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Abstract

Prostate cancer is a heterogeneous disease and is the most commonly diagnosed
malignant tumour and the second most common cause of cancer deaths in western
males. Prostate cancer is the most commonly diagnosed cancer in Irish males. Stem-like
cells have been identified in several malignancies including prostate cancer and are
thought to drive primary tumourgenesis through self-renewal and differentiation.
Additionally, persistence of stem cells post-therapeutic intervention has been proposed
as an explanation for metastasis and recurrence. Holoclones are a tightly packed clone
of small cells generally thought to contain stem cells and progenitors. The aim of this
study was to generate an expression profile of holoclone derived cell lineage in prostate

cancer.

A gene expression profile of the cancer stem cell like holoclones was generated. The
analysis characterized the holoclones and also identified specific cellular targets
representing stemness, differentiation and epithelial to mesenchymal transition in the
holoclones in comparison to the relevant founder cell lines. miRNA populations have
been identified and bioinformatically analysed in both holoclones. The analysis
indicated that the holoclone population of cells could potentially play a major role in
driving tumourgenesis and recurrence and this thesis has identified potentially important

cancer stem cell or stem-like, holoclone specific miRNA populations.

In this thesis, a number of significant molecular aberrations have been identified at
mRNA and miRNA expression level, in both holoclones and their relevant founder
cells. These genetic changes may be potentially useful biomarkers in the screening of
patients at risk for prostate cancer and may represent potential markers of disease

progression and recurrence for future use in prostate cancer screening.
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Introduction

Chapter 1




1.1 Prostate cancer

Prostate cancer is the most commonly diagnosed malignant tumour and the second
most common cause of cancer deaths in western males. Prostate cancer is the most
commonly diagnosed cancer in Irish males (National Cancer Registry Ireland, 2010).
When non-melanoma skin cancer is excluded prostate cancer accounts for 23% of all
new cancers in Irish men. During 1994 to 2003, the incidence of prostate cancer rose
faster than that of any other cancer. Rates increased by an average of 7.1% annually,
however this increase has largely been due to the frequency of prostate specific antigen
testing in Ireland over this time period (Drummond ez al., 2010). Prostate cancer is
predominantly a disease of older aged men, and less than 1% of cases are in those aged
50 and below, however 90% of cases occur in those aged 70 and over and just over

20% of these are in men aged 80 years and older (Drummond et al., 2009).

Localised cases can be treated with radiation therapy and surgery, however many
patients relapse with resistance and develop metastatic disease. Currently there is no
successful treatment for progressive hormone-refractory metastatic prostate cancer
(Miki and Rhim., 2007). The prostate gland is the most common site for male cancer
to occur (Jemal er al., 2003). Prostate cancer is a heterogeneous disease. The
molecular pathology of prostate cancer involves various genes in pathogenesis and
also environmental factors. Prostate cancer is epidemiologically divided into hereditary
and sporadic forms, however this is not distinguishable at the molecular level (Hughes

et al., 2005).




Prostate cancer epidemiology can be divided into two forms: hereditary and sporadic.
At the molecular level it is not possible to identify the difference. As this disease is
more common among older men, the incidence rate is expected to increase as the
population ages. The main characteristic of prostate tumours is that they are much
slower growing than most other tumours, however the actual aggressiveness of these

tumours varies greatly (Chodak et al., 1994).




1.1.1 Molecular pathology of Prostate Cancer

The molecular pathology of prostate cancer involves multiple genes and environmental
factors such as diet and inflammation. Prostate cancer can be divided into two forms
termed sporadic and hereditary, however they cannot be identified at the molecular
level (Hughes ez al., 2007). The heterogeneous nature of prostate cancer exists at
various levels such as; anatomical, histopathological and genetic. At the genetic level,
the genetic lesions are not consistent even within a single area of the tumour where
allelic losses appear random, involving losses of both the maternally and paternally

inherited chromosomes (Maitlans and Collins. 2005).

Gleason grading is currently the best histopathological examination to detect prostate
cancer however, this method is highly variable. Often biopsies may not correlate with
the prostatectomy sample and morphologically identical prostate cancer can act
differently (Hughes et al., 2007). The expression and function of many genes have
been shown in various studies to be altered in all types of prostate cancer. The
alterations of these genes are involved in cell cycle regulation and gene expression and
also steroid hormone metabolism (Foley er al., 2004). The consequences of
heterogeneity cause much uncertainty in the diagnosis of prostate cancer and in
determining the prognosis and treatment decisions. However the study of prostate
cancer at the molecular could possibly eliminate much uncertainty currently associated

with prostate cancer.
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1.1.2 Anatomy of the normal human prostate

The prostate gland develops due to stimulation of the hormone testosterone and is a
tubule-alveolar gland comprised of an epithelial parenchyma that is embedded in a
matrix of connective tissue. Epithelial cells are contained within glands and branch out
from the urethra. The cell types contained within a normal mature prostatic epithelium
are basal, secretory, luminal and neuroendocrine cells. Anatomically, the prostate
gland is divided into “lobe” regions (Meyers., 2000). These regions consist of the

anterior / isthmus lobe, posterior lobe, lateral lobe and the median lobe.

The prostate gland is classified into zones first described by McNeal in 1968 and is
comprised of four main glandular regions with two of these regions arising from
different sections of the prostatic urethra. The four glandular regions are the peripheral
zone (posterior lobe), central zone (lateral lobe), transitional zone (anterior lobe) and
anterior fibro-muscular / stroma zone. The peripheral zone is the sub-capsular segment
of the posterior of the prostate gland and surrounds the urethra. It is from this zone of
the gland that almost 80% of prostate carcinomas arise. The central zone surrounds the
ejaculatory ducts and approximately 2.5% of prostate carcinomas arise from this zone.
However these rare carcinomas tend to be very aggressive and are likely to invade the
seminal vesicles (Cohen er al., 2008). The transition zone surrounds the proximal
urethra and it is this section of the gland that expands throughout life and causes
benigh prostatic hyperplasia (BPH). It is thought around 10-20% of carcinomas arise
in this zone. The anterior fibro-muscular / stroma zone is comprised of fibrous and

muscle tissue and is usually void of any glandular components.
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Figure 1.1: Anatomy of the prostate. The prostate refers to the gland of the male
reproductive system. The size of the prostate is that of a walnut and is conical in
shape. (A) Lobes of the prostate (B) Zones of the prostate (C) The base of the
prostate is directed upwards and is located close to the inferior surface of the
bladder. The apex is directed downwards and makes contact with the superior fascia

~ Vesicle
(cutaway view)

" 77 Base of

y prostate

Apex of prostate

of the urogenital diaphragm. (National Cancer Institute, www.cancer.gov).
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1.2 Prostatitis

Prostatitis is described as inflammation of the prostate gland tissue. Prostate biopsies
that show levels of inflammation of the prostate are very common in the aging male
population. Inflammation is usually associated with the body’s response to infection,
however is also occurs in the absence of infection. Many studies have shown
inflammation of the prostate may increase the chance of developing prostate cancer.
Sexually transmitted infections such as; Chlamydia, gonorrhoea and syphilis appear

to increase the risk (Dennis et al., 2002).

1.2.1 Prostatic intra-epithelial neoplasia (PIN)

PIN is dysplasia of the lining of the epithelium of the prostate gland and can proceed
to prostatic carcinoma as age advances. However it does not invade the surrounding
tissue. PIN can remain unchanged for some time, but can also slowly advance to
prostate carcinoma over several years. PIN is associated with cells of the epithelium
that are irregular and atypically proliferate causing a pseudo multilayer of cells
(Bostwick and Qian., 2004). The basal cell layer in PIN is disrupted but still present;
this is not the case with prostatic carcinoma. PIN is usually divided or grouped into
stages referred to as Low Grade PIN and High Grade PIN. High Grade PIN is
thought to be a pre-malignant state and does not require any therapy but is usually

monitored with repeat biopsies (Bostwick and Qian., 2004).




1.2.2 Benign Prostatic Hyperplasia (BPH)

Hyperplasia refers to the proliferation of cells within an organ or tissue beyond the
normal levels of proliferation (Foster., 2000). Hyperplasia can result in the
enlargement of the affected organ and can be associated with neoplasia or a benign
tumour. The cell morphology appears normal however there is an increase in the
number of cells present. BPH is the enlargement of the prostate and is also known as
benign prostatic hypertrophy which is the enlargement of the prostate gland,
characterised by the proliferation of the cellular elements of the prostate. Prostate
growth is hormonally regulated (Page ez al., 2006). The incidence of BPH increases
with age (Barry er al., 1992) and is also related to ethnicity. In the West, African

American men have an earlier onset than Caucasian men.

BPH occurs in over 70% of men aged 70 or older and most cases are symptomatic.
Prostatic hyperplasia begins centrally and compresses the urethra and obstructs
urinary flow. Stromal tissue is also involved in the obstruction. The stroma to
epithelium ratio is 2:7 however in cases where obstruction is present the ratio can be
4:6. This indicates that the stroma makes a significant contribution to the process.
The peripheral prostate is compressed by hyperplasia paraurethral into a capsule

shape, the consequence of which is urinary obstruction (Foster., 2000).




1.2.3 Adenocarcinoma of the prostate

Almost all prostate cancers are adenocarcinomas and they tend to arise from the
outer peripheral zone of the prostate and can be multifocal. It is estimated that
approximately 80% of prostate cancer cases are adenocarcinomas (Yin et al., 2007).
Adenocarcinomas arise in the epithelial cells; prostate cancer develops in the lining
cells of the ducts and glands which secrets seminal fluid. If these malignant cells are
contained within the individual ducts and glands they are considered to be high
grade PIN. However if these cells invade through the surrounding basement

membrane is now defined as adenocarcinoma.

Prostatic adenocarcinomas are made up of small glands that are closely packed
together with little or no intervening stroma. Cytologic features of adenocarcinoma
include enlarged round, hyperchromatic nuclei that have one single prominent
nucleolus. Carcinomas that are less differentiated have fused glands called
cribriform glands, including solid nests or sheets of tumor cells, and many tumors
have two or more of these particular patterns, see Figure 1.2. Prostatic
adenocarcinomas almost always arise in the posterior outer zone of the prostate
(Pearson et al., 1996). The PC-3 cell line employed in this study represents a Grade

4 adenocarcinoma.




