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ABSTRACT

Prostate cancer is the most commonly occurring form of non-tobacco related cancers of man in the
developed world. Our understanding of the molecular pathology of prostate cancer is currently
very limited. At present, clinical therapy focuses on androgen blockage by physical or
pharmaceutical castration. Previous work in our molecular pathology laboratory has led to the
identification of several genes whose elevated expression may contribute to the malignant
progression of the prostate cancer cells. One such gene is that coding for human cutaneous fatty
acid binding protein (C-F ABP). The work described in this thesis is aimed to study the specific
role of C-F ABP on the tumourigenicity of prostate cancer, to investigate whether the elevated
expression of C-FABP is related to androgen sensitivity of the cancer cells, and to explore the
therapeutic possibility of inhibiting the development and expansion of prostate cancer through
suppressing the expression of C-F ABP gene combined with the androgen depletion.

To investigate the biological significance of elevated expression of C-FABP in prostate cancer, C-
FABP expression in highly malignant prostate cancer cells PC3M was suppressed by the
transfection ofa reverse transcript ofCFABP. Two antisense transfectant cells, C-FABP-PC3M-l
and C-FABP-PCM-3 were produced with 3.8 fold and 6.9 fold reduction in normal C-FABP
expression respectively. Exploration of tumourigenic potential of transfectant cells by invasion
assay showed that 7% of antisense transfectant cells invaded the ECM, compared to 14% of
control transfectant cells. Subcutaneous inoculation of antisense and control transfectant cells into
immuno-compromised male nude mice demonstrated a significant reduction in tumour incidence
and tumour volume in antisense transfectant cells compared to control transfectant tumours.

Previous work in our laboratory showed that C-FABP was over-expressed in androgen
independent prostate cancer cells. To investigate whether elevated C-FABP expression is related
to androgen sensitivity, C-FABP expression was reduced by 95% by RNA interference in highly
malignant androgen independent prostate cancer cells PC3M to study the effect of suppressed C-
FABP expression and androgen deprivation on prostate cancer cells. In vitro assays for cell
proliferation and colony formation show signi ficant differences in cell growth rate and number of
colonies formed in androgen positive and negative conditions, however, comparisons between the
two conditions suggest that C-F ABP may not have some bearing on androgen sensitivity in vitro.

Subcutaneous inoculation of RNAi transfectant cells into male immuno-compromised nude mice
produced a significant reduction in tumour incidence and mean tumour volume in RNAi
transfectant group 75% (3/4 animals) and 176mm3 compared to that of the parental PC-3M group
which produced 100% (4/4 animals) tumour incidence and 1471mm ' mean tumour volume
respectively. However, castration of mice and orthotopic implantation of RNAi transfectant cells
and parental PC-3M cells into the prostate gland of mice produced 100% (4/4 animals) tumour
incidence compared to 0% (0/3 animals) observed in the RNAi transfectant group. At autopsy,
mice were dissected and primary tumours, lungs, heart and liver were removed for haematoxylin
and eosin staining. From these groups, only the castrated and orthotopically implanted parental
PC-3M cell group produced secondary micro-metastasis in the lungs and liver of mice (4/4
animals).

This data suggest that suppressed CFABP activity may not restore androgen sensitivity in highly
malignant androgen insensitive PC3M cells ill vitro. However, ill vivo studies suggest that the
combination of suppressed CFABP and androgen depletion have a synergistic effect resulting in
enhanced suppression of tumourigenicity and metastasis.
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CHAPTER-l

INTRODUCTION

1.0: THE EPIDEMIOLGY OF PROSTATE CANCER

1.1.1 Incidence and mortality of prostate cancer

Prostate cancer is now the most common form of cancer diagnosed in men in England. In

2003, approximately 112,700 new cases of cancer were registered in England, and of that

figure, prostate cancer accounted for 24 per cent of cases (Figure 1,1.1).

Figure 1.1.1 Incidence rates of cancers in England by gender, 2003
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Taken with permission from ational Statistics Office (www.statistics.gov,uk)

However, the last 20 years have seen a pronounced increase in prostate cancer incidence

within the UK population at a rate of approximately 10-15% every 5 years. In 1997, levels

of prostate cancer cases were approximated at being 18,300 in England and Wales; however,



the most recent data available from the office of national statistics places the yearly

registration of new cases at approximately 27,000 cases in England.

Prostate cancer accounts for around 13% of male deaths and is the second most common

form of cancer mortality after lung cancer. In 2003, the mortality rate of prostate cancer was

reported as being 8, 582 deaths in England.

1.1.2 Age and ethnicity

Records from the National Office of Statistics show a relationship between increasing age,

rising relative risk and incidence of prostate cancer. In 1997, approximately 9001100,000

males at 85 years or older were reported with this malignancy in England and Wales (Figure.

1.1.2a).

Data obtained from the National of Office Statistics shows that during the period of 1971-

1997, there was a two hundred per cent increase in prostate cancer incidence from

30/100,000 males to 60/100,000 males (Figure 1.1.2b). Conversely, levels of prostate cancer

death do not reflect this pattern (Figure 1.1.2c). In 1950, the mortality rate in 75-84 year olds

was approximately 200/100,000 men. In 1999, this had increased to approximately

3251100,000. However, a greater level of mortality was observed in the 85 plus age group

which demonstrated an approximate mortality rate of 250/1 00,000 in 1950, to approximately

775/100,000 in 1999. Clearly, these figures show a link between increasing age and prostate

cancer incidence and mortality.

This up-surge in both incidence and mortality rates is replicated in other western nations. In

the United States of America, prostate cancer accounts for 30% all diagnosed cancers in men.

In 2002, 189,000 men for the USA were diagnosed with the disease, and in the same year,

approximately 30,000 deaths were attributed to prostate cancer.

2



Prostate cancer incidence vanes world-wide. The highest incidence rates are found in

western developed nations such as United States and Canada, and the lowest incidence rates

are found in countries such as China and Japan. Mortality levels follow a similar trend to

incidence rates in that Caribbean and Western developed nations have a higher level of

mortality than China and Japan (Crawford, 2003). This difference in prostate cancer

incidence between western and eastern nations has been attributed to external factors such as

diet. Shimuzu et ai, (1991) demonstrated that Japanese male migrants developed comparable

risks of developing prostate cancer as individuals who had lived in America all there lives.

3



Figure 1.1.2aAge specific incidence of prostate cancer in England and Wales, 1997
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Figure 1.1.2a. Prostate cancer incidence is related to increasing age. This figure

demonstrates that in 1997, prostate cancer incidence for men 85 years and older was

registered at a higher rate per 100, 000 men, than for any other age group.

Figure 1.1.2b Prostate cancer incidence in England and Wales, 1971 -1997
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Figure 1.1.2b. The levels of prostate cancer incidence have increased dramatically from

1971 to 1997. In 1971, the rate of prostate cancer was 30/100, 000 men, whereas in 1997,

this figure was placed at 601100, 000 men. This up-surge in prostate cancer incidence has

been attributed to an increase in PSA screening in men.
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Figure 1.1.2c Age specific mortality, England and Wales, 1950 -1999
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Figure 1.1.2c. This figure demonstrates the trend between age and mortality. The mortality

rate for men between ages 65-74 remained constant from 1950 to 1999. Inmen aged 75-84,

a rise is noticed from approximately 225/100, 000 men to 3251100, 000 men. However, the

greatest increase in mortality rate is observed in men aged 85 and over. In this sub group, the

approximate mortality rate rises from 3501100, 000 to 9001100, 000 men.

Taken with permission from National Statistics Office (www.statistics.gov.uk)
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1.2 GENETIC SUSCEPTIBILITY

Epidemiological studies (Bratt, 2002; Carter et al., 1992) reported a positive relationship

between prostate cancer incidence and familial inheritance. Genetic susceptibility accounts

for approximately 10% of prostate cancer cases, and is responsible for approximately 40% of

prostate cancer cases occurring below the age of 55 (Bratt, 2002). Diagnosis of hereditary

prostate cancer is dependent on fulfilment of one or more terms from the hereditary prostate

cancer criteria set out by Carter et al., (1993). This criterion included the inclusion of three

or more relatives affected within a nuclear family, three successive generations or relatives

affected in an individuals' paternal or maternal family, or having two relatives who are both

affected by the disorder before their ss" birthday. These criteria enabled identification of

prostate cancer susceptible genes near known genetic markers to be located by linkage

analysis.

1.2.1 Hereditary Prostate Cancer 1 (HPC-l)

Several potential genetic susceptibility regions have been identified using linkage analysis

(Smith et al., 1996; Xu et al., 2001), however, only three candidate genes have been

identified. The first identified candidate gene was the Hereditary Prostate Cancer 1 gene

(HPC-l).

Using genome wide linkage analysis on 66 high risk prostate cancer families, Smith et al.,

(1996) reported the existence of a dominant prostate cancer susceptibility locus at 1q24-q2S.

Additional analysis of 25 North American and Swedish families, and confirmation by Cher et

ai, (1996) demonstrated that the long aim of chromosome 1 regularly demonstrated increased

6



copy numbers in advanced prostate cancer specimens examined by comparative genomic

hybridisation (CGH).

Positional cloning identified that the RNASEL gene, located in chromosomal region lq25,

demonstrated nonsense mutation and a frame-shift mutation in the initiation codon. Loss of

RNASEL protein function mutations co-segregate to two HPC-J linked families (Carpten et

al., 2002), resulting in loss of control of cellular proliferation and apoptosis. A nonsense

mutation produced a variant RNASEL gene with a 3-fold reduction in normal enzymatic

function, but increased association to prostate cancer in its homozygous or heterozygous

genotypes. A frame-shift mutation observed in the initiation codon of the RNASEL gene

relating to increased risk to prostate cancer was identified in Ashkenazi Jewish populations

(Dong, 2006). In the general population, inactivated RNASEL is expressed at a low

frequency. However, infrequent linkage of this gene locus to large family groups suggests

that it may only playa limited role in inherited prostate cancer incidence.

1.2.2 Hereditary Prostate Cancer 2 (HPC-2)

Another locus of interest was the hereditary prostate cancer 2 (HPC-2), and the ELAC gene

identified to chromosomal region 17p 11 (Tavtigian et al., 2001). The ELA C gene is thought

to code for an evolutionary conserved metal dependent hydrolase enzyme (Tavtigian el al.,

2001). Takaku et al. (2003) reported that the ELAC gene codes for a 3' processing

endoribonuclease, an enzyme family responsible for degradation of RNA into constituent

ribonucleotide subunits. This suggests a possible role in cell cycle control. Mutational

cloning of this gene identified two common loss-of-function missense mutation regions that

result in loss of enzymatic activity. These missense mutations occurring at ser2171eu and

Ala54lthr are implicated in increased risk to prostate cancer. However, linkage analysis has
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failed to produce results of such clarity. Xu et al., (2001) found no such relationship among

169 families.

Other studies provided contradictory evidence by showing linkage among small family

groups; however, this was offset by the limited linkage among different pedigrees. An

inability to find a common locus in hereditary prostate cancer is one reason why it is believed

to contribute approximately 2% of all prostate cancer cases presented. At present, studies are

being conducted on common genetic polymorphic regions such as androgen receptor and 5-

alpha reductase gene in order to determine if they may be involved in controlling genes

involved in prostate cancer. However, more work is required in order to provide an

understanding of its role in prostate cancer (Schaid, 2004).

1.2.3. Macrophage Scavenger Receptor 1 (MSR1)

The macrophage scavenger receptor gene is located on chromosome 8p22, and was identified

as being a candidate gene for hereditary prostate cancer by linkage analysis and direct

sequencing approach (Sun et al., 2006).

Macrophage scavenger receptor 1 (MSR 1) is a member of a family of membrane receptors

that have the ability to bind to various types of molecules including bacteria and lipoproteins

(Rennert et al., 2005). MSRI have been functionally implicated in biological processes

including immune response, inflammation and apoptosis (Platt and Gordon, 2001).

The MSRI gene is located in a commonly deleted region of chromosome 8 in prostate cancer

cases resulting in production of several mutant variants of the MSR 1 gene. Each of these

variants was studied in order to assess the extent of their relationship with increased prostate

cancer risk, however, many of the results provided from such studies lacked consistency with
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other independent studies. Meta-analysis of independent studies into the effects of mutant

MSRI variants and prostate cancer was performed by Sun et al., (2006).

Meta-analysis is an ideal manner of analysing a large body of independent studies in order to

integrate their findings. Sun et al., (2006) reported that the MSR 1 gene does not present a

major risk to prostate cancer, but may provide a moderate risk, especially in black men.
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1.3 THE PATHOLOGY OF PROSTATE CARCINOMA

1.3.1 Anatomy of the prostate

The prostate gland is a small acorn-shaped gland located at the base of the bladder,

surrounding the urethra (Figure 1.3.1). Its main function is secretion of an alkaline fluid

which makes up the one of the components of semen. The gland is found in all male

mammals, but does not appear to be critical for survival. One method of treating primary

organ confined prostate cancer is by complete removal of the prostate gland. However, the

prostate gland is important in reproduction as it provides an alkaline environment which

buffers sperm against the acidic environment of the vagina. In humans, development of the

prostate occurs during puberty, coinciding with a surge in circulating levels of androgens.

The human prostate consists of four morphological regions comprising of two peripheral

zones, the transition zone, the central zone, and the fibromuscular zone. The peripheral

zones (right and left) together consist of approximately 70% of the total tissue mass of the

gland. It is very susceptible to inflammation, and it is within this zone that mature prostate

tumour cells are commonly located (Abate-Shen and Shen, 2000). The central zone makes

up 25% of the total tissue mass of the prostate gland, and is very resistant to inflammation

and to prostatic carcinoma. In contrast, the transitional zone, making up 5% of the total

prostate tissue mass is the most common site of Benign Prostatic Hyperplasia (BPH). The

fibromuscular zone is responsible for secretion of prostatic f1uids during ejaculation by

initiating muscular contractions. (Abate-Shen and Shen, 2000)
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Figure 1.3.1 Anatomy of the Prostate Gland

Figure 1.3.1 1= Peripheral Zone, 2= Central Zone, 3= Transitional Zone, 4= Anterior

Fibromuscular Zone. B= Bladder, U= Urethra, SV= Seminal Vesicles
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1.3.2 Prostatic epithelial cells and carcinogenesis

There are three main cell types within prostatic epithelium (Figure 1.3.2). The most common

of these is the secretory luminal cell. These are androgen dependent cells that produce

prostatic secretory proteins. They can be characterised by their expression of the androgen

receptor and the filament high molecular weight proteins, cytokeratins 8 and 18, and the cell

surface marker CD57 (Liu et al., 1997).

Figure 1.3.2. A depiction of cell types within human prostate epithelium.

The second epithelial cell types are basal cells. These cells are located between the luminal

cells and the basement membrane and are able to express cytokeratins 5 and 14, as well as

CD44. Liu et al, (1997) reported that basal cells express low levels of androgen receptor

protein, and that basal cells do not produce secretory proteins. However, they do express

autocrine factors such as Bcl-Z which have a protective function against DNA damage

(Abate-Sheri and Shen, 2000). Additionally, it is believed that the basal cell layer acts as a

stem cell reservoir in order to generate all three types of cells (Foster and Ke, 1997).

12



The third cell type is the neuroendocrine cell, which is found interspersed among basal cells.

These cells provide paracrine signals that support luminal cell growth and proliferation.

They appear to be androgen independent cells able to express Chromogranin A, and

serotonin (Abate-Shen and Shen, 2000). Within the normal prostate, neuroendocrine cell

populations are relatively low. However, neuroendocrine cell differentiation, the

accumulation of cells with neuroendocrine characteristics and increased Chromogranin A

expression, is a mark of increased cancer aggression.

1.3.3 Prostate cancer initiation

Prostatic Intraepithelial Neoplasia (PIN) refers to a sub stage of cellular transformation from

a normal to a malignant prostatic epithelium (Foster et al., 1999). In the USA, over

1,300,000 biopsies are studied to detect 198,500 new cases of prostate cancer annually.

Prostatic Intraepithelial Neoplasia represents abnormal proliferation of premalignant cells

without invasion into surrounding stroma, and can be characterised by a variety of

architectural and cytological aspects (Foster and Ke, 1997) resulting in minimal changes to

modifications that make it undistinguishable from carcinoma (Montironi et al., 2000).

McNeal and Bostwick, (1986) identified PIN lesions by histopathological studies of prostate

cancer tissue. These lesions were grouped into a series of four architectural types: Tufting,

Micropapillary, Cribriform and Flat and are mainly located in the peripheral zone of the

prostate (Bostwick and Brawer, 1987). Likewise, the morphological appearances can be as

low grade or high grade PIN. Low grade PIN cell nuclei are enlarged and have increased

chromatin content whereas high grade PIN cells have large nuclei, distinctly visible nucleoli,

and coarsely increased chromatin content.
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During development and growth of PIN, the epithelium may remain static or may increase in

cell-stratified layer depending on the balance between cellular proliferation and apoptosis.

Morphologically, a loss of the two cell thick epithelium, followed by a loss of basal layer is

observed. This is an important factor as an absence of basal cells indicates the ability of cells

to develop past organ confinement.

Chromosomal mutation studies (Haggrnan et al., 1997; Sakr et al., 1994) have shown that

high grade PIN is multi focal and endures the same chromosomal mutations observed in early

invasive carcinoma. The appearance of high grade PIN generally precedes the manifestation

of carcinoma by approximately 10 years (Haggman et al., 1997; Sakr et al., 1994) and is an

important morphological marker for detection of potential carcinoma of the prostate.
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1.4 TUMOUR SUPPRESSOR GENES

Cancer is a genetic disorder arising from mutation or malfunction of a set of genes. These

malfunctions can either be inherited or can be caused by carcinogenic stimuli as seen in

sporadic cancer cases. It is also possible for cancer to occur as a result of epigenetic

mechanisms such as DNA methylation or genomic imprinting.

Tumour suppressor genes (TSG) act antagonistically to oncogenes. Whereas oncogenes act

to promote cellular proliferation, TSG operate to actively keep a cell at a steady state and

control proliferation urges of oncogenes. The significant difference between oncogenes and

TSG is that oncogenes require only a single allele to be activated in order to be a possible

carcinogen, hence are deemed dominant. In contrast, TSG are involved in control and

regulation of normal cellular function and require only a loss of an allele in order to suffer

haploinsufficiency, resulting in partial or total loss of gene function and malignant

transformation (Foster, Cornford et al, 1999).

Several tumour suppressor genes have been linked to the malignant progression of prostate

cancer, and are identified using methods such as comparative genome hybridisation (CGH)

and loss of heterozygosity (LOH). Comparative genome hybridisation is a process of

identifying candidate genes for specific diseases. As the loss or gain of chromosomal regions

by tumour cells occurs in a non random manner and is governed by underlying mechanisms,

this method identifies candidate genes by comparing tumour DNA with normal DNA in

order to pinpoint lost or gained chromosomal regions. Loss of heterozygosity is a higher

resolution method of candidate gene detection compared to CGH. Whereas CGH is used to

locate the region of mutation, LOH enables detailed study of the process by which a mutation

in an allele results in loss of heterozygous expression of that gene, leading to homozygosity

or hemizygosity.
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1.4.1 Loss of Chromosome 8p and NKX3.1

Loss of specific regions of chromosome 8p is a common hallmark in early prostate

carcinogenesis and is seen in approximately 80% of prostate tumours. Two chromosomal

hot-spots for hereditary prostate cancer mutation have been identified on chromosome

8p 12.21 and 8p22. Loss of 8p 12.21 occurs in early stages of prostate cancer onset as this

region is also lost in PIN and early invasive carcinoma. Loss of region 8p22 is thought to be

a late occurring event in tumour progression as it is commonly seen in more advanced grade

carcinoma. The NKX3.1 gene is thought to be the candidate gene to the 8p12.2l locus as it is

located within the chromosomal region lost in human prostate cancers (Voeller et al., 1997).

Targeted disruption of this gene resulting in NKX3.1 homozygous deficient mice caused

malformation of prostatic ducts and disruptive secretory protein production (Bhatia-Gaur et

al., 1999). Furthermore, mutant NKX3.1 mice have been shown to develop human like PIN

lesions suggesting that loss of NKX3.1 expression may be responsible for PIN in humans.

Interestingly, prostatic epithelial hyperplasia and dysplasia phenotypes are presented In

heterozygote mice, indicating a haploinsufficiency mode of action for this gene.

1.4.2 Loss of Chromosomal Region 9p.21

The cylin dependent kinase N2 gene (cdk-2) is located on 9p21 and can be inactivated by

deletion, point mutation, or CpG hypermethylation. This gene product has a very useful

function in the cell as it enables progression past the G 1 cell cycle phase. Consequently, in

their inactivated phase, they may allow genetically unstable cells to progress through the cell

cycle and propagate. Research in CDKN2 has shown involvement in prostate cancer in both

the primary and secondary phase of the disease. Jarrard et al., (1997) reported that 13% of
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primary tumours and 8% of metastatic tumours demonstrated hypcnnethylation in their

promoter region; whereas 20% of primary tumours and 46% of metastatic tumours had

deletions near the CDKN2 gene. This indicates a dual action mutation event of methylation

and deletion in these cancer cells resulting in malignant progression of the cell.

1.4.3 Loss of Chromosome 10q and PTEN

Loss of chromosome region 10q is a common event occurring in approximately 50 - 80% of

cases tested. Loss of region 10q is believed to be a late stage occurring event in cancer

progression as it is found in a greater number of carcinomas relative to PIN. The PTEN gene

maps to chromosome 10q23, a region frequently lost in prostate and other carcinomas such

as breast and endometrial cancer.

PTEN is widely expressed during mouse embryonic development and adulthood. A

homozygous disruption of the gene results in embryonic lethality (Luukko et al., 1999),

whereas PTEN heterozygotes show severe dysplasia and carcinoma of the colon and skin.

The PTEN gene was found to be mutated in some breast cancer cell lines, gliobastoma and

LnCaP and Du145 prostate cancer cell lines (Li et al., 1997). This was confirmed by other

studies which demonstrated that this gene is frequently lost in prostate cancer (Vlietstra et al.,

1998) and that PTEN mutations are linked to advanced tumour stage (Suzuki et al., 1998).

1.4.4 Loss of Chromosome 13q and RbI

Loss of chromosome region 13q, including the region coding for the retinoblastoma gene

(Rb 1) commonly occurs in 50% of prostate tumours (Li et al., 1998). The retinoblastoma

gene was the first identi fied TSG and is located on chromosome 13q 14.1 (Benedict et al..
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1990). Retinoblastoma loss of function mutations occur relatively early in tumour

progression as mutations m the protein coding region have been identified in localised

prostate carcinoma as well as advanced prostate cancer (Ittmann and Wieczorek, 1996). The

loss of Rbi gene and subsequent onset of retinoblastoma was studied by Knudson, and

formed the basis of his Two Hit Hypothesis of cancer development. This hypothesis was

based on his studies and observations of inherited and sporadic cases of retinoblastoma

between 1944 and 1969. Through statistical analysis, Knudson observed that the familial

form of the disease generally occurred in children and produced a greater frequency of

bilateral tumours in both eyes, whereas the sporadic form occurred significantly later in

adults, and frequently produced a unilateral tumour in a single eye. This led Knudson to

conclude that patients with the inherited form of retinoblastoma inherited a mutant Rb l gene

congenitally, and the second hit or cancer causing mutation occurs in visual cells after birth.

In sporadic cases, Knudson believed that the lag time in cancer incidence was a direct

relationship to the rare occurrence of two cancer causing mutation events occurring in the

same cell (Knudson, 1977).

Interestingly, reintroduction of exogenous Rbl gene into homozygous deficient prostate

cancer cells caused a reduction in levels of tumourigenicity (Bookstein et al., 1990).

Additionally, LOH analysis demonstrated that approximately 48% of prostate cancer cases

studied suffered from an allelic loss of the Rb l gene. From this number, one third

demonstrated a loss of region 13q 14 containing Rbi(Foster et (II., 1999).

1.4.5 Loss of Chromosome 17p and p53

The p53 gene is located on chromosome 17. It is mutated in approximately 42% of advanced

stage prostate cancers, whereas a low frequency (10-20%) of gene mutations has been
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observed in primary prostate tumours. Normally functioning p53 is a nuclear protein that is

capable of controlling entry and movement through the cell cycle (Foster et al., 1999). The

p53 gene safeguards cells against mutation by increasing bax and p21 gene expression to

promote the apoptotic pathway and decrease cyclic dependent kinases (cdk2). The p53 gene

binds to DNA to enable downstream signalling and increased activity of p21, which in tum

interacts with a cell division stimulating protein (cdk2). The formation of a p21-cdk2

complex halts a cells progression to the next stage of the cell cycle. However, in its mutant

form, loss of p53 gene expression results in a reduction in binding efficiency to target DNA.

This causes a loss of p21 gene expression and loss of regulation of the celI cycle. This

enables mutated celIs to divide in an unchecked manner, promoting replication errors and

ultimately, increased tumourigenic potential.

Loss of chromosome region 17p occurs in advanced stages of prostate cancer and metastasis.

Within the deleted region of 17p is the p53 gene coding region. Mutations in the pS3 gene

rarely occur in early invasive carcinoma, and are more commonly mutated in advanced

recurrent and metastatic prostate cancers (Abate-Sheri and Shen, 2000).

1.4.6 BcI-2 and cell-mediated apoptosis

The protein family Bcl-2 comprises an integral part of the mechanism which controls celI-

mediated death. Four of the family members Bcl-2. BC/-XL. Bc/-Wand McI-J are anti-

apoptotic favouring genes, whereas Bax, Bak, BcI-Xs. Bad and Bik are apoptotic favouring

genes (Lu et al., 1996). These protein groups function by interacting with each other. Their

individual concentrations as well as their proportion of expression relative to other members

of the family determine a cell's fate when faced with apoptotic stimuli such as an anticancer

drugs or androgen deprivation (Reed, 1994). Using immunohistochemistry, the expression of
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BC/-2 was detected in androgen independent basal cells, but not in the adjacent androgen

dependent luminal secretory cells (Krajewski et al., 1994a; Krajewski et al., 1994b). Mel-I

and Bax are expressed in both basal and luminal cells, with the latter cell type having the

higher level of expression. BC/-X is equally expressed in both cell types.

McDonnell et ai, (1992) demonstrated that transfection of Bcl-2 into androgen dependent

LNCaP cells enabled the survival of those cells during androgen deprivation. Furthermore,

reduction of the level of BC/-2 via antisense technology resulted in an increased sensitivity to

the cytotoxic drug Etoposide due to an increase in cellular proliferation as a result of

androgen signalling (Berchem et al., 1995). The results of the two above experiments

suggest that Bcl-2 over expression is related to androgen independence in cells as well as

building up resistance to chemotherapy and radiotherapy.

1.4.7 Pathways of Tumour Suppressor Gene (TSG) activity

Tumour suppressor genes share common functions and interact with each other in many

cases to provide regulatory function in cells. Their importance is such that losses of function

mutations result in breakdown of cellular order and control deregulation.

