 30minswith regular agitation. Following centrifugation at 16,00(Egpendorf)
for 5minsat 4°C, tle resulting lysate was stored-80°C.

2.3.2 Preparation of membrane proteins
Membrane proteins were isolated from cells using the ProteoExtract Native Membrane
Protein Extraction Kit (Calbiochem, 444810) and used according &t manuf act u
instructions Samples were stored -&0°C.

2.3.3 Preparation of conditioned medium

Cells were seeded (1x1®ells: DLKP andDLKPM, 1.25x1G6cells: DLKPFand
1.5x1Ccells for DLKPSQ in three biological replicates in T175€ftasks anctultured

for 72 hrs omntil 50-60% confuent. Cells were washed3xin serumfree media(SHMV,
DMEM/HamsF12)and incubated in 9% (10 miT175cn? flask) for 60 mirs. After this

time, cells were washed again x 3 InNGR30 mls of SFMwas added to the cells and
incubated fora further 72 hrs. Aftersuch time, conditioned media was collected,
centrifuged for 5 min at 1000 rpm aridi | t er ed t hr cCMgamplds w&e ¢ m f

kept on ice until required atored at AC for no longer than 24&prior to concentration.

To concentrateonditionedmedia,20mls was added to a Vivaspih@oncentratowith a
5kDa molecular weight cut offSartorius,VS0112)andcentrifuged at 4C at4000rpm
(ThermoFishe6cientific 11175774 until the final volume 10 times the original volume

(e.g. 10 mis to 1 ml)The sample was removed ath@n storedn aliquotsat-80°C.
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2.3.4 Protein Quantification
Protein levels were determined using the PferBEA Protein assay kitTlhermoFisher
Scientific 23225) or the QuickStart Bradford protein Assay Kit ¢(Biad, 5000201%s

follows:

2.3.4.1 BCA protein assay

Protein in whole cell preparations (prepared in RIPA buffer), Membrane enriched
samples and CM was quantified using the Pierce BCA Protein Assay Kit (THréshner
Scentific, 23227) as per the manufacturer

2.3.4.2 Bio-Rad protein assay

The Quick Start Bradford assay kit (Biead, 5000201) was used for protein samples
prepared in 2D lysis buffd20 mM Tris, 7 M Urea, 2 M Thiourea, 4% CHAPS, pH 8.5).

A protein standard curve (0, 0.2, 0.4, 0.6, 0.8, 1.0 and 1.5mg/ml) was prepared from the
BSA stock with dilutions made in UHP and stored26PC. A 20 pl volume of protein
standard dilution or sample (diluted 1:4 to lwd)sadded to appropriate weld a 96

well plate. A250 ul of the Bradfordeagent dye was then added to each well and
incubated at room temperature for 5 mins. All samples were assayed in triplicate.
Absorbance was assessed at 570nm. The concentration of the protein samples was
determired from the plot of absorbance at 570nm versus the concentrations of the

standard curve

Protein concentrations obtained using both protein quantifications were adjusted relative
to the dilutions (e.g. If a 1:4 dilution wased to obtain a concentratioh>oug/ml, then

the value for X was multiplied by 4).

2.3.5 Gel Electrophoresis
Protein samples for Western blottingreseparated by SDBAGE gel electrophoresis,
using 412% gradient gelsThermoFisher Scientifid\P0335, NP0321). Approximately
15eg (feoellysatbsiBle g (f or me mb r 20age(for ganditiored n s )
medium)of protein in 4x sample buffer (ThermoFisher Scientific ORE7) was applied
to each well of the polyacrylamide gel. Ftained molecular weight markers
(ThermoFisher Scientidj LC5800) were also loaded onto the gel for the determination
of the molecular weight of the protein samples. Gels were run at 200 volts and 250
milliamps for 1 hour with 1x MOPS, Tris/ Glycine/ SDS running buffiengrmoFisher
Scientific NP0001)500¢ bf antioxidant (NPO005) was then added to the inner chamber
of the Xcell SureLock® minicell (EI0001) electrophoresisggl When the dye front of
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the samples and thenolecular weight markers had reached the end of the gel,

electrophoresis was stopped.

2.3.6 Enhanced Chemiluminescencéetection
Proteins were transferred to Polyvinylidene fluoride (PVDF) membrdiresroFisher
Scientific IB4010:01) using the iBlot transfer systeifhermoFisher ScientifidB1001).
The membrane was blocked with 5% milk pow(Riorad, 1766404 in TBS/Tween (1x
TBS (Sigma, T5912xnd 0.1% Tween20 (Sigma, P13F80ml)) at room temperature
for 2 hours, then incubated overnight at 4°C in primary antibddyplé 2.3-1) diluted
with 0.1 % TBSTween in 5 % milk powder. The membrane was washed three times with
0.5 % TBSTween and then incubated at room temperature with secondary antibody
(Table2.3-1) in 5 % milk powder with 0.5 % TBSween for 1 hour. The membrane was
washed three times with 0.5 % TH3veen followed by one wash with TBS alone.
Following the final wash, membranagere incubated for 5mins with 3 ml (for a full
membrane) of a 50:50 mixture of ECeagent A and ECL reagent(Bmersham, ECL
RPN 2105 or Clarity, BioRad, 170506). Immunoblots were developed using ECL
reagents which facilitated the detection of bound xidese conjugated secondary
antibody.While developments have made in the way which Western blots are developed
such as the use of Chemiluminescence imaging systems (e.g. BioRad Chemidoc imaging
system or ThermoFisher Scientific, MyECL imager), darkrooailifi@s were used for
the duration of this thesis. In the darkroome PVDF membrane were exposed to
Amersham Hyperfil®", Chemiluminescencdilm (GE Healthcare, 28906837) for
various times (from 10 seconds to Bihs depending on the signal). The exposeth
radiographicfilm was developed for between 45 seconds tmids in the developer
(Kodak, LX-24). The film was then transferred to a fixative (Kodak;40¥ for 2mins
The film wasrinsed with water for Zninsand left to dry at room temperatu@nce dry,
the blots were then converted into a digital format ukipgon Perfection photo scanner

4990 and EpsoBcan software version 3.04a.
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Antibody Concentration/Dilution Company

ALCAM 1:1000 Abcam (ab109215)
HDGF 1:1000 Abcam (ab128921)
INA 1:7500 Abcam (ab40758)
Primary IQGAP1 1:1500 Abcam (ab86064)
Antibodies SLIT2 1:1000 Abcam (ab134166)
SPR 1:6000 Abcam (ab157194)
GAPDH 1:2000 R&D Systems
- . . SigmaAldrich
U-tubulin 1:40000 (T9026)
Swine Anti-Rabbit HRP 1/2000 Dako (P0399)
Secondary .+ Anti-Mouse HRP 1/2000 Dako (P0477)
Antibodies
Goat Anti-Rabbit HRP 1/2000 Dako (P0448)

Table 2.3-1:- List of antibodies and the dilutions used inWVestern blot analysis

To control for protein | oading, {dboihs we
or GAPDH for whole cell lysate§ &ble2.3-1). It was more difficult obtain an appropriate
housekeeping antibody against specific proteins in membrane enriched samples and
conditioned medium samples, in tbssea coomassie stain wased to control for equal

loading (see sectioh.3.7).

2.3.7 Staining - Brilliant Blue G colloidal coomassie staining of gels
After electrophoresis, theets containing membrane enriched samples and conditioned
medium samples were placed into a square petri dish (Sigma, Z617679) containing a
solution of Brilliant Blue G colloidal Coomassie. A working solution of 50mls prepared
(32mls of UHP, 8mls of Brilliat Blue G colloidal Coomassie and 10mls of methanol)
and then applied to the gels for at least 2 hours at room temperature on a rotating platform.
After this time the coomassie stain was removed and gels were destained in UHP
overnight with regular change$ UHP.Coomassie stained gels when required were used
to ensure equal protein loading in these sample types.
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2.4 Functional analyses

2.4.1 Invitro invasion assays
Matrigel (BD Biosciences, 354234) was diluted to a working stock of Img/ml in serum
free DMEM.Aliquoted stocks were stored-20°C for up to 1 year. Invasion assays were

performed using the method modified fr¢a®0].

Matrigel was removed from the freezer and allowed to thaw overnigiteat £C. A
volume of 100 ¢ lof matrigel was placed into each insert (BD Biosciences, 353097)
(8. 0em pRéwekformat)ane kept at®C for 24 hours. The insert and the plate
were then incubated for one hour at@7o allow the proteins to polymerise. fl@move
excess matrigel/media, each well was rinsed by gegtaddingl50e bf warmSFMto

each insert containing matrigel. This media was then gently removed, all the time trying
not to disturb the thin layer of matrigel. Cells were harvested asgspended in culture
media containing 5% FCS at 1¥1dklls/ml.100¢ lof media (or test solution) was then
added to each insert followed W0 ¢ lof the cell suspensioraf theoptimised cell
number) to each insert. Final§Q0¢ bf culture media containg 5% FCS was added to

the well underneath the insert and cells were incubated for 24 hours.

To investigate the effect of the inhibitors DFMO (Sigma, D193) afdiNA (Sigma
N5501) on cell invasion, cells were seeded in culture media containing 5% FCS and
DFMO (25 mM and 5 mM) or INNA ( 15 €ee Tdble 2.51. Appropriate
concentrations of inhibitor were added to the underneath of the in&&® & bf media
containing 5% FCS.

After a 24hour incubation, the media was removed from the inside of the insert and the
insert was wiped with a cotton swab dampened with PBS. The outer side of the insert was
stained with 0.25% crystal violet for I0insandthen rinsed in Ultrapure water (UHP)

and allowed to dry. The inserts were viewed and photographed under the microscope.
The invasion assays were quantified by counting cells in 10 random fields within a grid
at 20x objective and graphed as the total nurabeells invading at 200x magnification

(section2.4.2.9. A minimum of 2 insertsvasused per sample tested.

2.4.2 Invitro migration assay
Migration assays were carried out as described in se@idri, without the addition of

extracellular matrix proteins.
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2.4.2.1 Determination of total number of invading or migrating cells

To determine the total number of invading or migrating cells within an assay, the average
number of invading or migrating cells (of 10 random fields) per insert was multiplied by
a factor of 140 (growth area of the membrane dividethbyarea of the field viewed at
200x magnification) giving the total number of invading cells per insdie btal
numberof invading or migrating cells were then imported into excel and displayed on a
histogram chart.

2.4.3 ROS assay

Cells were set up at 4&1cellsivell in duplicatewells of a 24well plate.After overnight
incubation, the cells were washed with Hanks Balanced Salts solution (HBSS) and one
well was exposed to HBSS and the other to the dye DCFDA at 10uM foins@t 37C.

After the incubation, each well was washed twiagh HBSS and exposed to fresh
medium (ATCC + 5% FCS) or to fresh medium containing@®.0- for 2hrs at 37C.

The wells were then washed with HBSS and 1 ml of fresh HBSS added to each well. The
fluoresence was measured with an excitation of 485nm and emission at 525nm. Cell

counts were then made to compare the ROS generated per cell.

2.4.4 Anoikis assay
Cells were set up at 1x16ells/well in duplicate wells of a4-well plateand a24-well
ultraslow attaciment plate (SigmaCLS347324EA) to a final volume of 1ml of
DMEM/HamsF12 with5% FCS. Cells were allowed to incubated for a total of 24 hours.
At 21 hours 100ul of Alamar blue(ThermoFisheScientific DAL1100) was added to
each well and allowed timcubate for the remaining 3 hours. Plates were read in a dual
beam plate reader at 570 nm with a reference wavelength of 600nm. Percent anoikis was

determined using following equation:

% Anoikis = (1-(deltaOD of unattached celldéltaOD of attachedells)) *100

2.4.5 Statistical analysis
A minimum of two replicatesiasused per sample and three separate biological replicates
were performed. Triplicate biological replicatefer to a single experiment that was
carried out in duplicate on three separateasions e.g. three different passage numbers
of a particular cell linel-or each experiment, assays were performed weeklywoedkly
until triplicate assays displayed agreemeiigtograms were plotteasing mearfaverage
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between triplicate assayglues from triplicateexperimenrs. Error bars were applied to

each graplndicatingplusand minusstandard deviatios

Al l assays were then subj ect etést (twetaileslt at i s
equal variance, unpaired) in Microsoft Excel 2016. Using Microsoft Extetg function

with mean figures calculated between replicateg,value was obtained. E&p value
measures the probability that the differences between the control and test samples would

be observed by chance.

Apvalue of O 0.05 was considered signi
Apvalue of O 0.01 was considered more
Apvalue of O 0.005 was considered high

In siRNA experiments, scrambled siRNA or negative control siRNA transfected cells
were used as conthnd wereompared to test SIRNA treated cells. This was to ensure
that no off targt effectswere occurringwithin the transfection process. Ntreated
controls (cells only and transfection reagent) were also used within each experiment to
ensure that the scrambled or negative control siRNA was havingfexd and to

normalise the dat

In transfection experiments where an effect of less than 20% was observed, the siRNA
was considered to have dlittle or no effe
still indicate statistical significance. i$, therefore,important to carryout statistical

analysef all results obtained from experiments.
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2.5 Invitro proliferation assays

2.5.1 Combination toxicity assays
Cells in the exponential phase of growth were harvested by trypsinisation. Cell
suspensions containing 1>¢¥lls/ml(for 96-well plates, Costar, 359por 1x16 cells/ml
(for 6-well plates, Costar, 3516yvere prepared in deculture medium. Toeachwell
100ul (of 1x10* cells/ml, for96-well plates) or 1 ml f 1x1Ccells/ml for6-well plates)
of the cell suspension was add@&#ates were agitated gently in order to ensure even
dispersion of cells over the surface of the wells and cells were incubated overnight at
37°C. Stock I-NNA and DFMO inhibitors (N5501 and D193) were diluted in UHP as
per manuf act uandstoéed at200C §Tahle@.5 1) Subseient dilutions
were made in cell culture medium to the desired concentsatidmbitor diluent (UHP)
was used as a control and also prepared in cell culture medium. A voluir8 gf of
theinhibitor dilutionswasadded to each well and mixed gently. Cells were incubated for
48 hours. Assessment of cell survival in the presentieedrihibitorswas determined by

the acid phosphatase assay (se@i&@h

Inhibitor Storage Source
D, L-a-difluoromethylornithine (DFMO) -20°C Sigma Aldrich
N ¥Nitro -L -arginine (L-NNA) -20°C Sigma Aldrich

Table 2.5-1:- Inhibitors used during this project.

2.5.2 Acid phosphatase assay
Following the incubation period, media was removed from each plate/well. Each well on
a plate was washed witD0¢ Kfor 96-well plates) or 500ul (for6-well plates) of PBS.
This was removed antDO¢ |(for 96-well plates) or 1 ml (for6-well plates) of freshly
prepared phosphat assigophenolbpbosphaet (Eherhobeiebtdicg / ml
34045) in 0.1 M sodium acetate (Sigma, S8625), 0.1% tritd®X(BDH, 3®32), pH
5.5) was added to each well. The plates were wrapped in tinfoil amobitex! in the dark
at 37°C for 30mins to Bours. The enzymatic reaction was stopped by the additidd of
e (96-well plate or 500 pl 6-well plate of 1 M NaOH to each welPlates were read in

a dual beam plate reader at 405 nm with a reference wavelength of 620nm.
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2.6 Immunohistochemistry

2.6.1 Immunofluorescence studies on fixed cells
Aliquots of30¢ bf 1x1 cells/mlcell suspensiofrom actively growing cultures were
plated directly onto 10 well fhm microscope slides (Erie Scientific Company,-46X).
Cells were allowed to attach overnight. After such time, slides were washedPBS
and allowed to air dry. Slides were carefulbil wrapped and stored a80°C urtil
required. When required, slides were allowed to come to room temperature, cells were
thenfixed in 4% paraformaldehyde forrains Slides were washed 3 x in PBS and in
between the wells were then dried using a cdbiad wrapped in lint free tissue, to prevent
the primary antibody from running into neighbouring wells. The primary antibtetylé
2.6-1) was aplied to appropriate wells and incubated overnight®°&. After 24 hours
the slides were washed 8 in PBS and appropriateecondary antibodwas applied
Either,Alexa Fluor488 goat anthouse IgG (ThermoFisher Scientific, A11028)goat
antirabbit (Thernofisher Scientific, A11034) which was diluted 1:2000 was added for
1lhr at room temperature in the dark. Téezondary antibody was removedd cells
washed as outlined. Slides were mounted with ProLong Gold mounting medium
(ThermoFisher ScientificP36930)and covered using a glass cover slip. Cells were
viewed and photographed usingNékon phase contrast microscope fitted with an FITC

filter.

2.6.2 Immunocytochemical analysis on fixed cells
A 30ul volumeof the appropriate cefluspension waadded to slides and incubation is
as describeth section2.6.1). After 24hrstheexcessupernatant was tapped off, and the
microscope slides werrinsed gently with PBS. Slides were then air dried overnight,
wrapped in tin foil, and stored €0°C. Slides are then removiedm -80°C freezers, and
left for 15minsprior toimmunostainingCells were fixed in iceold paraformaldehyde
for 2-4 mins. Immunostaining was carried out as per secfdh3 without the initial

antigen retrieval step.