Figure 1.2: Pathology of prostate cancer. A. Whole Mount of Nodular hyperplasia of
prostate, showing nodular configuration and cystic changes B. BPH showing cystic
dilation of the glands. Characteristically, the epithelium is tall on one side and flattened
on the other C. Microscopic appearance of prostatic carcinoma. Well differentiated
tumour composed of medium sized glands. Note the irregular shape of the glands and
presence of intraluminal basophilic secretion. D. Poorly Differentiated tumour growing
in a diffuse pattern. E. Well differentiated prostatic adenocarcinoma showing
intraluminal crystalloids (Rosai and Ackerman., 2004)
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1.2.4 Metastatic prostate cancer

In prostate cancer, the first site of metastasis is in bone, and is an osteoblastic process,
(bone forming). (Logothetis and Lin., 2005). Metastasis uses the process of
angiogenesis, where by new blood vessels form and malignant cells are supported
(facilating metastasis) and therefore spread to other parts of the body. Firstly, the
prostate cancer cells localise at the site of the bone and progression occurs from this
point. These malignant cells spread to the bone and or the lymph nodes and then divide
uncontrollably. The LNCaP cell line employed in this study represents a metastatic

prostate cancer.

A solid tumour’s growth is limited by its blood supply. However, to grow beyond a
certain size, the tumour must allow for the formation of a network of capillaries. This
enables the tumour to invade and expand. Angiogenesis supports the invasion and
spread of the tumour. It is also controlled by the balance between positive and negative
regulators of microvascular growth (Folkman. 1995). Tumour-associated angiogenesis
allows for prostate cancer progression and increased tumour production. Angiogenic
factors involved in prostate cancer include; transforming growth factor-alpha and

vascular endothelial growth factor (Harper ef al., 1996).

Prostate cancer most commonly metastasises to the bones, lymph nodes, and may also
invade the rectum, bladder and the lower ureters. Bone metastases cause the greater
cancer morbidity and mortality (Norgaard ef al., 2010). The ability of circulating
prostate cancer cells to establish a metastatic centre involving mutual interactions
between the malignant cells and the bone stroma is hugely important in metastasis. It is

the extracellular matrix of the bone that supports cellular adhesion and could possibly
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contribute to the skeletal localisation of prostate metastases. Cellular adhesion of the
extracellular matrix causes an increase in androgen sensitivity and also an increase in
androgen responsive gene expression. Adhesion to the extracellular matrix causes an
androgen independent expression of some androgen responsive homeobox genes
(Robbins et al., 1996). This indicates that extracellular matrix induced gene expression

could contribute to androgen independent growth.

Prostate cancer is the only malignancy that produces largely osteoblastic metastases.
Prostate cancer cells produce many growth factors that possibly account for the
osteoblastic lesions, such as bone morphogenic proteins and endothelin-1. Studies
indicate increased endothelin-1 activity could possibly mediate the osteoblastic
response of bone to metastatic lesions and possibly drive prostate cancer progression

by an autocrine mechanism (Nelson ez al., 1996).




1.2.5 PC-3 and LNCaP cell models

The LNCaP cell line was chosen as a suitable model because it is androgen-sensitive
and has been established from prostate adenocarcinoma cells that are derived from the
left supraclavicular lymph node metastasis from a 50 year old, Caucasian male in 1977
(Horoszewicz., 2006). They are loosely adherent epithelial cells that grow in aggregates
and also as single cells. These cells attach lightly, acidify the medium in which they are
grown, are slow growing and do not become confluent however they tend to cluster
instead of forming a monolayer (Horoszewicz., 1983). Highly sensitive androgen
receptors are present in the cytosol of LNCaP cells both in culture and in tumors. This

makes LNCaP a highly androgen-sensitive cell line and suitable cell model.

In contrast the the PC-3 cell line was chosen as it is an advanced androgen independent
bone metastasis of prostate cancer of a Grade 4 prostate adenocarcinoma from a 62
vear old, Caucasian male. The PC-3 cells have a very high metastatic potential when
compared to the cell line DU145 for example, these cells have a moderate metastatic
potential (Alimirah et al., 2006, Pulukari et al., 2005). The characteristics of these cells
exhibit low acid phosphatise and testosterone-5-alpha reductase activities (Kaighn et al.,
1979). In general, the functional and morphologic characteristics of PC-3 cells are those

of a poorly-differentiated Grade 4 adenocarcinoma.
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1.3 Methods used to diagnose prostate cancer: Gleason Score

The Gleason score is a common method used to grade prostate cancer tissue and is
helpful in classifying the stage of cancer. The system is based on the observing the
pattern of the glands of the prostate tumour. It evaluates the cells of the cancer in the
glands and compares the resemblance of the normal prostate. Gleason grading starts
from well differentiated (Grade 1) to extremely poorly differentiated (Grade 5). The
most common pattern of cell differentiation is given a Gleason number (1 through to
5). Then the second most common pattern of differentiation is assigned a second
number (1 through to 5) and the sum of these two numbers is the Gleason score. More

aggressive types of prostate cancer can have scores of 8, 9 or10.

However the Gleason score is always displayed with both individual scores and the
final score. This is because both individual scores are as important as the final score.
For example a Gleason score of 5+4=9 is a higher score than a Gleason score of 4+5=9
as the first score is the most prevalent or common pattern of differentiation. This

method allows for better understanding of each individual prostate cancer case.

Grade 1: Cells are similar to the normal prostate cells; malignant cells closely
redembles normal cells and they grow close together. Grade 2: Tissue samples are
similar to grade 1 however the abnormal growth that is present is less compact and
cells may have started to invade muscle tissue in the surrounding area. Grade 3: The
colour of the normal tissue is darker and the cells shape or morphology is different and
more invasion of the muscular tissue than grade 2. Grade 4: Cell morphology becomes
increasingly abnormal. Grade 5: Malignant growth shows many different patterns at

the cellular level (See Figure: 1.3).
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Figure 1.3: Illustration of Dr. Gleason’s conceptual diagram of the five grades
of prostate cancer. Histological grading and clinical staging of prostatic carcinoma
drawing from left to right of deteriorating cancer cell architecture; (1) Grade 1;
small uniform glands and cells are well differentiated, (2) Grade 2; more space
between glands, (3) Grade 3; infiltration of cells from glands at the margins, (4)
Grade 4; irregular masses of cells with very few glands and (5) Grade 5; visible lack
of glands and sheets of cells, very poorly differentiated (Gleason, 1977).

15



1.4 Prostatic epithelial stem cells

The prostatic epithelium is comprised of two morphologically different layers, the
basal layer and the luminal layer. It is also composed of different types of cells; the
basal, secretory and neuroendocrine cells. It is the luminal secretory cells that
express the androgen receptor (AR), prostate specific antigen (PSA), CD57 / human
natural killer-1 (HNK 1), prostatic acid phosphatase, cytokeratins 8 and 18 (Miki and
Rhim., 2007). Basal cells are non-secretory and demonstrate CD44, p63 and keratin
5 and 14 (Signoretti et al., 2000). The secretory cells are androgen dependent
however the basal cells are androgen independent. Some cells can display a keratin
pattern intermediate between the basal and luminal cells and express K5, K8 and

K18 only.

Normal prostate stem cells have been shown to exist in the basal layer. Studies have
shown that androgen independent stem cells give rise to stem cells and androgen
independent “transit amplifying™ cells (Collins er al., 2001). These cells can divide
rapidly and have proliferative potential and can also differentiate into luminal cells.
Neuroendocrine cells are dispersed through the basal and luminal layers and lack
AR and PSA, however they do express peptide hormones and chromogranin A.
Neuroendocrine cells are thought to arise from dendritic cells and have an
expression pattern of basal and luminal markers. Their main role is in growth and
differentiation however their precise function remains unknown (Miki and Rhim.,

2007).
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1.5 Cancer Stem cells

Recently it has emerged that solid tumours, tissues and cancer cell lines contain
small populations of cancer stem cells. Tumour stem cells are thought to give rise to
a clone or clones of cells that are differentiated and maintain a high survival level
compared to the other cells contained in the tumour (Figure 1.4). The cancer stem
cell paradigm indicates that these differentiated cells will not allow for successful
treatment of the tumour and allows for recurrence and metastasis. Therefore the
cancer stem cell phenotype also needs to be identified, targeted and treated.
Currently these prostate cancer stem cells remain largely uncharacterised and
therefore there are no effective treatments to target these stem cells have been

developed (Rizzo et al., 2005).
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Figure 1.4: Schematic of Embryonic stem cells, tissue stem cells and cancer
stem cells (www.naturereviewsmolecularcellbiology.com)
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1.5.1 Prostate cancer stem cells/ progenitor cells

Somatic stem cells generate normal tissue and cancer stem cells generate tumour
tissue. Normal tissue is created from stem cells that proliferate and differentiate in
order to create progenitors and a mature population of cells (Miki and Rhim., 2007).
The cancer stem cell theory suggests that tumours contain a small population of stem-
like cells called cancer stem cells/ progenitor/ tumour initiating cells. Tumours may
arise from the transformation of progenitor cells rather than stem cells. These cells
have been implicated in the solid tumours, such as; breast, brain and prostate and are

resistant to conventional chemotherapy or radiation therapy (See Figure 1.5).

Prostate epithelial stem cells can differentiate into three distinct lineages, these
include; basal, luminal secretory and neuroendocrine. The basal cells express low
molecular weight cytokeratins and support the luminal cells. The luminal cells express
low molecular weight cytokeratins and produce prostatic secretions and PSA and are
often regulated by androgens. It is the luminal cells that express the androgen receptor.

The neuroendocrine cells produce neuropeptides (Kasper, 2008).

Progenitor cells or stem like cells tend to have the ability to differentiate into certain
cell types. However stem cells are much more specific than progenitors. Stem cells are
forced to differentiate into their target cell. The main significant difference between
progenitor’s cells and stem cells is that progenitors only divide a limited number of

times however stem cells replicate indefinitely if necessary.
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1.6 Holoclones, Paraclones and Meroclones

Prostate cancer stem cells or progenitors derived from cell lines using 3D cultures
display three types of clonal morphologies known as holoclones (%o0lo meaning entire),
paraclones (para meaning beyond) and meroclones (mero meaning partial).
Holoclones are a clone of cells that contain tightly packed small cells and have the
greatest ability to replicative capacity with approximately 5% of the cell colonies
aborting and terminally differentiating (Barrandon & Green, 1987). These tightly
packed clones of cells generally contain both stem cells and progenitors (Li ef al.,
2008). The holoclone is the only clonal cell type that has the ability to self-renew

(Barrandon & Green, 1987).