The PTEN TSG acts by dephosphorylating a phosphate group from 3-phosphorylated

inositol lipids that, in tum, acts as messengers to protein kinase AKT otherwise known as

protein kinase B (Feldman and Feldman, 200 1). Activation of this pathway initiates an anti-

apoptotic activity in cells. In normal cell function, PTEN expression blocks activation of the

AKT pathway and initiates programmed cell death. In tumour cells, this ability is lost.

Reduced PTEN expression increases AKT activity, thereby blocking apoptotic signals

(Feldman and Feldman, 200 I) (Figure 1.4.7). Cancer cells commonly show mutations of the

PTEN gene, and more specifically, mutations in the phosphatase catalytic domain of PTEN.
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This suggests that loss of PTEN function mutations 1S manifested as an inability to

dephosphorylate phosphatidylinositol 3,4,5-trisphosphate (PIP3) leading to unfettered

activation of the AKT pathway.

The Bcl-2 protein family, especially the Bcl-2 gene, plays an important role in programmed

cell death. Pro-apoptotic members of the Bcl-2 family include Bax, Bid, Bim, and Bik

contain an alpha helical "death domain" that enables complex formation with the

hydrophobic domain of anti-apoptotic members of the BcL-2 family such as BcI-2 and Bel-XL

This heterodimer formation inhibit the anti apoptotic activity of BC/-2 and the proapoptotic

proteins are able to interact with mitochondrion, resulting in excretion of cytochrome C and

activation of down stream mediators of the caspase cascade, and apoptosis. However,

relative levels of pro and anti-apoptotic members of the Bcl-2 family determine a cells

susceptibility to programmed cell death (Figure 1.4.7).

The p53 gene acts as a cell cycle regulator. This TSG has the ability to halt the cell cycle in

order to ensure DNA repair, or failing that, programmed cell death. The p53 gene is able to

regulate p21 gene expression. This p21 gene binds to and inhibits cyclin dependent kinase

activity, causing the blocking of G l-S phase transition to enable DNA repair. p53 genes can

also initiate programmed cell death through caspase cascade mentioned above.

21



M .......~_.,
,,,,,,,,,,, N

I

U
CO
I
I
I
I,,,

-Q)
U



1.5 ONCOGENE ACTIVATION

Oncogenes can be defined as genes carried by tumour viruses expressed by cancer cells and

are partly or solely responsible for tumourigenesis (Lawrence, 1997). Oncogenes are the

mutated form of proto-oncogenes. Their main function within the cell is to stimulate cell

growth and division. Oncogenes are activated by genetic alterations in gene sequences

caused by base deletions, substitutions, rearrangement, over expression or amplification. At

present, there is a vast number of identified oncogenes in cancer. However, only a relatively

small number has been linked to prostate cancer. These include H, K, and N-ras, Myc, Bel,

and Her2/neu oncogenes.

1.5.1 Ras-p21

The ras-p21protein is located on the inner surface of a cell's plasma membrane and is

involved in transduction and processing of growth factor signals. The ras-p21 protein can

exist in active and inactive phases. The protein is inactivated by interacting with GTPase

activating protein, and loses a phosphate group to become an inactive ras-p21 GOP.

GTPase activity is reduced in the mutant form. A reduction in GTPase signalling results in

ras-p21 gene activation. Continued downstream interaction results in accumulation of

cellular protein kinase and an increase in cellular proliferation (Moul et al, 1994).

H-ras gene expression is increased in androgen insensitive cells relative to androgen

sensitive cells. This correlation between mRNA levels and tumour progression is not

repeated in N-ras or K-ras mRNA, yet it has been reported that transfection of non-metastatic

dunning rat prostatic cancer cells with H-ras provides increased metastatic potential.
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1.5.2 Myc

The Myc gene is another oncogene that has been functionally associated with prostate cancer.

The gene is differentially expressed in normal, BPH and prostate cancer cases as a result of

an increase in gene copy number caused by amplification or chromosomal gain (Nipponon et

ai, 1998). Activation of the Myc oncogene results in increased cell proliferation and

transformation. This activity can be seen in 8% of primary prostatic cancers, and about 30%

of prostate cancer metastaes.

1.5.3 Her - 2 Neu

Her-2lNeu gene is located at chromosome 17q 11-21, and codes for a protein that is simi lar to

epidermal growth factor receptor (EGF). Its normal gene function is to increase signalling

activity of androgen receptor during periods of low androgen levels. Consequently, it may be

that the Her-2lNeu is responsible or closely involved in the onset of androgen independent

tumours through the out law pathway of androgen independence (Feldman and Feldman,

2001). Her-2lNeu has been observed to be consistently over-expressed in androgen

independent prostate cancer cell lines generated from xenografts implanted in castrated mice

(Craft et al., 1999). Her-Z/Neu is capable of activating androgen dependent genes in the

absence of androgen receptor ligands such as steroid hormones; however, androgen

dependent gene activation cannot be activated in the absence of androgen receptor. This is

interesting since Casodex, an anti-androgen agent, blocks activation of androgen receptor by

EGF growth factors, yet cannot block outlaw androgen receptor produced by Her-Z/Neu

over-expression. This indicates that either Her-21Neu signalling cascade produces a

molecule that binds at a competitively higher affinity than Casodex (Craft er al., 1999).
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Furthermore, Signoretti et al., (2000) failed to observe amplification in gene copy number of

Her-2lNeu genes whereas amplification has been observed in other studies (Ross et ai, 1997;

Kaltz-Whittmer et al, 2000). In a later study, Savinainen et ai, (2002) assessed the role of

Her-2lNeu in prostate cancer through analysis of Her-Z/Neu gene expression in breast and

prostate cancer cell lines, and tumours by chromogenic in situ hybridisation (CIS H). This

study observed over-amplification of Her-2lNeu gene in breast cancer but no change in

prostate tumour gene expression was observed.

1.5.4 Transforming Growth Factors-a (TGF-a) and Epidermal Growth factor (EGF)

The family of growth factors include epidermal growth factor (EGF), fibroblast growth factor

(FGF); and platelet derived growth factors (PDGF). Growth factors bind to their cell surface

receptors and facilitate cellular proliferation and differentiation.

Transforming growth factors-a (TGF-a) and epidermal growth factors (EGFs) are members

of a superfamily of cell-surface receptors that includes the bone morphogenic protein (BMP)

receptors, which, after ligand activation, transduce signals mainly through the Smad family

of transcription factors and co-activators. They regulate proliferation, growth arrest,

differentiation, and apoptosis of prostatic stromal and epithelial cells as well as the formation

of osteoblastic metastases.

These growth factors exert their influence on the cell by binding to cell surface epidermal

growth factor receptors (EGFR) to enable intrinsic tyrosine kinase activity and facilitate

cellular communication and signal transduction (Lenfcrink et al., 1997) TGF-a and EGF

bind with equal affinity to EGFR, however, upon internalisation, the growth factors follow

different intracellular routes(Ebner and Derynck, 1991).
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In advanced prostate cancer, EGF and TGF-a as well as the EGFR receptor are observed to

be over-expressed (Culig et al., 2000; Culig et al., 1994; Culig et al., 2002). In addition, it

was observed that in primary androgen dependent tumours, a paracrine relationship exists

between tumour cells, which expressed EGFR, and surrounding stromal cells, which

expressed TGF-a. However, in androgen independent metastases, tumour cells established

an autocrine functionality that enabled expression of both EGFR and TGF-a (Scher et al.,

1995).

Such results suggest a close relationship between androgen receptor signalling, growth factor

expression and prostate cancer progression. Previous studies have suggested that polypeptide

growth factor signal transduction pathways can stimulate androgen receptor amplification

(Gioeli, 2005) and also increase their hypersensitivity or independence towards androgen

ligands (Culig et al., 2000; Culig et al., 1994; Culig et al., 2002)
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1.6 MOLECULAR BIOLOGY OF PROSTATE CANCER METASTASIS

1.6.1 Mechanism of prostate cancer metastasis

Mid to late tumours in humans and animals are heterogeneous, and consist of different

subpopulations of cells with varied biological characteristics. Malignant progression of

cancers is matched by increasing genetic instability. Ci fone and Fidler, (1981) demonstrated

that increased metastatic potential was closely related to genetic instability. It was also

reported that cancer cells develop in a sequential manner to achieve a metastatic state. From

a population of cancer cells, only a few will achieve mutations appropriate to enable

invasion, dissemination and survival at a new location.

Metastasis is the migration of cancer cells from a primary location or organ to colonisation of

a secondary location or organ. In a clinical sense, cancer metastasis presents a bleak outlook

for patients as current medical management and associated techniques fail to deal with the

heterogeneity of metastasising cancer cells.

The full mechanism of metastasis remains unclear. However, since the presentation of the

"Seed and Soil" hypothesis (Paget, 1889) to explain the apparent non-random pattern of

metastatic displacement, our knowledge and strategies for combating this mechanism is

increasing. The crux of the theory obtained by examining over 900 autopsies of patients with

a variation of different types of primary cancer, was that certain cancer cells had an affinity

for certain environments provided by certain organs, and would strive to reach this

destination.

Cancer metastasis represents a specific phase in a sequential process requiring the

involvement of several hormones and growth factors interacting with a cancer cell. Each

stage is as important as the previous. Failure to successfully negotiate hurdles set up by cell
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regulatory mechanisms result in retarding the malignant progression of a cancer cell (Figure

1.6.1 ).

Fidler, (1970) demonstrated that within a 24hr period of invasion into the blood stream, less

than 0.1% of tumour cells are viable, and from this number, only 0.01 % produce sustainable

metastases. This clearly indicates that tumour cell metastasis is a highly selective mechanism

that requires expression of specific genes in order that a cell achieves its metastatic potential.

Not all primary tumour cells have the ability to metastasise due to an inability to successfully

navigate different metastatic stages. Breast and prostate cancer cells have been reported to

exhibit a high affinity for bone. Approximately 95% of cases result in osteoblastic metastasis

(Harris et al, 1994). However, the question remains, why is bone tissue a favoured

metastatic site for prostate cancer cells?

1.6.2 Factors governing osteoclastic metastasis

Osteoclasts and osteoblasts closely regulate bone growth, remodelling and management.

Osteoclasts are large multi-nuclear cells derived from macrophages and exhibit an ability to

destroy calcified or cartilaginous matrix. Osteoblasts are cells responsible for the formation

of bone by secretion of non-mineralised bone matrix. Osteoclasts exist in the two states of

inactive and active. Inactive osteoclasts are derived from precursor cells of a monocyte

macrophage lineage, whereas in their active form, osteoclasts enable absorption of bone by

stimulating hormones such as parathyroid hormone (PTH), and Dihydroxy vitamin 03.

Osteoclastic production is managed by an interaction of growth factors and cytokines. Of

these, the most prominent is the Receptor Activator of Nuclear Factor - KP ligand (RANKL)

produced by osteoblastic cells.
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RANKL are located on the cell surface stromal cells and on osteoblasts. They are up-

regulated by a variety of different ostcotropic factors including prostaglandin E2, I, 25

dihydroxyvitamin D3, and parathyroid hormone. This causes the release of RANKL from

the cell surface of stromal and osteoblastic cells, and enables them to bind onto their RANK

receptors situated on the surface of the osteoclastic precursors. Formation of osteoclasts

occurs by signalling through the NF-K~ pathways (Roodrnan, 2004).

Regulation of osteoclastic levels is maintained by osteoprotegrin, a member of the tumour

necrosis family. Osteoprotegrin acts as a decoy receptor for RANKL and inhibits RANKL

induced osteoclastogenesis (Edlund et al., 2004). Bone degradation and absorption occur by

release of proteases from osteoclasts onto the surface of bone causing a breakdown and

release of bone mineral components (Roodman, 2004).

The mechanisms by which osteoblasts differentiate are less wel1 understood. However,

osteoblasts have been reported to be formed from mesenchymal stem cells, and that a

transcription factor crucial to the osteoblastic differentiation process is a core-binding factor

a-I (CBFAl) (Roodman, 2004).

Approximately 90% of prostate cancers metastasise to bone (Harris et al., 1994). Of these

metastases, 95% present osteoblastic lesions, resulting in a net gain of bone formation.

Present understanding of the pathway leading to osteoclastogenesis is well documented

(Keller, 2004; 2002). However, the mechanism of osteoblastogenesis is less clearly

understood. What is clear is that in the metastatic pathway, osteoclastic metastasis causes

increased secretion of minerals which act as precursors for osteoblastic activity in production

of bone metastasis.
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1.6.3 Factors governing osteoblastic metastasis

In a situation where bone absorption precedes bone production, a good many factor are likely

to play an important role in the acquisition of an osteoblastic metastatic state.

1.6.3.1 Parathyroid Hormone Related Protein (PTHrP)

Parathyroid hormone related protein (PTHrP) has 70% homology to parathyroid hormone

(PTH), and is capable of binding to the PTH receptor and eliciting the same biological

activity as PTH. PTHrP was isolated from human lung, breast and renal cell carcinomas and

characterised through its role as a hypercalcemic factor (Gohji and Kitazawa, 2003).

Hypercalcemia is a condition characterised by high concentrations of calcium compounds in

circulating blood, and is detected using biochemical markers such as pyridinoline and

deoxypyridinoline. Parathyroid hormone augments osteoclastic activity, increases PTH

activity and results in elevated osteoclastic activity. However, PTHrP/PTH ratios do not

consistently equate to elevated levels of hypercalcemia in the circulation as the expression of

calciton, a hormone responsible for metabolism of calcium, secreted by the thyroid gland and

in neuroendocrine cells of the prostate gland, reduces circulating levels of calcium.

PTH is an osteoclastic promoting factor, and operates by binding to the PTH receptor to

stimulate differentiation and activity of osteoclastic precursor cells. Increased osteoclastic

activity results in increased bone absorption, resulting in the release of calcium from

degraded bone. In tumour initiated bone metastasis, osteolysis is regarded as the first stage

in osteoblastic metastasis. Hence, certain biochemical markers such as an increase in blood

calcium and phosphate levels are displayed in non-prostate cancer patients and patients with

prostate cancer. Ikeda et al., (1996), and Takeuchi et al., (1996) demonstrated a marked

difference in calcium and phosphate levels in patients with metastatic prostate cancer
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compared to patients with organ confined prostate cancer, 89.3% and 5.9% respectively. The

level of deoxypyridinoline, a hypercalcemic marker, was 0% in BPH cases.

1.6.4 Peroxisome Proliferator Activator Receptor (pPAR)

1.6.4.1 Structure of PPAR

The Peroxisome Proliferator Activated Receptor (pP AR) is a member of a group of nuclear

hormone receptors. At present, 3 different subtypes have been identified: a, 0, and y. Each

is encoded by a different gene (Bilson et ai, 2002). There is a great homology between

members of the nuclear hormone receptor family, and isoforms of the PPAR protein.

PP ARa, 0, and y show conserved DNA and ligand binding domains. The PP AR structure

consists of a ligand independent and ligand dependent transactivation function, AFI and AF2

respectively (AlB), followed by a DNA binding domain (C), which consists of two zinc

motifs. Within these motifs are well-conserved P and D boxes that enable interaction with

specific DNA sequences, and the dimerisation of receptors respectively (Bilson et al, 2002).

Domain D is referred to as a variable hinge region, which enables structural changes as a

result of DNA, sequence interaction or receptor dimerisation. Section E is the ligand-binding

domain.

Figure 1.6.4.1 Structure of Peroxisome Proliferator-Activated Receptor (PPAR)

AlB - Ligand activation function
C - DNA binding domain
D - Variable hinge region
E - Ligand binding domain
F - Unknown function 32



PPARs form heterodimer complexes with the retinoid-X receptor and enables binding of the

complex to specific DNA elements known as peroxisome proliferator response elements

(PPRE). Peroxisome proliferator response elements are made up of two repeat sequences

separated by a 1 base pair spacer nucleotide (AGGTCA-n-AGGTCA). Peroxisome

proliferator response element polarity is governed by a short sequence upstream to the first

repeat sequence, and PPRE functional units have been identified in several genes linked with

protein metabolism. Such proteins include lipid processing and uptake protein lipoprotein

lipase (LPL), fatty acid translocase (FATICD36), fatty acid transport protein (FA TP), and

fatty acid metabolism such as acyl-CoA Oxidase and Acyl-CoA synthetase (van Bilsen et al.,

2002).

Peroxisome proliferator activated receptor is a ligand activated transcription factor and has

three isofonns: a, 0, and y. A high level of homology exists among the three subtypes,

especially in the DNA binding domain of PPARa and PPARy, sharing 86% and 85% amino

acid homology respectively relative to PPARo. Furthermore, a high homology rate is

observed in the ligand-binding domain that produces a 70% and 68% amino acid homology

of PPARu and PPARy respectively compared to PP ARo. PP AR activity is initiated by

ligand binding to a plethora of ligands including fatty acids (PP ARa and PPAR~) and

prostaglandins and leukotrienes (PPARy).

A region of great diversity is the NB region that is poorly understood, but is believed to

enable ligand independent transactivation function (as reviewed in Rosen, (2001). PPAR

gamma, predominantly found in adipose tissue, is up-regulated in prostate cancer cells

(Segawa et al., 2002), whereas PPAR alpha, observed in liver, heart, muse le and brown

adipose tissue, functions as a nuclear fatty acid and steroid hormone transporters (Collett et

al.,2000).
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1.7 ANGIOGENESIS AND PROSTATE CANCER

1.7.1 Angiogenesis

The malignant progression of a cell is dependent on interaction of two main classes of genes;

oncogenes and tumour suppressor genes. Also, it is now widely accepted that due to inherent

heterogeneity of a sub cellular tumour populations, only a small number of cells undergo

sufficient genetic instability to achieve a metastatic phenotype. Angiogenesis is a crucial

factor of metastasis, and as such, may act as a rate-limiting step in progression of a metastatic

phenotype.

Angiogenesis IS described as "the development of a network of blood vessels (neo-

vascularisation) in an oxygen deficient environment". Within the scope of cancer,

angiogenesis represents an important milestone in tumour progression as it indicates

development and maturation of the tumour.

During vascularisation, changes in tumour environment and cellular signalling attract

endothelial cells. Migrating endothelial cells aggregate to form tubules that surround peri-

endothelial support cells, enabling development of a network of vessels to support and

nurture tumour growth (Hanahan and Folkman, 1996). Tumours have been shown to

actively mould their environments and induce physiological changes such as neo

vascularisation by emitting or releasing autocrine and paracrine factors such as vascular

endothelial growth factor (VEGF), fibroblast growth factor (FGF), matrix metalloproteinase,

insulin like growth factor I and angiopoietin-I (Zetter, 1998). To date, it is firmly believed

that angiogenesis and neo-vascularisation are a physiological response to an inducer known

as Hypoxia Inducing Factor (HIF), which in tum up regulates the expression of a very potent

mitogenic growth factor, VEGF.
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1.7.2 Hypoxia Inducing Factor (HIF)

Hypoxia inducing factor 1 is a a-p-heterodimer and acts as a DNA binding factor capable of

controlling hypoxia related activities. HIF-a together with HIF-P subunits exist as a series of

isoforms, of which, HIF-l P subunit is a constitutively expressed nuclear protein, whereas

HIF-a is expressed as a result of hypoxic conditions.

There are three HIF- a isoforms, HIF-Ia, HIF-2a, and HIF-3a, of which HIF-Ia, and HIF-2a

are closely conserved.

1.7.3 Hypoxia Inducing Factor and Prostate cancer

Previous studies have associated low levels of oxygen post radiotherapy as resulting in poor

patient prognosis. This suggested a role of hypoxia in tumourigenicity and metastasis.

Studies in human and animals reported a level of hypoxia in prostate carcinoma, and that

hypoxic regions are linked with higher clinical stages (Cvetkovic et al., 200 I). Thus it is

believed that hypoxic condition acts as a stimulator of angiogenesis. At a critical mass,

simple oxygen diffusion is inadequate in providing oxygen to tissues; and a more efficient

delivery system is required. At this stage, changes in tumour environments are observed, and

a hypoxic signalling pathway is activated to release angiogenic growth factors. Hypoxia has

been shown to increase the expression of platelet derived growth factor, and VEGF mRNA in

tissue culture (Shweiki et al., 1992). They reported that VEGF expression in tumours was

highest in regions surrounding hypoxic tissue, thereby indicating a possible mechanism by

which hypoxia regulates blood vessel growth in tumours.
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1.7.4 Vascular Endothelial Growth Factor (VEGF)

New vessel growth and development is a complex and complicated mechanism requiring an

interaction of several factors and receptors. Neo-vascularisation is stimulated by the release

of autocrine and paracrine factors such as matrix metalloprotcinasc and other tumour

promoting factors. However, one of the more important growth factors involved in the

angiogenic framework is VEGF. VEGF is a member of a group of closely related proteins

that are all pro-angiogenic factors (Huss et al., 2001). There are five members of the VEGF

family; VEGF-A B, C, 0, and E, and three receptors, VEGFR-1, 2, and 3 (Chevalier et al.,

2002).

VEGFR-l and 2 are expressed in vascular endothelium, whereas VEGRF-3 is expressed in

lymphatic endothelium in adults. VEGF-A, and B bind to VEGFR-l, whereas VEGF-C and

D bind to VEGFR-2 and 3 (Sato, 2003).

1.7.5 VEGF Isoforms

The human VEGF-A gene consists of eight exons separated by 7 intronic regions. Alternative

splicing produces four different isoforms; VEGF 121, 165, 189 and 206, numbered for the

different amino acids present. VEGF165, the predominant isoform, lacks residues coded for

by exon 6, whereas VEGF 121 lacks residues coded for by exon 6 and 7 (as reviewed in

(Ferrara et al., 2003). Neufeld et ai, (1999) identified two other VEGF isoforms (VEGFI45

and VEGF183).

Native VEGF is a heparin binding homodimeric glycoprotein 45kDa in size, and is similar to

VEGF165. VEGF121 is an acidic polypeptide that does not bind protein, whereas VEGF189

and 206 are basic and bind with great affinity to heparin. VEGF121 and 165 are freely
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diffusible whilst 189 and 206 are used within the extra cellular matrix (as reviewed In

(Ferrara et al., 2003).

1.7.6 VEGF and Prostate cancer

VEGFR signalling has a very complex mechanism consisting of several signalling proteins.

Interestingly, a VEGFRI induces endothelial cell migration, but does not induce endothelial

cell proliferation, nor does it signal through the mitogen activated protein kinase pathway

(MAPK) cascade (WaItenberger et al., 1994). However, VEGFR2 does signal through the

MAPK cascade, enabling endothelial cell proliferation.

As there are angiogenic factors, equally, there are antiangiogenic factors such as

angiopoietin-2, thrombospondin, and tissue inhibitor of metalloproteinase-l. It is believed

that tumour vascularisation occurs as a result of disruption in the balance of pro and anti

angiogenic factors.

VEGF is a potent pro-angiogenic factor, and is over expressed in human and rat prostate

cancer cells (Chen et al., 2000; Ferrer et al., 1997). VEGF is differentially expressed in

normal, benign and prostate cell line models. Urine tests of patients with BPH and organ

confined prostate cancer failed to detect VEGF expression in all cases, however, in Dunning

R3327 PAP tumour models, expression of VEGF, VEGFRI and VEGFR2 mRNA were up

regulated relative to normal ventral prostate. Furthermore, serum levels of VEGF were also

detected in mice orthotopic ally grafted with DU-145 and PC3M prostate cancer cell lines (as

reviewed in (Huss et al., 2001).

Huss et ai, (2001) measured the expression of VEGF isoforms in normal, benign and prostate

cancer tissue sections, and reported that VEGF mRNA expression was detected in PIN, well

differentiated and poorly differentiated tissues, but not in normal prostate tissue. This led
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them to conclude that the angiogenesis switch was not a straight on/off signalling, but a more

complex sequential graded switch consisting of an early initiating phase that is linked to

hypoxia, and a late progression phase for tumour development. The initiating phase is

associated with HIF lu and VEGFRI expression and rising levels of hypoxia, whereas the

progression phase is linked to VEGFR2 expression and stimulates tumour progression.

1.8 ANDROGENS AND PROSTATE CANCER

Testicular synthesis accounts for approximately 90% of testosterone-derived

dihydroxytestosterone (DHT) within the prostate. The remaining 10% is formed by adrenal

androgens and dietary supplementation (Bruchovsky et al, 1971). Testicular-synthesised

testosterone is an important factor in the development and function of the prostate gland ill

utero, postnatal and in adulthood.

1.8.1 Androgen independence and prostate cancer

Growth and development of prostate cancer from a primary phase to a secondary metastatic

phase is dependent on tumour cells attaining androgen independence. Metastasis of prostate

tumour cells results in poor patient prognosis; hence, the main therapeutic outcomes are

aimed at tackling the cancer at its primary androgen dependent stage. Androgen ablation,

whether by surgical or pharmacological castration, deprives androgen dependent cells of

androgen, thereby resulting in a suppression of androgen signalling and androgen receptor

activated target gene transcription. Blockage of androgen signalling in androgen dependent

cells is thought to initiate compensatory proliferation, a selection pressure, by which cells

that are able to tolerate a low androgen environment are able to stabilise and gradually
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increase their rate of proliferation till eventually a greater population of cells with more and

more independence to androgen are presented as the remaining progeny (Prehn, 1999).

1.8.2 Mechanism of androgen action

The growth of prostate cancer depends on the ratio of cells proliferating to cells undergoing

apoptosis. This ratio is regulated by androgens that are capable of stimulating proliferation,

and inhibiting apoptosis (Feldman and Feldman, 2001). Androgen ablation causes a shift in

this balance, lowering the rate of proliferation, and increasing cell death. This results in a

gradual reduction of cell numbers, leading to extinction. The great majority of testosterone

exists in a bound form with sex-hormone binding globulin and albumin, however, the

unbound form diffuses into a target cell cytoplasm where it is converted into dihydroxy -

testosterone by a 5-alpha-reductase enzyme. DHT binds to androgen receptors at a higher

affinity than testosterone, resulting in regulation of specific gene transcription (Figure 1.8.2).
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1.8.3 Trigger points of androgen independent prostate cancer

One of the key trigger points for tumour progression is a genetic alteration that may serve to

provide the cell with an advantage. The earliest genetic alteration to occur in sporadic

prostate cancer is the phase II detoxification enzyme, glutathione S-transferase (GST). These

enzymes act as intracellular detoxifiers of electrophiles and carcinogens and environmental

carcinogens. Loss of function by hypermethylation of the GST promoter region, as observed

in 90% of prostate cancers, increases carcinogenic potential of cells. (Feldman and Feldman,

2001). Inability to nullify electrophiles and carcinogens increases the cells relative risk of

further mutation events occurring that would lead to loss of androgen status

Cher et aI, (1996) demonstrated that metastasising tumours had the requisite chromosomal

aberrations required for successful growth during androgen deprivation. This indicates that

the requisite androgen independent prostate cancer (AIPC) mutations must occur prior to

androgen deprivation (Feldman and Feldman, 2001).