2.6.3 Immunohistochemistry
All Immunohistochemical (IHC) stainingzas performed using the Dako Autostainer
(Dako, S3800).Deparaffinisationand antigen retrieval was performed using Epitope
Retrieval 3-in-1 Solution (pH 6) (DakoS1699) or the Epitope Retvad 3-in-1 Solution
(pH 9) (Dakg S2%5) and the PT Link system (Dak®éT101). For epitope retrieval, slides
were heated to 97°C for 20insand then cooled to 65°C. The slides were fhemersed
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in wash buffer (DakpS3006). On the Autostainer slides were blocked fomik® with
200¢ HRP Block (Dakg S2023). Cells were washed with Jwash buffer an@00¢ bf
antibody added to the slidasthe optimised concentration/dilutifor a minimum of 20
mins (Table2.6-1). Slides weravashed again with 1 wash buffer and then incubated
with 200 ¢ IReal EnVision (DakpK4065) for 30mins A positive control slide was
included in each staining run. Each slide was also run with Nedaoingol Reagent (1x
TBS/0.05% Tween 20), to allow evaluation of repecific staining and allow better
interpretation of specific staining at the antigen site. All slides were astaiteed with
haematoxylin (Dako, CS7Q@or 5 mins and rinsed with deiosed water, followed by
wash buffer. All slides were then dehydrated in graded alcohols (@irs®ach in 70%
IMS, 90% IMS and 100% IMS), and cleared in xylene (2mifs), and mounted with
coverslips using DPX mounting medium (Sigma, 4458Igunted sides were allowed
to stand overnight before examination under the microscope. Slides were viewed and

photographed using Olympus microscope and imaging system.

Concentration used for:

Antibod - Compan
y I/F ICC IHC G/
. Abcam
AHNAK 1:250 (Ab168149/Ab68556)
ALCAM 1:150 1:150 1:150 Abcam
CDh31 1:50 Dako
E-cadherin 25 Abcam (Ab40772)
HDGF 1:250 1:500 1:500 Abcam
AL L0 [P sl 1:1000 Abcam(Ab92824)
Protein
INA 1:210 1:210 1:210 Abcam
IQGAP1 1pg/ml 1pg/ml 1:100 Abcam
Ki67 1:75 Dako (M7240)
Thermofisher Scientific
N-cadherin 3ug/ml (333900), Abcam
(ab19348)
ROBO2 1:100 1pg/ml lpg/mi Abcam (ab75014)
SLIT2 1:500 1:500 1:500 Abcam
SPR 1:2000 1:2500 Abcam

Table 2.61:- Antibodies used in Immunofluorescence, Immunocytochemistry and
Immunohistochemistry analysis.
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2.7 RNA interference (RNAI)

RNAI using small interfering RNA's (SiIRNAS) was carried out to silence specific genes.
The siRNAsused were chemically synthesised and were purchasedArabion™ or
Qiagen These siRNAs were 243 bps in length and were introduced to the cells via
reverse transfection with the transfection agents siPORT Néb@mbion Inc., 4511)

or Lipofectamine Q00 (ThermoFishe$cientific 11668019).

2.7.1 Transfection optimisation
RNA interference knockdown of genes is a vedtablished method and is used routinely
to investigate the effect a certain gene has on a cell line of choigeder to determine
the optmal conditions for siRNA transfection, optimisation with kinesin siRNA (Ambion
Inc., 16704) or AllStars Cell Death siRNA (Qiagen, S104381048) was carried out for
each cell line. There were a number of different parameters that had to be determined to
estaltish an optimised protocol for the siRNtransfection of the DLKP clone<ell
suspensions were prepared at Pxx10¢ and 3x16 cells per ml. Stions of the
negativecontrol and psitive control siRNA (kinesin or AllStars Cell Death siRNASs) at
a final concentration of 10 and 30nM were prepared in optiMEM (Githc81985047).
Solutions contaimig1.2e NeoFXor2¢ lipofectaminewere prepared in 50ul optiMEM
in duplicate and incubated at room temperature fomits After incubaton, either
negativecontrol or msitive control (kinesin siRNA or AllStar€ell DeathsiRNA)
solution was added to each NeoFX or lipofectamine solution. These solutions were mixed
well and incubated for a further 18ins at room temperature. To each well of-avéll
plate, 1@ ¢ lof the sSiRNA/NeoFX or lipofectamine solutions was added. A volume of 1
ml of the relevant cell concentratiomssadded to each well and the plates were mixed
gently and incubated at 37°C for 24 hours. After 24 hours, the transfection mixture was
removed from the cells and the plates were fed with fresh medium. The plates were
assayed for changes in proliferation at 72 hours using the acid phosphatasseasisaly (
2.5). Optimal conditions for siRNA transfection were determined, as the combination of
conditions gave the greatest reduction in cell number after positive control transfection
and also the least cell kill in the presence of transfecgagent. The optimised conditions
were 1.2 NeoFx or2 ¢ bf Lipofectamine to transfect 30nM siRNA (for ALCAM) and
10nM (for both SPR and INA) siRNAespectivelyoptimisedcell dersities are sownin
Table2.7-1 below.
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Cell line Cell density (per well in6-well plates)

DLKPSQ 1.5 x1G cells

DLKPI 1.25x10 cells
DLKPM 1x1C cells

DLKPSQ-Mitox-BCRP-6P 1.5x10 cells
MDA -MD-468 2x1C cells
MiaPacC2 Clone3 2x10 cells
AsPC-1 2x1C cells

Table 2.7-1:- Optimization of cell number for transfections siRNA.

2.7.2 Analysis of the growth ofsiRNA transfected cells
Cells were seeded usiig?2e NeoFX to transfect 30nM siRNA (for ALCAM) or 10mM
SiRNA (for INA and SPR) to optimised cell numbéssownin Table2.7-1) per well of
a 6well plate. After 24 hrsthe medium was replaced with fresh medium and cells were
allowed to grow until they reached 8®0% confluency over a total of 4 days. Cell

numbermwas assessed using the acid phosphatase assay (8egtion

2.7.3 Analysis ofinvasion and migration of sSiRNA transfected cells
To assay for changes invasive capacity using ALCAM, INA aSPR siRNAs, siRNA
experimentswere set up as described in sectiid.1in 6-well plates. Transfection
mediumwas removed after 24hr and replaced with fresh growth medium. The transfected
cells were assayeat 72hrs post transfection for changes in invasagacity using tha
vitro invasion assagisdescribed irsection2.4.1and migration assay describedsattion
2.4.2

2.7.4 Analysis of ROS generation of siRNA transfected cells
DLKP-M cells with siRNA knockdown of SPR, lipofectamine transfected, or negative
SiRNA transfected cells or untreated cells were set up at*4ell@/well in a24-well
platewith two wells per conditionSeventytwo hours pat transfectionROSgeneration
in DLKPM cells was analysed as described in se@id3

48



2.8 Developmentof cell line-derived tumours in vivo (xenografts)

This in vivo study was carried out in collaboration with Prof. Robert Straubinger
(University of Buffalo, USA) Ms Ninfa Strabinger(University of Buffalo, USA) Dr.
Sandra Roch@NICB, DCU, Irelandan d D . F i (NGB DCWOINdlandyt the
BioResource Uni(BRU) in the School of Biotechnology, Dublin City University.

2.8.1 Mice
For this study, 285 day old CB17/lePrkdc®dCrl mice were chosen based on the
extensive experience and publishing history our collaborator has using SCID miice for
vivo modelling[101, 102] Mice wereused under thguidelines of the Irish Department
of Health and procedures approved by the research ethics committaelof Dity
University, Dublin 9.CB17/IcrPrkdcscid/Crl mice were purchased from Charles River
(Charles River International Inc., Wilmington, MA). Tihmmunodeficiency of these
animals is as a result of the inhibition to produce B and T lymphocytes. This deficiency
provides the mice with a wide tolerance to implanted foreign tissues and tumours, which

makes them an ideal model for research.

2.8.2 Preparation of cell suspensions
DLKP, DLKPSQ, DLKPI andDLKPM were cultured in vented 76cn? flasks until
approximately 70% confluent. Cell counts were completed as per sé&clidh Cell
suspensions weregpared in SEOMEM as follows: %1 cells in500¢ | 1.5¢10’ cells
in 250¢ land %10’ cells in250¢ | Matrigel Matrix High concentratiof{BD, Frankin
Lakes, NJ, USA354262 at aratioof 1:1was added to the cell suspensiditss matrigel
IS suited forin vivo studieswhere a high concentration augmethiisgrowth of tumours.
The high proteirconcentration (1:22mg/ml)also allows the Corning Matrigel Matrix
plug to maintain its integrity aftesubcutaneous injection into mic&his keeps the
injected cells and/or angiogenic compounds localizednf@itu analysis and/or future
excision.Cell and natrigel suspensions were stored on ice until required.tumour
growth, the cells and matrigelixture was then inoculated into the mice at a final cell

density shown iTable2.8-1.
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Right Flank Left Flank

Mouse 1 1 x 1@ cells 5x 10 cells
Mouse 2 1 x 1@ cells 5x 10 cells
Mouse 3 1x 1@ cells 1 x 10 cells
Mouse 4 1 x 1@ cells 1 x 10 cells

Table 2.8-1:- Inoculation densities used for DLKPin vivo study.

2.8.3 Tumour development
An appropriate needle was selected for injection of cell suspensions; this prevents the
destruction of the cells within the matrigel plug. Using the cell suspensions in prepared
in section2.8.2 200 pl of the appropriate cell lines and matrigel suspension was
subcutaneously injected into the appropriate flank of each nasuswlicated infable
2.81 above.Mice were monitored daily and once tumours were observed they were

measured using a digital calliper. The equation used to evaluate the tumour volume was;

H(height of tumour) x W(width ofumour) x D (depth of tumour)/4
= volume of tumour (mr)

2.8.4 Tumour removal and explant culture
Explant culture was performed to examargy changes ithein vitro characteristics of
DLKP, DLKPSQ, DLKPI and DLKPM cells after a period of growth in tumours.
Tumours were developed in mice as per seci@l 2.8.2and0, once tumours were
removed from mice, they were kept cool by placing the specimen intoideserum free
DMEM-HAMS-F12 uril required. Tumours were diced into small pieces and placed
onto 0.4 uminserts (Falcon, 35309Qhen placed into-6vell plates. Cells were allowed
to migrate out of the tumour for 3 days without being disturbed. Once cells were seen to
be attached tthe insert, cells were trypsinised and moved to 122%@sks and cultured
as per sectiofl.1.1 DLKPSQ, DLKPSQ, DLKPI and DLKPM cells were examihtor
changes in morphology, proliferation (as describeskrtion2.5), invasion (as described
in section2.4.1), migration (as described irestion2.4.2 and anoikis (as per section

2.4.4) capacitiepost tumour explantation.

2.8.5 Paraffin embedding of Xenograft tissues
Preparation of tumours for Immunohistochemical analysis was carriéy duitDamian
Tiernan(Royal Victoria Eye and Ear Hospital, IrelgrachdMr. Colin Barr(NICB, DCU).
Pathological examination of tissues was performed by Prof. Susan KeijReg¥l
Victoria Eye and Ear Hospital, Dublin)
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Chapter 3 RESULTS
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3.1 Identification of membrane associated markers in DLKP

Lung Cancer is a leading cause of cancer related death worldwide. Cell surface proteins
are an important subset of proteins in the cell. They play an important role in signal
transduction, cell adhesion and in cancer invasion and migration. The acdessitibe

of cell surface proteinmakeshem ideal candidates fase as targets for cancer therapy.
While membrane proteins constitute-20% of the human they represent over 60% of all
drug targetg103]. With theevoluion of patient specific therapy othercancersthere

is a continuing need to identify new targets for lung cancer therapy. In this thesis, the
Pierce cell surface protein isolation KithermoFisher Scientific9881) was used to
identify potentihmarkers in the poorly differentiated squamous cell carcinoma cell line,
DLKP and also potentially novel proteins associated with lung cancer-SHESS

Biotin, a cleavable biotinylation reagent that is -telpermeable was used to label
exposed primaramines on the surface of intact cells from the parental DLKP and its
clones, DLKPSQ, DLKPI and DLKPM.

3.1.1 Cell surface potein isolationand protein identification
DLKP contains at least 3 clonal subpopulations with distinct morphological and
phenotypical dferences (e.g. invasion and anoikis). To identify potential markers for
each of the clones, cell surface protein isolation was caaigdising cell surface
isolation kit (see sectio.2.]). Reduction and alkylatiosteps weraused to prepare
proteins for labefree LGMS/MS analysis. Proteins were eluted in DTT, precipitated in
acetone (buffer exchange), reduced and alkylated in DTT, iodoacetamide (IAA) (breaks
di-sulphide bonds and prevents refolding). The proteins werdtb&an up into peptides
by a trypsin digestion stefBamples containing peptides wenepked to the mass
spectrometerProteome Discoverer Software Zallows for peptides to be assigned to
proteins using the Mascot and SEQUEST (dde sectio2.2.3and2.2.4. Each cell line
will have a list & proteins that was identifiedProgeneis software was used to analyse
these proteins and identifyoteins that werdifferentially expressebdetween DLKP and
its clones. To do this a number of criteria was applied to the softijaceensure protes
are statistically significaran ANOVA scoreo f 0.@as used(ii) to ensure increased
expression between cell lines a miniméno | d ¢ h A 5Sfajdevascapplie@nd (iii)
to ensure correct proteins are identified, proteins with greater2zhamqle peptides
matched to a particular protein were consideDeda analysis was carried out by Michael

Henry using thestandard criterimutlined above. The criteria used in the data analysis
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gives strong confidence that the proteins identifiedpatentialy expressedn the cell

lines, validation needs to be carried out to confirm expression in the cell lines.

To evaluate the differentially expressed proteins in the cell lines DLKP, DLKPSQ,
DLKPI and DLKPM, six comparative protein lists were generatediexported to excel

from Progenesisihe analysis was designed to identify biologically relevant differentially
expressed proteins that correlated with increased expression, that is, from highest to
lowest fold changes (DLKR's. DLKPSQ, DLKP vs. DLKPI, DLKP vs. DLKPM,
DLKPSQvs.DLKPI, DLKPSQvs.DLKPM, DLKPI vs.DLKPM). Unique and common
proteins as well as proteins with a novel aspeatye chosen. To further strengthen the
choice of proteins selected, their expression was also examined amaimation of
analyses previously performed in our laboratory (i) microarray analysis performed by Dr.
Helena Joyce (ii) unpublished proteomic analysis (on conditioned medium (CM) from
DLKP clones) performed by Dr. Joanne Keenan and (iii) unpublishedprmanalysis

(of whole cell lysates) performed by Mr. Shane Kelly. The analysis presented in this thesis
was performed usg a protein isolation protocolhe kit may potentially allow for
isolation and subsequent identification (throughMS/MS analysiy of novel proteins
associated with cell membrane using a biotin labelling approach. Validation of selected
proteins was performed to confirm their expression in DLKP and its clones by

Immunofluorescence staining, Western blot analysis and immunocytoctiematysis.
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3.1.2 Principle component analysis oDLKP and the DLKP clones
Principle component analysis (PCA) is a statistical analysis usedialisevariation
and strong patterns between data sets. To show differences in protein expression between
DLKP and DLKP clones global ana}sis was carried outn all four cell linesusing
Progenesis LEMS software. To identify proteins that are differentially expressed
between the DLKP and its clones, it was important to ensure good separation between all
four cell lines and that eadif thereplicate samples clustered togetfidre PCAanalysis
shownin Figure3.1-1, indicatesa clearseparation between all four cell lines but also the
individual replicates are clusterinpgether. The analysis also indicatéstt DLKP
(Green)and DLKPSQ (blue) cluster close togetftérs is not surprising due to the fact
that DLKP is made up of appto70% DLKPSQ cell$93]. The PCA analysis indicates
that the isolation of cell membrane associated protein and subsequent proteomic analysis

in DLKP and its clones was robust and reproducible.

Principal Components Analysis
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Figure 3.1-1:- Principle component analysis showing separation of DLKP and its clones.
Label free proteomic analysis was carried out on triplicate cell surface preparations of DLKP

(Green), DLKPSQ (Blue DLKPI (Orange) and DLKPM (purple), using the cell surface isolation
kit.

54



3.1.3 Comparative proteomic analysis of DLKPand the DLKP clones
Following principle component analyssf the four cell lines, six comparative protein
lists were generatedThe anajsis was designed to identify biologically relevant
differentially expressed proteins that correlated with increased expression, that is, from
highest to lowest fold changes. The six comparisons were: DASKPLKPSQ, DLKP
vs.DLKPI, DLKP vs.DLKPM, DLKPSQ vs.DLKPI, DLKPSQvs.DLKPM, DLKPI vs.
DLKPM. Table3.1-1 summarises the total number of proteins that were identified from
each comparison and theimber of proteins that showed increased expres3iba.
subsequentables Table 3.1-2 - Table 3.1-7) showsthe first 14- 18 proteirs in each
comparisonand are organised by maximum fold change (see appendix | for full
differentially expressed protein listshe proteins which were idengfl in these
comparisons represent a number of different cellular procéssgeyer to elucidate the
molecular function, biological processes and pathways which control these proteins

further analysizisingPANTHER classification systeshould be carriedut.

Experimental comparison No. of identified differentially expressed proteins

49 proteins in total
35 were increased in DLKP
14 were increased in DLKPSQ
(SeeTable3.1-2)
114 proteins in total
74 were increased in DLKP
40 were increased in DLKPI
(SeeTable3.1-3)
144 proteins in total
86 were increased in DLKP
58 were increased in DLKPM
(seeTable3.1-4)
94 proteins in total
55 were increased in DLKPSQ
39 were increased in DLKPI
(seeTable3.1-5)
110 proteins in total
59 were increased in DLKPSQ
51 were increased in DLKPM
(seeTable3.1-6)
58 proteins in total
26 were increased in DLKPSQ
32 were increased in DLKPM
(seeTable3.1-7)
Table 3.1-1:- Summary of six comparisons made using Progenesis @S software and the
number of proteins with increasedexpression in each cell line.

