










Summary

Fas is a cell surface receptor which, when bound to its endogenous ligand,

transduces apoptotic cell death signals. Fas is normally expressed throughout the

epithelial cells of the colon, but its expression is reduced or absent in almost 90%

of colorectal carcinomas. Loss of Fas in the colon may contribute to the reduced

apoptotic capacity of colorectal cancer cells. The primary aims of this thesis were

to determine the molecular mechanism by which expression of Fas is lost in

colorectal tumours; and to investigate the effects of re-introducing Fas into colon

cancer cells.

The expression of Fas mRNA transcripts was analysed in both normal colonic

mucosa and tumours of various grades. Normal mucosa expressed Fas mRNA

constitutively, but the levels of Fas mRNA were reduced or absent in 17 out of 28

(60%) colonic tumours analysed. Expression of Fas mRNA was also low or

absent in two out of five colon cancer cell lines. This indicates that the reduction

in expression of Fas protein in colorectal tumours is mediated at the

transcriptional level. Expression of the Fas ligand was also examined in colonic

tissues by RT-PCR and was detected in all normal and tumour samples examined.

The human Føs gene was then analysed in colonic tumours for allelic loss, gross

rearrangements and point mutations, as possible causes of reduced expression of

Fas mRNA. Allelic loss of the Føs gene was detected by a polymerase chain

reaction (PCR) -based restriction assay, utilising restriction enzyme

polymorphisms in the Føs gene. Loss of heterozygosity at the Fas gene locus was

detected in six of 38 informative colorectal tumows (1,6%), indicating that allelic
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loss of Fas lnad occurred. Fifteen of the informative colonic tumours had also

been analysed for expression of Fas mRNA, and 10 (67%) of the tumours showed

reduced or no expression. Three tumours with allelic loss of the Føs gene did not

express any detectable Fas mRNA, suggesting that the remaining allele had also

been inactivated in these tumours.

Hybridisation of Southern blots with Føs-specific DNA probes detected no

rearrangements or dosage changes of the Fas gene in 64 colonic tumours.

Mutational analysis of the intracellular signal transduction domain (the "death

domain") of Fas, using the PCR-single strand conformation polymorphism

(SSCP) technique, failed to detect any point mutations in genomic DNA from 43

tumours, including the tumours with allelic loss of t}:re Fas gene. Taken together,

these results show that the only major structural defects of the Føs gene in colon

cancer are the loss of an allele in a small percentage of tumours. This suggests

that loss of expression of Fas in most colon carcinomas is not mediated at the

genetic level.

Methylation of cytosine residues in the promoters of many genes can inhibit

transcription of mRNA during tumorigenesis. The promoter region of the Føs

gene was examined by Southern blotting for changes in methylation, in DNA

isolated from 28 colonic tumours. No methylation of the promoter region was

detected in either normal or tumour tissues. It is therefore likely that the loss of a

transcription factor, or the presence of a repressor protein, inhibits transcription

of the Føs gene in colorectal tumours.

The functional significance of reduced levels of Fas in colon cancer was

investigated by transfection of the Føs gene into the Fas-negative colon cancer cell
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L.1. Cell Death by Apoptosis

7.7.7 Generøllntuoduction

The development of a multicellular organism involves the differentiation and

spatial organisation of progenitor cells to form a functional, interactive unit.

During embryonic development, cells must proliferate or die at specific times

and locations and differentiate into distinct cell lineages. The size and structure

of each cell lineage are then maintained by a balance between the rates of cellular

proliferation, quiescence and death (Green et øL, 1994; Thompson, 1995).

Disruption of this balance by deregulation of cell death has been implicated in

disorders of cell accumulation, such as autoimmune disease and cancer, or cell

destruction, such as acquired immune deficiency syndrome (reviewed in Carson

and Ribeirc, 1993; Barr and Tomei, 1994; Thompson, 1995).

The development of cancer can be considered as a disruption in the balance

between cell division and death, in the favour of increased proliferation

(McDonnell, L993). Tumour cells do not respond to normal growth-suppressive

signals, and early studies in cancer research consequently focussed on the

abnormal proliferative properties of cancer cells. These studies identified defects

in genes that could either positively or negatively regulate the progression of

cells through the proliferative cell cycle (Collins et al., L997). It is now apparent

that while deregulation of the cell cycle plays an important role in tumorigenesis,

defects in cell death also contribute to the disease (reviewed by Wyllie,1997). The
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L.7.2 Progrømmed Cell Deøth

"Programmed" is the term used to describe any cell death which can be

controlled at the genetic level, and which performs a beneficial function to the

organism (reviewed by Kerr et ø1., 1994). In contrast, pathological cell death,

called necrosis, occurs in response to gross cell insults such as prolonged

ischaemia. Programmed cell death is necessary for the deletion of superfluous

cells during embryological development, which allows the formation of cell

lineages and organs and the removal of unnecessary cell populations (reviewed

byJacobsonet ø1.,t997). Cell death also maintains cell turnover in differentiated

tissues and down-regulates immune responses. Programmed cell death has also

been described as a pre-programmed suicide pathway, which is activated when

cells are deprived of vital growth factors or hormones, or have potentially

malignant mutations (reviewed by Kerc et a1.,1994).

Programmed death of cells is often observed as a characteristic series of

biochemical and morphological changes called apoptosis, first defined over 20

years ago (Kerr et ø1., 1972). Apoptosis typically involves single cells and is a

rapid process that is completed within a period of 30 minutes to several hours.

The morphological events of apoptosis begin with an increase in cell density, due

to condensation of the cytoplasm and organelles (Figure 1.1). The nuclear

chromatin becomes compacted and convolution of the nuclear and cell

membranes, described as "blebbing", occurs. Finally, the membrane

protuberances bud off to form membrane-bound apoptotic bodies, which contain

organelles and fragments of DNA. The bodies are engulfed by neighbouring cells

or macrophages and are degraded, preventing inflammation at the site of death
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(Reviewed by Kerr et ø1., 1994). In contrast, necrotic cell death typically affects

groups of cells and involves the loss of cell membrane integrity. Necrotic cells

lyse and release cell contents into the extracellular space, triggering an

inflammatory response (Figure L.1).

Apoptotic death of a cell can be initiated by endogenous stimuli, such as the

absence of vital growth factors or hormones (Kerr et al,, L994) and the action of

cytokines such as tumour necrosis factor cr or Fas ligand, which interact with cell

surface death receptors (Baker and Reddy, 1996). However, exogenous agents

including ionising radiation and chemotherapeutic drugs can also induce

apoptosis (Blank et ø1., 1997; Flannun, 1997). Some of these initiating events act

at the level of the nucleus to initiate transcription of proteins involved in the

execution of apoptosis, while others trigger intracellular signalling pathways that

activate the apoptotic machinery of the cell (Vaux and Strasser, 1996). The

pathways involved in the induction of apoptosis appear to be specific for the type

of apoptotic stimulus, however these different mechanisms all converge on a

well-conserved terminal pathway.

The morphological events of apoptosis are often coincident with the activation

of a calcium and magnesium-dependent endonuclease enzyme (Kyprianou and

Isaacs, L988), which fragments the genomic DNA of the dyi.g cell (Wyllie, L980).

The DNA strands are cleaved in the linking region between repeating units,

called nucleosomes, producing fragments of consistent length (reviewed W

Bortner ef al., 1995). The regular size of the DNA fragments generated is

characteristic of apoptosis, as DNA is degraded randomly during necrotic cell
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death. Apoptosis can therefore be identified in cells by gel electrophoresis of

genomic DNA, which produces a "Iadder" pattern of fragments, or by in situ

labelling of 3'-hydroxy DNA ends (Gavrieli et ø1., \992). Destruction of DNA is

an irreversible step in the death process, following which cells cannot be saved

from apoptotic signals. The purpose of this fragmentation is unknown, however

it could allow efficient compaction of the nucleus and prevent the integration of

genetic material into the genome of the engulfing cells (Arends ef ø1.,7990).

Apoptosis can occur in cells without a nucleus (Collins et ø1.,1992; Jacobson et øL,

1.994; Schulze-Osthoffe et ø1.,1994), indicating that de noao gene transcription or

DNA fragmentation are not required for apoptosis. The effectors of apoptosis are

therefore continually present in the cytoplasm. Biochemical events which occur

during apoptosis include an increase in intracellular levels of calcium ions

(Trump and Berezesky, L995), rapid phosphorylation of tyrosine residues in

various cellular proteins (Eischen et ø1., 1994), activation of various types of

proteases (Kumar and Harvey, 1995; Patel et ø1., 1996) and the generation of

reactive oxygen species (Zamzamí et ø1., 1995) and ceramide (Kolesnick et ø1.,

1994). It is not yet known whether all of these events are part of the apoptotic

pathway, or merely a response to the death of the cell.

The molecular effectors of most apoptotic signals are a family of cysteine

proteases related to interleukin LB-converting enzyme (reviewed by Nicholson

and Thornberry, L997), which are now known collectively as the caspases

(Alnemri et ø1., 7996). These proteins cleave after the aspartate residue in a

tetrapeptide recognition sequence. The efficiency of cleavage by each caspase is
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determined by the sequences surrounding the cleavage site in the substrate.

Consequently, the caspases have been divided into three major groups based on

their substrate specificities. Group 1 contains caspases 1,, 4 and 5, an example of

which is interleukin 1B-converting enzyme (caspase-L). Group 2 contains

caspases 2 andT and includes caspase-3 (also known as CPP32,Yama or apopain),

which is potentially one of the most important and ubiquitous caspases involved

in apoptosis (Faleiro et ø1.,1997). The third group contains caspases 6,8 and 9.

Activation of caspases is necessary for apoptosis to occur in most experimental

settings, as both synthetic and viral inhibitors of caspases also inhibit apoptosis

(Kumar and Harvey, 1995; Nicholson and Thornberry, L997). Because of their

different specificities for cleavage, certain caspases appear to predominate in

different types of apoptosis. For example, caspase-3 is required for apoptosis of

neuronal cells during embryological development but knockout mice have no

defects in other organs (Kuida et al., 1996). In contrast, caspase-8 (or

FLICE/MchS), is involved in signal transduction and binds to the Fas receptor

signalling complex to initiate a cascade of caspase activation (Boldin et nl., 1996;

Muzio et a1.,1996). The precise role of each group of caspases in apoptosis is yet

to be defined. Activated caspases are known to cleave proteins involved in

cytoskeletal structure, such as lamins and cr-fodrin (reviewed by Zhivitovsky et

a1.,1997), the DNA repair enzyme poly (ADP-ribose) polymerase (Lazebnik et al.,

1994) and DNA fragmentation factor, which is responsible for initiating

endonucleolytic cleavage of DNA during apoptosis (Líu et ø1., 1997). Current

research is now focussed on identifying further targets of these proteases, in an

effort to determine the molecular mechanisms by which the nuclear and
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morphological features of apoptosis occur.

7.7.3 Genetic Control of Apoptosis

Studies of apoptosis occurring during the embryonic development of the

nematode Caenorhabditis elegøns (C. elegøns) provided the first evidence that

the expression of specific cell death (ced) genes is required for apoptosis to occur.

It is now evident that apoptosis in mammalian cells is also tightly regulated þ

the interplay of a number of genes with inhibitory or stimulatory effects, some of

which are homologous to the ced genes ín C. elegans (White, 1996). Many of the

genes that can regulate apoptosis also control cellular proliferation (e.g. c-myc, c-

abl, c-fos, ras, Rb, p53), which highlights the close relationship between the two

processes. There are two major levels of genetic regulation of apoptosis. The

first level involves genes whose function is to initiate or transduce apoptotic

signals. These genes include the "death receptors" tumour necrosis factor

receptor 1 (TNFRI) and Fas (reviewed by Smith et al., 1994). The binding of

ligands to these receptors triggers intracellular cascades of protease activation and

lipid hydrolysis, resulting in rapid apoptosis of the cell. This family of proteins

will be discussed further in Section 1.4.1.

Another example is the c-myc proto-oncogene, which is an early response gene

induced following mitogenic stimulation of the cell. Expression of c-Myc is

necessary for the entry of quiescent cells into the proliferative cell cycle, however

if growth stimulatory signals are withdrawn, the c-Myc protein can initiate

apoptosis (Evan et øL, 1992). Apoptosis or proliferation induced by c-Myc is
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dependent on the formation of a dimer between Myc and Max, a ubiquitous

cellular protein (Amati et ø1., 1993). This dimer acts as a transcription factor

(Amati et al., L992), which indicates that c-Myc induces apoptosis by

transactivation of apoptosis-related genes. To date, the target genes of the

Myc/Max complex are not yet known. c-Myc is thought to provide both

proliferative and apoptotic signals to a dividing cell, but the cell death signal is

normally suppressed by growth factors (Evan et a1.,1994; Green et a1.,1994).

The p53 tumour suppressor is another gene involved in the initiation of

apoptosis. Genetic damage induced by ionising radiation or cytotoxic agents

causes stabilisation of the p53 protein (Fritsche et øL, 1993), resulting in high

levels of p53 in the nucleus. The p53 protein is a transcription Lactor, which

binds to specific sequences of DNA and alters the expression of target genes.

Some of these genes have been identified and include regulators of cell cycle

progression (eg p2L, cyclir, G), DNA repair (GADD45) and apoptosis (Fas, Bax).

The ultimate result is a state of "growth arrest" (Kuerbitz et ø1., 1992), in which

the cell is metabolically active, but can no longer replicate. During growth arrest,

DNA repair enzymes detect and correct genetic damage before DNA replication

can occur. It has been proposed that if DNA damage cannot be repaired, or if the

repair enzymes have been disabled, p53 acts as a "guardian of the genome" þ
activating apoptosis of the damaged cell (Lane, 1992). This finding is supported

by the fact that overexpression of p53 in pS3-null human tumour cells causes

apoptosis (Yonish-Rouach et al., 1991) and that thymocytes from mice that

express no functional p53 are resistant to apoptosis by ionising radiation (Clarke

et øL,\993; Lowe et al., 1993b). More recently, it has been shown that genotoxic
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agents can induce apoptosis in some pS3-null cells (Lowe et ø1., I993a; Strasser ¿/

al., 1994; Arita et al., 1997), indicating that alternative or complementary

pathways exist to remove cells with genetic damage.

A domain in the p53 protein has been identified, which is responsible for

induction of apoptosis and is independent of its growth arrest function

(Sakamuro et al., 1997). This polyproline domain is not required for the

transactivational activity of p53, which indicates that p53 initiates apoptosis þ

indirect regulation of apoptosis-related genes. The importance of p53 in

apoptotic cell death has been investigated using p53-null mice (Donehower et ø1.,

1992). These mice are phenotypically normal, indicating that p53 is not required

for apoptosis during embryological development. However, these mice have a

high incidence of spontaneous tumours in various organs, which has supported

the role of p53 in maintaining genomic integrity (Donehower et ø1.,1992).

The second level of genetic regulation of apoptosis involves genes that directly

influence the apoptotic machinery of the cell. The best-characterised genes in

this category are the Bcl-2 family. BcI-2 was initially identified as an oncoprotein

with the unique ability to extend cell survival without altering the rate of

proliferation (Vaux et ø1., 1988; Nunez et ø1., 1989). Hockenbery and coworkers

(1990) were the first group to show that Bcl-2 extends cell survival by inhibiting

apoptosis and since then Bcl-2 has been shown to inhibit apoptosis induced þ
many stimuli in different types of cells (reviewed by Reed, 1994). A family of

proteins related to Bcl-2 has now been identified (reviewed by Kroemer, 1997).

These proteins are divided into two groups: those which inhibit apoptosis (e.g.

Bcl-2, Bcl-X¡, Bcl-w) and those which promote apoptosis (e.g. Bax, Bcl-Xr, Bak,
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Bad). The relative levels of each type of protein are thought to control the

apoptotic activity of a cell. For example, the anti-apoptotic activity of Bcl-2 is

suppressed by its binding to a homologous protein, Bax, which has pro-apoptotic

activity (Oltvai et aI., 1993). An excess of Bax protein will therefore favour

apoptosis, while an excess of Bcl-2 will inhibit apoptosis.

The Bcl-2 and Bcl-X, proteins are located in the inner mitochondrial membrane

and the endoplasmic reticulum (MonagÌi.an et al., L992). The precise mechanism

by which these proteins can inhibit apoptosis is not fully understood. One likely

possibility is that BcI-2 and Bcl-xl inhibit apoptosis by preventing the activation

of caspases (Chinnaiyan et al., \996a; Cosulich et al., 7996), which are the

molecular effectors of apoptosis. The release of cytochrome c from mitochondria

into the cytosol can activate caspases, in the presence of dATP, and can

consequently induce apoptosis (Liu et ø1.,1996). Bcl-2-like proteins may therefore

inhibit apoptosis by preventing the release of cytochrome c from the

mitochondria in response to apoptotic signals.
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1.2 The Role of Apoptosis in Tumorigenesis

Apoptotic cells have been observed in solid tumours for decades, however the

importance of this type of cell death in the kinetics of tumour growth was not

appreciated until the 1980s (Wyllie, 1985). Most tumours contain some apoptotic

cells, however the proportion of these cells varies between different types of

tumours (Staunton and Gaffney,1995). The number of apoptotic cells in tissue

sections of lymphatic cancers is significantly reduced compared with matched

non-malignant tissue (Hollowood and McCartney, L99L), however the number of

mitotic cells was also reduced in these tumours. The number of apoptotic cells is

also reduced compared to the number of mitotic cells in normal tissue

surrounding breast tumours (Allan et al., 1992), indicating that suppression of

apoptosis is an early event in this disease. It has been suggested that a tumour

with a low rate of spontaneous apoptosis may subsequently progress to a more

aggressive disease than a tumour with a higher rate of cell death (Kasagi et ø1.,

1994; Arai and Kino, 1995). Furthermore, a recent study by Provinciali and

coworkers (1997) found that a higher incidence of apoptosis in cervical tumours

resulted in a better initial responsiveness to chemotherapy than tumours with

lower levels of apoptosis, however the long-term outcome of these patients was

not reported. Taken together, these studies indicate that deregulation of

apoptosis may contribute to the disruption of homeostatic cell growth in

tumours
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Normal cells depend on signals from neighbouring cells and the extracellular

matrix to survive and undergo apoptosis if detachment occurs (Bates et ø1., 1994;

Frisch and Francis, L994;Bedi et al., 1995; Strater et al., 1996; Hague et aL, 1997).

This default pathway prevents the growth of cells in incorrect locations and

maintains the structure of a tissue (Raff, 1992; Frisch and Francis, 1994). It is also

an important defence against the growth and metastasis of a premalignant cell.

Malignant cancer cells lose their dependence on contact with matrix or

neighbouring cells for survival (Frisch and Francis, L994; Hague et ø1., t997).

Furthermore, Glinsky and coworkers (1997) have shown that the metastatic

ability of cancer cell lines is also correlated with a reduced apoptotic response to

other survival signals, including cell confluence and serum starvation.

Resistance of a cell to induction of apoptosis carries a higher risk of malignant

transformation, because oncogenic mutations can be accumulated without

deletion of the cell. Furthermore, tumour cells that are resistant to apoptosis

may be able to escape the cytotoxic effects of chemotherapy, radiation and killer

immune cells, all of which can act by inducing apoptosis in target cells (Podack,

L995; Blank et ø1., L997; Hannun, L997). Research has now focussed on identifying

and characterising the mediators of apoptosis, in an effort to determine how

tumour cells become resistant to cell death signals. As a genetically-controlled

pathway of cell death, apoptosis may eventually be manipulated by novel

therapeutic agents to destroy tumour cells.

In an analogous situation to the disruption of growth-related genes in cancer,

aberrant expression of the genes that regulate apoptosis has also been associated

with tumorigenesis. The bcl-2 gene is overexpressed in the majority of follicular
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radiation in aitro have increased levels of genetic mutations and

rearrangements. This supported the findings of Kemp and coworkers (1994),

who showed that p53-nu11 mice develop tumours following whole-body

irradiation at a faster rate than pS3-wild type mice. Taken together, these studies

indicated that loss of pS3-mediated apoptosis contributes to multidrug resistance

of tumour cells, and that treatment of cells without functional p53 genes could

induce further genomic instability in the tumour cells.

Overexpression of oncogenes such as c-myc and the adenovirus early region 1A

gene ElA in a cell causes the cell to become highly sensitive to induction of

apoptosis (Wyllie et ø1., 1987; Evan et ø1., 1992; Rao ef al., 1992). This effect is

thought to be an important mechanism to prevent malignant transformation of

the cell. Flowever, if the apoptotic signal induced by oncogene expression is

inhibited, by overexpression of Bcl-2 or inactivation of p53, the proliferative

signals predominate and the cell becomes transformed (Vaux et ø1., 1988; Nunez

et al., L989; F.ao et øL, 1992; Lowe et nl., 1994). These results indicate that

inhibition of apoptosis can promote tumorigenesis by allowing the continuous

overexpression of oncogenes, resulting in a tumour with high rates of

proliferation and extended cell survival.
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L.3 Deregulation of Apoptosis in Colorectal Cancer

7.3.7 Apoptosis in the normøl colon

The balance between cell division and cell death must be strictly regulated in the

epithelium of the colonic mucosa, because of the high rate of turnover of this cell

population. The mucosal epithelium of the colon has a high surface area, due to

the presence of the crypts of Lieberkühn, which descend from the luminal surface

into the lamina propria layer of the mucosa. The growth and differentiation of

colonic epithelial cells proceeds through distinct phases, depending on the

position of a cell in the crypt architecture. The stem cells are located at the bottom

of the crypts and are protected from inappropriate destruction by a constitutive,

high level of expression of the anti-apoptotic protein, Bcl-2 (Lu et al., L993). The

stem cells divide to form daughter cells, which proliferate rapidly and migrate up

the crypts as they differentiate into columnar epithelium, goblet cells and

enteroendocrine cells (Cormack, 1993). Upon reaching the luminal surface of the

mucosal layer, the cells die, slough off into the lumen and are carried out of the

body.

Efficient removal of senescent colonocytes is essential to balance the rapid rate of

cell renewal. Until recently, it was assumed that the cells are mechanically shed

by an exfoliating action of passage of the gut contents. While this may be the case

for a proportion of cells, apoptosis of colonocytes has been detected in the upper

levels of the crypts (Gavrieli et ø1., L992; HaII et al., 1994; Strater et al., 1995). At the
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luminal surface, most of the remnants of apoptotic cells are actively extruded

from the epithelial layer into the lumen, while some are engulfed by

surrounding epithelial cells or lymphocytes (Strater eú al., 1997). Occasional

apoptotic cells have also been observed in the lower, proliferative zones of the

crypts and are thought to arise from cells with genotoxic damage. Apoptotic rates,

calculated from the number of cells undergoing apoptosis in each colonic crypt,

approximately balance the rate of cell renewal (Hall et ø1., 1994), suggesting that

apoptosis is responsible for the homeostasis of cell populations in the colon.

The signal for colonocytes to undergo apoptosis at the tops of the crypts may be a

loss of cell adhesion. Contact between colonocytes and the extracellular matrix is

necessary for cell viability, and detached cells die rapidly by apoptosis (Strater et

a\.,1996). Apoptosis induced in a cell by lack of contact with a support matrix has

been termed "anoikis", meaning "being without a home" (Frisch and Francis,

1994). Presumably, anoikis prevents detached cells from surviving and growing

at inappropriate locations in the body. Adhesion of cells to the extracellular

matrix and to other cells is mediated by cell adhesion molecules, including

integrins, cadherins and hyaluronate receptors (reviewed by Agrez, L996).

Alterations in the expression of these proteins by senescent colonocytes may

result in loss of adhesion at the luminal surface and consequent apoptosis (Strater

et a1.,1996). The dependence of colonocytes on matrix contact for survival is lost

during the transition between normal colonic mucosa and adenomas, however

adenoma cells retain their dependence on cell-to-cell contacts (Hague et a1.,1997).
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1-.3.2 Apoptosis in colorectøI cøncer

The transformation of normal colonic mucosa to metastatic cancer usually

progresses through a series of well-defined pathological stages, over a period of

decades. The multi-step pathway of colorectal tumorigenesis is an ideal model

for the study of sequential genetic alterations that occur in tumour cells. It is

frequently reported that the initiation of sporadic colorectal cancer begins with

widespread hyperproliferation of epithelial cells lining the luminal surface of the

colon (e.g. Terpstra et a1.,1987). However, studies on individuals with mutations

predisposing to hereditary non-polyposis colorectal cancer (HNPCC) found no

significant change in epithelial cell proliferation compared with a control

population (|ass et ø1., L997). Because the development of sporadic colorectal

cancer in an individual cannot be predicted, it is unclear whether

hyperproliferation is the first step in colorectal cancer progression. Th" first

histological signs of colorectal tumorigenesis are the expansion of a population of

epithelial cells to form benign polyps. The polyps progressively increase in size

and degree of dysplasia, before one or more cells acquire the ability to invade the

surrounding tissue. Once a carcinoma has developed, further progression allows

anchorage-independent growth of the cells and, ultimately, metastasis to other

locations in the body.

The transitions between the histological stages of colorectal cancer are correlated

with the acquisition of certain mutations and epigenetic events in the DNA of

the tumour (Fearon and Vogelstein, 1990). In the classical model of colorectal

tumorigenesis, these events include the disruption of tumour suppressor genes,

the abnormal activation of proto-oncogenes and the loss of molecules that
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regulate cell adhesion. According to this "multi-step" model, the accumulated

disruption of growth-regulatory genes is responsible for the development of

colorectal cancer. Early events which occur during the development of colorectal

adenomas include global hypomethylation of the genome and loss of

chromosome 5q (Vogelstein et ØL, 1988), which contains the adenomatous

polyposis coli (APC) tumour suppressor gene (Bodmer et al., 1987; Leppert et al.,

L987). During the progression from class I adenoma to high grade dysplasia, the

ras proto-oncogene is mutated in approximately 50% of tumours (Vogelstein eú

a1.,1988). Loss of chromosome L7p, containing the p53 tumour suppressor gene,

occurs during the transition between adenomas with high grade dysplasia and

carcinomas. Loss of chromosome L7p has been detected in 75% of colorectal

carcinomas (Vogelstein et ø1.,1988), and was subsequently shown to complement

an inactivating mutation in the remaining allele of the p53 gene (Baker et ø1.,

1989). Allelic loss of chromosome 18q is also a common èVent in colorectal

adenomas, which tends to precede deletions of LTp (Vogelstein et ø1.,1983). The

identity of the tumour suppressor gene inactivated by 18q deletion is thought to

be the Deleted in Colorectal Cancer gene (DCC, Fearon et al., L990), which may be

involved in the regulation of cell adhesion.

This genetic model has now been expanded to include a subset of tumours that

have a high incidence of genetic instability, particularly in DNA sequences

containing stretches of repeated nucleotide sequences (called microsatellites).

These tumours are commonly deficient in mismatch repair function and

comprise 10 to 1.5% of sporadic colorectal tumours (Liu et aI., 1995). The

frequency of microsatellite instability is greatest in tumours from patients under
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the age of 35 (Liu et ø1., 1995). Colorectal tumours with microsatellite instability

are thought to arise independently from the classical model of tumorigenesis

because the tumour cells have different genetic lesions. For example, tumours

with microsatellite instability generally do not show allelic loss of APC or p53

(Olschwang ef al., 1997), however they have a high incidence of Bøx gene

mutations (Rampino et ø1., 1997) and a similar frequency of. røs mutations as

tumours without microsatellite instability (Olschwang et al., 1997).

The epithelial cells of the colon are vulnerable to genetic damage because of

constant exposure to dietary mutagens and carcinogens, as well as carcinogenic

compounds generated by gut flora. Mutations with malignant potential are not

acquired passively by normal cells, which have several lines of defence against

malignant transformation. Mismatches in base pair sequences are normally

corrected by a group of DNA repair enzymes, which detect the incorrect base,

excise it and insert the correct one (reviewed by Myles and Sancar, 1989). If the

repair enzymes cannot correct DNA damage, it is thought that the cell undergoes

apoptosis to avoid the risk of malignant transformation (Lane, 1992).

Suppression of this apoptotic response would favour malignant transformation

of colonic cells. Sections 1.3.3 to 1.3.5 summarise the evidence that colonic

tumours are deficient in apoptosis, and that inhibition of apoptosis may be

actively maintained by apoptosis-related genes.
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(Ikenaga et ø1.,1996; Koike, 1996; Moss et a1.,1996). This variation may reflect the

circadian rhythm in apoptotic rate (Potten, 1996) or be a result of different surgical

techniques used to remove the tissue.