1.8.4 The Hypersensitive Pathway of AIPC

The concept of androgen independence in prostate cancer cells is a misnomer as it is clear

that prostate cancer cells faced with declining levels of androgen evolve coping strategies

that enable increased sensitivity to low level androgen signalling, or receptor activities that

are stimulated by more generic steroids or signalling pathways. Consequently, when talking

about androgen signalling, this has to be taken into account.

The mechanism of change that occurs to enable a tumour cell to move from an androgen

dependent phase to an androgen independent stage is not fully understood. A clearer

understanding of this pathway is essential in order to improve longevity of androgen ablation
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therapy, and to increase our understanding of the malignant progression of a prostate cancer

tumour cell.

1.8.5 Androgen Receptor amplification

One of many different theories that have been proposed as a possible pathway to low

androgen level tolerance is the hypersensitive pathway (Feldman and Feldman, 2001). This

pathway maintains androgen receptor amplification increases sensitivity to low levels of

circulating androgens. To test this, a study was performed that verified that 30% of tumours

had increased levels of androgen receptor gene expression after testosterone ablation therapy.

In contrast, none of the primary tumours, taken from patients prior to ablation therapy, had

androgen receptor amplification. Furthermore, patients with androgen receptor

amplification, post-androgen ablation, survived for longer periods than patients with no

androgen receptor amplification (Chen et al., 2004; Hobisch et al., 1995; Hobisch et al.,

1996). These results fit with the compensatory hyperplasia model which suggests that

tumour cells with appropriate mutations adapt, stabilise and eventually proliferate in low

androgen conditions. Tumours that use this method continue to depend on low level

androgen signalling and androgen receptor amplification (Feldman and Feldman, 2001).

1.8.6 Increased androgen levels

Another copmg strategy of cells confronted with androgen deprivation is to increase

androgen production or increase the efficiency of conversion of testosterone to DHT. This

proposed mechanism was supported with evidence which, after androgen ablation, showed a

95% decrease in serum levels of testosterone, and a decrease in DHT of prostate tissue of
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only 10% (Labrie et al., 1986), clearly indicating an mcrease III efficiency of DHT

conversion.

Epidemiological studies have shown that individuals and ethnic groups with high 5-a-

reductase enzyme activity have higher incidence of prostate cancer (Labrie et al., 1986;

Makridakis et al., 1997). Furthermore, Labrie et al, (1993) highlighted individual cases

whereby patients with very low levels of serum testosterone were failing ablation therapy.

This was attributed to the efficient conversion of adrenal steroids into potent androgens,

which enabled continued androgen signalling allowing tumour cell growth.

1.S.7 The promiscuous pathway

The promiscuous pathway maintains that androgen receptor signalling is upheld in cells with

androgen receptor mutations by decreasing receptor specificity towards innate ligands.

Consequently, cells containing mutated androgen receptors are able to bypass apoptosis and

continue proliferation via the use of other circulating steroid hormones after androgen

ablation therapy (Feldman and Feldman, 2001).

In the hypersensitive pathway, androgen independent prostate cancers cells are not truly

androgen independent; but are maintained by low-level androgen signalling, efficient 5-a-

reductase activity, and androgen receptor amplification. The promiscuous pathway is

maintained by mutations in the androgen receptor gene, which results in non-specific ligand

activation.
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1.8.8 Androgen mutations

The androgen receptor gene is located on the X chromosome. Germ line mutations

commonly result in androgen receptor insensitivity. However, due in part to the

heterogeneity of tumours, the incidence of somatic mutations is not fully known. What is

clear however is that primary tumours have a low level of androgen receptor mutation

compared to metastatic tumours after androgen ablation therapy (Marcelli et al., 2000; Taplin

et al., 1995). These finding suggest that gaining such mutations may be a driving factor

leading to androgen independence. These results contrast with another study which reported

that requisite mutations required for growth during androgen deprivation were already

acquired by metastatic tumours, and were not instigated by androgen ablation (Cher et al.,

1996).

LNCaP cells were one of the first cell lines to be identi fied with a missense mutation in the

ligand-binding domain of androgen receptor (Veldscholte et al., 1992). These cells

demonstrated high androgen receptor levels that resulted in increased growth and prostate

specific antigen levels. The promiscuous pathway maintains that these androgen receptor

mutations in LnCaP cells enabled ligand binding with generic steroid hormones, such as

progestins and oestrogens, as well as androgen agonists such as flutamide, leading to an

increase in androgen receptor expression and tumour cell proliferation. A study by Gaddipati

et ai, (1994) reported that 25% of metastatic prostate cancer patients studied matched to a

missense mutation in the ligand-binding domain.

There is a phenomenon in androgen ablation therapy known as Flutamide Withdrawal

Symptoms. Individuals with this condition may show signs of deterioration when treated

with Flutamide, an androgen agonist. However, upon withdrawal of the agonist, the patient

shows clinical signs of improvement. Upon further investigation it was observed that
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patients with a wild type androgen receptor responded well to the ablation therapy, however,

patients with a T877 mutation demonstrated rapidly increased levels of PSA levels (Small

and Srinivas, 1995). As tumour cells are heterogeneous, wild type androgen receptor cells

die out due to testosterone deprivation, whereas cells containing T877 mutation thrive and

continue proliferating.

Androgen receptors are known to be active in androgen independent cancer cells (Zegarra-

Moro et al., 2002) as androgen receptor dependent molecules such as prostate specific

antigen are continually produced in patients that have endured androgen ablation (Craft et al.,

1999). Clearly, loss of androgen sensitivity is linked with the malignant progression of

prostate cancer, and understanding the mechanisms by which prostate cancer cells lose their

sensitivity to androgens is of utmost importance.

1.9 FATTY ACIDS, FATTY ACID BINDING PROTEINS AND PROSTATE
CANCER

1.9.1 Introduction to Fatty Acids

Fatty acids have a structural arrangement that is predetermined by their hydrophilic head

group and a hydrophobic tail section. They exist in an unbound water insoluble phase or as a

complex to albumin that transports fatty acids to specific target sites on the cell membrane.

Fatty acids are an important component in the cells metabolic system as they act as a

secondary source of energy which can be tapped to produce energy in the liver and muscle

cells (Valette, 1991). Adipocytes store intracellular supplies of neutral esteri fied lipids,

which are released as fatty acid acyl residues when the cells' need for fatty acid increases.

The fatty acyl residues are released from the triacylglycerol pool, and secreted by fat cells

into extracellular space (Glatz and Vusse, 1996). The unbound free fatty acids cross the

plasma membrane either by passive diffusion or though an active protein mediated transport
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(Hamilton and Kamp, 1999). Fatty acid complexes undergo a dissociation step that liberates

fatty acids and enables their movement into the cell by passive, protein mediated or FAT

transfer. From here, fatty acids either enter a metabolic pathway or are bound to an

intracellular fatty acid binding protein (FABP).

1.9.2 Dietary fatty acid and prostate cancer

The incidence of latent cancer is uniform around the globe. However, western developed

nations have a higher incidence of clinical prostate cancer. Given that approximately 40% of

total energy intake is obtained from fat in a westernised diet, this provides a rationale for

studying the link between dietary fat intake and prostate cancer (Frohnert and Bernlohr,

2000; Pandian, 2000).

Epidemiological studies (Aronson et al., 2001; Cook et al., 1999; Crawford, 2003) show a

link between prostate cancer and the two main factors of age and diet. Such studies

suggested that the difference in prostate cancer incidence between North America and Japan

was a direct link to the type and quantity of fatty acids ingested. They also showed an

increase in relative risk of an individual from a country of low prostate cancer incidence to

that of high prostate cancer incidence.

The human body is capable of synthesising certain fatty acids. Yet those acquired solely

through diet are defined as "essential" fatty acids. These make up the precursor of two

classes of polyunsaturated fatty acids, linoleic acid - an omega 6 fatty acid derived from

vegetable, seed and com oils, and linolenic acid, an omega 3 fatty acid derived mainly from

fish oils. The methods by which polyunsaturated fatty acids (PUF A), such as eicosanoids,

are thought to influence and promote cancer progression in not fully understood, however it

is believed that conversion of the precursor linoleic acid into arachidonic acid by desaturation

plays an integral part. Arachidonic acid is catalysed into prostaglandin and thromboxanes by
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the cyclooxygenase enzyme. Studies have shown the existence of two forms of

cyclooxygenase enzymes. Cox-I, which is constitutively active, and Cox-2, an inducible

gene observed to be over expressed/up regulated in prostate cancer biopsies (Gupta, 2000).

In contrast, fish oils containing eicosapentanoic acid act in an antagonistic fashion by

actively binding to the substrate of cyclooxygenase and lipoxygenase, thereby producing

series 3 and 5 prostaglandins which reportedly cause less tissue inflammation, and reduce the

production of the more active arachidonic acid metabolites (Bagga et al., 1997).

1.10 FATTY ACID BINDING PROTEIN (FABP) FAMILY

Fatty acid binding proteins (FABPs) are members of a multigene family of intracellular lipid

binding proteins, and have a molecular mass of around 15kDa. They are highly conserved

and share a common ancestry in vertebrates and invertebrates (Schleicher et ai, 1995).

There are four distinct sub families of intracellular lipid binding proteins (iLBO) expressed

in vertebrates. These are sub family I - a family consisting of proteins specific for vitamin

A, cellular retanoic acid binding protein I and II, and cellular retanoic binding proteins I -

IV. Sub family II - consisting of protein families with larger binding sites which enable

binding to larger ligands such as long chain fatty acids, heme and acyl CoA. Sub family III -

contains intestinal FABP; and sub Family IV - consists of the greatest variety of FABP

including heart, adipocyte, epidermal, brain, myelin and testis- type FABP (Ross, 1993)

(Table 1.10).

Heart and epidermal FABP are the most widely expressed of iLBPs. Heart FABP is found in

kidney, lung, mammary tissue, placenta, testis, stomach, ovary and brain whereas epidermal

FABP is widely expressed in skin, lung, heart, skeletal muscle, kidney, testis, adipose tissue,

brain, and retina (Haunerland and Spencer, 2004)
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Table 1.10 The FABP family

iLBD Gene Expression Ligands
type

Subfamily
I

CRBP I, Ubiquitous in mammalian RetinolII, III, IV cells
CRABPI Ubiquitous in mammalian Retinoic acidsand II cells

Subfamily
II

L-FABP Fabpl Liver, intestine, kidney, Long -chain fatty acids, acyl-Co As,
lung, and pancreas and heme

I-BABP Fahp6 ileum bile acids
Lb-FABP FabplO Fish and bird liver Long-chain fatty acids

Subfamily
III

I-FABP Fabp2 Intestine, liver Long-chain fatty acids

Subfamily
III

Heart, skeletal muscle,

H-FABP Fabp3 brain, kidney, lung,
Long-chain fatty acids

mammary, placenta, testis,
ovary and stomach

A-FABP Fahp4 Adipose tisse and Long-chain fatty acids
macrophages liver

Skin, adipose tissue, lung,

E-FABP Fabp5 brain, heart, skeletal Long-chain fatty acids
muscle, testis, retina and

kidney

B-FABP Fahp7 Brain, glia cells, and Long-chain fatty acids and
retina docosahexanoic acid

M-FABP Fabp8 Brain and Schwann cells Long-chain fatty acids
T-FABP Fabp9 Testis Long-chain fatty acids

Haunerland and Spencer, 2004.
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1.10.1 Fatty Acid Binding Protein (FABP) structure

The structure ofFABP has been studied using X-ray crystallography (Banaszak et al., 1994).

This group reported that FABPs have varied sequence homology ranging from 20 - 70%, but

are greatly conserved in their tertiary structure. The region of greatest homology is in the p-

barrel, which is formed by 10 folded anti-parallel p-strands. These strands vary in length,

from 4 to 10 amino acid residues, which are linked by hydrogen bonds and two short a

helices at the first and second p-strands. These p-strands are arranged to form two 5 stranded

sheets in which one sheet runs perpendicular to another, thus providing a central cavity

within the flattened p-barrel structure (Glatz and Vusse, 1996).

Fatty acids enter binding proteins carboxyl group first, through a portal area flanked by two

alpha helical segments. These helical capped regions confer ligand-induced flexibility, and

act as a lid for entry and release of ligands from binding proteins. Once docked within

proteins, fatty acids are secured by hydrogen bonding networks between the carboxyl group

and arginine and tyrosine (Glatz and Vusse, 1996). The FABP p-barrel, which encapsulates

the FA, is structurally very stable, and does not undergo significant conformational changes.

1.10.2 FABP function

Long chain fatty acids are virtually insoluble in an aqueous environment due to their

hydrophobic nature. Hence, an efficient transport system for cellular entry and intracellular

locomotion is required. One such transport system is the fatty acid binding protein.

FABPs are soluble non enzymatic proteins of low molecular weight, approximately l5kDa,

and have the ability to bind to long chain fatty acids (Owada, 2002), and have been proposed

as intracellular fatty acids transporters. As yet, there is no direct proof of such activity, but
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several indirect studies point to its intracellular transporting function. One such study

(Binas, 1999) demonstrated that mice lacking the FABP gene had reduced fatty acid uptake,

and the fatty acid usage was greatly reduced. In another recent study, (Liu, 2001) adipocyte

- type FABP was transfected by electroporation into preadipocyte cells, and showed an

increase in the rate of palmitate uptake compared to control cells.

Fatty acids have also been proposed to be involved indirectly in the regulation fatty acid

mediated genes. However, there are a limited number of studies to veri fy this claim. What is

observed however are the regulatory role of fatty acids, and a possible secondary role of

FABP in gene transcription regulation. Studies have shown that FABP is regulated by fatty

acids (Clarke, 2000; Martin et al., 1997). Fatty acids are known ligands of PPAR, a family

of nuclear hormone receptors. Furthermore, FABP expression has been detected in the

nucleus of hepatocytes (Fahimi et al., 1990), and cardiac myocytes (Borchers et al., 1989),

clearly suggesting that nuclear transportation of fatty acids and nucleus-directed signalling by

fatty acids control gene expression (Zimmerman and Veerkamp, 2002).

1.10.3 C-FABP in prostate cancer

The role C-F ABP in malignant progression of prostate cancer is an emerging area with few

data yet published. Nevertheless, the available literature is very compelling. A study of

differentially expressed genes in prostate cancer as identified by micro-quantity differential

display (Jing et al., 2000b) identified a number of candidate genes. Further characterisation

and subtractive selection of these genes identified a candidate gene, C-FABP to be

differentially expressed in normal, benign and malignant breast and prostate cell lines (Jing et

al., 2000a). C-F ABP was reported to be able to induce metastasis in benign non metastatic

rat mammary cell Rama37 cells, and to regulate the expression of a potent angiogenic factor,
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VEGF (ling et al., 2001). Similarly, C-F ABP expression was observed to be over-expressed

in bladder and pancreatic malignancies (Celis et al., 1999; Ostergaard et al., 1997; Sinha et

al., 1999). These results clearly suggest that C-F ABP up-regulation is involved in the

malignant progression of prostate cancer either as a signalling molecule or as transporters of

fatty acids.

1.11 AIM OF THESIS

This overview has identified the potential core role of FABP in the biology of prostate cancer

metastasis. Previous studies in this laboratory reinforced this view and provided the

foundation for the studies now proposed. Thus, the objectives to be addressed in this Thesis

will include:

To study the role of C-FABP expression on prostate cancer tumourigenicity.

To investigate the association between elevated levels of C-FABP expression and

loss of androgen sensitivity in prostate cancer cells.

To explore the therapeutic possibilities of suppressing C-FABP expression

combined with androgen depletion in a nude mouse model.
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CHAPTER-2
METHODOLOGY

2.1: INTRODUCTION

This chapter is divided into two sections. The first section describes experiments utilised to

study the role of C-F ABP on prostate cancer tumourigenicity, whereas the second section

describes experiments conducted to investigate any potential association between C-F ABP over-

expression and loss of androgen sensitivity in highly malignant prostate cancer cells; and to

explore the therapeutic possibilities of C-FABP suppression and androgen ablation in a nude

mice model.

The first section of the methodology, referred to as the antisense section, details protocols used

to suppress C-FABP expression by antisense oligonucleotides to generate several single-cell-

cloned transfectant cells in highly malignant prostate cancer cell lines, PC3M. The invasive

potential of cells was assessed in vitro, and tumourigenicity assessed in vivo by inoculation into

male immuno-compromised nude mice. At autopsy, mice were culled and tumour tissues

immunohistochemically stained for C-FABP, VEGF and factor VIII related antigen.

The second section of the methodology, referred to as the siRNA section, details the protocols

used to suppress C-FABP activity in highly malignant androgen independent PC3M cells to

generate several single-ceIl-cloned transfectant cells with reduced levels of C-F ABP expression.

Proliferation rate and colony formation were assessed in vitro in androgen positive and negative

conditions, likewise, in vivo tumourigenicity assays were performed in androgen negative and
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positive conditions in male immuno-compromised nude mice. At autopsy, primary tumours

(where available), heart, lungs and liver tissues were dissected. These tissue sections are

processed and stained with haematoxylin and eosin for detection of secondary tumour cells in

liver, heart and lungs of mice.

By doing this, it was anticipated that a classification of the role of C-FABP in tumourigenicity

and loss of androgen sensitivity will be defined and a potential mode of therapy in nude mouse

explored.
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2.2 SECTION ONE: ANTISENSE METHODOLOGY

2.2.1 Immunohistochemical staining for the detection of C-FABP expression

Archival human prostatic tissues were held within the surgical pathology archive in the

Department of Pathology, University of Liverpool, UK. Ethical approval was obtained from the

Liverpool University Ethics Committee in accordance with the Medical Research Council

guidelines.

Histological sections of paraffin-embedded tissues were cut and processed as described in

Deshmukh et al, (1997). Haematoxylin and eosin is a widely used method of histological

staining and involves the application of the basic haematoxylin dye to bind and stain basophilic

structures such as nucleic acids and ribosomes blue-purple. The eosin dye is an acidic dye that

binds and stains eosinophilic structures such as intracellular and extracellular proteins.

All materials and reagents used in Section 2.2 can be found in Appendix 1.1

2.2.2 Tissue sectioning

I) A water bath was filled with distilled water and heated to 37°C.

2) The microtome was cleaned with xylene and a new disposable blade was fitted to the

machine.

3) The paraffin-embedded tissue blocks were pre-cooled in a container filled with ice.

4) Tissue sections were cut at 4flm thickness and mounted onto labelled twin frosted

microscopic slides.
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5) The slides were allowed to dry overnight at 37 "C.

2.2.3 Haematoxylin and eosin staining of sections

1) Haematoxylin sections were deparaffinised in 3 x washes of xylene and hydrated in water

2) The sections were stained in haematoxylin for 5 minutes and washed in running water.

3) Following this, sections were differentiated in 1% acid alcohol for 5 seconds and washed

in water

4) The sections were submerged in Scotts tap water till "blue", and washed in running tap

water

5) Stained in alcoholic eosin for 30 seconds, and washed in running tap water.

6) These sections were dehydrated in 95% and absolute alcohol for 2 minutes respectively.

7) Sections were cleared in 2 washes of xylene for 2 minutes respectively, and mounted

using DPX synthetic resin.

8) Tissue sections were examined independently by two qualified pathologists and classified

by Gleason grades as normal, benign prostatic hyperplasia (BPH) and carcinomas.

2.2.4 Immunohistochemistry for the detection of C-FABP in human prostatic tissue

1) Following tissue section classification by Gleason grading, tissue sections were prepared

for immunohistochemistry for the detection of C-F ABP expression.

2) Mounted tissue sections were prepared as detailed in Section 2.2.2 usmg (3-

Aminopropyl)triethoxy-silane (APES) coated slides.
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3) The following day, the mounted sections were dewaxed in two changes of xylene for 3

minutes and 30 seconds respectively, and rinsed in 90% alcohol and absolute ethanol

respectively.

4) Slides were incubated in hydrogen peroxide/methanol for 12 minutes to block

endogenous peroxidase activity.

5) The sections were rinsed in running tap water, then in deionised water

6) Antigen retrieval was conducted by microwaving tissue sections for 25 minutes in 10mM

Tris-EDTA buffer (pH 9.0) at full power.

7) Following antigen retrieval, sections were placed in running water before being racked

into sequenza immunohistochemistry trays

8) Tris-Buffered Saline (TBS) was added to each racked section allowed to flow through

over a period of 4 minutes.

9) Then lOOfll of 5% Bovine Serum Albumen in TBS (BSA/TBS) was added to sections and

left to incubate for 10 minutes.

10) Sections were incubated with primary anti-C-FABP sera (Iwaka Glass Corp, Niigata,

Japan) at a dilution of 1:500 in 100fli BSArrBS for I hour. Negative controls were

incubated with 100fli BSArrBS alone for the same period of time.

11) Sections were washed in two changes of TBS for 4 minutes respectively, and then

incubated in 100fli anti rabbit horse radish peroxidase (HRP) -conjugated polymer (Dako

Ltd, Ely, UK) for 30 minutes

12) These sections were washed with TBS for 4 minutes.

13) lOOfll of 3,3' Diaminobenzidine (DAB) is mixed with Ifll chromogen was added to the

tissue sections for 10 minutes, and washed in deionised water for 4 minutes.

56



14) The sections were removed from the sequenza plates, and washed in running tap water

for 2 minutes.

15) The sections were counterstained in Haematoxylin solution, washed briefly in running

water and incubated in Scott's Tap Water blueing agent.

16) Following Blueing, the sections were washed thoroughly in tap water before being

dehydrated in rising concentration 80%, 95% and absolute alcohol.

17) The sections were visualised using an EnVision detection procedure (Dako Ltd)

18) Sections were cleared of any remaining water by incubating in xylene. Following this,

slides were mounted using DPX synthetic resin.

19) The C-FABP stained sections were observed, and graded negative, weakly positive,

moderately positive and strongly positive based on the scale used by Watanabe et al,

(1997).

2.3 CELL LINES AND CELL CULTURE CONDITIONS

2.3.1 Introduction to cell lines

The cell line used throughout this study was the highly metastatic human prostatic cancer cell

line PC-3M (Kozlowski et al., 1984). The PC-3M cell line is derived from a prostate

adenocarcinoma cell line, PC-3. It was originally isolated from liver nodules that were formed

from direct intrasplenic injection of PC-3 cells (Kaighn et al., 1978). In studies performed to

assess tumour forming ability of these newly isolate PC-3M variant cell lines, results

demonstrated increased tumour forming abilities and increased micro-metastases relative to
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parental PC-3 cells. The PC-3M metastatic cell variants represent the malignant metastatic

phase of prostate cancer cell line models. Additionally, these cells have been shown to express

the greatest level of C-FABP (ling et al., 2000), making them ideal candidate cell lines to use

within this study.

All reagents, media compositions and materials are detailed in Appendix 1.2.

2.3.2 Cell culture conditions

Human prostate cancer cell lines and transfected cell lines were cultured in RPMI 1640 medium

(Invitrogen Life Sciences). These cells were maintained in a humidified environment at 5% C02

at 37°C.

2.3.3 Routine subcultures

1) The prostate cancer cell lines were washed with PBS once.

2) Cells were incubated with Trypsin I EDT A (TE) at 3m1l9cm plate at 3T'C for 3 minutes,

or until cells were rounded and detached from the surface of the plate.

3) At this stage, cells were removed from the incubator and TIE was inactivated using an

equal volume of routine cell culture medium.

4} Resuspended cells were centrifuged for 2 minutes at 110xg, and the supernatant was

discarded.

5) Cells were resuspended in routine cell culture medium and plated out at the required

concentration.
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2.3.4 Cryopreservation of human prostate cancer cells

Cryopreservation of cells is a means of ensuring an ample stock of cells. Cells were initially

harvested and aliquoted into 1x 106 concentrations before placing in a Cryobox (Nalgene, UK)

filled with isopropanol (IPA), and placed in a -80°C freezer. The slow cooling rate of cells

within the cryobox (-1°C per minute) in conjunction with "freezing medium" inhibit formation

of ice crystals within cells during cryostasis and cell damage upon reanimation.

1) Cells to undergo cryostasis were incubated with trypsin I EDT A (TE) at 3ml/9cm plate at

37°C for 3 minutes, or until cells were rounded and detached from the surface of the

plate.

2) At this stage, cells were removed from the incubator and TIE activity was inactivated

using an equal volume of cell culture medium.

3) Resuspended cells were centrifuged for 2 minutes at 110xg, and supernatant was

discarded. Cells were resuspended in 10mls of PBS.

4) 1O~I of cell suspension was mixed with 1O~I of trypan blue, mixed and added to

haemocytometer to quantify cell numbers.

5) Having established cell concentrations, cryo-medium was added to cells to make 1x 106

cells/ml dilution. l ml was pipetted into cryotubes (Nunc).

6) These cryotubes were placed within a cryobox and into a -80aC freezer overnight and

transferred to liquid nitrogen the next day.
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2.3.5 Reanimation of cryopreserved cells

1) Cryogenically preserved cells were thawed by removal of cryotubes from liquid nitrogen

and placing in a 3rC water bath to thaw.

2) Cells were resuspended in 10ml of routine cell medium.

3) This cell solution was centrifuged at 110 x g for 2 minutes and supernatant was

discarded.

4) Cell pellets were resuspended in lOmls of RPM! mediwn and decanted into 9cm plates.

These cells are maintained in a humidified environment at 37°C and 5% CO2 to grow.

2.4 CONSTRUCTION OF ANTISENSE C-FABP DNA

2.4.1 Generating reverse-C-FABP (C-FABPr) recombinant vector

Previous work within the department had amplified a 436 base pair fragment of the protein-

coding region of C-FABP by RT-PCR from mRNA isolated from PC-3 cells. These fragments

were amplified using the forward primer sequence 5'- ACC ATG GCC ACA GTT CAG CA -3';

and the reverse primer 5' - CCT GTC CAA AGT GAT GAT GGA A - 3'. Amplified C-FABP

products were T-A cloned into a PGEM-Teasy plasmid. The C-FABP fragment was removed

from the PGEM-Teasy vector and inserted into pBluescript Vector in sense and antisense

orientation. C-F ABP fragment orientation was confirmed by automated DNA sequencing, after

which, the fragment was excised from the pBluescript vector and into the pSV-Neo expression

vector (Glaxo Wellcome). The following methodology describes this process. All reagents and

materials can be found in Appendix 1.3
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2.4.2 Amplification of C-FABP in pSV-Neo plasmid vector

1) 1001-11glycerol stocks ofC-FABP, inserted in the forward and reverse orientation in pSV-

Neo plasmid vectors, were streaked onto liquid broth (LB)-agar plates, and incubated

overnight at 3TC

2) The following morning, five colonies were picked up from the forward and reverse agar

plates respectively.

3) These colonies were transferred to individual conical flasks containing l Omls of LB-

medium and ampicillin (Sigma) at a concentration of 100Jll/m!. These colonies were

incubated at 37°C and 121rpm in an incubator shaker (New Brunswick Scientific)

overnight.

