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Abstract

The aims of the study reported in this thesis were to develop and utilise mass spectrometry
imaging techniques (MALDI-MS!), in combination with conventional proteomic methodologies,
to investigate protein induction in vascular-targeted strategies.

Proteins thought to be involved in tumourigenesis and drug treatment resistance were
observed along with the responses from proteins identified via the techniques used, in this
global analysis study. MALDI-MSI, LC-ESI-MS/MS, LC-MALDI-MS/MS with iTRAQ labelling and
immunohistochemistry intended to provide cross validation of the effects post administration
of vascular disrupting agent CA-4-P. Two mouse fibrosarcoma models {expressing VEGF120/
VEGF188 isoforms only) following treatment with the tubulin-binding tumour vascular
disrupting agent, combretastatin A-4-phosphate (CA-4-P) have been studied.

The gross haemorrhagic pharmacological response elicited by CA-4-P was visible by MALDI-MSI
throughout the fibrosarcoma 120 time course. The latter encouraged the prospect that other
proteins could potentially be observed induced via a dose response relationship. The
haemoglobin time course using the resistant 188 tumour model gave quite different results to
those previously seen in the MALDI-MSI of the fibrosarcoma 120 data set. The first indication
of the ‘switch back to tissue viability’ concept was revealed.

The experimental work using LC-ESI-MS/MS revealed many proteins connected with necrosis,
apoptosis, cell structural reorganisation, polymerisation, tumour survival and stress induced
molecular chaperones. The inverse correlation of structural proteins, haemoglobin and heat
shock molecular chaperones gave the required validation and identification to relate these
responses to those seen in MALDI-MSI. The relationship pathways generated by using STRING
9.0 proteomic network software gave an invaluable insight into the activity of the active
tumour milieu and provided a means of linking the identified proteins to their functional
partners. Protein-protein interactions could be observed to help interpretation of the MALDI-
MSI, LC-ESI-MS/MS and iTRAQ LC-ESI-MS/MS response graphs.

Overall, the dose relationships observed in the iTRAQ data by the proteins involved in
haemorrhaging, structural remodelling, were in good agreement with the other techniques
employed here.

It could be said that MALDI-MSI could potentially forge a place in the workflow of clinical
diagnostics. Targeted approaches for the observation of disease biomarkers could be visualised
using MALDI-MSI and serve as a complimentary technique to standard clinical imaging. A
novel method reported here using a multi-peptide recombinant standard could prove an
important diagnostic tool for the analysis of patient biopsies and tissue micro-arrays. The
exciting prospect is the diversity of a multi-peptide recombinant standard, an artificial
construct that can be engineered to include any prospective biomarkers for both research and
diagnostic screening applications.
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ACN: acetonitrile

Aldoartl: Fructose-bisphosphate aldolase A
ALO22784: alpha-enolase 1 (Enol)

ANI: aniline

APCI: atmospheric pressure chemical ionisation
APPI: atmospheric pressure photoionisation
BCA: bicinchoninic acid assay

Calr: Calreticulin

CHCA: a-cyano-4-hydroxycinnamic acid

CHCl;: chloroform

CID: collision-induced dissociation

CA-4-P: combretastatin A-4 -3-O phosphate
CSC: cancer stem cell

dH,0: deionised water

DMXAA: 5,6-Di-methylxanthenone-4-acetic acid
Eeflal: Elongation factor 1-alpha 1

ESI: electrospray ionisation

Abbreviations

ESI-LC-MS: electrospray ionisation-liquid chromatograpgy-mass spectrometry

ESI-LC-MS/MS: electrospray ionisation-liquid chromatograpgy-tandem mass spectrometry

EtOH: ethanol

FFPE: formalin fixed paraffin embedded

GAPDH: Glyceraldehyde-3-phosphate dehydrogenase
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Gpil: Glucose-6-phosphate isomerase

GRP-78: glucose- regulated protein 78 (Hspa5)

HE: haematoxylin and eosin

HIF-1 a: hypoxia- inducible factor 1 alpha

HPLC: high performance liquid chromatography
HSP: heat shock protein

IHC: immunohistochemistry

IMS: ion mobility separation

IQGAP1: Ras GTPase-activating-like protein

iTRAQ: isobaric tag for relative absolute quantitation
KTR1: Keratin-1(type i Skeletal-l)