Most researchers have found that the apoptotic index in adenomas and

carcinomas is significantly higher than in normal colonic mucosa (Ikenaga et ø1.,

1996; Koike, 1996; Tanako et al., 1996; Hawkins et al., 1997). In adenomas, high

apoptotic indices are associated with increasing dysplasia of the tumour (Arai and

Kino, 1995; Koike, L996). Increased cell death in colorectal tumours may be a

homeostatic response to hyperproliferation, as several studies have linked the

rate of apoptosis with the proliferative rate of adenomas and carcinomas (Arai

and Kino, t995; Baretton et ø1.,1996; Tatebe et ø1.,1996). No relationship has been

observed between the apoptotic index in a carcinoma and its histological

differentiation (Nakamura et ø1., 1995; Ikenaga et al., 1996; Koike et ø1., 1996),

however Hawkins and coworkers (1997) found a positive correlation between the

apoptotic index and Dukes' grade of colorectal carcinomas. This finding agrees

with that of Tatebe and coworkers (L996), who found that apoptotic indices in

metastatic deposits were higher than in primary colorectal tumours. However,

other researchers have found that apoptotic rates are lowest in more invasive

cancers (Ikenaga et a1.,1996; Takano et aL,1996).

In contrast to the studies above, Bedi and coworkers (1995) and Moss and

coworkers (1997) have reported a progressive decrease in apoptosis during the

transformation of normal colonic epithelium to benign adenomas and

adenocarcinomas. The number of apoptotic cells in carcinoma specimens was

significantly lower than in normal mucosa and was associated with enhanced ex
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1,.3.4 Resistance of colonocytes to øpoptotic signøls

In addition to the maintenance of cell numbers, apoptotic death of colonocytes is

an important defence against genetic damage induced by dietary carcinogens and

irradiation. Loss of the ability of colonocytes to die in response to genotoxic

challenge may be an important indicator of a propensity for malignant

transformation. For example, differences in the susceptibility to apoptosis is

thought to explain the large variation between the incidences of cancer of the

small and large intestines (reviewed byPotten and Booth, L997). Carcinomas of

the small intestine are rare, occurring in approximately 5% of total intestinal

cancer cases. There are no significant differences in the steady-state rates of

proliferation or apoptosis between the small and large intestine. however studies

on the effect of gamma radiation on rats and mice have shown that the apoptotic

response of the epithelial cells of the colon is delayed (Arai et ø1,, 7996) or reduced

(Merritt et ø1., 1996) compared with the small intestine. In the small intestine,

cytotoxic drugs and radiation cause apoptosis primarily in the stem cell

population of the crypts (Potten et al., 1992; Merritt et nL,1995; Arai et ø1., 7996),

indicating that stem cells with genetic damage are removed before cell division

occurs. In the colon however, maximal apoptosis occurs higher up in the crypts,

while the stem cells are located at the base of the crypts. Damaged colonic stem

cells may therefore survive to give rise to daughter cells with genetic mutations,

which may explain the greater incidence of cancer in the large intestine.

There have been many epidemiological studies focussed on the role of diet in the

development of colon cancer. These studies have identified certain foods or food-

derived compounds which are either directly carcinogenic, or are strongly
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resultant increase in bile acids. Ultimately, cells resistant to apoptosis emerge and

this population increases if the high fat diet continues, until most of the colon is

apoptosis-resistant (Payne et ø1., L995; Garewal et al., 1996). This situation allows

the acquisition of oncogenic mutations without induction of apoptotic pathways,

which may increase the risk of malignancy. Chemotherapeutic treatment of these

apoptosis-resistant tumours is unlikely to be successful, as current drugs depend

on induction of apoptosis in cancer cells by DNA damage (Hickman,1996).

L.3.5 Abnormøl expression of øpoptosis-reløted genes in colorectøl cøncer

Disruption of apoptotic activity in colon cancer may be caused by the abnormal

expression of genes that regulate apoptosis. The apoptotic genes that have been

most extensively characterised in colon cancer arc p53 andbcl-2.

Deletions and mutations of the p53 gene are common in advanced colorectal

tumours (Baker et ø1., 1989) and usually occur during the transition from benign

adenoma to adenocarcinoma (Vogelstein et ñ1., 1988). The normal colonic

mucosa does not express appreciable levels of p53 protein (Baretton et ø1., 1996;

Scott et aL.,1996) and neither do hyperplastic polyps (Mosnier et ø1.,1996). p53 has

been detected in a small percentage of colonic adenomas, but is expressed in a

significantly higher number of colonic carcinomas (Sinicrope et ø1.,1995; Baretton

et al., 1996; Mueller et al., L996; Mosnier et ø1., \996; Scott et ø1., 1996). It is likely

that the detected protein is mutant p53, as high expression of p53 in colon

carcinomas is correlated with mutation of the gene (Rodrigues eú a.1., 1990).

Overexpression or mutation of p53 in colonic tumours is not correlated with the
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incidence of apoptosis in the tissue (Kobayashi et al., 1995; Sinicrope et ø1., 1995;

Takano et a1.,1996; Hawkins et ø1., 1997). This indicates that p53 is not involved

in the homeostatic regulation of spontaneous apoptosis. Flowever, a reduction in

pS3-inducible apoptosis may render a colonic tumour resistant to chemotherapy

or radiotherapy.

Bcl-2, an inhibitor of cell death, is normally expressed only in the lower half of

the crypts of the colon (Lu et al., L993; Bosari et ø1., 1995; Merritt et ø1., 1995;

Sinicrope et ø1., 1995), an area which contains the stem cells and is resistant to

induction of apoptosis. Most colon adenomas express Bcl-2 protein at high levels

throughout the neoplastic epithelium (Bosari et ø1., 1995; Nakamura et ø1., L995;

Sinicrope et al., 1995; Baretton et aI., 1996; Flohil et al., 1996; Mosnier et al., 1996;

Scott et al., 1996), while non-neoplastic polyps have a normal pattern of BcL-2

expression (Nakamura et aL.,1995; Flohil et al., L996). BcI-2 protein expression in

colorectal carcinomas is higher than in normal mucosa, but less than in

adenomas (Bosari et ø1,, 1995; Bronner et al., 7995; Nakamura et aL, 1995;

Sinicrope et ø1., 1995; Baretton et ø1., L996; Flohil et al., 1996; Mosnier et al., 1996;

Scott et ø1., t996; Hawkins et nl., L997). This is probably due to the loss of the

chromosomal region containing the bcl-2 gene in the carcinomas (Ayhan et al.,

1994). A significant inverse correlation has been reported between BcI-2

overexpression and the apoptotic index of colorectal adenomas (Sinicrope et nl.,

L995; Baretton et ø1., 1996; Hawkins et ø1.,1997), indicating that Bcl-2 may impair

cell death in adenomas and allow tumour progression. A recent study has shown

that the gene encoding Bax, which binds to Bcl-2 and inhibits its function, is

mutated in some types of colon cancer (Rampino et al., 1997). Loss of Bax may
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L.4 Apoptotic Signalling by Fas

7.4.7 The Eas antigen

Fas, also called APO-L or CD95, is a 45 kilodalton transmembrane protein. Based

on amino acid homology, Fas is a member of the tumor necrosis factor (TNF)

receptor family of Type I membrane proteins (Itoh et ø1., 1991). The members of

this family include tumour necrosis factor receptors l- and 2, CD40 and CD28

cytokine receptors, which transduce growth or death signals to host cells (Smith

et ø1., L994). Recently, other "death receptors" homologous to Fas and the TNF

receptor have been isolated. These include death receptor 3/WSL-1 (Chinnaiyan

et al., 1996b; Kitson et ø1., 1996), death receptor 4 (Pan et ø1., 1997), Apo-3 (Marsters

et al., L996), TRAMP (Bodmer et al., 1997) and LARD (Screaton et ø1., 1997). All

receptors in the family contain a single transmembrane domain and cysteine-rich

extracellular domains, to which ligands or agonists bind to initiate a signal. The

intracellular domains of the receptors are responsible for transduction of the

signal, and show considerable variation between family members. This disparity

accounts for the wide range of functions triggered by the different receptors

(Smith et nL, 1994).

The Fas antigen was simultaneously discovered by Trauth and coworkers (1989)

and Yonehara and coworkers (1989), who isolated monoclonal antibodies (called

anti-APO-L and anti-Fas, respectively) with cytolytic activities against several
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human cell lines. Subsequent cloning and sequencing of the antigens recognised

by these antibodies revealed that Fas and APO-L antigens were identical (Itoh et

ø1.,1991; Oehm et aI.,1992). For clarity, the antigen will only be called Fas.

The antibodies raised against Fas killed several human Fas-positive cell lines,

including lymphoid B and T cells and fibroblasts, within 48 hours (Trauth et ø1.,

1989; Yonehara et a1.,L989). Genomic DNA isolated from the treated cells was

fragmented into multiples of L80 base pairs and morphological changes such as

cell membrane blebbing and condensation of the chromatin and cytoplasm were

evident. These observations indicated that binding of the antibodies to the

antigenic protein on a cell membrane triggered a "suicide" signal to the cell. The

resources of the cell were then used to initiate cell death in a manner

characteristic of apoptosis.

Cloning of the DNA encoding the human Fas antigen (cDNA) allowed

transfection and expression of Fas in mouse T cell lymphoma cells and L929

fibroblasts (Itoh et ø1., 199L). Treatment of these cells with an anti-Fas antibody

caused apoptotic death within 5-6 hours, although the L929 cells required

inhibition of protein synthesis for the induction of apoptosis. DNA

fragmentation was detected after one hour of antibody treatment and preceded

the morphological changes by two hours. Parental cells, which did not contain

the Fas cDNA, were unaffected by anti-Fas treatment. This study showed that the

interaction between the antibody and Fas antigen directly transduces an apoptotic

death signal to cells. Fas then became a potential target for therapeutic

manipulation of apoptosis (Krammer et a1.,1991).
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L.4.2 The Eøs Ligønd

The potent cytolytic effect of anti-Fas antibodies indicated that they were either

acting as agonistic ligands for Fas as a receptor, or were blocking the binding to

Fas of an essential survival factor (Yonehara et a1.,1989). Most other members of

the tumor necrosis factor receptor family were known to bind to specific ligands,

which suggested that Fas also had an endogenous ligand.

The cDNA encoding Fas ligand was first cloned by Suda and coworkers (1993),

from a T cell hybridoma with Fas-dependent cytotoxicity. The resultant cDNA

was derived from the rat, and was homologous to members of the tumour

necrosis factor family of Type II transmembrane proteins. Expression of Fas

ligand by COS cells transfected with the Fas ligand cDNA lysed target cells

expressing Fas. The medium in which the COS cells had grown also had

cytotoxic activity, indicating that Fas ligand had been released from the cell

membrane into the extracellular fluid.

The Fas ligand protein was immunoprecipitated from the T cell hybridoma cells,

using the extracellular domain of the Fas protein as bait (Suda and Nagata, 1994).

Cell death induced by Fas ligand was characteristic of apoptosis and could only be

induced in cells expressing Fas. Soluble Fas molecules inhibited the cytotoxicity

of Fas ligand in aitro, which confirmed that a direct interaction between Fas and

its ligand was responsible for induction of apoptosis. Isolation of human Fas

ligand revealed a 40 kilodalton protein which is highly homologous with both

rat and mouse Fas ligand (Takahashí et al., 1994). It is a Type II transmembrane

protein with an extracellular receptor binding domain. Fas ligand is cleaved at
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the cell membrane by metalloproteases in aiao to a soluble, active form (Mariani

et al., 1995) and can therefore act in both a paracrine and autocrine manner to

bind to Fas.

7.4.3 The Føs signalling pøthany

Ligand-receptor internctions

Binding of the Fas ligand or an anti-Fas antibody to the membrane-bound Fas

antigen is required for the induction of apoptosis in sensitive cells. Tanaka and

coworkers (1995) have shown that soluble Fas ligand immunoprecipitated from

human cells has a molecular weight approximately three times that of the

predicted monomeric protein. This suggests that soluble Fas ligand proteins

aggregate to form trimers, which cross-link three Fas receptors to initiate the

apoptotic signal (Dhein et ø1.,1992; Tanaka et al., L995).

The physical interaction between Fas and its ligand may be controlled in aiao by

the secretion of soluble Fas proteins from the cell membrane. Soluble Fas

proteins, which retain ligand-binding activity, have been isolated from human

cells (reviewed by Ruberti et al., 1996). The proteins lack transmembrane

domains and arise from alternative splicing of the Fas pre-mRNA transcript.

The soluble Fas proteins inhibit Fas-mediated apoptosis, possibly by competing

with membrane-bound Fas for ligand binding.
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Furthermore, the ability of BcI-2 to inhibit Fas-induced apoptosis depends on the

type of cell involved (Itoh et ø1., 1993; Chiu et a1.,1995; Weller et al., 1995). It is

now evident that Fas can activate multiple pathways to induce apoptosis, and the

pathway used depends on the type of cell and the stimulus.

Føs-mediated signal trønsduction

A region of 45 amino acids in the cytoplasmic domain of Fas is homologous to

the corresponding regions in the related proteins TNFR1 and CD40 (Itoh et ø1.,

1991), and the reaper protein in Drosophilø melønogøster (Golstein et øL, 1995).

This conserved domain is responsible for the transmission of cell death signals

(Tartaglia et a1.,L993; Itoh and Nagata, 1993), and is called the "death domain" of

the receptor. Cross-linking of the Fas receptors causes the three death domains to

associate (Boldin et a1.,1995a), which then allows the recruitment of cytoplasmic

proteins to bind to Fas. The resulting protein complex is called the death-

initiating signalling complex, or DISC (Kischkel et ø1., 1995), and links Fas to the

cell's apoptotic machinery (Figure 1.2).

The first protein to be recruited to the DISC is FADD, also known as MORT1

(Boldin et ø1.,1995b; Chinnaiyan et ø1., L995), which binds to the death domain of

Fas. Dominant negative mutants of FADD completely abolish Fas signalling,

confirming that FADD is the transducer of the Fas receptor. Next to be recruited

to the DISC is a protein called FLICE or MchS (Boldin et ø1., 1996; Muzio et ø1.,

1996). FLICE contains two unique domains, which are homologous with FADD

and have been called "death effector domains", or DEDs. FLICE also shares
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1.2). This enzyme catalyses the rapid hydrolysis of sphingomyelin, a membrane

phospholipid, resulting in an increase in cellular levels of the hydrolysis product

ceramide (Cifone et al., 1993; Tepper et ñL, 1995). Activation of the acidic

sphingomyelinase occurs downstream of caspase activation (Gamen et ø1., 1996)

and requires the generation of diacyl glycerol (DAG) by phospholipase C (Cifone

et ø1.,1995). Incubation of cells with cell-permeable ceramide analogues induces

apoptosis or DNA fragmentation (Cifone et ø1,,L993; Obeid et ø1., L993;larvis et

ø1., 1994; Tepper et ø1., 1995), suggesting that ceramide is a second messenger for

cell death. The mechanism by which ceramide initiates cells death is not fully

understood. Generation of ceramide following Fas ligation has been associated

with activation of the Ras proto-oncogene (Gulbins et al., 1995),leading to the

activation of the mitogen-activated protein kinase cascade of stress-activated and

extracellular signal-regulated kinases (reviewed by Gulbins et fl|., 1996 and

Schlottmann and Coggeshal, 1996). These cascades of kinase activation are

involved in various disparate cellular functions and current research aims to

identify the components of this pathway that are specific for cell death.

Reguløtion of Føs Signølling

Fas binding does not always result in apoptosis of the host cell. In certain cell

types, Fas ligation by monoclonal antibodies has no effect, while in others, Fas

initiates cell proliferation (Aggarwal et al., 1995; Freiberg et al., L997). These

heterogeneous effects suggest that Fas signalling is subject to inhibitory control.

The cytoplasmic domain of Fas contains an inhibitory region in the terminal L5

amino acids (Suda and Nagata, L993). A protein that binds to the inhibitory
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domain of Fas has been isolated using a yeast two-hybrid system and named

FAP-1 (Sato et al., 1995). FAP-I is a tyrosine phosphatase which, when

overexpressed in the |urkat T cell line, increases the resistance of the cells to Fas-

induced apoptosis. The mechanism of this anti-apoptotic activity has not yet

been characterised. Another protein, FLIP, has been identified which can inhibit

Fas signalling by binding to FLICE and preventing its activation (Irmler et ø1.,

1997). Fas signalling may also be controlled by the selective activation of anti-

apoptotic pathways downstream of receptor ligation. The sphingomyelinase

signal transduction pathway can activate cellular proliferation and

differentiation as well as cell death (Kolesnick and Fuks, 1995), depending on the

signal transduction pathway activated by ceramide. The presence of other

modulating signals such as protein kinase C may counteract the apoptotic effects

of ceramide to determine whether the cell proliferates or dies (Obeid et ø1., 1993;

]arvis et ø1.,1994; Tepper et a1.,1995). Future research may identify more proteins

capable of negative regulation of Fas signalling.
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lymphadenopathy and the production of multiple autoantibodies (Cohen and

Eisenberg, t992; Singer et nl., L994). These mice generally die at the age of 6

months, from immune complex glomerulonephritis.

Watanabe-Fukunaga and coworkers (I992a) have shown that lpr mice have a

rearrangement in the føs gene and consequently express very little Fas mRNA.

Tlae fas gene in lpr mice contains an early retrotransposon (ETn) insertion in

intron 2, resulting in abnormal Fas mRNA transcripts and few of wild-type

mRNA (Adachi et ø1., 1993;Chtt et ø1., 1993). A similar mutant strain, lpr's,

expresses Fas mRNA at normal levels, but the "death domain" contains a single

base substitution in which abolishes the apoptotic effects of Fas ligation.

Expression of a normal føs gene in the T cells of lp, mice prevents the

pathological phenoffpe, confirming that defective Fas function is responsible for

the autoimmune disease (Wu et ø1.,1.994).

Despite their identical disease pathology, the lpr and gld mutations occur in

different genes. Bone marrow transplants between wild-type, gld/ gld and lpr / Ipr

mice indicated that gld and lpr were an interacting pair of molecules, such as a

ligand and its receptor (Allen et ø1., L990). Following the identification of lpr as

føs, Takahashi and coworkers (L994) confirmed that the gld delect was in the

mouse fasl gene. gld mice express normal levels of Fas ligand mRNA, but have

a point mutation in the føsl gene. This base-pair substitution abolishes the

cytotoxic effect of the ligand on Fas-expressing cells.
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7.5.3 Eøs signnlling in oiao

lpr and gld mice, which have defective Fas signalling, develop normally with no

congenital defects. Thus, Fas is not essential for cell death during embryogenesis

and cellular differentiation. The illness and pathology observed in these animals

suggests that Fas signalling is necessary for the regulation of numbers of

immune cells, and in the removal of self-reactive or foreign cells. No pathology

in non-haematological tissues has been reported in these mice, however the lpr

mutation is "leaky", because low levels of Fas mRNA are expressed. The

generation of mice with total lack of Fas expression has shown that, in addition

to lymphoproliferation and splenomegaly, Fas-null mice have hyperplasia of the

liver (Adachi et al., 1995). This suggests that Fas signalling is involved in the

homeostasis of hepatocyte cell growth. Recent evidence has also ímplicated Fas

signalling in the atresia of ovarian follicles after ovulation (Hakuno et ø1., 1996).

Physiological systems in which Fas signalling is strongly implicated are discussed

in further detail below.

Actioation-induced death of T cells:

Activation of T cells by ligation of the CD3 antigen (complexed with the T cell

receptor) induces the rapid expression of both Fas ligand and Fas mRNA

(Alderson et ø1., L995; lu et ø1., L995; Brunner et ø1., 1995). The subsequent

interaction between Fas and its ligand on the same or neighbouring cells causes

apoptosis of the T cell and consequent down-regulation of the immune response

(Dhein et al., 1995). Activated T cells from lpr and gld mice fail to undergo

suicidebyapoptosisafterCD3 ligation (Russell et aI., 1993; Gillette-Ferguson and

Sidman, 7994). These cells retain functional pathways for apoptosis (Gillette-
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Ferguson and Sidman, L994), indicating that Fas-induced apoptosis is responsible

for activation-induced cell death. The failure to delete reactive T cells may cause

the massive accumulation of peripheral lymphocytes ín lpr and gld mice, and

suggests that one of the primary roles of Fas is to regulate peripheral immune

resPonses.

CeIl Deøth by Cytotoxic T Lymphocytes:

Cytotoxic T lymphocytes (CTLs) are a subset of T cells that destroy virus-infected,

allogeneic or cancerous cells. CTLs recognise target cells by cell-surface antigens,

bind to the target and induce cell lysis by one of two mechanisms (Podack,

I995a,b). Calcium-dependent death occurs by the release of perforin-containing

granules by the CTL, resulting in disruption of the target cell membranes,

followed by uptake of grarrzyme molecules and ultimately nuclear

fragmentation. This form of cell death does not require the active participation

of the target cell. The calcium-independent pathway involves the transmission

of a suicide signal to the target cell, which then triggers its endogenous apoptotic

pathways. Rouvier and coworkers (1993) first reported that Fas was necessary for

calcium-independent cytotoxicity, and it is now known that suicide induced þ
CTLs is mediated by the interaction between Fas ligand expressed by the CTL and

Fas expressed on the target cell (Kagi et aI., 1994; Lowin et ø1., 1994; Hanabuchi ef

a\.,1994).
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Reap et al., L997; Reinke and Lozano, \997; Sheard et ø1., 1997). In each case,

induction was dependent on the expression of a functional p53 protein in the

target cell. Muller and coworkers (1997) showed that Fas ligand is also up-

regulated on hepatoma cell lines following treatment with cytotoxic drugs, and

that apoptosis induced by these agents could be inhibited with blocking antibodies

against Fas. These studies suggest that apoptosis induced by upregulation of p53

could be mediated by Fas and Fas ligand. However, the involvement of Fas in

pS3-mediated apoptosis is cell type-specific as thymocytes from furadiated lpr

mice, which express little functional Fas, undergo apoptosis as readily as mice

with intact føs genes (Strasser et ø1.,1992; Reinke and Lozano, 1997).

1.5.4 Abnormølities of Eøs signølling in humøn diseøse

Autoimmune Disease:

Patients with the autoimmune disease systemic lupus erythematosis (SLE)

demonstrate a similar clinical phenotype to lpr and gld mice. The disease is

characterised by high levels of activated B cells in the periphery, causing

excessive production of autoantibodies and immunoglobulins. There are also

high levels of abnormal CD4-, CD8- "double negative" T cells. The similarities

between SLE and lpr suggested that Fas may be involved in the pathogenesis of

SLE. Investigations of Fas signalling in SLE have not produced conclusive

results. Mysler and coworkers (1994) have reported that peripheral blood

mononuclear cells from SLE patients have higher levels of Fas compared with

unaffected subjects, however Fas-induced apoptosis was normal in these cells.
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Liaer Diseøse:

Fas is constitutively expressed in hepatocytes and cultures of liver cells are

sensitive to Fas-induced apoptosis (Galle et ø1., L995). Flowever, expression of Fas

by hepatocytes is increased in patients with Hepatitis B or C-induced cirrhosis

(Galle et al., 1995; Hiramatsu et ø1., 1994) and in cases of acute liver failure. It is

possible that death of the hepatocytes in these patients is induced by Fas ligand-

bearing lymphocytes which are normally cleared by the liver (Huang et ø1., 1994).

In Fas-null mice, which express no Fas protein, there is a marked hyperplasia of

the liver in addition to lymphoproliferation (Adachi et al., 1995). Taken

together, these studies that Fas signalling maintains homeostasis of liver cells

and is responsible for excessive death of hepatocytes in certain disease conditions.

Acquired Immune Deficiency Syndrome (AIDS):

AIDS is the result of infection with the human immunodeficiency virus, or HIV.

One of the effects of HIV infection is the progressive destruction of peripheral T

cells, predominantly of the CD4* lineage. The death of T cells in HIV* patients is

due to induction of apoptosis (reviewed in Ameisen et al., L995). There is

increasing evidence that expression of Fas and Fas ligand in HlV-infected cells

mediates the excessive apoptosis of CD4. T cells. The levels of Fas protein on

both CD4* and CD8. T cells are significantly increased in HIV* children, compared

with age-matched controls (Debatin et a1.,L994). The levels of Fas ligand mRNA

are also upregulated in HlV-infected children, particularly ín the later stages of
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7.6.2 Expression of Føs in lymphoid mølignancies

Most leukemia and lymphoma cell lines express the Fas antigen at high levels

(Debatin et ø1., 1990; Debatin and Krammer, 1995; Hata et ø1., 1995; Dirks et al.,

1997). However, several researchers have reported that the presence of Fas on a

cell is not indicative of its sensitivity to cytolysis by agonistic antibodies. For

example, adult T-cell and plasma cell leukemia ceIl lines undergo rapid apoptosis

after incubation with anti-APO-1 (Debatin et ø1., L990; Hata et ø1., 1995; Dirks et al.,

1997) as do lymphoblastic and myeloma cell lines (Falk et ø1., 1992; Egle et ø1.,

t997), while T cell-acute lymphoblastic leukemias, B cell leukemias, myeloid cell

lines and Burkitt's lymphomas are resistant to antibody treatment (Debatin and

Krammer, 1995; FaIk et nl., 1992; Dirks et al., 1997; Wang et ø1., 1997).

In contrast to the studies of Fas in cell lines, expression of Fas on freshly isolated

cells from patients with plasma cell malignancies is heterogeneous. Fas is

detected on most T cell- acute lymphoblastic leukemias and follicular

lymphomas (Debatin et al., 1990, L99t; Kondo et al., 1994; Aftabuddín et ø1., 1995;

Debatin and Krammer, 1,995), but Fas expression is absent or weak on most B cell

malignancies and acute leukemias (Falk et ø1., L992; Mapara et ø1., 1993; Owen-

Schaub et nI., 1993; Munker et al., 1995; Panayiotidis et al., 1995). Diffuse

lymphomas and chronic leukemias exhibit Fas on a proportion of cells within

the tumour, but the remainder of the cells are negative (Kondo et ø1., 7994;

Munker et ø1.,1995). Expression of Fas protein is increased in many of these cells

by the growth factors gamma-interferon or interleukin-2. Human lymphoid

tumour cells expressing Fas are mostly resistant to apoptosis induced by anti-Fas
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antibodies, except for adult T-cell and plasma cell leukemias, which are highly

sensitive (Debatin et aL.,1993; Hata et a\.,1995).

1-.6,3 Expression of Fns in non-høemøtologicøl tumours

Fas protein is expressed at varying levels in many non-haematological tissues.

Specifically, Fas is constitutively expressed in epithelial cells of human skin,

thymus, heart, intestines, adrenal cortex and liver (Leithauser et ø1., 1993). A

large study of many different types of tumours has shown that the patterns of Fas

expression in non-haematological tumours are heterogeneous, as different

tumours can have increased, decreased or unchanged levels of Fas expression

compared with corresponding normal tissues (Leithauser et al., 1993). Few other

studies have investigated the expression of Fas in primary epithelial tumours.

One group has reported that constitutive expression of Fas is lost during the

transformation of normal hepatocytes to malignant hepatomas (Higaki et al.,

1996) and is correlated with a decrease in the level of apoptosis in the tumour

compared with normal liver tissue.

Most non-haematological cell lines tested express Fas, including colon, prostate,

squamous, renal and pancreatic cells, but are generally insensitive to cytolytic

anti-Fas antibodies (Owen-Schaub et ø1., 1993; Owen-Schaub et al., 1994; Oishi ef

øL, t994; Inoue et a1.,1996). Conversel/, Fas ligation causes human glioma and

hepatocellular carcinoma cell lines to die by apoptosis, and may represent an

effective treatment for these tumours (Weller et al., 1994,1995a and 1995b; Yano

et a1.,1996). Breast cancer cell lines express very low levels of Fas protein, and are
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resistant to Fas-induced apoptosis (Keane et al., 1996), however treatment of the

cell lines with interferon gamma restores sensitivity to the anti-Fas antibody. Fas

signalling is inhibited by a soluble form of the Fas molecule in osteosarcoma

(Owen-Schaub et al., 1995a) and hepatoma (Natoli et ø1., 1995) cell lines. These

studies indicate that Fas function in some cell lines is inhibited by both extra- and

intracellular proteins, in a similar manner to haematological cell lines.

L.6.4 Mechønisms of tumour cell resistønce to Føs signølling

Resistance of tumour cells to Fas-induced apoptosis has complicated the use of

anti-Fas antibodies for the treatment of tumours with Fas on the cell surface.

Sensitivity has been restored in some cells by addition of a protein synthesis

inhibitor (Debatin and Krammer, 1995), indicating that resistance was actively

maintained by intracellular molecules. Correlations have been reported between

expression of the apoptosis-inhibiting protein BcI-2 and sensitivity to Fas-

induced apoptosis (Mapara et nl., 1993; Kondo et ø1., 1994; Panayiotidis et ø1.,

1995). Other studies do not show this relationship (Debatin and Krammer, 1995;

Aftabuddin et nl. L995), however the activity of Bcl-2 is modulated by number of

related proteins and Bcl-2 may not inhibit Fas signalling in all types of cells.