4) The following morning, bacterial cells were pelleted at 14,500x g for 8 minutes at room

temperature. Extraction of plasmid from bacterial cells was performed using the Qiaprep

® Miniprep method (Qiagen).

5) The bacterial pellets were resuspended in 250JlI of resuspension buffer P I and transferred

to microfuge tubes.

6) The bacterial cells were lysed with the addition of cell lysis buffer P2, and inverted 6 six

times to aid mixing and lysis.

7) Following this, 350J..l1of neutral ising buffer N3 was added cells and inverted six times.

8) These cells were centrifuged for 10 minutes at 14,500-x g in a microfuge, and

supernatants were added to QIAprep Spin Column by pipetting.

9) Supernatants in spin column were centrifuged for 1 minute and the flow-through was

discarded.
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10) The QIAprep Spin Columns were washed by adding 750J.!1of buffer PE to remove excess

salts, and centrifuged for 1 minute, after which, the flow through was discarded.

11) The QIAprep columns were transferred to clean 1.5ml microfuge tubes, and DNA was

eluted with the addition of 50J.!1of elution buffer EB. The Spin Column was left to stand

for a minute, before being centrifuged for I minute.

2.4.3 Excision of CFADP fragment from pSV -Neo plasmid

Having successfully isolated pSV -neo plasmids from DH5-a bacterial cells, the forward and

reverse orientated C-FABP fragments were excised from the plasmid. This was performed using

restriction enzymes HindIII and Xba I.

The following restriction digest reaction was set up in the following order to restrict the forward

and reserve C-FABP fragments:

Buffer B 12.5%

DNA (1J.!g/J.!I) 6J.!1

dH20 9.5J.!1

Xba 1 (I OU/J.!I) I J.!I

HindIII (20U/J.!I) 1J.!1

Total reaction Volume 20J.!1

1) The above restriction enzyme reaction volume was prepared and incubated at 37°C in a

water bath for 1 hour.
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2) Following the completion of restriction digest reaction, the enzymes were inactivated at

65°C for 5 minutes.

3) Following heat inactivation, 15111 of the forward and reverse C-FABP fragments were ran

on a 0.8% agarose gel (containing 1111ethidium bromide) against DNA marker III at 80Y

for 90 minutes.

4) Analysis of fragment dispersion under UV conditions demonstrated two clear bands

corresponding to the linearised pSY-Neo plasmid (2500bp), and the excised C-FABP

fragment (SOObp).

2.4.4 Automated DNA sequencing ofC-FABP forward and reverse fragments

The sequencing analysis is conducted by using 5' - GTC CAA TTA TGT CAC ACC ACA G - 3'

located within the vector sequence. Primers, C-FABP forward and reverse samples were

required at a concentration of 200ng/1l1. The samples were transferred to the Liverpool School

of Tropical Medicine for sequencing.
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2.5 CALCIUM PHOSPHATE CO-PRECIPITATION TRANSFECTION OF REVERSE

C-FADP EXPRESSING CONSTRUCT

2.5.1 Transfection of human prostate cancer cells

The calcium phosphate method of introducing exogenous material into mammalian cells is a well

characterised methodology (Davies et al., 1994; Jamieson et al., 1990) that has been standardised

and implemented in previous research conducted within the department (Chen et al., 1997; Ke et

al., 1998). The calcium phosphate method of mammalian cell transfection enables the formation

of precipitates of calcium phosphate to DNA by the slow mixing of HEPES-buffered phosphate

solution with a solution containing calcium chloride and DNA. These precipitates are attracted

to phospholipid membrane layers and form clusters on the cell surface. Precipitates enter the cell

via endocytic mechanisms. All materials and reagents can be found in Appendix 1.3.

1) Prior to transfection, cells were cultured up to 50-60% confluence in 9cm plates.

2) Cell medium was changed using routine cell medium, and incubated in an incubator at

37°C and S% CO2 for a period of 4 hours.

3) During the cell incubation period, solutions in tubes 1and tubes 2 were prepared.

4) The two tubes were mixed by pipetting up and down to ensure a thorough mix, then tube

2 was added to tube 1 in a drop wise manner, whilst air was being bubbled through the

contents of tube one with a needle and syringe to aid precipitate formation.

S) Likewise, Tubes 3 and 4 were prepared during the cellular incubation period, and each

tube was mixed thoroughly by pipetting up and down.
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REAGENT TUBE 1 TUBE2

2xHBS 500~1 /

1M CaCl2 / 125,..il

pSV-Neo DNA / 20~g

pSV-C-FABPr DNA / /

dH20 / Make up to 500~1

6) Tube 4 was added to tube 3 in a drop wise manner whilst air was being bubbled into the

contents of tube 3 with a needle and syringe to aid precipitation.

REAGENT TUBE3 TUBE4

2xHBS 500~1 /

1M CaCI2 / 125111

pSV-NeoDNA Zug

pSV-C-FABPr DNA 20~g

dH20 Make up to 500~1

7) Tubes 2 and 4 were discarded, and tubes 1 and 3 were left to stand at room temperature

for 45 minutes to aid DNA calcium-phosphate precipitate formation.
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8) After a 4-hour incubation period, cells were removed from the incubator and the DNA

solution in tube 1 (control transfection) and tube 3 (recombinant transfection) were added

to two separate cell dishes.

9) Cells were incubated at 37°C and 5%C02 for 4 hours.

10) Following this, cells were removed and replaced with transfection medium (9mls routine

cell medium and Iml DMSO).

11) Cells were incubated at room temperature for 90 seconds before the transfection medium

was aspirated and cells washed with PBS.

12) Routine cell culture medium was added to cells and incubated at 37°C and 5% CO2 for

24 hours.

13) The following day, both cell dishes were split into 10 separate 9cm plates and cultured in

selective medium containing 1mg/ml genetic in.

14) The cell medium was changed every 3 days.

2.5.2 Ring cloning of transfected cells

The proportion of cells successfully transfected within a population was relatively low

(approximately 10 colonies per plate), consequently, cloning was used to isolate sub-colonies of

transfected cells of approximately 3mm in diameter within a population of cells on a 9cm plate.

Ring cloning was used to isolate five stably transfected single cell clones.

1) The tips of 1ml pipettes were cut to equate to the number of transfectant colonies in the

petri-dishes.

2) lml pipette tips, forceps, and silicone grease were sterilised by autoclaving.
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3) The 9cm Petri dishes were removed from the incubator and the medium was aspirated.

The cells were washed with PBS.

4) Using forceps, the tops of the 1ml pipettes were dipped in silicon grease and placed over

the colonies within the 9cm plate to form a seal around the cell colony.

5) Then, 75J,!1of trypsin and 50J,!1of versene were added to isolated colonies, incubated for

2 minutes or until cells were rounded or detached.

6) Detached cells were transferred to sterile 1.5ml microfuge tubes and trypsin was

inactivated by adding an equal volume of routine cell medium.

7) The microfuge tubes containing cell colonies were centrifuged for 2mins at 16,000 x g,

after which, the supernatant was discarded.

8) Cell pellets were washed in 75111 PBS and centrifuged again at 16000 x g for 2 minutes.

9) The resulting cell pellets were resuspended in Iml selective medium containing 1mg/ml

geneticin and plated into a 24 well plate. The cells were transferred into an incubator at

37°C and 5% CO2•

2.6 DETECTION OF C-F ABP PROTEIN EXPRESSION IN TRANSFECT ANT CELLS

A Western blot assay was used to detect the expression of C-FABP in antisense transfectant

cells. Western blotting are commonly performed using an anionic detergent such as sodium

dodecyl sulphate (SOS), and heat to dissociate proteins into individual polypeptide subunits

before they are loaded in a polyacrylamide gel electrophoretic system (PAGE). The denatured

polypeptides bind to SOS, becoming negatively charged. As the proportion of bound SOS is

relative to the size of the polypeptide, SOS-polypeptide complexes are separated in PAGE
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according to size and charge ratio. Separated polypeptide units are transferred from gel to

nitrocellulose membranes, and probed for amino acid sequences specific to C-FABP antibody

(Burnette, 1981; Towbin et al., 1979). C-FABP protein expression levels were assessed in

control transfectant cells, PC-3M-pSV, transfectant pool cells (PC-3M-C-FABP-P), and

antisense PC3M-C-FABP-I - 5 transfectant cloned cells relative to parental PC-3M cells. All

materials and reagents can be found in Appendix 1.4

2.6.1 Protein extraction by cell lysis

1) Parental and transfectant cells were removed from the incubator and the medium

aspirated from cell plates. Cells were rinsed in 10mls PBS per 9cm plates.

2) PBS was aspirated and trypsin/EDT A was added to cells 3ml per 9cm plate. These plates

were incubated at 37°C for 3 minutes, or until cells were rounded and detached from the

plate surface.

3) Trypsin/EDTA was inactivated using an equal volume of routine cell culture medium,

and cells were collected by centrifuging at 110 x g.

4) The supernatant was discarded and cells were resuspended in 1Omls of PBS.

5) 10111of cell suspension was mixed with 10111of trypan blue, mixed and added to

haemocytometer to quantify cell numbers.

6) Cell density was adjusted to 2x 106, collected by centrifuging at 110 x g, and resuspended

in equal volumes of PBS and lysed with an equal volume of hot (>95°C) 2x lysis buffer.
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7) Cell lysates were thoroughly vortexed and boiled for 5 minutes, and samples were

vortexed thoroughly before being homogenised for 20 seconds at high speed using a

Polytron Homogeniser (Kinematica, Swizterland).

8) Any contaminating nucleic acids were sheared by sonicating for 3 x 30 second cycles at

room temperature at a mid level power range on a Bandolin Sonoplus (Bandelin

scientific, Germany), and placed on ice.

2.6.2 Protein fractionation by SDS-PAGE

1) Proteins were separated using 10% polyacrylamide resolving gels in a Protean III system

(Bio-Rad, Germany) in 500mls of lx running buffer.

2) Protein samples were boiled in 5111Double strength sample buffer (DSSB) for IOminutes

before being electrophoresed.

3) Protein markers were used to estimate protein sizes

4) The gel was run for 15 minutes at 140 Y and at 200Y for an additional 30 minutes.

2.6.3 Transfer of proteins from SDS-Gel to nitrocellulose membrane

Proteins were transferred from polyacrylamide gels to Hybond-ECL membranes in l x transfer

buffer using Trans-Blot electrophoric transfer cells (Bio-Rad, Germany).

I) Six sheets of whatman 3MM filter paper and nitrocellulose membrane were cut according

to the dimension of gel and soaked in lx transfer buffer (pH 8.3).
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2) Following completion of SOS-gel electrophoresis, the SOS-gel was soaked in 1x transfer

buffer for a period of 5 minutes.

3) To aid protein transfer, three sheets of whatman 3MM filter papers were placed on the

anode electrode of the transfer rig. The SOS-gel was placed on top of the 3MM papers,

and nitrocellulose membrane was placed on top of the SOS-gel. Using a pipette, air

bubbles were squeezed out, and three sheets of 3MM filter paper were placed on top of

the membrane, and the cathode electrode was placed on top of the stack.

4) Transfers of proteins from gel to membrane were performed at 4°C overnight at 30V.

5) The following day, the membrane was stained with 10% Ponceau S solution for 15

minutes and destained with PBS solution. The gel was stained with coomassie blue for

10-15 minutes and destained with destaining solution. Both staining phases were

conducted to assess the efficiency of transfer of proteins from gel to membrane.

2.6.4 Immunoblotting for detection of C-FABP protein expression

1) In preparation of immunoblotting, membranes were incubated in 10mls of 5% protoblock

for 1 hour in order to prevent non-specific binding of primary C-FABP antibodies.

2) The membrane was then incubated in rabbit anti-human C-F ABP antibody at a 1: 200

dilution for 2 hours, and washed 3x 15 minutes in T-TBS.

3) The membrane was incubated in secondary antibody (horseradish peroxidase-conjugated

swine anti-rabbit immunoglobulin) at a 1:1000 dilution for 1 hour.

4) The membrane was washed for 3x 15 minutes in T-TBS.
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5) Probed antigens were visualised by Electro Chemical Luminescence system™ (ECL),

(Amersham). Reagents 1 and 2 were mixed I: 1 and pipetted onto protein face of

membrane for 1 minute.

6) Excess reagents were drained, and membrane was wrapped in saran wrap, placed in a

film cassette and exposed to Kodak film from 1minute to 20 seconds.

2.6.5 Immunoblotting for detection of actin protein expression

Antibodies against constitutively expressed actin protein were used to normalise any variation in

loading of protein samples.

1) Following detection of primary antibody expression by ECL detection, the membrane

was washed for 2x 15 minutes in T-TBS, and blocked for 1 hour with 5% protoblock.

2) After blocking, the membrane was incubated in actin antibody for 45 minutes at a 1:5000

dilution in l Omls 5% protoblock.

3) Post actin binding, the membrane was washed for 3x 15 minutes to remove all non-

specific bound antibodies.

4) The membrane was incubated with rabbit anti-mouse horse radish peroxidase conjugate

secondary immunoglobulin for I hour at 1: 1000 dilution in l Omls 5% protoblock.

5) The membrane was washed 3 x 15 minutes in T-TBS and bound actin probes were

visualised using ECL detection method
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2.7 SOUTHERN BLOT ASSAY FOR DETECTION OF C-FABPr EXPRESSION

Identification of sequences within genomic DNA is commonly achieved by the method of

transfer described by Southern, (1975). This process involves restriction of genomic DNA by

restriction enzymes and separation of DNA fragments according to size by agarose gel

electrophoresis. DNA fragments are denatured within the gel, and transferred onto nitrocellulose

membrane. Relative positions of DNA fragments are maintained upon transfer by cross linking

attached DNA to membrane via ultra violet light fixation. Attached DNA is then probed with

radio-labelled probes that are complementary to a specific fragment. Exposure of the membrane

to film identified the size, position and relative intensity of targeted sequence relative to a control

sample.

All materials and reagents used within this section are found in Appendix 1.5.

2.7.1 Extraction of genomic DNA from antisense transfectant and parental PC3M cells

Cells were harvested using tissue culture techniques described in Section 2.3.3. Extraction of

genomic DNA was achieved using Qiagen Genomic DNA extraction kit according to the

manufacturer's instructions.

1) Cells were counted and resuspended in PBS at a concentration of 107 cells 1m!.

2) 2ml of ice cold cell lysis buffer Cl and 6ml of ice cold distilled water were added to cell

suspension, mixed by inverting several times and incubated for 10 minutes on ice.
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3) Lysed cells were centrifuged at 1300 x g for 15 minutes at 4°C to pellet the nuclei, and

supernatant was discarded.

4) l ml of ice-cold lysis buffer Cl and 3 ml of ice-cold distilled water was added to lysed

cells to remove all residual cell debris from nuclear pellets.

5) Nuclei pellets were resuspended by vortexing before being spun at 4QC for 15 minutes at

1300xg.

6) The supernatant was discarded.

7) Sml of nuclear lysis buffer G2 was added to nuclei pellets to release genomic DNA and

homogenised by vigorous vortexing for 10-30 seconds at maximum speed.

8) 95f.l1of Qiagen Protease was added to resuspended nuclei and incubated at 50°C for 60

minutes.

9) Genomic-tip 100lG was equilibrated with 4ml of equilibration buffer QBT and left to

empty by gravity flow.

10) The extracted Genomic DNA samples were vortexed thoroughly at maximum speed for

10 seconds before being applied to the Qiagen genomic- tip. The solution was allowed to

enter the resin by gravity flow.

11) The Qiagen Genomic-tip was washed with 2 x 7.5 ml of wash buffer QC.

12) The genomic DNA was eluted with 5 ml of elution buffer QF.

13) The eluted DNA was precipitated by adding 3.5 ml room temperature isopropanol (0.7

volumes of eluted DNA) to eluted DNA. DNA recovery was by centrifugation at 25000

x g for 30 minutes at 4°C.

14) Supernatant was carefully removed.
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15) The DNA pellet was washed with 2 ml of cold 70% ethanol, vortexed briefly and spun

at 5000 x g for 10 minutes at 4°C.

16) Supernatant was carefully removed without disturbing pellets and left to air-dry for 10

minutes.

17) DNA pellets were resuspended in 0.5 rn1 of a TE Buffer (pH 8.0) and incubated at 55°C

for 1 hour to dissolve the pellet.

18) The yield and purity of extracted DNA from each cell line was determined using an

optical light spectrometer at 260nrn and 280nrn.

2.7.2 Digestion of genomic DNA from parental PC3M and antisense transfectant cells

A restriction digest was performed on PC3M parental cells, control PC3M-pSV transfectant

cells, pool of transfectant cells (PC-3M-P), and antisense trans feet ant PC3M-C-FABP 1 and PC-

3M-C-FABP 3 cells respectively.

1) A SOIlI restriction digest reaction was prepared. This consisted of l Sug of genomic DNA

from cell lines digested in 31ll of HindlIl (20U/IlI). 51ll of lOx buffer was added and the

remaining volume was made up using sterile deionised water. Restriction digest mix was

gently mixed before being incubated at 37°C for 2 hours.

2) Following digestion, the restriction digest reaction was heat inactivated at 65°C for 5

minutes.
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2.7.3 Agarose gel electrophoresis of digested DNA samples

Parental PC-3M celis, control transfectant cells, pool of transfectants and antisense transfectant

cells were separated by fragment size using agarose gel electrophoresis. A 0.8% gel was set up

using lx Tris-borate buffer (TBE buffer) and ran against DNA marker ill at 80V for I hour.

2.7.4 Southern blotting of DNA from gel to Hybond-N Membrane

1) DNA samples were denatured by placing the gel in O.05M NaOH solution and left to

soak for 20 minutes with gentle agitation.

2) The gel was placed in l x SSC solution for 45 minutes with gentle agitation.

3) During this incubation period, the transfer rig was set up (Figure 2.7.4).

Figure 2.7.4 Set up of Southern blot transfer of DNA from gel to membrane

Ix sse buffer

Weight
Filter paper

Nitrocellulose membrane

Gel

Paper hand towels

Glass pane
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4) 3MM filter paper was measured to fill the length and breadth of the transfer rig. 1x SSC

buffer was poured into the reservoir until the filter paper was wet through. During this

period, nitrocellulose membrane was soaked in l x sse for 5 minutes

5) Following gel incubation, the gel was placed on top of the filter paper and a sheet of

nitrocellulose membrane was placed on top of the gel.

6) To aid capillary action, a stack of dry paper towels were stacked on top of the filter paper,

and a heavy weight placed on this stack.

7) Transfer was left to blot over night for a period 15 hours.

8) Following overnight transfer, the membrane was washed in 6x sse for 20 minutes and

then subjected to UV light fixation of DNA to membrane for 3 minutes.

2.7.5 EXcising C-FABPr fragment from pSV-Neo plasmid

The pSV-Neo plasmid containing a reverse C-FABP fragment was restricted to liberate the

reverse C-FABP fragment using Xba 1 (1OU/IlI) and HindIlI (20U/lll) restriction enzymes.

1) A reaction volume of 60fll was set up consisting of 6fll lOx buffer, 2fll of Hindlll, 4fll of

Xba l , 20J,!gof plasmid DNA and made up to 60lll with deionised sterile water.

2) DNA samples were digested for 2 hours at 37°e and heat inactivated at 65°e for 5

minutes.

3) Following heat inactivation, DNA restricted the samples were loaded in a 0.8% tris-

acetate (TAE) low melting point agarose (LMA) gel and ran for 1 hour 45 minutes at

80Y.
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4) Using ethidium bromide staining, C-FABP fragment was identified and cut out of the gel

in order to extract genomic DNA from the gel slice (Figure 2.7.5).
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Figure 2.7.5 Double digestion ofpSV-C-FABPr and separation of samples by
agarose gel electrophoresis

5148
4268

564

pSV-Neo plasmid

C-FABP fragment

1 2

Lane 1 - DNA Marker III
Lane 2 _ pSV-C-FABPr digested with HindIlI and Xbal
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2.7.6 Isolation of C-FABPr genomic DNA from agarose gel

Isolation of C-F ABP DNA fragment from the pSV -Neo plasmid was conducted using the

Wizard" SV Gel and PCR Clean-Up System (Promega) and the protocol followed as specified

by the manufacturer.

1) Following electrophoresis, the DNA band corresponding to base pair size of insert was

cut from the gel and placed within a I.5ml microfuge tube and weighed

2) Membrane Binding Solution (MBS) per IOmg weight of gel slice was added to the

microfuge tube (Iug/ul)

3) The gel slice was vortexed and incubated at 50-65°C to dissolve LMA.

4) A SV Mini column was inserted into a collection tube and the dissolved LMA gel was

transferred into the mini column.

5) The column was spun at 16 OOOxg for 1 minute and the flow through was discarded.

6) 700111of Membrane Wash Solution (MWS) was added to the mini column, which was

spun at 16000 x g for 1 minute.

7) The flow through was discarded.

8) 700111of MWS was added to the minicolumn and spun at 16 000 x g for 5 minutes.

9) The minicolumn was transferred to a sterile I.Sml microfuge tube and SOOIlIof nuclease

free water was added to the minicolurnn.

10) The column was incubated at room temperature for 1 minute, and then spun at 16 000 x g

for 1 minute.

11) The minicolurnn was discarded and eluted DNA was stored at -20°C.
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12) 2111of eluted DNA against DNA Marker XIV and was run in a 0.8% agarose gel using

0.5 x TBE buffer. The results from this gel enabled quantification of eluted DNA.

2.7.7 Random-Primed Labelling of Probes

The C-FABPr probes were labelled with 32p_y_dCTP usmg a Random-primed labelling kit

(Boehringer Mannheim). Probe preparation was performed in accordance with the manufacturers

guidelines (Feinberg and Vogelstein, 1983; Feinberg and Vogelstein, 1984).

1) Probe DNA (2Sng) was denatured by boiling for 10 minutes.

2) Denatured probes were then cooled on ice for 2 minutes to prevent reannealing and

mixed with the following reagents in a microfuge tube on ice:

a. O.SmM of dATP, dGTP and dTTP respectively

b. 2111of reaction buffer

c. 20U Klenow enzyme

d. 30l1Ci 32p_y_dCTP

3) The reaction mixture was incubated at 30 minutes at 37°C, then boiled for 10 minutes,

and placed immediately on ice before being added to hybridisation solution.

2.7.8 Southern Hybridisation

To prevent non-specific binding, membranes were incubated in prehybridising solution. The use

of Denhardts reagent in the prehybridisation buffer enables blocking of non-specific attachment

of probes in future steps.
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1. The membrane was incubated with 25ml of pre-warmed prehybridisation buffer for 4

hours in a Techne glass tube at 42cC.

2. Following this incubation period, prehybridisation buffer was decanted, and replaced

with hybridisation buffer containing the radio-labelled probe and incubated overnight.

2.7.9 Washing membrane

Following incubation of radio-labelled probes, the membrane was washed in a series of stringent

washes to remove non-specific hybridised probes.

The membrane was washed in a series of washes. After each washing stage, the intensity and

localisation radio-labelled probes to RNA fragments were assessed using a Series 900 mini-

monitor GH.M Tube. When background signalling was sufficiently reduced (to between 5 - 10

counts/second), the membrane was washed in 3x SSC, blotted dry and wrapped in Saran cling

film wrap and exposed to Kodak film at -80cC.

Reagent Temperature Time (minutes)

2x sse, 0.5% sns Room Temp 5 minutes

2x sse, 0.5% sns Room Temp 15 minutes

O.lx sse, 0.5% sns 37cC 30 minutes

O.lx sse, 0.5% sns 68cC 30 minutes

O.lx SSPE Room Temp 5 minutes
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2.8 SOUTHERN BLOT ANALYSIS FOR DETECTION OF NEOMYCIN GENE

Southern blot analysis for the detection of neomycin gene expression was performed as

described in section 2.7. Neomycin resistance gene probes were prepared by restriction digest

ofpSV-Neo plasmid with BssffiI and HindIII to provide an 881bp DNA fragment.

2.9 CELL INVASION ASSAY

A cellular invasion assay was performed to assess the invasiveness of antisense transfectant cells

relative to highly malignant parental PC3M cells. The protocol used was based on previous

work performed by Smith et al. (1998). All materials and reagents used in this Section can be

found in Appendix 1.2.

2.9.1 Preparing standard curve for invasion assay

1) Cells were harvested as described in Section 2.3.3, and their numbers adjusted to 4 x 104

cellsl ml.

2) Using doubling dilutions, a standard curve for each cell line was prepared in a 24-well

plate (Nunclon). The cell numbers in the standard curve were as follows:

a. 4 x 1041 ml

b. 2 x 1041 ml

c. 1 x 1041 ml

d. 5xl03/ml

e. 2.5 x 103/ml
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f. l.25 X 103 I ml

g. 6.25 x 102 I ml

h.3.125xl02/ml

3) The cells were incubated for 24 hours at 37°C.

4) 200111of 5mgimI3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazoliurn bromide (MTT,

Sigma) was added to each well, and incubated for 4 hours at 37°C. MTT solution was

aspirated from wells and 400111of dimethyl sulphoxide (DMSO) was added to each well

to dissolve the formazan crystals at 37°C for 10 minutes.

5) Aliquots of 195111were transferred from each 24 well into a 96 well plate in duplicate.

6) The optical absorbance was measured using a Multiskan MS plate reader at 570nm.

2.9.2 Invasion assay

1) 151ll of extra-cellular matrix (ECM, Sigma) was applied to the membrane of 12mm

diameter filter inserts with a pore diameter of 121lm (Millipore) and evenly distributed

with a glass rod.

2) The inserts were heated at 37°C to polymerise the gels.

3) Cells to be assessed were harvested using TIE and adjusted to 6.40 x 104 I ml.

4) O.4ml of each cell suspension was placed in triplicate into each Millicell filter insert in a

24 well plate, and 0.6ml of routine cell culture medium, supplemented with 5% dialysed

stripped foetal calf serum, was added to each filter insert and incubated at 3T'C for 48

hours.
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5) Following the incubation stage, the surface of each filter insert was wiped thoroughly

with cotton buds.

6) 120).d MIT was added to each well and incubated for 4 hours at 37°C

7) The MIT solution was aspirated and formazan crystals dissolved with the addition of

400).l1DMSO at 37°C for 10 minutes.

8) Aliquots were transferred from each well into a 96-well plate in duplicate and the optical

absorbance measured with a Multiskan MS plate reader at 520nm. This enabled

regression analysis to be performed on absorbance values in order to determine cell

number.

2.10 TUMOURIGENICITY OF ANTISENSE TRANSFECTANT CELLS

2.10.1 Introduction in vivo work

In vivo assay was performed on 8-week-old male immuno-incompetent ICRF-Nude mice (Harlan

Ltd). Male ICRF nude mice were the in vivo model of choice as they had T-cell deficiency.

This characteristic proved to be favourable as an inhibited immune system reduced the

possibility of immune rejection.