Paraclones are a loosely packed clone of large cells with a very short replicative life
span and after approximately 15 cell generations the paraclones abort and also
terminally differentiate (Li e al., 2008). However meroclones contain a combination
of cells of different proliferative potential and is a transitional stage between a
holoclone and paraclone (Li ef al., 2008). Holoclones have a high colony-forming
efficiency, an extended life span and also have the ability to generate a more
committed progeny such as paraclones and meroclones (See Figure 1.6). Both
paraclones and meroclones have a very low colony-forming capacity (Larcher ez al.,
2007). Within a cell line, only a small number of cells have the ability to generate
holoclones however the majority of cells form paraclones and meroclones (Li et al.,

2008).
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1.7 Markers of differentiation, stemness genes and pathways

Characterisation of prostate cancer derived holoclones and Retinoic Acid treated
differentiated or super-differentiated cell lines were characterised using markers of
stemness and differentiation (Hyslop ez al., 2005, Fong et al., 2008). All stem cells
have the ability to self-renew and differentiate (Gallagher er al., 2009). Stem cells
express markers indicative of the three germ layers; endoderm, ectoderm and
mesoderm. The expression of differentiation, stemness genes and pathways were
assessed by markers of differentiation, such as; NCaml (ectoderm), ENO3
(mesoderm), AFP (endoderm). Self renewal was determined by genes representing
pluripotency, such as Oct4 (Kehler ez al., 2004, Looijenga et al., 2003) Sox2 and
Nanog (Chambers et al., 2005, Pereira et al., 2006). Signalling pathways involved in
regulation of the stemness processes include Hedgehog (Sonic Hedgehog) (Velcheti.,
2007), Snail (Li et al., 2006, Paznetas et al., 1999), TGF-beta (TGF-beta-R2), Notch
(Bolos et al., 2007, Gaiano et al., 2002) and Wnt (Wnt5a), (Logan and Nusse., 2004,

Nusse., 2008).

1.7.1 Neural cell adhesion molecule - Ectoderm germ layer marker

NCAMI1 is a gene expression marker indicative of the ectoderm germ layer
differentiation (Abeyta er al, 2004). NCAMI is also known as the cluster of
differentiation CD56 or MSK39. It is a homophilic binding glycoprotein and is
expressed on the surface of natural killer cells, neurons, glia and skeletal muscles.
NCAMI has been shown to be involved in learning and memory and cell-cell
adhesion. It is expressed in neurons (Deak er al, 2005). It has been shown to be

expressed during the formation of the neuroectoderm.
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1.7.2 Alpha-fetoprotein — Endoderm germ layer marker

AFP is a 65-KDa glycoprotein of 59 amino acids that is encoded by the AFP gene in
humans (Irony-Tur-Sinai ef al., 2006). AFP is produced in the developing embryo and
is found in foetal and maternal fluids during pregnancy. AFP is the most abundant
serum protein and is secreted by the visceral endoderm (D’Amour ez al., 2005). AFP
gene regulatory elements are thought to severely effect driver reporter gene expression
in the developing tissues of the endoderm (Kwon er al., 2006). AFP is expressed in
the genome of mesenchymal stem cells. AFP has been associated with many different
functions including anti-cancer active site peptide. Gastric tumours that produce AFP
have poor prognosis and are associated with high incidences of liver metastasis and it
is also expressed in both immature and mature teratomas (Hiroshima ez al., 2001). AFP
is unregulated through a cascade that involves the Gata6 gene and thus was employed

in this thesis as an endoderm differentiation marker.

1.7.3 Enolase 3 - Mesoderm germ layer marker

Enolase 3 is a gene expression marker indicative of the mesoderm germ layer of
differentiation and is expressed in the adult muscle of humans. Beta-enolase is the
enzyme which encodes the human ENO3 gene. The enzyme catalyses the inter-
alterations of 2-phosphoglycerate and phosphoenolpyruvate. In adult muscle, over
90% of enolase activity is accounted for by the enzyme beta-enolase, which is the
protein product of the ENO3 gene (Comi e al., 2001). The muscle specific enolase
gene contains 12 exons and spans 6Kb approximately; it also encodes a protein of 433

residues (Peshavaria and Day., 1991).
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1.7.4 Notch Signaling Pathway

The Notch signaling pathway is a highly evolutionarily conserved intercellular
signalling system present in all mammals. It plays important functions in cell-cell
communication and is involved in gene regulation mechanisms that control multiple
cell differentiation processes in both the embryo and the adult. The pathway is
involved in neuronal function and development (Gaiano and Fishell., 2002). Notch
signalling has been shown to be dysregulated in several cancers including
malignancies such as leukemias and lymphomas and carcinomas of the skin, lungs,
kidneys, cervix and breast. It is also implicated in many other diseases, such as,
Multiple Sclerosis. Notch signalling inhibition has displayed anti-proliferative effects
in cultured cell lines and also in animal mouse models (Nemir ef al., 2006, Cerdau et
al., 2010). Notch proteins are important in the maintenance of stem cells and lineage

specification.

There are 4 Notch proteins; Notchl, Notch2, Notch3 and Notch4 and they are
activated by membrane bound ligands such as; Delta-like 1-3 and Jagged/ Serrate
families (Radtke and Raj., 2003). They are then transported to the membrane of the
plasma as intact polypeptides. Ligand interactions cause two proteolytic cleavages that
release the Notch intercellular domain from the plasma. The Notch intercellular
domain translocates to the nucleus and a complex is formed with binding protein of
DNA (CSL) and displaces a histone deacetylase co-repressor complex. Components of
the activation complex are recruited to the Notch intracellular domain-CSL complex
and therefore allowing for transcriptional activation of target genes of Notch (See

Figure 1.7).
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Figure 1.7: Notch Signaling Pathway. Notch receptors are expressed on the
surface of the cell as heterodimeric proteins and the ligands are membrane bound.
Signaling occurs through these receptors and is triggered by the binding of ligands
which allows for the induction of cleavage within the transmembrane domain. The
second cleavage allows for the translocation of the cytosolic domain of these
receptors into the nucleus (www.genome.jp and www.netpath.org).

25




1.7.5 Want Signaling Pathway

The Wnt signalling pathway contains many proteins that are secreted morphogens and
their main functions are involved mainly in embryogenesis and carcinoma (Lie et al.,
2005). Whnt is also a key pathway involved in stem cell development. Wnt is required
for many basic developmental processes, such as; cell fate specification, stem-like or

progenitor cell proliferation and controls asymmetric cell division (See Figure 1.8).

In the Canonical branch of the pathway, the Wnt ligand binding to its receptor results
in the stabilisation of cytoplasmic beta-catenin through the inhibition of beta-catenin
degradation complex. This allows for it to enter the nucleus and activate Wnt regulated
genes through the interaction of the T-cell factor family of Transcription Factors and
concomitant recruitment of co-activators. The Planar cell polarity branch of the
pathway signals causing the activation of the RAS homologue gene family member A
and RAC1 which are small GTPases. These then activate the stress kinase Jun N-
terminal kinase. This allows for changes in cell adhesion and motility and also
cytoskeleton remodelling. Signaling through the Wnt-Ca®* branch of the pathway is
mediated through the G proteins such as Frizzled and phospholiases (Liu er al., 2005,
Wehrli et al., 2000). This leads to an increase in cytoplasmic free calcium and in turn
activates protein kinase C, calcium calmodulin mediated kinase 2 and phosphatise

calcineurin.

Properties that define pluripotent stem cells are; the cells’ ability to self-renew and
differentiate (Nussei., 2008). Wnt signaling is significantly involved in stem cell
differentiation. Transcription Factor 3 is regulated by the Wnt signaling pathway and

inhibits Nanog another gene with a strong association with pluripotency which leads
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to beta-catenin activity increasing significantly; also indicating Wnt involvement
(Pereiva et al., 2006). Wnt proteins play key roles in the development, maintenance
and proliferation of stem and progenitor cell populations (Logan ez al., 2004). The
Whnt pathway is believed to have a key involvement in the occurrence of cancer stem
cells. The secreted Frizzled protein is a regulator of Wnt5 and when it binds to the
secreted Frizzled protein activation of the Wnt pathway is prevented. This has been

shown in breast and colorectal cancers (Beachy ez al., 2004).
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Figure 1.8: Wnt Signaling Pathway. The Wnt signalling pathway contains 3
different branches within the Wnt pathway these include; the Canonical pathway,
the planar cell polarity pathwas and the Wnt/Ca>* pathway and contains Wnt5. Wnt5
is a signaling ligand that is received by Frizzled, a membrane bound protein.
Resulting in activation of the downstream network of modulatory genes, that are not
fully characterised (www.genome.jp)
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1.7.6 Transforming growth factor beta pathway (TGF-§)

TGF-B family member includes TGF-betas, activins, and bone morphogenetic
proteins and are also found in many different species. TGF-B family members
regulate various cellular functions in both the adult and developing embryo such as
differentiation, proliferation, apoptosis and migration. In normal epithelial cells, it is
an anti-proliferative factor and also at the early stages of oncogenesis (Bhowmick et
al., 2004). TGF-B is a secreted protein that consists of three different isoforms; TGF-

B1, TGF-B2 and TGF-B3.

Normally in cells, TGF- stops the cell cycle at the G1 phase and in turn stops
proliferation, induces differentiation or apoptosis through its signalling pathway.
However in a cancer cell, TGF-B can no longer control the cell normally and the
cancer cell starts to proliferate. Various parts of the pathway are mutated as the cell
transforms from a normal cell to a cancer cell; thus the cell is immune to the effects

of the TGF-} pathway.

The TGF-B family member binds to the Type II receptor and recruits Type 1, in turn
the Type Il receptor phosphorylates and therefore causes activation of Type I. Type |
receptor phosphorylates R-Smads (Smadl, Smad2, Smad3, Smad5 and Smad8)
(Moustakas., 2002). After phosphorylation occurs, the R-Smads associate with
Smad the co-mediator and the heteromeric complex translocates into the nucleus.
Within the nucleus, Smad activates specific genes through interaction with DNA -

binding and co-activator or co-repression proteins (See Figure 1.9).
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Figure 1.9: TGF-p signalling pathway. TGF-p signalling pathway is involved in
many cellular processes and therefore mechanisms in this pathway are regulated
positively and negatively such as receptor regulation and R-Smad regulation.