DLKP vs.DLKPSQ

DLKP vs.DLKPI

DLKP vs.DLKPM

DLKPSQ vs.DLKPI

DLKPSQ vs.DLKPM

DLKPI vs.DLKPM
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DLKP vs.DLKPSQ

Highest in DLKP Highest in DLKPSQ
Accession Protein Name Gene Fold Accession Protein Name Gene Fold
Number symbol Change Number symbol Change
Q9HCK4 Roundabout homolog 2 ROBO2 56.88 P16930 Fumarylacetoacetase FAH 19.87
P05362 Intercellular adhesion molecule | ICAM1 56.16 043175 D-3-phosphoglycerate PHGDH 4.52
dehydrogenase
P35221 Catenin alphel CTNNA1 30.84 AOMZ66 Shootirl KIAA1598 3.87
Q16658 Fascin FSCN1 14.08 P43358 Melanomaassociated antigen 4 MAGEA4 2.44
P35222 Catenin betdl CTNNB1 12.58 P11137 Microtubule-associated protein 2 MAP2 2.24
Q9UBR2 Cathepsin Z CTSz 6.85 075531 Barrierto-autointegration factor BANF1 2.15
Qeplyz  Neutral Cho'eSt‘i“" E8iey EIEL e 6.39 Q9BUF5 Tubulin betaé chain TUBB6 2.01
Q09666 Neuroblas_t dlfferent|e_1t|on- AHNAK 500 P13010 X-ray repair cros§omplementlng XRCC5 197
associated protein protein 5
P50454 Serpin H1 SERPINH1 4.21 Q06830 Peroxiredoxinl PRDX1 1.75
Q8NBJ5 Procollagen galactosyltransferas COLGALT1 331 P46940 Ras GTP?)sri?gitrl]vatmg-llke IQGAP1 1.73
Q01581 HydroxymethylglutarfiCoA | ueogq | 319 Q15417 Calponin3 CNN3 1.65
synthase, cytoplasmic
060888 Protein CutA CUTA 2.59 Q96AE4 Far “ps”'“:)"’;ggrfmb'”d'”g FUBP1 1.58
— . Membraneassociated progesteror
Q96PK6 RNA-binding protein 14 RBM14 2.40 000264 receptor component 1 PGRMC1 1.54
P35579 Myosin-9 MYH9 2.33 P30041 Peroxiredoxir PRDX6 1.54
Table 3.1-2:- Comparison of DLKP vs.DLKPSQ.
List of top 14 statistically significant, differentially expressed proteins in DLKP and DLKPSQ. The following criterigpmere & e d ; (i )

0.05, (iymaxf ol d ¢ h an g ei)aniinimdm df 2 eptideeatiing tatheidentificationof proteins
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DLKP vs. DLKPI

Highest in DLKP Highestin DLKPI
Accession . Gene Fold Accession . Gene Fold
Number Protein Name symbol Change Number Protein Name symbol Change
- Receptoitype tyrosineprotein
Q6UVK1 Chondroitin sulfate proteoglycan 4 CSPG4 82.94 P08575 phosphatase C PTPRC 37.62
P05362 Intercellular adhesion molecule 1 ICAM1 55.65 Q13740 CD166 antigen ALCAM 18.80
P32119 Peroxiredoxir2 PRDX2 31.26 Q05707 Collagenalphal(XIV) chain COL14A1 15.61
Q9UBR2 Cathepsin Z CTSz 9.26 P35232 Prohibitin PHB 7.71
075347 Tubulin-specific chaperone A TBCA 5.34 Q99623 Prohibitin-2 PHB2 7.64
P43487 Ra”Spec'f";ge'Tﬁsac“"a“”g RANBP1 521 P46940  RasGTPaseactivating-like protein ~ IQGAP1  7.61
P12277 Creatine kinase Bype CKB 4.63 075369 Filamin-B FLNB 7.44
P55060 Exportin-2 CSE1LL 4.48 P11233 Rasrelated protein Rah RALA 6.55
Q99798 Aconitate hydratase, mitochondrial ACO2 4.00 P02545 PrelamirA/C LMNA 5.75
P07602 Prosaposin PSAP 363 | Qogses  Neuroblast d'ﬁsr'g{‘eti'ﬁ“on'assoc'ated AHNAK 555
P00441 Superoxide dismutase [€1n] SOD1 3.57 Q9BSJ8 Extended synaptotagmih ESYT1 4.61
Q14240 Eukaryotic initiation factor 4Al EIF4A2 3.53 P21333 Filamin-A FLNA 4.59
P49419 Alphz-aminoadipic semialdehyde ) 707 348 Q96HC4 PDZ and LIM domain protein 5 PDLIMS5 4.55
dehydrogenase : ’
P09211 Glutathione Stransferase P GSTP1 3.43 075947 ATP synthase subunit d, mitochondri¢ ATP5H 3.81
Table 3.1-3:- Comparison of DLKP vs.DLKPI.
List of top 14 statistically significant, differentially expressed proteins in DLKP and DLKPI. The following criteria wete iage d ; (i)

0.05, (i) maxfoldchange of O 1.5 and (i leading todeidentificatiomof proteins 2 pepti des
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DLKP vs. DLKPM

Highest in DLKP Highestin DLKPM

Accession Protein Name Gene Fold Accession Protein Name Gene Fold
Number symbol Change Number symbol Change

plosgs  Receptoftype tyrosineprotein PTPRF 89.23 | QoeHC4 PDZ and LIM domain protein 5 PDLIMS 13.80

phosphatase F

P05362 Intercellular adhesion molecule 1 ICAM1 61.31 Q05707 Collagen alphd (XIV) chain COL14A1 12.64
Q9HCKA4 Roundabouthomolog 2 ROBO2 60.59 P46940 Ras GTPaseactivating-like protein IQGAP1 8.99
Q6UVK1 Chondroitin sulfate proteoglycan 4  CSPG4 45.49 P02538 Keratin, type Il cytoskeletal 6A KRT6A 8.81
015031 Plexin-B2 PLXNB2 27.33 P11233 Rasrelated protein RALA 8.81
Q92692 Nectin2 PVRL2 25.06 Q99623 Prohibitin-2 PHB2 8.35

P28906 Hematopoietic progenitor cell antige CD34 24.97 P46087 Probable 28S rRNAcftosine 4447)C (5))- NOP?2 8.95

CD34 methyltransferase
Q13308 Inactive tyrosineprotein kinase 7 PTK7 10.40 075643 U5 small nuclearrg::i)g‘::é:leoprotem 200kD: SNRNP200 8.00
Q9UBR2 Cathepsin Z CTSz 10.01 P35232 Prohibitin PHB 7.83
000410 Importin-5 IPO5 7.44 Q14008 Cytoskeletorassociated protein 5 CKAP5 7.80
p3ps3g  AlPha2-macroglobulimeceptor ) pprpy geg | 075369 Filamin-8 FLNB 7.75
associated protein

Q15084 Protein disulfidesomerase A6 PDIA6 6.05 P62805 Histone H4 HIST1H4A 6.86
Q13740 CD166 antigen ALCAM 5.97 Q8WXF1 Paraspeckle component 1 PSPC1 5.90
Q9Y4L1 Hypoxia upregulatedorotein 1 HYOU1 5.83 P23246 Splicing factor, prolineand glutamineich SFPQ 5.65

Table 3.1-4:- Comparison of DLKP vs.DLKPM.
List of top 14 statistically significant, differentially expressed proteil8 InK P and DLKPM. The foll owing criteri
0.05,(i)maxf ol d change aninimbm df 2 peptideeating to theiidgntificatioof proteins
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DLKPSQ vs.DLKPI \

Highest in DLKPSQ

Highest in DLKPI

Accession . Gene Fold Accession . Gene Fold
Number Protein Name symbol Change Number Protein Name symbol Change
y . . . Receptoitype tyrosineprotein
P55957 BH3-interacting domain death agonis BID 18.07 P08575 phosphatase C PTPRC 42.10
043175 D-3-phosphoglycerate dehydrogenas PHGDH 7.36 P19022 Cadherin2 CDH2 29.00
. Splicing factor, prolineand
000625 Pirin PIR 6.45 P23246 glutaminerich SFPQ 28.92
QouBB4 Ataxin-10 ATXN10 6.23 P35222 Catenin betdl CTNNB1 26.80
P12277 Creatine kinase Bype CKB 6.08 Q13740 CD166 antigen ALCAM 24.30
P43487 Ranspecific GTPasactivating protein| RANBP1 5.89 Q9HCK4 Roundabout homolog 2 ROBO2 21.85
3-hydroxyisobutyrate dehydrogenase T .
P31937 mitochondrial HIBADH 5.12 Q96PK6 RNA-binding protein 14 RBM14 17.52
P00441 Superoxide dismutase [€Zn] SOD1 5.07 Q14126 Desmogleir2 DSG2 17.34
. Non-POU domaircontaining
P04792 Heat shock protein beth HSPB1 4.76 Q15233 octamerbinding protein NONO 14.81
Serine hydroxymethyltransferase, .
P34897 mitochondrial SHMT2 4.68 Q16658 Fascin FSCN1 14.34
075347 Tubulin-specific chaperone A TBCA 4.44 P35221 Catenin alphda CTNNA1 10.81
P09211 Glutathione Sransferase P GSTP1 4.41 Q99623 Prohibitin-2 PHB2 10.26
P00390 Glutathione reductase, mitochondria GSR 4.31 P35232 Prohibitin PHB 10.06
P07602 Prosaposin PSAP 4.14 Q09666 Neuroblast differentiation- AHNAK 9.29
associated protein
P00558 Phosphoglycerate kinase 1 PGK1 4.13 Q86UP2 Kinectin KTN1 8.37
P12004 Proliferating cell nuclear antigen PCNA 3.86 P02545 PrelaminA/C LMNA 7.38
043399 Tumor protein D54 TPD52L2 3.72 P21333 Filamin-A FLNA 7.07
P35270 Sepiapterin reductase SPR 3.64 Q9BSJ8 Extended synaptotagmih ESYT1 6.23
Table 3.1-5:- Comparison of DLKPSQ vs.DLKPI.
List of top 18 statistically significant differentially expressed proteins in DLKP and DLKPI. The following criteria wéré apgd ; (i) ANOVA
0.05, (i)maxf ol d change of O 1.5 a lealingtotheiidentifizationfiprokimum of 2 pepti des
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DLKPSQ vs.DLKPM

Highest in DLKPSQ Highestin DLKPM
Accession . Gene Fold Accession . Gene Fold
Number Protein Name symbol Change Number Protein Name symbol Change
. Probable 28S rRNAcftosine 4447)C
AOMZ66 Shootinl KIAA1598 7.02 P46087 (5))-methyltransferase NOP2 12.26
D-3-phosphoglycerate U5 small nuclear ribonucleoprotein 20
043175 dehydrogenase PHGDH 6.70 075643 kDa helicase SNRNP200 11.69
Q9Y2Q3 Glutathione Sransferase kappa GSTK1 5.22 Q99623 Prohibitin-2 PHB2 11.52
000625 Pirin PIR 4.95 P23246 Splicing factor, ﬂ?gﬁ:”ea”d glutamine SFPQ 10.66
. Non-POU domaircontaining octamer
P08107 Heat shock 70 kDa protein 1A/1] HSPA1A 4.84 Q15233 s ; NONO 10.17
binding protein
043399 Tumor protein D54 TPD52L2 4.31 Q96HC4 PDZ and LIM domain protein 5 PDLIM5 9.67
P27797 Calreticulin CALR 4.12 P35232 Prohibitin PHB 9.45
P34931  Heat shock 70 kDa proteiniike = HSPALL 3.98 Q09666 Neuroblast d'ﬁsrrgt”;i'g“on'assoc'ated AHNAK 8.04
014980 Exportin-1 XPO1 3.96 P62805 Histone H4 HIST1H4A 7.84
P23526 Adenosylhomocysteinase AHCY 3.86 Q96PK6 RNA-binding protein 14 RBM14 7.59
000410 Importin-5 IPO5 3.65 P11233 Rasrelated protein Rah RALA 7.46
Q58FF7; Putative heat shock protein HSI .
Q58FF8 90-beta3 HSP90AB3P 3.58 Q14444 Caprinl CAPRIN1 6.91
P04792 Heat shock protein beth HSPB1 3.52 P46940 Ras GTPaseactivating-like protein IQGAP1 6.17
P27824 Calnexin CANX 3.48 P35222 Catenin betal CTNNB1 5.71

Table 3.1-6:- Comparison of DLKPSQ vs.DLKPM.
List of top 14 statistically significant differentially expressed proteins in DLKPSQ and DLKPM. The following criteriappéesia(i) ANOVA score
O 0. 05,folid )chneanxge of O 1. 5 a ladingto theiidgntifeationfiproteimsu m of 2 pepti des
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DLKPI vs. DLKPM

Highest in DLKPI Highestin DLKPM
Accession : Gene Fold Accession . Gene Fold
Number Protein Name symbol Change Number Protein Name symbol Change
Receptoitypetyrosineprotein 3-hydroxyisobutyrate dehydrogenast
P08575 phosphatase C PTPRC 41.79 P31937 mitochondrial HIBADH 7.32
Q13740 CD166 antigen ALCAM 30.15 P12277 Creatine kinase Bype CKB 7.28
Q9HCK4 Roundabout homolog 2 ROBO2 26.95 075347 Tubulin-specificchaperone A TBCA 4.52
Receptoitype tyrosineprotein Alpha-aminoadipic semialdehyde
P10586 phosphatase F PTPRF 25.10 P49419 dehydrogenase ALDH7A1 4.11
Q14126 Desmogleir2 DSG2 24.70 P07195 L-lactate dehydrogenase B chain LDHB 3.47
P60709 Actin, cytoplasmic 1 ACTB 22.32 PO7741 Adenine phosphoribosyltransferase ~ APRT 3.45
P19022 Cadherin2 CDH2 20.86 P08758 Annexin A5 ANXA5S 3.45
Alpha-2-macroglobulin recepter Ranspecific GTPas@ctivating
P30533 associated protein LRPAP1 9.17 P43487 protein RANBP1 343
Q92692 Nectin-2 PVRL2 7.93 P09211 Glutathione Stransferase P GSTP1 3.32
P35222 Catenin betdl CTNNB1 7.92 P16152 Carbonyl reductase [NADPH] 1 CBR1 3.22
Q15067 Peroxisomal acytoenzyme A acox 4.47 P50454 Serpin H1 SERPINH1  3.18
Q01581 HydroxymethylglutaryiCoA HMGCS1 =~ 4.25 Q96HC4 PDZ and LIM domain protein 5 | PDLIM5 3.03
synthase, cytoplasmic ' ’
Q9Y2Q3 Glutathione Sransferase kappal  GSTK1 4.05 P62937 Peptidylprolyl cis-trans isomerase A PPIA 3.02
P21333 Filamin-A FLNA 3.89 P00441 Superoxide dismutase [€Zn] SOD1 2.87

Table 3.1-7:- Comparison of DLKPI vs.DLKPM.

List of top 14 statistically significant differentially expressed proteins in DLKPSQ and DLKPM. The following criteriappéeela(i) ANOVA score

O 0.05, oflid )c hmanxg e

of

o 1.

a leatling to theiidentifieationfiproteimu m o f 2

peptides




3.1.4 Summary of proteins selected for validation studies in DLKP
Table3.1-8 below summarisethe proteinshat wereselecte as potential protein markers
for DLKP clones and possibly novel protesssociated with lung cancdimwo proteins
that did not appear on the comparative proteomic(iissiphaInternexin (INA)and (i)
SLIT2 werealso selected for validation. On further examinatiess stringent criteria
revealed HDGF as differentially expressed in DLK® DLKPI (fold change 2.19),
criteria applied was () an ANOVAf OO0 . 0 Sojdard{ijpy o®®k.i s wi t h
peptdematchedo identify HDGF Little is known about HDGF and its receptor and was,
therefore, an interesting protein for follow up analy#\ was chosen for validation in
DLKP and its clones based on novelty, oragsociation with pancreatic neuroencioe
cancer tumour aggressivened94]. On further examination of INA, unpublished
proteomic analysis on whole cell lysates of DLKP and its clones revealed its expression
was increased in DLKPS@.DLKPM. Early studies pdormed on DLKP indicated that
DLKP should be characterised as either variant small cell lung carcinoma {8CC
nonsmall cell lung carcinoma with neuroendocrine differentiati®3], further
strengthening our reass for selecting INAMicroarray analysiscarried out byDr.
Helena Joyce fountthat SLIT2 wasexpresseth DLKP. In thisproteomic studyROBO2
(the receptor for SLIT2 and probably SLITMas foundo be expressed within the DLKP
cell line modeltherefore both proteins were chosen for validation stuBesprisingly,
a number of the proteins selected for validation appear to have a neuronal association,
which may further indicate the borderline nature of DLKRamlsa neuroendocrine

tumour.