Reversal of the inhibition of Fas-induced apoptosis in aioo would allow

therapeutic intervention for these malignancies, with Fas-directed antibodies

(Debatin and Krammer, L995).
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compared with the EpL-myc mice (Zorníg et ø1., !995). A deficiency in Fas also

increases the incidence of B cell lymphoma in T cell-deficient mice to 70o/",

compared with a frequency of 10% in T cell-deficient mice with intact Fas protein

(Peng et ø1., L996). These findings indicate that loss of Fas signalling has a

permissive effect on existing promalignant defects. In contrast to the above

studies, lpr rnice infected with a monkey leukemia virus show a similar rate of

tumour formation to normal mice infected with the virus (Zonig et ø1., 1995).

Thus, Fas signalling may not ínfluence tumour progression for all types of cells.

In follicular lymphomas and hepatomas, expression of Fas has been correlated

with the incidence of apoptotic cells (Aftabuddin et ø1., 1995; Higaki et al., L996),

providing preliminary evidence that Fas-induced apoptosis may be important in

regulating the growth of some tumour cells.
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1.7 The Role of Fas Signalling in Colorectal Cancer

7.7.L Expression of Føs in colorcctøI tumours

Fas protein is expressed constitutively by the epithelial cells of the normal

colonic mucosa (Leithauser et aI., 1993; Moller et ø1., 1994; Iwamoto et ø1., 1996).

Immunohistochemical techniques have localised Fas to the cytoplasm and

basolateral surface of the colonocytes (Leithauser eú al., 1993; Moller et ø1., 1994;

Iwamoto et ø1., L996), however there is some debate regarding the pattern of

expression in the colonic crypts. Leithauser and coworkers (1993) and Moller and

coworkers G99Ð reported that Fas was expressed throughout the crypts with no

variation in intensity, while Imamoto and coworkers (1996) only detected Fas at

the luminal surface and upper third of the crypts. Treatment of normal

colonocytes with anti-Fas antibodies results in rapid apoptosis of all cells in the

crypts (Strater et ø1.,1997), confirming that Fas protein expressed by colonocytes is

functional. Fas is also expressed by T lymphocytes within the lamina propria (De

Maria et a1.,1996; Iwamoto et a1.,1996), which is the layer of the colonic mucosa

containing the crypts and is rich in immune cells. A functional role for Fas

receptors in the colon has not yet been demonstrated, because the Fas ligand has

not been detected in the colon (Moller ef al., 1996), except in subsets of T

lymphocytes in the lamina propria (De Maria et al., 1996; Iwamoto et ø1., 1996;

Moller et al., 1996).
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Expression of Fas is progressively lost during the transformation of normal

colonic epithelium to benign neoplasms and ultimately colorectal

adenocarcinomas and metastases (Leithauser et ø1.,1993; Moller et ø1., 1994). The

extent of loss is related to the stage of the disease, as only 1,0% of adenomas

exhibit reduced Fas expression compared with 88% of carcinomas. Furthermore,

Moller and coworkers (1994) have reported that total absence of Fas expression is

associated with metastasis and loss of mucous secretion in these tumours. These

findings raise the possibility that loss of Fas in colonic epithelial cells is a marker

of colorectal tumour progression. However, the mechanism by which expression

of Fas is reduced in tumours was not examined in these studies, nor the

relationship between Fas protein and the incidence of apoptosis in the tumours.

Expression of Fas on the surface of colon cancer cell lines is heterogenous (Moller

et ø1.,7994; Meterissian et al., 1997). For example, the SW480 and MIP-L0L cell

lines are uniformly positive for expression of Fas protein, while SW620 and

HDC-9 NMI cells express virtually no Fas. In some colon cancer cell lines, low

cell-surface expression of Fas may be upregulated by incubation of the cells in

medium containing the cytokines TNF-u or interferon gamma (IFN-y)

(Yonehara et ø1., L989; Itoh et al., 1991.; Moller et al., 1994). Colon cell lines

expressing Fas protein show considerable disparity in their sensitivity to ligation

of Fas by agonistic antibodies. For example, }{T-29 cells are relatively insensitive

unless pre-incubated with interferon gamma or protein synthesis inhibitors

(Yonehara et ø1., 1989; Abreu-Mafiín et a1.,7995); while KM12C cells are growth-

inhibited by the antibody (Owen-Schaub et nL, L993; Owen-Schaub et nl., 7994).

Interestingly, metastatic variants of KM12C cells are more resistant to the
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apoptotic effects of the antibody, despite having a similar level of Fas expression

(Owen-Schaub et øL, 1994). Meterissian and coworkers (1997) found that colon

cell lines with the highest expression of Fas protein tended to be poorly-

differentiated compared with the other cell lines examined, and were the most

resistant to induction of apoptosis via Fas. Taken together, these studies indicate

that down-regulation of either the expression or apoptotic activity of Fas is a

common event in colon cancer cells. Flowever, it is not known whether loss of

Fas signalling can contribute to colorectal tumorigenesis, or if it is merely a

marker of tumour progression.

L.7.2 Aaoidønce of immune suroeillønce by colorectøl tumours

Loss of the expression of Fas in colorectal tumours may be a novel mechanism by

which tumour cells can suppress the cytotoxic activity of infiltrating immune

cells (reviewedby Hug, 1997). As discussed in Section 1..5.3, cytotoxic T cells can

kill tumour cells by a Fas-mediated mechanism. Lymphocytes that infiltrate

tumours are mostly cytotoxic T cells and act by inducing apoptosis in target cells

(Ostenstad et al., 1995). The number of infiltrating T lymphocytes in colorectal

carcinomas decreases during tumour progression, indicating that the tumour

may suppress local immunity as it grows (Kubota et ø1., 1992). A number of

theories have been advanced to explain the apparent "immune privilege"

enjoyed by tumour cells. These include the shedding or masking of tumour

antigens to prevent recognition by immune cells, the secretion by tumour cells of

immunosuppressive chemicals and the generation of suppressor T cells

(Kimball, 1990).
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the cells into allogeneic recipient mice. The cells expressing Fas ligand elicited a

reduced CTL response in the recipient compared with the parental cells. The

presence of Fas ligand on the tumour cells also inhibited the production of

alloantibodies by the recipient. Conversely, a study by Seino and coworkers

(1997) has shown that the expression of Fas ligand in various murine tumour

cell lines by transfection provoked a rapid rejection of the cells by syngeneic

animals in aioo. This rejection was mediated by granulocytes and neutrophils.

Taken together, these findings indicate that Fas ligand can suppress immune

responses after allogeneic transplant of tumour cells, but has the opposite effect

in syngeneic transplants. As spontaneous tumours obviously have the same

tissue type as the patient, these studies imply that expression of Fas ligand may

not be responsible for immune suppression by tumours, but rather induce their

destruction. In fact, Seino and coworkers (1997) suggest that up-regulation of Fas

ligand on tumour cells may be an effective anti-tumour therapy. Therefore, the

interaction between Fas ligand and various immunological cells ln aiao needs to

be further characterised.
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Figure 1..3: A model for the escape of tumour cells from immune

surveillance.

The upper panel shows the normal interaction between a cytotoxic T

lymphocyte (CTL) and a cancer cell. The CTL detects tumour antigens

presented by the multihistocompatibility complex (MHC) and is activated.

The activated CTL expresses both Fas and Fas ligand on the cell surface. The

Fas ligand expressed by the CTL binds to Fas receptors on the tumour cell

surface and induces apoptosis of the cancer cell.

The lower panel shows a strategy by which tumour cells can both avoid

being deleted by immune cells and actively suppress the immune tesponse.

This strategy consists of a down-regulation of the expression or function of

Fas on the cell surface, which prevents the activation of apoptosis by Fas

ligand. In addition, some tumour cells, including colorectal tumours, up-

regulate the expression of Fas ligand, which binds to the Fas proteins on the

CTL and induces apoptosis.
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L.8 Aims of the Thesis

Constitutive expression of Fas in colonic epithelial cells is progressively reduced

during the development of colorectal cancer (Moller et al., 1994). The

physiological significance of the reduced levels of Fas is unknown, although as

an inducer of apoptotic death signals, loss of Fas could contribute to the reduced

apoptotic capacity of colorectal cancer cells. In view of recent reports that Fas is a

mediator of apoptosis in response to certain cytotoxic stimuli, loss of Fas may

also play a role in the resistance of colorectal tumours to current therapeutic

modalities. The ability of Fas receptors to transduce a rapid apoptotic cell death

signal has raised the possibility that Fas could be a novel therapeutic target for

the destruction of tumour cells. This proposal has so far been limited by the

down-regulation of the expression or function of Fas in most tumour cells. An

understanding of the molecular mechanisms by which Fas is down-regulated in

colorectal tumours may allow the rational design of therapeutic agents to induce

apoptosis in tumour cells.

The primary aims of the studies contained in this thesis were to determine the

molecular mechanism(s) by which the expression of Fas is reduced in colorectal

tumours; and to investigate the effects of re-introducing Fas into colorectal

cancer cells.
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To address the first aim of this thesis, colorectal tumours and matched samples

of normal colonic mucosa were obtained from cancer patients during surgery.

These samples were analysed for expression of Fas and Fas ligand messenger

RNA (mRNA). The human Fas gene was analysed in DNA samples isolated

from these tumours for structural and epigenetic alterations, as potential

mechanisms by which the expression of Fas is reduced during colorectal

tumorigenesis.

To investigate the functional significance of loss of Fas expression in colorectal

tumours, the Fas cDNA sequence was cloned into a constitutive expression

vector. This vector was transfected into two colon cancer cell lines that expressed

very low levels of Fas mRNA. The hypothesis tested was that overexpression of

Fas in the cell lines would prevent cellular growth, by induction of apoptosis.

A preliminary study was also performed at the start of this candidature, to

examine the role of Fas signalling in the involution of the prostate gland

following androgen withdrawal. Due to a lack of clinical specimens, this avenue

of research was unable to be pursued. This study is presented in Chapter 8 of this

thesis.
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CHAPTER 2

GENERAL MATERIALS

AND

METHODS
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2.1, Materials

2.7.7 Collection of clinicøl sømples

Samples of macroscopically-normal colonic mucosa, any tumours (hyperplastic

polyps, adenomas, carcinomas or metastatic deposits) and L0 mL of venous blood

were collected from patients undergoing surgical resections for colorectal cancer

at the Queen Elizabeth Hospital, in Woodville, South Australia. Patients had not

undergone chemotherapy or radiation treatment prior to surgery. Patients were

required to give informed consent for the use of tissues for research purposes.

The collection protocol was approved by the Ethics of Human Research

committees at both the Hospital and the University of Adelaide. Specimens

obtained were placed into sterile containers and snap fuozen as soon as possible.

Frozen tissues were stored at -80'C. Clinical details of the patients used in the

studies is contained in Appendix A.

Samples of DNA extracted from normal colonic mucosa, adenomas and

carcinomas were also obtained from the Gastroenterology unit of the Department

of Medicine at the Queen Elizabeth Hospital, and from the Department of Surgery

at Flinders University. The use of these samples was necessary to obtain

sufficient numbers of patients for interpretation of results, particularly in the

initial stages of tissue collection.
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2.7.2 Collection of blood specimens from donors

Ten mL samples of heparinised venous peripheral blood were obtained from 100

donors, to provide a normal population of DNA samples. Blood samples were

obtained from the Red Cross Blood Donation Centre in Adelaide. Authority for

the use of the blood for research purposes was given by the Director of the Centre.

Isolation of DNA from the specimens occurred within 30 minutes of receipt.

2.L.3 ChemicøIs

All chemicals used were supplied by the Sigma Chemical Company (Sydney,

Australia), except for those listed below:

Ajax Chemical Company (Sydney, Australia): Calcium chloride, glycine,

potassium dihydrogen orthophosphate, dipotassium hydrogen orthophosphate,

sodium dihydrogen orthophosphate, disodium hydrogen orthophosphate,

sodium chloride, sodium hydroxide.

BDH (Merck) (Kilsyth, Australia): Acetic acid, d-limonene (Safsolvent), ethanol,

formaldehyde, glycerol, hydrochloric acid, isopropanol, sodium chloride and

sodium hydroxide.

Bio-Rad (Hercules, USA) or National Diagnostics (Atlanta, USA): Acrylamide

(19:L ratio with bisacrylamide).

Bio-Rad (Hercules, USA): Tween-20 (polyoxyethylene sorbitan monolaurate).

Bresatec (Adelaide, Australia): Radiolabelled nucleotides and DNA molecular

weight markers.
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ICN Biochemicals (Aurora, USA): Guanidine thiocyanate

Pharmacia Biotech (Uppsala, Sweden): Sephadex G-50

Progen Industries (Darra, Australia): DNA grade agarose and low melting point

agarose

2.7.4 Enzymes

Boehringer Mannheim (Castle Hill, Australia) supplied Proteinase K, RNase-free

DNase I and RNase A. Toq DNA polymerase \Mas supplied by Promega

Corporation (Madison, USA). SuperscriptrM II RNaseH- reverse transcriptase was

supplied by Gibco BRL (Gaithersburg, USA). T4 DNA ligase was supplied by

Bresatec (Adelaide, Australia). New England Biolabs (Beverley, USA) supplied

all restriction enzymes.

2.1.5 Pløsmid ztectors ønd DNA clones

The pGEM-T vector was supplied by Promega, the pRc/CMV vector was obtained

from Invitrogen Corporation (San Diego, USA) and the Bluescript KS+ plasmid

was purchased from Stratagene Cloning Systems (La Jolla, USA).

The pBS-APOL .2 plasmid contains a 2.55 kb fragment of Fas cDNA in the

pBluescript plasmid. It was constructed by I. Behrmann, from a library of the B-

lymphoblastoid cell line SKW6.4 (Oehm et ø1.,1992). This plasmid was provided

by Dr. Peter Krammer (Tumor Immunology Program, German Cancer Research
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Center, Heidelberg, Germany).

2.7.6 Bøcteñøl strøins

Escherichiø coli strain JM109 (recA1, supE44 endA1, hsdRLT gyrA96 relA1. thi A,(løc-

proAB),F' ltrøD36 proAB* laclqlacZLMlsl) was used for all bacterial studies.

2.L.7 Mømmaliøn cell lines

The SW48, SW480 and HT29 colon carcinoma cell lines were provided by Dr.

Alex Dobrovic, of the Department of Haematology/Oncology at the Queen

Elizabeth Hospital (Adelaide, Australia). LIM1215 colon carcinoma cells were

used with permission of Dr. R. Whitehead of the Ludwig Institute (Melbourne/

Australia). The SW620 cell line was purchased from the American Type Culture

Collection.

2.7.8 Kits

The kits used in this thesis were supplied by the following companies:

Gigaprime DNA labelling kit and Bresapure columns: Bresatec.

Cell Death Detection kit: Boehringer Mannheim.

Superscript IIrM and ECL Western blotting detection system: Amersham,

Buckinghamshire, UK.
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LSAB2 immunohistochemical detection system: Dako, Carpintaria, USA.

pGEM-T Vector System and Wízard PCR Preps DNA Purification System:

Promega.

Qiagen midipreps: Qiagen gmbH, Hilden, Germany.

2.7.9 Antibodies

The polyclonal rabbit anti-human Fas antibody N-18 and polyclonal rabbit anti-

mouse Fas antibody M-20 were purchased from Santa Cruz Biotechnologies

(Santa Cruz, USA). A swine anti-rabbit secondary antibody was purchased from

Dako. Normal rabbit immunoglobulins were also supplied by Dako.

2.1..70 Softwøre

Densitometric images was analysed and quantitated using Molecular Analyst,

version 1.1 (Bio-Rad). Alignments between DNA sequences were made using

Gene |ockey (Biosoft, Cambridge, UK). Restriction enzyme maps of DNA

sequences were made using DNA Strider, version 1.0 (Commissariat a I'Energie

Atomique, Cedex, France). Polymerase chain reaction primers and reactions were

designed and optimised using Amplify, version L.0 (University of Wisconsin,

Madison, USA). Graphic maps of plasmid vectors were drawn with Mac

Plasmap, version L.82 (University of Utah, Salt Lake City, USA). Chemical

structures were drawn using Chem Draw, version 2.0 (Cambridge Scientific

Computing, Cambridge, USA).
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Coomassie destaining solution; 45% methanol

45% Milli-Q water

1,0'/. glacial acetic acid

DEPC-treated water:

One mL of diethylpyrocarbonate (DEPC) was added to one litre of Milli-Q water

and mixed well. The solution was incubated at 37"C overnight and autoclaved.

DEPC-treated water was stored at 4oC.

DNA loadine buffer (6x):

-

L00 mM EDTA (pH 8.0)

0.25% bromophenol blue

30% sucrose

HEPES-buffered saline (L0 x): 5 g HEPES

8 g NaCl

0.32 g KCI

0.099 g NarHPOn (anhydrous)

L g glucose

The reagents were mixed with Milli-Q water to a final volume of 100 mL. The

solution was filter sterilised and stored at 4C.

Herrine sDerm DNA (L0 me/ml-):

Lyophilised herring sperm DNA was dissolved in Milli-Q water to a final

concentration of L0 mg/mL, by stirring for several hours with a magnetic stirrer.

The solution was sheared through a 20 G needle approximately 20 times, then
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boiled for L0 minutes. The solution was chilled on ice and stored al -20"C.

Luria aear nlates:

-

One litre of Luria broth was mixed with 15 g of Bacto-agar and heated in a

microwave oven until the agar had dissolved. The solution was cooled to

approximately 60'C and L mL of ampicillin (50 mglml-) was added. The solution

was poured into sterile petri dishes and allowed to set. Unused plates were stored

aI4C.

Luria broth: Per litre:

L0 g Bacto-tryptone

5 g Bacto yeast extract

5 g NaCl

1-0 x MOPS buffer: 4L.8 gMOPS free acid

20 mL EDTA (0.5 M, pH 8.0)

4.1 g sodium acetate

The MOPS and sodium acetate were dissolved in 900 mL of DEPC-water. The pH

was adjusted to 7.0 with 6 M NaOH (made with DEPC-treated water). The EDTA

and DEPC-treated water were added to make a total volume of L litre. The

solution bottle was wrapped in foil and stored at 4C.
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Mininrep Solution 1: 50 mM glucose

25 mM Tris chloride (pH 8.0)

L0 mM EDTA (pH 8.0)

Miniprep Solution 2: 0.2 M NaOH

1% SDS

NP-40 lvsis buffer: 0.5% Nonidet P-40

L0 mM Tris chloride (pH7.4)

L mM EDTA

Phenol:

For use with DNA, 500 g of phenol was equilibrated with approximately 250 mL

of sterile TE buffer until completely liquefied and separated into two phases. For

use with RNA, phenol was equilibrated with DEPC-water instead of TE buffer. All

phenol solutions were stored at 4C.

L0x Phosnhate-buffered saline: Per litre:

80 g NaCl

2gKCl

11.5 g NarHPOn (anhydrous)

2 g KHTPO* (anhydrous)
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Prehvbridisation solution: L M NaCl

L0% dextran sulfate

1% SDS

50% deionised formamide

500 pglml- sheared herring sperm DNA

Proteinase K (L0 me/ml-):

Ten mL of Milli-Q water was added to 100 mg of lyophilised proteinase K. The

solution was filter sterilised and stored at -20C.

Ribonuclease A (L0 mg/ml):

One hundred milligrams of ribonuclease A was dissolved in 10 mL of sterile

Milli-Q water. The solution was boiled for 5 minutes, cooled at room

temperature and stored at -20"C.

RNA loadins buffer: For L mL:

500 pL deionised formamide

100 pL L0 x MOPS buffer

767 ¡tL 37"/o deíonised formaldehyde

130 pL DEPC-water

100 pL glycerol

3 pL 10 rr.g/mL ethidium bromide

2-3 grains of bromophenol blue
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RNA lvsis buffer:

-

4 M guanidine thiocyanate

25 mM sodium citrate

L00 mM B-mercaptoethanol

0.5% lauroyl sarcosine

0.L% Antifoam A

The reagents were dissolved in DEPC-treated water to a final volume of 100 mL.

The buffer was stored at 4"C.

SDS loadine buffer (2xl:

-

50 mM Tris.HCl (pH 6.8)

100 mM dithiothreitol

2% SDS

0.1% bromophenol blue

L0% glycerol

Senhadex G-50:

-

Sephadex G-50 (2.5 g) was mixed with 60 mL of Milli-Q water and left to swell

overnight at room temperature. The solution was stored at 4'C.

2M Sodium acetate (DEPC). pH 4.0:

Sodium acetate (8.2 g) was dissolved in 50 mL of DEPC-treated water and six mL

of glacial acetic acid was dissolved in a total volume of 50 mL DEPC-treated water.

Nine mL of the sodium acetate solution was mixed with 4L mL of the acetic acid

solution. The resulting solution was autoclaved and stored at 4C.
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SSC (20x1:

SSCP loadine buffer:

-

STE buffer:

TAE buffer (50x1:

TBE buffer (5x):

3 M NaCl

0.3 M sodium citrate

pH to 7.0 with NaOH if necessary

95% deionised formamide

50 mM Tris HCI (pH 8.3)

L mM EDTA (pH 8.0)

0.1% bromophenol blue

0.1% xylene cyanol

10 mM Tris chloride (pH 8.0)

L mM EDTA (pH 8.0)

L00 mM NaCl

Per litre:

242 g Tris base

57.1 mL glacial acetic acid

L00 mL EDTA (0.5 M, pH 8.0)

Per litre:

54 g Tris base

27.5 gboric acid

20 mL EDTA (0.5 M, pH 8.0)
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Towbin buffer:

Tris-Glvcine buffer (Sxl:

-TTBS:

192 mM glycine

25 mM Tris base (pH 8.3)

L0% methanol

250 mM glycine

25 mM Tris base

0.1% SDS

Per litre:

L mL Tween 20

2.42 gTris base

8 g NaCl

3.8 mL HCl (1M)

Adjust pH to 7.6.
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2.3 M ethods

2.3.7 lsoløtion of genomic DNA

2.3.1.1.: Isoløtion from peripherøI blood mononucleør cells

Genomic DNA was isolated from L0 mL of blood collected by venipuncture. Red

blood cells were precipitated from the sample by the addition of L mL of 6% Heta

starch in saline, thorough mixing and incubation at 37"C for 30 minutes. The

upper layer of plasma and mononuclear cells was removed and centrifuged for 5

minutes at L,500 rpm. The cell pellet was resuspended in L mL of sterile water for

20 seconds to lyse any red blood cells present. The tube was then filled with STE

buffer (Section 2.2) and centrifuged as above. The cell pellet was resuspended in 5

mL of DNA lysis buffer containing I/" SDS, 100 pglml Proteinase K and 20

þg/mL RNase A in STE, and incubated at37"C overnight. Digested lysates were

extracted once with an equal volume of phenol, at least twice wlth 25:24:1,

phenol:chloroform:isoamyl alcohol, and once with 24:1. chloroform:isoamyl

alcohol. DNA was precipitated from the aqueous layer by addition of 1./L0

volumes of sodium acetate (pH 5.2) and two volumes of ethanol at -20'C. DNA

was spooled from the solution with the end of a flamed pasteur pipette and

transferred into 70"/" eth.anol for 5 minutes. Samples were centrifuged at 12,000

rpm for L0 minutes and the supernatant was discarded. The pellet of DNA was

air-dried and then resuspended in sterile Milli-Q water.
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2.3.1.2: lsoløtion from tissues

Frozen tissues were thawed on ice and transferred to a sterile petri dish

containing STE buffer (1.8 mL). Tissues were finely chopped using a sterile

scalpel blade, and the entire mixture was transferred to a sterile l-0 mL tube. Two

hundred microlitres of L0% SDS, 50 pL of Proteinase K (10mg/ml-) and 10 pL of

RNase A (10mg/ml.) were added to the tube and incubated overnight at 37"C.

DNA was then isolated from the lysates as described above.

2.3.1.3: Isolation from cell lines

Confluent flasks of cells were trypsinised (Section 2.3.11) and 5 mL of DMEM

(containing L0% foetal calf serum) was added to the flask. The solution was

transferred to a L0 mL sterile tube and centrifuged at L500 rpm for 5 minutes. The

cell pellet was resuspended in DNA lysis buffer and incubated overnight at 37"C.

DNA was isolated from the lysates as described above.

2.3.2 Isoløtion of totøl RNA

2.3.2.L: Isoløtion from tissues

RNase-free mortar and pestles were prepared by incubation of the equipment

overnight at 37"C, in a solution of sterile water containing 0.L% v /v DEPC.

Mortar and pestles were removed from the solution and autoclaved at 120'C for
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20 minutes to inactivate the DEPC. For RNA isolation, tissues were placed in

liquid nitrogen and transferred to an RNase-free mortar. The mortar was filled

with liquid nitrogen and, while full, the tissue was pulverised with the pestle

until it was ground into a powder. The mortar was allowed to warm up almost

to room temperature and 6 mL of RNA lysis buffer was added. The solution was

stirred with the pestle until a homogeneous solution of tissue and buffer was

formed, which was transferred to a sterile 50 mL tube. Traces of tissue remaining

on the mortar were removed by adding two mL of fresh lysis buffer to rinse the

mortar. This lysis buffer was also added to the tube, making a final volume of 8

mL.

RNA was isolated from the lysate using an adaptation of the method of

Chomczynsky and Scacchi (1987). Briefly, 8 mL of phenol (saturated with DEPC-

treated water), 0.8 mL of sodium acetate (pH a.0) and 1.6 mL of chloroform were

added to the lysate, vortexed briefly and left on ice for 15 minutes. The tube was

centrifuged at 4000 rpm for L5 minutes at 4"C and the aqueous (top) layer was

transferred to a fresh tube. RNA was then precipitated from the aqueous layer

with an equal volume of isopropanol at -20"C for at least one hour. The tube was

centrifuged at 4000 rpm for 30 minutes at 4'C and the supernatant was discarded.

The pellet was resuspended in 0.5 mL of RNA lysis buffer on ice and centrifuged

at 12,000 rpm in 1,.5 mL Eppendorf tubes for 5 minutes. The supernatant was

retained and RNA was precipitated by adding two volumes of ethanol at -20"C.

The tubes were centrifuged at'J.2,000 rpm for L5 minutes, the pellets were washed

with70% ethanol (made with DEPC-treated water) and air-dried. Pellets of RNA
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were resuspended in 30 to 100 pL of DEPC-treated water and stored at -20"C or -

80"c

2.3.2.2: Isolation from cell lines

RNA was isolated from confluent flasks of cells. Medium was decanted from the

flasks and the cells were rinsed with DEPC-treated phosphate-buffered saline

(PBS). Any traces of remaining PBS were removed by aspiration with a sterile

pasteur pipette. RNA lysis buffer was added directly to the flask (1 mL for a 25

cm2 flask, 2.5 mL lor a 75 cm2 flask) and the flask was gently agitated on ice for

approximately 5 minutes. The lysate was removed by aspiration and RNA

isolated as described above.

2,3.3 lsoløtion of protein from cell lines

To isolate protein from flasks of adherent cells, the medium was decanted from

the flasks and the cells were washed with sterile PBS. NP40 lysis buffer (0.6 mL)

was added to the flask and incubated on ice for 30 minutes. The cells were then

scraped from the flask with a sterile cell scraper and the mixture of cells and lysis

buffer was transferred to an Eppendorf tube. Lysates were left on ice for at least 30

minutes and were then centrifuged in Eppendorf tubes for L5 minutes at 4C.

The supernatants were transferred to fresh tubes, snap frozen in liquid nitrogen

and stored at -80'C.
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2.3.4 Electrophoresis

2.3.4.1: Electrophoresis of DNA

Agørose: A solution of L to 2"/o agarcse in 100 mL of L x TAE buffer was boiled in

a microwave oven until all of the agarose had dissolved. The solution was

cooled to 60"C and 30 pL of 1 mglml ethidium bromide was added and swirled in

the flask. The solution was poured into a gel fiay, containing a well comb.

Agarose gels were always run in 1 x TAE buffer, generally in a Bio-Rad Mini-Sub

Cell electrophoresis tank. The percentage of agarose used in the gel depended on

the size of the DNA fragments being analysed. One percent agarose was used for

high molecular weight genomic DNA and 2o/" was used for fragments of up to 500

base pairs.

Polyacrylamide: Electrophoresis using polyacrylamide gels was performed using

either a Mini-Gel (Bio-Rad) or a Vertical Electrophoresis apparatus (Pharmacia).

Glass plates, spacers and combs were cleaned with 100% ethanol and air-dried.

The apparatus was assembled according to the manufacturer's instructions and

clamped ready for gel pouring. Gels contained 6 to 15% acrylamide, 0.L%

ammonium persulfate and 0.0L% N,N,N',N'-Tetramethylethylenediamine

(TEMED) in l- x TBE buffer. Electrophoresis was performed in L x TBE buffer.

For both agarose and polyacrylamide gel electrophoresis, DNA samples were

mixed with L/5th of the volume of 6 x DNA loading buffer, before loading into

the wells of the gel. Five hundred nanograms of a molecular weight DNA

marker was also run on each gel, to estimate the size of DNA bands and the
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amount of DNA present. The concentrations of DNA samples were estimated

from the intensity of the bands observed after electrophoresis.