Three groups of 8 mice were inoculated subcutaneously into the shoulder region of male ICRF

mice with control transfectant cells, PC3M-C-FABP-I and PC3M-C-FABP-3 cell clones

respectively. Measurements of tumour growth were taken weekly over the course of the

experiment by measuring tumour length, width and height. These measurements were applied to
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a formula: Lx Wx H x 0.5236 (Janik et al., 1975) that enabled tumour volume to be calculated.

All materials and reagents used in this section can be found in Appendix 1.6.

2.10.2 Inoculation of male immunoincompetent nude mice

1) Control transfectant cells and antisense transfectant PC3M-C-FABP 1 and PC3M-C-

FABP-3 cells were sub-cultured as described in section 2.3.3, and resuspended in 25x 106

cells/ml respectively in PBS.

2) Mice were inoculated subcutaneously in the shoulder region with 0.2ml (5x I06 cells) cell

suspension.

3) Tumour growth at site of inoculation was measured over a period of 6 weeks.

4) At 6 weeks, animals were culled and tumour tissue (where present) was removed and

fixed in 10% formalin for a period of 24 hours.

2.10.3 Processing of tumour tissue derived from mice

Tumour tissues dissected from mice were fixed in 10% formalin for a period of 24-hours. In

order to conduct immunocytochemical analysis, tissues were dehydrated and impregnated with

paraffin wax to preserve tissues and provide a solid support for tissue sectioning.

1) Animal tissues were fixed overnight in 10% formalin.

2) The following day, fixed tissue samples were trimmed and placed within embedding

cassettes and processed on a Shandon processor.

3) Following this, the tissues were washed for:

a. 1 x 1 hour wash in 70% ethanol
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b. 1 x 1 hour wash in 90% ethanol

c. 4 x 1 hour washes in absolute ethanol

d. 3 x 1 hour washes in xylene

e. 2 x 1.5 hour washes in paraffin wax (60°C)

4) Processed tissues were embedded in paraffin wax at 60°C and cooled on ice.

5) Paraffin embedded tissues were cut into 41lm sections as described in Section 2.2.2.

6) Some of these sections were stained with Gill's haematoxylin and eosin as described in

Section 2.2.3, and the other sections were immunohistochemically stained for the

detection of C-FABP. This was performed as described in Section 2.2.4.

2.10.4 Immunohistochemistry for the detection of VEGF Expression in mice tumour tissue

Immunohistochemistry for the detection of vascular endothelial growth factor (VEGF) was

perfonned on mouse tumour derived tissue sections, and utilised the same methodology as

described in Section 2.2.2 and Section 2.2.4. Primary anti- VEGF sera (Santa Cruz

Biotechnology) was used at a dilution of 1:500, and incubated in a HRP-conjugated polymer.
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2.10.5 Immunohistochemistry for the detection of Factor VIII-related antigen in mice

tumour tissue

Immunohistochemistry for the detection of Factor VIII-related antigen was performed on the

same mouse tumour derived tissue sections using the methods described in Section 2.2.4 and

2.2.5. In this instance, an avidin-biotin complex (Dako Ltd, Ely UK) was used. These sections

were stained with rabbit anti-Factor VIII-related antigen serum (Dako Ltd) at a dilution of

I: 1000 and then with donkey anti-rabbit immunoglobulin conjugated to biotin (Amersham

International), and visualised with an avidin-biotin complex system (Oako Ltd).

2.11 NORTHERN HYBRIDISATION ASSAY

Northern hybridisation enables separation of RNA by electrophoresis on a denaturing gel,

Northern transfer onto nitrocellulose membrane (Goldberg, 1980; Seed, 1982; Thomas, 1980)

and hybridisation of radio-labelled probes to RNA samples.

RNA was extracted from cells using a Qiagen RNeasy ® Midi preparation kit according to the

manufacturers' instructions. All materials and reagents in the section can be found in Appendix

1.7.

2.11.1 RNeasy ® Midi preparation of RNA

1) Cells were harvested using tissue culture techniques described in section 2.3.3.
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2) Cell pellets were then disrupted by the addition of 2ml Buffer RLT containing 201-11of

beta-mecaptoethanol (BME).

3) The cells were then homogenised for at least 45 seconds at maximum speed then 2ml of

70% ethanol was added to the homogenised lysate and vortexed.

4) The samples were then applied to an RNeasy midi column and centrifuged for 5 minutes

at 3000 -5000 x g at room temperature.

5) The supemantent was discarded and 4mls of Buffer RWI was added to the column and

spun for 5minutes at 5000 x g to wash the column.

6) The flow through was discarded and the column was washed twice using 2.5ml Buffer

RPE and centrifuged for 5 minutes at 5000 x g.

7) Following this washing cycle, the RNA bound to the midi column was eluted by addition

of 250111of Rnase-free water into the column and left to stand for 1 minute at room

temperature.

8) The columns were spun at 5000 x g, and the flow through was transferred back into the

column, left to stand for a minute and then spun for 3 minutes at 5000 x g at room

temperature

9) The eluted RNA was collected in 1.5ml sterile RNase free tubes and stored at -20°e.

2.11.2 Precipitation of RNA

1. Following isolation of RNA using Qiagen RNeasy midi kit extraction protocol, RNA

samples were concentrated by addition of Ill0th the eluted volume of 3 molar sodium

acetate (pH5.0) and 2 x eluted volume of ice cold 100% ethanol.
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2. This was vortexed to mix, and precipitated overnight at _20De.

3. The RNA was pelleted 15 000 x gat 4DC for lO minutes.

4. The supernatant was removed, and RNA pellet was resuspended in 32f.!! of RNase free

water.

5. The concentration of each extracted RNA sample was obtained using a

spectrophotometer at 260nm and 280nm.

6. Precipitated RNA samples were stored at -20°e.

2.11.3 Preparing denaturing gel electrophoresis

A 1% agarose denaturing gel containing formaldehyde was prepared. This method was adapted

from Goldberg, (1980); Seed, (1982).

l) 0.5g of agarose powder was mixed with 40mls of diethyl pyrocarbonate (DEPC) treated

water. This was heated in the microwave until agarose had melted.

2) 0.1M 3-(N-morphoiino) propanesuiphonic acid (MOPS, pH 7.0) and 4111formaldehyde

was added to melted agarose and cast into a gel rig to polymerise.

2.11.4 Sample preparation for denaturing gel

1) Each RNA sample (20f.!g) was prepared by the addition of 2fJ.1of lOx MOPS buffer, 4~d

of formaldehyde, IOf.!I of formam ide respectively.

2) This was boiled for 10 minutes and cooled on ice for 2 minutes.
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3) 5).11of loading buffer was added to samples, loaded into gel and run against an RNA

marker for 15 minutes at 40V, and 1 hour at 75V.

2.11.5 Northern transfer of RNA

The transfer of RNA from gel to nitrocellulose membrane was based on Thomas, (1980); White

and Bancroft, (1982) and follows the method detailed in Section 2.7.4. The transfer was left to

run overnight. The following day, the membrane was removed from the transfer rig and washed

in 6xSSC for 5 minutes. Excess liquid was drained, and RNA was fixed to the membrane by UV

fixation. The membrane was stored at 4°C.

1) VEGF probe preparation was performed using random-primed labelling method

(Boehringer Mannheim Biochemica). The probes (25ng) were radio-labelled with [a-

32p]dCTP as described in Section 2.7.7.

2) The membrane was prehybridised for 4 hours at 42°C in prehybridisation buffer to

prevent non-specific probe attachment, then hybridised to radio-labelled VEGF probes

overnight at 42°C in a Techne hybridisation oven.

3) The following day, the membrane was put through a series of washes as described in

Section 2.7.9 and exposed to Kodak XAR-5 film with an intensifying screen for 24 - 36

hours.
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2.12 SECTION TWO: RNA INTERFERNCE METHODOLOGY

2.12.1 Cell lines and cell culture conditions

The cells lines used in this section of the study were the PC-3 metastatic variants cells PC-3M

(Section 2.3.1). Additionally, LNCaP prostate cancer cell lines were used within this thesis.

These cell lines were derived from biopsies of lymph node metastasis from a patient with well-

differentiated prostatic adenocarcinoma (Horoszewicz et al., 1983; Webber et al., 1997). These

cells were classified as androgen dependent, weakly malignant, prostate cancer cells and

represent early stage malignancy in prostate cancer cell line model (Horoszewicz et al., 1983).

Materials and reagents can be found in Appendix 1.8.

2.12.2 Introduction to RNAi

RNA interference (RNAi) works along similar principles of homologous sequence recognition

and cleavage as antisense technology. RNAi is an evolutionary conserved defence mechanism

used by eukaryotic cells to guard against exogenous nucleic acid or viral attacks. Introduction of

long double stranded RNA into eukaryotic cells initiates the RNAi pathway in which RNase III,

a member of the Dicer family of endonucleases, cleaves long double stranded RNA into small

interfering RNA (siRNA) segments approximately 21- 23bp in length. siRNA are incorporated

into a RNA Induced Silencing Complex (RISC) (Caplen et al., 2001; Elbashir et al., 200 I). The

double strand is unwound, and the sense strand is discarded whilst simultaneously activating the

RISC complex containing the remaining antisense strand. This strand acts as a locator for any
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homologous sequences within the transcriptome and are subsequently cleaved to produce target

specific long term gene silencing (Brummelkamp et al., 2002).

All materials and reagent used in this section can be found in Appendix 1.9.

2.12.3 Designing siRNA Silencing Construct

Figure 2.12.3 siRNA silencing construct

Oligo -1 Sense strand

5' - ACTCAGACTGTCTGCAACTTTCAAGAGAAGTTGCAGACAGTCTGAGT'" TT - 3'

sense sequence loop seq antisense sequence Termination sequence

Oligo - 2 Antisense strand

S'AATTAAAAAAACTCAGACTGTCTGCAACTTCTCTTGAAAGTTGCAGACAGTCTGAGTGGCC3'
EcoRI T. seq sense sequence loop seq antisense sequence Apal

Short DNA mOlecule

3' - CCGGTGAGTCTGACAGACGTT GTTCTCTTCAACGTCTGTCAGACTCMt.:,:,,;:. TTAA - 5'
5' - ACTCAGACTGTCTGCAACmCAAGAGAAGTTGCAGACAGTCTGAG"" '" - 3'

Apal Sense sequence loop seq antisense sequence T.Seq EcoRI

1) A unique 19nt sequence located at the 5-prime end of the C-FABP gene was chosen as

the siRNA target site. This site was immediately downstream from an AA dinucleotide

sequence. The uniqueness of the 19nt sequence was confirmed by blast searching the

sequence to ensure that it held no specificity towards any other human or mouse

sequence. The silencing construct is homologous to the C-FABP gene 253bp from the 5

prime end. The entire C-FABP nucleotide gene sequence is 662bp in size.
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3) Upon receipt of the synthesised oligonucleotides, they were resuspended in 60lll TE

buffer at pHS.O to a final concentration of S.21lg/1l1for the sense oligonucleotides and

6.911lg/lll for the antisense oligonucleotide

2.12.4 Annealing sense and antisense oligonucleotides

1) To anneal both oligonucleotides together, the oligonucleotides were diluted to IIJ.g/1l1

with TE buffer.

2) Then, 2111of each oligonucleotide was added to 46111of annealing buffer, mixed and

incubated at 37°e for 1 hour.

3) The samples were stored in -20oe freezer.

2.12.5 Making competent DH5a bacterial cells

E.Coli (OHSa) competent cells were prepared in accordance with the method detailed in Cohen

et al., (1972).

I) E.Coli bacterial cell (OHS-a) glycerol stocks were streaked onto LB-agar plates and

incubated at 3rC overnight.

2) The following day, plates were removed from the incubator and a single colony was

transferred into individual conical flasks containing 10mis Liquid Broth (LB) medium.

3) This flask was incubated overnight in 3T'C and 300rpm.

4) The following morning, overnight cultures were transferred into lOOmis LB medium and

incubated at 37°C and 300rpm for several hours until LB medium appeared cloudy.
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5) Optimum bacterial yield was obtained when bacterial cells were judged to be

proliferating in the log phase. This corresponded to an optical absorbance value

(00600) I-I.Snm.

6) Following this, bacterial cultures were divided into 4 x 2Sml aliquots and left on ice for

10 minutes to cool.

7) After the incubation period, they were spun at 1100 x g for 10mins in 4QCin a centrifuge.

8) The supernatant was discarded, and bacterial cell pellets were resuspended in 8.2Smls

RFI calcium chloride glycerol buffer and incubated on ice for 10 minutes.

9) Resuspended cells were spun at 1100 x g for 10minutes at 4QC. The supernatant was

discarded and cell pellets resuspended in 2mls of RF2 calcium chloride glycerol buffer.

10) The resuspended cells were aliquoted into 1ml cryo-tubes and were flash frozen in liquid

nitrogen, and stored in -80QC freezer.

2.12.6 Restriction double digest of pSilencer 1.0-U6 vector

The pSilencer 1.0-U6 vector was purchased in a circularised form from Ambion®. In order to

insert the silencing construct designed in Section 2.12.2, the vector was linearised by a double

digest using ApaI and EcoRI restriction enzymes. This produced two fragments of

approximately 3249bp and 42bp. As Apal and EcoRI restriction enzymes had different optimal

temperature ranges, two sequential single digests were conducted. The digestion would leave the

plasmid unable to reanneal as remaining nucleotide over hangs would lose complimentary

(Figure 2.12.6).

94



plasmid unable to reanneal as remaining nucleotide over hangs would lose complimentary

(Figure 2.12.6).

Figure 2.12.6 Restriction map of pSilencer vector

(I)
(3) Baa,bol (''''~8J

F10rigin

",,,,,. (658)

BimHI !~75)

pSilencer 1.0-U6

3292 bp
'. mOU5eU6 Promotllr

(990,
"pal,9SS) I
Hlndlll (1D21) :
EocR' (1033) I
S I (10.7) I

B3.nHI (1050

Point of restriction to produce
2 fragment sizes 3249bp, and 42bp

CoIE1oriliin

Restriction map of pSilencer vector. Linearising the vector enabled the
insertion of the silencing construct, and re-circularising of the vector to form a
recombinant vector.

1) To linearise the pSilencer vector, a restriction enzyme reaction mix was prepared. This

consisted of 81lg of plasmid DNA in 351ll of water, 6111of lOx buffer, and 30units of

EcoRI restriction enzyme were added to the reaction mix. This was mixed thoroughly

and incubated for I hour at 37°C

2) Following this, 60Jl.g of BSA and 30units of ApaJ were added to the reaction mix and

incubated at 25°C for 1 hour.

3) Once the sequential single digest was completed, the enzymes were heat inactivated at

65°C for 5 minutes.
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2.12.7 Agarose gel electrophoresis

I) A 0.7S% agarose electrophoresis gel was prepared m O.Sx TBE and SI-ll ethidium

bromide.

2) The digested samples (Sill) were run against an undigested sample (Sul). 2f.l1 of loading

buffer was added to the digested and undigested samples respectively and loaded in the

gel.

3) The samples were run at SOY for 1 hour using IxTBE running buffer, and confirmation

of predicted restriction fragment lengths was performed on a transilluminator at 302nm

filter.

4) The digested samples were stored at -20°C for future use (Figure 2.12.7).
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M SCC SCC RPC RPU SCU

3530bp

2027bp

1904bp

M -Marker
SCC - Supercoiled cut plasmid
RPC - Recombinant plasmid cut
RPU - Recombinant plasmid uncut
SCU - Supercoiled plasmid uncut

Figure 2.12.6 Gel electrophoresis showing generated recombinant pSilencerl.O - U6 plasmid.

To confirm insertion of silencing construct into pSilencer plasmid, a restriction digest was

performed. Lanes 2 and 3 represent the super-coiled plasm ids that were double digested with

Apal and EcoRl restriction enzymes to produce fragments of approximately 3249bp and 42bp

(the smallest fragment cannot be seen). As insertion of the silencing construct occurred within

the multiple cloning site, the ApaI and EcoRI restriction sites are lost and double digests of

recombinant plasm ids (lane 4) produce similar fragment dispersal patterns as unrestricted

recombinant plasm ids and super-coiled plasm ids (lanes 5 and 6 respectively).
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2.12.8 Isolation and purification of Iinearised pSilencer plasmid DNA from agarose gel

Isolation of plasmid DNA was conducted using the Wizard® SY Gel and PCR Clean-Up System

(Promega), and the protocol followed is as specified by the manufacturer.

1) The circularised pSilencer plasmid is linearised by restriction digest with EcoR and ApaJ,

and electrophoresed using 1% low melting point agarose (LMA) and 1x TAE running

buffer, the recommended buffer used for low melting point agarose gels.

2) The samples were loaded and ran for 1hr at 80Y.

3) Once complete, the gel was visualised at 302nm on a UV transilluminator.

4) Following electrophoresis, the pSilencerl.O-U6 plasmid (3249bp) was cut out of the gel,

and placed in a 1.5ml microfuge tube and weighed.

5) 10111of Membrane Binding Solution (MBS) was added to the microfuge tube per 10mg

weight of gel slice is added to the microfuge tube.

6) The gel slice was vortexed and incubated at 50-65°C until the gel slice was dissolved.

7) A SV Mini column was inserted into a collection tube and the dissolved gel was

transferred into a mini column.

8) Each column was spun at 16 000 x g for 1 minute and the flow through was discarded.

9) 700111 of Membrane Wash Solution (MWS) was added to each mini column, and

centrifuged at 16000 x g for I minute.

10) The flow through was discarded.

11) 700111of MWS was added to the minicolumn and spun at 16 000 x g for 5 minutes.

12) The minicolumn was transferred to a sterile 1.5ml microfuge tube and 500111of nuclease

free water was added to the minicolumn.
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13) The column was incubated at room temperature for 1 minute, and then spun at 16 000 x g

for 1 minute.

14) The minicolumn was discarded and the eluted DNA was stored at -20°C.

2.12.9 Ligating silencing construct with pSilencer plasmid

To create a recombinant vector containing a silencing construct, the short DNA molecule was

directionally cloned into plasmid DNA in the correct orientation. To do this, a ligation reaction

experiment was performed in which the insert to plasmid ratio was at 3: 1 to ensure that the rate-

limiting step of this experiment was dependent upon the amount of plasmid present and not the

insert.

1) This experiment was performed by the addition of 300ng of the short DNA molecule and

100ng of pSilencer vector to l21l1 of deionised sterile water. 21ll of T4 DNA ligase

buffer and I III ofT4 DNA ligase were also added to the reaction mix.

2) The ligation reaction was incubated at 16°C overnight.

2.12.10 Transformation of DHS-a bacterial cells

1) A vial of competent cell DH5a bacterial cells was removed from the -800 C freezer and

thawed on ice.

2) Once suitably thawed, 2x200lll aliquots were transferred into two separate tubes removed

and placed in Falcon 20 tubes to make control and experimental groups.
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3) Then, 20ng of recombinant plasmid DNA (formed by ligation of silencing construct,

Section 2.12.8) was added to the experimental group vial. This was flicked gently to mix

and both tubes were placed on ice for 30 minutes.

4) Both tubes were transferred to a 42°C water bath for exactly 90 seconds, and placed on

ice again for a further 2 minutes.

5) 800J.ll of SOC medium was added to both tubes, gently shaken and incubated at 37°C for

I hour at 200rpm.

6) During this period, LB-agar plates were removed from the fridge and placed In an

incubating oven at 37°C to warm up.

7) 50J.lI from control and experimental groups respectively were plated on two separate

plates containing 60J.lg/ml ampicillin.

8) The cultures were spread across the surface of the LB-agar and incubated at 37°C

overnight.

9) The following day, a single colony was transferred into flasks containing l Omls LB

medium and 60J.lg/ml ampicillin and left to grow overnight at 37°C and 200rpm to

amplify bacterial cells.

10) The following day, bacterial cells grown in IOm1s LB medium are transferred to lOOmIs

LB medium containing 60J.lg/ml ampicillin, and grown for 3 - 4 additional hours in 37°C

and at 200rpm. To ensure optimum plasmid extraction, bacterial cells were lysed when

they were replicating in the log phase and had attained an 00600 of l-l.3nm.

100



2.12.11 Midi-prep extraction of plasmid DNA

Extraction of plasmid DNA was conducted using an extraction kit prepared and distributed by

Qiagen. The following protocol was carried out as specified by the manufacturers.

I) Transformed bacterial cells were amplified till OD6oo value was within I - I.3nm.

2) Following this, bacterial cells were harvested by centrifuging for I5minutes at 4°C at

6000 x g.

3) The supernatant was discarded and remaining bacterial pellets were resuspended in 4mls

of buffer Pt.

4) The bacterial cells were lysed with the addition of 4ml of lysis buffer P2, inverted 4 - 6

times and incubated at room temperature for 5 minutes.

5) After this incubation period, 4ml of pre-chilled P3 neutralising buffer was added, mixed

immediately by inverting 4 - 6 times, and incubated for 15 minutes before being

centrifuged at 20, OOOxg for 30minutes at 4°C.

6) The supernatant containing plasmid DNA were promptly transferred to fresh tubes and

spun at 20, 000 x g for 15 minutes at 4°C.

7) Whilst the centrifuge was running, the Qiagen 100 tips are equilibrated by applying 4ml

equilibration buffer QBT and allowed to flow through under gravity.

8) Once the tip was equilibrated, the supernatants containing plasmid DNA were decanted

into the Qiagen column and allowed to flow under gravity, enabling the plasmid DNA to

be held by resin.

9) The flow through was discarded, and the Qiagen column was washed with 2x IOml wash

buffer QC.
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10) The DNA was eluted from the resin with Sml of elution buffer QF.

11) The eluted DNA was precipitated with 3.Sml isopropanol, mixed and spun at 20 000 x g

for 2hrs at 4DC.

12) The pellet was resuspended in 1ml of 70% ethanol, gently flicked to dislodge the pellet,

and transferred into I.5ml microfuge tubes, which are spun at 15 000 x g for IOminutes at

4De.

13) The supernatant was removed and the pellet was air-dried and resuspended in I51.d TE

buffer pH 8.0.

14) The concentration and quality of plasmid DNA was calculated using a spectrophotometer

to measure the ratio of 00260: 00280.

15) Extracted plasmid was stored in _20De.

2.12.12 Sequence analysis of recombinant pSilencer1.0-U6 plasmid

The sequencing analysis was conducted by usmg an internal pSilencerl.0 U6 T3 generic

sequence primer to sequence the cloning site of the plasmid.

A T3 primer sequence was synthesised (5' - ATTAACCCTCAGTAAAGGGA - 3') by

Invitrogen TM before being diluted (200ng/lll) and prepared for sequencing at the Liverpool

School of Tropical Medicine.
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HTT HHAACTCAGACTGTCTGCAACTTCTCTTG AAAGTTGCltGACAGTCTGAG TG CC~AAI\CAAGG

Figure 2.12.12 Electropherogram of control (a) and recombinant pSilencer
plasmid (b).
(a) Control plasmid showing the regions of the multiple cloning site which were
excised by restriction digestion and insertion of silencing construct (b). The point
of insertion and the sequence of insertion corresponds to the silencing construct.
Automated sequencing was performed using internal primers in vector
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2.13TRANSFECTION AND IN VITRO ASSAYS OF siRNA TRANSFECT ANT CELLS

Transfection of recombinant pSilencer plasmid into human prostate cancer cell lines, PC3M, was

performed using calcium phosphate co-precipitation method described in Section 2.5. Two sets

of transfections were performed, a control transfection whereby a control non-recombinant

pSilencer vector was inserted within cancer cell. The second was an experimental transfection.

In this case, recombinant pSilencer was co-transfected with a selective marker (pSV2-Neo) into

human cells in a I: I 0 ratio. This meant that for every selective marker successfully transfected,

10 recombinant vectors would also enter the cell. A co-transfection was performed due to a lack

of a selective marker on the pSilencer plasmid.

Upon transfection, 10 colonies were isolated by ring cloning, and of these colonies, PC3M-3

demonstrated a >95% reduction in C-FABP expression.

2.13.1Western Hybridisation assay

A western hybridisation assay was performed on parental PC3M cells, and siRNA transfectant

PC3M-2 - PC3M-6 clones as described in Section 2.6 for the detection of C-FABP protein

expression. The total cellular protein was isolated as whole-cell lysates from cell lines by lysis

in hot 2x SOS lysis buffer. Proteins were run on a 10% SOS-PAGE gel, and transferred onto

nitrocellulose membrane. Primary antibody immunoblotting was performed on proteins using

rabbit anti human C-FABP at a 1:200 dilution, followed by horseradish peroxidase -conjugated

swine anti rabbit immunoglobulin, diluted at 1:1000. Expression levels of C-F ABP were

determined by ECL detection.
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2.13.2 Northern Hybridisation assay of siRNA transfectant cells

A Northern hybridisation assay was performed on parental PC3M cells, and siRNA transfectant

PC3M-2, PC3M-3 and PC3M-6 clones as described in Section 2.11 for the detection of mRNA

C-FABP expression.

15J.lgof total RNA per sample was electrophoresed under denaturing conditions, transferred to a

nitrocellulose membrane and hybridised with C2P]dCTP-labelled C-FABP cDNA probe. Radio-

labelled C-FABP probes were prepared using a random primed labelling system (Boehringer

Mannheim). The hybridised membrane was exposed to Kodak film for a period of 24-36 hours.

2.13.3 siRNA transfectant cell proliferation assay

2.13.3.1 Preparation of dialysed Foetal Calf Serum

Feasibility tests for cellular proliferation had shown that parental PC3M cells and siRNA

transfectant PC3M-2 cells had rapid rates of proliferation in the initial phases of the assay. To

counter this, foetal calf serum (FCS) was dialysed (Cellu-Sep, USA) and charcoal stripped of

hormones. Dialysed and charcoal stripped medium lacks components required for cellular

proliferation such as steroid hormones, resulting in reduced cellular proliferation and improved

levels of comparison among parental PC3M and siRNA transfectant cells. All reagents and

materials can be found in Appendix 1.2

Foetal calf serum was dialysed in the following way:

1) lOOmis of frozen Foetal Calf Serum (FCS) was thawed at 37°C.
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2) Sx SOcm strips of cellulose dialysis tubing membrane (molecular weight cut-off: 3.SkDa)

were cut up and placed in a SOOrnl glass beaker and filled with SOOmls of deionised

water.

3) These strips were boiled for 3x 10minutes, replacing the quantity of water each time.

4) Upon completion, the strips were cooled in SOOmls of fresh deionised water and tied at

one end in a double knot.

5) The thawed FCS was added at 20ml/strip and double knotted at the other end, then placed

in S litres of Ix dialysis buffer.

6) The dialysis buffer was placed in a cold room at 4°C and left to gently stir overnight.

7) The following day, the FCS filled cellulose membranes were placed in fresh l x dialysis

buffer and placed in a cold room at 4°C and left overnight to gently stir.

8) The following day, the serum was collected in a measuring cylinder and the volume

noted; then activated charcoal was added to the volume of stripped FCS at 10mglml.