Gene Accession

Protein Name Molecular function

Symbol number
1 Neuroblast differentiation AHNAK Q09666 Structulral molepgle
conferring elasticity

associated protein
Hepatoma Derived Growth Transcription cefactor

2. = HDGF P51858 activity, Growth factor
actor L
activity
3. SLIT2 Homolog SLIT2 094813 Receptor activity
Receptor activity,
4. Roundabout 2 Homolog ROBO2 | Q9HCK4 Phosphoprotein
phosphatase activity
Activated Leukocyte cell -
5. A ALCAM Q13740 Receptor activity
RasGTPaseactivatinglike . Catalytic activity, small
6. protein 1 IQGAP-1 P46940 GTPase activity
: Structural constituent of
7. Alpha-Internexin INA Q16352 Cytoskeleton
8. Sepiapterin Reductase SPR P35270 Oxidoreductase activity

Table 3.1-8:- Summary of all proteins selected for validation studies.
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3.2 Validation of protein targets from proteomic analysis

A number of proteins were identified as differentially expressed following comparative
proteomic analysis of DLKP and its clonal variants (IR$Q, DLKPI and DLKPM).

Six comparisons were performed to identify statistically significant proteins that were
differentially expressed: DLKRs. DLKPSQ, DLKPvs. DLKPI, DLKP vs. DLPKPM,
DLKPSQ, vs. DLKPI, DLKPSQ vs. DLKPM and DLKPI vs. DLKPM. Presented in
section 3.1.3weretables of statistically significant diffentially expressed proteins of
each comparison from which proteins were selected. Selection of proteins from these
comparisons was based onANOVA scoreof O 0. 05  oflid )c hmanxg e o f
a minimum of 12 peptides matcherh order to identify each proteiiThe aim was to
identify differentially expressed proteins that could act as potential markers for individual
clones and to poteratiy identify novel proteins associated with lung canteble3.1-8

showsa summaryof all of the proteinghat wereselected for validation studies.

Western blot analysis was used to validate the expression of the selected proteins in whole
cell lysates, mmbrane enriched fractions and conditioned medium samples of DLKP,
DLKPSQ, DLKPI and DLKPM cells (sectiof.3). Validation of selected proteins in
whole cell lysate and membrane enriched fractions would indicate the expression of
particular proteins in the cells, while validating in conditioned medium (CM) samples
would suggest if the protein was secreted. With furtheestigation,this information

could be useful for determining whether a particular protein could beassadccancer
biomarker. Biomarkers are proteins or factors produced by cancer cells and secreted into
bodily fluids such as blood and urinemmunofluorescence (son 2.6.1) and/or
Immunocytochemical analysis (see secti?ris2 was performed to confirm localisation

of expression in the cells. Commercially available antibodies describ&dbie 2.3-1
andTable2.6-1.
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3.2.1 Validation of AHNAK expression in DLKP
Originally identified as a nuclear phosphoprotein in human neuroblastomas and skin
epithelial cells, AHNAK is an exceptionally large protein of ~629kDa protegeet al,
reported that AHNAK functions as a tumou
leading to cell cycle arrestAHNAK expression was found to be increased in
differentially expressed protein comparisons: DWEPDLKPSQ,DLKPI vs.DLKPSQ,
DLKPI vs. DLKPSQ and DLKPMyvs. DLKPSQ following comparatie proteomic
analysis of membrangrepaations, Tables of proteins showing expression of AHNAK
are presented in secti@l1.3 Immunofluorescence staining was perfedrto validate
the expressionof AHNAK in DLKP and its clonal subpopulations, sEgure 3.2-1
below. Immunoreactivity was observed in all of the cell lines with the DLKPI and
DLKPM cells showing the strongest immunoreactivity, membrane reactivity was

observed in a small population (< 10%) of DLKPS£Isc

Figure 3.2-1:- Validation of AHNAK expression in DLKP.

Representative immunofluorescence staining of AHNAW) DLKP parental cells, (B)
DLKPSQ, (C) DLKPI and (D) DLKPMcells stained wh an AHNAK specific antibody.
Immunoreactivity was observed in all cell lines. (Original magnification of all photomicrographs,
x400,scalebar= 5 Qrs=In
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3.2.2 Validation of HDGF expression in DLKP
While little is known about the recepw®of hepatoma derived growth factors (HDGFs),
it is thought that HDGF contains a peptide region responsible for binding to the cell
surface. Subsequent binding of HDGF at the cell surface is also thought to activate
ERK1/2 in fibroblastd§105]. The ERK pathway is thought to play a key rolethe
invasion of DLKP [96]. Hepatoma derived growth factor (HDGF) was found to be
increased in comparative proteomics analysis of DMEKPLKPI (2.19 fold), however
less stringent criterizvereapplied(i) ANOVA scoreof O 0. 05, -foldicHadge i ma x
O 1.5, wi t h 1lto igeatify tHD@FeRefen dot apperalid 1, whickhows
expression of HDGF in DLKP

HDGF is thought to be locaked mainly to thaucleus butlocalisation to the cytosol has
also been reported06]. In DLKP, no membrane immunoreactivity was observed but
there was strong nuclear and sonogtoplasmic immunoreactivityobserved.
Immunoreactivity was strongest in DLKP with lower levels in DLKPSQ, PLknd
DLKPM (seeFigure3.2-2 (A)).

Western blot analysis of whobell lysates, membrane enriched fractions and conditioned
media (CM) preparations of DLKP, DLKPSQ, DLKPI and DLKPM cells was performed
to investigatethe expressionof HDGF. Western blot analysis of membrane enriched
fractions clearly shows expression dDBF is highest in DLKP compared to the clones
(SQ, I and M). Analysis of whole cell lysates and CM samples showed expression of
HDGF across the four cell lines. Immunoblots shtve migration of HDGF at
approximately 37kDayowever nonspecific bands were observedtle whole cell and

CM samples above 37kDa which may represent potential H2@ked protein$106]

of HDGF (seeFigure 3.2-2 (B)). Immunocytochemical analysis of HDGF in DLKP,
DLKPSQ, DLKPI and DLKPM cells displayed strong immunoreactivity in all cell lines,
however DLKP showed the strongest membeaeactivity (se€&igure3.2-2 (C)).
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Figure 3.2-2:- Validation of HDGF expression in DLKP.

(A) Immurofluorescence staining of HDGH#£1) (B) Representative immunoblot showing
expression of HD GF -tubutin servee as badiag cordrih43)n and(C) ( U
Immunocytochemical staining #iDGF in DLKP and its clones (n=1)mmunoreactivity was
observed in all cell lines with the DLKP tekhowing the strongest immunoreactivigriginal
magnification of all photomicrographs, x400, egalar = 50em (A) and 200c¢
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3.2.3 Validation of SLIT2 ligand and ROBO2 receptor expression in DLKP
RoundabouR Homolog (ROBO2) expression was found tori@eased idlifferentially
expressed protein comparisons: DL¥KS>DLKPSQ (~5%fold), DLKP vs.M (~60-fold),

DLKPI vs.DLKPSQ (~2%fold) and DLKPIvs. DLKPM (27~fold), Tables of proteins
showing expression of ROBO2 in DLKP are presented in se8tib/@. In addition,
microarray analysis previously carried out on DLKP and its clones had revealed that
ROBO2 was overexpressed in DLKPI only, lehproteomic analysis on CM also
indicated its expression in DLKP and its clones. Interestingly, ROBO2 expression in CM
was highest in DLKPSQ, this may indicate that DLKPSQ may shed ROBO2 into the CM.
ROBO2 acts as the receptor for SLIT2 (and probably $) guide to cellular migration
during neuronal developmejdi07]. Recently, it has been shown that ROBO1 expression
in breast cancer cells coupled with SLIT2 expression from stromal fibroblasts has been
associated wh inhibition of tumour progressigi08]. This indicates the influence the
expression of proteins from cells within the tumour microenvironment may have on
cancer progressiorBoth ROBO2 and SLIT2 proteins were sdket for validation

studies.

Both Immunofluorescere and Immunocytochemical analysiof SLIT2 show
immunoreactivity in all cell lines, DLKPM showing an overall the highest expression
with DLKPSQ showing lower expression, this cell line appears to display membrane
reactivity. Extracellular immunoreactivity can be observed in all cell linesKgpee

3.23 (A) & (D)), indicating potential secretion of SLIT2 into the surrounding media.
Immunofluorescence ahing for ROBO2 Figure3.2-3 (C)) revealedmmunoreactivity

in all of the cells with the DLKRM cells showing the strongest immunoreactivity and
DLKP showing weakest expression. SLI@2pression appears to correlate with ROBO2

expression in DLKRnd its subpopulationyy immunofluorescence.

Westen blot analysisKigure3.2-3 (B)) was carried out to investigate the expression of
SLIT2 in whole cell lysates, membrane enriched fractions and CM of DLKP, DLKPSQ,
DLKPI and DLKPM cells. DLKPM and DLKP showed the highest level of expression
while DLKPSQ and DLKPI showed the lowest level efpression in all samples.
Western blot analysis of SLIT2 does not appear to correlgkelmmunofluorescence
analysis,however there does appear to be similar expression trends between both
techniquesROBO2 expressiowas onlyvalidatedby Immunofluorescence staining as

the antibodydid not work for Western blot analysis or Immunocytochemical analysis.
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Figure 3.2-3:- Validation of SLIT2 and ROBOZ2 receptor expression in DLKP.
(A) Immunofluorescence staining of SLIT2 in the DLKP clorfesl). (B) Representative

| mmunobl ot showing expr essi-wbulinevdsudsiadamn@jual n t h
loading control(n=3)). (C) Immunofluorescence staining showimgll surface staining of
ROBO2(n=1). (D) Immunocytochemical staining of SLIT2 in theeRP clones(n=1). DLKP

parental cellsDLKPSQ, DLKPI and DLKPM cells stained with bo#m antibody specific to

SLIT2 andROBO2 Immunoreagvity was observed in all cisl (Original magnification of all
photomicrographs, x408calebar= 50em (A and ))C) and 200em (D
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3.2.4 Validation of ALCAM expression in DLKP
Activated Leukocyte Cell Adhesion molecule (ALCAM), also known as CD16§emt
is a highly conserved 1kDa multrdomain, transmembrane tyfieglycoprotein of the
immunoglobulin superfamily. ALCAM was first described as a CD6 ligand but is capable
of homophilic and heterophilic interactiofld09]. ALCAM expression was fouhto be
increased in a number of comparisons of differentially expressed proteins; {4.KP
DLKPM (~5.97%fold), DLKPI vs. DLKPSQ (~24.3fold) and DLKPI vs. DLKPM
(~30.15fold), Tablesof proteins showing expression of ALCAM in DLKP are presented
in section3.1.3 In addition, microarray analysis previously carried out on DLKP and its
clonesrevealed that ALCAM was overexpressed in DLKPI only relative to DLKPSQ,
while proteomic analysis on CM also indicated expression in DLKP cell lines.
Interestingly, ALCAM expression in CM was highest in DLKPSQ and DLKPM.
Potentially indicating that DLKPS@heds ALCAM into the conditioned mediurA.
number of studies have identified ALCAM as a potential lung cancer stem cell marker
[110]. Since DLKPI may show a potential ability taterconvert to DLKPSQ and
DLKPM, it was proposed that DLKPI may resemble a possible stem cell population in

DLKP and was therefore chosen for validation studies.

Immunofluorescence~{gure3.2-4 (A)) and mmunocytochemicahnalysis of ALCAM
(Figure3.2-4 C)) indicatedstrongmemlbrane reactivity in DLKPI compared to DLKP and
DLKPM. ALCAM appeared to be almost absent in DLKPSQ. Wesidot analysis
(Figure3.2-4 (B)) confirms hat the expression level of ALCAM was highest in DLKPI
compared to DLKP, DLKPSQ and DLKPM. Immunofluorescence, Western blot analysis
and immunocytochemical analysis confirmed proteomics analysis by showing strongest
expression of ALCAM in DLKPIALCAM, dueto its strong expression could potentially

be a good candidate for use as a marker for DLKPI.
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Figure 3.2-4:- Validation of ALCAM expression in DLKP.
(A) Immunofluorescence staining of ALCAM inghDLKP clones(n=1). (B) Representative

| mmunobl ot showing expr essi eaubuliowasusdaSanqualn t h
loading contron=3)). (C) Immunocytochemical staining of ALCAM in formalin fixed paraffin
embedded cells from DLKP and its ols (1000x magnificaih (n=1). Strongest
immunoreactivity is observed in DLKPI. (Original magnification of all photomicrographs, x400,
scalebar= 50em (A) and 200em (C))
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3.2.5 Validation of IQGAP1 expression in DLKP
RasGTPaseactivatinglike proteinl (IQGAP1) is a member of the IQGAP family of
proteins with a molecular weight of approximately 189kDa. IQGAP1 regulates cell
morphology and motility by its interaction with cell adhesion molecules, signalling
molecules ad components of the cytoskeletidil]. IQGAP1 expression was found to
be increased in a number of comparisons of differentially expressed praieKiPSQ
vs. DLKP (~2-fold), DLKPI vs. DLKP (~8-fold), DLKPM vs. DLKP (~9-fold) and
DLKPM vs.DLKPSQ (~6fold) obtainedrom compaativeproteomic analysis of DLKP,
Tablespresentedn section3.1.3 show expression of IQDARN addition, microarray
analysis previously carried out on DLKP and its clones revealed that IQGAP1 was
overexpressed in DLKPI relative to DLKPSIQGAPL1 is thoughto interact with over
90 pr ot ei natenink-cadherthandNycadberin which are well established
in cancerIn addition, IQGAP1 has also been reported to be a potential interacting protein
of ALCAM [112] which we found to be almost uniquely expressed in DLKPI (see section
3.2.9.

Immunofluorescencd-{gure3.2-5 (A)) and Immunocytoleemical analysisHigure3.2-5

(C)) of IQGAPL1 indicated that immunoreactivity was observed irfaait cell lines
Expression appears to be strongest in DLKPM relative to DLKP, DLKPSQ and DLKPI.
Westen blot analysig-igure 3.2-5 (B)) also confirms expression levels of IQGAPL1 is
highest in DLKPM corpared to DLKP, DLKPSQ and DLKPI.
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Figure 3.2-5:- Validation of IQGAP1 expressionin DLKP.
(A) Immunofluorescence staining of IQGAP1 in the DLKP clonéB) Representative

| mmunobl ot showing expr essi dubuliowas used @faPddu i n t
loading control)(C) Immunocytochemical staining of IQGAP1, strongest imoraactivity was
observed in DLKPMOriginal magnification of all photomicrographs, x4@@alebar= 50 ¢ m

(A)and200em (C)) .
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3.2.6 Validation of INA expression in DLKP
Alpha-Internexin (INA) is a 66kDa neuronal intermediate filament that is abundantly
expressedh the peripheral nervous system. Overexpression of INA in oligodendroglial
phenotype gliomas has been relatedhe 1p/19q caleletion and been reported as a
favourable prognostic mark¢t13]. Increased expression of INA was identified as a
biomarker for neuroendocrine pancreatic cancer tumour aggressiveness and prognosis
[104]. However,unpublishedproteomic analysis performed on whole cell lysates of
DLKP andits clones also indicated that INA expression was increased in DLKBSQ
DLKPM (~2.4old). Initial studies performed on DLKP indicated that DLKP should be
characterised as either variant small cell lung carcinoma (SQLdE nonsmall cell lung
carcinomawith neuroendocrine differentiatioifNA was therefore chosen for validation
in DLKP based on novelty, relating to lung cancer and oass®ciation with pancreatic

neuroendocrine cancer

ImmunofluorescenceFgure 3.2-6 (A)) and immunocytochemitgFigure 3.2-6 (C))
analysis of INA indicated thamnmunoreactivity vas observed in DLKP, DLKPSQ and
DLKPM. Expression appears to be strongest in DLKPSQ and weak immunoreactivity
observed in DLKPI. Westa blot analysis Kigure 3.2-6 (B)) confirmed expression of

INA in whole cell lysates and membrane enriched samples of DLKP and its clones. INA

appears to show association witie membrane of DLKPSQ and not for DLKP.
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Figure 3.2-6:- Validation of INA expression in DLKP.
(A) Immunofluorescence stairgnof INA in DLKP and the clonegn=1). (B) Representative

Immunoblot showing expression of INA in the DLKP clor{egubulin was ued as an equal
loading control(n=3)). (C) Immunocytochemical staining of INA, strongest immunoteéy
was observed in DLKPSQ (Original magnification of all photomicrographs, >st@debar=
50em (A) and 200em (C)).

74



3.2.7 Validation of SPR in DLKP
Sepiapterin Reductase (SPR) is akP& enzyme localised to the cytoplasm. It is
involved in the final two ®ps in the conversion of-@yruvoltetrahydrobiopterin to
tetrahydrobiopterin (Bbk), an essential etactor of nitric oxide synthase. Nitric oxide
synthase (NOS) is required for the conversion-@frginine to Citrulline or nitric oxide.
Comparative protamics analysis found increased expression of SPR in DLK&SQ
DLKPI (3.64 fold) (seeTable3.1-5). In addition, microarray analysis previously carried
out on DLKP and its clones indicated that SPR was overexpresdedkiRSQ and
DLKPM relative to DLKPI.