2.3.4.2: Electrophoresis of RNA

One gram of agarosewas addedtoT2 mL of DEPC-treated water and boiled in a

microwave oven until the agarose had dissolved. Ten mL of 10 x MOPS buffer

was added and the solution was cooled to 60'C. Sixteen mL of formaldehyde was

added, mixed well and the gel was poured into a gel tray immediately.

Samples of RNA were mixed with an equal volume o12 x RNA loading buffer

and heated to 68"C for 5 minutes. The samples were then chilled on ice and

loaded into the wells of the gel. RNA gels were run in 1 x MOPS buffer, in a Bio-

Rad Mini-Sub Cell electrophoresis tank. The concentrations of RNA samples

were estimated from the intensity of the 28S and L8S ribosomal RNA bands

observed on the gel.

2.3.5 Southern blotting of genomic DNA

Ten micrograms of genomic DNA was digested with 30 to 100 units of a

restriction enzyme in the manufacturer's buffer, under the temperature

conditions specified by the manufacturer. Generally, digestions were carried out

in a total volume of 50 pL, and were incubated at 37"C lor 16 to 20 hours.

Following digestion, a small percentage of the digestion mix was electrophoresed
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through a L/" agarose gel to confirm that complete digestion of the DNA had

occurred. The remainder of each digestion mixture was mixed with 1,/5th

volumes of DNA loading buffer and loaded into the wells of a L"/o large (20 x 20

cm) agarose gel in LxTAE buffer. SPP-1 plasmid digested with EcoRI (25 pL) was

also run on each gel as a molecular weight marker. Electrophoresis was typically

performed at 35 volts for L6 hours. Gels were subsequently soaked in 200 ltg/Lof

ethidium bromide for 30 minutes on a rocking platform and destained in Milli-Q

water for 15 minutes. Gels were photographed on an electronic UV

transilluminator (Ultra-Lum) with a ruler adjacent to the gel for interpretation of

band sizes.

Southern blotting of agarose gels was performed using a method adapted from

Koetsier et øl (1993). Using a sterile scalpel blade, the gel was cut to a convenient

size and the area above the wells was removed. The gel was then soaked in 0.25

M hydrochloric acid for approximately 5 minutes, or until the bromophenol blue

marker just began to change colour to yellow. The gel was then transferred to a

dish containing 0.4 M sodium hydroxide and allowed to neutralise for 10

minutes. A piece of GeneScreenrM Plus nylon hybridisation membrane (DuPont-

NEN, Costa Mesa, USA) was cut to the size of the gel and soaked in 0.4 M sodium

hydroxide during the remainder of the preparations. Six pieces of Whatman

3MM filter paper (San Centre, Singapore) were cut to the size of the gel, as were

several layers of absorbent towel.

To set up the transfer, a stack of dry paper towels was placed on the bench, and

two dry pieces of filter paper placed on top. Another piece of filter paper, soaked
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in the sodium hydroxide solution, was placed on top and rolled with a sterile

pipette to remove any air bubbles. The nylon membrane was placed on top, also

rolled with the pipette, and the gel carefully placed on top of the membrane. The

remaining pieces of filter paper and absorbent towel were laid on top of the gel

and again rolled with the pipette to remove air bubbles. The transfer proceeded

for 2 to 4 hours, and every half hour more sodium hydroxide was added to the

top of the stack with a pasteur pipette, to maintain the flow of solution through

the gel.

After transfer was completed, the stack was disassembled and discarded. The

membrane was rinsed in 2 x SSC for 5 minutes at room temperature, then

crosslinked with a UV Stratalinker@ 1.800 (Stratagene, La |olla, USA) while still

damp. The membrane was then air dried and stored at room temperature in a

sealed plastic bag until ready for use.

2.3.6 Northern blotting of totøI RNr4,

Total RNA (spg) was mixed with an equal volume of RNA loading buffer and

heated to 68'C for 5 minutes. The RNA samples were placed on ice and

immediately loaded in the wells of a large (20 x 20 cm) L/o agarose gel containing

L x MOPS and 17'/" formaldehyde. The gel was electrophoresed in L x MOPS

buffer for 1,6 hours at 35V. RNA in the gel was viewed by transillumination,

then the gel was transferred to a dish of Milli-Q water for approximately 20

minutes to leach out the excess formaldehyde. The gel was then transferred to a
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container of L0 x SSC and a transfer stack was set up as for Southern Blotting

(above), except that the transfer solution was 10 x SSC instead of sodium

hydroxide. After transfer, the RNA was cross-linked onto the membrane and the

membrane was photographed. The position of the 18S and 28S ribosomal RNA

bands was marked on the membrane with pencil, then the filter was air dried and

stored.

2.3.7 Hybridisøtion of Southern ønd Northern blots

2.3.7.L: Hybridisation procedure

Hybridisation of nylon membranes was performed in glass bottles in a Hybaid

Micro-4 hybridisation oven (Teddington, Middlesex, UK). Filters were incubated

with L0 to L5 mL of prehybridisation solution (Section 2.3) at 42C lor at least 2

hours. During the hybridisation, the bottles were continuously rotated in the

oven.

DNA probes for hybridisation were labelled with cr-32P-dCTP or o(-32P-dATP by

random priming, using a Gigaprime DNA labelling kit. The instructions of the

manufacturers for the labelling reaction were followed, with minor

modifications. Briefly, 100ng of the DNA probe was denatured at l-00"C for 5

minutes in a 0.5 mL microcentrifuge tube. The tube was then placed on ice for 5

minutes and 6 ¡rL each of the decanucleotide primer solution and reaction buffer

were added. Five pCi of cr32P-dCTP or cr-3'P-dATP were added to the mixture,
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along with 1 pL (5 units) of Klenow enzyme. The labelling reaction was

incubated for L5 minutes at 37"C

During the incubation, a Sephadex G-50 purification column was prepared. A

small amount of cotton wool was placed into the bottom of a 2 mL sterile syringe,

using the plunger. The plunger was removed and the syringe was placed into a

L0 mL sterile centrifuge tube. The syringe was filled with the Sephadex G-50

solution (Section 2.2) until it had packed into a column. The column was pre-

loaded with 200 pL of 2 mM B-mercaptoethanol and 100 pg of herring sperm

DNA and centrifuged inside a 50 mL tube for 4 minutes at 400rpm.

The DNA labelling reaction was mixed with 180 pL of 2 mM B-mercaptoethanol

and the entire volume was added to the Sephadex column. The column was

centrifuged for 8 minutes at 800 rpm and the eluent, containing the labelled

probe, was collected in a sterile tube. The probe was denatured at 100'C for 5

minutes and placed on ice for 5 minutes, then was added directly to the

prehybridisation solution in the Hyb-Aid bottle. Filters were hybridised with the

radiolabelled probe at 42C overnight.

After the hybridisation was completed, the radioactive hybridisation mixture was

poured from the bottle into a tube for disposal. The membranes were washed in

the bottle with solutions of SSC and SDS to the appropriate stringency and

temperature. The radioactivity on the membranes was monitored with a hand-

held B-counter and the membranes were washed until the background radiation
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2.3.8 Trønsformøtion of E. coli with pløsmid DNA

2.3.8.1.: Prepøration of competent bøcteria

An overnight culture of E. coli 1M1,09 bacteria was set up in L0 mL of Luria broth

and incubated with shaking at 37"C. One mL of the overnight culture was added

to 200 mL Luria broth and incubated with shaking at 37"C until the optical density

of the culture at 600 nm was approximately 0.6. The culture was then chilled on

ice, transferred to 50 mL tubes and centrifuged at 4000 rpm for L0 minutes at 4'C.

The supernatant was discarded and the bacterial pellet was resuspended in a total

volume of 40 mL of ice-cold 0.1 M calcium chloride. This solution was then

centrifuged at 4000 rpm for L0 minutes at 4 oC. The supernatant was discarded

and the pellet resuspended in 5 mL of ice-cold 0.1 M calcium chloride. The

culture was incubated on ice for t hour and then mixed with an equal volume of

sterile 80% glycerol. The resultant competent bacteria were transferred to

cryotubes and stored at -80'C.

2.3.8.2: Trønsþrmation of competent bacteriø

One hundred nanograms of plasmid DNA, or half of a ligation reaction, were

mixed with 200 pL of competent JM109 bacteria and incubated on ice for 30

minutes. The bacteria were heat shocked by heating the tubes at 42C for 2 to 3

minutes. The mixtures were then transferred to L0 mL sterile tubes containing
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2.3.8.4: Large-scøle purificøtion of plasmid DNA

The remaining 0.5 mL from the cultures in Section 2.3.8.3 were added to 100 mL

of Luria broth containing 50 pglml. of ampicillin in a sterile conical flask. The

culture was incubated at 37"C with shaking overnight. Fifty mL of the culture

was placed in a Beckman ultracentrifuge tube (Gladesville, Australia) and

centrifuged for 15 minutes at 4500 rpm. During this step, glycerol stocks of the

remaining bacterial culture were made by mixing equal volumes of culture and

sterile 80% glycerol. The stocks were aliquoted into cryotubes and stored at -80'C.

Plasmid DNA was isolated from the bacterial cell pellet using either a Qiagen

midiprep kit or a Bresapure kit. Although the principle of the kits was the same,

several methodological steps were different, so the manufacturer's instructions

were followed for each kit. The purified plasmid DNA was dissolved in

approximately 250 pL of sterile Milli-Q water.

2.3.8.5: Digestion of plasmid DNA usith restriction enzymes

Approximately one microgram of plasmid DNA was digested with L0 to 20 units

of a restriction enzymq in the manufacturers buffer. The total volume of the

digest was adjusted to between 20 and 50 ¡tL with sterile Milli-Q water. The

digestion was performed under the conditions specified by the manufacturer,

which were usually 37"C for 1 to 2 hours. The digested plasmid was

electrophoresed through an agarose gel containing ethidium bromide and was
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visualised over a UV transilluminator.

2.3.9 Polymeruse chøin reøction (PCR) ømplificøtion of DNr4'

2.3.9.1,: Design of PCR primers

Single-stranded DNA oligonucleotides, one sense and the other antisense, were

designed from gene sequences published in GeneBank to amplify regions of

interest. Each primer was L9 to 25 base pairs in length and the melting

temperature of each primer was calculated using the formula Tm = sum(A+T)x2

+ sum(G+C)x4. The stability of binding of the primer pairs was determined using

the computer program Amplify version 1.0. The program also checked for the

possible formation of primer dimers, which can occur if the primers contain

homologous sequences, resulting in the primers binding to each other instead of

the template DNA.

2.3.9.2: Amplificøtion of DN,4 sequences

PCR amplifications were performed using Promega Tø4 DNA polymerase (5

units/pl). Generally, amplification reactions contained 1 unit of Tøq polymerase,

the L0 x reaction buffer supplied with the er.zyrr.e, L00 ng of each primer, 0.8 mM

dNTPs and 1.5 mM MgCl, in a final volume of 50pL. Reactions were prepared as

a master mix, which was then divided into the reaction tubes. One hundred

nanograms of the template DNA was added to each tube and the reactions were
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overlaid with mineral oil, to prevent evaporation. Negative controls for every

PCR reaction were the addition of two pL of sterile water instead of DNA, while

positive controls for each reaction were the addition of 50 ng of a plasmid

containing the gene of interest.

Amplification reactions were performed in either an ARN Electronics Model

LTV1ODNA water-cooled thermal cycler (Adelaide, Australia) or an Eppendorf

Mastercycler 5330 refrigerated cycler (Hamburg, Germany). All reactions

commenced with 5 minutes at 94C, to denature the template DNA. This was

followed by 30 to 40 cycles of denaturation for l- minute at 94C, L minute of

annealing at a temperature approximately 5"C below the Tm of the primers, and L

to 2 minutes of product elongation at 72C. To complete the synthesis of any

unfinished products, a final elongation step of 5 minutes at 72C was added to the

end of the program. PCR products were visualised by agarose gel electrophoresis

of L0 to 15 pL of each reaction.

2.3.9.3: Purificøtion of PCR products

Direct purification of PCR products was carried out if the product was to be used

as a probe for Northern and Southern blots, or for sequencing of the product. The

aqueous layer from each PCR reaction tube was removed and placed in a fresh

tube. Wízard PCR Preps DNA purification buffer was added to the solution and

mixed with Wizard DNA purification resin, by vortexing. The slurry was passed

though aWizard minicolumn using a sterile syringe. The column was washed
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with 80% isopropanol and dried by centrifugation at 12,000 rpm for 20 seconds.

The purified product was eluted from the column,by adding 30 to 50 pL of sterile

water and centrifuging the column at 12,000 rpm for 20 seconds. The eluent was

collected in a sterile 1.5 mL Eppendorf tube.

If the PCR product was to be cloned into a plasmid, the product was purified from

a gel slice, to avoid cloning primer dimers or non-specific PCR products. PCR

products were electrophoresed through a gel made from low melting point

agarose. The gel was placed on a UV transilluminator and the band to be cloned

was excised from the gel using a sterile scalpel blade. The gel slice was placed into

an Eppendorf tube and heated to 70'C to melt the agarose. Once the gel had

liquefied, one mL of Wizard DNA purification resin was added to the tube and

vortexed. The slurry was passed through aWizard column in a sterile syringe,

and the product was eluted as described above. The concentration of the purified

product was estimated by agarose gel electrophoresis.

2.3.9.4: Digestion of PCR products usith restriction enzyrnes

Many restriction enzymes do not exhibit full activity in a typical PCR reaction

mix, presumably due to imbalances in salt concentrations. The restriction

enzymes used in this thesis did have full activity in the PCR mixes, so

purification of the products before digestion was not necessary. Equal quantities

of PCR products were placed in 1.5 mL Eppendorf tubes with the manufacturer's

L0 x enzyme buffer and 5 to 20 units of the appropriate restriction enzyme. The
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presence of the insert by PCR amplification of the ligated PCR product from 100

ng of the miniprep DNA. A clone containing the PCR product was grown up and

a large-scale preparation of the vector was performed as described in Section

2.3.8.4.

2.3.70 Sequencing

Automated sequencing of PCR products and plasmids was performed by the

Flinders Medical Centre sequence facility at Bedford Park, South Australia. For

cloned PCR products, the 5' and 3'primers designed from the pGEM-T sequence

were used to prime the sequencing reaction (Table 2.1). The pGEM-T primers

were designed either side of the cloning site, to allow bi-directional sequencing of

PCR products. For purified PCR products, the original PCR primers were used to

primer the sequencing reaction.

Table 2.L: pGEM-T-specific primers used for sequencing of PCR products

Primer Sequence

5'-pGEM

3'-pGEM

5'- GTAAAACGACGGCCAGT

5'- CAGCTATGACCATGATTACG
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2.3.77 Culture of human colon cøncer cell lines

All cell lines were propagated in Dulbecco's Modification of Eagle's medium

(DMEM) containing L-glutamine, supplemented with 20 mM HEPES, 44 m M

sodium bicarbonate, 50 units/ml penicillin, S0¡rg/mI- streptomycin and 10"/' letal

calf serum (FCS), in plastic tissue culture flasks. All manipulation of cell lines

was performed in a laminar flow cabinet under aseptic conditions. Medium was

changed in the flasks every 2lo 4 days and the flasks were incubated at 37"C in an

atmosphere of 5% carbon dioxide.

When cells were almost confluent, the medium was decanted from the flask, and

the cells were rinsed briefly with sterile PBS. The PBS was also decanted from the

flask and excess PBS was removed from the flask by aspiration with a sterile

pipette. One mL of trypsin/EDTA (0.05% trypsin, 0.53 mM EDTA in HBSS) was

added to 25 cm2 flasks (3 mL added to 75 cm2 flasks) and agitated gently to cover

the cells. Flasks were incubated at 37"C for 5 minutes, removed and the cells

disrupted from the flasks by banging the flask with a hand. Flasks were agitated

in this manner until the cells were in a single-cell suspension. The cell

suspension was routinely diluted 1:10 into new flasks. Flasks were then refilled

with medium and incubated as normal.
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CHAPTER 3

EXPRESSION OF FAS

AND FAS LIGAND

IN COLORECTAL TUMOURS
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It is also possible that loss of cell surface expression of Fas is a post-transla

event, due to the generation of soluble isoforms of the protein. Isoforms of Fas

have been detected in activated blood mononuclear cells and various tumour

cells (reviewed by Ruberti et al., L996). These variants arise by alternative splicing

of the pre-mRNA transcript and most code for truncated, soluble proteins.

Expression of soluble Fas variants in cells results in resistance of the cell to Fas-

induced apoptosis (Ruberti et al., 1996). The mechanism by which apoptosis is

inhibited is unknown, although the variants may compete with cell-surface Fas

proteins for ligand binding, or form inactive heterodimers with the membrane-

bound Fas. Circulating soluble Fas proteins have been detected in the serum of

patients with systemic lupus erythematosis, leukemias and colorectal cancer

(Cheng et ø1., L994; Knipping et al., 1995; Midis et al., 1996; Tokano et ø1., L996).

The serum levels of soluble Fas in colorectal cancer patients increase as the

disease progresses (Midis et ø1., 1996), which may then inhibit Fas mediated

apoptosis in other types of cells, such as activated T cells. In all of the studies that

have detected the soluble Fas variants, cell-surface Fas was expressed at higher

levels than the variants. The expression of soluble Fas proteins has not yet been

examined in primary colorectal tumours.

The aim of the present study was to determine whether changes in the expression

of Fas protein in colorectal cancer occur at the level of gene transcription or

translation. The levels of Fas mRNA in normal colonic mucosa, colorectal

tumours and colon cancer cell lines were quantified from Northern blots of total

RNA. In view of the potential role of Fas ligand in immune suppression ry

tumours, the expression of Fas ligand in normal and malignant colonic tissues
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was also examined, by reverse transcription PCR. Our hypothesis was that

colorectal tumours would have reduced levels of Fas mRNA compared with

normal mucosa and would express Fas ligand mRNA.

3.2 Methods

3.2.7 RNÁ specimens

Total RNA was isolated from fuozen samples of uninvolved colonic mucosa and

colorectal tumours as described in Section 2.3.2.1,. The colon cancer cell lines

HT29, LIM12L5, SW48, SW480 and SW620 were propagated in DMEM containing

10% FCS at 37"C, in an atmospherc of 5o/. carbon dioxide. RNA was isolated from

confluent flasks of cells as described in Section 2.3.2.2.

3.2.2 Detection of Fas øRNA by Northern ønølysis

Two probes were used for the detection of Fas mRNA in this study and both gave

comparable hybridisation results. A 2.55 kb full-length cDNA probe was excised

from the pBS-4PO1,4.2 plasmid with the restriction enzyme NoúI and was gel-

purified using Wizard PCR Preps columns (Section 2.3.9.3). The other probe was

a L.0 kb PCR product, spanning the open reading frame of the Fas protein. This
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probe was amplified from the pBS-APOLA.2 plasmid using the FAS IF and FAS

IIIR primers published by Fiucci and Rubefti (L994; Table 3.1) and was also gel-

purified. The probe purified from the PCR product tended to give lower

background hybridisation than the plasmid probe, while still producing the same

pattern of Fas-specific hybridisation.

Samples of total RNA (spg) were electrophoresed and blotted onto nylon

membranes as described in Section 2.3.6. Membranes were incubated in

prehybridisation solution (Section 2.2) lor at least two hours at 42C. Fas mRNA

was detected by hybridisation of the Northern blots with L00 ng of a Fas-specific

cDNA probe, labelled with 32P-dCTP- or ttP-dATP by random priming (Section

2.3.7). The membranes were hybridised with the radiolabelled probes for 76 to 20

hours at 42"C. The membranes were then washed to a final stringency of 0.1x SSC

and 0.L% SDS at 68'C. Fas mRNA was visualised by exposure of the membranes

to Hyperfilm at -80'C.

3.2.3 Amplificøtion of the open rcøding frøme of Føs by PCR

A 1,.0 kb fragment of DNA, spanning the open reading frame of the Fas protein,

was amplified from cDNA isolated from three samples of normal mucosa.

Approximately two micrograms of total RNA were reverse transcribed into

cDNA, using the SuperscriptrM II Reverse Transcription System according to the

manufacturer's instructions. The reverse transcription (RT) reaction was primed

with 500 ng of random primers. The open reading frame of Fas was amplified
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from two microlitres of each cDNA sample, using the FAS IF and FAS IIIR

primers (Fiucci and Ruberti, 1994; Table 3.1) in a standard PCR reaction mixture

(Section 2.3.9.2). To detect any contamination of cDNA samples with genomic

DNA, each RNA sample was diluted in DEPC-treated water, to the same

concentration as in the RT reaction. Two microlitres of these solutions of diluted

RNA were analysed by PCR as above. Fifty nanograms of the pBS-4PO14.2

plasmid was also analysed, as a positive control for the PCR reaction.

The amplification conditions were an initial denaturation at 94C for five

minutes, followed by 35 cycles of amplification at 94C for one minute, annealing

at 55'C for one minute and elongation at 72C for two minutes; and a final

elongation step at 72"C f.or five minutes. Fifteen microlitres of each PCR reaction

were electrophoresed through a'J,.2% agarose gel containing 300 ng/ml of

ethidium bromide. The PCR products were visualised over a UV

transilluminator.

3.2,4 lmmunohistochemicøI detection of Føs protein in colonic tissues

Colonic tissues were fixed in methacarne and embedded in paraffin blocks by Ms.

Wendy Butler, from the Department of Gastroenterology at the Queen Elizabeth

Hospital. Three micrometre-thick sections of tissue were cut and adhered to

silane-coated microscope slides, by heating the sections at 60'C for approximately

30 minutes. Fas protein was detected in the sections by a rcbbit polyclonal anti-

human Fas antibody, N-18, which was raised against a peptide containing amino
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acids 2L to 38 of the human Fas protein (Santa Cruz Biotechnology).

Sections were dewaxed twice in Safsolvent (d-limonene) for ten minutes and

placed in a bath of absolute ethanol for five minutes. The slides were transferred

to baths of 90% and 70"/' ethanol for two minutes each, then in a bath of water for

five minutes. The intensity of antibody staining was increased using an antigen

retrieval protocol, provided by Dako. The slides were placed in a beaker

containing a sufficient volume of 0.01 M citric acid (pH 6.0) to cover the sections.

The beaker was covered with cling film, which was punctured three or four

times, and heated in a microwave oven for five minutes on the highest power

setting. After heating, any evaporated solution was replenished with distilled

water from a wash bottle and the slides were heated for another five minutes.

The beaker was removed from the oven and was left at room temperature for 20

minutes. The slides were then transferred to a bath of phosphate-buffered saline

for five minutes. Each section was covered with 3% hy&ogen peroxide for five

minutes, to quench any endogenous peroxidase activity, then the sections were

rinsed with distilled water. A blocking solution, consisting of l-% bovine serum

albumin in PBS (BSA-PBS), was applied to each section and incubated at room

temperature for 20 minutes. The slides were drained and a 0.25 ¡tg/mL solution

of either the N-18 anti-Fas antibody or normal rabbit immunoglobulins (as a

negative control), diluted in BSA-PBS, was applied to each section. The slides

were incubated at 4C overnight in a humidified chamber.

After the overnight incubation, the slides were removed from the chamber and

placed in two changes of PBS for five minutes each. The primary antibody was
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Figure 3.L: Expression of Fas mRNA in colonic tissues.

Expression of Fas mRNA was analysed in colonic tissues from five cancer

patients (PT, SC, DT, AH and CD). N = normal colonic mucosa, A = adenoma,

T = carcinoma. Northern blots of total RNA, hybridised with a radiolabelled

Fas cDNA probe, are shown in the upper panel for each patient. 18S rRNA

stained with ethidium bromide is shown in the lower panels to indicate RNA

loading. Patient CD has increased levels of Fas mRNA in the carcinoma

compared with normal mucosa, while the carcinomas from patients PT, SC

and AH have reduced levels of Fas mRNA compared with normal mucosa.

The adenoma specimen from PT also shows reduced expression of Fas

mRNA, but the loss is not as great as in the carcinoma specimen from this

patient. Patient DT has no detectable Fas mRNA in the tumour specimen.
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Table 3.2: Histology of colonic tumours analysed for expression of Fas mRNA.

Differentiation

adenoma

well

mod

mod-poor

unclassified

Total

Dukes'Grade

A

B

c
D

Unclassified

Total

Number of Tumours Tumours with reduced

Fas mRNA

3

1

L0

1

2

17

15

28

5

1

5

2

0

15

5

2

L

0

8

4

1,

1,

\423
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An attempt was made to correlate the expression of Fas mRNA and Fas protein in

some of the tumours, to determine whether loss of Fas mRNA results in

decreased Fas protein levels. A polyclonal antibody against human Fas was used

to detect Fas protein in paraffin sections of twelve matched sets of normal mucosa

and carcinomas. The concentration of the primary antibody and the incubation

times were varied, in order to optimise the staining of epithelial cells and reduce

background staining. In normal colonic mucosa, a staining pattern was produced

which resembled the results of Moller and coworkers (1994), with the basolateral

sides of the columnar epithelial cells and lymphocytes in the lamina propria

being strongly positive (Figure 3.2). Staining was reduced or heterogeneous,

compared with normal mucosa, in nine of the twelve tumours analysed. After a

pathologist examined the slides, some doubt was cast on the specificity of the

antibody because areas of the stromal tissue were also stained (Figure 3.2).

Reducing the concentration of the antibody to remove the stromal staining

resulted in a complete loss of staining of the epithelial cells in the tissue.

Therefore, the expression of Fas protein on the surface of the tumour cells could

not be determined with any certainty.

3.3.2 Expression of Føs lz,RNA in colon cøncer cell lines

Fas mRNA was expressed at high levels in the SW48, SW480 and HT-29 cell lines.

LIM1215 cells expressed very little Fas mRNA. SW620 cells, which are a

metastatic variant of the SW480 cell line, also expressed very little Fas mRNA

(Figure 3.3).

772



Figure 3.2: Detection of Fas protein in tissue sections.

Sections of normal colonic mucosa and colorectal carcinomas were analysed for

expression of Fas protein, using a polyclonal anti-human Fas antibody. In this

figure, the columnar epithelial cells and some stromal cells in the normal

colonic crypts show positive staining. The tumour section has very low levels of

staining with the anti-Fas antibody. The expression of Fas protein in colonic

tissues could not be determined with certainty, because of the possibility that the

antibody was staining the sections non-specifically.







3.3.3 ldentificøtion of splice aøriønts of Føs

Normal human tissues express two differently sized transcripts of Fas mRNA

(Itoh et aI., 1991). It is possible that the smaller transcript of 1.9 kb is an

alternatively-spliced variant of the full-length transcript. To detect splice variants

of Fas, a 1.0 kb fragment of DNA, spanning the open reading frame of the Fas

protein, was amplified by PCR from cDNA generated from normal colonic

mucosa. All three of these normal samples had expressed high levels of both the

2.7 kb and 1.9 kb mRNA transcripts when analysed by Northern blotting. A single

PCR product of 1.0 kb was amplified from all samples of normal mucosa and the

positive control sample (Figure 3.4). The 5' untranslated region of the human Fas

gene is less than 100 bp in length, therefore the 800 bp difference in the size of the

mRNA transcripts must occur in the 3' untranslated region of the mRNA.

3.3.4 Expression of Eøs ligønd Iø"RNA in colorectøl tumours

Fourteen colorectal tumours and five samples of normal colonic mucosa were

analysed for expression of Fas ligand mRNA by reverse transcription (RT)-PCR

(Figure 3.54). A 500 bp PCR product, corresponding to the expected size of the Fas

ligand cDNA sequence/ was amplified from all of the cDNA samples analysed,

including the normal mucosal samples. To confirm that the product observed

was amplified from Fas ligand cDNA and not genomic DNA sequences, each

RNA sample used in the RT reaction was diluted in DEPC-treated water, to the

same concentration as in the RT mixture. The diluted RNA samples were

included in the same PCR reaction as the cDNA samples and the 500 bp PCR
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product was only amplified from the cDNA samples (Figure 3.54).

The PCR product amplified from the SW620 cell line cDNA was purified through

aWizard PCR Preps column. The identity of the PCR product was confirmed to

be Fas ligand by automated sequencing of the product using both S'-HFL and 3'-

HFL primers (sequences contained in Appendix B). The purified Fas ligand PCR

product was then used to probe a Northern blot, to confirm that Fas ligand was

expressed by both normal and malignant colonic tissues. As shown in Figure 3.6,

the 2.0 kb Fas ligand mRNA transcript was detected at high levels in samples of

normal mucosa, adenoma and carcinoma tissue.

3.3.5 Expression of Føs ligønd øRNA in colon cøflcer cell lines

Fas ligand mRNA was detected in all five colon cancer cell lines analysed (Figure

3.58), although a consistently low yield of the PCR product was amplified from

the LIML2L5 cell line. SW620 and LIML215 cells expressed only the expected 500

bp PCR product, however extra PCR products were observed in the remaining cell

lines, in two independent amplification reactions (Figure 3.5B). These bands were

not present in the reactions containing diluted RNA samples, indicating that the

bands were not amplified from contaminating genomic DNA. It is possible that

these bands are a PCR artifact, however they were only detected in cDNA samples

from the colon cancer cell lines. No extra PCR products were detected in any of

the clinical samples analysed.
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MN + + +P

<- 1.0 kb

Figure 3.4: Amplification of the open reading frame of Fas by PCR.