(www.genome.jp)
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1.7.7 Sonic Hedgehog and Hedgehog Signalling pathway

Sonic Hedgehog is a protein from the mammalian hedgehog signalling pathway. Of
the hedgehog homologues (Desert and Indian hedgehog), SHH plays the most
crucial role in development (Dorus et al., 2006). SHH main roles are in the
regulation of organogenesis including the growth of digits of limbs and brain
organisation. SHH signalling molecules play various different roles in the patterning
of the central nervous system during development. The hedgehog signaling pathway
regulates processes involved in development and tissue homeostasis (Jiang et al.,
2008, Niisslein-Volhard ef al., 1980). The activation of hedgehog signaling has been

reported in approximately 30% of human cancers (Xie et al., 2008).

The signaling pathway gives embryonic cells the information to ensure that the
embryo develops correctly. SHH affects the cells of the developing embryo
depending on the concentration levels being expressed. It also affects adult cells and
is involved in processes such as, controlling cell division of adult stem cells and also
in the development of various cancers in organs such as prostate, brain, skin, and
mammary gland. Upon activation of the hedgehog pathway, the protein expression
of Snail is increased, in turn E-cadherin and Tight Junctions are decreased (Li ef al.,
2006). Hedgehog signalling is a major regulator of angiogenesis which in turn leads
to metastasis (Velcheti., 2007). The hedgehog pathway is also involved in the
regulations of tumours and the activation of this pathway also leads to an increase in
the angiogenic factors angioprotein-1 and 2, cyclins D1 and B1 and anti-apoptoctic

genes and a decrease in Fas which is an apoptotic gene (See Figure 1.10).

30



I HEDGEHOG SIGNALING PATHWAY

04340 4/1509
(c) Kanelusa Laboratones

Figure 1.10: Hedgehog Signaling Pathway. Hedgehog family are a group of
secreted signaling proteins that play a major role in development, regulate
morphogenesis in many different tissues and organs. The hedgehog signaling
pathway plays a major role in the control of proliferation of stem cell in adults and
has been linked to the activation of various different types of cancer.

(www.genome.jp).
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1.7.8 Snail gene super-family

The Snail gene super-family of zinc-finger transcription factors are involved in
development of vertebrate and invertebrate embryos and also in the progression of
tumours and metastasis (Sefton et al., 1998). The Snail genes encode DNA binding
zinc-finger proteins and act as transcriptional repressors. A number of the zinc
finger proteins are essential for the formation of mesodermal development and the
neural crest. The Snail gene contains three exons and the Snail transcript is 2.0kb in
length and is found in the lungs, brain, liver, skeletal muscle, adult heart and the
placenta. It codes for a protein 264 amino acids and is 29.1 kDa in size (Paznekas et

al., 2002).

Snail expression in tumours has indicated high expression levels in sarcomas and
fibro sarcomas (Franci ez al., 2006). Snail is highly expressed in patients with breast
carcinoma and can result in poor outcome and is also associated with process of
breast cancer recurrence (Moody er al, 2005). Snail has been found to cause
resistance to cell death which allows embryonic cells to migrate and colonise and
also allows for malignant cells to separate from the primary tumour and invade,
therefore leading to metastasis (Vega et al., 2004). Epithelial cells that display Snail
expression ectopically adapt a fibroblastoid phenotype and develop tumorigenic and

invasive properties.

Snail genes are involved in regulating stem cell populations in Drosophila (fruit fly)
and vertebrates. Wnt signalling pathway also regulates Snaill expression. There are
three genes in the Snail super-family Snail/Snail, Snai2/Slug and Snai3 (Lomeli et

al., 2009).
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1.7.9 Octamer-binding transcription factor 4 (Oct4)

Oct4 also known as POUSF1 is a protein that is encoded by the POUSF1 gene and is
a homeodomain transcription factor belonging to the POU family (Takeda et al.,
1992). The Oct4 protein plays a crucial role in embryonic stem cells as its involved
in self renewal of undifferentiated embryonic stem cells and is commonly used as a
marker for undifferentiated cells. It can also cause the cells to differentiate if there is
a lesser or greater amount present. Oct4 also plays an essential role in the maintance

of pluripotency of cell of the inner mass in the embryo (Kehler ef al., 2004).

Oct4 is involved in the unditferentiated phenotype in various tumours. Once Oct4 is
knocked down in cells it promotes the cell from the stage of cell renewal to a state of
differentiation. Therefore Oct4 is critical in the regulation of pluripotency and cell
differentiation at an early stage and prevents embryo differentiation. Oct4 has been
found to be involved in the tumourgenesis of adult germ cells. It has been shown in
mice that intestinal dysplasia causes an increase in progenitor cell population. This
results in the upregulation of beta-catenin transcription through the inhibition of

cellular differentiation (Hochedlinger et al., 2005).
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1.7.10 Tir na n()g (Nanog)

Nanog is a homeobox protein that is encoded by the NANOG gene. The structure of
the Nanog protein consists of a 305 amino acid protein that has a conserved
homeodomain motif and is confined to the nuclear component of cells. It is the
homeodomain region that allows for DNA binding. It is a transcription factor
implicated with the self renewal of embryonic stem cells in the undifferentiated state
(Chambers et al., 2003). Nanog is one of three genes involved in maintaining
pluripotency and expressed by embryonic stem cells. The other two genes are
Oct4/POUSF1 and SOX2 which also establish embryonic stem cell identity

(Takahashi and Yamanaka., 2006).

The over expression of Nanog in embryonic stem cells (human) allows for the
propagation of numerous passages in culture in which the cells have remained
pluripotent (Zaehres et al., 2005). Studies have also shown that the knockdown of
Nanog allows for the differentiation, suggesting its importance in self renewal of
human embryonic stem cells (Zaehres er al., 2005). Oct4 expression has been
shown in mouse embryonic stem cells to induce pluripotency in SOX2 null cells.
SOX2 plays a major role in induced pluripotent stem cells to control Oct4

expression (Looijenga et al., 2003).
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1.8 MicroRNAs

MiRNAs are a family of small RNA molecules and miRNA lin-4 was first discovered
in the Nematode C.elegans in 1993 (Lee et al., 1993). MiRNAs are short single
stranded RNAs that are approximately 21-25nt in length. They direct messenger RNA
degradation and can also disrupt mRNA translation (Tay ef al., 2008). MiRNAs are a
group of regulatory molecules of non-coding RNAs that control protein synthesis.
MiRNAs are expressed from the genomes of all multi-cellular organisms (Pillai ez al.,
2006) and there are approximately 800 known miRNAs. However their precise
function remains unknown, but they are thought to be involved in the regulation of
cellular difterentiation, proliferation and apoptosis. They are also thought to be
involved or controlled by epigenetic alterations. MiRNAs are generated through a
stepwise process that occurs in both the nucleus and cytoplasm, see Figure 1.11.
MiRNAs have been shown to be coded for in both intron and exon regions of the

genome.

Small RNAs are known to control gene expression and affect transcription at the
mRNA level. The turnover of mature miRNA is required for rapid changes in miRNA
expression profiles. MiRNAs bind to the 3’ untranslated region of target genes with
imperfect complementarity in order to prevent translation occurring. The key
component of the RNA induced silencing complex known as RISC is an Argonaute
protein and miRNAs are loaded onto the Ago protein. Ago proteins bind to the miRNA
fragments and directly interact with the miRNA (Pillai ez al., 2004 and Behm-Ansmant
et al., 2006). One strand of miRNA becomes removed by the bypass mechanism
allowing Ago to bind the target mRNA. It is this binding of Ago to the target mRNA

that allows for translational inhibition (Bartel e al., 2009). More recently data has
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demonstrated that the miRNA loaded RISC can silence translation by targeting sites
along the coding region of the mRNA strand complementary to the loaded miRNA

(Tay et al., 2008).

However, controversy remains over the actual precise processes involved in mRNA
translation silencing by RISC after miRNA-mRNA alignment. One proposed theory is
that by inhibiting translation before initiation is carried out by aggregating mRNAs in P
bodies or possibly in a different place (Eulalio ez al., 2007). Another theory is that of the
inhibition of translation by the RISC occurring at the polysomal level after initiation has
taken place. A widespread trait of miRNA-mRNA hybridisation is the frequent
imperfection of complementarity of the two sequences. This results in bulge formations
which are thought to prevent RISC from cleaving the target mRNA. However in its
place the target is preserved and therefore appears to be somewhat postponed for

expression (Rana, 2007).

MicroRNAs are produced through a stepwise process which takes place in the nucleus
and the cytoplasm, see Figure 1.14. miRNAs have also been found to code for in both
intronic and exonic regions (Kim ez al., 2007). A pre or precursor hairpin miRNA is
initally generated in the nucleus; this pre-miRNA is part of a longer primary transcript
referred to as the pri-miRNA, which has a 5’ 7-methyl guanosine cap and a 3’ polyA
tail. This is thought to occur through the action of RNA polymerase Il (Zeng et al.,
2006). In the nucleus the pre-miRNA is generated through interaction with the
microprocessor complex which contains the enzyme Drosha, an RNase Il like enzyme
and its co-factor DGCRS, a double stranded RNA binding protein. Drosha is comprised
of 2 RNase Il domains, of which one is thought to chop the 3" end of the pre-miRNA

while the other cleaves the 5° strand (Han e al., 2004).
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Figure 1.11: MicroRNA processing pathway. miRNA processing and activity
occurring in the nucleus and the cytoplasm. Excision and activation of active single-
stranded miRNAs from precursor transcripts occurs through a multi-step process. The
process involves; transcription followed by the hairpin loop released in the nucleus,
which is then exported from the nucleus into the cytoplasm, processing by the dicer
enzyme and then strands selection by RISC which contains the enzyme Dicer (Winter et
al., 2009).
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Various different isoforms or families of miRNAs have recently been identified. Mature
miRNAs differ in 1-3 nucleotides and these miRNAs are designated using different
letters or identical mature miRNAs are produced from different genes, generally located
on different chromosomes and these miRNAs are identified by a specific number (Jiang
et al., 2005). Single nucleotide polymorphisms or SNPs in miRNAs either pre or
mature. It should also be noted that miRNA targets could potentially play an important

role in the determination of miRNA function.
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1.8.1 miRNA processing machinery; Dicer, Drosha and elF6

Both the production and function of miRNAs required precise processing by proteins
of the miRNA machinery such as Dicer, Drosha and RNase III endonucleases as they
are essential components of miRNA machinery. Recently elF6 has been shown to play
arole in miRNA mediated post-transcriptional silencing (Flavin et al., 2008). The anti-
association factor elF6 and is a ribosome inhibitory protein which prevents the
productive assembly of the 80S ribosome. It is recruited by the RISC complex and
enables miRNA complexes to exert their repressive effects on the translation of protein
(See Figure 1.12). The miRNA processing machinery of various prostate cancer cell

models was examined in this thesis.