Immunofluorescencanalysis of SR (Figure 3.2-7 (A)) shows that immunoreactivity
was observed DLKP, DLKPSQ and DLKPM. Expression appears to be strongest in
DLKPSQ, with weak immunoreactivity observed in DLKPI. In DLKPSQ,
immunoreactivity appears to be nuclear or-sytoplasmic. Westa blot analysisKigure

3.2-7 (B)) conirmed expression of SPR in whole cell lysates and membrane enriched

samples of DLKP and its clones.
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Figure 3.2-7:- Validation of SPR expression in DLKP.
(A) Immunofluorescence staining of SPR in DLKP and its clones, (BJlRepresentative

| mmunobl ot showing expr essitduinwaé usGdRn equal t he
loading control (h=3)). Strongest Immunoreactivity was observed in DLKPSQ (Original
magnification of all photomicrographs, x4@@alebar= 5 0.&€ m)
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3.2.8 BreastMark Analysis
Breast cancer is a heterogeneous disease of which the majeaseaievelop resistance
to drugs despite advances in early detection and the progress made in the treatment of
patients using systemic agents. This becomes a challenge for clinicians who are involved
in the treatment of patients. iff, thereforecritical in the effective treatment of breast
cancer (and other cancers) to identify and target the pathways that promote or sustain
growth and invasion of cancer cells. There is a greater understanding of the molecular
mechanisms underlying carcinogenesis which leakstb the identification of novel
molecular targets and development of targeted ther@hlds 115] Targeted therapies
for breast cancer include the use of tyrosine kinase inhibitors (TKIs) that target HER1,
HER2, HERS3, IGF receptor,-WET and FGF receptor, but also inhibitors of intracellular
signalling pathways such as PI3K, AKT, mTOR and HRK6E]. We used BreastMark to
evaluate the significance of the markers identified in this thesis in relation to survival of
patients with breast cancer. BreastMark is an algorithm developed to allow for the
identifications of gees that are associated with disease progression in various breast
cancer subtypes. It integrates gene expression and survival data from 26 datasets on 12
different microarray platforms corresponding to ~17,000 genes in up to 4,738 clinical

samples[117].

The prognostic significance of eadi the proteirs validated insection 3.2.8 was
determined for eachréas cancer molecular subtype (i) Luminal A (i) Luminal B (iii)
Her2+ and (iv) Basdike. Validated proteins were analysed using the combined survival
optionin BreastMark where he outcome is overall survivdhe Kaplan Meir survival
curves are presenteéad Figure 3.2-8 to Figure3.2-15 for each of the validated protejns
results arsummarised iMable3.2-1. Of the eight proteins chosen for validation studies,
BreastMark analysis indicated that six of those were statistically significant and
potentidly worthy of further investigation in breast cancer.
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Significance in Molecular Patient Hazard p-

subtypes outcome Ratio value

AHNAK

ALCAM

HDGF

INA

IQGAP1

ROBO2

SLIT2

SPR

High expression in Luminal B Better 0.88 0.0330

Not significant in Luminal A, Luminal B, Her2+ d@asal subtypes

Low expression Luminal A Better 1.27 0.0094
High expression in Luminal B Better 0.27 0.0009
High expression in Luminal A Better 0.72 0.0006

Expression not significant in Luminal A, Luminal B, Her2+ or Basal subtyp
Expression not significant in Luminal A, Luminal B, Her2+ or Basal subtyp
Low expression in Luminal A Poor 1.36 0.0019

Low expression in Basal Poor 1.33 0.0228

Table 3.2-1:- Summary of BreastMark survival analysis performed on validated proteins.
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Figure 3.2-8:- Survival analysis of AHNAK expression in breast cancer.
KaplanMeier estimates of prognostic significance of AHNAK expression in molecular subtypes

of breast cance(a) Luminal A (n=1544HR = 0.8314 (0.68751.005),p=0.05663)(b) Luminal

B (n=1473HR = 0.8344 (0.70630.9858) p=0.03305)(c) Her2+ (n= 377, HR = 0.9786 (0.719

- 1.332),p=0.8907) andd) Basatllike (n=674, HR = 1.085 (0.8064..459),p=0.5907). Kaplan

Meier graph representing survival prognosis in patients based on high or low expression of
AHNAK in their tumour. Data genered using BreastMark at
http://glados.ucd.ie/BreastMark/index.html

79


http://glados.ucd.ie/BreastMark/index.html

(@) (b)

e <
- p-value= 0.0093927 - p-value= 092315
o _| «Q 4
(=] o
© ©
2 ° 2 °
c c
> >
(2 o = | e wonm e oy
o o
High Expression of 3068 High Expression of 3068
o~ Low Expression of 3068 o~ Low Expression of 3068
o o
o | Qo |
(=] o
T T T T T T T T
0 50 100 150 200 0 50 100 150 200
Time (months) Time (months)
(€) (d)
(S
p-value=0.081565 - p-value= 0.47285
[
o
B ©
g ‘ 3
@ < | H—H— iy [ZEE
o o
High Expression of 3068 High Expression of 3068 A
o~ Low Expression of 3068 o~ Low Expression of 3068
o | o |
(= o _|
o o
T T T T T T T
0 50 100 150 200 0 50 100 150
Time (months) Time (months)

Figure 3.2-9:- Survival analysis of HDGF expression irbreast cancer.
KaplanMeier estimates of prognostic significance of HDGF expression in molecular subtypes of

breast cancefa) Luminal A (n= 1650, HR = 1.271 (1.06..523),p=0.0094)(b) Luminal B (n=
1499, HR = 0.992 (0.84361.166),p=0.9224),(c) Her2+ (n= 417, HR = 1.293 (0.9678.728),
p=0.0813) andd) Basallike (n= 710, HR = 0.9072 (0.69511.184),p=0.4732). KaplarMeier
graph representing survival prognosis in patients based on high or low expression of HDGF in
their tumour. Data generateding BreastMark dittp://glados.ucd.ie/BreastMark/index.html
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Figure 3.2-10:- Survival analysis of SLIT2 expression irbreast cancer.
KaplanMeier estimates of prognostic significance of SLIT2 expression in molecular subtypes of

breast cance(a) Luminal A (n= 1523, HR = 0.9492 (0.7858.147),p=0.5883)(b) Luminal B

(n= 1464, HR = 0.928 (0.78511.097),p=0.3809),(c) Her2+ (n= 371, HR = 0.752 (0.5509
1.026),p=0.07161) andd) Basatlike (n= 662, HR = 1.134 (0.8808L.46),p=0.3288) Kaplan

Meier graph representing survival prognosis in patients based on high or low expression of SLIT2
in their tumour. Data gendsl using BreastMark &ttp://glados.ucd.ie/BreastMark/index.html
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Figure 3.2-11:- Survival analysis of ROBO2 expression ifbreast cancer.
KaplanMeier estimates of prognostic significance of ROBO2 expression in molecular subtypes

of breast cance(a) Luminal A (n= 338, HR = 0.9812 (0.7023.371),p=0.9112),(b) Luminal

B (n= 376, HR = 0.9626 (0.71861.29),p=0.7984),(c) Her2+ (n= 112, HR = 1.005 (0.6062
1.666),p=0.9842) andd) Basallike (n= 187, HR = 1.116 (0.70321.771),p=0.6415). Kaplan

Meier graph representing survival prognosis in patients based on high or low expression of
ROBO2 in their tumour. Data genexdt  using BreastMark at
http://glados.ucd.ie/BreastMark/index.html
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Figure 3.2-12:- Survival analysis of ALCAM expression inbreast cancer
KaplanMeier estimates of prognostic significance of ALCAM expression in molecular subtypes

of breast cancefa) Luminal A (n= 1630, HR = 0.9045 (0.7509.089),p=0.2902),(b) Luminal

B (n= 1474, HR = 1.075 (0.9124..266),p=0.3879),(c) Her2+ (n= 399, HR = 0.8696 (0.6478
1.167),p=0.3521) andd) Basatlike (n= 704, HR = 1.064 (0.78%3L.449),p=0.6938). Kaplan

Meier graph representing survival prognosis in patients based on high or low expression of
ALCAM in their tumour. Data genated using BreastMark at
http://glados.ucd.ie/BreastMark/index.html
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Figure 3.2-13:- Survival analysis of IQGAP1expression in breast ancer.
KaplanMeier estimates of prognostic significance of IQGAP1 expression in molecular subtypes

of breast cancera) Luminal A (n= 1650, HR = 0.729 (0.60790.8741),p=0.0006124)(b)
Luminal B (n= 1499, HR = 0.8769 (0.7438.034),p=0.1174),(c) Her2+ (n= 417, HR = 1.207
(0.8871 - 1.643), p=0.2301) and(d) Basallike (n= 710, HR = 1.004 (0.7958 1.267),
p=0.9711) KaplanMeier graph representing survival prognosis in patients based on high or low
expression of IQGAP1 in theirtumour. Data generated using BreastMark at
http://glados.ucd.ie/BreastMark/index.html
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Figure 3.2-14:- Survival analysisof INA expression in breast ancer.
KaplanMeier estimates of prognostic significance of INA expression in molecular subtypes of

breast cancefa) Luminal A (h= 1544, HR = 1.15 (0.9259.428), p=0.2061)b) Luminal B
(n=1473,HR =0.7271 (0.6018.8783), p=0.000904)c) Her2+ (n= 377, HR = 0.9656 (0.6877

- 1.356), p=0.84and(d) Basatlike (n= 674, HR = 1.004 (0.78621.281), p=0.9772). Kaplan

Meier graph representing survival prognosis in patients based on high or low expression of INA
in their tumour. Data generated using BreastMatitat//glados.ucd.ie/BreastMark/index.html
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Figure 3.2-15:- Survival analysis of SPR expression in breastacer.
KaplanMeier estimates of prognostic significance of SPR expression in molecular subtypes of

breast cancefa) Luminal A (n= 1678, HR = 1.366 (1.1211.664),p=0.001923)(b) Luminal B

(n= 1519, HR = 0.9395 (0.80621.103),p=0.4459),(c) Her2+ (n= 423HR = 1.317 (0.9721
1.783),p=0.07463) andd) Basatlike (n= 714, HR = 1.335 (1.041.714),p=0.02289). Kaplan

Meier graph representing survival prognosis in patients based on high or low expression of SPR
in their tumour. Data generated using Breaskvi http://glados.ucd.ie/BreastMark/index.html
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3.2.9 Summary of results from validation experiments
Proteins identified through comparative proteomic analysis performed on DLKP,
DLKPSQ, DLKPI and DIKPM cell lines revealed a number of differentially expressed
proteins betwen within DLKP cell line modelSix proteins (AHNAK, ALCAM, HDGF,
IQGAP1, ROBO2 and SPR) were selected directly from this analysis. INA was selected
based on its association withureendocrine pancreatic cancer and its novelty. SLIT2
was selected due to its association with its receptor RQBI®&tified in the proteomic
analysis presented.iiAll of the selected proteinwere examined in DLKP, DLKPSQ,
DLKPI and DLKPM cells and their expression was presented in se8trSome
differencesin the expression levels of thgroteinswere observetbetweeneach of the
techniques used for validatiphowever overall theexpressiorpatterns of individual
proteins showed similarends Table 3.2-2 presentsa representativéndication of the
expression of eacbf the protein validatedy Western blot analysis (d¢ifie whole cell,
membrane enriched and/or conditioned medsample} Immunofluorescence, and/or

Immunocytochemical analysis of the cell lines.

DLKP DLKPSQ DLKPI DLKPM
AHNAK + + ++++ bt
ALCAM + -[+ ++++ +
HDGF ++ + + +
INA ++ ++ -+ +
IQGAP1 ++ + ++ +++
ROBO2 + ++ + ++
SLIT2 ++ + + ++
SPR + ++ + ++

Table 3.2-2:- Summary table showing representative expression of the proteins validated in
DLKP and its clones.

-[+  absent or weak expression

+ weak expression

++ moderate expression

+++ strong expression

++++ very strong expression
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3.3 Expression ofselectedproteins in human cancer cell Ines.

Comparative proteomics analysis was used to select differentially expressed proteins as
potential markers for DLKP clones. A number of proteins were selected and \chhgate
Western blot analysisimmunofluorescence and Immunohistochemistry. AHNAK,
ROBO2, ALCAM, IQGAP1, and SPR were selected following membrane proteomics.
SLIT2 was selected from microarray analysis, through its associatiorthgtOBO2
receptor. HDGF was selected from membramégamicshoweverless sringent criteria

were appliedThese proteins were examinkdtherfor their expression across panels of
representative tumour cell lines includilumpg cancer, pancreatic cancENBC, colon,

glioma, melanoma and neuroblastoma.

3.3.1 Expressgon of validated proteins ina representativepanel of lung
cance cell lines
Preliminary investigations were carried out to exantiveexpressiorof HDGF, SLIT2,
ALCAM, INA and SPR in a representative panel of lung cancer cell lines. The full panel

of cell lines including their subtypes are showable3.3-1 below:

Subtype Abbreviation Cell lines
Small Cell Lung Cancer SCLC NCI-H69, NCFH82, DMS-53
Large Cell Lung Cancer LCLC NCI-H460,H1229
Adenocarcinoma AC A549, SK-LU-1
Squamous Cell Carcinoma SCC DLRP,SKMES1

Table 3.3-1:- Lung cancer cell lines used to examinghe expressionof protein targets.

HDGF expression appears to be strongest in the SCLC and AC cell lines, while lower
expression levelgereobserved in the remaining subtypegy(re3.3-1), SLIT2 (Figure
3.32) and ALCAM (Figure 3.3-3) expression appears to be strongest in-NG9
(SCLC) and lover expression levelsereobserved in the remaining subtyp&CC cell
lines were not available at the timecafrying out western blot analysislDGF, SLIT2,
ALCAM and INA, but their expression should be examined in this lung cancer subtype
Expression of INA in the whole cell preparations displayed strongest expression in all
SCLC cell lines, in one LCLC (H1229) and in one SCC (SKMBSwhile low toan
absencef expression was observad AC andin the remaining cell lines. Analysis of
thepanel for membrane expression appears to associate INA to SCLC cell lines since no
88



detectable levels of INA was observed in LCL8daAC cell lines Figure 3.3-4).
Expression of SPR in whole cell preparations and membrane preparations appears to be
strongest in DM$3 (SCLC), A549 (AC) and DLRP and SKMHES(SCC) cell lines,

strong expression was also observed in LCLC and AC cell lines, while low level
expression was observed in t8€LC cell lines Figure3.3-5). Western blot analysis of

the markers in cell lines representing various lung cancéysesappeasto show strong
expression inthe SCLC subtype. The expression of these manké&sKP could suggest

a potential SCLC componentDLKP, which wasoriginally proposed byicBride, 1995

[93]. To confirm this suggestion, further analysisould be carried outising these

markers.
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5CLC LCLC AC

NCI-H69
NCI-H82
NCI-H460
H1229
A549

DMS-53
SK-LU-1

2 HDGF
w - oa
Figure 3.3-1:- Western blot analysis of HDGF expression in lung cancer cell lines.
Representative immunoblot showing expression of HDGF in; (i) SCLC:HO, NCFH82 and
DMS-53, (ii) LCLC: NCI-H460 and H229 and (iii) AC: A549 and SKU-1. Membrane

enriched amples weg separated by SBBAGE and probed with an antibody specific to HDGF.
SCLC cell linesappeato show thestrongesexpression oHDGF (n=1).
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DLKPSQ
DLKPI
DLKPM
NCI-H69
NCI-H82
DMS-53
NCI-H460
H1229
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SLIT2
& sDa

Figure 3.3-2:- Western blot analysis of SLIT2 expression in lung cancer cell lines.
Representative immunoblot showing expressio8Ldi2 in; (i) SCLC: NCtH69, NCFH82 and
DMS-53, (ii) LCLC: NCI-H460 and H229 and (iii) AC: A549 and SKU-1. Membrane
enriched amples were separated by SBAGE and probed with an antibody specific to SLIT2.
NCI-H82 appears to shothe strongestexpression ofSLIT2 (DLKPM served as a positive
control) (n=1).
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Figure 3.3-3:- Western blot analysis of ALCAM in lung cancer cell lines

Representative immunoblot showing expression of ALCAM in; (i) SCLC:-N&9, NCFH82
and DMS53, (ii) LCLC: NCI-H460 and H229 and (iii) AC: A549 and SKU-1. Membrane
enriched amples were separated by SBSGE and probed with an antibody specific of
ALCAM. NCI-H69 appears to shothe strongesexpression oALCAM . (n=1).
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Figure 3.3-4:- Western blot analysis of INA in lung cancer cell lines.

Representative immunoblot showing expression of INA in; (i) SCLC:-N&3, NCFH82 and

DMS-53, (ii) LCLC: NCI-H460 and K229, (iii) AC: A549 and SK.U-1 and (iv) SCC: DLRP
and SKMESL1. Expressiorof INA was examined infa) whole cell lysateg -tlbulin served as
loading controlland (b) membrane enrichedmplesvere separated by SEFSAGE and probed
with an antibody specifito INA. NCI-H69 and NCIH82 appeato showthestrongesexpression
of INA (n=1).
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Figure 3.3-5:- Western blot analysis of SPR in lung cancer cell lines.

Representative immunoblot showing expression of SPR in, (i) SCLGHEE] NCFH82 and
DMS-53, (ii) LCLC: NCI-H460 and H229, (iii) AC: A549 and SK.U-1 and (iv) SCC: DRP
and SKMESL1. Expression of SPR was examined in; (a) whole cell ly§atisoulin served as
loading control) (b) membrane enriched fractiosamples were separated by SBSGE and
probed wih an antibody specific to SPR1).
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3.3.2 Expresdon of validated proteins ina representative panel ofNBC
cell lines

Preliminary investigations were carried out to exanteexpressiorof HDGF, INA and
SPR in a representative panel of triple negative breast cancer (TNBC) celblinasal
analysis usinghe BreastMark algorithm did not find the expression of SLIT2 and
ALCAM to be statstically significant in patiestwith breastcancerandweretherefore
excluded from this analysi§he full panel of cell lines including their subtypes are shown
in Table3.3-2 below:

Molecular subtype  Abbreviation Cell lines
Basatlike-1 BL-1 HCC-1143 MDA-MB-468.
Basallike-2 BL-2 HCC1937, CAL851, HDQP-1.