LC: liquid chromatography

LC-MALDI: liquid chromatography-matrix assisted laser desorption ionisation

LC-MALDI-MS/MS: liquid chromatography-matrix assisted laser desorption ionisation-tandem

mass spectrometry

LC-MS/MS: liquid chromatography -mass spectrometry tandem mass spectrometry
Lgals1: Galectin-1

MALDI: matrix assisted laser desorption ionisation

MALDI-MS: matrix assisted laser desorption ionisation-mass spectrometry

MALDI-IMS-MS: matrix assisted laser desorption ionisation-ion mobility separation-mass

spectrometry

MALDI-IMS-MSI: matrix assisted laser desorption ionisation-ion mobility separation-mass

spectrometry imaging
MALDI-MSI: matrix assisted laser desorption ionisation- mass spectrometry imaging
MALDI-ToF: matrix assisted laser desorption ionisation-time of flight
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Mcm5: DNA replication licensing factor MCM5

MS: mass spectrometry

m/z: mass- to -charge ratio

MeOH: methanol

MudPIT: multidimensional protein identification technology
N, laser: nitrogen laser

Nd: YAG: neodymium-doped yttrium aluminium garnet
Nd:YVO,: yttrium ortho-vanadate

NH4HCO3: ammonium bicarbonate

NHS: N-hydroxysuccinimide

OcGlc: Octyl-a/B-glucoside

PCA: principle component analysis

PCA-DA: principle component analysis-discriminant analysis
PLSDA: partial least squares discriminant analysis

PMF: peptide mass fingerprint

PRDX1: Peroxiredoxin-1

Q: quadrupole

QgTOF: quadrupole time of flight

ROL: region of interest

$100a6: Calcylin

SMA: smooth muscle actin

TAA: tumour associated antigen

TFA: trifluoroacetic acid

Tgfbi: Transforming growth factor-beta-induced protein ig-h3
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Tnc: Tenascin C

TOF: time of flight

TOF MS: time of flight mass spectrometry
Tpil: Triosephosphate isomerase

TSP: thermospray

TWIGS: travelling wave ion guides

VDA: vascular disrupting agent

VEGF: vascular endothelial growth factor
VEGFR: vascular endothelial growth factor receptor
VIP: variable importance in projection
VTS: vascular targeted strategy

VTT: vascular targeted therapy
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http://www.chemotherapy.com/

1.1.3 Overview of current anti-cancer therapies
Pre-treatment clinical assessment of patient tumours is generally based on tumour size,

through histological staining, tumour grade and is regularly coupled with the employment of
various imaging techniques (Koch et al 2010). The tumour grading is a system that is used as a
reference in order to classify cancer cells. Analysis of the abnormalities exhibited by cancer
cells are visualised by microscopy, here the aggressiveness of the tumour can be determined.
Although factors used for tumour grading vary in cancer type the cellular architecture and
growth patterns are studied (National Cancer Institute 2009). The outcome of these

evaluations will then determine the appropriate treatment route.

An example of a grading system commonly used by Doctors is the TNM system. This grading
system is an accepted method by the International Union against Cancer (UICC) and the
American Joint Committee on Cancer (AJCC) (National Cancer Institute 2009). In brief the
rationale behind the TNM method is that the ‘T’ refers to the extent of the tumour, the ‘N’
amount of colonisation in the lymph nodes and ‘M’ the presence of metastasis. A number is
assigned to the T/N/M indicative of size and metastatic status. The TNM system is further

annotated, details are as follows:

Primary Tumours (T); TX - Primary tumour cannot be evaluated, TO - no evidence of primary
tumour, Tis - Carcinoma in situ and T1, T2, T3, T4 refer to the size/ severity of the primary

tumour.

Regional Lymph Nodes (N); NX - regional lymph nodes cannot be evaluated, NO - no regional
lymph node involvement and N1, N2, N3 depicts the involvement of regional lymph nodes and

to what extent.

Distant Metastasis (M) — MX distant metastasis cannot be evaluated, MO - no distant

metastasis and M1 distant metastasis is present.
Further categorisations of the above TNM combinations are then graded as follows;

Stage 0 - Carcinoma in situ, Stage |, Stage II, and Stage Il Higher are indicative of the extent
ofcancer: Larger tumour size and/or spread of the cancer beyond the organ in which it first
developed to nearby lymph nodes and/or organs adjacent to the location of the primary

tumour.Stage IV - the cancer has metastasised to another organ(s).

