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SUMMARY

The aim of this study was to identify novel biomarkers in recurrent/chemoresistant
ovarian cancer, yet an incurable disease. Using cDNA microarrays, we identified
distinct patterns of gene expression between primary and recurrent ovarian cancers
from different patients with the same histology and from same patients with different
histology. Selected targets were validated and correlated with microarray results.
Signatures from both cohorts were interrogated against each other and also validated
against an independent set of serous papillary ovarian adenocarcinomas. Notably,
upregulated genes in the recurrent compared to primary tumours in both cohorts,
segregated in the same gene families. Our data propose an integrative model for
recurrence in ovarian cancer, in which tumour cells during relapse produce adhesion
molecules to mediate attachment, cytokines and inflammatory mediators to stimulate
survival and a variety of growth factors bound to their cognate receptors to fully
proliferate in order to confront and modulate their immediate environment. Some of

the mechanisms involved in recurrence could be specific to the drugs used.

Using real-time RT-PCR, we also obtained distinct miRNA expression profiles
between primary and recurrent serous papillary ovarian adenocarcinomas in a subset
of samples used in our transcriptome approach. Expression levels of top dysregulated
miRNA genes, miR-223 and miR-9, were examined using TagMan PCR in
independent cohorts of fresh frozen and formalin fixed paraffin embedded serous
ovarian tumours. Concordance was observed on TagMan analysis for miR-223 and
miR-9 between the training cohort and the independent test cohorts. Target prediction
analysis for the above miRNAs identified genes previously validated in the
transcriptome study. Common biological pathways well characterised in ovarian
cancer were shared by miR-9 and miR-223 lists of predicted target genes. This
“recurrent metastatic signature” can predict progression free survival in ovarian
cancer patients. Components of the miRNA processing machinery, such as Dicer and
Drosha are not responsible for miRNA deregulation in recurrent ovarian cancer as

deluded by TagMan and immunohistochemistry.

We carried out TagMan PCR on 10 gene targets, previously upregulated in recurrent

versus primary ovarian cancers in chemoresistant versus chemosensitive ovarian

Viii



cancer cell lines. NRG2 and MMP9 were consistently upregulated for an average of 3
passages in A2780cis versus A2780 cell lines. We hypothesised that MMP-9 could be
a potential marker of recurrence/chemoresistance. We used a high content screening
(HCS) assay to assess cytotoxicity of a highly selective chemical inhibitor of MMP-9
(MMP-91) alone or in combination with cisplatin in chemoresistant and
chemosensitive ovarian cancer cells. Cells were plated in triplicate in 96-well plates
overnight and then treated with various concentrations of drugs for 3, 6 and 24 hours.
A pre-incubation for 3 hours with MMP-9i prior to treatment with cisplatin was also
assessed and cytotoxicity was observed at 3 hours and 6 hours. Cells were then
stained with three fluorescent dyes to image nucleus, cell permeability and lysosomal
mass/pH respectively. The combined treatment of MMP-91 and cisplatin enhanced
cytotoxicity in cisplatin-resistant cells compared to cisplatin or MMP-9i alone.
Preincubating cells with MMP-91 for 3h at all doses were significantly cytotoxic at 3h
but not 6h incubation suggesting, an early apoptotic response. Pre-incubating
sensitive ovarian cancer cells with MMP-9i resulted to more enhanced cytotoxicity
for the 3h incubation compared to the 6h and appeared to be more effective than co-

incubation at early time in a concentration dependent way.
Collectively, we propose an integrative transcriptomic and miRNA model for

recurrence in ovarian cancer. In addition, we suggest that a highly selective MMP-9i

may have a role in recurrent/chemoresistant ovarian cancer.
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CHAPTER 1

Introduction



1.1 Cancer

Tremendous progress has been made in understanding the pathobiology and
molecular biology of cancer in the last 2 decades, yet a cure is hard to achieve. The
word cancer refers to about 200 diseases that have a common feature, namely
uncontrolled cell growth. Management of these diverse neoplasms is multifaceted
and relies on close collaboration among surgeons, radiation and medical oncologists,
pathologists and radiologists. Cancer becomes life threatening when tumour cells
spread across the body. Identification of high-risk individuals, responders to
treatment and early detection of cancer remains the cornerstone of successful
treatment. Early detection and advanced treatment have fortunately improved cure
rates, however therapy failure is still a major drawback in systemic treatment of
cancer patients due to development of intrinsic or acquired resistance during their

course of treatment.