Mesenchymal M CAL-51

Mesenchymatlike MSL Hs578T, MDA-MB-231, MDA-MB-157.

Table 3.3-2:- TNBC cell lines used to examinéhe expressionof protein targets.

Whole cell lysates were used to examineexpressiorof HDGF, INA and SPR in this

cell line panel. Western blot analysis revealed strong expression of HDGF across the
TNBC subtypesKigure3.3-6). INA appeared to show strongest expression in H1G&7

and HCCG1143(BL-1), with strong expression was also observed in HQW®!) and
MDA-MB-157 (MSL) cell lines. Low level to an absencesgpression was observed
theremaining cell lines on thpanel Figure3.3-7). Expression of SPR appeared to be
strongest in MDAMB-468 (BL-1), CAL-51 (M) and MDAMB-231 and MDAMB-157

(MSL) cell lines, whilelower expression levelwere observed in BE2 (CAL-851 and
HDQP-1) andin the remaining cell lines on the pandtigure 3.3-8). There areclear
differences irtheexpression of these targets across the panel of TNBC ce|ldumeSPR

and INA appear to be strongly expressed inIBlireast cancer.
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Figure 3.3-6:- Western blot analysis oHDGF in TNBC cell lines.

Representative immunoblot showing expression of HDGF in; (F1BHCC1937, HCE1143

and MDA-MD-468, (ii) BL-2: CAL-851 and HDQP1, (iii) M: CAL-51 and (iv) MSL: H&78

T, MDA-MB-231 and MDAMB-157. Samples were separated by SB2&E and probed with

an antibody specific to HDGF. St-tubolingervesiaspr es s
loading contro(n=1)).
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Figure 3.3-7:- Western blot analysis of INA in TNBC cell lines.
Representative immunoblot showing expression of INA in; ()IBHCC1937HCC-1143and
MDA-MD-468, (ii) BL-2: CAL-851 and HDQP1, (iii) M: CAL-51 and (iv) MSL: Hs578T,
MDA-MB-231 and MDAMB-157. Samples were separated by SEXSSE and probed with an

antibody specific to INA. Expression of INA appears to be strongest in théd BLs u b t-y p e .
tubulin served as loading contrai¥1.
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Figure 3.3-8:- Western blot analysis of SPR in TNBC cell lines.
Representative immunoblot showing expression of SPR in; @):BICC1937,HCC-1143and

MDA-MD-468, (ii) BL-2: CAL-851 and HDQR1, (iii) M: CAL-51 and (iv) MSL: Hs578T,
MDA-MB-231 and MDAMB-157. Samples were separated by SEXSSE and probed with an
antibody specific to SPR. SPR expression is observed across T&lBDes( fubulin served
as loading contrain=1)).
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3.3.3 Expresdon of validated proteins inarepresentativepanel of
pancreatic cancercell lines
Preliminary investigations were carried out to examihe expressionof HDGF,
ALCAM, INA and SPR in a representative panel of pancreatic cancer cell lines. SLIT2
was not included in this analysis. INA was included in this analysisgver extremely
low level of expressionio the absence @xpression wasbserveddata ot shown). The
panel of cell linesvasBxPc3, HPAC, Pand, MiaPaca2, MiaPaca2 clone3, AsPand

Capanl (all cell lines are pancreatic ductal adenocarcinoma).

Western blot analysis was used to examine the expression of HDGF, ALCAM and SPR
in (a) Wholecell lysates and/or (b) membrasariched fractions of the cell lines. HDGF
showed strong expression across all pancreatic cancer cell lines, witil Baawing
lowest expression levels. Strong expression of HDGF alssobserved in whole cell
lysates otained from explanted human pancreatic cancer tumour cells. An increased
membrane expression of HDGF was observed in MiaPaca2 clone3 (inchsieof
MiaPaca2) compared to its parental cell lifgure3.3-9 shows expression of HDGF in

(a) Whole cell lysates (b) membrane enriched fractions and (cyestigered via explant
culture fromtwo human pancreatic cancer tumours (explant culture was performed by
Dr. Fi ona OO0 Nre $ahdra Rachal whole cell and membrane samplere

prepared by Edel McAuley)

ALCAM appeared to show strong expression in B8Pwith low level to naexpressin
observed in the remaining cell lines e panel Figure3.3-10). Strong expression of
SPR was observed in whole cell lysates across the papahofeatic cancer cell lines,
with exception of BXP@ showing weakest SPR expression. Expression in membrane
enriched preparations appear to be much lower, with AsBEcsplaying strongest
expressionKigure3.3-11). Both whole cell lysate and membrane samples appear to show

increased expression in the invasive MiaPaca2 clone3 cell line compared to its parental.
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Figure 3.3-9:- Western blot analysis of HDGF in pancreatic cancer cell lines.

Representative immunoblot showing expression of HDGF in; (a) whole cell Lysates aBBxPc
HPAC, Panel, MiaPaca2, Mia&ca2 clone3, AsPt and Capail -(utfllllin served as loading
control). (b) membrane enriched fractions of BxXBcAsPel, Panel, MiaPaca2 and MiaPaca2
clone2 and (c) membrane samples and whole cell lysates from explanted human patient tumour
cells. Sampds separated by SEFFAGE and probed with an antibody specific to HD@GEL).
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Figure 3.3-10:- Western blot analysis of ALCAM in pancreatic cancer cell lines.
Representative immunoblot showing expression of ALCANIhembrane enriched samples of
BxPc3, AsPcl, Panel, MiaPaCa2 and MiaPaCaz2 clone3 invasive. Samples were separated by

SDSPAGE and probed with an antibody specific to ALCAM. Expression of ALCAM appears
strongestn the membrandractiors of BxPc3 (n=1).
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Figure 3.3-11:- Western blot analysis of SPR in pancreatic cancegell lines.

Representative immunoblot showing expression of SPR in; BxPIPAC, Pand, MiaPaCa2,
MiaPaCa2 clone3, and clone3 (B), AsPand Capatl. SPR expression was examined in (a)
whole cell lysates and (b) membrane enriched fractions, samplesepaated by SDBAGE
and probed Wh an antibody specific to SPR=1).
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3.3.4 Expression of validated proteins in colon, glioma neuroblastoma and
melanoma cell lines
Preliminary investigations were carried out to examine expression HDGF, ALCAM, INA
and SPR in representative cell lines from colon, glioma, neuroblastoma and melanoma

tumour types. The cell lines used are presentdaloie3.3-3 below.

Tumour type Cell line
SW480 Primary colon
SW620 Metastatic colon
SNB-19 Glioma
SK-N-SH Neuroblastoma
LOX IVMI Melanoma

Table 3.3-3:- Colon, glioma, neuroblastoma and melanoma cell lines used for Western blot
analysis.

Western blot analysis was used to examine the expression of HDGF, ALCAM, INA and
SPR in whole cell lysates and/or membrane enriched fractions of the cell lines. Strong
expression of HDGF was observed in the metastatic colon cancer cell line (SW620)
versus the isogenic primary cell line (SW480) from the same patient, strong expression
was also observed in glioma and melanoma cell lifggufe 3.312). ALCAM
expression was increased in glioma and melanoma, vexigession ofALCAM

appeared tbeundetetable in both colon cancer cell lindsgure3.3-13).

Increased expression of IN#vas also observeth membrane enriched fractiorus
neuroblastoma compared to glionfagure 3.3-14), while whole cell lysates indicate

increased expression of SRglioma compared to neuroblastonkégure3.3-15).
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Figure 3.3-12:- Western blot analysis of HDGF in colon, glioma andnelanoma cell lines.
Representative immunoblot showing expression of HDGF in; colon (SW480 and SW620), glioma
(SNB-19) and melanoma (Lox) cell lines. HDGF expression appears to be increased in the
metastatic colon cell line (SW620) compared the primamyrc($W480), samples were separated

by SDSPAGE and probed wh an antibody specific to HDGR=1).
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Figure 3.3-13:- Western blot analysis of ALCAM in colon, glioma and melanoma cell lines.
Representative immunoblot showing expression of ALCAM in; colon (SW480 and SW620),
glioma (SNB19) and melanoma (Lox) cell lines. Low expression of ALCAM was observed in

glioma and mkanoma cell lines, samples were separated by-BBSE and probed whit an
antibody specific to ALCAMNn=1).
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Figure 3.3-14:- Western blot analysis of INA in neuroblastoma and glioma cell lines.
Representative immunoblot showing expression of INA in neuroblastomBl{SK) and glioma
(SNB-19). Increased expression of INA is observed in the neuroblastoma celksligioma,
samples were separated by SBAGE and probed with an antibody specific to INA. Increased
expressn of INA is observed in SW-SH (n=1).
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Figure 3.3-15:- Western blot analysis of SPR in neuroblastoma and glioma cell lines.
Representative immunoblot showing expression of SPR in neuroblastori&$6K and glioma
(SNB-19). SPR expression was examined in; (a) whole cell lysates and (b) membrane enriched
fractions, samples were separated by $FI2&E and probed with an antibodyegific to INA.
Increased expression of SPR was observed in-BNB. SK-N-SH cell line(n=1).
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3.3.5 Summary of immunoreactivity in DLKP Cell lines and Human cancer
cell lines

1 HDGF, SLIT2, ALCAM, INA and SPR were examined for their expression in a
representative panel of lung cancer cell lines. Expression of all proteins was found
in all subtypes, the SCLC subtype displayed the strongest expression of each
protein target.

1 HDGF, INA and SPR were examined for their expression in a representative panel
of TNBC cell lines. Expression of the protein targets wésund in all of the cell
lines used in this panglowever,INA appeared to show strong expression in a
small number of the TNBC cell lines used, but absent in the remaining cell lines
on the paal.

1 Strong expression of HDGF and SPR was observed in a representative panel of
pancreatic cancer cell lines. HDGF expression was decreased in the invasive
MiaPaCa2 clone 8s.MiaPaCaz2 parent, but also in the metastatic colon cell line
(SW480) comparedotthe primary (SW620). SPR expression was increased in
MiaPaCa2 clone8s.MiaPaCazparentbut was highest in the AsHc(a cell line
established from an ascites). Both proteins should be investifatber as

having a potentiahssociation with cancemvasion.
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3.4 Functional analysis of target proteins by siRNA knockdown

Differentially expressed protein targets were chosen based on comparative proteomic
analysis of DLKP, DLKPSQ, DLKPI and DLKPM cell lineSonditions were optimised

in 6-well plates (see sectiadh7.]) using a positive control (KinesifAmbion) or Cell

Death (Qiagenand a negative control (scrambi2&iRNA (Ambion) omegative control
siRNA (Qiagen)) Un-transfected cells (@trol) and NeoFX or lipofectamine (Lipo)

were also included in all sets of transfections as further controls.

Three protein targets were chosen to investigate their functional roles in DLKP; (i)
Activated | eukocyte cell -tntrexis {NA)@mndifip!| e cu
Sepiapterin Reductase (SPR) and were all shown to be expressed in DLKP and its clones
(see sectio3.2). These three proteins wearensidered for follow up functional studies
based on their expression profile in the DLKP cell line model and whether they could be
used as potential markers for any of the clones. Other considerations included the
availability of commercially produced sNs (ALCAM (Ambion'c, 4392420), INA
(Qiagen, GC9118) and SPR (Qiagen, GS66873uitable antibody for evaluation by
Western blot analysis and on their novelty.

Seventytwo hours post transfection:

1 Western blot analysis (see sectB) was performed to confirm knockdown of
each protein, whole cell lysates were prepared and separated ByAESand
analysed using specific antibodies targetegbah protein.

1 Acid-phosphatase assays (see se@iénwere carried out on transfected cells to
assess the impact aspecificproteinknockdown @ growth

1 Invasion assays (see secti@m.l) were carried out on transfected cells to
investigate if the proteins play a functional rolenmasion.

1 Migration assays (see secti@¥.?2 were carried out on transfected cells to

investigate if the pretns play a functional role in migran.
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3.4.1 Investigation into the role of ALCAM in lung cancer
The omparativeproteomic analysis identified ALCAM to be differentially expressed
between DLKPSQ, DLKPI and DLKPM, highest ALCAM expression was observed in
DLKPI. The analysis showed that ALCAMas increased by ~3@ld when compared
to DLKP, DLKPSQ and DLKPM. Expraesoon of ALCAM was confirmed by
Immunofluorescece, Western blot analysis andrhunocytochemistry in sectid2.4
Three cell lines were chosen to investigate a functional rolaf&@AM in lung cancer
(i) DLKPSQ-Mitox-BCRP-6P, (ii) DLKPM and (iii) DLKPL

3.4.1.1 Effect of siRNA knockdown of ALCAM on DLKPSQ-Mitox-BCRP-6P
DLKPSQ-Mitox-BCRP-6P is an invasiverdg resistant variant of DLKPS@LKPSQ
Mitox-BCRP-6P was chosen for ALCAM knockdown studies because this cell line was
previously shown to exhibit an increased invasive capacityramdased expression of
ALCAM comparedto the parentaDLKPSQ cell line [96]. Figure 3.4-1 (a) shows by
Western blot analysis, théfieient knockdown of ALCAM in one of two siRNAs used

to transfect DLKPSEMitox-BCRPR6P cells comared to negative control and -un
transfectectells.

Seventytwo hours posttransfection with ALCAM siRNA, invasion assays were
performed. The total numbef cells invading was increased in DLKPSQ@itox-BCRP

6P cells transfected with ALCAM siRNABigure3.4-2 (a) shows representative images
of invading cells and (b) the total number of invading cptist siRNA transfectian
ALCAM siRNA transfection increased the invasion capabilities of the.deNasion was
increased by 55%pE0.0563) with ALCAM1 and a significant increase 111%
(p=0.0040) for ALCAM-2, when compared to negative control. This significant increase
in the invasive abilitywas a surprisingesult as a reduction was expectetlowing
ALCAM knockdown.
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Figure 3.4-1:- ALCAM knockdown reduced cell growth of DLKPSQ-mitox-BCRP-6P.

(a) Representative immunoblot showing efficient knockdown of ALCAMrgZiosttransfection

in DLKPSQMitox-BCRP-6P cells transfected with two independent siRNAs targeting ALCAM
relative to negative contragiRNA transfected cellfGAPDH served as a loading radool). (b)
Proliferation assays on siRNA transfected DLKP®@ox-BCRP-6P cells targeting ALCAM.
Results graphed as % cell survival relative to negative control siRNA in a single experiment
(n=1).
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Figure 3.4-2:- ALCAM increases the invasive capacity of DLKPSQ-mitox-BCRP-6P.
(a) Invasion assays of DLKPSMitox-BCRR6P cells (i) Untreated control (ii) Negative control
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(iif) ALCAM -1 siRNA and (iv) ALCAM2 siRNA(Magnification, x100scale bar= 500um)(b)
Histogram showing an increase in the total number of invading DLKRBOX-BCRP-6P cells
postsiRNA transfection targeting ALCAM. Data plotted represents the mean + standard deviation

of duplicate transvell inserts from triplicate biological assays. Statistiga®0 . 0 1

wi t h

negati ve

110

and

Cc o htest (twvdtailes witR dhAal varfance, dngairéd §ns.3))

C 0 My



3.4.1.2 Effect of sSIRNA knockdown of ALCAM on DLKPM

Western blot analysig~{gure 3.4-3 (a)) shows the efficient knockdown of ALCAM in
DLKPM cells transfected with two siRNAs, compared to negative control and un
transfected ells. Proliferation assayd-igure 3.4-3 (b)) showeda slight reduction in
growth in ALCAM-1 siRNA (p= 0.023)and no effect using ALCAM. The effect seen

on growth using ALCAML could be as a result of an off target effect.

Seveny-two hours postransfection with ALCAM siRNAs Western blot analysis and
invasion assays were performed. The total number of cells invading was reduced in
DLKPM cells transfected with ALCAM siRNAg=igure3.4-4 (a) shows representative
images of invading cells and (b) shows the total number of invading fotigiing

siRNA knockdown ALCAM siRNA transfedion reducedhe invasion capabilities of the
cells. Invasion was significantly decreased using ALCGANH=0.05) by 19% and 51%
(p=0.004) for ALCAM-2, when compared to negative control.
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Figure 3.4-3:- ALCAM knockdown shows no effect on cell growth of DLKPM.

(a) Representative immunoblot showing knockdown of ALCAM 72hrs -frasisfection in
DLKPM cells transfected with two independent siRNAs targeting ALCAM relative to negative
control siRNA transfected cells (GAPDH served as a loading confpdlProliferationassays
showingthe effect of ALCAM on DLKPM cells targeting ALCAM. Results graphed as % cell
survival relative to negative control siRNA. Data plotted represents the mean + standard deviation
of from triplicate biological assays. Statistigg>‘0 . 0 5 ed with megative control SiRNA.

St u d etest (tvatailed with equal variance, unpairea=3)).
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Figure 3.4-4:- ALCAM decreasesthe invasive capacity of DLKPM cells.

(a) Invasion assays of DLKPM cells (i) Untreated control (ii) Negative control (iii) ALGAM
siRNA and (iv) ALCAM-2 siRNA, (Magnification, x100scale bar= 500um).(b) Histogram
showing a reduction in the total number of invadibgkKPM cells following transfection
targeting ALCAM. Data plotted represent the mean + standard deviation of duplicate transwell
inserts from triplicate biological assays. Statistig®®0 . 0 5* p@ (h.a&6nparedvith negative
control sSiRNA St uttkst {twiotdiled with equal variance, unpaired (n=3)).
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3.4.1.3 Effect of sSIRNA knockdown of ALCAM on DLKPI

Western blot analysi$-{gure3.4-5 (a)) shows a partial knockdown of ALCAM in DLKPI
cells transfected with two siRNAs, compared to negative control aténsfected cells.
The partial knockdowachieved as a result of traasfionof ALCAM in DLKPI may be
due to theextremelyhigh levels of ALCAM these cells. Proliferation assdkgyure

3.4-5(b)) showsa slight decreasa igrowth for DLKPI cells.