Figure 1.12: Steps involved in eukaryotic translation. Translation of mRNA
comprises of three main steps; initation, elongation and termination. The ribosomal
anti-association factor elF6 has been found to have a role in miRNA mediated post
transcriptional silencing. (Filipowicz ef al., 2008)
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1.8.2 Role of miRNAs

Recently miRNAs have been shown to be crucial for the direction of cell fate, in
regulation of development in order to control subtle or non essential regulatory
pathways while others may help perfect and adjust the complex genetic network that
builds a multicellular organism (Caldas and Brenton., 2005). The importance of
miRNAs is becoming more apparent as they are involved in the regulation of numerous
fundamental processes. miRNAs have been show to be involved in the regulation of
many biological processes and malignancies. Many groups have demonstrated that they
function in stem cell differentiation and maintenance; regulate cell cycle and

inflammation in many cancers (Tay et al., 2008, Wang et al., 2007).

A role for miRNAs in the development and progression of human cancers has been
recently been established. They have been shown to act as tumour suppressors or
oncogenes and can be dysregulated through events including; deletion, mutations,
amplification and epigenetic events (Caldas and Brenton., 2005). Errors in miRNA
processing can occur in either the pri-miRNA sequence variations or problems in the

miRNA processing machinery however these events are not fully understood.
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1.8.3 MicroRNAs and cancer

MiRNAs are known to be involved in normal functioning of cells, however their
deregulation is also associated with disease; specifically the relationship between
miRNA deregulation and cancer, see Figure 1.13. Various miRNAs have been found
to be linked with certain types of cancer (Mraz et al., 2009). Many experiments
involving transgenic mice which over express or lack certain miRNAs have proved
they play a role in various malignancies (Zanesi ef al., 2010). Another study in mice
which altered the production of c-Myc to excess showed that miRNAs have effects
on the development of cancer. Mice that produced an excess of miRNA types found
in lymphoma cells developed this disease within 50 days and died two weeks after
this time point. However mice without the excess of this miRNA survived for over

100 days and did not develop this disease (He et al., 2005).

In summary, miRNAs are currently thought to be mechanistically involved in the
development of various malignancies and could potentially be a new class of
biomarkers. Currently there is evidence for a link between miRNAs and cancer in
that they are involved in cell proliferation and apoptosis. MiRNA genes are
frequently located near fragile site and the deregulation of miRNA expression has

been identified in many cell line models and also in malignant tumours.
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Figure 1.13: miRNA involvement in cancer by the regulation of expression of
oncogenes and tumour suppressor genes. A) pri-miRNAs are processed into pre-
miRNAs which takes place in the nucleus. Pre-miRNAs are exported out of the nucleus
to the cytoplasm and are processed by Dicer to produce miRNAs. These miRNAs
function by cleaving mRNA or inhibiting translation in concert with RISC. B)
Overexpression of miRNAs could result in decrease expression of the target- tumor
suppressor gene. C) Underexpression of miRNAs could result in increased expression
of a target- oncogene (Caldas and Brenton., 2005).

42



1.8.4 Types of miRNAs involved in cancer

MiRNAs can act as either oncogenes or tumour suppressor genes. They are differential
expressed as either upregulated and/or downregulated in both tumour progression and in
metastasis (White ef al.,, 2011). Numerous different miRNAs are known to have effects
on various different pathways that can contribute to metastasis such as; migration,
invasion, cell proliferation, EMT, angiogenesis and apoptosis, see Figure 1.14. MiRNAs

are defined as follows;

e Oncomir: is a miRNA that plays a crucial role in cancer and they can function

as either oncogenes or tumour suppressors depending on the target.

e Metastimir: is a miRNA that is associated with metastasis and can have

prometastatic and antimetastatic effets.
e Apoptomir: is a miRNA involved in apoptosis.
e Hypoxamir: is a miRNA involved in hypoxia.

e Angiomir: is a miRNA that can regulate angiogenesis, proangiomirs can

promote angiogenesis where as angiangiomirs can inhibit angiogenesis.
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Figure 1.14: Schematic of the effects of miRNAs on metastasis. This model displays
the interactions between miRNAs and both oncogenes and tumour suppressor genes.
MiRNAs are also downstream targets of oncogenes and tumour suppressor genes. They
can also directly target then causing migration, invasion, angiogenesis and apoptosis,
thus contributing to the progression of the tumour and metastasis (White et al., 2011).
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1.9 Aims of this study

The initial aim of this project was to optimise and generate prostate cancer holoclones
from the cell lines PC-3 and LNCaP. This was achieved by using a 3D culture method
known as a high-salt soft-agar assay and analysing of key stemness genes and
pathway expression. Cell lines PC-3 and LNCaP were treated with Retinoic Acid in
order to generate “super-differentiated” cells. This allowed for the analysis of key
stemness gene and pathway expression present in the holoclones and “super-
differentiated” cells when compared to that of the resting cell lines and to examine the

miRNA processing machinery which include the following; Drosha, Dicer and elF-6.

The second aim was to genome profile PC-3 and LNCaP cell lines and PC-3 and
LNCaP holoclones in order to characterise the holoclones to identify specific cellular
targets representing stemness, differentiation and epithelial-mesenchymal transition.

This specific aim included:

e Generation a genome wide expression profile of the holoclones.
e Determination of the differences between the holoclones and the resting cell
lines.

o Identification of genes and pathways representing stemness in the holoclones.

The third aim was to compile a systemic review and meta-analysis of various different
independent studies on miRNA expression profiling in prostate cancer, in cell line
models and prostatectomy specimens. The miRNA expression of prostate cancer cell

lines LNCaP and PC-3 and derived holoclones was investigated and from this a
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miRNA profile for the PC-3 and LNCaP holoclones. From this profile prostate cancer

holoclone stem cell specific miRNA populations could be identified.

The final aim of the project was to perform bioinformatic analysis on all generated
data from this study. Putative gene targets and metabolic pathways were predicted in

this study from various online databases.
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Materials and Methods

Chapter2 o
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2.0 Materials and methods
This chapter provides a full description of the materials and methodologies employed in
this thesis. Background information is provided for some newer techniques described. A

full background description of the technique appears in the relevant chapters only.
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Figure 2.1: Schematic representing various steps employed in materials and methods
chapter.




2.1 Systematic review of miRNA expression profiling on prostate cancer

2.1.1 Background: Generating a systematic review of miRNA of prostate cancer

A systemic review is a comprehensive method of combining the results of various
different independent studies collected from previously published literature. Summaries
and conclusions are drawn to evaluate effectiveness. Merging data from several
different technical platforms, tumour sample types and cell line models (versus normal
samples) allows for the investigation into specific miRNA profile patterns. This analysis
distinguishes common miRNAs that may play a crucial role in prostate cancer. Systemic
review was carried out on 6 original studies reporting on miRNA expression profiling

on prostate cancer in cell line models and prostatectomy specimens.

2.1.2 Review question definition and criteria development for study inclusion

In order to create a clear, defined review a defined question was needed and therefore a
broad question was defined as review “objectives” and a detailed specification was
defined as “criteria”. The review question needed to specify clearly the types of
populations in this case miRNAs, comparisons i.e. between the miRNAs and the type of
outcomes that were of interest. The components of this specific question with any
additional specifications types were included in the study to form the basis of the pre-
specified eligibility criteria was included in the review. Outcomes needed to be
meaningful and did not include trivial outcomes. The primary outcome was limited to

small number included adverse as well as beneficial and relevant outcomes.
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2.1.3 Identification and selection of published literature

A computerised literature search was carried out using the database PubMed (National
Center for Biotechnology Information) for the time from 1970 to March 2011. The
general search keywords imputed into PubMed were "miRNA" "prostate" and "cancer".
An initial identification of the literature was performed by viewing the titles and the
relevant abstracts of the obtained literature from the PubMed search. The citations and
references of the relevant selected studies were checked. This was a repetitive process,
continued until no new study of relevance could be identified. A series of inclusion

criteria was defined, and all relevant literature was then checked for suitable eligibility.

The inclusion criteria considered were;
a) Study design, namely, with profiled miRNAs in prostate cancer
b) Written in English

¢) Sufficient data reported to be used in a systematic review

2.1.4 Study selection, data assembly and minimising bias

Systemic reviews require a thorough, objective and reproducible search of a range of
sources in order to identify as many relevant studies available. This is a very important
factor in distinguishing systemic reviews and also helps minimise bias, thus resulting in
reliable estimates of effects. The eligibility of studies was assessed and data was
extracted. Data from the published literature was reported in diverse formats however it
was converted into a suitable format. All collected data that was included in the
systematic review, was normalised to a standard format for all studies as follows; all
miRNAs profiled in malignant samples and cell lines were compared to that of normal

tissue in each study and a fold change value of 0.5 and 2 was considered significant.
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2.1.5 Comparisons inclusion

The most important step in the analysis was to specify the pair-wise comparisons. The
comparisons addressed in the review should clearly relate and directly answer the
questions posed when the review is formulated. The systematic review was carried out
on 6 original studies reporting on miRNA expression profiling on prostate cancer in cell
line models and prostatectomy specimens. Lists of miRNA genes were compiled

together from these studies using the following criteria;

e miRNA genes that were upregulated

e miRNA genes that were downregulated
e miRNA genes that were undetected

e miRNA genes that were unchanged

e miRNAs genes that were not profiled

2.1.6 Bioinformatics: analysis of significant miRNAs

Bioinformatic analysis of 20 of the most profiled and relevant miRNAs were performed
using on line resources. A list of gene targets predicted to interact with each selected
miRNA  was generated wusing miRGen, version 3 on line database

(http:/www.diana.pcbi.upenn.edu/miRGen/v3/miRGen.html).

Secondly, the relationship between these selected miRNAs and their predicted
metabolic pathways were generated using the online database miRNApath
(http://Ilgmb.fmrp.usp.br/mirnapath/query mirna.php). This search tool provides a

relationship between the miRNA list and metabolic pathways.
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2.2 Prostate cell lines: culture and maintance

All cell culture was performed in a sterile laminar air flow hood and all surfaces were
cleaned down with 70% IMS. All cells were grown and maintained in sterile flat

bottomed 75cm” cell culture flasks (Starsted AG and Co, Niimbrecht, Germany).