1.2 Cancer and the cell cycle

The cell eycle is required for cell growth and cell division into two daughter cells.
Cell division is fundamental to replace cells that are lost by programmed or
unprogrammed cell death. A eukaryotic cell cannot divide unless it replicates its
genome (DNA) and then separates the duplicated genome. To achieve these tasks

cells must perform DNA synthesis and mitosis. The cell cycle is an ordered set of

events. The G1 phase stands for “GAP-1" and is required for cell growth and
preparation of DNA synthesis. The S-phase stands for “Synthesis” and replicates the
genome. The G2 phase is “GAP-2” and needed for cell growth and preparation for
mitosis. The last phase is M and it stands for “Mitosis” in which cells segregate

duplicated chromosomes.

The cell cycle proceeds by a defined sequence of events where late events depend
upon completion of early events [1]. The aim of the dependency of events is to
distribute complete and accurate replicas of the genome to daughter cells. To monitor
this dependency, cells are equipped with the checkpoints that are set at various
stages of the cell cycle [2]. When cells have DNA damage that have to be repaired,

cells activate DNA damage checkpoint that arrests cell cycle. Upon perturbation of




DNA replication by drugs that interfere with DNA synthesis or obstacles on DNA,

cells activate DNA replication checkpoint that arrests cell cycle at G2/M transition

until DNA replication is complete. There are more checkpoints such as Spindle
checkpoint and Morphogenesis checkpoint. The spindle checkpoint arrests cell cycle
at M phase until all chromosomes are aligned on spindle. This checkpoint is very
important for equal distribution of chromosomes. Morphogenesis checkpoint detects

abnormality in cytoskeleton and arrests cell cycle at G2/M transition.

The Cell Cycle and the Checkpoints

resting

Figure 1.1 The Cell Cycle and the Checkpoints

An abnormality in a cell’s regulatory mechanisms results in uncontrolled cell growth
and reproduction of the cell eventually forming a new growth, known as tumour or
neoplasia. Willis in 1952, defined cancer as “an abnormal mass of tissue, the growth
of which exceeds and is uncoordinated with that of the normal tissues and persists in

the same excessive manner after cessation of the stimuli which evoked the change”.

1.3  Carcinogenesis

Several lines of evidence indicate that carcinogenesis in humans is a multistep
process and that these steps reflect genetic alterations that drive the progressive
transformation of normal human cells into highly malignant derivatives. Many types
of cancers are diagnosed in the human population with an age-dependent incidence

implicating rate-limiting events [3]. Pathological analyses of a number of organ sites



reveal lesions that appear to represent the intermediate steps in a process through
which cells evolve progressively from normal status via a series of premalignant
states into invasive cancers [4] [5]. These observations have been rendered more
concrete by a large body of work indicating that the genomes of tumor cells are
invariably altered at multiple sites, having suffered disruption through lesions as

subtle as point mutations and as obvious as changes in chromosome complement [6].

Cancer cells have defects in regulatory circuits that govern normal cell proliferation
and homeostasis [7]. So far, more than 200 disinct types of cancer and subtypes of
tumours have been found within specific organs. Six distinct regulatory circuits have
been suggested to describe the complexity of cancer. Malignant growth is dictated
by: self sufficiency in growth signals, insensitivity to antigrowth signals, evasion of
apoptosis, limitless replicative capacity, sustained angiogenesis, tissue invasion and
metastasis. These capabilities are acquired during tumour development and are

thought to be shared in common by most or all types of human cancers [8].

Self sufficiency in growth signals: Mitogenic growth signals (GS) are required by

normal cells in order to move from a quiescent to an active proliferative state.
Transmembrane receptors bound to distinctive classes of signalling molecules, such
as growth factors (GF), extracellular matrix components and cell-to-cell adhesion
molecules, transmit these signals.