Seventytwo hours postransfection with ALCAM siRNAs, invasion assays were
performed. The total number of cells invading was increased slightly in DLKPI cells
transfected with both ALCAM siRNAgigure3.4-6 (a) shows representative images of
invading cells and (b) shows the total number of invading dellswing siRNA
knockdown No significant increase was observed AWCAM transfected DLKPI cells
using ALCAM-1 (p=0.079) and ALCAM2 (p=0.057) siRNAs.
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Figure 3.4-5:- ALCAM knockdown shows no effect of cell growth of DLKPI cells.

(a) Representative immunoblot showing a partial knockdown of ALCAM at 72hrs post
transfection in DLKPI cells transfected with two epmendent siRNAs targeting ALCAM
(GAPDH served aslaading contrdl. (b) Proliferation assays on siRNA transfected DLKPI cells
indicate a slight reduction in monolayer cell growth. Results graphed as % cell survival relative
to negative control SiRNA in one experiment (n=1).

115



(@)

> e £ 2 L S T ' 4
A‘: s o~ oy BT ‘i'%,ze ;
B A i ot vl e EeR N

- s‘“ oo & | 2 ; :
PNt T (AR g
; y ’..‘*:‘ L .* - A o» i
L i vl T oy ™
o Tl _‘g.; T P i‘.’p—*h
L4 b i S\, o v S 2 K =% % ra
AA S va® awy e ) ’ - o

N ; SR .

n ME L e ldge
& a SRICHRT, P B et TN

(b)

10000 -
2
8 8000 A
g
o
[¢]
Z 6000 -
S
(53 4000 - I )
2 [T 1
= |

2000 -
0 L L] L]

Untreated NeoFX Negative  ALCAM-1 ALCAM-2

Figure 3.4-6:- ALCAM increases the invasive capacity of DLKPI cells.

(a) Invasion assays of DLKPI cells (i) Untreated control (i) Negative control (iii) ALGAM
siRNA and (iv) ALCAM-2 siRNA, (Magnification, x100scale bar= 500um).(b) Histogram
showing a slight increase in the total number of invading DLKPI cells follovangsfection.

Data plotted represent the mean + standard deviation of duplicateviemsserts from triplicate
biological assays. Statistice® 0 . 0,0 . *0*1l @EOMd 00*%* compared with
siRNA. St uttest (ivediled with equalariance, unpaired (n=3)).
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3.4.2 Investigation into the role of INA in lung cancer
As previously mentioned, DLKP was proposed to be classified as a variant small cell lung
carcinoma (SCL&/) or a nonsmall cell lung carcinoma with neuroendocrine
differentiation (NSCLENE) [93]. R e ¢ elmernexin(INA)Uvas reportedo have a
novel association with pancreatic neuroendocrine tumour aggressiveness and prognosis.
Unpublished work performed in our laboratory indicated expression of INA was
increased in the lowly invasive DLKPSQ (~Zd@d) compared tohighly invasive
DLKPM. INA expression was not previously reported in lung cancer but a novel
association with pancreatic neuroendocrine cancer (PNETs) was previously reported
[104]. INA was selected for follow ujpinctionalinvestigatiosinto its role intheinvasion
procesof DLKPSQ and DLKPM.

3.4.2.1 Effect of sSiRNA knockdown of INA on DLKPSQ

Figure3.4-7 (a) shows by Western blot analysis, the efficient knockdown of INA in two
siRNA transfected DLKPSQ cells compared to negative control astichnsfected cell.
Negligible effect on growth wasbserved for DLKPSQ cell${gure3.4-7 (b)).

Seventytwo hours postransfection with INA siRNAs, invasion and migration assays
were performed. Thereas no change in the total number of invading and migrating
DLKPSQ cells transfected with INA siRNA&igure 3.4-8 (a) shows representative
images ofinvading cells andrigure3.4-9 (a) shows representative images of migrating
cells. Knockdown of INA using two RNAs, INA-6 and INA8, did notaffect the
invasiveor migratory capacitiesf DLKPSQ cells when compared to negative control
(FigureFigure3.4-8 (b) andFigure3.4-9 (b)). DLKPSQ is a lowly invasive cell line,
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Figure 3.4-7:- INA knockdown does not affect cell growth of DLKPSQ.

(a) Representative immunoblot showing efficient knockdown of INA 72hrstpassfection in
DLKPSQ cells transfected with two independent siRNAs targeting INA relative to negative
control siRNA transfected cells (GAPDH served as a loading cor{todProliferation assays on
siRNA transfected DLKPSQ cells transfected targeting INA. Results graphed as % cell survival
relative to negative control. Data plotted represents the mean + standard deviation of duplicate
biological assays (n=2).
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Figure 3.4-8:- INA knockdown does not affect invasion of DLKPSQ.

(a) Invasion assays of DLKPSQ cells (i) Untreated control, (ii) Negative control siRNA, (iii)
INA-6 siRNA and (iv) INA8 siRNA. (Magnification, x100scale bar= 500um).(b) Histogram
showing the total number of invading DLKPSQ cells following transfectioth WwiRNAs
targeting INA. Data plotted represents the mean between two inserts from one single experiment

(n=1).
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Figure 3.4-9:- INA knockdown does not affect migration ofDLKPSQ.

(a) Migration assays of DLKPSQ cells (i) Untreated control, (i) Negative control siRNA, (iii)
INA-6 siRNA and (iv) INA8 siRNA. (Magnification, x100scale bar= 500um).(b) Histogram
showing the total number of migrating DLKPSQ cells followimgnsfection with SiRNAs
targeting INA. Data plotted represents the mean between two inserts from one single experiment

(n=1).
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3.4.2.2 Effect of sSIRNA knockdown of INA on DLKPM

INA expression was shown to be expressed in DLKPM cells compared to DLKP and
DLKPI. Its expression in DLKPM was marginally lower than DLKPSQ. Sevemty

h o ur s dransfectient with INA siRNAs, invasion and migration assays were

performed using four siRNAs targeting INA.

The efficient knockdown of INA is shown iRigure 3.4-10, by Western blot analysis,
with negligible effect a growth was observed for DLKPkElls Figure 3.4-10). The
morphology of DLKPM cells was alsmonitoredand is shownn Figure3.4-11, under
controlconditions (i) urtransfected, (ii) lipofectamine control and post transfection with
four independent siRNAs targeting INA; (iii) INA, (iv) INA-7, (v) INA-8 and (vi) INA

9. The morphology of the cells after transfectisimg two siRNAss obviously diferent.
The cells are more elongated using HMAiv), while using INA9 (vi) the cells are
notably shorter, in both cases sallere growing in a more isolated pattern, compared to
the control(ii).

Invasion and migration assays were performed on INAsteated cellsFigure3.4-12

(b) shows significantly reduced invasion capability of DLKPM cells following
transfection with INA7 (p=0.0021) and INAS (p=0.0015) siRNAs. A reduction in
invasion was noted with INA but did not show statistical significan@e(.0662), while

an increase was observed using HRAP=0.07286).Figure 3.4-13 shows reduced
migratory ability of DLKPM cells following transfection with INA (n=3), INA7 (n=2),
INA8 (n=3) and INA9 (n=2) siRNAshowever the reduction did not prove significant.
To investigate if reduction observed with INA7 and INA 9 was significant further

biological replicate would need to be carried out.
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Figure 3.4-10:- INA knockdown has does not affect cell growth of DLKPM.

(a) Representative immunoblot showing efficient knockdown of INA in DLKPM 72hrs- post
transfection with two independent siRNAs targeting INA (GAPDH served as a lozafitl).

(b) Proliferation assays on siRNA transtied DLKPM cells targeting INAResults graphed as %

cell survival relative to negative control. Data plotted represents the mean + standard deviation of
duplicate biological assays (n=2).
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Figure 3.4-11:- Morphology of DLKPM cells following siRNA knockdown of INA.
(i) Untreated control, (ii) Negative control siRNA, (iii) INB.SiRNA (iv) INA-7 siRNA (v) INA-
8 siRNA and (vi) INA9 siRNA, compared to negative control. (Magnification, x1€iale bar

= 500um).
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Figure 3.4-12:- INA knockdown decreases the invasive capacity of DLKPM cells.

(a) Invasion assays of DLKPM cells (i) Untreated control, (ii) Negative control SiRNA, (i} INA

6 SiRNA (iv) INA-7 siRNA (v) INA-8 siRNA and (vi) INA9 siRNA. (Magnification, x100scale

bar = 500um).(b) Histogram showing a reduction in the total numbdne&ding DLKPM cells
following transfection with INAG, INA-7 siRNA and INA9 siRNAs, whilean increase for INA

9. Data plotted represent the mean * standard deviation of duplicate transwell inserts from
triplicate biological assays. Statisticsg®0 . 0dI**@O® . 0 0 5 ¢ hmegativeecdntroly
siRNA. St uttkst (ivetdiled with equal variance, unpaired, n=3).
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Figure 3.413:- INA knockdown decreases the migratory capacity of DLKPM.

(a) Migration assays of DLKPM cells (i) Untreated control, (ii) Negative control siRNA, (iii)
INA-6 siRNA (iv) INA-7 siRNA (v) INA-8 siRNA and (vi) INA9 siRNA. (Magnification, x100;

scale bar= 500um).(b) Histogram showing a reductiontimetotal numbenf migrating DLKPM

cells following transfection with INA siRNA, INA-7 and INA9, an increase for INA siRNA.

Data plotted represent the mean * standard deviation of duplicate transwell inserts from triplicate
biological assays. Statistice®0 . 05 readmmat h negati ve tess(twbr ol s
tailed with equal variance, unpaired, n=3).
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3.4.3 Investigation into the role of SPR in DLKP clones

The omparative proteomic analysis identified sepiapterin reductase (SPR) to be
differentially expressedn DLKPSQ compared to DLKPI. The analysis showed that
expression of SPR wasfdld highest in DLKPSQ compared to DLKPection3.2.7).

To date, there are no reports associating SPR and cancer invasion, so SPR was
investigated further for potential functional roles initmeasion and migration processes

of DLKPSQ and DLKPM.

3.4.3.1 Effect of sSiRNA knockdown of SPR in DLKPSQ

The efficient knockdow of SPR in two siRNA transfected DLKPSQ cells is shown in
Figure3.4-14, by Western blot analysié. negligible effect was observed for cell growth
compared to negative control andansfected cells. Sevenrtyo posttransfection with

SPR siRNAs, invasion and migration assays were performed. There was a reduction in
the total number of cells invading and migrating DLKPSQ cells transfected witt6SPR
SiRNAs. Figure 3.4-15 (a) shows representative images of invading cells FEigdre
3.4-16 (a) shows representative images of migrating cells. Knockdown of SPR using two
siRNAs shows a reduction of invasidriqure 3.4-15 (b) and migration Figure 3.4-16

(b) using SPR6 siRNA but not SPR, compared to the negative control NiR
DLKPSQ is a lowly invasive cell line and it was unclear if this result represented an off

target effect, it was decided to continue transfections in DLKPM cells.
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Figure 3.4-14:- SPR knockdown shows does not affect cell growth of DLKPSQ.

(a) Representative immunoblot showing efficient knowdown of SPR 72 hrdrposfection in
DLKPSQ cells transfected with two independent siRNAs targeting SPR, relative to negative
contrd siRNA transfected cell&iGAPDH served as a loading contr@h) Proliferation assays on
siRNA transfected DLKPSQ cells targeting SPR. Results graphed as % cell survival relative to
negative control in two independent biological experiments (n=2).
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Figure 3.4-15:- SPR-6 siRNA potentially reduces the invasive capacity of DLKPSQ.

(a) Invasion assays of DLKPSQ cells (i) Untreated control, (i) Negative control siRNA, (iii)
SPR1 siRNA, and (iv) SPF6 siRNA (magnification, x100scalebar = 500um).(b) Histogram
showing a reduction in the total number of invading DLKPSQ cells following transfection with
SPR6 siRNA. Data plotted represents the mean of duplicate -tvafisinserts from two
biological experiments (n=2).
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Figure 3.4-16:- SPR-6 siRNA potentially reduces the migratory capacity of DLKPSQ.

(a) Migration assays of DLKPSQ cells (i) Untreated control, (ii) Negative control siRNA, (iii)
SPR1 siRNA, and (iv) SPF5 siRNA (magnification, x100cale bar= 500um).(b) Histogram
showing a reduction in the total number of migrating DLKPSQ cells following transfection with
SPR6 siRNA. Data plotted represents the mean of duplicate -tvafisinserts from two
biological experiments (n=2).
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3.4.3.2 Effect of siRNA knockdownof SPR in DLKPM

The efficient knockdown of SPR in DLKPM is shownRigure3.4-17 by Western blot
analysis using four independesiRNAs (SPR1, SPR2, SPR5 and SPR6). The effect

on proliferation (b) using SRR, SPR2, SPR5 was negligiblehowever a significant
effecton proliferation was observed using SBRp=0.0158) when compared to negative
control.

Seventytwo hours postransfection with SPRIRNASs, invasion and migration assays
were performed. SPR siRNA transfection reduced invasive and migratory abilities of
DLKPM cells. Figure 3.4-18, slows (a) representative images of invading cells and (b)
shows highlights the total number of invading cells. Invasion was significantly reduced
by 71% with SPRL (p=0.0031) and 81% with SP& (p=0.0014) siRNAsFigure3.4-19
shows (a) representative images of migrating cells and (b) shows highlights the total
number of migrating cells. Migration was reduced by 78% with-3RR®=0.0054) and

80% with SPR6 (p=0.008) siRNAs when compared to the negative control SiRNA.
Huge variability was observed using SRRnd SPF5 siRNAs.
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Figure 3.4-17:- SPR-6 siRNA reduces cell growth of DLKPM.

(a) Representative Immunoblot showing efficient knockdown of SPR 72hrdrpastection in

DLKPM cells transfected with foumdependent siRNAs targeting SPR relative to negative
control siRNA transfected dels -Tubulin served as a loading controfl) Proliferation assays

carried out on siRNA transfected DLKPM cells indicates a significant reduction in cell growth
with SPR6 siRNA (p-value 0.015859). Results graphed as % cell survival relative to negative
control. Data plotted represents the meanstdndard deviation of triplicate biological assays.
StatisticspO0 . 05 compared with ne gtaest{twoé¢ailed with équab | s i
variance, unpaired, n=3).
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Figure 3.4-18:- SPR knockdown decreases the invasive capacity of DLKPM.

(a) Invasion assays of DLKPM cells (i) Untreated, (ii) Negative control siRNA, (iii) -3PR

SiRNA, (iv) SPR2 siRNA, (v) SPR5 siRNA and (vi) SPF5 siRNA (magnification, x100scale

bar = 500um).(b) Histogram showing a reduction in the total number of invaBibjPM cells

following transfection with SPR and SPR6 siRNAs. Data plotted represents the mean *
standard deviation of duplicate tramell inserts from triplicate biological assays. Statistics
*nO0. 01 add. 0*0*5* compar ed wiNAL nSetguddse(twoddiést ont r
with equal variance, unpairéd=3)).
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Figure 3.4-19:- SPR knockdown decreased the migratory capacity of DLKPM.

(a) Migration assays of DLKPM cells (i) Untreated, (ii) Negative control siRNA, (iii) SPR

SiRNA, (iv) SPR2 siRNA, (v) SPR5 siRNA and (vi) SPF5 siRNA (magnification, x100scale

bar = 500um).(b) Histogram showing a reduction in the total number of miggadDLKPM cells

following transfection with SPR and SPR6 siRNAs. Data plotted represents the mean +
standard deviation of duplicate tramnsll inserts from triplicate biological assays. Statistics
*pO0. 01 add. *0*5* compar ed wii RINAD e Géest iwoaaled s nt r
with equal variance, unpairéd=3)).
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3.4.3.3 Investigation into the effect of ornithine decarboxylase on DLKPM

Polyamines are often elevated in cancer cells and tissues, compared to normal cells and
tissues D,L-U-difluoromethylornithinelDFMO) is an irreversible inhibitor of ornithine
decarboxylase (ODC) which can be used to induce depletion of polyamines. In 2013,
Langeet alidentified SPR as a regulator of ODC enzyme activity and described a model
in which SAR drives ODGmediated malignant progression in Neuroblastoma (NB). In
section3.4.3 siRNA interference knockdown was used to investigate SPRgndancer

cell lines. SPR was found to play a potential role in the invasion and migration processes
of DLKPM. To investigate a role for ODC in the invasion process in DLKPM, the DFMO
inhibitor was used to treat DLKPM cells prior to their additomvagon assays. Various
concentrations of DFMO weresed to optimise conditions i6-well plates, final
concentrations of 2.5mM and 5mM of DFMO were used. Untreated cells were also
included as controls.

Prior to testing the effects of the DFMO, the appropreatecentration range for each
inhibitor was established with the aim of finding a concentration which caused
approximately 10% cytotoxicity. Proliferation assays were carried out over 5 days to
assess the impact of the various concentrations (1mM, 2.5rdNdraM) of the DFMO
inhibitor on DLKPM cells. In preliminary investigations, a reduction in cell growth of
47% and 40% was observed for DFMO at concentrations of 1mM and 2.5mM
respectively, while a negligible effect was observed using 5mM DFMO, compared to
untreated control cells. Thdéoge, an optimum concentratiaf between 2.5mM to 5mM

of DFMO could be used for further assd¥sgure 3.4-20 (a)); for the purpose of this
investigation 2.5mM and 5mM was used.