9) This mixture was left to stir at room temperature on a magnetic stirrer for 1hr.

10) Once time had elapsed, the mixture was centrifuged at 2800 x g for 10minutes to separate

the charcoal from stripped FCS.

11) The supernatant was collected and filtered through a 0.22micron Millipore filter, divided

into 20ml aliquots and stored in a-20° C freezer for future use.
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2.13.3.2 Preparation of standard curve

I) Using 175cm2 cell culture flasks, cells were cultured to 80% confluence.

2) Androgen positive medium was prepared. This consisted of RPMI 1640 cell culture

medium (500ml) supplemented with Penicillin/Streptomycin 1001U, Hydrocortisone/

Testosterone SOng/ml, 4% FCS and 8mM L-Glutamine. With the exception of

hydrocortisone/testosterone, the androgen negative medium consisted of the same

ingredients at the same concentration. In previous attempts at his experiment, cells were

cultured in 10% FCS. However, they achieved confluence rapidly, and the experiment

was discontinued. A 4% FCS supplementation was used to reduce cellular proliferation

in order to attain a better resolution of cellular proliferation at the initial phase of the

assay.

3) 24-hours before the onset of the assay, all cells were treated with an equal volume of

androgen negative medium and incubated overnight at 37°C and 5% C02.

4) The following day, each cell line was harvested and resuspended in l.Oml aliquots of

PBS.

5) Each cell line aliquot was counted using a haemocytometer and adjusted to a density of

2.56x 105 /rnl, then divided into two aliquots of 1.28x 105 /ml for the androgen positive and

negative conditions respectively.

6) A standard curve was prepared In serial dilution fashion. In the androgen positive

condition, 1ml of cells (6.4x 104) were seeded into a 24-well plate. This represented the

highest concentration of cells in the standard curve. The following concentrations

serially diluted to correspond to the below dilutions:
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a. 6.4x 104

b. 3.2xl04

c. 1.6x 104

d. 8xl03

e. 4xl03

f. 2xlOJ

7) Cells were plated in 24-well plates in duplicate and incubated overnight at 37°C and 5%

CO2•

2.13.3.3 Preparing cell proliferation assay

The proliferation assay was prepared on the same day as the standard curve was prepared.

Each cell line was harvested, counted with a haemocytometer and plated in triplicate in 24-well

plates at a cell density of 1x 103cells/well for the androgen positive negative and androgen

negative condition.

1) Proliferation assay was set to run for 6 experimental days, colorimetric measurements

were taken every day; hence 6 x 24-well plates were seeded to enable measurements on

each experimental day.

2) The cells were incubated at 37°C and 5% CO2.

2.13.3.4 MTT assay for standard curve and proliferation assay

On the following day, standard curve and proliferation assay measurements were performed by

MTT assay. MIT is a yellow coloured liquid chemical that is incorporated into mitochondrion of

a cells and oxidised into a soluble blue dye know as formazan. Formazan forms blue crystals in
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the cell cytoplasm. Addition of DMSO causes the Fonnazan crystals to dissolve, leaving a

coloured liquid. Optical density of cell population numbers was measured on a Multiskan MS

plate reader at 570 nm. A standard curve was constructed by plotting OD (570nm) against cell

density. The cell density of the test samples was determined by extrapolating from the standard

curve.

1) MIT stock solution was prepared to a concentration of Img/ml and this was diluted to a

working concentration of 1mg/m!.

2) MIT was added to standard curve cells and proliferation assay cells, incubated at 37°C

and 5% CO2 for 4hrs, and gently aspirated to avoid dislodging cells.

3) OMSO (400IlI) was added to each well and incubated for 10 minutes until the fonnazan

crystals had dissolved.

4) The DMSO in each well was mixed by pipetting up and down, and 2 x 195111of the blue

coloured liquid from each well of the 24 well - plate was transferred in duplicate to a 96-

well plate.

5) Leaving one space blank into which 1951ll DMSO was added, the optical density is

measured at 570nm.

6) The results obtained from the Multiskan plate reader, a standard curve of optical

absorbance against known cell numbers was constructed. Optical absorbance values

obtained for the proliferation assays were converted into cell numbers per well per

condition by regression analysis.
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2.13.3.5 Soft agar assay

The soft agar assay is conducted in order to test tumourigenicity and ability parental and siRNA

transfectant cells to form tumours in a sub strata free environment (Chien et al., 1999). The

more malignant a tumour cell, the greater its ability to form clusters of cells. In this experiment,

parental PC3M cells and siRNA transfectant cells were cultured within an agarose suspension in

order to determine their tumourigenic potential to migrate and form colonies of cells. This

method describes the preparation of the androgen positive condition.

1) SOmis 2% low melting point agarose (LMA) gel using Tris-acetate buffer (TAE buffer)

was prepared and left to cool in a water bath at 3rC .

2) After cooling, 3ml of 2% LMA was mixed with 3m] routine cell culture medium and

plated in a 6-well plate in triplicate per sample under sterile conditions.

3) The gel was placed at 4°C to cool and solidify.

4) During this period, the untransfected PC3M and LNCaP; and siRNA transfected PC3M-2

and PC3M-3 cell lines were harvested using TrypsinlEDTA as described in Section 2.3.3

and adjusted to 5x 103 cells/rnl.

S) 1ml of cells (Sx103 cells) was mixed with O.Sml routine cell culture medium and 0.5 ml

2% low melting point agarose, and plated on top of the preset bottom layer, then placed

in 4°C to solidify the gel.

6) Once the top layer of gel was set, the 6-well plates were placed in an incubator at 37°C

and 5% C02, and checked every 24hrs for colony formation for the duration of

experiment.
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This assay was conducted using androgen positive culture medium and androgen negative

culture medium to determine whether testosterone supplementation affected tumour colony

formation in vitro.

2.14 TUMOURIGENICITY OF siRNA TRANSFECT ANT CELLS

2.14.1 Introduction to in vivo assay

The previous antisense tumourigenic assay was performed to assess the effect of suppressed

levels of C-F ABP on tumourigenicity using antisense transfectant cells. This assay was

performed to determine whether a combination of suppressed C-FABP expression and inhibited

androgen signalling affected tumourigenicity and metastasis in our test group relative to control

group. 4 groups of 4 male immuno-incompetent CD-l nude mice (Harlan, UK) were used in this

study. Groups A and B consisted of non-castrated nude mice inoculated subcutaneously with

parental PC3M cells and siRNA transfected PC-3M-3 cells respectively. Groups three and four

consisted of castrated nude mice inoculated orthotopically into the prostate with parental PC-3M

cells and RNAi transfected PC-3M-3 cells. Group A and B mice were inoculated with 2x 106

cells, whereas groups C and 0 were inoculated with lxl06 cells. The difference in cell numbers

was due to experimental error in which cell pellets were lost in the morning that groups C and 0

were to be inoculated.
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2.14.2 Inoculation of male immunoincompetent nude mice

I) Parental PC3M cells and siRNA transfectant PC3M-C-F ABP-3 cells were sub-cultured

as described in Section 2.3.3, and resuspended in lOx I06 cells/ml respectively in PBS.

2) Mice were inoculated subcutaneously in the shoulder region with 0.2ml (2x 106 cells)

3) The growth of tumours at the site of inoculation was measured over a period of 6 weeks.

2.14.3 Castration procedure of immunoincompetent mice

In order to create an androgen negative group, mice in groups C and 0 were castrated.

1) Mice were transferred to the bio-surgery department were they were administered

anaesthetic (isoflurane and oxygen, nitrous oxide mix) and analgesia (temgesic-

buprenophine 0.3mglml).

2) Mice were swabbed with iodine around the abdomen, hindquarters and genital area and

two small incisions were made on either side of the scrotum, and each testis was gently

eased out of the scrotum and a clamp was applied below each testis.

3) Suturing material was used to tie of the gubemaculums and the testis was removed.

4) The scrotum was sutured and mice were taken to the postoperative room for recovery.

5) The grooming, eating and excretory habits of each mouse were monitored post

operatively to assess their recovery over the following week.
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2.14.4 Orthotopic inoculation of immunoincompetent mice

Mice that were castrated a week previously were brought into the operating room to be

othortopically inoculated with parental PC3M cells or siRNA transfectant PC3M-3 cells.

1) Each mouse was administered isoflurane anaesthetic gas and temgesic-buprenophine for

pain relief.

2) Mice were swabbed with iodine around the abdomen, hind quarters and genital area, and

an incision was made in the lower abdomen using a pair of scissors and forceps.

3) As the prostate gland is located just below the bladder it was used for orientation.

Inoculation of parental cells and siRNA transfectant cells were targeted to the dorsal and

lateral regions of mice prostate glands.

4) Upon cancer cell delivery, the wound was sutured and the mouse was placed in a post-

operative recovery room and monitored.

5) Over the period of experimentation, mice were monitored twice weekly for loss of

appetite, poor grooming or general malaise.

6) At the end of the experiment, mice were sacrificed by dislocation of cervical vertebrae.

Dissections were performed to remove primary tumour tissue (where available), heart,

lungs and liver and these were placed in 10% formalin tissue fixative.
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2.14.5 Haematoxylin and eosin staining of mice tissue

Processing of mice tissues were performed as described in Section 2.10.3. The paraffin

embedded tissue was sliced into sections 41lm thick and placed onto slides as described in

Section 2.2.2, and stained with Haematoxylin and eosin as described in Section 2.2.3.

Two pathologists assessed the tissues in order to identify tumour cells within tissue.

2.15 STATISTICAL METHODS AND DATA ANALYSIS

The Hest was devised by William Gossett in 1908 and is a parametric test for calculating

significant differences of means observed between two conditions. The t-test can be subdivided

into independent t-tests in which participants or subjects participate in only one of two

conditions; and a related or paired means in which participants are subjected to both conditions.

In this Thesis, the Student t-test was used to compare any differences observed within

experimental groups and control groups. Data from proliferation assay, invasion assay and soft

agar assay were all assessed using Students t-test. Similarly, comparison of tumour latent period,

tumour incidence and tumour volume were all statistically assessed using Students t-test using

Microsoft® Office Excel 2003. For all calculations, a value of P<0.05 was used to define

statistical significance.
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CHAPTER - 3 RESULTS

3.1 INTRODUCTION

The data presented within this Thesis were obtained in two separate rounds of experiments

defined by antisense and RNA interference (siRNA) methods of gene silencing. The antisense

section contains data obtained from experiments performed to assess C-F ABP function in

tumourigenicity and metastasis. To this end, antisense technology was used to suppress C-FABP

protein expression in the highly malignant prostate cancer cell line, PC3M, to generate several

single-ceIl-cloned transfectant cells. Western blot assay was performed to identify cloned

transfectant cells expressing the lowest and mid-range level of C-F ABP relative to control

transfectant cells. These identified clones were used in vitro assays of tumourigcnicity and

metastasis and in vivo tumourigenic assays to better understand the involvement of C-FABP

expression in prostate cancer development, progression and metastasis.

In the siRNA section, data are reported from experiments performed to further characterise C-

FABP function in prostate cancer progression, and to determine whether androgen sensitivity is

dependent upon C-FABP expression. To do this, RNA mediated interference was used to

suppress C-FABP activity in highly malignant prostate cancer cell lines, PC3M, to create several

single cell cloned transfectant cells. Confirmation of C-FABP suppression was performed by

Western blot assays, and identified cloned transfectants were assessed in vitro for cellular

proliferation and tumour formation in androgen positive and negative conditions. An in vivo

assay was performed to observe any possible synergistic effects of C-FABP suppression and

androgen depletion on tumour growth, development and metastasis.
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3.2 ANTISENSE RESULTS SECTION

3.2.1 Differential expression of C-FABP in human prostatic tissues

Immunocytochemical staining for the detection of C-FABP expression in normal, benign and

prostatic carcinoma tissues demonstrated a differential level of C-FABP expression (Figure

3.2.la and 3.2.1b). From 7 normal cases stained, 717 (100%) failed to express C-FABP at a

detectable level. In 35 Benign Prostatic Hyperplasia (BPH) cases, 25/35 (71.4%) stained

negatively for C-FABP expression, whereas 10/35 (28.6%) showed a weak positive staining for

C-FABP expression (Table 3.2.1).

In 34 prostatic carcinoma tissues used, 15 were classified as Gleason grades 1 - 3, and of these

15 cases, 4 lIS (26.7%) did not express detectable levels staining,S lIS (33.3%) expressed weak

positive staining, 3/15 (20%) moderate and 3115 (20%) strong positive staining for C-FABP

expression. The 19 remaining prostatic carcinoma cases classified as being within Gleason grade

4 and 5 showed that C-FABP was nor expressed in 5/19 (26.5%) of cases, whereas 8 119 (42.1%)

stained weakly positive, 2119 (10.5%) stained moderately strong and 4119 (21.1%) stained

strongly positive for C-FABP expression (Table 3.2.1).
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Table 3.2.1 Expression of C-F ABP in human prostatic tissue

Weak Moderate Strong Total
positive

Prostatic tissue Number Negative positive positive positive
carcinomaof cases Staining (%) staining staining staining staining(%) (%) (%) (%)

Normal 7 7 (100%) 0 0 0 0
BPH" 35 25 (71.4%) 10 (28.6%) 0 0 0

Grades 1_3b 15 4 (26.7) 5 (33.3%) 3 (20.0) 3 (20.0%) 11 (73.3%)
Grades 4 & 5b 19 5 (26.3%) 8(42.1%) 2 (10.5%) 4 (21.1%) 14 (73.7%)
Carcinomas

34 9 (24.5%) 13 (38.2%) 5 (14.7%) 7 (20.6%) 25 (73.5%)(total)

Immunocytochemical staining for each sample is graded negative, weak positive, moderate positive and strong

positive. A grade of moderate positive staining corresponds to normal human epidermis. "Benign prostatic

hyperplasia. "Gleason grades.
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3.2.2 Discussion

This study reported differential expression of C-FABP in normal benign and prostatic carcinoma

tissue. Normal prostate tissue failed to express C-FABP at a detectable level, whereas BPH

tissue and prostatic carcinomas demonstrated weak to strong levels of C-FABP expression

respectively as judged by immunocytochemical staining for C-FABP expression. This result is

in keeping with previous studies reporting C-FABP over expression in bladder and pancreatic

cancer (Celis et al., 1999; Ostergaard et al., 1997; Sinha et al., 1999), cutaneous melanoma

(Brouard et al., 2002) and basal and squamous cell carcinomas (Masouye et al., 1996). Absence

of detectable levels of C-FABP in normal prostate tissue, relative to increased levels of

expression in BPH and prostatic carcinomas suggests a relationship between prostate cancer

progression and rising levels of C-FABP expression.

Gleason grading of prostate cancer cells is a semi-quantitative system that enables pathologists to

categorise the morphological appearances of prostate cancer tissues, and allows prostate cancer

prognosis to be based on prostate cancer morphology relative to normal prostate tissues. Well-

differentiated prostate cancers (Gleason grades 1-2) resemble normal prostate gland with well-

defined boundaries. Appearances within this scale are comparatively less aggressive than

Gleason grade 3 prostate cancers. Grade 3 cells are the most commonly occurring type of

prostate cancers and are characterised by less well-defined boundaries, and are considered to be

moderately differentiated. Poorly differentiated cancers, typically comprise more aggressive

cancer cells, and are characterised by poorly defined boundaries (Gleason grades 4 and 5).

Heterogeneity of prostatic carcinomas is commonly encountered by pathologists classifying

tumour development, and can be countered by Gleason score values. Gleason score values are
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the sum of the primary grade and the secondary grade, and is a number ranging from 2-10. The

variation of staining observed in human prostatic tissue (Table 3.2.1) is an example of tissue

heterogeneity.

Analysis of immunocytochemical staining for detection of C-FASP between Gleason grade

samples 1-3 and grades 4 and 5 provided further evidence of C-FASP activity and action during

prostate cancer progression. No significant changes were observed in levels of positive staining

observed between samples of Gleason grade 1 - 3 and grades 4 and 5. This lack of difference

observed between grades 1-3 and grades 4 and 5 prostatic carcinomas suggest that C-FASP

activity is involved in tumour onset. However, lack of quantifiable differences in staining

intensity of C-F ASP observed in moderate to poorly differentiated tumours suggest that the C-

FASP sphere of influence may be limited to malignant progression from a benign to a metastatic

state, and may not influence the degree of tumour malignancy.

These deductions are in keeping with previous experimental findings by Jing et aI, (2000b) who

used microquantity differential (MOD) display to show that cutaneous fatty acid binding protein

was over-expressed in breast and prostatic carcinoma cells when compared to normal prostate

tissue (ling et al., 2000b). Furthermore, transfection of benign non-metastatic rat mammary cell

lines, Rama-37, with C-FASP generated single-cell-cloned transfectant cells with over-expressed

C-FASP activity. Inoculation of these transfectant cells into syngeneic Wi star-Furth rats

produced significant numbers of metastases (Jing et al., 2000c). This highlights the importance

of C-FASP in malignant progression of prostate cancer from a benign state to a metastasising

phase. A successive increase in C-FASP expression from normal through SPH to prostatic

carcinoma indicates that C-FASP expression is limited to tumour development, progression and

metastasis.
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3.3 GENERATING ANTISENSE TRANSFECTANT CELLS WITH REDUCED C-FABP
EXPRESSION

3.3.1 Introduction

A eDNA fragment of the protein-coding region of C-FABP was inserted into pSV -Neo plasmid

in reverse orientation to form a plasmid construct expressing a reverse C-F ABP transcript. This

construct was transfected into highly malignant prostate cancer cell line, PC3M, to generate

several single-celled-cloned transfectant cell lines expressing reduced levels of C-FABP.

Control transfectant cells consisting of plasmid DNA alone, and pool of transfectants were also

generated (Table 3.3.1).

Table 3.3.1 Nomenclature of transfectant cell lines

Cell line Transfection protocol Transfectant cell line nomenclature

PC3M None Parental PC3M

PC3M pSV-neo plasmid Control transfection (PC3M-pSV)

Reverse C-FABP fragment in pSV-neo
Antisense transfectant clones 1-5

PC3M (PC3M-C-FABP 1-5)

PC3M Pool of transfectants
Transfectant pool

(PC3M-C-FABP-P)

Table 3.3.1 Nomenclature of transfectant cell lines.

This table shows the adopted nomenclature of PC3M cells following transfection.
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3.3.2 Western Blot analysis of antisense transfectant cells for C-FABP expression

The level of C-FABP expression in parental PC3M, control transfection, pool of transfectants,

and transfectant clones 1-5 was assessed using laboratory optimised Western Blot analysis

(Figure 3.3.2). C-FABP expression of antisense transfectant cells were quantified relative to

control transfectant cells using scanning densitometry.

No significant difference in C-FABP expression was observed between control transfectant cells

and PC3M cells (Students Hest P>O.OS). However, levels of C-FABP expression in pool of

transfectants, and antisense transfectant clones I-S was significantly reduced (Students t-test

P<O.OS)by S9%, 74%, 29%, 85%, 77% and 45% respectively when compared to the expression

of C-FABP in PC3M cells. Based on these findings, antisense transfectant clone 1 and 3 was

used for further testing.

3.3.3 Southern Hybridisation of Antisense transfectant cells reverse-C-FABP and pSV-

Neomycin expression

A southern hybridisation assay was performed to probe for pSV -neornycin and antisense C-

FABP sequence in PC3M cells in order to confirm that silencing was due to antisense

oligonucleotides and not an artefact.

Southern hybridisation assay did not detect neomycin gene expression in parental PC3M cells;

whereas control and antisense clones 1 and 3 transfectants expressed positive neomycin

expression (Figure 3.3.3a). Hybridisation of the same samples to reverse C-FABP transcript

probes produced positive expression results for each of the samples (Figure 3.3.3b). However,

signal intensity was 1.S times stronger in transfectant pool cells compared to parental and control

transfectant cells. Similarly, signal intensity for C-FABP expression in antisense clone 1 and
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clone 3 cells was two fold and three fold stronger respectively than parental PC3M and control

transfectant cells.

3.3.4 Northern Hybridisation of antisense transfectant cells for expression of VEGF mRNA

VEGF expression was observed in all cells. However, antisense transfectant cell clones 1 and 3

were significantly reduced to 0.41± 0.03 and 0.40 ± 0.04 (Students Hest P<O.OS) relative to

control transfectant cells. This represented a 2.S-fold reduction of VEGF expression in antisense

transfectant cells relative to control transfectant cells (Figure 3.3.4a and 3.3.4b). Using scanning

densitometry, the control transfectant was set as 1 and the relative intensity of the other cells

lines were expressed as percentages to the control.
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3.3.5 Discussion of antisense technology

Over expression of C-FABP was observed to induce metastasis in non-metastatic rat mammary

cells, Rama-37 (Jing et al, 2000a). To assess the role of C-FABP in prostate cancer

tumourigenicity, antisense oligonucleotides of the protein-coding region of C-FABP was used to

suppress gene activity.

Antisense therapy facilitates gene suppression through introduction of antisense oligonucleotide

constructs that are homologous to the target gene in a cell model. The oligonucleotides bind to

homologous sequences of mRNA to form DNA : RNA hybrids that initiate RNase H

endonuclease activity, causing degradation of mRNA nucleotides and leaving the antisense

construct intact and embedded within the mRNA chain. The insertion of a reverse orientated

segment within the mRNA reading frame stops translation and ultimately, protein expression.

Antisense silencing is typically performed using 15 to 20 nucleotide long sequences to ensure

specificity (Green et al., 2000), however, oligonucleotide sequences as short as seven

nucleotides have been used to initiate antisense silencing via RNase H degradation (Wagner et

al., 1996). As a result of high sequence homology shared between members of the FABP

family, the entire protein-coding region of the C-FABP gene was used to synthesise a silencing

construct.

Antisense oligonucleotides have had to overcome some limitations inherent with the transfer of

exogenous nucleic acids. Such problems included premature degradation of oligonucleotides by

nucleases before DNA : RNA foonation could occur. This was tackled by making changes to

the sugar and base moieties and to the phosphodiester backbone structure, however, the most

successful modification was the development of phosphorothioates which increased the serum

stability of oligonucleotides, and enabled them to maintain their hydrogen bonding ability to

128



mRNA and retain the ability to initiate RNase H activation and reduce indiscriminate nuclease

digestion (Green et al., 2000; Rubenstein et al., 2002). Another problem facing researchers was

a lack of sufficient quantities of oligonucleotides as a result of poor transfection efficiency and

nuclease degradation. To compensate for this, many researchers used large concentrations of

oligonucleotides. However, this fix was not without its own problems since mega doses of

oligonucleotides, especially those modified with phosphorothioates, produced cytotoxic effects

not attributable to antisense silencing (Green et al., 2000). To combat this, oligonucleotides are

typically contained within expression vectors, and transfected into cells using lipid-based

protocols.

Antisense oligonucleotides have proven to be valuable tools in cancer research. The reported

success of gene suppression studies in prostate cancer and other forms of cancer serve to

highlight the robust nature of the technique in silencing a wide variety of genes. Equally,

antisense technology was used successfully within the first section of this study to significantly

reduce levels ofC-FABP expression in highly malignant PC3M cells.

Antisense is a mature and established form of gene silencing whereas siRNA is in its infancy and

will have to deal with its own inadequacies in years to come. As with all experiments, it is

always best to choose the most appropriate method on a case-by-case process (Achenbach et al.,

2003).
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3.3.6 Discussion of Southern Blot assay for pSV-Neo and C-FABP DNA expression

To ensure that suppression levels observed at the protein level were a direct result of antisense

transfection, Southern hybridisation was conducted to assess pSV -neo DNA and antisense C-

FABP in parental PC3M, control transfectant, transfectant pool and antisense transfectant cell

lines.

No bands were present in parental PC3M cells, since they had not been transfected with the

neomycin gene. Cells from the control and transfectant pools showed a strong level ofpSV-Neo

expression. However, both antisense transfectant cells demonstrated the highest intensity of

neomycin gene expression. A 1.5-fold increase in pSV-Neo gene expression was observed in

pool of transfectant cells relative to parental PC3M cells. A 2.0-fold and a 2.S-fold increase in

pSV-Neo expression were observed in antisense transfectant cells PC3M-C-FABP 1 and 3

respectively compared to control transfectant cells.

Analysis of Southern hybridisation results for C-FABP expression in the same cell lines showed

a positive expression of C-FABP in all samples. Differential expression of C-FABP was

observed in transfectant pool cells (2.5-fold increase), with antisense transfectant cells PC3M-C-

FABP 1 (3.9-fold) and PC3M-C-FABP-3 (6.9-fold) relative to control transfectant cells. This

suggests a link between antisense C-FABP signal strength and quantifiable C-FABP gene

suppression such that, the greater the antisense C-FABP expression, the greater the degree of

silencing in transfected cells. This is expected as both antisense transfectant cell lines already

contain a normal single copy of this gene. Therefore, additional integration of the antisense C-

FABP construct within the genome result in a higher copy number of the C-FABP gene and

subsequently, a stronger expression of antisense C-FABP.
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3.4 IN VITRO ASSAYS FOR ANTISENSE TRANSFECT ANT CELLS

3.4.1 Invasive potential of antisense transfectant cells

The rate at which antisense transfectant cells migrate through an extra cellular matrix and invade

across a basement membrane is an indication of their metastatic potential. Comparison of

metastatic potential of antisense transfectant cells relative to control transfectant cells was

measured in a modified Boyden chamber over a fixed period of time (Figure 3.4.1). Migration

of antisense transfectant clones 1 and 3 were significantly reduced to 7% ± 0.6% and 7% ± 1.2%

respectively, when compared to pSV-PC3M control transfection (14% ± 3.8%) (Students t-test

<0.05). This represented a 50% reduction in antisense transfectant clones 1 and 3 cell migration

relative to control transfectant cells.

Cell proliferation assays and cell morphology comparisons between the pSV-PC3M control

transfectants and antisense transfectants were also performed, although no significant differences

were observed.
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3.4.2 Discussion

Control and PC3M-C-F ABP 1 and 3 antisense transfectant cell lines were used in an invasion

assay to assess their in vitro invasive potential by measuring cell migration through an

extracellular matrix (ECM). The data demonstrated a significant difference in the percentage of

migrating cells between control and antisense transfectants 1 and 3, although none was observed

between the two antisense transfectant cell lines. The similarities of migratory values of

antisense transfectant cells migrating through ECM suggest that other signalling pathways

existing outside the sphere of C-FABP influence may be involved in cell metastasis. This other

pathway may still be active, enabling comparable levels of cell motility in antisense transfcctant

cells with differentially expressed levels of C-FABP. One possible pathway is the PPAR

signalling pathway. PPAR is a nuclear hormone receptor, and functions as a ligand activating

transcription factor. When bound to its fatty acid ligands, PPAR-a forms a heterodimer complex

with retinoid-x-receptor to regulate target gene transcription. Antisense transfectant 3 cells

demonstrated a 1.8-fold reduction in expression of C-FABP proteins relative to antisense

transfectant-l cells. Comparable levels of invasion were observed in antisense transfectant cells

1 and 3, indicating the involvement of a possible compensatory factor. This type of phenomenon

has been commented upon by Owada et aI, (2002) who observed a compensatory mechanism

resulting in up-regulation of cardiac-fatty acid binding protein to compensate for suppressed C-

FABP activity in C-FABP homozygous deleted mice.