The open reading frame of Fas was amplified from three samples of normal

mucosal RNA (1,,2,3), which were either reverse transcribed into cDNA (+)

or diluted in DEPC-water O. M = SPP-L digested with EcoRI, N = negative

PCR control, P - positive control (pBSaa.z plasmid). Only one product of

1.0 kb is amplified, corresponding to the entire open reading frame.



Figure 3.5: Detection of Fas ligand mRNA by reverse transcription PCR.

A: A 500 bp fragment of Fas ligand cDNA was amplified from a sample of

normal mucosal RNA (N) and samples of tumour RNA (T) from three

colorectal cancer patients. The RNA had either been reverse transcribed (+),

or diluted in DEPC-treated water (-) before being added to the PCR reaction.

¡4 = pUC L8 digested with HpøII, N = negative PCR control. DNA isolated

from SW620 cells was used as a positive control (P) for expression of Fas

ligand mRNA.

B: Fas ligand was amplified as above, from samples of cDNA from five colon

cancer cell lines (SW48, SW480, 5W620, LIM1215 and HT-29). All samples

were positive for expression of Fas ligand, although the yield of PCR product

was consistently low for the LIML2L5 cell line.









transcript. To determine whether the 1.9 kb transcript of Fas mRNA is an

alternatively-spliced variant of Fas, the open reading frame of the Føs gene was

amplified from the cDNA of normal colonic mucosa. The samples chosen for

analysis expressed both the 2.7 and 1.9 kb transcripts abundantly by Northern

analysis. After PCR analysis of the open reading frame of Fas, only one PCR

product was amplified, corresponding to the full-length open reading frame. This

confirms that the 800 bp size difference in the mRNA transcripts occurs in the 3'-

UTR of Fas mRNA. A second polyadenylation signal in the UTR is probably

responsible for the generation of the two Fas mRNA transcripts.

A reduction or loss of Fas protein expression is common in colorectal cancer, with

only 12"/" of tumours reported to express normal levels of Fas (Moller et al., 1994).

In the present study, we have shown that Fas mRNA levels are reduced or absent

in approximately 60% of colorectal tumours. These findings suggest that

transcription of the Fas gene is inhibited in colonic tumours, resulting in low

levels of Fas mRNA and consequently reduced translation of Fas protein. The

expression of Fas mRNA was reduced at a lower frequency than the loss of Fas

protein reported by Moller and coworkers (L994). This may reflect differences in

the populations of cancer patients examined in the two studies, or could indicate

that there is an alternative mechanism by which expression of Fas protein is lost

in some colorectal tumours. Unfortunately, the levels of Fas mRNA and protein

could not be compared in the present study, due to a lack of specificity of the anti-

Fas antibody used.

Reduced levels of Fas mRNA in the present study were not associated with the

histological differentiation of the tumours (Table 3.2). For example, some well-
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differentiated tumours had undetectable expression of Fas mRNA, while some

poorly-differentiated tumours expressed Fas mRNA at high levels. These results

argue that loss of expression of Fas mRNA during colorectal tumorigenesis is not

a consequence of progressive de-differentiation of the cancer cells. Expression of

Fas mRNA was reduced in adenomas as well as carcinomas and is therefore not

linked to a particular stage of the multi-step pathway. This finding is in contrast

to other genetic events such as loss of chromosome L7p or activation of Ras,

which tend to coincide with the transitions between pathological stages of the

disease (Fearon and Vogelstein, 1989).

Expression of Fas mRNA was also examined in five colon cancer cell lines, three

of which expressed Fas mRNA at high levels. The remaining two cell lines,

LIM1215 and SW620 expressed very low levels of Fas mRNA. SW620 is a

metastatic variant of the SW480 cell line, which expressed Fas mRNA at high

levels. These results agree with the findings of Moller and coworkers (1994), w}i.o

reported that SW480 cells express Fas protein at high levels, while SW620 cells

express virtually no Fas protein on the cell surface. The functional significance of

loss of Fas expression by SW620 cells is not yet understood, however it could

contribute to a greater metastatic potential in these cells. The importance of

reduced levels of Fas in SW620 cells is investigated further in Chapter 7 of this

thesis.

It is often assumed that reduced levels of mRNA in a tissue are caused by reduced

rates of gene transcription. Flowever, the levels of RNA transcripts are also

influenced by the rate of transport from the nucleus to the cytoplasm, the rate of

protein translation and the rate of decay of the transcript. In particular,
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degradation of mRNA can have considerable impact on the level of protein

expression (reviewed by |acobson and Pettz, 1996). Degradation of a mRNA

species can be initiated by shortening of the poly (A) tail and binding of proteins

to the 3' untranslated regions (3'-UTRs) of the transcript. The untranslated

regions of many unstable mRNA species contain a high proportion of adenosine

and uridine and in particular the AUUUA motif (Chen and Shyu, L995). This

motif is required for the normal degradation of the transcript, and is present in

the 3'-UTR of Fas mRNA. Reduced stability of Fas mRNA could therefore

contribute to the reduced steady-state levels detected by Northern analysis. A

transcriptional run-on assay should be performed, to confirm whether the rate of

transcription of t}ire Føs gene is reduced in colorectal tumours.

A recent model suggests that, in addition to down-regulating Fas protein,

colorectal tumour cells upregulate Fas ligand, to kill infiltrating lymphocytes by

Fas-induced apoptosis (O'ConneII et ø1., 1996). In the present study, the presence

of Fas ligand was examined in colorectal tumours, to determine whether there

was a relationship between loss of Fas expression and upregulation of Fas ligand.

Surprisingly, this study found that Fas ligand was present in normal, benign and

malignant colonic tissues and in five colon cancer cell lines. These findings

conflict with those of Shiraki and coworkers (1997), who detected Fas ligand in

primary colonic tumours and liver metastases, but not in normal colonic mucosa.

The detection of Fas ligand in all samples in the present study may be due to an

enhanced sensitivity of the RT-PCR reaction. The reaction was primed with a Fas

ligand-specific primer, which preferentially transcribes Fas ligand mRNA.

Shiraki and coworkers (L997) used random hexamers to prime the RT reaction,
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CUAPTER 4

ALLELIC LOSS OF THE

HUMAN FAS GENE IN

COLORECTAL TUMOURS
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4.1. Introduction

Cancer is considered to be a genetic disease, because of the chromosomal

abnormalities present in the DNA of tumour cells (Fearon and Vogelstein, 1990;

Sager, 1990; Lasko and Cavenee, 1-991; Popescu, 1994). However, unlike other

genetic diseases, which are usually caused by mutations in a single gene, tumours

have multiple genetic defects (Sager, 1990). One of the most common cytogenetic

abnormalities observed in epithelial tumours is the loss of part of a chromosome

(Popescu, 1994). Certain chromosomal loci are lost in particular types of tumours

at a greater frequency than would be predicted by chance. Replacement of the

missing chromosome or chromosomal region, by transfection into a cancer cell

line, can often reduce the growth or tumorigenicity of the cell line (reviewed by

Stanbridge,1992). Molecular mapping of the deleted regions of chromosomes has

identified putative tumour suppressor genes, which normally act to prevent

malignant transformation.

Loss of a copy, or allele, of a tumour suppressor gene is a recessive mechanism of

tumorigenesis, because expression of the remaining allele can often compensate

for the loss of the other. Flowever, in the classical "two-hit" model of

tumorigenesis proposed by Knudson in 1971.., an inactivating mutation in the

remaining allele can complement allelic loss to abolish the normal function of

the gene. Detection of both allelic loss and mutation of a single gene in the same

tumour is strong evidence for a causal role of the gene in carcinogenesis. For

example, both the retinoblastoma and p53 tumour suppressor genes can be
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inactivated in different cancers by this mechanism (Cavenee et aI., 1983; Baker et

ø1.,1989).

Originally, chromosomal losses were detected by cytogenetic analysis of the

chromosomes in tumour cells. However, genetic deletions do not always

involve a large region of DNA and may not be detected cytogenetically (Mitchell,

L997). At the molecular level, loss of a locus in a tumour can be detected as a loss

of heterozygosity (LOH) compared with normal tissue from the same patient.

The two copies, or alleles, of a gene are distinguished from one another by the

presence of polymorphisms in or near the gene, such as a variable number of

repeated nucleotides or a single base pair change. Polymorphisms that change the

recognition sequence for a DNA restriction enzyme are known as restriction

fragment length polymorphisms (RFLPs). In patients who are heterozygous for

an RFLP, loss of an allele can be detected as a reduction in the intensity of the

bands corresponding to that allele in the tumour DNA. RFLPs have allowed the

screening of many different types of tumours for LOH at various chromosomal

loci. Recurrent LOH at a particular locus in a tumour indicates that a tumour

suppressor gene is located within the locus.

A molecular analysis of colorectal carcinomas at many different chromosomal

loci has been performed to determine the frequency of loss of each chromosomal

arm (Vogelstein et ø1.,1989). The most common chromosomal losses detected in

primary colorectal tumours were of chromosomes 5q, 8p, 17p and 18q. Molecular

mapping of the deleted areas on chromosomes 5q 17p and 18q has implicated the

putative tumour suppressor genes adenomatous polyposis coli (APC), p53 and

Deleted in Colon Cancer (DCC) in the pathogenesis of colorectal cancer (Baker ef
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al., 1989; Fearon et al., 1990; Groden et al., 199I; Kinzler et al., 199L). Fearon and

Vogelstein (1989) have shown that these genetic losses often occur in a temporal

order, which corresponds to different pathological stages of colorectal cancer. The

initial study by Vogelstein and coworkers (1989) was recently extended W

Thorstensen and coworkers (1996) to include local recurrences of colorectal

tumours and metastatic deposits from the liver or lung. The most commonly

deleted regions in metastases were I4q, 17p,18p and 18q. Interestingly, some loci

that were deleted in a low proportion of primary colorectal carcinomas, were

deleted at up to three-fold higher frequencies in metastatic deposits.

In Chapter 3, it was shown that the levels of Fas mRNA are often reduced or

absent in colonic tumours, compared with normal mucosa. It is possible that the

activity of the Føs gene is reduced because the gene has been lost in these

tumours. The gene encoding Fas has been mapped to human chromosome

1,0q23-24.1, (Inazawa et aL,1992; Lichter et a1.,1992). The q arm of chromosome L0

is lost in 10 to 15% of primary colorectal tumours when analysed by molecular

techniques (Vogelstein et al., 1989; Thorstensen et ø1., 1996). Flowever, cytogenetic

analyses have reported loss of 10q in 29"/. to 49% ol colon carcinomas (Muleris ef

al., 1990; Rodriguez et øL, 1994). Molecular analysis of metastatic deposits from

colorectal carcinomas has shown that chromosome 10q is deleted in

approximately 30% of tumours (Thorstensen et a1.,1996). This frequency is three

times that detected in primary tumours, indicating that a gene located on

chromosome 10q may have metastasis-suppressive function (Thorstensen et al.,

1ee6).

723



This chapter describes the analysis of human colorectal tumours for allelic loss of

the Føs gene, as a possible mechanism by which the expression of Fas mRNA is

reduced. A polymerase chain reaction-based assay was designed to amplify two

single base-pair polymorphisms within the coding sequence of t}ire Fas gene.

Allelic loss of Fas could then be detected as a loss of heterozygosity in DNA

isolated from colorectal tumours. The relationship between allelic loss of Føs and

the subsequent expression of Fas mRNA in colorectal tumours was also

examined.
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4.2 M ethods

4.2.1- Pøtients ønd sømples

Genomic DNA was isolated from samples of normal mucosa and colorectal

tumours, collected from 89 patients (Section 2.3.1). In addition, 1-0 mL of venous

blood was collected from 3L of the patients after surgery and DNA was isolated

from the mononuclear cells. A bank of control DNA samples was established

during this study by collecting 10 mL of blood from 109 normal blood donors and

isolating DNA from the mononuclear cells (Section 2.1..2).

4.2.2 Detection of polymorphisms in the humøn Føs gene

Polymorphism I (nt 221-)

PCR primers 1 and 2 (Table 4.1), were designed to amplify a 110 bp fragment of

genomic DNA containing Polymorphism I. The product was amplified from 100

ng of genomic DNA in a standard PCR reaction mixture (Section 2.3.9.2). The

reaction conditions were standard (2.3.9.2), with an annealing temperaturc of 62

or 63'C for l- minute and 1 minute of product elongation, repeated for 35 cycles.

The polymorphism was detected by digestion of the PCR product with the

restriction enzyme MspI.
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Polymorphism lI (nt 64L)

Polymorphism II was initially amplified from normal genomic DNA using

primers 3 and 4 (Table 4.1), ín a standard PCR mixture (Section 2.3.9.2). The

resulting PCR product was a 1,.2 kb fragment of DNA containing the

polymorphism. The annealing temperature for the reaction was 54 or 55'C for L

or 1.5 minutes, and the elongation time varied from 1, to 2.5 minutes. These

variations were necessary because the DNA fragment did not amplify

reproducibly from samples of genomic DNA. Digestion of this PCR product with

the restriction enzyme DrøI was used to determine the frequency of the

polymorphism in a control population of 109 volunteers.

To detect LOH in tumours, primers were designed to amplify a smaller PCR

product containing Polymorphism II, which would be more easily interpreted.

The L.2 kb PCR product amplified from a normal individual was purified using

Wizard PCR Preps columns (Section 2.3.9.3) and ligated into a pGEM-T vector

(Section 2.3.9.5). The vector was transformed into competent JM109 bacteria and

clones were screened for the presence of the PCR product (Section 2.3.8). A clone

containing the PCR product was propagated and pure plasmid was isolated from

the culture using Qiagen midi-prep columns (Section 2.3.8.4). The plasmid was

sequenced, using primers designed from either side of the pGEM-T vector cloning

site (Table 2.7). Using this sequence, a new antisense primer (Primer 5) was

designed to amplify a 1L5 bp product containing the polymorphism. Primers 3

and 5 were used to analyse the genotypes of 44 of the normal population, and for

the detection of LOH in all specimens from cancer patients. PCR reactions were
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standard (Section 2.3.9.2), with an annealing temperature of 53"C for 1 minute

and an extension time of 1 minute.

Table 4.L: Primers used to detect polymorphisms in the Føs gene by PCR

Primer Sequence Location

J

4

1'f

2'¡

5'ç

10

5,- AAGG AJAAGCTAGGGACTGCCC

5,-CTTCTGCATccGAAGAAAAATG

5'-TACAGAAAACATGCAGAAAGC

5' - TCAGATAAATTTATTGCCACTG

5'- CTATTTTTCTUTAAAGG AJA.A.GC

5'- CAATTCCACTAATTGTTTGGG

5'- GCTTTCTGCATGTTTTCTGTA

5'- TAATTAGTCATCTAATTACCAC

5'- CTCCTGCCTCAACTGTGACCCTGG

5,- GTATTTTCAGCTAJAACAACCGC

Exon3

Exon3

ExonT

ExonS

Intron 7

Exon6

FxonT

Intron 6

Intron 7

Írtron 6

6

7

8

9

* Primers 2 and 5 contain mismatches (in lower case) to create enzyme cutting sites

(underlined).

Primer L contains a mismatch (in lower case) to allow detection of Polymorphism I
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4.2.3 Digestion of PCR products with restriction enzymes

Equal quantities of PCR products (in a total volume of 17 pL) were digested

directly with 20 units of either MspI (Polymorphism I) or DraI (Polymorphism II),

in the reaction buffer provided by the manufacturer (New England Biolabs).

Samples were digested for 1,6 to 20 hours at 37"C. Digested PCR products were

resolved by electrophoresis through non-denaturing polyacrylamide gels

(containing 4 or I5"/" polyacrylamide, Section 2.3.4), in L x TBE buffer at 150V.

Gels were stained with ethidium bromide and photographed over UV

transillumination.

Complete digestion of all PCR products was confirmed by the inclusion of control

cutting sites for the restriction enzymes in the antisense primers (primers 2 and 5,

Table 4.1). The cutting sites were created by the inclusion of base-pair mismatches

in the primers. Undigested or partially digested products were then visible on the

gel as an extra band above the digested bands.

4.2.4 AIIelic frequencies of the Føs polymorphisms in ø normøl populøtion

Control genomic DNA was isolated from the perípheral blood mononuclear cells

(PBMNCs) of Red Cross blood donors, or volunteers in the laboratory. PCR

products containing Polymorphism I or II were amplified from 100 ng of each

DNA sample. The PCR products were digested with the relevant restriction

enzyme and electrophoresed as described above. A genotype was assigned to each

individual and the number of alleles containing each polymorphism was
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expressed as a fraction of all alleles analysed. The frequencies of homozygotes

and heterozygotes for each polymorphism were also calculated and expressed as a

percentage of the total number of individuals analysed.

4.2.5 Assøy oølidøtions

The following experiments were only performed for Polymorphism II:

Optimøl number of PCR ømplification cycles

Genomic DNA (100 ng) from a blood donor was used in the PCR reaction with 25,

30, 35,40 or 45 cycles of amplification. Fifteen microlitres of each PCR product

was electrophoresed as above, and the amount of product in each lane was

quantified using densitometry.

To determine whether the number of amplification cycles affected the cleavage

activity of DrøI, products from each of the cycle numbers above were digested

with 20 units of DrøI overnight at37"C. Digested products were electrophoresed

as above and the ratios of the cutting to non-cutting alleles were calculated using

densitometry. This analysis was performed on genomic DNA from two

informative blood donors.
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Assøy Sensitiaity

A modification of a DNA dilution experiment developed by Silly and coworkers

(1994) was used to determine the sensitivity of the assay for detection of LOH.

This experiment simulates the contamination of tumour cells with LOH by

normal, heterozygous cells. Peripheral blood mononuclear cells from a

heterozygote and homozygote blood donor were isolated from whole blood,

washed with PBS and diluted to the same concentrations in STE buffer (Section

2.2). The cell mixtures were combined in various proportions to achieve allelic

ratios of 0, 10, 25, 50,75,90 and 100% (Table 2). For example, a homozygote may

have two cutting alleles and heterozygotes have one cutting and one non-cutting

allele. A mixture of two parts heterozygous cells to one part homozygous cells

would therefore result in a 50% allelic ratio (i.e. four cutting alleles to two non-

cutting alleles). This calculation was repeated to achieve each of the allelic ratios

shown in Table 4.2.

Table 4.2: Ratios of homozygous to heterozygous cells to achieve various allelic ratios

Allelic Ratios Homozygote Heterozygote

0

1

1

1

J

9

1,

0%

1,0%

25%

50%

75%

90%

700%

1.

L8

6

2

2

2

0
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DNA was isolated from each of the cell mixtures and used as a template for the

amplification of Polymorphism II. Each PCR product was digested wit}l. DraI and

electrophoresed as normal. The ratio of the non-cutting to the cutting allele was

quantitated in each sample by densitometry. This DNA dilution experiment was

performed once using cells which were homozygous for the cutting allele of the

polymorphism, and once using cells homozygous for the non-cutting allele.

4.2.6 Detection of allelic losses in colorectøl tumours

Allelic loss of the Fas gene in colorectal tumours was only analysed using

Polymorphism II, due to its higher frequency in the normal population. DNA

from normal mucosa or blood that contained a DrøI site in only one allele

(heterozygous) was termed informative. PCR products amplified from

informative samples of matched normal and tumour DNA were digested with

DraI. The digested products were electrophoresed in adjacent gel lanes and

compared visually for loss of heterozygosíty (LOH). When available, DNA

isolated from a patient's blood was also analysed.

Tumour samples with apparent LOH were analysed by three independent PCR

reactions. To confirm visual identification of LOH, photographic negatives of

gels were scanned by a Bio-Rad model GS-670 imaging densitometer. The

volumes of the non-cutting and cutting allelic bands were measured using

Molecular Analyst software (Bio-Rad, Hercules, USA). A ratio of the non-cutting

to the cutting band volumes was calculated for each sample. The percentage

change in the tumour band ratio, compared with the ratio for normal mucosa,
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was calculated for each patient with suspected LOH.

4.2.7 Detection of Polymorphism Il by Southern Blotting

Ten micrograms of genomic DNA were digested with 60 units of DrøI in the

manufacturer's buffer for t6 to 20 hours at 37"C. Digested DNA was

electrophoresed and blotted as described in Section 2.3.5. The membrane was

prehybridised for 2 hours (Section 2.3.7) and the Føs gene was detected þ

hybridisation with a full-length Fas cDNA probe (Section 3.2.1),labelled with 32P-

dATP by random priming. The membrane was hybridised overnight at 42C and

was washed in solutions of SSC and SDS at the appropriate stringency.

4.2.8 Møpping of DrøI rcstriction sites proximøI to Polymorphism II

Introns 6 and 7 of tii.e Fas gene were individually amplified from normal

genomic DNA with primers 3 and 4 (intron 7), or 6 and 7 (intron 6). Each PCR

product was cloned into a pGEM-T vector and transformed into competent E. coli

IM109 bacteria. Midi-scale preps of the clones were purified and sent for

automated sequencing by the S'-pGEM and 3'-pGEM primers (Table 2.1). New

primers were designed from these sequences and used to determine more of the

sequences either side of the polymorphic site (Primers 8, 9 and 10; Table 4.1).

These sequences were used to construct a map of the DrøI sites surrounding

Polymorphism II. The sequences of introns 6 and 7 of the Fas gene were

submitted to the Genbank database (Accession numbers: AF061978 and 4F061979)
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4.3 Results

4.3.7 Detection of polymorphisms in the Eøs gene

Two polymorphic base changes in the human Fas coding region have been

reported (Fiucci and Rubefti, L994). PCR-based assays were developed to amplify

small regions of the Føs gene containing each polymorphism. The PCR products

were then digested with a restriction enzyme whose recognition sequence

depends on the presence of the polymorphism.

Polymorphism I (nt 227)

Polymorphism I (ACA to ACG) is located at nucleotide position 227 (relative to

the translational start site) of the human Føs cDNA. This base change does not

create or lose a cutting site for any of the common restriction enzymes. The sense

PCR primer was therefore designed with a mismatched base, which would create

an MspI cutting site in alleles containing guanidine ("allele G", Figure 4.14).

Amplification of the region containing polymorphism from normal genomic

DNA produced a LLO bp PCR product. After digestion of the PCR product with

MspI, a non-cutting allele of 100 bp, or cutting alleles of 80 bp and 20 bp were

observed (Figure 4.18). Analysis of Polymorphism I in a normal population of

blood donors detected a MspI site in 7 out of 208 chromosomes (3.4%). Seven

percent of this population was heterozygous for the polymorphism, while no
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Figure 4.1: Detection of Polymorphism I in DNA samples by PCR amplification

and digestion with Mspl.

A: A primer (in green) was designed, with a single-base mismatch, to create an

MspI site in the PCR products containing guanidine (Allele G) at nucleotide

position 22L (in red) of t}lre Føs gene. Alleles containing adenosine (Allele A)

would not be cut by MspI.

B: Detection of Polymorphism I in samples of normal genomic DNA. 1y1= pUC

L8 digested with HpøII, UD= undigested PCR product (110 bp), homo=

homozygotes for Allele A (100 bp), het= heterozygotes for Alleles A and G

(100 bp + 80 bp).



A Allele A:

ACTGCCCAG
TGACGGGTC...........

Allele G:

AC TGC
TG ACG

CG Lt

cGG

Mspl

B
homo het+MTID f

- AlleleA
- Allele G





difficult due to the similar size of bands from each allele (480 versus 420 bp), and

the presence of a non-polymorphic band of 460 bp between the two alleles.

Cloning and partial sequencing of the PCR product allowed the design of an

alternative primer sequence, which would amplify a smaller product of 115 bp

containing Polymorphism II (Figure 4.2A).

PCR products containing the polymorphism were amplified from normal

genomic DNA and digested with DrøI. The predicted non-cutting allele of 101bp

and cutting alleles of 6'1. and 40bp were observed (Figure 4.2C). The presence of

the polymorphic site was confirmed by automated sequence analysis of a PCR

product amplified from DraI- and DraI* homozygotes (Appendix B). In each case,

the predicted sequence was present. The genotypes of 44 individuals in the

control population were analysed using this PCR product and the results were

exactly the same as the genotypes determined using the larger PCR product. The

115 bp product was therefore used for the detection of LOH in tumour specimens.

A potential cause of false positive results in a PCR-based restriction assay is the

formation of heteroduplexes between cutting and non-cutting alleles after

extended amplification cycles. Several control experiments were performed to

reduce to likelihood of heteroduplex formation during PCR amplification of

Polymorphism II. First, the yield of the PCR product was measured W

densitometry at different numbers of amplification cycles (Figure 4.3). The

amplification of the PCR product was approximately linear over the range of 25 to

45 cycles. A cycle number of 35 was chosen for subsequent analyses to give a

sufficient yield of product, without reaching a plateau of amplification.
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Figure 4.3: Kinetics of amplification of the Polymorphism II PCR product.

A: The 1L5 bp PCR product was amplified from normal genomic DNA (100

ng) for increasing numbers of cycles (shown above each lane). The PCR

products were electrophoresed through a 15% polyacrylamide gel and

photographed. M = pUC L8 digested withHpøII, neg = negative control

(containing no DNA), pos = pBS-4PO1.4.2 plasmid (50 ng) amplified for

35 cycles.

The intensities of the PCR products in each lane of A were quantified þ

densitometry, and are indicated as arbitrary units.
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Quantitative ratios of the non-cutting to cutting alleles of the PCR products were

calculated by densitometric analysis of the relative intensities of the DNA bands.

In normal heterozygotes, this ratio varied from L.7 to 2.3, depending on the gel

staining and photography conditions. However, when compared on a single

photograph, the ratios were more consistent, so normal and tumour samples

from each patient were always analysed on the same photograph. The ratio of

non-cutting to cutting alleles calculated for two normal heterozygotes did not

change with an increase in the number of PCR amplification cycles (Table 4.3),

indicating that formation of heteroduplexes were not a confounding factor in this

assay. The calculated ratios were lower for the 25 cycle samples, however the

product yield was also very low.

Table 4.3: Band ratíos for two heterozygotes with increasing amplification cycles

Number of Cycles Sample 1 Sample 2

25

30

35

40

45

2.0

2.3

2.4

2.2

2.4

1.0

't.7

1.85

1.8

1.8

L36



Detection of loss of heterozygosity in a tumour DNA sample can be difficult if

there are contaminating normal cells within the tumour. Lymphocytes isolated

from the blood of normal heterozygous and homozygous donors were mixed in

various proportions to test the sensitivity of the assay to detect allelic losses in

tumours containing normal, uninvolved cells. Analysis of DNA isolated from

these cell mixtures revealed that losses of greater than 50%, of either the cutting

or non-cutting allele of. Føs, could be detected visually, despite the presence of

contaminating heterozygous cells (Figure 4.4). Quantitation of allelic ratios by

densitometry could detect losses of 25% and greater.

4.3.2 Allelic Loss of the Eøs gene in colorectøl tumours

Of the 89 cancer patients involved in the study, 38 (43%) were informative for

Polymorphism II and most had moderately-differentiated tumours (Table 4.4).

Six of the 38 informative tumourc (16%) exhibited partial allelic loss at the Føs

locus (Figure 4.5), which was confirmed by densitometry (Table 4.5). Three

patients had lost the cutting allele, while the other three lost the non-cutting

allele. Due to the small number of patients with allelic loss, no relationship

between LOH and the histological differentiation of the tumours was apparent.

Flowever, none of the patients with adenomas or well-differentiated carcinomas

showed allelic loss at tlrre Føs locus (Table 4.4). One patient (EC) with LOH in a

moderate to poorly-differentiated carcinoma had no allelic loss in a benign

colonic adenoma removed with the carcinoma.
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Figure 4.4: Sensitivity of the PCR-based assay for detection of loss of

heterozygosity (LOH).

A: Peripheral blood mononuclear cells from a DraI* homozygote and a

heterozygote were mixed in various proportions to achieve allelic

ratios of 0, L0, 25, 50,75,90 and 100%. DNA was isolated from the cells

and analysed by PCR amplification and digestion with DrøL

B/C: Densitometric analysis of the ratios between the non-cutting and

cutting alleles of the cell mixtures. B shows the loss of the non-

cutting allele, while C shows loss of the cutting allele. A value for

100% loss of the cutting allele could not be calculated, because the

densitometric intensity of the non-cutting allele was zero.
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Figure 4.5: Allelic loss of Eøs in colorectal tumours.

PCR products containing Polymorphism II were amplified from blood (B),

normal mucosa (N) and tumour (T) DNA samples from 38 informative patients.

The products were digested withDral and examined for LOH.

¡4 = pUC L8 digested with HpøII, UD = undigested PCR product. Six patients

(AD, CE, SP, MK, EC and RF) had LOH in tumour samples compared with

normal samples analysed concurrently. Results from three of the patients are

shown on the following page. The non-cutting allele (Allele L) was lost in

tumours from AD, SP and MK, while patients CE, EC and RF lost the cutting

allele (Allele 2). Patient EC showed no LOH in an adenoma (T1) removed with

the carcinoma (T2).