The PC-3 cell line was established from a bone metastasis of a Grade 4 prostate
adenocarcinoma from a 62 year old, Caucasian male. The cell line was obtained from
the American Type Culture Collection (CRL-1435). Cells were grown to 70% confluent
in a constant atmosphere containing 5% CO; at 37°C in the following medium: F12-K
containing L-Glutamine (Gibco at Invitrogen Life technologies, Maryland, USA), 10%
FBS (Lonza Group Ltd. Basel, Switzerland) and 100U/ml Penicillin/Streptomycin

(Lonza Group Ltd. Basel, Switzerland).

The LNCaP cell line was established from a carcinoma from the metastatic site of the
left supraclavicular lymph node of the prostate from a 50 year old, Caucasian male in
1977. The cell line was obtained from the American Type Culture Coliection (CRL-
1740). Cells were grown to 70% confluent in a constant atmosphere containing 5% CO-
at 37°C in the following medium: RPMI 1640 containing L-Glutamine and HEPES
(Lonza  Group Ltd. Basel, Switzerland), 10% FBS and 100U/ml

Penicillin/Streptomycin.

The PWR-IE cell line was established from human prostatic epithelial cells, derived
from a normal prostate with mild hyperplasia and were immortalised with an adenovirus
12-SV40 hybrid virus (Ad12-SV40) from a 67 year Caucasian male. The cell line was
derived by single cell cloning of a non-producer cell in 3-dimensional Matrigel cultures.
The cell line was kindly obtained from Professor Mark Lawler’s Lab TCD. Cells were

grown to 70% confluent in an atmosphere containing 5% CO; at 37°C in the following
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medium: Keratinocyte serum free medium containing 0.05mg/ml BPE and 5ng/ml EGF

(Gibco at Invitrogen Life technologies, Maryland, USA).

2.2.1 Cell counting and viability

Number of cells per unit volume in suspension was determined by a haemocytometer
counting chamber. The counting chamber was cleaned with lens paper and a clean cover
slip was carefully placed on the surface. Suspension containing cells and trypan blue
vital stain was pipetted into the v-shaped well and the area under the coverslip was
filled (by capillary action). A haemocytometer was placed on the microscope stage and
the grid was focused at low power. The haemocytometer grid with Neubauer rulings,

was viewed at 40X (4X objective). Main divisions separate the grid into 9 large squares.

Trypan blue stains dead cells blue in colour and these cells were excluded as only live
viable cells were included in the count. Only half the cells that settled on the border
gridline were counted. Cells that touched the bottom and right border were counted and
the cells that touched the top and left border were not counted. The number of cells per
Iml was calculated by multiplying the number of live viable cells by 4 (the dilution
factor) and then by 10* (the conversion factor). Therefore the following formula was

used;

Total number of live cells/1ml = number of live viable cells/Imm? x 4 x 10*
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2.2.2 Long term cell culture and passage

Medium was removed and confluent cells were gently washed with PBS (Lonza Group
Ltd. Basel, Switzerland), 0.25mM Trypsin/EDTA (Gibco at Invitrogen Life
technologies, Maryland, USA) was added and cells were allowed to detach in the
incubator at 37°C for 5 mins. When cells were detached, an equal volume of appropriate
medium was added to neutralise the Trypsin/EDTA. Cells were collected and
centrifuged for 5 mins at 1000rpm, the supernatant was removed and pellet was
obtained. Cell viability and concentration was determined using a haematocytometer
(Sigma-Aldrich, St. Louis, MO, USA) and trypan blue (Gibco at Invitrogen Life
technologies, Maryland, USA). Sterile flat bottomed 75cm” cell culture flasks (Starsted
AG and Co, Niimbrecht, Germany) were seeded with 33% (1:3 split ratio / 1 X 10°) of
trypsinised cells upon reaching 70% confluency in appropriate media and maintained in

a constant atmosphere containing 5% CO,at 37°C.
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2.2.3 Cryopreservation of cells for long-term storage

Cells were centrifuged at 1000rpm for 5 mins and pellet was obtained. Supernatant was
discarded and pellet was resuspended in Iml of Cell Freezing Medium (Gibco at
Invitrogen Life technologies, Maryland, USA) and placed in 1.5ml cryovials (Nalge
Nunc International, Rochester, NY, USA). Cryovials were placed in a styrofoam box
and were stored at —80°C for 24 hours and were transferred to liquid nitrogen for long-

term storage.

2.2.4 Reconstitution of cells from long-term storage

Complete appropriate culture media was pre-heated to 37°C. Cells were removed from
long-term storage (-80°C liquid nitrogen) and were immediately immersed in a 37°C
water bath. Vials were agitated in the water bath at 37°C (cells were thawed quickly in
order to avoid ice shards and prevent cell lysis). Cryovials were sprayed with 70% IMS
and were placed in the laminar air flow hood. Cells were pipetted from the cryovial and
transferred to 15ml tubes with appropriate preheated medium. Cells were centrifuged at
1000rpm for 5 mins to obtain pellets. Supernatant was removed and pellets were re-
suspended in appropriate culture media into a sterile flat bottomed 25cm? cell culture
flask (Starsted AG and Co, Niimbrecht, Germany). Once cells reached 70% confluency

they were transferred to a sterile 75cm? cell culture flask.
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2.3 Retinoic Acid treatment of prostate cancer cell lines

All-trans Retinoic Acid (Sigma-Aldrich, St. Louis, MO, USA) was removed from long-
term storage (-80°C liquid nitrogen) and 100mg was disolved in 33ml of DMSO to
obtain a 0.01M stock. Iml aliquots were stored at -80°C and thawed at room
temperature away from light. 10°M (1:100 dilution) was required for the appropriate

cell culture medium.

PC-3 cells were grown to 70% confluence in a constant atmosphere containing 5% CO»
at 37°C in the following medium: F12-K containing L-Glutamine (Gibco at Invitrogen
Life technologies, Maryland, USA), 10% FBS (Lonza Group Ltd. Basel, Switzerland)
and 100U/ml Penicillin/Streptomycin (Lonza Group Ltd. Basel, Switzerland) and 10°M
All-trans Retinoic Acid (Sigma-Aldrich, St. Louis, MO, USA). Cells were harvested at
the following time points; 7 days treated and untreated and 14 days treated and

untreated.

LNCaP cells were grown to 70% confluence in a constant atmosphere containing 5%
CO; at 37°C in the following medium: RPMI 1640 containing L-Glutamine and HEPES
(Lonza Group Ltd. Basel, Switzerland), 10% FBS and 100U/ml Penicillin/Streptomycin
and 10°M All-trans Retinoic Acid (Sigma-Aldrich, St. Louis, MO, USA). Cells were
harvested at the following time points; 7 days treated and untreated with RA and 14

days treated and untreated with RA.
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2.4 Optimisation of PC-3 and LNCaP Holoclones by Soft-Agar-Assay
Initially cell lines were set up in an agarose only gradient in order to optimise the
appropriate percentage of agarose for each cell line and then then followed by a gradient

of NaCl appropriate for the selection of holoclones, see Table 2.1.A and 2.1.B.

Table 2.1.A: Optimisation of agaorse concentration for generation of PC-3 and LNCaP

Holoclones.

% % %
PC-3 and LNCaP Cells Concentration Concentration Concentration
Initial Agarose only 0.5 1 1.5
Final Agarose only o 0.8 1

Table 2.1.B: Optimisation of NaCl concentration for generation of PC-3 and LNCaP

Holoclones.

% % %
PC-3 and LNCaP Cells Concentration Concentration Concentration
Initial NaCl 1 5 10

2.4.1 Generation of PC-3 Holoclones by Soft-Agar-Assay

High Salt Soft-Agar Assay mix was set up in 100mls final volume containing the
following: 0.8% molecular grade agarose (Sigma-Aldrich, St. Louis, MO, USA) and 1%
NaCl (Sigma-Aldrich, St. Louis, MO, USA) and 100 mls of dH,O and subsequently
autoclaved. 10mls of the high salt soft-agar assay mix and 100U/ml
Penicillin/Streptomycin was added to the petri dish (Corning Incorporated, NY, USA)
and was allowed to set. 10 mls of the complete F12-K media and 1 X 10° PC-3 cells
was added to the petri dish on top of the soft-agar assay mix and maintained in a

constant atmosphere containing 5% CO, at 37°C.
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2.4.2 Generation of LNCaP Holoclones by Soft-Agar-Assay

High Salt Soft-Agar Assay mix was set up in 100mls final volume containing the
following: 1% molecular grade agarose (Sigma-Aldrich, St. Louis, MO, USA) and 1%
NaCl (Sigma-Aldrich, St. Louis, MO, USA) and 100 mls of dH,O and was autoclaved.
10mls of the high salt soft-agar assay mix and 100U/ml Penicillin/Streptomycin was
added to the petri dish (Corning Incorporated, NY, USA) and was allowed to set. 10 mls
of the complete RPMI media and 1 X 10° LNCaP cells was added to the petri dish on
top of the soft-agar assay mix and maintained in a constant atmosphere containing 5%

CO, at 37°C.
2.4.3 Harvesting of PC-3 and LNCaP Holoclones

The upper layer of media and cell debris was pipetted off the layer of agarose and was
then gently washed twice with PBS and removed. Each individual holoclone was
removed from the agarose with a scalpel and was washed with PBS and centrifuged for
5 mins at 1000rpm; the supernatant was removed and a pellet was obtained and placed

on ice. Cell pellets were stored at -80 °C until needed.
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2.5 RNA isolation
2.5.1 RNeasy Mini Protocol for Isolation of Total RNA (Qiagen, Crawley, West

Sussex, UK)