Additionally, transforming growth factor-beta (TGF-~) has been implicated in mediation of

cellular adhesion and motility (Shi and Massague, 2003). TGF-~ receptor binding initiates signal

transduction pathways that enable transduction of extra-cellular signals to the nucleus of cells to
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regulate cellular proliferation and motility. Studies have demonstrated that TGF-p mediated

increases in cellular adhesion in human prostate are dependent on Smad3 protein expression via

the p38 mitogen activated protein kinase (MAPK) pathway (Hayes et al., 2003), and that MAPK

signalling is necessary for TGF-p-mediated up-regulation of matrix metalloproteinase-2 (MMP-

2), and TGF-p dependent increases in prostate cancer invasion (Huang et al., 2005). This

suggests that tumour cell autocrine or paracrine growth factor signalling through the MAPK

signalling pathway may enable tumour cells with reduced C-F ABP expression to maintain an

invasive phenotype. Consequently, C-FABP suppression may only have a partial effect on

inhibiting the invasive potential of a cell.
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3.5 IN VIVO ASSESSMENT OF TUMOURIGENIC POTENTIAL OF ANTISENSE

TRANSFECTANT CELLS

3.5.1 Antisense transfectant cell tumourigenicity in vivo

To study the role of C-F ABP in malignant progression of prostate cancer, control and antisense

transfectant cells PC3M-C-FABP-1 and PC3M-C-FABP-3 were inoculated subcutaneously into

the shoulder region of 8-week-old ICRF male immuno-compromised nude mice. Twenty-four of

these mice were divided into three groups of eight and inoculated with 5x I06 cells/0.2ml PBS of

control transfectant cells for group 1, antisense clone 1 cells for group 2 and antisense clone 3

cells for group 3. The incidence of tumours occurring in this model is presented in Table 3.5.1.

Inoculation of control transfectant cells into mice produced 8/8 (100%) tumour incidences within

a 3 - 4 day period after inoculation. Antisense clone 1 transfectant cells also produced 8/8

(100%) tumour incidence at a period of 3 - 7 days after inoculation, whereas, antisense clone 3

transfectant cells produced a 6/8 (75%) tumour incidence at a period of 3 - 9 days after

inoculation.

Antisense clone 1 and clone 3 transfectant cells produced significantly reduced mean tumour

volumes after 6 weeks, 524 ±89mm3 and 356 ±101mm3 respectively compared to control

transfectant 1495 ±295mm3• This represents a 2.9 - fold and 4.2 - fold reduction in mean tumour

volumes for antisense transfectant clones 1 and 3 cells respectively (Figure 3.5.1).
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Table 3.5.1. - Incidence of Tumours produced by Antisense Transfectant Cell Lines

Inoculated Subcutaneously into Nude Mice

Transfectant No. of mice Tumour Mean Tumour Volume Median latent period

Cell lines inoculated incidence (mnr') in days (range)

PC3M-pSV 8 8/8 (100%) 1495±295 (mm) 3.5 (3-4) days

PC3M-C-FADP-
524±89 (mrrr')8 8/8 (100%) 5 (3-7) days

I

PC3M-C-F ADP-
356±101 (mrrr')8 6/8 (75%) 6 (3-9) days

3

Table 3.5.1. This table represents results obtained from antisense. The results shown were the mean tumour
volumes (±SE) of 8 animals in PC3M-pSV group and PC3M-C-FASP-I groups respectively, whereas those
of PC3M-C-F ASP-3 were the mean (±SE) of 6 animals.
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3.5.2 Discussion

Subcutaneous inoculation of antisense transfectant cells into male immuno-compromised nude

mice demonstrated noteworthy reductions in tumour incidence and tumour volume relative to the

control group. This suggests that the tumour formation pathway is sensitive to C-FABP

expression signalling and that suppression of C-FABP activity in highly malignant PC3M cells

significantly reduces tumourigenicity of prostate cancer cells in vivo in relation to the control

group.

The extent of C-FABP function can be inferred by the latency period of tumour development

observed in antisense transfectant cells. The control transfectant cell line produced 100%

tumour incidence in 3-4 days. The antisense PC3M-C-FABP 1, which demonstrated a 58.8%

reduction in C-F ABP expression at the protein level, also produced 100% tumour incidence

within 3-7 days. The PC3M-C-FABP-3 antisense transfectant produced a 75% tumour incidence

within the range of 3-9 days. A 3.8-fold difference in level of C-F ABP protein expression in

control and PC3M-C-FABP-l transfectant cell lines was observed. However, in tumour latent

period, this equates to a 3-day lag time for development of tumours in antisense PC3M-C-FABP-

1, and no difference in tumour incidence.

The antisense transfectant cells, PC3M-C-FABP-3, had a 6.9-fold reduction in C-FABP protein

expression relative to the control transfectant cells, resulting in a 25% reduction in tumour

incidence. When compared to the antisense transfectant cell, PC3M-C-FABP-1, protein

expression of C-FABP in PC3M-C-FABP-3 was reduced 1.8-fold and still produced a 25%

reduction in tumour incidence. In addition, antisense transfectant PC3M-C-FABP-3 cells had a

greater lag time to tumour incidence than control, and antisense transfectant PC3M-C-FABP-1
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cells. These comparisons suggest that there is a threshold level of C-FABP expression that is

sufficient to produce 100% tumour incidence in subjects. An increase in C-F ABP expression

above this threshold level, regardless of the amount of increase, would not be directly

proportional to the tumour cells phenotype. This threshold limit is supported by results obtained

by immunohistochemical staining for detection of C-FABP in Gleason grade samples 1-3 and

grades 4 and 5 classified tissues discussed in Section 3.2. Those results demonstrated

differential C-FABP expression among normal, BPH and prostatic carcinoma tissues. However,

similar levels of C-FABP expression was observed between Gleason grade samples 1-3 and

samples 4 and 5 classified tumours (Adamson et al., 2003).
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3.6 IMMUNOCYTOCHEMICAL STAINING FOR C-FABP, VEGF, AND FACTOR VIII-

RELATED ANTIGEN

At 6 weeks, all mice were sacrificed. Primary tumours were extracted and fixed in 10% formalin

in order to perform immunocytochemical staining of tumour samples. Immunocytochemical

staining assessed primary tumours from animals from each group to detect C-FABP expression

(Figure 3.6a). The data revealed strong staining for C-FABP in the control transfection cell

sample, whereas groups 2 and 3, which had the mid level and lowest expression of C-FABP

showed moderate to weak positive staining respectively.

This same pattern was repeated when samples were stained for expression of VEGF (Figure

3.6b). Primary tumour samples were also stained for Factor VIII-related antigen to assess

microvessel density and angiogenic activity. A microvessel was defined as the presence of three

or more adjacent Factor VIII-related antigen-expressing cells. The vessel numbers were

recorded from 50 high-powered-fields (hpf) (x5) of 2.5 x 1.75mrn. In each section, 10 random

fields were counted and the mean number of vessels per hpf (mean ± SE) were calculated from

all animals containing tumours in each group. Antisense transfectant cell derived tumours

revealed moderate to weak staining respectively when compared with staining achieved by

control transfectants. Average number of blood vessels per high-powered field (HPF) in

antisense transfectant 1 and 3 derived tumours was 4.7±0.5 and 3.7±0.4 respectively compared to

the control transfectant group (11.0 ±0.7) (Students t-test P<0.05) (Figure 3.6c). If micro-vessel

count control transfectant derived tumours was set at one, the relative density of antisense

transfectants 1 and 3 was 0.43 ± 0.1 and 0.34 ± 0.08, respectively.
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3.6.2 Discussion

Primary tumours obtained from mice inoculated with control and antisense PC3M-C-FABP-l

and PC3M-C-FABP-3 transfectant cells were dissected and subjected to immunohistochemical

staining to assess their levels ofC-FABP, VEGF and Factor VIII-related antigen expression.

The results show a differential expression of C-FABP, VEGF and Factor VIII-related antigen for

detection of microvessel density in the three groups. The largest tumours had the greater

expression of C-FABP (Figure3.6a) and VEGF (Figure 3.6b), and upon analysis, a higher

number of microvessel density formation (Figure 3.6c). This relationship has been observed in

other studies which reported that VEGF expression was significantly higher in prostate cancer

cells than in non tumour adjacent cells, and resulted in a significant increase in micro vessel

density (Ding et al., 200Sa). Another study reported that suppression of all known isoforms of

VEGF with siRNA plasmid constructs demonstrated a significant reduction of VEGF expression

in human prostate cancer cell line PC-3, resulting in a loss of tumour growth and neo-

vascularisation (Wannenes et al., 2005). Results reported within this Thesis revealed that VEGF

expression and microvessel density are regulated in part by C-FABP expression. Furthermore,

C-FABP over expression in benign non metastatic rat mammary cell lines were observed to

induce a significant number of metastasis in Wister-Firth rats (ling et al., 2001). Masood et al,

(2001) reported that VEGF not only supplied an independent network of blood vessels for

growth and development of primary tumours, but also aided in metastasis. Consequently,

differential expression of VEGF and Factor VIII-related antigen in tumours derived from

antisense transfectants is regulated by C-FABP expression, and actual physiological demand of

tumours for a stable blood supply.
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A 2.5-fold reduction in VEGF expression was observed in antisense transfectant cells relative to

control transfectant cells in mRNA. Immunohistochemistry of VEGF expression in tumour

tissues observed differential expression of VEGF activity between antisense transfectant 1 and 3

cells. However, this relationship did not extend to the mRNA level. The findings suggest that

the level of C-FABP expression was not directly proportional to the level of VEGF. Instead, a

threshold effect was observed by which reduced levels of C-FABP exceed an optimum level at

which maximal down regulation of VEGF expression occurs, and further reduction of C-FABP

does not result in continued reduction of VEGF expression. At this point, the regulatory role of

C-FABP on VEGF expression reaches saturation point and is unable to further reduce VEGF

expression.

Suppression of C-FABP reduces VEGF expression and microvessel density. These findings

suggest that over expression of C-FABP, as now reported in prostatic tissues, governs tumour

growth and metastasis through up-regulation of VEGF expression. Additionally, VEGF

promotes prostate cancer progression through angiogenesis, and can also promote

tumourigenicity by acting as an autocrine growth factor (Masood et al., 2001). Increased VEGF

expression increases neovascularisation within tumours, enabling the process of malignant

progression.
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3.7 siRNA RESULTS SECTION

3.7.1 Measurement of protein levels of C-FABP expressed in siRNA transfectant cell clones

In the second group of experiments, C-FABP gene silencing was performed by siRNA to

generate several single cell cloned transfectants with reduced C-FABP expression. A Western

blot was used to measure C-F ABP expression in siRNA transfectants relative to parental PC3M

cells, and quantified using scanning densitometry analysis (Figure 3.7). A significant reduction

(Student t-test <0.05) in C-FABP expression was observed in siRNA transfectants. Compared to

parental PC3M cells, PC3M-2 transfectant cells had a 29% reduction, whereas PC3M-3, 5, and

PC3M-6 siRNA transfectant cells showed a 99.9% reduction, 44% and a 31% reduction in

normal C-F ABP expression. As a result of these findings, PC3M-2 and PC3M-3 were used in

future assays.

3.7.2 Measurement of mRNA levels of C-FABP in parental and siRNA transfectant cell

clones

Northern hybridisation was performed to assess C-FABP expression levels in parental and

siRNA transfectant cell lines (Figure 3.8). All cells lines positively expressed C-FABP activity

as assessed by scanning densitometry analysis. Additionally, siRNA transfectant cells

demonstrated reduced C-FABP expression relative to parental PC3M cells. A 1.1 fold reduction,

9.5 fold reduction, and a 1.5 fold reduction was observed in PC3M-2, 3 and 6 siRNA transfectant

cells respectively compared to PC3M levels of C-FABP expression. If the level of C-FABP in
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PC3M is set at 1, the relative C-FABP expressions in siRNA PC3M2, 3 and 6 transfectants were

0.88, 0.105 and 0.65 respectively.
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Figure 3.7.2 Measurement ofmRNA levels ofC-FABP expressed in parental PC3M cells and
RNAi transfectant cell clones ..
A. Auto radiography of Northern hybridisation for CFABP mRNA in parental PC3M and
RNAi transfectant PC3M cell lines. Total RNA samples from each cell line (15Ilg) is electrophoresed
under denaturing conditions, transferred to a nylon membrane and hybridised with
[32P]dCTP-labelled CFABP cDNA probe, washed and exposed to Kodak film and left to develop
for 48hr. Radioactively labelled actin probe was also hybridised to membrane, washed and left
exposed to Kodak film for 24hr.
B. Quantitative analysis ofC-FABP and actin bands. Band intensity is measured by scanning
densitometry in order to assess the relative level of C-FABP expression
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3.7.3 Discussion of RNA Interference Technology

siRNA acts along similar principles of homologous sequence recognition and cleavage as

antisense technology. It is an evolutionary conserved defence mechanism used by eukaryotic

celIs to protect against exogenous nucleic acid or viral attacks. Introduction of long double

stranded RNA into eukaryotic cells initiates the siRNA pathway in which RNase III, a member

of the Dicer family of endonuc1eases, cleaves long double stranded RNA into small interfering

RNA (siRNA) segments approximately 21 - 23bp in length. siRNA are incorporated into an

RNA Induced Silencing Complex (RISC). The double strand is unwound, and the sense strand is

discarded while simultaneously activating the RISC complex containing the remaining antisense

strand. This strand acts as a locator for any homologous sequences within the transcriptome,

which is subsequently cleaved to produce target-specific gene silencing.

siRNA has produced similar levels of gene expression in a relatively short life span. A study by

Guo and Kemphues, (1995) demonstrated that sense RNA was equally as effective as antisense

RNA for gene expression in nematode worms. The methodology was successfully used in

nematode worm Caenorhabditis elegans to inhibit gene expression by 10-fold relative to sense

or antisense RNA alone. An advantage of the siRNA system is its versatility since silencing

constructs successfully reduced gene expression in worms through gonad inoculation and

feeding. Furthermore, exposure of parental animals to a few molecules of dsRNA produced

systemic silencing in parental and F I progeny (Hannon, 2002). In this study, siRNA successfully

sUppressed C-FABP activity by 95% in an siRNA transfectant clone cell line. The wide use of

siRNA as a form of studying gene function in a variety of cell models and diseases highlights the

intellectual confidence and effectiveness of this protocol.
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Antisense oligonucleotides and siRNA are both popular methods for inhibiting gene expression.

They share many similarities in terms of their specificity and the degree of gene silencing that

they achieve, however, siRNA is more favourable as it poses less limitations or requires less

modifications for successful experimentation. It is more robust and is not affected by

indiscriminate nuclease degradation. Furthermore, the growing use of lipid-based methods of

transfection has increased efficiency of siRNA transportation into cells.
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3.8 IN VITRO ASSAVS FOR siRNA TRANSFECTANT CELLS

3.8.1 Proliferation assay of siRNA transfectant cells

A proliferation assay was performed in parental PC3M and siRNA transfectant cell lines to

determine whether suppressed C-FABP activity reinstated androgen sensitivity in androgen

independent cells. To test this hypothesis, the proliferation rate of parental PC3M cells and

siRNA transfectant cells was measured under two conditions: in the androgen positive condition,

the cells were cultured in media supplemented with androgens, conversely in androgen negative

condition, androgen supplementation was withheld (Figure 3.10.1).

A statistically significant difference in the proliferation rate of transfectant cells relative to

parental PC3M cells was observed in androgen positive condition (Students T-Test P<0.05). In

the second androgen negative condition, reduced growth rate of all transfectant cells relative to

PC3M cells was observed, however, no statistically significant difference was observed in the

proliferation rate of PC3M-3 and PC3M-6 siRNA transfectant cells relative to PC3M. Similarly,

comparison of the rate of proliferation of the same cells between the two conditions did not

produce any significant differences (Student t-test P>0.05) (Figure 3.8.1).

3.8.2 Soft agar colony formation assay of siRNA transfectant cells

A soft agar assay was performed to study effects of reduced C-FABP expression on

tumourigenesis in siRNA transfectant cells in androgen positive and negative conditions (Figure

3.8.2). Colony formation was observed to occur at least four days earlier in parental PC3M and
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PC3M-2 cell lines than in PC3M-3 and LNCaP cells. Also, parental PC3M and PC3M-2 cells

had a greater number and size of colonies compared to PC3M-3 and LNCaP cells at the end of

the 6 week experiment. No significant difference was identified (Students t-test P>O.OS) in

number of colonies formed between PC3M (11O.6±lS.64) and PC3M-2 transfectant (91±17.0S)

in androgen positive conditions. However, comparison of the number of colonies formed by

PC3M-3 transfectant cells (47±11.S3) and LNCaP cells (S6±6.93) to that of PC3M showed a

significant difference in the number of observed colonies (Students t-test <O.OS). Parental PC3M

cells generated a greater number of colonies (S1.3±13) in androgen negative conditions;

followed by, PC3M-2 (S3±3.S), PC3M-3 (49.6±3.3) and LNCaP (36.3±2.9). A statistically

significant difference (Students t-test P<O.OS) in number of colonies formed was observed

between PC3M and siRNA transfectant cell lines and LNCaP. In addition, a significant

difference (Students Hest P<O.OS) in number of colonies formed is also observed between the

androgen positive and androgen negative conditions.

Table 3.8.2 - Number of colonies formed in androgen positive and negative conditions

Cell line Mean number of colonies Mean number of colonies in T -test paired for 2
in androgen +ve androgen -ve sample means

PC3M IIO.6±15.64 81.3±13 P> 0.05
PC3M-2 91±17.05 53±3.5 P> 0.05
PC3M-3 47±11.53 49.6±3.3 P> 0.05
LNCaP 56±6.93 36.3±2.9 P<0.05
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3.8.3 Discussion of cellular proliferation and colony formation assays

Cellular proliferation studies performed to assess the effect of C-FABP suppression in both

androgen positive and negative cases revealed that siRNA transfectant cells demonstrated

reduced rates of cellular proliferation compared to parental PC3M cells. These results suggest

that suppression of C-FABP activity in highly malignant PC3M cells reduced their rate of

proliferation relative to parental PC3M cells. This inference is supported by comparison of C-

FABP expression levels in parental PC3M and siRNA transfectant cells. Parental PC3M cells

demonstrated the highest level of C-FABP expression and the greatest proliferation rate. Of the

siRNA transfectant cells, PC3M-3 cells had the lowest level of C-FABP expression, resulting in

a reduced proliferation rate.

Distinctly different cellular proliferation patterns were observed when cell numbers were

compared between the androgen positive and androgen negative conditions. The androgen

positive condition demonstrated a doubling effect of cell numbers after the second experimental

day. In contrast, the androgen negative condition demonstrated a period of regression at the

second experimental day, followed by a period of increased cellular proliferation from day's four

to six. Furthermore, cell numbers were approximately matched in all cells in the negative

condition up until day four. These findings suggest that suppression of androgen

supplementation may temporarily inhibit cellular proliferation. It is possible that lack of

androgen supplementation resulted in the failure of the androgen receptor signalling pathway.

The period of inhibit cell proliferation observed (days 1-4) may be attributed to a lag phase.

Should this prove to be the case, this result suggests that the highly malignant androgen

independent PC3M cell line may have residual sensitivity to androgens.
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It is not clear why suppressing C-FABP expression reduces cellular proliferation, especially as

Owada et al, (2002) reported compelling evidence demonstrating a compensatory effect of heart-

fatty acid binding protein tacking in the event of inhibited C-FABP expression. It may be due to

a signalling pathway that is unknown or undiscovered and that is regulated by C-FABP

expression. However, it is clear, that C-FABP suppression and androgen depletion have no

combined synergistic effect on cellular proliferation than suppressed C-FABP activity alone.

Colony formation was assessed in parental PC3M cells and siRNA transfectant cells in androgen

positive and androgen negative conditions. The results demonstrated that suppression of C-

FABP activity reduced total number of colonies formed in both androgen positive and negative

conditions. A significant difference was observed in the number of colonies formed between

parental PC3M and siRNA transfectant PC3M-3 cells in androgen positive and negative

conditions. However, no significant difference was observed when the number of colonies

formed by PC3M-3 transfectant cells was compared in the androgen positive and negative

conditions.

The soft agar colony formation assay was conducted in order to determine tumourigenic

potential in vitro. This assay was performed in an androgen positive and negative condition to

determine whether siRNA transfectant cells with suppressed C-FABP expression would produce

different numbers of colonies in the androgen positive conditions relative to the negative

conditions, thereby indicating whether C-FABP suppression and androgen deprivation exhibit a

synergistic effect on tumourigenicity. Analysis of the number of colonies formed in each cell

line in both conditions show that this relationship did not exist. As a matter of fact, the only

differences observed in the number of colonies formed in all cell lines was directly related to the

level of C-FABP expressed within each cell. In the siRNA transfectant PC3M-3 cell lines, a 31-
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fold reduction of intrinsic C-FABP expression relative to parental PC3M cells resulted in a

similar colony number count to that of LNCaP cells. This result is more significant when we

considered that the PC3M-3 derivative cell line, PC3M, is highly malignant, whereas LNCaP

are weakly malignant cell lines (ling et al., 2000a).

In vitro analysis of antisense and siRNA transfectant cells suggested that suppression of C-FABP

reduced invasion, proliferation and tumour formation in transfectant cells relative to control

cells. A comparison of scores between androgen positive and androgen negative groups suggest

that androgen depletion had no additional effect on cell proliferation or colony formation than

suppressed C-FABP activity, suggesting that C-FABP over-expression may not be involved in

the switch in androgen sensitivity, since reducing C-FABP activity does not restore androgen

sensitivity in highly malignant androgen insensitive cells in vitro.

3.9 siRNA TRANSFECT ANT CELL TUMOURIGENICITY IN VIVO

To assess the effect of reduced C-FABP on tumourigenesis and to determine if reduced C-FABP

expression in siRNA transfectant cells can instigate androgen sensitivity in highly malignant

androgen insensitive cell lines, parental PC3M cells and PC3M-3 siRNA transfectant cell lines

were inoculated into 4 groups of male ICRF immuno-cornprornised nude mice. In the first two

groups, parental PC3M and transfectant PC3M-3 cell lines were inoculated into the shoulder fat

pad subcutaneously, at a density of 2x 106 cells/200~1 in the first two groups. In groups C and 0,

the recipient mice were castrated and then inoculated orthotopically with parental PC3M and

transfectant PC3M-3 into the prostate at a density of Ix 1Oh cells/Zoul PBS (Table 3.9.1).
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Table 3.9.1 Nomenclature of Animal groups

Cell line Number Surgical Site of Cell Nomenclature
inoculated of mice Procedure inoculation density

PC3M 4 None Shoulder 2x) 06 cells/200~tl Group Aregion se. pbs

PC3M-3 4 None Shoulder 2x) 06 cells/2001l1 Group Bregion sc. pbs

PC3M 4 Castration Prostate 1x l 06 cells/2OIl' Group C
pbs'

PC3M-3 3b Castration Prostate ) x l 01>cells/2OIlI Group 0
pbs"

Table 3.11.). Groups A and B represent the androgen positive in vivo group inoculated s.c. into the
shoulder region of immuno-compromised COil nude mice. The androgen negative castrated animals are
represented in Groups C and O.
a differences in number of cells loaded is a result of loss of cell pellets in experimental preparation
resulting in the numbers of cells inoculated into Groups C and 0 to being adjusted to )x I06 cells/20IlI .
b during post operative recovery, an animal suffered complications and was subsequently excluded from
the study.

The results of the subcutaneous injection of parental PC3M and siRNA mediated PC3M3 cells

into the shoulder fat pad of mice is detailed in Table 3.11.2. Group A mice inoculated with

parental PC3M cells show a 100% tumour incidence rate within four days of inoculation, and

maintained a steady growth rate over the duration of the experiment. Group 8, inoculated with

siRNA transfectant PC3M3 cells demonstrated 25% tumour incidence within four days of

inoculation. This increased to 75% tumour incidence at the second week of experimentation.

however, from week 3, regression in tumour incidence to 0% was observed and continued thus

until week 6 where 75% of mice demonstrated quantifiable tumour growth (Figure 3.9).
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Table 3.9.2 Incidence of tumours produced by parental and siRNA transfectant cells

inoculated into nude mice

Mouse Cell line Site of Number Percentage of Median latent period
group inoculated inoculation of mice tumour in days (range)

incidence at
autopsy

Group A PC3M Shoulder region se 4 4/4 (100%) 4 days

Group B PC3M-3 Shoulder region se 4 3/4 (75%) 9 (4 -14) days

Group C PC3M Prostate 4 4/4 (100%) N/A
Group D PC3M-3 Prostate 3 0/3 (0%) N/A

An assessment of the median latent period of tumour incidence could not be performed on

groups C and 0 as they were inoculated orthotopically into the prostate, hence, tumour presence

could only be confirmed at autopsy. At autopsy, group C mice presented a 100% tumour

incidence rate, whereas group 0 failed to produce any tumours.

Comparison of mean tumour volume for groups A (1471±997mm3) and B (17S±22Smm3)

showed a statistically significant (Student t-test P<O.OS)difference between parental PC3M cells

and siRNA transfectant PC3M-3 cells lines. This represented an 8.S fold reduction in mean

tumour volume between groups A and B. A statistically significant (Students T-Test P<O.OS)

difference was also observed for mean tumour mass between groups C (2 ±OAg) and 0 (0)

(Table 3.9.3).
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Table 3.9.3 Mean tumour size and tumour growth rate produced by parental and siRNA

transfectant cells inoculated into nude mice

Mouse Cell line Site of inoculation Number of Number of Tumour size
group inoculated mice weeks to

autopsy
Group A PC3M Shoulder region 4 5 1471mm ±997mmj

Group 8 PC3M3 Shoulder region 4 10 I76mm3±225mnrl

Group C PC3M Prostate 4 6.3 2g
Group D PC3M3 Prostate 3 7 Og

Additionally, tumour growth rate was greatly reduced in siRNA transfected cell lines in group B

relative to parental PC3M cell lines in group A. Group A mice were culled at 5weeks, whereas

group B mice were culled at 10 weeks, and still produced quantifiably smaller tumours relative

to group A.
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3.10 HISTOLOGICAL ANALYSIS OF METASTASIS

At autopsy, primary tumours (where available) were dissected together with lungs liver and heart

of each mouse in the second round of ill vivo studies. These tissues were fixed in 10% (v/v)

aqueous formaldehyde and haematoxylin and eosin stained to identify the presence of tumour

cells within these organs. Analysis of tissue samples revealed that group C mice produced 4/4

(100%) secondary micro-metastatic tumour cells in lungs and liver tissue (Figure 3.10). These

figures demonstrated the malignant dissemination of tumour cells through vessels (Figure 3.1 Oa),

across membranes (Figure 3.1 Ob), and into fully established micro-metastases (Figure 3.1 Oc).