Acquired GS autonomy has been clearly defined by researchers because of the
prevalence of dominant oncogenes that have been found to modulate it. The cell
surface receptors that transduce growth-stimulatory signals into the cell interior are
themselves targets of deregulation during tumorinogenesis. Receptor overexpression
may enable the cancer cell to become hyperresponsive to ambient levels of GF that
normally would not trigger proliferation. Ligand-independent signalling can also

occur through structural alteration of receptors.
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Figure 1.2 The hallmarks of Cancer

The hallmarks are shown in blue shaded ovals. The normal cell cycle is a
precisely controlled event and the decision to enter the next phase of cell cycle is
made in G1 phase. A balance between the “GO” signals and “STOP” signals
determines whether to divide or not. Gene mutations in cancers allow cells to
enter a perpetual cell division cycle and achieve the hallmarks (Cell cycle wheel

taken from Howard Hughe Medical Institute website. 1996).

Extracellular matrix receptors are also switched by cancer cells to transmit progrowth
signals. These heterodimeric cell surface receptors physically link cells to
extracellular matrix (ECM) and their successful binding enables signal transduction
into the cytoplasm. Failure to maintain the extracellular links can cause cell

impairment, induction of apoptosis or even cell cycle arrest [9].

Insensitivity to antigrowth signals: Antiproliferative signals operate in normal cells to

maintain tissue homeostasis; these include growth inhibitors received by

transmembrane cell surface receptors coupled to their intracellular signalling circuits



and are associated with the cell cycle clock. Cancer cells must evade these
antiproliferative signals if they are to prosper. At the molecular level, perhaps all

antiproliferative signals are funnelled through the retinoblastoma protein [10].

Evading apoptosis: Acquired resistance towards apoptosis-programmed cell death- is

a hallmark of all cancers. The most commonly occurring loss of a proapoptotic
regulator through mutation involves the p53 tumour suppressor gene. Inactivation of
the p33 protein is predominantly seen in > 50% of cancers, including ovarian cancer
and results in the removal of a key component of the DNA damage sensor that can

induce the apoptosis cascade [11].

Limitless replicative potential: In order for a clone of cells to grow to a size that

constitutes a macroscopic tumour, the cell intrinsic program that limits cell
multiplication needs to be disrupted. Telomere maintenance at a length above a

critical threshold is central to this and this is evident in virtually all types of tumours

[12].

Sustained angiogenesis: Growth metastatic potential, particularly of solid tumours,

requires vascular support for nutritive supply and oxygen. For a tumour to get larger
than Imm?’, a process of angiogenesis must occur [13]. The ability to sustain
angiogenesis seems to be acquired in a discrete step via an “angiogenic switch”.
Angiogenesis is subjected to regulatory balance via counterbalanced positive and

negative signals [14].

Tissue invasion and metastasis: The migration capacity of cancer cells manifests in

two ways. Invasion reflects the ability to become dislodged and travel within the
tissue of origin. Metastasis involves travel beyond the tissue of origin. Metastasis
represents the most lethal aspect of cancer and is responsible for the majority of
deaths among cancer patients. The current view of cancer incorporates a set of
overlapping dichotomies: invasion and metastatic spread are both related to cell
mobility, which is distinct from cell proliferation, thought to be responsible for
tumorigenesis but not for metastatic behaviour. Latest experimental results suggest
the possibility that the process of self seeding, a close relative of metastasis may

influence important features of cancer [15]. These features include high cell density,



multifocality, amplified growth rate and the capacity to spread as well as reproduce

these features in distant organ sites.

While we believe that virtually all cancers must acquire the same six hallmark
capabilities, their means of doing so will vary significantly, both mechanistically and
chronologically. Thus, the order in which these capabilities are acquired is likely to
be quite variable across the spectrum of cancer types and subtypes. Moreover, in
some tumors, a particular genetic lesion may confer several -capabilities
simultaneously, decreasing the number of distinct mutational steps required to
complete tumorigenesis. For example, loss of function of the p53 tumor suppressor
can facilitate both angiogenesi<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>