Cultured cell lines were lysed with 600ul for LNCaP and 350pl for PC-3 of Buffer RLT
containing B-Mercaptoethanol (10ul of B-ME per Iml of Buffer RLT) by vortexing to
mix. The lysate was directly pipetted onto a QlAshredder spin column and placed in a
2ml collection tube and centrifuged for 2 mins at maximum speed. 1 volume of 70%
ethanol was added to the homogenised lysate and was mixed by vortexing. Up to 700pl
of the sample including any precipitate was applied to an RNeasy mini column placed
in a 2ml collection tube and centrifuged for 15 secs at 10,000rpm and the flow-through
was discarded. This step was repeated until all flow-through passed through the column.
700ul of Buffer RW1 was added to the spin column and the lid was gently closed and
centrifuged for 15 secs at 10,000rpm to wash the spin column. Flow through was
discarded. 500ul of Buffer RPE was added to the RNeasy spin column and the lid was
gently closed and centrifuged for 2 mins at 10,000rpm in order to wash the spin column
membrane (long centrifugation dries the spin column membrane to ensure that no
ethanol is carried over during RNA elution). RNeasy spin column was removed
carefully from the collection tube to ensure there was no contact with the flow through
to prevent ethanol carryover. RNeasy spin column was placed in a new collection tube
and the flow-through was discarded. The lid was closed gently and centrifuged for 1
min at full speed in order to prevent Buffer RPE carryover. RNeasy spin column was
placed in a new 1.5ml collection tube and 50ul of RNease free water was placed directly
on the spin column membrane. The lid was closed gently and was centrifuged for 1 min

at 10,000 rpm to elute the RNA. The eluate was collected and stored at —80°C.
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2.5.2 mirVana™ miRNA Isolation (Ambion at Applied Biosystems, Foster City,
CA, USA) Total RNA Isolation procedure

Cultured cell lines were homogenized using 300pul of Lysis/Binding Buffer for PWR-1E
and PC-3 and 600l of Lysis/Binding Buffer for LNCaP and were vortexed vigorously
to completely lyse the cells. 1/10 volume of miRNA Homogenate Additive was added
to the lysate and incubated on ice for 10 mins. A volume of Acid-Phenol: Chloroform
(Ambion at Applied Biosystems, Foster City, CA, USA) equal to the sample lysate
volume was added and vortexed for 60 secs to the mix. Lysate was centrifuged for 5
mins at 10,000 rpm at room temperature in order to separate the aqueous and organic
phases and the interphase should be visible after centrifugation. The upper aqueous
phase was carefully removed and transferred to a fresh tube. 1.25 volumes of room
temperature 100% ethanol was added to the aqueous phase and was mixed thoroughly.
700l of the lysate/ethanol mixture was pipetted onto the Filter Cartridge contained in a
collection tube and centrifuged for 15 secs at 10000 rpm. The flow through was
discarded until all the lysate/ethanol mixture was through the filter. 700ul of miRNA
Wash Solution 1 was applied to the filter cartridge and centrifuged for 10 secs and the
flow through was discarded. 500ul of Wash Solution 2/3 was applied to the filter
cartridge and centrifuged for 10 secs and the flow through was discarded and was
repeated again with a second aliquot of Wash Solution 2/3. The flow through was
discarded and centrifuged for a further 1 min to remove residual fluid from the filter.
100ul of RNAse free water at 95°C was applied to the filter cartridge and centrifuged

for 30 secs. Eluate was collected and stored at —80°C.
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2.6 Quantification of RNA

2.6.1 NanoDrop 1000 Spectrophotometry

The quantity and purity of Total RNA isolated was also determined by micro-volume
quantitation using a Nanodrop 1000 spectrophometry. The NanoDrop 1000
spectrophotometer was calibrated as follows; the machine was blanked using the same
solution that the sample was previously eluted in and was loaded onto the pedestal
(ensuring there were no air bubbles) and was measured immediately. The pedestal was
wiped with a lint-free wipe. 1.5ul of the Total RNA sample was loaded onto the
pedestal and sample using: Sample type RNA-40. When the measurement was
completed, the surface was wiped again with a lint-free wipe before going on to the next

sample.

loadi measunn
o xenon flash lamp "

=)

|
optical fiber~ |

optical fiber—

Figure 2.2: Nanodrop spectrophotometer loading pedestal. (Gallagher and
Desjardins. 2008) (A) Loading of sample with pipette and tip onto pedestal (B)
Measuring of sample placed onto pedestal with CCD detector and xenon flash lamp.
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2.7 TagMan® Two-Step RT-PCR
TagMan® PCR is a quantitative real-time PCR method and was chosen for the
quantification of mRNA expression levels in this study. RT-PCR was performed in two

individual reactions. Total RNA was reverse transcribed into cDNA and was amplified

by PCR.

2.7.1 TagMan® Probe-based chemistry

TagMan® Probe-based chemistry uses a fluorogenic probe to allow for the detection of
specific PCR product during the actual PCR as it accumulates. An oligonucleotide
probe is constructed with a fluorescent reporter dye which is bound to the 5’ end and a
3* quencher end. As the probe is intact, the proximity of the quencher greatly reduces
the fluorescence emitted by the reporter dye. This occurs by fluorescence resonance
energy transfer through space. When the target sequence is present, the probe anneals
between the primer sites and is cleaved by the 5° nuclease activity of the Taq DNA
polymerase during the extension process. Cleavage of the probe allows for the
separation of the reporter dye from the quencher and therefore this increases the signal
of the reporter dye. Cleavage also allows for the removal of the probe from the target
strand. This allows the primer extension to continue to the end of the template strand.
The inclusion of the probe does not inhibit the PCR process. Additional molecules of
the reporter dye are cleaved from the relevant probes with each cycle. This results in an
increase in fluorescence intensity proportional to the amount of produced amplicons. As
the higher the starting copy number of the nucleic acid target the sooner there is a

significant increase in fluorescence (Figure 2.3).
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Figure 2.3: Schematic representation of TagMan® PCR probe chemistry mechanism
(www.appliedbiosystems.com)

2.7.2 TagMan® gene expression assays

Individual TagMan® gene expression assays are pre-designed gene-specific primer and
probe sets for quantitative gene expression studies on human genes. TagMan® gene
expression assays are built on Applied Biosystems 5 nuclease chemistry. Assays are
made up of two unlabeled PCR primers and one FAM dye-labeled probe. TagMan®

endogenous controls are also FAM labelled.
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2.7.3 TagMan® RT-PCR reactions

All TagMan® RT-PCR reactions were set up in a specifically dedicated class 2 laminar
air flow hood using dedicated pipetts and aerosol resistant pipette tips. Template RNA
and cDNA was added to the RT-PCR reaction plates in a separate dedicated area. RT-
PCRs were performed using a two step method. mRNA was converted into cDNA and

this template was used in the TagMan® RT-PCR reaction.

2.7.3.1 cDNA synthesis for TagMan® RT-PCR

cDNA was generated from mRNA and used in TagMan® RT-PCR reactions. cDNA
was synthesised using the High capacity ¢cDNA Archive Kit (Applied Biosystems,
Foster City, CA, USA). Reverse transcription reactions were set up in 100pl volume
reactions containing the following: 10X RT Buffer, 25X dNTPs, 10X Random Primers,
Multiscribe enzyme, Nuclease-free water and 500ng of total RNA. Reverse
transcription reaction mix was incubated on ice for 5 mins. Reverse transcription
reactions were performed on a thermal cycler under the following conditions: 25°C for

10 mins, 37°C for 2 hours, 85°C for 5 sec and 4°C for infinity.

2.7.3.2 TagMan® RT-PCR Primer and Probes and controls
Glyceraldehyde 3-phosphate dehydrogenase (Gapdh) (Applied Biosystems, Foster City,
CA, USA) was used as the endogenous control. A no template control was included on

every plate for each primer and probe and endogenous control used.
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2.7.4 TagMan® RT-PCR

TagMan® RT-PCR reactions were set up in volume reactions containing the following:
Universal Master Mix, No AmpErase® UNG (Applied Biosystems, Foster City, CA,
USA), relevant primer and probe and cDNA template. This master mix contains
components needed for 5 nuclease assays, without AmpErase® UNG and also employs
AmpliTaq Gold® DNA polymerase to allow for a better yield and a more robust 5’
nuclease assay than AmpliTaq Gold® DNA polymerase. It also includes Passive
Reference 1 required for signal normalisation in all 5° nuclease assays. Universal
Master Mix, No AmpErase® UNG also contains dUTP, so as AmpErase® UNG can

protect against carry over contamination.

20pul of RT-PCR reactions were plated into either 96 or 384 well plates (Applied
Biosystems, Foster City, CA, USA). Plates were sealed with MicroAmpTM Optical
Adhesive Film and were spun briefly at room temperature. RT-PCR reactions were
performed on 7900HT or 7600 (Applied Biosystems, Foster City, CA, USA) under the
following thermal cycling conditions: 50°C for 1 min to allow for UNG activation, 95°C
for 10 mins for AmpliTaq Gold® activation, 50 cycles of 95°C for 15 secs and 60°C for

1 min to allow for melting and annealing.
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2.7.4.1 Biological and technical replicates

In this study, biological replicates were defined as RNA isolated from cell lines of
different passages. Technical replicates were defined as RNA isolated from the same
pool of one biological replicate. All reactions were carried out in both biological and
technical triplicates in parallel with non-cDNA and non-template controls. TagMan RT-
PCR expression data was consistent. Gene alterations consistently occurred at the same
time points and the qualitative directional expression (up/down regulated) was also
consistent across multiple biological replicates. However the precise levels of
expression varied therefore each data set is presented as a representative median data set

of a minimum of three biological replicates.
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2.7.5 TaqMan® RT-PCR: general data analysis steps

TagMan® RT-PCR raw data was analysed for this study using the following criteria;
e Viewing amplification plots for the 384 / 96 well plates
e Setting the baseline and threshold values

e Comparative Ctr method to determine results

TagMan® RT-PCR is a real time PCR method and allows for data to be collected
throughout the PCR run. Therefore the reaction is characterised at the time point of the
cycle when the target is initially amplified. A higher starting copy number of the target
shows an earlier significant increase in fluorescence. The initial cycles of the PCR,
where little change in fluorescent signal occurs is defined as the amplification plot
baseline. Fluorescence increases above the baseline shows the detection of the
accumulation target and the fluorescence threshold is set above the baseline. The
threshold is set at the point where the PCR product is initially detected. The number of
cycles in which the target crosses the threshold is determined by the following software;
SDS v2.3/RQ Manager v 1.2 (Applied Biosystems, Foster City, CA, USA). This is
referred to as the threshold cycle (Ct) and calculates the relative expression. Ct values
of the target compared to the calibrator allows the expression of the data to be displayed
as a fold change of the levels of expression by the standard curve method or the

comparative Ctmethod.
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Figure 2.4: TagMan® RT-PCR amplification curve (www.appliedbiosystems).
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2.7.6 Comparative Ct method
e Setting up and running 384 / 96 well reaction plate
e Analysing the data obtained from the run
e Determining the ACr value from data (Target — GAPDH endogenous control)

e C(Calculating the AACr to obtain fold change differences in the gene expression

(ACt Target - ACr calibrator)

2.7.6.1 Comparative Cy Method for relative quantification

Quantitative RT-PCR was performed using sequence specific primers and probes.
GAPDH was used as the endogenous control.  The comparative Cr method for the
relative quantification values, are calculated by the threshold cycle (Cr) values. This
method calculates relative gene expression fold change values were calculated using the

following equation (Livak et al., 2001);

Relative Quantity=2"4¢"

The mean Ct value and standard deviation was calculated for each sample. ACt was
generated by normalisation the Ct of the sample with the Ct of the endogenous control
GAPDH for example; Crp sample- Cr endogenous control GAPDH. AACy was
generated by subtracting the ACt of the calibrator from the ACr of the target. Relative
levels of target gene expression were calculated with the formula mentioned above

- T
9, AAC

(Relative Quantity= ). A non-template control was included in all reactions as a

negative control.
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2.7.7 Predicted gene targets and metabolic pathways

Gene targets were predicted for the top 10 upregulated and downregulated miRNAs in
the PC-3 and LNCaP cell lines using the databases; miRGen version 2007(v3) and
microrna.org (version September 2008). miRGen is an intergrated database, which the
target interface allows access to union and intersections of 4 widely used target
prediction programmes and experimentally supports targets from Tarbase. The top 10
upregulated and downregulated miRNAs and the top 10 predicted gene targets were

predicted using the databases miRGen and microrna.org.