Figure 4.6: Detection of Polymorphism II by Southern analysis

A: Genomic DNA, from patients with various DraI genotypes, was digested

with DrøI and blotted. The membrane was hybridised with a full-

length Fas cDNA probe, labelled with 32P-dCTP. Samples 1 and 2 are

heterozygotes, sample 3 is a DraI homozygote and samples 4 and 5 are

DraI* homozygotes. No variations in the hybridisation patterns are

apparent.

Introns 6 and 7, either side of Polymorphism II (*), were cloned and

sequenced to determine the location of other DrøI sites proximal to the

polymorphism. Polymorphism II is contained in a DraI fragment of

1270 bp, creating a non-cutting allele of L270 bp and cutting alleles of 850

and 420 bp.F;6, E7 and E8 represent exons 6,7 and 8 of the human Føs

8ene.
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4.3.4 Expression of Føs øRNA in informøtioe colorectøl tumours

A subset of tumours that were analysed for expression of Fas mRNA in Chapter 3

was informative for Polymorphism II. This allowed a comparison between LOH

at the Føs locus and the expression of Fas mRNA in the tumours. Fifteen colon

tumours, of which 11, had matched normal mucosal RNA samples, were

analysed for expression of Fas mRNA. All except one sample of normal mucosa

expressed t}:re 2.7 and 1.9 kb Fas mRNA transcripts. Five of the L5 tumours

expressed Fas mRNA at levels comparable to that in normal mucosa, however L0

of the L5 tumours had reduced or absent expression of Fas mRNA (Fígure 4.7).

Four of the tumour samples that showed LOH at the Føs locus had sufficient

tissue for RNA extraction and analysis. Of the four patients, only one tumour

sample (MK) expressed Fas mRNA. The remaining three tumours did not

express arry detectable Fas mRNA compared with other samples analysed

concurrently. Patient CE had no Fas expression in either the tumour and normal

mucosal specimens analysed (Figure 4.7). However, a low level of Fas mRNA

expression was detected in the tumour RNA after prolonged film exposure. The

remaining eleven patients had no apparent LOH, but seven of these patients had

reduced or absent levels of Fas mRNA.
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4.4 D iscussion

Losses or rearrangements of chromosomes are common in tumour cells

(reviewed by Popescu, 1994) and, when accompanied by an inactivating point

mutation in the remaining allele, can abrogate the expression of target genes.

The expression of Fas is reduced or absent in most colorectal carcinomas

(Leithauser et ø1.,1993; Moller et ø1.,1994), however the status of the Føs gene in

these tumours has not been investigated previously. We detected allelic loss of

t}re Fas gene in L6% of primary colorectal tumours, however this was a much

lower frequency than the loss of expression of Fas mRNA. These findings suggest

that other mechanisms are responsible for reduced expression of Fas in colon

cancer.

Fiucci and Rubertí (1994) have reported two single base change polymorphisms in

the coding region of Føs, with allelic frequencies of 6% and 33%. These

polymorphisms were detected by denaturing gradient gel electrophoresis of Fas

cDNA fragments . We have detected these polymorphic bases in clinical samples

by PCR amplification of the sites followed by restriction enzyme digestion. The

allelic frequencies of each polymorphism were very similar to those reported þ
Fiucci and Rubeftí (L994). Because of its sensitivity and cost effectiveness, PCR-

based analysis is advantageous for the screening of large numbers of samples,

especially for very small pieces of tissue (Merlo et ø1., 1991), The use of RFLPs

within a gene is also a more direct method of determining allelic loss, compared
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with microsatellite analysis, which assumes that the gene is lost along with a

proximal or distal marker. This assay may be useful for the detection of LOH at

the Føs locus in other tumours with abnormal levels of Fas expression.

To maximise the number of informative cancer patients, the most frequent

polymorphism, at nucleotide position 641, was used to detect allelic loss of Føs.

The substitution of thymidine for cytidine at this location has no functional

significance for the Fas protein, but a recognition site for the DrøI enzyme is

created. Loss of heterozygosity was detected at this locus in approximately 1,6% of

informative colorectal tumours. The frequency of LOH detected in the present

study is comparable to that reported by other researchers for loss of chromosome

10q in primary colonic tumours (Vogelstein et ø1., 1989; Thorstensen et ø1., 1996).

This suggests that the LOH of Føs detected in the present study reflects the loss of

the entire chromosomal arm.

There was no clear relationship between allelic loss of Føs and the histological

differentiation of the tumour in this study, however the population of tumours

analysed were not evenly distributed in histology. No allelic loss was detected in

adenomas or well-differentiated tumours, indicating that loss of the Føs gene

occurs relatively late in colorectal cancer progression. This is supported by the

observation that one of the patients had no allelic loss in a benign tumour, but a

carcinoma removed at the same time had allelic loss of Føs. In chapter 3, loss of

expression of Fas mRNA was detected in both benign and malignant tissues,

which suggests that allelic loss and transcription of the Føs gene may not be

linked. Due to the high frequency of random genetic losses in carcinomas, LOH

frequencies of less than 25/o are not thought to be pathologically significant
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(Seizinger et al., 1991). Loss of t}:re Fas gene is therefore not likely to be a causal

factor in the development of most cases of colorectal cancer. Unfortunately,

metastatic deposits were not available from any of the informative cancer

patients in this study. An analysis of the Føs gene in metastatic disease may

confirm the results of Thorstensen and coworkers (L996), who reported that

chromosome 10q is lost more frequently in colorectal metastases.

Expression of Fas mRNA was reduced in the majority (66%) of the informative

colon tumours analysed, however in most tumours this was not caused by allelic

loss of Føs. Of the eleven tumours with no allelic loss of t}:re Føs gene, seven

(64%) had reduced levels of Fas mRNA. This indicates that loss of the Føs gene is

not the primary mechanism by which expression of Fas mRNA is lost in

colorectal tumours. However, expression of Fas mRNA could not be detected in

three out of four tumours with allelic loss of tlr.e Fas gene, which suggests that

loss of Føs could reduce the level of gene transcription in a subset of colorectal

tumours. One wild-type allele must be sufficient for normal gene expression,

because the tumour from patient MK showed no reduction in Fas mRNA levels,

despite having loss of one copy of the Føs gene. In the remaining three patients

with allelic loss, disruption of the remaining wild-type Føs allele by a point

mutation or epigenetic changes in the promoter region may explain the complete

loss of Fas expression observed.

Loss of heterozygosity detected at a locus is not always caused by deletion of the

locus. Other mechanisms of LOH include mitotic recombination combined with

mitotic non-disjunction and uniparental disomy (Muller and Scott, 1992). It is

also possible that allelic imbalance at a locus is caused by amplification, rather
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than loss, of one allele. Although PCR-based assays allow rapid detection of LOH

in large sample groups, this technique is not quantitative and cannot distinguish

between the various mechanisms with certainty. Analysis of allele dosage þ

Southern blotting is required to determine the mechanism by which the LOH

occurs. This was not possible in the present study, because the two alleles of the

Føs gene could not be distinguished from each other by Southern blotting.

Flowever, the frequency of LOH in the present study agrees with that of

Vogelstein and coworkers (1989), who examined the loss of markers on

chromosome 10q by Southern blotting. This indicates that LOH at the Føs locus

detected in this study was due to mechanical loss of the chromosomal arm.

Formation of heteroduplexes between cutting and non-cutting alleles is another

potential complication of PCR-based restriction assays. Heteroduplexes are often

cut less efficiently by restriction enzymes than are homoduplexes. This is

observed as a relative reduction in the intensity of the cutting allele aLter

electrophoresis of the digested DNA, giving a false positive LOH result. In the

present study, no changes in enzyme cutting were observed after high numbers of

PCR amplification cycles (Table 4.3), which favour heteroduplex formation

because of the increasing yield of PCR products. This indicates that formation of

heteroduplexes was not significant for the reaction conditions used in this study.

The contamination of tumours with normal immune or stromal cells usually

prevents a total LOH result in a PCR-based assay. This was the case in the present

study, where residual signals from normal cells were observed in all of the

tumour samples with LOH (Figure 4.5). The total frequency of LOH may

therefore be underestimated in many studies. A DNA dilution experiment was
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performed to assess the sensitivity of the assay for detection of allelic losses.

Using densitometry, LOH of greater tliran 25"/o could be detected, in the presence of

contaminating heterozygous cells. Analysis of LOH by densitometry is time-

consuming and, in the present study, was only to confirm the results for tumour

samples with LOH detected by eye. Microdissection of malignant cells from

tumours, or sorting of aneuploid cells by flow cytometry, would enrich the

samples for tumour cells and may allow easier visual detection of LOH.

The results of this chapter indicate that allelic loss of the Føs gene is a relatively

rare event in colorectal cancer. Expression of Fas mRNA was reduced in the

majority of tumours without allelic loss of Fas, which indicates that loss of the

Føs gene is not the primary cause of reduced gene expression. It is possible that

other structural alterations within tlne Føs gene occur in colorectal tumours.

Analysis of a gene at a single locus can only detect gross losses of genetic material,

and might not detect small deletions within the gene. The work contained in the

following chapters examines different regions of the Føs gene for more discrete

genetic abnormalities.
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S.L Introduction

Gross rearrangements and mutations within the coding or regulatory regions of a

gene are common mechanisms by which the expression of a gene can be disrupted

in a tumour. Rearrangement of a gene is a generalised term which encompasses

structural genetic events, such as translocations and deletions. Translocation

involves the reciprocal exchange of parts of two chromosomes, which can alter

the activity of genes located at the chromosomal breakpoints. Although

translocations are common in haematological malignancies, they are relatively

rare in solid tumours (reviewed by Popescu, L994). Deletions within the coding

region of a gene can cause shifts in the reading frame of the RNA and may

generate a premature stop codon in the mRNA transcript. For example, small

deletions within tlire Fas coding sequence have been detected in patients with

lymphoproliferative disease or in lymphoma cells (Rieux-Laucat et ø1., 1995;

Cascino et ø1.,1996). These deletions lead to a premature stop codon, resulting in

the expression of an inactive Fas protein lacking a signal transduction domain.

Structural changes in a gene can often be detected by Southern blotting of DNA

isolated from tumour cells. The first part of this chapter describes a search for

gross rearrangements of the Føs gene in colorectal tumours, as a possible cause of

reduced Fas mRNA levels.

Point mutations are another mechanism by which genes can be inactivated and

are often the predisposing lesion in hereditary cancer syndromes. Mutations may

abolish the expression of a gene by inducing a premature stop codon, or ry
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changing the 3-dimensional structure of the untranslated regions of RNA, which

influence the stability of the transcript. If a mutation occurs within a functional

region of a protein, a mutant protein with no biological function may be

expressed, resulting in the recessive inactivation of the gene. Alternatively, a

mutant protein may act in a dominant negative manner, by binding to the wild-

type protein and abolishing its physiological activity.

Germline mutations in the Fas gene have been detected in the T cells of families

with lymphoproliferative disorders (Fisher et ø1., L995; Rieux-Laucat et øL, 1995;

Drappa et al., 1996; Bettinardi et ø1., L997; Pensati et ø1., 1997; Sneller et ø1., 1997).

These mutations often occur in the signal transduction domain (or "death"

domain) of the Fas protein, which is required for the transmission of apoptotic

signals within the cell (Fisher et øL,1995; Rieux-Laucat et ø1.,!995; Drappa et øL,

L996; Sneller et al., 7997). The mutations are generally recessive, because

heterozygotes have no overt clinical symptoms. Homozygotes for Fas mutations

exhibit lymphoproliferation, splenomegaly and hepatomegaly, a syndrome that is

phenotypically similar to that reported ín lpr mice with mutation of the murine

føs gene.

Until recently, point mutations of the Fas gene had not been associated with any

malignancies. Landowski and coworkers (1997) have detected point mutations in

the Fas gene in L0% of multiple myelomas. The entire Fas cDNA sequence was

screened for mutations in these tumours, however all of the mutations were

detected in the death domain. Functional analysis of the mutant Fas proteins was

not performed, but based on the findings in the lymphoproliferative diseases,

these mutations may represent a novel mechanism by which Fas signalling can be
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inactivated in tumour cells. The second part of this chapter examines human

colonic tumours for mutations in the death domain of the Fas gene. Particular

emphasis is placed on the patients with allelic loss of the Føs gene in Chapter 4,

since point mutation combined with allelic loss would cause a loss of normal Fas

function in these tumours.

5.2 M etho ds

5.2.7 Detection of reørrøngements of the Føs gene

5.2.1.1 DNÁ samples

Samples of normal genomic DNA were analysed from 22 blood donors, to

determine the normal hybridisation pattern of the Føs gene. DNA isolated

from 64 tumour specimens was analysed for rearrangements of the Fas gene

in 6L patients (one patient had two tumours, another had three). Samples of

DNA isolated from blood or normal mucosa were also analysed for 20 of the

61- patients. Five colon cancer cell lines (SW48, SW480, 5W620, LIM12L5 and

HT-29) were also examined for rearrangement of Føs.
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5.2.1-.2 Southern blotting of DNA sømples

To determine the optimal restriction enzyme for Southern analysis of tll.e Føs

gene, 10 pg aliquots of normal genomic DNA were digested with 60 units of either

AccI, ApøI, EcoRY, HpøI, NheI, PstI, SacI or TaqI, each in the manufacturer's

recommended buffer and under the recommended conditions. Digested samples

were fractionated on a \/o agarose gel and blotted onto a GeneScreen Plus nylon

membrane under alkaline conditions (Section 2.3.5).

The Føs gene was detected by hybridisation of the membrane with a full length

cDNA probe, which was excised from the pBS-4PO14.2 plasmid with NofI

(Section 3.2). The Fas cDNA probe was labelled with 50 pCi of 32P-dCTP- or 32P-

dATP by random priming (Section 2.3.7). The membrane was hybridised

overnight at 42C and then washed in solutions of SSC and SDS to the appropriate

stringency (Section 2.3.7). The membrane was exposed to Hyperfilm at -80"C to

visualise the DNA bands.

T}i.e TøqI restriction enzyme was used to digest all of the DNA samples analysed

in the study. DNA isolated from blood, normal mucosa or colorectal tumours (L0

pg) was digested with 60 units of TaqI for 3 hours at 65"C. The digested samples

were electrophoresed, blotted and hybridised with the Fas cDNA probe, exactly as

described above.
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5.2.2 Single strønd conformøtion polymorphism (SSCP) ønølysis of the Føs

"death domøin"

5,2.2.1- DNA sømples

DNA from six normal controls, forty-three colorectal tumours and two cell lines

(HT-29 and SW48) was analysed for mutation of the death domain.

5.2.2.2 Amplification of the deøth domain from genomic DNA

PCR primers (S'-DD and 3'-DD) were designed to amplify a 248 bp region of the Fas

death domain from genomic DNA (Table 5.1). The PCR reactions contained 100

ng of genomic DNA in a standard PCR mix (Section 2.3.9.2), containing 0.5 ¡tCi of

"P-dATP per tube. Amplification conditions were an initial denaturation step of

5 minutes at 94C followed by 35 cycles of 1 minute denaturation at 94C,1 minute

of annealing at 60'C and L minute of elongation at 72"C; and a final elongation

step of 5 minutes at72"C. To confirm that the PCR reaction was successful, 10 pL

of each PCR product were electrophoresed through a 1.5'/" agarose gel containing

ethidium bromide, and visualised by UV transillumination. The concentration

of the PCR products was estimated from the intensity of the bands on the gel. As

controls for the SSCP mobility, the death domain was amplified from a sample of

normal genomic DNA and 50 ng of the pBS-APOI4.2 plasmid in each PCR run.
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Table 5.1: Sequence of primers used to amplify the death domain ol Føs

Primer Sequence

5'-DD

J DD

5'- TGTTGACTTGAGTAAATATATCACC

5'- TCTGCAAGAGTACAAAGATTGGC

5.2.2.3 Electrophoresis of denøtured PCR products

The sequencing gel apparatus, consisting of two glass plates, spacers and combs,

was cleaned thoroughly with ethanol and assembled according to the

manufacturer's instructions. Both the sides and bottom of the glass plates were

taped together and the corners were clamped. A 6% polyacrylamide gel was

prepared by mixing 4L.5 mL of Milli-Q water, 10.5 mL of 40% acrylamide:

bisacrylamide (19:1), L4 mL of 5x TBE and 3.5 mL of glycerol with a magnetic

stirrer. Seventy microlitres of TEMED and 420 ¡tL of 1,0% ammonium persulfate

were added to the gel mixture, which was then drawn into a 50mL plastic syringe.

The syringe was used to dispense the solution into the glass plates until the cavity

was filled.

A well was made in the top of the gel by inserting the combs in backwards. The

combs were clamped in place and the gel was allowed to polymerise for

approximately 40 minutes. Once the gel had set, the clamps and combs were
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removed from the gel and the well was rinsed with water. The gel was then

placed into a Model 52 sequencing electrophoresis tank (BRL Life Technologies)

and clamped into position. The upper and lower chambers of the tank were filled

with 1x TBE buffer and the apparatus was connected to a Power Pack (Bio-Rad,

Flercules, USA). The gel was pre-run (with no samples loaded) at 35 watts for 30

minutes, then the combs were inserted into the large well to form smaller wells to

contain the samples.

Equal amounts of PCR products (a total volume of 2 to 6pL) were mixed with an

equal volume of SSCP loading buffer (Section 2.2), ín sterile 0.5 mL PCR tubes.

The samples were denatured by heating the tubes to 94C for 5 minutes before

chilling the samples on ice. The denatured samples were loaded into the wells of

the sequencing gel using a fine pipette tip, then were electrophoresed at 35 watts

for approximately three hours. After the bromophenol blue marker had migrated

to the bottom of the gel, the apparatus was disassembled and the glass plates were

wedged apart,leaving the gel stuck to one plate. The gel on the plate was fixed in

a solution of 1.0% methanol and 10% acetic acid in water for 10 minutes, or until

the bromophenol blue marker on the gel turned yellow. The gel was then

removed from the fixing solution and covered by a piece of Whatman 3MM filter

paper. The paper was used to peel the gel from the glass plate, and the gel was

dried onto the filter paper under vacuum (Drygel slab gel dryer, Hoefer Scientific

Instruments, San Francisco). The dried gel was placed into a film cassette and was

exposed to Hyperfilm at -80'C.
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5.2.2.4 Sequencing of PCR products

The 248 bp region of the death domain was amplified from L00 ng of genomic

DNA isolated from four of the colorectal tumours with allelic loss of the Føs gene

(Chapter 4). No 32P-dATP was included in this PCR reaction. The PCR products

were purified by Wizard PCR Preps purification columns (Section 2.3.9.3) and sent

for automated sequencing with the s'-DD and 3'-DD primers (Section 2.3.10). The

resulting sequences were aligned with the published sequence of the Fas cDNA

(Itoh et a1.,1991), to determine if any variations in the death domain were present.
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5.3 Results

5.3.7 Reørrøngements of the Eøs gene in colorectøl tumours

The optimal restriction enzyme for the detection of rearrangements of the Føs

gene was determined by digesting genomic DNA from volunteer blood donors

with enzymes that did not cut within the cDNA sequence of Føs (Figure 5.1). The

resultant Southern blot was hybridised with the Fas cDNA probe to determine

which enzyme gave an easily interpretable banding pattern. The TaqI restriction

enzyme was chosen for the analysis of the clinical samples because it produced a

simple pattern of three bands when the DNA was hybridised with the Fas cDNA

probe. In addition, TøqI digested genomic DNA completely within 3 hours,

compared with an overnight incubation required for other enzymes.

Southern blots of normal genomic DNA, digested with the TøqI restriction

er.zyÍne, generally contained three bands when hybridised with a Fas cDNA probe.

The sizes of the bands were calculated as L0 kilobases, 4.6 kilobases and 1,.2

kilobases (Figure 5.24). ATøqI polymorphism was detected in the Føs gene of two

out of 22 normal samples of DNA analysed (Figure 5.28). The polymorphism was

observed as extra bands of approximately 9 kb and 6 kb. The polymorphism was

also detected in 9 out of the 61 colon cancer patients analysed, giving a total

frequency for the polymorphism of approximately L5%. The L0 kb band detected

in most DNA samples appeared to contain the polymorphic site, since one DNA

sample had only the 9 kb and not the 10 kb band. Individuals with both the 9 and
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Figure 5.2: Southern analysis of the Føs gene in normal genomic DNA.

Southern blots of genomic DNA digested with the TaqI rcstriction enzyme were

hybridised with a 2.5 kb full-length Fas cDNA probe. Panel A shows the most

common banding pattern: three bands of L0 kb, 4.6 kb and 1,.2 kb. Panel B shows

two samples with a polymorphic banding pattern: an extra band of 9 kb, or two

extra bands of 9 kb and 6 kb.
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L0 kb bands are probably heterozygous for the polymorphism. The 6 kb band may

be another polymorphism, because the 9 kb and 6 kb bands were not always both

present in a sample.

Rearrangements of a gene are often detected on Southern blots as a difference in

either the intensity or position of some of the bands in a tumour DNA sample,

compared with the normal banding pattern. Most of the 64 tumour samples

analysed showed the same banding pattern as the normal DNA samples. Initially

it was thought that some of the tumour DNA samples obtained from another

laboratory had rearrangements of the Fas gene, because extra bands of various

sizes were present in the Southern blots at higher intensity than the normal bands

(Figure 5.34). These samples were reanalysed, along with normal DNA samples

from these patients and the same result was obtained. To eliminate the possibility

of another TaqI polymorphism in the Føs gene, all of these samples were digested

with the restriction enzyme PsfI and blotted. Hybridisation of the membrane with

the Fas cDNA probe still produced extra bands on the gel.

It was possible that the extra bands on the blots were caused by contamination of

the genomic DNA samples with plasmids. The plasmid DNA would then

hybridise with pBluescript DNA remaining in the Fas probe after the purification

process. To address this possibility, the blots were stripped (Section 2.3.7.1) and

hybridised with a L.\ kb Fas probe purified from a PCR product (Section 3.2),

which could not contain any plasmid DNA. After this hybridisation, only the

normal banding pattern was observed and the extra bands disappeared. To

confirm this finding, the blots were stripped again and hybridised with an empty

pBluescript vector. After this hybridisation, only the extra, intense bands were
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Figure 5.3: Apparent rearrangements of the Fas gene in normal and

tumour DNA.

Panels A and B contain the same Southern blot of four matched normal (N)

and tumour (T) DNA samples, digested with TaqL Panel A shows the

hybridisation pattern when the blot was hybridised with the Fas cDNA probe

(cut out of the pBluescript plasmid). Extra bands are observed in DNA

samples from three of the patients. Panel B shows the blot hybridised with

an empty pBluescript plasmid. The normal Fas-specific banding pattern is

no longer present, however all of the extra bands have appeared. This

finding confirmed that apparent rearrangements of the Føs gene in

colorectal tumours were in fact caused by contamination of the DNA

samples with plasmid DNA.



A

N T N T NT N T

B

N T N T NT N T



Figure 5.4: Structural integrity of the Føs gene in colorectal tumours.

Panels A, B and C contain Southern blots of normal mucosa (N) and tumour

(T) DNA, digested with TaqL The blots were hybridised with a 2.55 kb Fas

cDNA probe. No alterations in the normal Fas hybridisation signal were

observed in any of the tumour DNA samples analysed. Panels B and C

contain DNA from three patients with allelic loss of the Føs gene (Chapter 4).





observed (Figure 5.28), confirming that the apparent rearrangements of the Føs

gene in these tumours were in fact caused by contamination of the DNA samples

with various plasmids.

After the elimination of all of the false positive results, no alterations in the

normal banding pattern of the Føs gene were observed in the 64 samples of

tumour DNA analysed. The tumour samples included five of the six patients

with allelic loss of Fas in Chapter 4 (Figure 5.4). No apparent allelic amplifications

or deletions could be detected visually in any of the tumour samples. There were

also no alterations in the hybridisation pattern of Fas in five colon cancer cell

lines (SW48, SW480,5W620, LIML2L5, HT-29) analysed.

5.3.2 Detection of mutøtions in the Føs "deøth domøin" by single strønd

c onformøtion p olymorphism ønøIy sis

The signal transduction domain of the Fas protein (commonly called the death

domain because of its requirement for apoptotic signalling) is completely

contained within exon 9 of the human Fas gene (Behrmann et ø1., L994; Cheng eú

ø1., 1995). A 248bp product containing this region was amplified by PCR from

genomic DNA samples isolated from 43 tumour specimens, two colon cancer cell

lines and six normal individuals. After denaturation of these PCR products and

electrophoresis through a 6"/o polyacrylamide sequencing gel, the two strands of

the PCR products were clearly separated (Figure 5.5). No shifts in the mobility of
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the DNA strands were observed in any of the samples analysed, including all 6

tumours with allelic loss of the Føs gene from Chapter 4.

To confirm that no mutations were present in the death domains of the tumours

with allelic loss of Fas, the PCR products from 4 of these patients were sent for

automated sequencing using both the S'-DD and 3'-DD primers (Table 5.1). No

variations from the published sequence of the Fas death domain, according to ltoh

and coworkers (1991), were detected (Figure 5.6).

5.3 Discussion

Analysis of a gene for allelic deletions at a single locus may underestimate the

true rate of gene disruption, which can involve discrete segments of the gene. In

this study, Southern blots of DNA samples from colorectal tumours were

examined for altered hybridisation patterns. Gross rearrangement of the Føs gene

was not detected in any of the tumours analysed in this study, suggesting that

structural defects of Føs are not responsible for the reduced expression of Fas

mRNA in colorectal tumours. Only one other study has looked for Føs

rearrangements by Southern analysis in tumour samples (Xerri et al., 1995). The
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Føs gene was analysed in various types of lymphomas, because loss of

chromosome 10q23-24 (where Fas is located) is a frequent event in non-Hodgkin's

lymphomas (Speaks et aI., 1992). Analysis of 101 lymphomas detected

rearrangements of Føs in only 3% of the tumours. Taken together, it appears that

disruption of the Fas gene is not a common mechanism by which the gene is

inactivated.

No defects or deletions of t}:re Føs gene \Mere detected in the five tumours which

had allelic loss of Føs. This is not surprising, because allelic loss of Fas would

result in a 50% reduction in the intensity of hybridisation bands on a Southern

blot. Considering that tumours contain varying proportions of contaminating

normal cells, it would be difficult to detect small changes in gene dosage by eye.

Detection of allelic loss by Southern blotting therefore requires the digestion of

DNA samples with a polymorphic restriction enzyme, to distinguish between the

two alleles of the gene. It is also possible that the LOH detected in these tumours

was not caused by a deletion, but rather mitotic recombination. This would not

change the gene dosage and would therefore not be detected on a Southern blot.

The "death domain" of the Fas protein is cytoplasmic and consists of 6 antiparallel

cr-helices (Huang et a1.,1996). Mutations in this domain can abolish the apoptotic

activity of the Fas protein, either by changing an amino acid required for the

binding of intracellular signalling proteins, or altering the entire structure of the

death domain. This region of the Fns gene appears to be a "hot spot" for

mutagenesis, as most diseases in both humans and mice which involve a
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defective Fas protein are caused by a point mutation, deletion or insertion in the

DNA that codes for this domain (discussed in Section L.4).

In the present study, a rapid screening assay was used to detect mutations of the

death domain in colorectal tumours. Single strand conformation polymorphism

analysis is based on the principle that single-stranded DNA has a 3-dimensional

folded structure, which depends on the nucleotide composition of the strand.

When a PCR product is separated into single strands, although the strands are

complementary, they are not identical. The strands have different folding

structures and, therefore, different electrophoretic mobility. A point mutation in

the PCR product results in shifts in the mobility of one or both strands, compared

with normal samples analysed concurrently.

In this study, no band shifts were observed in 43 tumour samples analysed,

compared with normal genomic DNA. These findings indicate that mutation of

the Fas death domain is a rare event in colorectal cancer. Although SSCP is a

highly sensitive method for detection of mutations, there is a possibility of false

negative results, depending on the electrophoretic conditions used. Detection of

mutations depends on the length of the PCR product, the presence of glycerol in

the gel, the temperature of electrophoresis and even the type of mutation

(reviewed by Hayashi, 199L). The electrophoretic conditions used in this study

were optimised to give sharp bands with good separation of the two strands.

However, the length of the product may have reduced the sensitivity of the

analysis. The optimal length of DNA for detection of mutations by SSCP is less

than 200 bp (Sheffield et ø1.,1993), whereas the Fas death domain product was248

bp.
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A limitation of this study is the absence of a positive control sample with a

mutation in the Fas death domain. Normally, studies using SSCP for detection of

mutations in genes such as p53 include samples containing various p53

mutations, to confirm that the electrophoretic conditions are correct. At the time

this study was performed, no positive controls with mutations in the Fas death

domain were available, however recent studies have cloned mutant Fas cDNA

samples (Drappa et ø1., 1996; Bettinardi et al., 1997; Landowski et al., 1997). The use

of these clones would reduce the possibility of false negative results in future

investigations. Despite these limitations, the results obtained by SSCP were

confirmed in the patients with allelic loss by automated sequencing of the death

domain. It was hypothesised that these patients were the most likely to have

inactivating mutations in the Fas gene, according to the Knudson "two-hit"

model of tumorigenesis. These patients may have other defects in the remaining

allele, which reduce the transcriptional activity of the Føs gene.