Secondary tumour cells were not detected in any other groups of mice.
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3.11 SUMMARY OF RESULTS

3.11.1 Summary of antisense section of results

Two sections of experiments were performed in this study. The first section assessed the role of

reduced levels of C-F ABP expression and its effect on tumourigenicity. For this purpose, a

reverse antisense C-FABP construct was transfected into an expression vector, and introduced

into highly malignant PC3M cells to produce several single cell cloned transfectants with

reduced levels of C-F ABP expression.

The levels of C-FABP expression in the cloned transfectants was quantified using Western

blotting scanning densitometry analysis relative to parental PC3M cells. The results con finned a

6.9 fold and a 3.8 fold reduction in C-FABP expression in PC3M-C-FABP3 and PC3M-C-

FABP 1 antisense transfectants respectively. In vitro analysis of the invasive potential of these

antisense transfectants demonstrated a significant reduction in the percentage of cells invading

through an extracellular matrix relative to control PC3M-PSV transfectant cells.

The control and the two antisense transfectant cell lines were inoculated subcutaneously into the

shoulder fat pad of male ICRF immunocompromised mice. Analysis of tumourigenicity

revealed a significant reduction in tumour incidence, mean tumour volume and tumour growth

rate in the antisense transfectant cell lines relative to parental PC3M cells. Furthermore,

immunohistochemical analysis of tumours obtained from mice at autopsy showed significant

differential staining of C-FABP, VEGF and factor VIII related antigen in control, and the two

antisense transfectants.
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The results of immunohistochemical staining were consistent with Northern blot analysis of the

control and two antisense transfectants which demonstrated significantly reduced levels of

VEGF expression relative to the control transfectant group.

3.11.2 Summary of the siRNA round of results

The second round of experiments assessed whether suppressing C-F ABP expression m the

highly malignant androgen independent cell line PC3M would initiate androgen sensitivity. For

this purpose, C-FABP expression was inhibited using siRNA and subjected to a series of in vitro

and in vivo tests.

Western blot and scanning densitometry analysis showed that siRNA successfully reduced the

levels ofC-FABP expression in highly malignant PC3M cells by >90% in PC3M-3 transfectants.

Similarly, a significant difference was observed at the RNA level between the siRNA

transfectant cell Jines relative to the parental PC3M cell.

The proliferation rate of the transfectant relative to parental PC3M cells in an androgen positive

and androgen negative condition was assessed. In both conditions, a significant difference was

observed between the siRNA transfectant and the parental PC3M cells. However, no significant

difference was noted between the androgen positive and androgen negative condition.

In vitro analysis of tumourigenicity as assessed by soft agar assay showed a significant

difference between the number of colonies formed in the siRNA PC3M- transfectant and the

parental PC3M cells both androgen positive and androgen negative conditions. Furthermore, a

statistically significant difference was observed between the numbers of colonies formed in the

androgen negative condition relative to the androgen positive condition.
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To assess tumourigenicity in vivo, two groups of mice were inoculated subcutaneously and

orthotopically with the highly malignant parental PC3M cells, into the prostate, representing

groups A and C respectively. Similarly, siRNA transfectant PC3M-3 cells were inoculated

subcutaneously and orthotopically into the prostate, representing groups Band 0 respectively. A

week prior to orthortopic inoculation, the animals in groups C and 0 were castrated to create an

androgen negative environment, whereas groups A and B represented the androgen positive

group.

Analysis of these results showed that group B animals produced statistically significant

reductions in tumour incidence, and mean tumour volume when compared to group A animals.

This is in-keeping with their levels of C-FABP expression. Similarly, group 0 animals

demonstrated reduced tumour incidences, and mean tumour volume when compared to bTfOUP C

animals.

When the tumour incidence values for groups Band 0 were compared, the androgen positive

group B animals produced significantly higher levels of tumour incidence than the androgen

negative castrated group D animals. Immunocytochemical analysis of the heart, lungs and liver

of all mice in all groups showed 100% metastases observed in group C animals, and no presence

of metastases in any other animals.
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CHAPTER FOUR: GENERAL DISCUSSION

Prostate cancer is now the most commonly occurring form of non-tobacco related cancer in men

in the developing world. In the UK and Ireland, prostate cancer accounted for 1 in 6 diagnosed

cancers, and represented 1 in 9 cancer deaths in men during the 1990s.

The molecular pathology of prostate cancer is poorly understood. This, in part, is due to the

heterogeneity of the disease. Approximately 10% of all prostate cancers are a result of familial

autosomal dominance inheritance (Smith et ai, 1996), leaving approximately 90% as de novo

sporadic mutations. To date, three different chromosomal loci have been identified by linkage

analysis; however, not all pedigrees have shown successful linkage to these loci. Sporadic

prostate cancer onset has been attributed to a variety of factors ranging from lack of selenium

supplementation (Etminan et al., 2005) to vitamin D (Stewart et al., 2005) and high dairy fat

intake (Hughes-Fulford et al., 2005).

Epidemiological studies have established a link between omega 6 fatty acids and prostate cancer

incidence (Aktas and Halperin, 2004; Larsson et al., 2004). Aktas and Halperin, (2004) reviewed

a series of studies investigating the relatively low incidence of prostate cancer with nutritional

intake. They reported that Eskimo populations in Alaska and some of the Japanese population in

Northern Japan that consumed diets made up almost entirely of fish had low incidences of

prostate cancer. However, increasing high dairy fat diets associated with western countries,

including the consumption of diary fatty acids, increased relative risk and incidence of prostate

cancer amongst these populations. Augustsson et al. (2003) reported that eating fish more than

three times a week was associated with reduced risk of prostate cancer. Furthermore, each
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additional daily intake of O.Sg of marine fatty acid was associated with a 24% decreased risk of

metastatic cancer.

Polyunsaturated fatty acids have been reported to influence and regulate a number of cellular

functions such as synthesis of prostaglandins, immune response, and phospholipid membrane

maintenance. Since down-regulation of gene expression by fatty acids requires a prerequisite 18

or more number of carbon fatty-acid molecule and at least 2 double bonds (Pegorier et al., 2004),

up-regulation of gene expression by fatty acid is independent to the number of carbon bonds

within the molecule. Regulation of gene expression by fatty acids is dependent on an abundance

and activity of at least four transcription factor families: peroxisome proliferators activated

receptor (PPAR), liver-X receptor (LXR), hepatic nuclear factor 4 (HNF-4u), and sterol

regulatory element binding protein (SREBP) (Pegorier et al., 2004). Of these, fatty acids have

been shown to be natural potent ligands for PPAR, and have been shown to bind to all three

isoforms of PPAR. Furthermore, the recent discovery that fatty acids act as hormones and are

able to regulate metabolism of transcription factors, and the discovery of the up-regulation of all

three isoforms of PPAR in prostate cancer (Collett et al., 2000) suggests that fatty acids,

particularly, eicosanoids, derivates of arachidonic acid (Figure 4.1.1), may have an up-regulatory

role in PPAR activity, hence an increased level ofPPARu expression in tumour cells (Desvergne

and Wahli, 1999).

Fatty acids also act as ligands to a family of intracellular lipid binding proteins known as fatty

acid binding proteins. Immunocytochemical staining for the expression of C-FABP identified

the presence of the protein in the cell cytoplasm, and within the nucleus (Adamson et al., 2003).

Given that FABP act as intracellular long chain fatty acid transporters, these results suggest that

fatty acids are transported by fatty acid binding proteins around the cell cytoplasm for energy
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metabolism, and within the cell nucleus for regulation of nuclear hormone transcription factors

such as PPAR. The exact molecular mechanism that governs up-regulation of C-FABP is not

fully understood, however, it is feasible to suggest that up-regulation of C-FABP expression may

be a result of increased fatty acid signalling. This produces a negative feedback mechanism that

results in up regulation of C-FABP for increased intracellular trafficking of fatty acids. Given

that C-FABP was up-regulated in breast and prostate cell line models (ling et al., 2000a), and in

squamous carcinoma of the bladder and skin (Ostergaard et al., 1997), this Thesis investigated

the role of C-FABP on tumourigenicity of prostate cancer. In this study, C-FABP expression

was found to be differentially expressed in normal, benign prostatic hyperplasia and prostatic

carcinoma. Furthermore, the suppression of C-FABP expression in highly malignant PC3M

prostate cancer cell lines reduced the cells invasive potential in vitro and reduced tumour

incidence and tumour volume in vivo. In addition, C-FABP expression was shown to regulate

VEGF expression and micro-vessel density formation in tumours. These results clearly suggest

the importance of C-FABP expression in the malignant progression of prostate cancer.

However, greater clarification is required in order to determine whether C-FABP protein up-

regulation is sufficient to activate a signalling pathway that leads to increased tumourigenicity in

prostate cancer, or whether it is the long chain fatty acid ligand being carried by the C-FABP

proteins which causes these abnormal changes in normal cell signalling. There is growing

evidence that fatty acid binding protein ligands such as prostaglandin, an omega-6 fatty acid

derivative, are able to up-regulate VEGF expression via activation of the epidermal growth

factor receptor signalling pathway (Ding cl al., 2005b). There has also been recent evidence

showing up-regulation of VEGF and cycJooxygenase 2 (COX-2) - the enzyme responsible for

converting arachidonic acid to prostaglandins, in prostate cancer cells (Grau et al., 2004). This
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suggests a possible pathway by which increased fatty acid signalling increases C-FABP

expression and ligand binding to fatty acids. It is feasible that omega-6 fatty acid signalling

may increase the conversion of arachidonic acid into prostaglandin 2 by COX-2. Evidence has

been provided showing that COX-2 up-regulation is linked to increased angiogenesis (Tsujii et

al., 1998). It is this author's contention that these processes are possibly linked in a general

unifying theory. In fact, fatty acid synthase (FAS) has been demonstrated as being minimally

expressed in normal human tissues, but over expressed in some human cancers (Baron et al.,

2004). Several studies have reported up-regulation of FAS mRNA and protein expression in

prostate carcinoma relative to normal prostate tissue (Epstein et al., 1995; Swinnen et al., 2002;

Swinnen et al., 2000), and the highest levels of FAS were reported to be expressed in androgen

independent bone metastases (Rossi et al., 2003). FAS over-expression is an important factor in

prostate cancer. FAS inhibitors have been reported to be involved in apoptosis. However, FAS

over-expression has been reported to influence cellular proliferation by promoting synthesis of

membrane phospsolipids necessary for DNA replication (Rossi et al., 2003). Exploration of the

mechanism of action of FAS in cell survival, proliferation and apoptosis may prove to be a

productive endeavour.
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Loss of sensitivity to androgens marks a significant milestone in the malignant progression of

prostate cancer. Clinically, androgen deprivation by physical or pharmaceutical castration is used

in the treatment of prostate cancer. However, depriving androgen dependent cells of androgen

signalling causes a reduction in androgen receptor activated gene transcription factor regulation,

and initiates a process known as compensatory hyperplasia. In this process, tumour cells that

tolerate low levels of androgen become able to stabilise and gradually increase, their rate of

proliferation until eventually cells with greater independence evolve as the remaining progeny.

At present, understanding of the mechanisms involved in the loss of androgen sensitivity is

extremely limited. However, work conducted within this laboratory reported that C-FABP

expression is up-regulated as much as I5-fold at the protein level and I7-fold at mRNA level in

metastatic prostate cancer cells (PC-3) relative to the androgen dependent cells (LNCaP). To test

the hypothesis that elevated C-FABP expression may induce androgen insensitivity, siRNA was

used to silence C-FABP expression in highly malignant androgen independent prostate cancer

cells to determine if suppressed C-FABP restored androgen sensitivity. Analysis of the response

of these transfectant cells in proliferation and colony formation in vitro and tumourigenicity and

metastasis in vivo was measured in androgen positive and androgen negative conditions. The

results from this Thesis show that suppression of C-FABP expression made no significant

difference to androgen sensitivity in vitro. However, in vivo analysis of tumourigenicity

demonstrated a highly significant difference in tumour incidence and tumour volume.

Furthermore, HIE staining of lungs, heart and liver of all mice showed that orthortopic

inoculation of parental PC3M cells produced secondary tumour cells in lungs and liver tissue. It

is not clear why no significant difference was noticed in proliferation rate and colony formation

of cells ill vitro. Likewise, it is not fully understood why such a significant level of tumour
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reduction was observed in siRNA transfectant cells relative to control groups. A recent study

(Habib et al., 2003) demonstrated that loss of Salpha-reductase mRNA expression in bone and

lymph node metastasis may be associated, in part, with the progression of these tumours to

androgen insensitivity. Interestingly, fatty acids have been shown to be involved in the

regulation of Sa-reductase (Meyer and Gillatt, 2002), an enzyme that converts testosterone into

dihydroxytestosterone (DHT) (Figure 4.1.2). This suggests a direct relationship between

ingestion of omega 6 fatty acids to onset of prostate cancer, metastasis and loss of androgen

sensitivity. Evidently, cancer pathways are rarely that simplistic. Understanding of the tumour

progression pathway is vital in expanding current treatment regimes.

In conclusion, it is evident that the level of C-F ABP expression is an important regulatory factor

in prostatic turnourigenesis incidence; progression and metastasis of prostate cancer. The C-

FABP signalling pathway involves regulation of potent angiogenic factors particularly, VEGF,

that support tumour development by neo-vascularisation and micro-vessel density formation.

The investigation to explore the relationship between elevated C-F ABP expression and loss of

androgen sensitivity suggests that suppression of C-F ABP expression does not restore androgen

sensitivity in highly malignant androgen insensitive cell lines (PC3M) in vitro. Comparison of

tumour incidence rates between group B mice and group C mice, representing the androgen

positive and androgen negative group respectively, suggest that a combination of C-FABP

protein inhibition and androgen suppression by castration may produce an additive effect to

reduce tumour incidence values. Consequently, in vivo tumourigenicity assays indicate a

possible synergistic relationship between C-FABP suppression and androgen depletion. Further
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investigation is needed to establish whether the combination of these two factors may be a valid

two-hit mode for the therapeutic management of prostate cancer.
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APPENDIX 1 - MATERIALS AND REAGENTS

APPENDIX 1.1 IMMUNOHISTOCHEMICAL STAINING

Amersham International, Amersham, UK

Donkey anti-rabbit immunoglobulin conjugated to biotin

Dako Ltd, UK

Rabbit anti-Factor VIII-related antigen serum

DakoCytomation

EnVision+ System-HRP (DAB)

Feather Industries, Tokyo, Japan

Microtome blades

Grant Instruments, Cambridge, England

Water Bath

Hydrogen peroxide/methanol

30% H202

400ml methanol

Iwaki Glass Corp., Niigata, Japan

Primary Anti-C-F ABP sera

Leitz, Luton, England

Leitz 1512 microtome

Santa Cruz Biotechnology Inc, Santa Cruz, , USA

Primary anti- VEGF

Scott's Tap Water

17.5g NaHCOJ

IOOg MgSO.J
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0.5g Thymol

5 litres of tap water

Shandon Southern, Cheshire UK

Sequenze staining clips

Sigma Aldrich Ltd, Poole Dorset UK

Bovine Serum Albumin

Surgipath Medical Ind., Inc

Richmond United States

Eosin

Gills Haematoxylin

Precleaned ground edged 90° twin frosted microscopic slides (26 x 76 1,0 mm)

Tris buffered saline

O.05M Tris

O.14M NaCI

Tris-EDTA

IOmM Tris Base

1mM EDTA Solution

0.05% Tween 20, pH 9.0
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APPENDIX 1.2 CELL CUL TURE MATERIALS AND REAGENTS

Androgen positive medium

RPMI Medium 1640 500mi

Penicillin! Streptomycin 100 IU

Hydrocortisone SOng/ml

Testosterone SOng/ml

4% Stripped Foetal Calf serum

L-Glutamine 0.292Ilg/ml

Androgen negative medium

RPMI Medium 1640 500ml

Penicillin! Streptomycin 100 IU

4% Stripped Foetal Calf serum

L-Glutamine 0.292Ilg/ml

Becton Dickinson, Madrid, Spain

Needles and Syringes

Bibby Sterilin, Staffordshire, UK

Tissue culture pipettes Sml - 25ml

Cryo-Medium

Routine cell culture medium 92.5%

DMSO 7.5%

Gibco ™ Invitrogen Corporation, Paisley, Scotland, UK

L-glutamine (200mM)

Penicillin!streptomycin 100IU

Geneticin G-418 Sulphate

PBS Tablets

Trypsin, 2.5%
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Grant Instruments, Cambridge, UK

Water bath

Heraeus Instruments, Germany

Centrifuge

Lab Systems Multiskan MS, Finland

Multiskan reader

Membrane filtration products, USA

Cellulose dialysing membrane

Nalgene, USA

Cryo-box

Nunc, Denmark

Cryogenic tubes

Tissue Culture plates and flasks

Sarstedt, Germany

1.5ml eppendorf tubes

Scientific Laboratory Supplies, Nottingham, UK

Haemocytometer

Selective Medium

RPMI Medium 1640 500ml

Penicillin! Streptomycin 100 III

Hydrocortisone 50ng/ml

Testosterone 50ng/ml

10% Foetal Calf serum

L-Glutamine 0.292)lg/ml

Geneticin 0.5mg/ml
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Sigma Aldrich Ltd, Poole Dorset UK

RPMI 1640 Medium (500ml)

Hydrocotisone Testosterone

Foetal calf Serum

Dimethyl Sulphoxide

0.22J.lm Millipore filters

MTT (3-[4,5 - Dimethylthiazol - 2 - yl)) - 2.5 - diphenyl tetrazolium bromide

Extracellular matrix gel from Engelbreth Holm-Swarm Mouse Sarcoma

ThermoForma, Mariette, Ohio, USA

Stericycle CO2 incubator

TrypsinlEDT A

Versene 0.53mM

Trypsin 2.5%

APPENDIX 1.3 - CLONING AND TRANSFECTION MATERIALS AND

REAGENTS

Boehringer Mannbeim

HindIII

EcoRI

XbaI

Buffer B

Glaxo Wellcome

pSV -Neo expression vector

HEPES Buffered Saline

0.025M HEPES

0.14M NaCl

0.75mM Sodium hydrogen phosphate
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0.125M calcium chloride

Adjust to pH7.1

Invitrogen Ltd, Paisley, UK

pBluescript Vector

Sequencing primers

New Brunswick Scientific Edison, New Jersey, USA

Incubator shaker

Prom ega, USA

pGEMTeasy

Wizard~ SV Gel and PCR Clean-Up System

Qiagen, West Sussex, UK

Qiaprep ® Miniprep kit

Gibco, Paisley, UK

PBS tablets

LB-Agar (pH7.0) -500mls

1% Tryptone

0.5% Yeast Extract

1% NaCI

1% Agar

LB-Medium (pH7.0) - 1 Litre

1% Tryptone

0.5% Yeast Extract

1% NaCI
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APPENDIX 1.4 WESTERN HYBRIDISATION MATERIALS AND REAGENTS

Amersham, Amersham, UK

ECL detection kit

Nitrocellulose Membrane

Bandelin Electronic, Germany

Bandelin Sonoplus Sonicator

Bio-rad Laboratories, USA

Protean III

Power Pac 3000

Cambrex Biosciences, Berkshire, England, UK

Protein Markers

Scientific Laboratory Supplies, Nottingham, UK

3MM Filter Paper

Destaining Solution

86.7% dH20

6.7% Acetic acid

6.7% methanol

Iwaki Glass Corp., Niigata, Japan

Primary Anti-C-F ABP sera

Kinematica, Switzerland

Polytron Homogeniser

Kodak, Eastman Kodak company, Rochester, NY, lJSA

GBX developer

GBX Fixative

X-Omat AR film
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Protein Transfer Buffer

20% Methanol

25mM Tris

0.192M Glycine

0.1% SOS

Routine cell culture medium

RPMI Medium 1640 500ml

Penicillin 100Jlg/ml

Streptomycin 0.25Jlg/ml

Hydrocortisone 50ng/ml

Testosterone 50ng/ml

10% Stripped Foetal Calf serum

L-Glutamine 0.292~lg/ml

Sample Running Buffer

0.192M Glycine

50mM Tris

0.1% Sodium dodecyl sulphate (SOS)

Severn Biotech Ltd, UK

Coomassie Blue

Commasie blue 2.5g

45% Methanol

10% Acetic acid

45% dH2Q

Sigma Aldrich Ltd, Poole Dorset

Sodium dodecyl sulphate (SOS) (Lauryl sulphate)

10% Ponceau S Solution (90mls I-hQ, IOmls Ponceau S Solution)

Tween20

Actin primary mouse monoclonal antibody

Secondary anti-mouse conjugated HRP
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Secondary anti-rabbit conjugated HRP

Tris-buffered saline (pH7.6)

0.05M Tris -base

0.14M NaCI

Washing Buffer (pH7.6)

0.05M Tris -base

0.14M NaCI

0.05% Tween20

Flowgen, Nottingham UK

5% Protoblock

5g Reagent A

10mls Reagent B

90mls H20

APPENDIX 1.5 SOUTHERN BLOT MATERIALS AND REAGENTS

Biogene Ltd; Bedfordshire, UK

Agarose

Boehringer-Mannheim, Germany

DNA Marker III

DNA Loading Buffer

0.25% Bromophenol blue

0.25% Xylene cyanol

30% Glycerol

In distilled water

Flowgen

Low melting point agarose
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Kodak, Eastman Kodak company, Rochester, NY, USA

GBX developer

GBX Fixative

X-Omat AR film

Mini-Instruments, Essex, England

Series 900 mini-monitor G-M tube

Qiagen™ Midi-prep plasmid extraction buffers

Buffer PI - Resuspension Buffer

50mM Tris.CI (pH8.0)

10mM EDTA

100Jlg/ml RNase A

Buffer P2 - Lysis Buffer

200mMNaOH

1% SDS (w/v)

Buffer P3 - Neutralising Buffer

3.0M K-acetate (pH5.S)

Buffer QBT - Equilibration Buffer

750mM NaCI

50mM MOPS (pH7.0)

15% Isopropanol

0.15% Triton ® X-lOO

Buffer QC - Wash Buffer

1.0M NaCI

50mM MOPS (pH7.0)

15% isopropanol
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Buffer QF - Elution Buffer

1.2SM NaCl

SOmM Tris.CI (pH8.S)

15% Isopropanol

Roche

Random Primed Labelling Kit

Sigma Aldrich Ltd, Poole Dorset

Ethidium Bromide

Sodium Hydroxide

Ethanol

Dextran Sulphate

Salmon Sperm DNA

Sodium Chloride

Sodiem Citrate

20x SSC

3M NaCI

O.3M Sodium citrate

SSPE

3M NaCI

O.2M NaH2P04.H20

TBE Buffer (SOx)

O.045M Trizma basse

O.045M Boric acid

O.OOIMEDTA

Techne, Cambridge UK

Hybridisation tubes

Techne Hybridiser HB-I D
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U.V. Upland, California, USA

302nm U.V. Transilluminator

(ji',

Wizard ~SV Gel and peR Clean-Up System Buffers - Promega

Membrane Binding Solution

4.5M Guanidine isothiocyante

0.5M K-acetate (pH5.0)

Membrane Wash Solution

10mM K-acetate (pH5.0)

SO% ethanol

16.71lM EDTA (pHS.O)

APPENDIX 1.6 IN VIVO ASSAY MATERIALS AND REAGENTS

Charles Rivers Laboratories

COil Nude mice

Harlan sera-lab, Leicestershire, England.

Male ICRF immuno-compromised nude mice

APPENDIX 1.7 NORTHERN HYBRIDISATION MATERIALS AND REAGENTS

Amersham, Amersham, UK

[u-32p]dCTP

Qiagen, West Sussex, UK

RNeasy ™Midi prep kit

Roche
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Random Primed Labelling Kit

Sigma Aldrich Ltd, Dorset, UK

Diethyl pyrocarbonate (DEPC)

3-(N-morpholino) propanesulphonic acid (MOPS, pH 7.0)

Formamide

Salmon Sperm DNA

Dextran Sulphate

Sodium Hydroxide

Formamide

Formaldehyde

APPENDIX 1.8 siRNA MATERIALS AND REAGENTS

Ambion, Cambridgeshire, UK

pSilencer-U6 Vector

Annealing buffer

100mM K-acetate

30mM HEPES-KOH pH7 7.4

2mM Mg-acetate

Invitrogen Paisley, UK

Custom synthesis of silencing construct

New England Biolabs Inc., USA

T4 DNA ligase Buffer

T4 DNA Ligase

Qiagen ™Plasmid Midi-prep buffers - Sussex, lIK

Buffer Pt

50mM Tris.Clm pH8.0
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10mM EDTA

I0011g/ml RNase A

Buffer P2

200mM NaOH, 1% SDS (w/v)

Buffer P3 neutralising buffer

3.0M potassium acetate pH 5.5

Equilibration buffer QBT

750mM NaCI

50mM MOPS, pH 7.0

15% isopropanol (v/v)

0.15 Trition ® X-lOO (v/v)

Wash buffer QC

1.0 NaCI

2.0 50mM MOPS, pH 7.0

3.0 15% isopropanol (v/v)

Elution buffer QF

1.25 M NaCI

50mM Tris.Cl, pH 8.5

15% isopropanol (v/v)

RFI buffer

100mMKCl

50mM MgC12.4H20

30mM K-acetate

10mM CaCl2 15% w/v glycerol, pH to 6.8, autoclave

RF2 buffer

10mM MOPS

10mM KCl
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75mM CaC12.2H20

15% glycerol, pH to 6.8 with NaOH, autoclave

SOC buffer

2% bactotryptone

0.5% Yeast extract

10mM NaCI, 1M MgC12

1M MgS04

250mM KCI

1M glucose

2M MgC}z
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APPENDIX2

Summary of incidence of metastasis in mice

Metastasis

Mouse Cell line Primary tumour Heart Lungs Liver

Number inoculated volume

I PC3M 621.3mm3 N N N

2 PC3M I749mm3 N N N

3 PC3M 753mm3 N N N

4 PC3M 276lmm3 N N N

5 PC3M3 502mm3 N N N

6 PC 3M3 0 N N N

7 PC3M3 IlOmm3 N N N

8 PC3M3 75.3mm3 N N N

10 PC3M 2.12g N y y

II PC3M 2.52g N N Y

12 PC3M I.62g N y N

13 PC3M I.85g N Y N

IS PC3M3 0 N N N

16 PC3M3 0 N N N

17 PC3M3 0 N N N

Following inoculation, final tumour volumes were obtained at autopsy in mm] or
in grammes. Dissections of primary tumours (where available), heart lungs and
liver were removed, processed and cut into sections. These sections were
stained with haematoxylin and eosin to identify secondary sites of tumour
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