Pathways were predicted for the top S upregulated and downregulated miRNAs in the
cell lines PC-3 and LNCaP using the database miRNApath. miRNApath offers a
relationship between miRNAs, target genes and metabolic pathways. This database
allows for the investigation of miRNAs and shows the pathways affected by these

miRNAs. It also allows for the speculative prediction of the disease caused by them.
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2.8 TagMan® Low Density Array-Megaplex Pools for miRNA expression

2.8.1 Background

TLDAs Megaplex pools are used to detect and quantitate up to 384 human miRNAs per
pool (Pool A), Megaplex pools consist of matching primer pools and TagMan Arrays.
Megaplex RT Primers are a set of two pre-defined pools of up to 384 stem-looped RT
primers per pool, which allow for the simultaneous synthesis of cDNA for mature
miRNA. Each TLDA card contains 8 ports which feed into 48 individual wells that
contain pre-loaded dried TagMan ® miRNA assays. Each TLDA card contains
endogenous control assays for data normalisation and an assay for the purpose of a

process control.

Tagman Ports

Figure 2.5: Representation of 384 miRNA TagMan® Low Density Arrays containing
TagMan® pre-dried miRNA assays and 8 loading ports to distribute sample into each
well (http://mdl.dfci.harvard.edu).
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2.8.2 Megaplex reverse transcription- cDNA synthesis

Megaplex reverse transcription reactions were set up in 7.5ul volume reactions
containing the following: 10X Megaplex RT Primers, 100mM dNTPs with dTTP,
50U/ul Multiscribe Reverse Transcriptase, 10X RT buffer, 2SmM MgCl,, 20U/ul Rnase
Inhibitor and Nuclease-free water, 1-1000ng of total RNA. Megaplex reverse
transcription reaction mix was incubated on ice for 5 mins. Megaplex reverse
transcription reactions were performed on a thermal cycler under the following
conditions: 16°C for 2 mins, 42°C for 1 min, 50°C for 1 sec, 40 cycles of 85°C for 5

mins and 4°C for infinity.

2.8.2.1 Pre-amplification of RT product

Pre-amplification reactions were set up in 25ul volume reactions containing the
following: 2X TaqMan PreAmp Master Mix, 10X Megaplex PreAmp Primers,
Nuclease-free water and 2.5ul Megaplex RT product. Pre-amplification reaction mix
was incubated on ice for 5 mins. Pre-amplification reactions were performed on a
thermal cycler under the following conditions: 95°C for 10 mins, 55°C for 2 mins, 72°C
for 2 mins, 12 cycles of 95°C for 15 secs, 60°C for 4 mins, 4°C for infinity. Pre-

amplification reactions were diluted with 0.1X Tris-EDTA buffer pH8 (Ambion).

2.8.3 Microfludic Cards- Array A

PCR reaction mix per card was set up in 900ul volume reactions containing the
following, 2X TagMan Universal Master Mix No AmpErase UNG, 9ul of diluted
PreAmp product and nuclease free water. 100l of the PCR reaction mix was dispensed
into the left arm of each port of the TagMan miRNA array. Cards were centrifuged
twice in a Sorvall Heraeus centrifuge, under the following parameters: up ramp rate 9,

down ramp rate 9, rotational speed 1200 rpm, bucket type 15679 for 1 min to distribute
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the sample from the loading port into each well. Cards were sealed and the loading port
was removed using a scissors. Cards were then run on the ABI 7900HT Fast Real-Time
PCR system (Applied Biosystems, Foster City, CA, USA), under the following
conditions: 50°C for 2 mins 100% ramp, 94.5°C for 10 mins 100% ramp, each of 40
cycles of melt 97°C for 30 secs 50% ramp and anneal/extend 69.7°C for 1 min 1005

ramp.

2.8.4 Endogenous and process controls
Each TLDA card contained the assay U6 snRNA (MammU®6) repeated in 4 technical
replicates on each card and was used for data normalisation. A process control was also

used, ath-miR159a, an assay unrelated to the mammalian species.

2.8.5 TagMan® Low Density Array Analysis

TLDA cards were analysed as one relative quantification study using RQ Manager 1.2
software for automated data analysis (Applied Biosystems, Foster City, CA, USA).
Expression values were calculated using the comparative threshold cycle (Cr) method.

This method uses the equation Relative Quantity=2""“"

(see section 2.7.6.1) to
calculate the expression of the target genes normalised to a calibrator (Normal cell line
PWR-1E). MammU6 was selected as the endogenous control and ath-miR159a as the
negative control. MiRNA clustering analysis was carried out using the Sanger
Institute’s miRNA registry resource miRBASE. Gene target predictions were obtained

using miRGEN and MIRANDA. Predictive pathway associations were obtained using

miRNAPATH.

74



2.8.6 Statistical analysis for TagMan® RT-PCR and TLDAs

Sample significance was determing using a non-parametric t-test was used to generate
unadjusted p-values. Sample groups were compared to determine differential expression
of the selected gene targets. Only differentially expressed genes with a p-value of < 0.05

were deemed to be significant.
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2.9 Affymetrix microarray

2.9.1 Background

Affymetrix whole-transcript analysis allows for the detection of gene expression levels,
including alternative isoforms or genomic deletions. This was not previously possible
with the classical 3’-based microarrays. Whole-transcript expression profiling tools are
currently being used to characterise disease etiology and molecular mechanisms with a
new level of resolution and accuracy. GeneChip® Whole Transcript Assay and
Affymetrix high-density microarrays have been used to explore diseases such as colon
and brain cancer and have revealed new mechanistic pathways and possible treatment

targets.

Previously microarrays interrogated many hundreds of bases proximal to the 3° end of
every gene and used the expression of the entire gene. This is compatible with the 3’
oligo(dT)-based priming and labelling assay. This allows for an important insight into
the global gene expression. The 3” end of each gene is clearly defined and each
transcript has an intact poly-A tail. The entire length of the gene is also expressed as a

single unit.

GeneChip® Human Gene 1.0 ST Array supports whole-transcript coverage. Each gene
is represented by approximately 26 probes on the array and is spread across the full
length of the gene. This provides for a more complete and accurate picture of gene-
expression then the 3’-based expression arrays. This type of array is the most advanced

and cost-effective gene expression profiling microarray technology.
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2.9.2 GeneChip Whole Transcript (WT) Expression Arrays

2.9.2.1 Preparation of total RNA and Poly-A RNA controls

100ng of total RNA was used as the starting amount of total RNA recommended as per
manufacturer’s instructions. Poly-A RNA dilutions were prepared for 100ng of total
RNA. 2ul of Poly-A RNA control stock was added to 38ul of Poly-A control dilution
buffer to make the first dilution (1:20). The first dilution was mixed and spun and the
solution was collected at the bottom of the 1.5ml eppendorff tube. 2pl of the first
dilution was added to 98ul of the Poly-A control dilution buffer to make the second
dilution (1:50). The second dilution was mixed and spun and was collected at the
bottom of the tube. 2ul of the second dilution was added to 98ul of the Poly-A control
dilution buffer to make the third dilution (1:50). A third dilution was mixed and spun
and the solution was collected at the bottom of the tube. 2ul of the third dilution was
added to 18l of the Poly-A control dilution buffer to make the fourth dilution (1:10). A
fourth dilution was mixed and spun was collected at the bottom of the tube. 2pl of the
fourth dilution was added to 100ng of total RNA to make up the total RNA/Poly-A

RNA controls mix (see Table 2.1).

Table 2.2: Total RNA imput and serial dilutions.

Total RNA input Serial Dilutions Volume into
amount Sample
First Second Third Fourth
100ng 1:20 1:50 1:50 1:10 2ul
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2.9.2.2 First-strand cDNA synthesis
In this reaction, total RNA was primed with primers containing a T7 promoter sequence
and the reaction synthesised single stranded cDNA and contained a T7 promoter

sequence.

First-strand synthesis reagents were thawed at room temperature. First-strand master
mix contained the following: 4pl of First-Strand Buffer Mix and Ipl of First-Strand
Enzyme Mix. 5ul of RNA (2ul of Poly-A Spike controls and 3ul of 100ng total RNA)
was added to each tube containing Sul of First-Strand Master Mix for a final reaction
volume of 10ul. Reactions were mixed gently and spun briefly. Reactions were
incubated on a thermal cycler under the following conditions: 25°C for 60 mins, 42°C

for 60 mins and 4°C for at least 2 mins.

2.9.2.3 Second-strand cDNA synthesis

Second-strand master mix was prepared on ice. Second-strand master mix contained the
following: 32.5ul nuclease-free water, 12.5ul Second-strand buffer mix, Spul Second-
strand enzyme mix. 50ul of Second-strand master mix was added to 10ul of first-strand
synthesis cDNA sample. Reactions were mixed gently and spun briefly. Reactions were
incubated on a thermal cycler under the following conditions: 16°C for 60 mins, 65°C

for 10 mins and 4°C for at least 2 mins.
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2.9.2.4 cRNA synthesis by in vitro transcription

In this reaction, antisense cRNA was synthesised and amplified by in vitro transcription
of the second-strand cDNA template using the T7 RNA polymerase. The RNA sample
preparation was based on the original technology referred <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>