A recent study by Cascino and coworkers (1996) found that the death domain of

Føs can be disrupted by mutations occurring upstream (5') of this region.

Subclones of the HUT 78 human lymphoma cell line were selected, which

expressed Fas protein at high levels, but were resistant to the induction of

apoptosis by anti-Fas antibodies. After cloning the open reading frame of Fas

cDNA isolated from these cells, they found that many of the clones had a 25 bp

deletion in exon 8 of the Fas gene, as well as an insertion of L5 bp at the same site.

These alterations produced a shift in the reading frame, resulting in a termination

codon in exon 9 and loss of the death domain. This mutation acted in a dominant

negative fashion, since cells expressing both mutant and wild-type Fas mRNA
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Figure 6.L: Products of cytosine modification.

Transfer of a methyl group from S-adenosylmethionine to

the 5 carbon atom of cytosine is catalysed by the enzyme

DNA-methyltransferase. Cytosine and S-methylcytosine

are hydrolytically deaminated to uracil and thymine,

respectively. The conversion of S-methylcytosine to

thymine is inefficiently repaired by repair enzymes, which

results in a high rate of spontaneous mutagenesis at CpG

dinucleotides.
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been isolated, which repair G:T mismatches (Brown and Jirieny, 1987), however

these enzymes are less efficient than uracil glycosylases (Lindahl, t993).

Transitions from cytosine to thymine can therefore occur following cytosine

methylation and account for up to 35"/' of all disease-related point mutations

(Cooper and Youssoufian, 1988). Consequent evolutionary selection against the

presence of S-methylcytosine in the genome has resulted in the sequence CpG

occurring at a lar lower frequency in the genome than would be predicted þ

chance. Flowever, CpG dinucleotides are present at high frequency in the 5'-

regulatory regions and in the first exon of some genes (Bird, 1986). These CpG

"isIands", ranging from one-half to three kilobases in length, are usually present

in constitutively active housekeeping genes.

In normal somatic cells, regardless of the level of gene transcription, the CpG

islands in the 5'regulatory regions of a gene are generally unmethylated, while

the CpGs in the coding regions are methylated (Baylin et al., L998). Important

exceptions to these generalisations are the inactive X chromosome in females and

genes such as insulin-like growth factor-2, which are imprinted. An imprinted

gene is expressed from only one allele, either maternally or paternally-derived

(reviewed by Squire and Weksberg, 1996). Imprinting of the X chromosome and

of specific genes is caused by methylation of CpG islands in the promoter of the

repressed allele during gametogenesis (Li et ø1., 1993) and is maintained in

somatic cells.

Manipulation of DNA methylation can alter the expression of certain genes

(reviewed by Razin and Cedar, 199L). For example, if the promoter of the

retinoblastoma or p53 gene is methylated in oitro and transfected into a cell, the
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transcriptional activity of the promoter is suppressed (Ohtani-Fujita et ø1., 1993;

Schroeder and Mass,1997), but these promoters are active when unmethylated.

Demethylation of DNA can be achieved using a synthetic analogue of cytidine,

called 5-azacytidine (S-azaC), which has a nitrogen atom instead of a carbon atom

at position 5 of the pyrimidine ring and therefore cannot be methylated. When

cells are incubated with S-azaC, this compound is incorporated into replicating

genomic DNA and causes almost complete demethylation of the DNA in the cell.

This demethylation reactivates the expression of silenced genes, causes

widespread changes in chromatin conformation and often transforms cells to a

more tumorigenic phenotype (reviewed by Haaf, 1995). This indicates that

methylation of cytosine residues maintains the structure of chromatin and can

repress, or silence, the transcription of genes.

Methylation of the CpG island of a gene may inhibit its transcriptional activity by

preventing the normal interactions between transcription factors and the gene

promoter (Cedar, 1988). This could occur if the three-dimensional structure of

DNA containing a CpG island changes when the cytosine residues are

methylated, preventing the access of proteins to binding sites. The interaction

between methyl-CpG binding proteins and methylated DNA sequences may also

contribute to transcriptional repression. Proteins have been isolated that bind

preferentially to methylated DNA, including MeCP-L (Meehan et a1.,1989), MeCP-

2 (Lewis et al., 1992), MDBP-1 (Wang et Ø1., L986) and MDBP-2 (]ost and

Hofsteenge,1992). Binding of these proteins to methylated gene promoters could

exclude the binding of transcription factors to the promoter.
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Alterations from the normal patterns of DNA methylation are often observed in

tumour cells. An early study found that the DNA isolated from different types of

tumour cells has lower levels of S-methylcytosine than normal tissue or benign

tumours (Gama-Sosa et ø1.,1983). Reduced levels of S-methylcytosine have been

detected in colorectal cancers compared with normal mucosa by high pressure

liquid chromatography (Feinberg et ø1., 1988). In addition, Southern blotting of

DNA digested with methylation-sensitive restriction enzymes has shown that

many genes become hypomethylated during the development of benign

colorectal adenomas (Feinberg and Vogelstein, 1983; Goelz et aI., 1985). It is

primarily the rare, non-clustered CpG sites throughout the genome that are

demethylated in colorectal tumours.

In addition to global hypomethylation, CpG islands in the promoters of growth-

regulatory genes are often hypermethylated in DNA isolated from tumours.

During the development of colon cancer, de nooo methylation of CpG islands

occurs in the calcitonin gene (Silverman et ø1., 1989), the mismatch repair gene

4MLHL (Kane et aI., 1997), the estrogen receptor gene (Issa eú ø1., 7994), Myf-3

(Iacopetta et a1.,1997) and the APC gene (Hiltunen et a1.,1997). Conversely, exon 3

of the c-myc proto-oncogene is hypomethylated in colonic tumours (Sharrard ef

al., 1992), which may contribute to the overexpression of c-myc that is often

detected in colon cancer. In the studies that examined expression of the genes,

methylation of the CpG islands was associated with gene silencing, while genes

that expressed mRNA were not methylated. Demethylation of the estrogen

receptor gene in a breast cancer cell line using 5-azaC caused de nooo expression

of the gene (Ferguson et a1.,1995), confirming that methylation is responsible for
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the transcriptional repression. Interestingly, exon one of the estrogen receptor

showed some methylation in normal colonic mucosa, and this level increased

with the age of the patients (Issa et al., 1994). Apparent de noao methylation of

the estrogen receptor gene in colon cancer may therefore be caused by clonal

selection of cells with methylated genes, which have a growth advantage because

tumour suppressor genes are silenced.

The high frequency of methylation changes in cancer cells has led to a revision of

Knudson's "two-hit" hypothesis of tumorigenesis. The first hit for a tumour

suppressor gene may be inactivation of an allele by de noao methylation, before a

second hit of a mutation or recombination event in the remaining allele (Baylin

et aI., 199L). This model could allow the identification of tumour suppressor

genes that would not have been detected using classical criteria of allelic loss or

genetic mutations. For example, the cyclin-dependent kinase inhibitor, p16, is

inactivated in many cancer cell lines, by homozygous deletions or point

mutations. However, these genetic alterations are less frequent in primary

tumours. Instead, methylation of the promoter region of pL6 is the most

common alteration of this gene in human tumours and cell lines (Herrnant et ø1.,

1995), and is responsible for silencing of pL6 in most colorectal tumours, which

have no detectable defects in the pL6 gene. For imprinted genes, since one allele

is permanently silenced by methylation, only one hit is needed to abolish gene

expression. This mechanism of gene inactivation has been observed in acute

myelogenous leukaemia, Wilm's tumour and retinoblastoma (Rainier and

Feinberg, 1994; Squire and Weksberg, 1996).
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A DNA sequence is classified as a CpG island if its GC content is at least 60%, and

the ratio of CpG to GpC dinucleotides is at least 0.6 (Baylin et ø1., 7998). The 5a

regulatory region of the human Føs gene contains a 650 bp GC-rich sequence

(Behrmann et ø1.,1994; Cheng et al., L995). The GC content of this sequence is 62%

and the ratio of CpG to GpC is 0.63. This confirms that a CpG island is present in

the S'-regulatory region of the Fas gene, and suggests that transcription of the gene

may be regulated by methylation of cytosine residues. The aim of this chapter was

to determine the methylation status of the promoter of the Fas gene, in DNA

isolated from colorectal tumours with varying levels of Fas mRNA expression.

The hypothesis was that low levels of Fas expression in colorectal tumours are

correlated wit}: de noao methylation of the promoter region.
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6.2 M ethods

6.2.1 Construction of ø Føs promoter probe

The PCR primers SPromL and 3Prom2 (Table 6.L) were designed to amplify the

656 base pair CpG island, spanning part of the promoter and exon one of the

human Føs gene (Figure 6.2). The sequence was amplified from 100ng of normal

genomic DNA in a standard PCR mixture (Section 2.3.9.2). The amplification

conditions were an initial denaturation of five minutes at 94'C followed by thirty-

five cycles of denaturation for one minute at 94C, annealing for one minute at

58'C and extension for ninety seconds at 72C; with a final extension time of five

minutes at 72C. The products were visualised by agarose gel electrophoresis

(Section 2.3.4).

Table 6.1 Sequence of primers used to generate the Fas promoter probe

Primer Sequence Location

5PromL 5'-TCCTGTACCCAGGCAGGAC

5'-ATCCCCGGGACTAAGACGG

Promoter

3Prom2

170
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The PCR product was purified directly from the reaction tube, using Wizard PCR

Preps purification columns (Section 2.3.9.3). One hundred nanograms of the

resulting PCR fragment was initially used as a probe for Southern analysis of

methylation, however the presence of contaminating genomic DNA in the probe

caused excessive background staining after hybridisation. Consequently, the PCR

product was cloned into a pGEM-T vector (Section 2.3.9.5) and transformed into

competent JM109 bacteria (Section 2.3.8). PCR amplification of plasmid miniprep

DNA with SProml- and 3Prom2 identified clones containing the Fas promoter

insert. A large-scale preparation of a clone followed by purification through a

Bresapure column yielded pure plasmid containing the Fas promoter probe

(called Fasprom-pcEM). The identity of the vector insert was confirmed by

automated sequencing, using the 5' and 3' pGEM primers (Section 4.2) for bí-

directional sequencing (The sequence is contained in Appendix B).

To generate a probe for the hybridisation of Southern blots, the Fas promoter

insert was amplified from approximately 50ng of the Fasprom-pGEM plasmid

using SProm1 and 3Prom2 primers, under the same amplification conditions as

above. The PCR product was electrophoresed through a 1"/" low melting point

agarose gel and the band corresponding to the promoter probe was excised using a

sterile scalpel blade. Pure probe was extracted from the gel slice using Wizard

PCR Preps purification columns (Section 2.3.9.3).
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6.2.2 AnøIysis of DNA methyløtion støtus by Southern blotting

6.2.2.1,: DN14, sømples

The methylation status of the Fas promoter was analysed in twenty-eight

colorectal tumours, obtained from twenty-five patients. The tumours consisted

of six adenomas and twenty-two carcinomas. The histological differentiation and

Dukes Grades of the carcinomas are contained in Table 6.2. Six samples of normal

colonic mucosa were also analysed for methylation of the promoter.

Table 6.2: Histology of carcinomas analysed for methylation

Classification Number of Tumours

Histological Differentiation:

Dukes Grade:

Well

Moderate

Moderate to Poor

Poor

Unclassified

1

L4

4

1,

2

13B

C

D

6

2

LUnclassified
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6.2.2.2: Southern Blotting using a Methyløtion-Sensitiae Restriction Enzyme

Ten micrograms of genomic DNA, isolated from colorectal tumours or normal

mucosa, was initially digested with 60 units of the TøqI flanking restriction

enzyme (See Figurc 6.2), for 3 hours at 65'C. The digestion reactions contained

DNA plus sterile water up to a volume of 41.5 pL, 5 pL of 5 x TøqI buffer, 0.5 pL of

BSA and 3 pL of TaqI (20 units/¡rl) in the manufacturer's buffer. After digestion,

the DNA was precipitated from the solutions by adding 5 pL of 3M sodium acetate

(pH 5.2) and 100 pL of ethanol to each tube, then incubating at -20C for at least

three hours. The tubes were centrifuged at 12,000 rpm for fifteen minutes,

washed wítlr. 70% ethanol and centrifuged at 12,000 rpm for ten minutes. The

supernatant was discarded and the DNA pellet was air dried and resuspended in

43 ¡tL of sterile distilled water.

Each solution oÍ TøqI-digested DNA was mixed with SpL of 5 x buffer (NEBuffer 1)

and 100 units of the methylation-sensitive restriction er:.zyÍne, HpaII, in a total

reaction volume of 50 pL. The solutions were then incubated for 16 to 20 hours at

37"C. The entire reaction volume for each tube was mixed with L0 pL of DNA

loading buffer (Section 2.2) and loaded in the wells of a L.8"/" agarose gel. The gel

was run in L x TAE buffer at 90 volts for approximately four hours. The gel was

blotted onto a nylon membrane under alkaline conditions (Section 2.3.5), except

that the gel was not incubated in 0.4 M hydrochloric acid before blotting. This

modification was to prevent the irreversible denaturation of small fragments of

DNA. The membranes were washed in 2 x SSC for five minutes and UV-
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crosslinked

Each membrane contained a sample of normal genomic DNA digested with Tøql

alone, to indicate the expected size of the bands in fully methylated gene

sequences. Another normal DNA sample on each membrane was digested with

both TaqI and the methylation-insensitive restriction enzyme MspI (60 units in

NEBuffer 2), to indicate the sizes of the bands in fully unmethylated sequences.

Each membrane was incubated in prehybridisation solution (Section 2.2) lor at

least two hours at 42C. The membranes were then hybridised with 100n9 of the

Fas promoter probe, which had been labelled with 50 pCi of 32P-dATP by random

priming (Section 2.3.7). Hybridisation was performed for approximately 16 hours

at 42C. Membranes were washed in SSC/SDS solutions to a final stringency of

0.L x SSC and 0.1% SDS at 68"C. The hybridisation signals were detected þ

exposure of the membranes to Hyperfilm at -80'C
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6.3 Results

The methylation status of the 5' regulatory region of the Føs gene was determined

using the restriction enzymes MspI and HpøII. Both of these enzymes recognise

and cleave the same DNA sequence (CCGG), however HpaII will not cut the

sequence if the internal cytosine residue is methylated. MspI will cut the

sequence regardless of the methylation status. SixHpøII/MspI sites are present in

the region spanning the transcriptional start site of the Føs gene (Figure 6.2). Four

of the sites are upstream of the start site, in the putative promoter region, while

the other two sites are in the first intron of the gene. A DNA probe, which

spanned all of the six sites, was generated by PCR amplification of the promoter

region of the Føs gene, according to the sequence reported by Cheng and

coworkers (1995).

The methylation status of the Fas gene promoter region was determined by

Southern blotting of genomic DNA. DNA was initally digested with the TøqI

elrzyme, which flanked five of the HpnII sites. This initial digestion was

performed to allow a simple interpretation of the methylation status of the DNA

fragment containing the HpaII sites. The recognition sequence of TøqI (TCGA)

contains a CpG dinucleotide, however TaqI is not a methylation-sensitive

enzyme (Streeck, 1980). Digestion of normal DNA (isolated from peripheral

blood lymphocytes) with the flanking er.zyrrre, TøqI, alone produced a

predominant band of L kb and a less intense band of 5 kb, when hybridised with
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the Fas promoter probe (Figure 6.3). One TøqI site is located 459 bp upstream (5')

of the translational start site (Figure 6.2). Since the L kb band is the most intense,

it is most likely that another TøqI site is located 1 kb downstream (3') of the

known TaqI site, flanking five of the HpnII sites. The 5 kb band probably arises by

inefficient binding of the probe to LL3 bp of the promoter sequence upstream of

the knownTaql site (Figure 6.2).

When tlne TøqI-digested normal DNA was digested with MspI, the 5 kb band was

present as predicted and bands of approximately 300 bp and 120 bp were observed

(Figure 6.3). According to a restriction map of the Fas promoter region, digestion

of the TaqI fuagment with MspI should produce five DNA fragments of 300, 115,

47,43 and 28bp (Figure 6.2). The smallest three fragments could not bedetected

by this Southern analysis. The methylation status of the region could then be

determined by digestion of DNA with TaqI and HpøIL If the sequence was fully

methylated, HpøII would not cut the DNA and the banding pattern would be the

same as that of TøqI alone. An unmethylated sequence would be completely

digested by HpaII and the banding pattern would be the same as digestion with

TaqI and MspI.

Twenty-eight samples of DNA isolated from colonic tumours were analysed for

methylation of the HpøII sites. These samples included a range of tumour grades

and histological differentiation (Table 6.L). Two of the patients had both an

adenoma and carcinoma analysed and one patient had both a primary tumour

and a metastatic deposit. Seventeen of the tumours had been analysed by

Northern blotting for expression of Fas mRNA in Chapter 3 of this thesis. Nine

of the tumours expressed normal levels of Fas mRNA, five had reduced levels
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Figure 6.3: Southern analysis of the Føs gene promoter from colorectal

tumours for changes in methylation status.

Lane 1 contains normal genomic DNA digested with the flanking enzyme TøqI,

Lane 2 contains the same DNA digested with TaqI and MspI, while lanes 3 to 9

contain individual samples of DNA from colorectal tumours, digested withTaql

and HpaIL The blot was hybridised with a 656 bp probe, spanning five HpaII

sites, in the promoter and first intron of the human Føs gene.



and two had no detectable expression of Fas mRNA. Digestion of the DNA

samples with TøqI and HpaII produced the same banding pattern as digestion

with TøqI and MspL The HpaII sites were therefore not methylated in any of the

tumour samples (Figure 6.3). There was also no evidence of methylation in six

samples of DNA isolated from normal colorectal mucosa.

6.4 Discussion

Cancer arises from the accumulation of multiple genetic and epigenetic events in

the DNA of a cell. These alterations can cause the aberrant expression of genes

involved in the regulation of cell death, adhesion and proliferation. Methylation

of CpG residues in the 5' regulatory regions of tumour suppressor genes or,

conversely, hypomethylation of proto-oncogenes, may be mechanisrls by which

cellular proliferation can be deregulated without genetic mutations (Reviewed by

Baylin et ø1.,1998). In colon cancer, alterations in global methylation patterns are

among the earliest abnormalities to occur during the development of the disease.

There is also a strong correlation between methylation of CpG islands and

repression of transcriptional activity in colorectal tumours. The studies presented

in this chapter indicate that the Føs gene promoter is consistently unmethylated

in colorectal tumours and normal mucosa. This suggests that methylation of the

Fas promoter is not involved in the transcriptional silencing of the Føs gene in

colon tumours.
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Screening samples of DNA for cytosine methylation using restriction enzymes is

assumed to reflect the methylation status of the entire CpG island. In fact, these

enzyme sites account for a small proportion of total CpG dinucleotides in a CpG

island (Goelz et ø1.,1985). In the Føs promoter sequence reported by Cheng and

coworkers (1995), there are thirty-one CpG sites in the 656 bp region analysed in

the present study. Tirre HpøII sites represent only five of them, or t6"/". Therefore,

methylation of CpG sites further upstream of the HpøII sites could not be detected

in this study. It is possible that de nouo methylation of the promoter does not

involve all CpG sites and that methylation of certain sites is sufficient for the

regulation of transcription factor binding.

A method for determining the methylation status of all cytosine residues in a

fragment of DNA has been developed (Frommer et ø1, 1992). This technique

involves treating genomic DNA with sodium metabisulfite, which deaminates

all cytosine bases to uracil. Bisulfite does not alter 5-methylcytosine bases, so

methylated cytosines can be distinguished from unmodified cytosines. The

region of interest is amplified from the bisulfite-treated DNA by PCR and is

sequenced. Uracil is read by Taq DNA polymerase as thymine, while 5-

methylcytosine is read as cytosine. The sequence is compared with the normal

coding sequence and any cytosines present in the treated DNA sequence must

have been methylated in the original DNA sample. The advantage of this

technique is that the potential inaccuracies of restriction enzyme analysis, such as

incomplete DNA digestion, are avoided and every methylated cytosine residue in

a CpG island can be rapidly detected. Further studies in our laboratory will use

this technique to examine methylation of the Føs promoter further upstream of
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tlire HpøII sites.

The mechanism by which cells methylate CpG islands during tumorigenesis is

not yet understood. As mentioned above, tumours with methylated CpG islands

may simply represent clonal selection of methylation-proficient cells or cells with

random methylation errors (Issa ef ø1., 1994; Jones, L996). DNA damage can alter

methylation patterns in cells, possibly by interfering with the interaction between

DNA and DNA-MT (Wachsman, 1997). De noao methylation of DNA could also

arise from an increase in the expression or activity of the methylating enzyme

DNA-MT. An increase in the levels of DNA-MT has been reported in colonic

tumours using reverse-transcription PCR (El-Deiry ef al., 7991), however a

subsequent study has shown that this up-regulation was overestimated (Lee et ø1.,

1996) and probably reflected the increased proliferative rate of the tumours. An

increase in the activity of DNA-MT has been detected in colonic tumours and has

been proposed as a mechanism for abnormal methylation patterns in tumours

(Issa ef al., 1993). However, hybrid cells generated by the fusion of fibrosarcoma

cells, which overexpress DNA-MT, with human diploid fibroblasts showed no de

nouo methylation of CpG dinucleotides (Kuerbitz and Baylin, 1996). An

alternative explanation is that DNA-MT can be cleaved to form a smaller enzyme

with enhanced de noao methylation activity (Hergersberg, 199I). Further studies

are required to identify and quantify the levels of the various methylases in

cancer cells.

In addition to the silencing of gene transcription, methylation of DNA could

influence tumorigenesis by the generation of fragile sites in the genome (Jackson-

Grusby and Jaenisch, 1996). Ahuja and coworkers (1997) have shown that

179



colorectal tumours with microsatellite instability on chromosome 18q also have

high frequencies of CpG island methylation of the cancer-related genes p16,TSP-L,

IGF2 and HIC1. Tumours without microsatellite instability have a lower

frequency of methylation at these loci. Microsatellite instability is often the result

of a defective DNA mismatch repair system. Since the mismatch repair enzyme

LMLHL is often inactivated in tumour cells by methylation (Kane et ø1., 1997),

widespread methylation of CpG islands, including hMLHL, may be responsible for

the subtype of colorectal tumours with microsatellite instability (Ahuja et ø1.,

1997). Lengauer and coworkers (1997) found that retroviral transfection of P-

galactosidase (B-gal) into colorectal cancer cell lines produced varying levels of P-

gal activity, depending on the mismatch repair capabilities of each cell line.

Clones with low levels of B-gal expression had highly methylated retroviral

sequences and demethylation of the clones with 5-aza-C activated Þ-gul

expression. Thus, tumour cells that are methylation-proficient can inactivate

mismatch repair genes by de nooo methylation of CpG islands.
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cells can actually increase the rate of immune rejection of the tumour cells, rather

than increasing tumorigenicity (Seino et ø1., 1997). The "immune privilege"

attributed to Fas ligand-expressing cells may therefore be cell type-specific, or be

restricted to certain immune privileged sites within the body. To avoid

undergoing apoptosis themselves, tumour cells expressing Fas ligand must also

down-regulate the expression or function of Fas. Implicit in this model is that

replacement of Fas into Fas ligand-expressing tumour cells should induce

apoptosis in the tumour cells and therefore prevent cell growth.

Researchers have investigated the functional role of Fas in other types of tumour

cells by transfection of the cDNA encoding the Fas protein, under the control of a

constitutive promoter. In PC-3 prostate cancer cells and glioma cells, exogenous

expression of Fas allowed the cancer cells to be killed with an agonistic antibody

against Fas (Takeuchi et ø1., L996; Weller et ø1., 1995). PC-3 cells transfected with

Fas showed no change in growth rate in rsitro compared with cells transfected

with the vector alone. Flowever, the tumorigenicity of the Fas transfectants was

suppressed in athymic nude mice. Since nude mice have no T cells, it is likely

that the natural killer cells in the nude mice could kill the tumour cells by a Fas-

mediated pathway. This study supports the "immune escape" model, because the

immune cells in the nude mouse could only restrict the growth of tumour cells

expressing Fas.

In contrast, LNCaP prostate carcinoma cells and K562 myeloid leukemia cells

transfected with Fas are insensitive to Fas ligation (Takeuchi et ø1., 1996; Munker

etaL,1997), despite expressing high levels of Fas on the cell surface. The LNCaP

cells transfected with Fas also showed no change in growth rate or tumorigenicity
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compared with control transfectants (Takeuchi et øL,1996). The lack of sensitivity

to Fas signalling in these cells was probably due to a downstream defect in the

signalling pathway, or the anti-apoptotic effects of regulatory genes, such as BcI-2.

In summary, the tumorigenicity of cancer cells examined in these studies was

only reduced in cells transfected with a functional Fas protein. This supports the

hypothesis that down-regulation of either the expression or function of Fas

facilitates tumour growth in uiao.

This chapter describes studies designed to replace Fas expression in colon cancer

cell lines, to investigate whether loss of Fas expression contributes to

tumorigenesis. As described in Chapter 3, the SW620 and LIM12L5 colon cancer

cell lines express little or no Fas mRNA, but do express Fas ligand mRNA. The

aim of this chapter was to transfect Fas cDNA into these cell lines, with the

hypothesis that the expression of Fas would be inhibitory to growth.
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7 .2 M etho ds

7.2.7 Construction of Føs Expression Vector

The pRc/CMV constitutive expression vector was linearised with NofI in the

manufacturer's buffer for two hours. The reaction volume was increased to 90pL

with sterile water and L0 pL of calf intestinal phosphatase (CF) buffer was added.

Ten units of CIP was added to the mixture and the reaction was heated to 37"C for

30 minutes. Another 10 units of CIP was added to the mixture and the incubation

was continued at 55"C lor 45 minutes. The dephosphorylated vector was then

purified through aWizard purification column (Section 2.3.9.5).

The entire Fas cDNA sequence (2.55 kb) was excised from 15 pg of the pBS-

APO1 .2 vector by digestion with NoúI as above. The digestion mixture was

electrophoresed on a 1% low melting point agarose gel and the band

corresponding to the Fas cDNA fragment was excised with a sterile scalpel. The

gel slice was melted at 70'C in a microcentrifuge tube and the DNA fragment was

purified through aWizard column (Section 2.3.9.5).

The concentrations of the purified vector and Fas cDNA insert were estimated þ
agarose gel electrophoresis of each solution. A ligation reaction was set up with a

molar ratio of the amount of vector, to the amount of insert, of approximately L:3.

The reaction also included 1.5 pL of 1Ox ligase buffer and 7.5 units of T4 DNA
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ligase in a total volume of L5 pL. The ligation mixture was incubated overnight

at 4C. Half of the ligation mixture was transformed into competent E. coli JM109

bacteria, as described in Section 2.3.8, and grown overnight on Luria agar plates

containing ampicillin, at 37"C. One hundred nanograms of the pBluescript vector

were independently transformed into the competent cells as an indicator of

transformation efficiency.

Twenty-six colonies were picked from the FAS-CMV ligation plate and

propagated, with shaking, in 2 mL of Luria broth overnight at 37"C. Mini vector

preparations were isolated from each culture, as described in Section 2.3.8.3. PCR

was performed on each miniprep DNA sample with FAS IF and FAS IIIR

primers, to detect the Fas cDNA sequence (procedure and primers listed in

Section 3.2). DNA samples that were positive for the Fas PCR were digested with

20 units of NdeI to determine the orientation of the Fas insert within the vector.

Only one colony analysed contained the ligated vector with the Fas cDNA insert

in the sense orientation. The remaining miniprep culture grown from this

colony was added to 100 mL of Luria broth and grown, with shaking, overnight at

37"C. Large-scale isolation of the FAS-CMV vector was performed as described in

Section 2.3.8.4. The purified vector was analysed for the presence of Fas cDNA by

PCR using a S'-CMV primer and a Fas-specific 3'-ORF primer (Table 7.L) in a

standard PCR mixture (Section 2.3.9.2). The amplification conditions were an

initial denaturation for 5 minutes at 94C, followed by 35 cycles of denaturation

for l- minute at 94C, 1 minute of annealing at 60"C and extension for L minute at
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72C; and a final extension for 5 minutes at 72C. The vector was also checked for

the orientation of the Fas cDNA insert by digestion with NdeL The identity of the

vector was confirmed by automated sequencing with S'-CMV and 3'-CMV

primers (Table 7.L).