The above information regarding the TNM system was taken from (National Cancer Institute

2009, http://www.cancer.gov/cancertopics/factsheet/detection/staging).
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Currently the main course of action for the treatment of tumours is by surgical removal,
chemotherapy, radiotherapy, systemic adjuvant treatments and in recent times some agents

have been used to achieve a more targeted approach (Koch et al 2010).

A brief account follows which considers the history of how both chemotherapy and
radiotherapy have been implemented as anticancer therapies within the clinical setting.
Secondly, a compilation anticancer therapies in table format aims to summarise the range of
treatments available with an overview of how they are administered, anti-cancer mechanisms

and possible side effects.

It is documented that work by German scientist Paul Ehrlich lead to the adoption of the widely
used term ‘chemotherapy’ (DeVita and Chu 2008). During turn of the 20th century, the focus
of his work was the discovery and advancement of drugs to combat infectious disease.
Amongst Ehrlich’s achievement was the use of animal models to enable assessment of

potential anticancer agents.

With reference to a cancer chemotherapy timeline by DeVita and Chu 2008, it took
approximately 40 years to develop a suitable experiment model (DeVita and Chu 2008).
Although this period included the revolutionary success of transplantable tumour rodent
models by New Yorker George Clowes a surgeon/ researcher from the Roswell Park Memorial

Institute.

With regard to early anticancer therapeutics, 1908 saw the use of arsenicals which had been
originally used to eradicate Syphilis (DeVita and Chu 2008). 'Fowlers solution' (arsenicals) as it
was known, was used to treat leukaemias and apparently a common practice well into the

1930's (Papac 2001).

Optimism arising from these early triumphs in cancer therapy was dampened following work
investigating the use of nitrogen mustard (1943) to eradicate lymphomas. (DeVita and Chu
2008). Reports stated that patients suffering from lymphomas experienced only short-lived

remission and thus began a decline of confidence in the concept of ‘a drug to cure cancer’.

It was not until the opening of the Cancer Chemotherapy National Service Centre (CCNSC) in
1955 that a possible future for cancer drug development was confirmed {DeVita and Chu 2008).
This change of heart was said to be encouraged by the positive response to the drug
methotrexate in children with acute leukaemia. Since the 1960s, the development of anti-
cancer drugs has been aided by many advances. Experimental models which employ
xenografts and novel cell culture methods have been used. Adjuvent therapy (chemotherapy,

radiation therapy, hormone therapy, targeted therapy, or biological therapy) given in addition
24



to the primary treatment was developed and investments into molecular biology have been
made. From the beginning of the 21st century, there seems to have been a different approach
in anticancer therapeutics emerging (DeVita and Chu 2008). Completion of sequencing of the
genome appears to have led to a more targeted approach to cancer treatment. Through
advancements in chemotherapy a major decrease in mortality is seen by 2007, the latter

considering knowledge of prevention and improvements in diagnostics.

Radiotherapy/ Radiation Oncology are terms which are commonly associated with cancer
treatment with an estimated 50% of patients receiving this form of anticancer therapy for both
palliative and therapeutic means (Delaney et al 2005). In combination with other forms of
management, radiation therapy features in approximately 40% of those patients who are

cured of their disease (Shariq et al 2009).

After the German physicist Wilhelm Roentgen discovered x-rays in 1895, the concept of using
x-rays as a therapeutic aid was not long to follow, assisted greatly through work on radioactive
elements (radium, polonium) by Marie Curie and husband Pierre (Connell and Hellman 2009).
There have been numerous clinical, technological and biological advances in radiotherapy
since Roentgen’s breakthrough over 115 years ago. Examples of key clinical advances are Henri
Coutard using fractionated external beam radiotherapy (XRT) in 1928 to cure head/ neck
malignancies, the use of the proton beam (1961) and the high precision accuracy of

stereotactic body radiotherapy (1995) (Connell and Hellman 2009).

A large proportion of patients, however, still exhibit metastasising cancers even after
treatments such as combination radiotherapy. (Koch et al 2010). One explanation could be the
inadequate targeting of cancer stem cells (CSCs), i.e. CSCs could be sheltered by hypoxic
tumour environments enabling them ‘radio-resistant’. Therefore increased doses of radiation
could be concentrated to these specific resistant areas. The following proposal (Figure 1.5) by
Koch et al (2010) suggested how CSC-predictive test regime and radiotherapy could be

implemented.
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