To assess the impact of DFMO on DLKPM, cells were treated with 2.5mM and 5mM
DFMO 30mins (cetreat) and 24hrs (preeat) pior to setting up invasion assays. In a
preliminary investigation, ctreatment with 2.5mM DFMO resulted in a significant
reduction of 27% [{=0.0412)in the invasionof DLKPM cells, a reduction was also
observed following 24hr prreatment. A modest redtion in invasion was observed for
5mM DFMO when compared to untreated contféiglure3.4-20 (b)).
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Figure 3.4-20:- DFMO treatment reduces the invasive capacity of DLKPM.

(a) Histogram showing proliferation assays carried out on DLKPM cells treated with 1mM,
2.5mM and 5mM DFMO (b)Hestograth shoveing s éeduction=ti jotal
numberof invading DLKPM cells following cdreatment (30mins) and pteeatment (24hrs).

Data plotted represents the mean * standard deviation of duplicatevethrinserts from
duplicate biological assays. Statistiqs0*0 . 0 5 , c 0 mp ave eahtrolveiRNA(n=B)e g a t
St u d etest (tivstailed with equal variance, unpaired).
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34341 nvestigati on i-Mittoe -atgihime oeDLKRMct of N
SPR is an enzyme that converipyuvoykttetrahydropterin to tetrahydrobiopterin (BH
which actsas a cefactor for NitricOxide-Synthase (NOS) in the conversion of Arginine

to Citrulline. This reaction results in the production of Nitric Oxide (NO). We have shown
the involvement of SPR and SPFb6 in the invasion and migration processes in DLKPM.
To investigate the potential roté NO in the invasive and migratory process we aimed
to inhibit the action of NOS using an arginase inhibifidre Ny-Nitro-L-arginine (L

NNA) inhibitor was used to treat DLKPM cells prior to their inclusion in invasioaysss

Prior to testing the effects of theNINA, the appropriate concentration range for each
inhibitor was established with the aim of finding a concentration which caused
approximately 10% cytotoxicity. Proliferation assays were carried out ®wkys o
assestheimpactof theL-NNA inhibitor on DLKPM cells. In a preliminary investigation,

an increase in growth of 33% and 85% was observed-fdNA at concentrations of
50uM and 150uM respectively, while a negligible effect was observed using 100uM L
NNA, compared to untreated control cells. Therefore, an optimum concentration of
between 100pM to 150uM of-NNA could be used for further assayagure 3.4-21

(a)); for the purpose of this investigation, 150uMNINA was used.

To assess the impact ofNINA on DLKPM, cells were treated with 150uM ofNINA

for 30mins (cetreatment and 24hrs (préreatment) prior to setting up invasion assays.

In a preliminary investigation, preeatment with ENNA resulted in 37% reduction in

the invasive capacity of DLKPM cells. Howey¢he addition of L-NNA directly (co-
treamen) into invasion assay at a concentration of 150uM, did not result in any change
in invasion Figure3.4-21 (b)).
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Figure 3.4-21:- L-NNA treatment reduces the invasiveeapacity of DLKPM.

(a) Histogram showing proliferation assays carried out on DLKPM cells treated with 50uM,
100pM and I50uMENNA over 5 days6. Dat a-sm@hdarddewatonr epr
of duplicate biological assays (n=2) Histogram showindhe invasive capacity of DLKPM

cells following L-NNA treatment for 30mins (etreat) and 24hrs (preeat), in a Boyden chamber

assay. The total number of invading cells through the matrigel is shown. Data plotted represents
the mean +tandard deviation of duplicate tram®ll inserts from duplicate biological assays
(n=1).
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3.4.3.5 Investigation into the effect of SPR knockdown on the generation &80S

To investigate the role of reactive oxygen spedrfdg) on SPR transfected in DLKPM

cells, siRNA knockdown on DLKPM was performed and cells were tested for ROS
generation. There was a reduction in ROS generation in SPR transfected cells using four
independensiRNAswhen compared to negative control cells.igngicant reduction of

ROS generation was observiedhree out of four sSiRNAsargeting SPRSPR1 (22%,

p= 0.04) SPR5 (32%,p= 0.006) and SP® (31%,p= 0.009), sedigure3.4-22 below.

The reduction in ROS generation as a result of SPR transfection may indicate that (with

further investigation) that reactive oxygen species may be associated with SPR in

DLKPM cells.

150.00 -

100.00 -

50.00 -

ROS generated per cell (%)

0.00 T
Negative SPR-1 SPR-2 SPR-5 SPR-

Figure 3.4-22:- ROS generation is reduced in SPR transfected DLKPM cells.
ROS assays on transfected DLKPM cells 72 hrs-passfection using four independent siRNAs

targeting SPR, relative to negativentrol siRNA transfected cellResults graphed as % ROS
generatedper cell relative to negative contrddata plotted represents the mean + standard
deviation of duplicate wells from triplicate biological assays. Statisp¢s0*. 05, compar e
negativec ont r ol s i R&¥sA(two @itediith einequél gariance, unpairat;3).
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3.4.4 The investigationinto the functional role of SPR in breast cancer and
pancreatic cancer.
BreastMark survival analysis indicated that low expression of SPRasgagiated with
poor survival ability of patients with Luminal A and basal molecular subtypbscaft
cancer. To investigate ttienctional role for SPR in breast cancer and pancreatic cancer,
three cell lines were chosen for preliminary sSiRNA knockdatudies (i) MDA-MB-
468 (TNBQ, (ii) MiaPaCa2 clone3RDAC) and (iii) AsPc1 PDAC).

3.4.4.1 Effect of siRNA knockdown of SPR on MDAMB -468

In thepanel of TNBC breast cancer cell lines, MBDAD-468 showed highest expression
of SPR(Figure3.3-8). To represent TNBC, the MDMB-468 cell line was chosen to
perform siRNA knockdown of SPRigure3.4-23 (a), showshe efficient knockdown of
SPR by Western blot analysis using four independent siRié&®mpared to negative
control and urtransfected cellsThere was approximately a Hnd 52% reduction in
growth with SPRL and SPR2 respectively (sedigure 3.4-23 (b)). This significant
reduction in growth which wasbserved with SR-2 (p=0.00945576)nay be as a result
of toxicity to the siRNA

Seventytwo hours postransfection with SPR siRNAs, invasion assays were performed.
There was aignificantreduction in the total number of invading MEMB-468 cells
transfected with SPR siRNA (p=0.000908) Figure 3.4-24 (a) shows representative
images of invading cellsost transfection with SRR, SPR5 and SPF6 siRNAs,images

for the SPR2 siRNA could not be acquired due to the toxic efficthis SIRNA The

total number of invading cells is presentedFigure 3.4-24 (b). These experiments
indicate that SPR may potentially be involved in growth and invasitmedfiIDA-MB-

468 cell line. In order teestablish apotential roleof SPR in breast cancdurther

investigations would need to be completadanother breasaacer cell line
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Figure 3.4-23:- SPR knockdown reduces cell growth of MDAMB -468.

(a) Representativeanmunoblot showing knockdown of SPR 72 hrs gieahsfection, in MDA
MB-468 cells transfected with four independent siRNAs targeting SPR, relative to negative
control siRNA transfected cellS{Tubulin served as the loading conjrgb) Proliferation asays

on siRNA transfected MDAB-468 cells uing SPR, SPR2 and SPR6 siRNAs. Results
graphed as % cell survival relative to negative control. Data plotted reprémamesan + standard
deviation oftriplicate biological experimentStatistics pO 0 . Onfpared evith negative control

si RNA. $test(te taikedwsth equal variance, unpaired (n=3)).
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Figure 3.4-24:- SPR knockdown reduceghe invasive capacity of MDAMB-468.

(a) Invasion assays of MDMB-468 cells (i) Untreated Control, (ii) Lipofectamine Control, (iii)
Negative control, (iv) SPR siRNA, (v) SPR5 siRNA and (iv) SPF5 siRNA (Magnification,

x100; scale bar= 500um). (b) Hisogram showing a reduction in the total number of invading
MDA-MB-468 cells following transfection with SP&RsiRNA. Data plotted represents the mean

+ standard deviation be&een duplicate inserts frotriplicate biological experiments. Statistics

*pO0 .a8dB**pO0. 005 compared with ne gtest(tivota@ledowithnt r o |
equal variance, unpaired (n=3)).
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3.4.4.2 Effect of SPR knockdown in pancreatic cell lines MiaPaCa2 Clone3 and
AsPcl

Expression of SPR in MiaPaCa2 Clone3 and AtReas estabdhed in a previous

investigation(see sectior3.3.3, where a panel of pancreatic cancer cell lines

examined for SPR expression. Expression of SPRsth@sn to béncreased in MiaPaca2

clone3 compared to the parental Msa&2, while AsPclalso showed increased

expression of SPRRreliminary siRNA transfections were performed on both cell lines,

to investigate a potential functional role for SPR in pancreatic cancer.

Figure3.4-25shows by Western blot analysisetefficient knockdown of SPR usifmur
independensiRNAs transfectednto (a)(i) MiaPaca2 clone 2 and (b) (i) AsBccell,
compared to negative control and-tansfectectells. A reduction in growth is shown
for MiaPaca2 clone3 (a)(ii), with negligible effect on growth for (b)(ii) AdRells.

Invasion and migration assays were performed on SPR transfected-icplle 3.4-26
shows reduced invasion capability of (a)(i) MiaPaca2 clone3 and (b)(i)- Asfeds
following transfection with SPB (n=1), anegligible effect was observed for SRR
SPR2 and SPF5 siRNAs forboth cell lines. Figure3.4-26 (a)(ii) and (b)(ii) shows the
total number of cells invading for MiaPaca2o0@e3 and AsPRd respectivelyFigure
3.4-27 shows reduced migratory capability of (a)(i) MiaPaca2 clone3 and (b)(i)-AsPc
cells following transfection with SRR (n=1), A negligibé effect was observed for SPR
1, SPR2 and SPF5 siRNAs for both cell lines. The total number of migrating cells is
shown inFigure 3.4-27 (b)(ii) MiaPaca2 Clone3 and (b)(ii) AsHccell lines.These
transfections were preliminary investigations, further invasion and migration assays
would need to be performed on MiaPaca2 clone 3 and-AdBestablish a functional

role for SPR in these cell lines.
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Figure 3.4-25:- SPR knockdown reduceshe growth of MiaPaca2 clone 3.

Representative immunoblot showing efficient knockdown of SPR 72hrdrpasfection ina)

(i) MiaPaca2 Clone3 an) (i) AsPc1 ¢ e-Tubudin serikd as loading control). Proliferation
assays on siRNA transfecté) (i) MiaPaCaz2 clone3 ang) (ii) AsPc1 cells. Results graphed
as percent cell survival relative to negative control. Dé&#tqul represents a mean tstandard
deviation of duplicate wells from one biological experiment (n=1).
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Figure 3.4-26:- SPR knockdown reduceghe invasive capacityof MiaPaCa2 Clone3 and
AsPcl.

Invasion assays @&) (i) MiaPaCaz2 clone3 anh) (i) AsPc1 cells following siRNA transfection
with SPR1, SPR2, SPR5 and SPR6 siRNAs (magnification, x100scalebar = 500um).
Histogram showing a reduction in the total number of invading ce(k) ¢f) MiaPaCa2 Clone3
and(b) (ii) AsPc-1, following transfection with SPf8 siRNA. Data plotted represents the mean
+ standard deviation of two inserts from one individual experiment (n=1).
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Figure 3.4-27:- SPR knockdown reduces the migratory capacity of MiaPaCa2 clone 2.
Migration assays ofa) (i) MiaPaCa2 clone3 andb) (i) AsPcl cells following siRNA
transfection with SPR, SPR2, SPR5 and SPF6 siRNAs (magnification, x100scalebar=
500um). Histogram showing a reduction in the total number of migrating cell&)ofii)
MiaPaCa2 Clone3, following transfection wiiPR6 siRNA. Data plotted represents the mean
* standard deviation of two inserts from one individual experiment (n=1).
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3.4.5 Summary of functional analyses

T

ALCAM is highly expressed in DLKPI compared to DLKPSQ and DLKPM,
indicating its potential use as a markor DLKPI. Knockdown of ALCAM resulted

in a significant decrease in the invasive capacity of DLKPM and a significant
increase in the invasive capacity of DLKP&{ox-BCRR6P. ALCAM may,
thereforehave dual invasion roles in these cell lines.

DLKPSQ dsplayed the highest expression levels of INA and SPR compared to
DLKPI and DLKPM, indicating their potential use as markers for DLKPSQ. Both
INA and SPR were also expressed in DLKPM cells.

Knockdown of INA and SPR resulted in a significant reduction inrasion and
migration capacities of DLKPM. Reduced invasive capacity of MDB-468 was

also observed following knockdown of SPR.

Potential roles for INA and SPR in the invasion and migration capacity of these cell
lines was shown through silencing ofittrespective genes. In addition, generation
of ROS in DLKPM cells was reduced following knockdown of SPR which may
indicate gpotentiallink between SPR and ROS.
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3.4.6 Immunohistochemical analysis of INA and SPR expression in lung
cancer

Western blot analysis of INA showed that expression was highest in DLKPSQ and DLKP
and a lower level in DLKPM, while increased SPR expression was established in
DLKPSQ and DLKPM compared to DLKP and DLKPI. Expression of INA had been
associated with pancréa neuroendocrine cancer while little Immunohistochemical
analysis ofthe distributionof SPR in human cancers has been reported. To look at the
distribution of INA and SPR expression in lung cancer, tissue microarrays (TMA)
(Biomax, LC1502) were immunaostochemically stained using primary antibodies
specific for INA and SPR. The arrays containedca®es ohormal lung, 23 cases of
squamous cell carcinoma, Zhses ofadenocarcinoma, Bases ofadenosquamous
carcinoma, Tases obronchioloalveolar carnbma, 7cases ofmall cell undifferentiated
carcinoma and Zases ofneuroendocrine carcinoma. Other cases on the TMA that
showed negative to weak immunoreactivity included large cell carcinoma
undifferentiated carcinoma, malignant mesothelioma, caradicoses, chronic
bronchitis, lobar pneumonia, pulmonary tuberculosis where negligible staining for INA
was observed. There were duplicate cores per case providing 75 cases (total 150 TMA
cores). TMA cores were scored seguiantitatively, according to the arisity of the INA
immunoreactivity observed (weak, moderate, strong).
Expression of INA Table 3.4-1) and SPR Table 3.4-2) in human lung cancer was
investigated further. Immunoreactivity for INA and SPR was observed in a number of
tumour types. The overall immunoreactivity on the TMA displayed very specific
membrane reactivity of isolated cellsgure3.4-28illustrates negligible staining for INA
in normal lung, while isolated cells displayed imrotgactivity in adenocarcinoma.
Squamous cell carcinoma also shows immuaaativity butthe mostmtense staining was
observed irthe sections ofieuroendocrineancer. Overall staining for SPR on the lung
cancer TMA displayed was variable across the lung cancer tuhmmuever moderate
to strong cytoplasmic immunoreactivity svabserved in lung squamous tumour cases.
Figure 3.4-29 illustrates negligible staining for SPR in normal lung, whilederate to
strongimmunorectivity was observed in squamous carcinpmiile the other tumour

types displayed a lower level shimunoreactivity.
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Tumour Type INA staining intensity

17/23- negative
Squamous cell carcinoma 4/23- weak
2/23 moderate
16/21- negative
5/2171 weak
1/5 - negative
Adenosquamous 2/5 weak
2/5- moderate
4/5 - negative
1/57 weak
6/7- negative
1/7 - weak
1/3 - negative
2/37 moderate
Table 3.4-1:- Immunoreactivity of INA on lung cancer TMA.
The ableaboveshowstheresults from staining addquamous, adenocarcinoma, adenosquamous,

bronchioalveolar, small cell lung and neuroendocrine primary tunusimg an antibody specific
to INA.

Adenocarcinoma

Bronchioalveolar
Small cell undifferentiated

Neuroendocrine

Tumour Type SPR staining intensity

8/23- negative
11/23- weak
2/23 moderate
1/23- strong
4/21- negative
14/21- weak
2/21- moderate
1/21 - strong

Squamous cell carcinoma

Adenocarcinoma

Adenosquamous - Bl
1/5 moderate

Bronchioalveolar 5/5 - weak
. . 5/7- negative

Small cell undifferentiated 2/7 - weak
. 2/3 - negative

Neuroendocrine 1/3 - weak

Table 3.4-2:- Immunoreactivity of SPR on lung cancer TMA.

The ableaboveshowstheresults from staining addquamous, adenocarcinoma, adenosquamous,
bronchioalveolar, small cell lung anéuroendocrine primary tumouwrsing an antibody specific

to SPR
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Figure 3.4-28:- Immunohistochemical analysis of INA expression in human lung cancer.

A TMA containing normal lung, squamous, adeno, small cell, largé aed neuroendocrine
carcinoma wadmmunohistochemically stained usiray primary antibody specific tdNA.
Representative photomicrographs are shown (A) Negligible stainotgsesved imormal lung
tissue(B) Isolated cells staining in Squamo(@) Isolated cells staining in adenocarcing(y

& (E), negligible staining in small cell and Large cell, in contrast to (F) strong isolated staining
in neuroendocrine. Neuroendocrine carcinostaows distinct immunoreactivity for INA
(Original magnification of all photomicrographs, 408sale bar= 200em).
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