Table 7.1: Sequences of primers used to confirm the identity of the FAS-CMV vector

Primer Sequence

5'-CMV

3'-CMV

3'-ORF

5'- GAACCCACTGCTTAACTGGCTTAT

5'- GATTTACGATCTCGAGCGACTAGT

5'- TCTACAAATATGTTGGCTCTTCAGC

7.2.2 Trønsfection of FAS-CMV into colon cøncer cell lines

The colon cancer cell lines were transfected with either the FAS-CMV vector or

the pRc/CMV vector (as a negative control), using the calcium phosphate

precipitation method. Each transfection reaction was performed in quadruplicate,

with two of the flasks used to isolate DNA and RNA at 36 hours after transfection

and another used to isolate protein. The fourth flask was propagated in medium

supplemented with G4L8, to select for stable transfectants. LIM1215 or SW620

cells were seeded at 1x106 cells per 25cm2 flask and grown to approximately 50%
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confluence. Medium in the flasks was removed two hours before transfection

and replaced with 12.5 mL of fresh DMEM containing 10% foetal calf serum (FCS).

To confirm the cytotoxic activity of the G418 antibiotic, a flask of untransfected

cells was propagated concurrently.

Prior to transfection, a solution of 2 x HEPES-buffered saline (HeBS) was prepared

by diluting L0 x HeBS (Section 2.3), and adjusting the pH of the solution to 7.I0.

The solution was filter sterilised before use. The transfection solution was

prepared by mixing t.25 mL of freshly-prepared 2 x HeBS with 20 pg of pRc/CMV

or FAS-CMV vector and 40 pg of sheared herring sperm DNA. The solution was

aerated by expelling air through a sterile L mL pipette with an autopipettor.

During aeration, L.25 mL of 0.25 M CaCl, was added dropwise to the solution and

the mixture was left at room temperature for 40 minutes, to allow the DNA to

precipitate. This mixture was sufficient to transfect two flasks of cells, so volumes

were adjusted for the total number of flasks requirecl. The transfection solution

(1.25 mL) was added dropwise to each flask of cells, while gently rocking the flask

horizontally. The cells were incubated al 37"C in 5"/" CO, for approximately 1.6

hours, when the medium was removed, the flasks rinsed with sterile PBS and

fresh medium was added.

Thirty-six hours after transfection, DNA and RNA were isolated (Sections 2.3.1

and 2.3.2) from both the vector and FAS-CMV transfectants. At the same time,

selection for G4L8 resistance was commenced in the remaining flasks by adding

medium containing 750 ¡tg/ml. (LIM1215) or 1.25 mg/mL (SW620) of G418 sulfate

("Geneticin"). Complete selection was achieved when all cells in the
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untransfected flask had died and usually occurred within three weeks. Colonies

of G4L8-resistant cells grew in the transfectant flasks and were counted, four

weeks after the start of selection.

In general, twelve colonies were picked from cultures transfected with the FAS-

CMV vector, using a Gilson pipette under an inverted microscope. The colonies

were placed into individual wells of a 24-we11 tissue culture plate and selection

with G418 was maintained. When cells became confluent in the wells, they were

trypsinised and transferred to 25 cm2 flasks. After these flasks of cells became

confluent, each clone of cells was split into 3 x 25cm2 flasks for isolation of DNA

and RNA; and for freezing of cells in liquid nitrogen (Section 2.3.1.2).

Expression of Fas mRNA was detected in bulk cultures and single clones, by

Northern analysis of total RNA isolated from the cultures (Section 2.3.6).

Northern blots were hybridised with L00 ng of a probe containing the open

reading frame of the Fas cDNA sequence (Section 3.2.1),labelled with 32P-dATP by

random priming (Section 2.3.7). The presence of the FAS-CMV vector was

detected in DNA isolated from transfectant cultures, by PCR amplification using a

5'CMV primer and a Fas-specific 3'-ORF primer (Table 7.1) in a standard PCR mix

(Section 2.3.9.2). Amplification conditions were as described above (Section 7.2.1).

PCR products (L5 pL) were electrophoresed through a 1,.2'/' agarose gel and

photographed under UV transillumination.
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7.2.3 Actiaity of cøspøse-3 in trønsfectønt cultures

The activity of caspase-3 was measured in protein lysates from vector-transfected

or FAS-CMV transfected cells. No G418 had been added to these cultures. Protein

was isolated from one flask of cells at either 36 or 72 hours after transfection as

described in Section 2.3.3. Concentrations of protein in the lysates were

determined using the Bradford Protein Microassay (Bio-Rad), by reading from a

standard curve measured from bovine serum albumin. The absorbance of each

sample of protein was measured at 595 nm.

Caspase-3 activity was measured in duplicate samples of protein. One hundred

micrograms of each protein sample was mixed with one mL of caspase-3 buffer

(Section 2.2), containing the caspase-3 substrate Z-DEVD-AFC (z-aspartate-

glutamate-valine-aspartate-7-amino-4-trifluoromethylcoumarin). Caspase-3

activity in the protein samples was measured as a increase in the fluorescence of

the samples at 400 nm, due to the cleavage of the AFC fluorescent tag from the

substrate by the protease. The fluorescence of the solution was measured using

an LS50 spectrofluorimeter (Perkin-Elmer, ) at an excitation wavelength of 400

nm and an emission wavelength of 505 nm, with a slit width of L0 nm. Readings

were taken at 0.5, 1-,2, 3, 4, 5, 6 and 7 hours after addition of the Caspase-3 buffer to

the protein samples. All fluorimetric readings were blanked against a sample

containing lysis buffer only, at each time point. A positive control for activity of

caspase-3 was prepared by Mrs. Lefta Leonardos and consisted of a protein lysate

isolated from Jurkat cells, which had been incubated in medium containing 40prM

etoposide (a well-defined inducer of apoptosis) for eight hours.
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Not I Fas cDNA Not I

PBS PBS

Not I

CMV Promoter
Fas cDNA (2.55 kb)

B-lactamase
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BGH Poly A

M13 ori
SV40 Poly A

NEO SV early

Figure 7.1-: Construction of the FAS-CMV expression vector.

The Fas cDNA sequence was excised from the pBS-4PO1,4.2 plasmid with

NofI. The sequence was cloned into the NofI site of the pRc/CMV

expression vector.

FA$CMV

8.05 Kb



Figwe7.2z Detection of the Fas cDNA insert in the FAS-CMV vector by PCR

A: A vector-specific 5'primer was used with a 3' Fas-specific primer to

analyse the FAS-CMV vector by PCR. If the Fas cDNA insert was

present and in the correct orientation, a PCR product of 1.3 kb would be

amplified from the vector.

PCR analysis of the FAS-CMV vector. M = SPP-L digested with EcoRI,

Lane L = negative PCR control, Lane 2 = 50 ng of the FAS-CMV vector.

A product of 1.3 kb was amplified from the vector, confirming that the

Fas cDNA insert was present and in the correct orientation.
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sequence were in the antisense orientation, the band sizes would be 6.5 kb and 1.5

kb. The vector digested into bands corresponding to those expected from the

sense orientation, confirming that the Fas cDNA was present and was in the

correct orientation for expression (Figure 7.3). The vector was also sequenced

with the 5' and 3' CMV primers and it was confirmed that the Fas cDNA sequence

was present in the vector in the correct orientation (Appendix B).

7.3.2 Trønsfection of LlM72L5 cells with Eøs

The effects of Fas on the growth and survival of colon cancer cells was

determined by transfection of LIM12L5 cells with FAS-CMV or the pRc/CMV

(abbreviated to CMV) vector alone. Following selection of LIM12L5 cells with

G418 for three weeks, all of the untransfected cells in the control flask had died.

The flask of cells transfected with the CMV vector contained L33 G4l8-resistant

colonies, while there were |2 colonies in the flask of cells transfected with the

FAS-CMV vector. The colonies from the CMV-transfected cells were grown up

into a bulk culture as a control for the expression of Fas mRNA. Each colony

from the FAS-CMV transfectant flask was picked and individually propagated in

the well of a culture dish, however seven of the colonies became contaminated

with bacteria. The remaining five colonies were transferred to 25 cm2 flasks and

analysed for expression of Fas mRNA.

Fas mRNA was detected on Northern blots of RNA from the 36 hour cultures,

the CMV bulk culture and the FAS-CMV clones. The 36 hour CMV transfectants

and the CMV bulk culture both expressed very low levels of Fas mRNA. The
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Figure 7.3: Confirmation of the orientation of the insert by restriction

enzyme digestion.

A: Restriction map of the FAS-CMV vector. If the Fas cDNA insert is in the

correct orientation, digestion of the plasmid with the NdeI restriction

enzyme produces two bands of 6.07 kb and 1.98 kb. If the insert is in the

antisense orientation, the band sizes are 6.5 kb and 1.5 kb.

B: One microgram of the FAS-CMV vector was digested with 20 units of

NdeI at 37"C. The digested vectot was electrophoresed though a 1'/"

agarose gel. Lane M = SPP-L digested with EcoRI, Lane 1 =. undigested

FAS-CMV vector, Lane 3 = FAS-CMV digested with NdeI. Digested

bands of approximately 6.0 kb and 2.0 kb were detected, confirming that

the Fas cDNA insert is in the correct orientation for expression.





levels of Fas mRNA could not be interpreted in the 36 hour FAS-CMV culture,

because the probe cross-reacted with contaminating vector DNA present in the

RNA sample. This contamination could have been removed by treating the

RNA sample with DNase I, however there was insufficient RNA to repeat the

experiment. The five FAS-CMV colonies expressed varying amounts of Fas

mRNA (Figure 7.4A). The mRNA transcript in these samples was the same size

as the endogenous transcript, indicating that the variation in expression of Fas

mRNA was due to clonal variability. No 3.0 kb exogenous Fas transcripts were

detected in these clones.

DNA isolated from the 36 hour cultures, the CMV bulk culture and the FAS-

CMV colonies was analysed for the presence of the FAS-CMV vector by PCR

amplification (Figure7.4B). As expected, the CMV cultures did not contain the

FAS-CMV vector, however the vector was amplified from DNA from the 36 hour

FAS-CMV culture. The FAS-CMV vector could not be detected in the five stable

clones propagated from the FAS-CMV-transfected culture. Three of the colonies

that had been lost due to bacterial contamination produced enough DNA for PCR

analysis, however these samples also did not contain the FAS-CMV vector.

Figure 7.5 shows the morphology of LIML215 cells transfected with the CMV

vector alone or the FAS-CMV vector. No obvious morphological differences

were observed between the CMV bulk culture and the FAS-CMV transfectants. In

addition, there was no difference in the appearance of the FAs-CMv-transfected

clones expressing high or low levels of Fas mRNA (Figure 7.5).
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Figure 7.42 Ttansfection of LIML215 cells with the FAS-CMV vector.

A: Northern analysis of Fas mRNA expression in LIM12L5 transfectant

cultures. Lanes 1 and 2 contain RNA isolated from the CMV and FAS-CMV

bulk cultures 36 hours after transfection. Lane 3 contains the fully-selected

CMV bulk culture and Lanes 4 to 8 contain individual clones of the FAS-

CMV transfectant culture. The Northern blot was hybridised with a

radiolabelled Fas cDNA probe and ethidium bromide staining of 18S rRNA

is shown in the lower panel to indicate RNA loading. Clonal variation in

the expression of the endogenous Fas mRNA is evident in the FAS-CMV

clones.

B: Detection of the FAS-CMV vector in the LIM1215 transfectant cultures.

DNA from the same samples in A were analysed with the S'-CMV and 3'-

ORF primers. M = SPP-1 digested with EcoRI, N = negative PCR control, P =

positive control (50 ng of the FAS-CMV vector). The vector is only present

in the 36 hour FAs-CMv-transfected bulk culture (Lane 2).
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Figure 7.5: Morphology of LIML2L5 transfectants.

Subconfluent cultures of LIML215 cells transfected with either CMV or FAS-

CMV vectors (50 x magnification). No morphological differences are

apparent between the CMV and FAS-CMV transfectants. Clones 5 and 12

expressed high and low levels of Fas mRNA, respectively, however there is

no obvious difference in the appearance of the cells.





7.3.3 Trønsfection of 5W620 cells with Føs

In an initial experiment, CMV or FAS-CMV vectors were transfected into

duplicate cultures of SW620 cells. After 3 weeks of selection, hundreds of G418-

resistant colonies arose in both the CMV and FAS-CMV-transfected cultures.

These are unlikely to be spontaneous mutants, because the flasks containing

untransfected SW620 cells contained no cells after culture with the same G418-

supplemented medium. Colonies were picked from the FAS-CMV-transfected

culture and propagated in wells. Some of the colonies contained large numbers

of cells with typical apoptotic morphology and one clone in particular showed

extensive apoptosis (Figure 7.6A). The surviving cells in this well gradually took

over the well and eventually could be propagated in flasks. RNA isolated from

this flask showed high levels of endogenous Fas mRNA (Figure 7.68). However,

bulk cultures of the CMV and FAS-CMV transfectants showed no expression of

Fas mRNA, and neither did other clones containing apoptotic cells.

It was possible that exogenous Fas mRNA was initially expressed in these

cultures, but its anti-proliferative or apoptotic effects resulted in selection for cells

expressing no or low levels of Fas mRNA. To address this possibility, two further

experiments were performed, in which DNA and RNA were isolated from

cultures 36 hours after transfection, as well as after complete selection with G418

(3 to 4 weeks).

Transfection of SW620 cells with either the CMV or FAS-CMV vector once again

produced hundreds of G4L8-resistant colonies. Cell from these colonies became

detached and seeded new colonies as they grew, resulting in thousands of
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Figure 7.6: Morphology oÍ a SW620 clone expressing endogenous Fas mRNA

A: Extensive apoptosis of SW620 FAS-CMV clone 9 (Magnification = 50 x).

These apoptotic cells became apparent after 8 days in the 24-weIl culture

plate. The surviving cells gradually took over the culture.

Expression of Fas mRNA in various SW620 clones, which had been

transfected with the FAS-CMV vector. Strong expression of the

endogenous Fas mRNA transcript was observed in RNA isolated from

clone 9 (lane A),but not in the bulk cultures or other clones. Ethidium

bromide staining of 18S rRNA is contained in the lower panel, to indicate

RNA loading.
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colonies per flask. Duplicate flasks of CMV and FAS-CMV transfectants

contained more FAS-CMV transfectant colonies, indicating that the presence of

the FAS-CMV vector did not restrict the growth of the cells.

Table 7.22 Numbers of colonies counted in parallel experiments

Vector Expt 2

pRc/CMV

FAS-CMV

1836

231.3

Datø is from ø single transfection experiment, perþrmed in duplicate. Fløsks in each column were of

dffirent sizes (Expt'1. = 25 cm2; Expt 2 = 75 cm2).

The results of the two transfection experiments are summarised in Table 7.3.

Northern analysis was used to detect Fas mRNA in the bulk cultures and the

stable clones propagated from the FAs-CMv-transfectant cultures. In both

experiments, the CMV and FAS-CMV bulk cultures expressed very low levels of

Fas mRNA, even in the 36 hour cultures (Figure 7.7A). In experiment 1, fourteen

stable clones of SW620 cells were analysed for expression of Fas mRNA, however

none of these clones expressed detectable transcripts. In experiment 2, eleven

clones were analysed, and three were found to express Fas mRNA (Figure 7.7A,8).

One clone (C6) expressed only the endogenous Fas mRNA transcript, while the

Expt 1

71,5

1.370

795



Figute 7.7: Expression of Fas mRNA in the SW620 transfectants.

A: Northern analysis of Fas mRNA expression in CMV and FAS-CMV-

transfected cells. The lower panel contains ethidium bromide staining of

L8S ribosomal RNA to indicate RNA loading. The first two lanes contain

RNA isolated from the CMV and FAS-CMV cultures, respectively, at 36

hours following transfection. The next two lanes contain the CMV and

FAS-CMV bulk cultures. The remaining five lanes contain five clones

propagated from the FAS-CMV transfectants. The final lane contains

SW480 RNA, as a positive control for expression of Fas mRNA. The clones

shown in panel B are from the same transfection experiment as A. Clone 6

expresses endogenous (2.7 kb) Fas mRNA, while clones 4 and LL express the

exogenous 3.0 kb transcript from the FAS-CMV vector. The signal visible in

the FAS-CMV 36 hour transfectant culture is a cross-reaction of the Fas

cDNA probe with either 28S rRNA or contaminating FAS-CMV vector.

This signal is approximately 5.0 kb, however it lookes smaller in comparison

to the other lanes. These bulk culture samples were electrophoresed

separately and the L8S and 28S bands were not separated as far as in the other

lanes.
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other clones (C4 and C1L) expressed the 3.0 kb transcript from the FAS-CMV

vector. This transcript was detected at high levels in C4, but expression was low

in C11. All of the remaining clones expressed either low levels of Fas mRNA, or

no detectable mRNA.

The FAS-CMV vector was detected by PCR in the 36 hour FAS-CMV transfectants

(Figure 7.8A), in both experiments. As expected, no PCR product was amplified

from the CMV-transfected bulk cultures. In experiment 1-, no PCR product was

observed in the fully-selected FAS-CMV bulk culture, indicating that the

efficiency of integration of the vector was very low. This was supported by the

finding that the vector PCR product was amplified from only two of the fourteen

clones analysed from the FAS-CMV-transfected culture. Neither of these clones

expressed Fas mRNA. In experiment 2, t}:re FAS-CMV plasmid sequence was

amplified from the fully-selected FAS-CMV bulk culture DNA (Figure 7.84) and

from 9 out of 12 stable clones analysed (Figure 7.8A,8). The FAS-CMV vector was

detected in both C4 and C1L, which expressed the 3.0 kb Fas mRNA transcript,

however the vector was not detected in the C6 clone, which expressed only

endogenous Fas mRNA.
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Figure 7.8: Detection of the FAS-CMV plasmid in the SW620 transfectants

by PCR.

DNA isolated from the 36 hour bulk cultures, the fully-selected bulk

cultures and FAS-CMV clones were analysed for the presence of the FAS-

CMV vector by PCR. M = SPP-1 digested with EcoRI, neg = negative PCR

control, p = positive PCR control (50 ng of the FAS-CMV vector). The

expected 1.3 kb product was amplified from the FAS-CMV bulk cultures,

confirming that the transfection had been successful. Nine of the 12 clones

analysed contained the FAS-CMV vector.









Figure 7.9: Morphology of SW620 transfectants.

The top panel shows a colony of SW620 cells transfected with the empty

CMV vector. The middle and bottom panels show colonies of SW620 cells

transfected with the FAS-CMV vector. Note the presence of giant,

multinucleated cells in the Fas-CMV transfectants. Approximately 1% of the

FAS-CMV colonies contained these giant cells. Magnification = 50 x.







Figure 7.L0: Caspase-3 activity in LIM121,5 and SW620 transfectants.

Activity of caspase-3 was measured in protein lysates isolated from the cell

lines, as a change in fluorescence units over time (0-7 hours). Protein was

isolated from LIM1215 and SW620 cells transfected with the CMV or FAS-

CMV vector, at36 hours (A) or T2hours (B) after transfection. A positive

control for the measurement of caspase-3 activity was a lysate isolated from

|urkat cells that had been treated with etoposide. There was no difference in

the levels of caspase-3 activity between the CMV and FAS-CMV-transfected

cells of either cell line.







contain a functional vector.

Analysis of the expression of Fas mRNA in the bulk cultures and Fas-transfected

clones revealed that Fas mRNA was expressed in some of the clones at high

levels (Figwe7.2). These clones did not contain the FAS-CMV vector and did not

express the 3.0 kb exogenous mRNA transcript, which suggests that there is clonal

variation in the endogenous expression of Fas mRNA by these cells. No

morphological changes were seen in the cells expressing low or high levels of Fas

mRNA, suggesting that expression of Fas, if it is functional, does not influence

the tumour cells in aitro. Further studies are required to determine whether the

LIM12L5 cells are sensitive to ligation of Fas with an agonistic antibody.

Loss of Fas signalling may be a significant event in SW620 cells, which are

derived from the same patient as SW480 cells and represent a metastatic variant

of the same primary tumour. SW480 cells express Fas protein at high levels,

while SW620 cells do not express detectable Fas (Moller et aI., 1994), indicating

that expression of Fas may be reduced during tumour progression. We have

confirmed that this loss of Fas expression is mediated at the transcriptional level

(Chapter 3). Expression of Fas can be induced by p53 (Owen-Schaub et ø1., 1995b),

however loss of Fas in SW620 cells is not due to mutation of p53, since SW480

cells also have two mutant p53 genes (Rodrigues et ø1.,7990). SW620 cells express

Fas ligand at high levels (O'ConneII et al., 1996), therefore it was predicted that

transfection of Fas into this cell line would cause apoptosis of the cell, by the

binding of Fas ligand to Fas. This would prevent the growth of SW620 cells

expressing Fas.
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rate of cell death (Isaacs, 1994). Removal of DHT from these cells causes rapid

apoptosis of the glandular epithelial cells and consequent regression of the

prostate (Kerr and Searle,1973; Kyprianou and Isaacs, L988).

The dependence of prostate epithelial cells on circulating hormones for survival

is used to treat prostatic adenocarcinomas, which occur in about one-third of men

over the age of 45. Current therapy for disseminated cancer is androgen ablation

by castration or administration of anti-androgens (Labrie et ø1., 1993), which

causes regression of both normal and malignant prostate cells. This therapy is

initially successful for most patients, however prostate tumours contain a

heterogeneous population of hormone-sensitive and resistant cells (Isaacs et ø1.,

1992). Hormone-resistant cells do not die in response to androgen withdrawal

and most patients eventually relapse due to the expansion of this cell population.

Hormone-resistant tumour cells are not effectively killed by cytotoxic drugs, due

to their low proliferative rate (Gibbons, 1987) and at this stage the disease is

terminal.

To understand the molecular basis of hormone resistance, research has focussed

on the normal pathways by which prostate cells die after androgen withdrawal.

Castration of male rats results in a rapid and predictable regression of the ventral

prostate gland (Kerr and Searle, 1973; Kyprianou and Isaacs, 1988), with 80% of

glandular epithelial cells lost after L0 days. Dying cells have the morphological

characteristics of apoptosis and exhibit maximal levels of DNA fragmentation two

to four days after castration (Kyprianou and Isaacs, 1988; Wijsman et al., 1993).

Ablation of testosterone levels by castration causes an overall decrease in the

levels of DNA, mRNA and protein synthesis in the rat ventral prostate.
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Flowever, the expression of certain mRNA transcripts and proteins in the

prostate is increased after castration (Colombel and Buttyan, L995). These species

are the products of androgen-repressed genes, which are transcriptionally

activated after androgen withdrawal. Examples of genes which are abundantly

expressed during prostate regression are testosterone-repressed prostate message-2

(TRPM-2, Leger et al., 1987) and transforming growth factor-B (TGF-p, Kyprianou

and Isaacs, L989a). However, the function of these gene products in programmed

cell death is not fully understood.

Apoptotic cells have been detected in normal and malignant human prostate

tissues, using morphological identification or in situ labelling of fragmented

DNA in tissue sections. The percentage of cells undergoing spontaneous

apoptosis increases during the progression of normal epithelium to benign

prostatic hypertrophy (BPH), prostatic intraepithelial neoplasia (PIN; Montironi eú

ø1., 1995; Kyprianou et aL, L996) and prostatic adenocarcinoma (Montironi et nl.,

1994,1995;Tu et a1., 1996). Levels of apoptosis are highest in metastatic prostate

tumours (Tu et al., 1996). The incidence of apoptosis in localised tumours has

been correlated with increasing Gleason Grade (Aihara et ø1., 1994) and higher

rates of subsequent tumour progression (Aihara et ø1., 1995). In contrast, another

study has found no relationship between the level of apoptosis and the Gleason

grade of prostate tumours (Brown et al., 1996). The increase in spontaneous

apoptosis during prostatic tumorigenesis may explain the relatively slow growth

rate of prostate tumours.

Androgen ablation therapy reduces the proliferative rate of human prostate
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was removed from the heart with a sterile 26G needle and syringe and placed in

heparinised tubes for analysis of testosterone levels. All rats were sacrificed

between the hours of L400 and 1600, to minimise the effects of the circadian

variation in testosterone levels. The ventral prostate glands, which are the

largest of the three prostatic lobes (Colombel and Buttyan, 1995), were dissected

from each animal. An additional group of seven rats was sacrificed without

surgery to provide control specimens of blood and prostatic tissue. The tissues

were either snap-frozen in liquid nitrogen, or fixed in formalin before mounting

the tissue in paraffin blocks. Frozen tissue was stored at -80'C.

8,2,3 Testosterone Leaels in Pløsmø

Blood samples removed from the rats were centrifuged at 2000 rpm for L0

minutes to pellet the blood cells. The plasma was removed and stored in a sterile

tube at -20"C until analysed. The Reproductive Medicine Laboratories at the

Queen Elizabeth Hospital assayed the samples for testosterone, using an ACS 180

automated chemiluminescent assay system (Chiron Diagnostics, Scoresby,

Australia). A students' unpaired t-test was used to compare the levels of

testosterone in the treatment groups with the control group. The level of

statistical significance was set at p < 0.05.
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8.2.4 ruNEL Løbelling of Apoptotic Cells in Røt Prostøtes

Apoptotic cells were detected in paraffin sections of ventral prostate tissue from

one rat in each group, using an In Situ Cell Death Detection kit (Boehringer

Mannheim). Three micrometre sections of tissue were dewaxed in two changes

of Safsolvent (d-limonene), for 10 minutes each. The sections were then

rehydrated by taking the slides through decreasing concentrations of ethanol in

water. Proteinase K (20 þg/mI in L0 mM Tris HCI) was applied to each section for

15 minutes at room temperature, then the slides were placed in a bath of

phosphate-buffered saline (PBS) for 5 minutes. Endogenous peroxidase activity

was quenched by incubation of the slides in 3"/" hydrogen peroxide in water for 5

minutes at room temperature. The manufacturer's instructions were followed

for the remainder of the protocol, except that the sections were counterstained in

Flarris' haematoxylin, instead of methyl green, for one minute before dehydrating

and mounting.

A negative control slide was included for each tissue section, in which the

addition of terminal deoxynucleotidyl transferase enzyme to the section was

omitted. A positive control consisted of a section of ventral prostate treated with

DNase I to nick the DNA in the nuclei. After the proteinase K digestion step, this

section was incubated with DNase buffer (0.1 M sodium acetate, 5 mM MgSOn, pH

5.0) for two minutes at room temperature, then with L0 ltg/rnI of DNase I in

DNase buffer for l-0 minutes. The slide was rinsed extensively with distilled

water to prevent contamination of the other slides with DNase I. The slide was

then processed with the other slides.
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8.2.7 Reoerce tuønscription -PCR detection of Føs ligønd øRNA

Expression of Fas ligand mRNA was analysed in prostates from control rats and

shams or castrated rats at 1 or 3 days following surgery. One microgram of total

RNA was reverse transcribed with either oligo-dT or 3'-RFL (Table 8.1) primers,

using the Promega avian myeloblastosis virus (AMV) reverse transcription

system according to the manufacturer's instructions. The reverse transcription

reaction was performed at 42"C for L hour, following which the reverse

transcriptase enzyme was inactivated by heating the tubes to 95'C for 5 minutes.

Two microlitres of each cDNA sample was used in the PCR reaction.

Fas ligand was amplified from the cDNA samples using S'-RFL and 3'-RFL

primers (Table 8.1) in a standard PCR mix. PCR conditions were an initial

denaturation of 5 minutes at 94C followed by 35 cycles of L minute of

denaturation at 94C,1 minute of annealing at 63"C and 1 minute of elongation at

72"C; and a final elongation of 5 minutes at 72C. PCR products were visualised

by electrophoresis on a 2"/o agarose gel. To confirm that the reverse transcription

step had worked, the Fas PCR product was also amplified from the same cDNA

samples, using s'-RF and 3'-RF primers. The amplification conditions were the

same as in Section 8.2.6.
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Figure 8.2: Detection of apoptosis in sections of rat prostates þ the TUNEL

assay.

This figure contains sections of prostate from control and sham-operated

rats (facing this pa1e); and rats castrated lor 1-, 3 or 5 days (following page).

The magnification of all sections is 70x. No specific nuclear staining is

present in the sections from control or sham-operated rats. Treatment of a

control rat prostate with DNase I to nick the genomic DNA results in strong

brown staining in the nuclei of the section (overleaf). Prostates from rats

castrated for 3 or 5 days contain many cells with morphological features of

apoptosis, which also show positive TUNEL staining in the nuclei.
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Raw sequencing data of the Fas promoter probe (antisense direction), primed with the 3'-pGEM primer.
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Raw sequencing data of the Fas Polymorphism II PCR product (sense direction) from a DraI- homozygote. The sequence was primed with primer 3
(Table 4.1). The polymorphic base is indicated by *.
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Raw sequencing data of the Fas Polymorphism II PCR product (sense direction) from a Draf* homorygote. The sequence was primed with Primer
3 (Table 4.1). The polymorphic base is indicated by *.
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Patient AD: Raw sequencing data of the Fas death domain (sense direction), primed with the s'-DD primer.
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